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In the article titled “LncRNA SNHG3 Promotes Gastric
Cancer Cells Proliferation, Migration, and Invasion by
Targeting miR-326” [1], concerns with the figures have
been identified as initially raised on PubPeer [2].

In the published article, the right side panel of
Figure 2(c) is the same as the middle two panels of
Figure 6(c), the first left panel of Figure 2(d) is the same as
the first left panel of Figure 3(d), and the N-cadherin of
Figure 2(b) is the same as TWIST in HGC-27 of Figure
5(e). The authors explained that these errors were intro-
duced during the preparation of the manuscript, and this
does not affect the results and conclusions of the article.

While the authors initially responded to provide an
explanation to the concerns along with the revised figures,
they have not responded to requests to approve this notice.
This corrigendum is therefore published with the agreement
of the editorial board to ensure the appropriate correction of
the issues detailed above. The corrected Figures 2 and 6 are
as follows.
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Figure 2: Continued.
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Figure 2: lncRNA SNHG3 knockdown suppressed HGC-27 and GC9811-P cell proliferation, migration, and invasion in vitro. (a)
Expression of lncRNA SNHG3 in GC cells transfected with siSNHG3 or NC. (b) The protein level EMT-related marker in si NC and
siSNHG3 groups. (c, d) Effect of lncRNA SNHG3 knockdown on cell migration and invasion. (e, f) Effect of lncRNA SNHG3
knockdown on cell proliferation. ∗P < 0:05 and ∗∗P < 0:01.
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Figure 6: TWIST overexpression overturned lncRNA SNHG3 knockdown or miR-326 overexpression induced suppressive role on cell
proliferation, migration, and invasion of GC cells. (a, b) TWIST overexpression overturned the suppressive functions of miR-326
overexpression in GC cell proliferation. (c–f) TWIST overexpression overturned the suppressive functions of SNHG3 knockdown in GC
cell migration and invasion. ∗P < 0:05 and ∗∗P < 0:01.
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Background. +e lung is one of the most common sites of metastasis in gastric cancer. Our study developed two nomograms to
achieve individualized prediction of overall survival (OS) and cancer-specific survival (CSS) in patients with gastric cancer and
lung metastasis (GCLM) to better guide follow-up and planning of subsequent treatment.Methods. We reviewed data of patients
diagnosed with GCLM in the Surveillance, Epidemiology, and End Results (SEER) database from 2010 to 2015. +e endpoints of
the study were the OS and CSS. We used the “caret” package to randomly divide patients into training and validation cohorts in a
7 : 3 ratio. Multivariate Cox regression analysis was performed using univariate Cox regression analysis to confirm the inde-
pendent prognostic factors. Afterward, we built the OS and CSS nomograms with the “rms” package. Subsequently, we evaluated
the two nomograms through calibration curves, receiver operating characteristic (ROC) curves, and decision curve analysis
(DCA). Finally, two web-based nomograms were built on the basis of effective nomograms. Results. +e OS analysis included 640
patients, and the results of the multivariate Cox regression analysis showed that grade, chemotherapy, and liver metastasis were
independent prognostic factors for patients with GCLM.+eCSS analysis included 524 patients, and the results of the multivariate
Cox regression analysis showed that the independent prognostic factors for patients with GCLM were chemotherapy, liver
metastasis, marital status, and tumor site.+e ROC curves, calibration curves, and DCA revealed favorable predictive power in the
OS and CSS nomograms. We created web-based nomograms for OS (https://zhenghh.shinyapps.io/aclmos/) and CSS (https://
zhenghh.shinyapps.io/aslmcss/). Conclusions. We created two web-based nomograms to predict OS and CSS in patients with
GCLM. Both web-based nomograms had satisfactory accuracy and clinical usefulness andmay help clinicians make individualized
treatment decisions for patients.

1. Introduction

Gastric cancer (GC) is one of the most common
malignant tumors of the gastrointestinal tract, account-
ing for the third and fifth causes of cancer deaths in men
and women worldwide, respectively [1]. According to the
2018 Global Cancer Center statistics [1], there were ap-
proximately one million new cases of GC and approxi-
mately 780,000 GC-related deaths worldwide. Although
radical surgery is currently effective in treating localized
GC, recurrence or metastasis still occurs in 25% to 40% of

patients after surgery [2–4]. According to relevant
studies, the lung is a frequent metastatic organ in patients
with GC [5], and the incidence of lung metastasis (LM)
after GC surgery ranges from 1.3% to 3.8% [6–10].
Moreover, there is a lack of mature therapy standards for
gastric cancer and lung metastasis (GCLM), and the 5-
year survival rate of patients with GCLM is <5% [11]. At
this stage, few studies have reported prognostic factors
regarding the survival of patients with GCLM. +erefore,
establishing a prediction model for patients with GCLM
is clinically significant.
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+e treatment of GCLM has been recently diversified
[12–15]; however, the poor surgical outcome and compli-
cations associated with lung-occupying lesions in patients
with GCLM lead to worse prognosis. Kong et al. [16] re-
ported that the median survival of patients with GCLM is
only four months. Moreover, studies have shown that the
prognostic influences of GCLM generally include tumor
histological grade, T stage, concurrent pulmonary metas-
tases, primary lesions not subjected to surgery, bilateral
pulmonary metastases, combined extrapulmonary metas-
tases, and chemotherapy [17]. Regrettably, no studies have
combined the relevant variables to assess the prognosis of
GCLM.

A nomogram is a simple, multivariate visualization tool
in oncology for predicting and quantifying individual pa-
tient survival, to aid clinical decision-making and promote
precision medicine [18–21]. In addition, the web-based
nomogram, also known as “predictive probability web page
calculator,” is a web page based on Shiny. +is nomogram is
a product of the electronic era, and the user just has to select
the appropriate variable and click “Predict” to draw the
probability of occurrence of the corresponding character-
istics of patients, which is convenient and more practical
[22]. Consequently, we aimed to devise two web-based
nomograms to predict the overall survival (OS) and cancer-
specific survival (CSS) in patients with GCLM based on the
Surveillance, Epidemiology, and End Results (SEER)
database.

2. Materials and Methods

2.1.DataSourceandInclusionCriteria. In this study, our data
were obtained by downloading the SEER∗Stat software
version 8.3.6. +e SEER database is a public database, exempt
from medical ethics review, and does not require informed
consent. Strict inclusion and exclusion criteria were also
developed, and the nadir criteria are listed below. +e in-
clusion criteria were as follows: (I) patients diagnosed with
GCLM between 2010 and 2015; (II) demographic variables,
including age, race and gender, marital status, and insurance
status; and (III) available tumor characteristics, including
histological grade, T stage, N stage, brain metastasis, bone
metastasis, and liver metastasis. +e exclusion criterion was
incomplete information. Next, we randomized the patients
into training (70%) and validation cohorts (30%). In this
study, patients in the training and validation cohorts were
used to develop and validate the nomograms, respectively.

2.2. Clinicopathological Factors. Clinicopathological factors
for the following variables were extracted: age (<60 and ≥60
years), race (white, black, and other), sex (female and male),
histologic type (adenocarcinoma, signet ring cel1, intestinal
type, other), T stage (T1, T2, T3, and T4), N stage (NO, N1,
and N3), grade (grade I, grade II, grade III, and grade IV),
bone metastasis (yes or no), liver metastasis (yes or no),
brain metastasis (yes or no), primary site (cardia, fundus,
body, gastric antrum, lesser, greater, other), radiotherapy
(yes or no), chemotherapy (yes or no), surgery (yes or no),

marital status (yes or no), and insurance (yes or no). OS and
CSS were considered endpoint times. OS and CSS were,
respectively, defined as the time from diagnosis to death
from all causes and the time from cancer diagnosis to death.

2.3. Statistical Analysis. All statistical analyses were
performed using the R software (version 4.0.2). P value
<0.05 (both sides) was considered statistically significant.
We obtained relevant prognostic factors through univariate
Cox regression analysis and obtained independent prog-
nostic factors through multivariate Cox regression analysis
on the basis of univariate Cox regression analysis. +e
prognostic nomograms for OS and CSS were created sep-
arately using the “rms” package, according to the inde-
pendent prognostic factors. In addition, ROC curves for the
prognostic nomograms were established. +e area under the
curve (AUC) was used to evaluate the discriminative power
of the nomograms. In addition, calibration curves and de-
cision curve analysis (DCA) for nomograms were estab-
lished. Finally, we divided all patients into high- and low-risk
groups according to the median risk score and tested the
prognostic value of the nomograms using Kaplan-Meier (K-
M) analysis.

3. Results

3.1. Flowchart. A detailed workflow is shown in Figure 1.

3.2. Characteristics of the Study Population. For the OS
analysis, a total of 640 patients were included, 448 patients in
the training cohort and the remaining 192 patients in the
validation cohort. Among the 640 patients, the number of
male patients (69.69%) was higher than that of the female
patients (30.31%). A total of 484 patients (75.63%) were
white, 75 patients (11.72%) were black, and 81 patients
(12.65%) were classified as “other.” Of these patients, 219
were below 60 years of age and 421 were 60 years old or
older. +e baseline clinicopathological characteristics of
patients in the OS group are shown in Table 1.

A total of 524 patients for the CSS analysis were enrolled;
368 patients were included in the training cohort, and the
remaining 156 patients were included in the validation
cohort. Of the 524 patients, 69.08% were male and 30.92%
were female patients. Most of the patients (70.05%) were
classified as white. Finally, 197 patients were below 60 years
of age, and 327 patients were 60 years old or older. +e
baseline clinical pathological characteristics of patients in
the CSS group are shown in Table 2.

3.3. Prognostic Factors for PatientswithGCLM. For grouping
status of OS, the detailed information of patients with
GCLM in the OS group is shown in Table 3. Univariate Cox
regression analysis demonstrated that grade II, liver me-
tastasis, radiotherapy, and chemotherapy were OS-related
prognostic factors. Multivariate Cox regression analysis
showed that grade I1l (P value� 0.018, hazard ratios (HR)�

1.896, 95% confidence interval (CI)� 1.118–3.214), liver
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metastasis (P value <0.001, HR� 1.440, 95%
CI� 1.179–1.760), and chemotherapy (P value <0.001,
HR� 0.292, 95% CI� 0.235–0.363) were independent
prognostic factors in patients with GCLM.

For grouping status of CSS, more details of the patients
with GCLM in the CSS group are listed in Table 4. Univariate
Cox regression analysis revealed that race, T2, liver metastasis,
primary site, chemotherapy, and marital status were CSS-re-
lated prognostic factors. Multivariate COX regression analysis
revealed that liver metastasis (P value <0.001, HR� 1.524, 95%
CI� 1.217–1.909), primary site (greater, P value� 0.001,
HR� 2.315, 95% CI� 1.395–3.814), chemotherapy (P value
<0.001, HR� 0.398, 95% CI� 0.317–0.501), and marital status
(P value� 0.039, HR� 0.778, 95% CI� 0.629–0.988) were
independent prognostic factors for GCLM.

3.4. Establishment of Nomogram. Prognostic nomograms of
OS were established according to three independent prog-
nostic factors (Figure 2(a)). Prognostic nomograms of CSS
were created according to four independent prognostic
factors (Figure 2(b)).

3.5. Verification of Nomogram

(i) ROC of OS: +e AUCs at 3, 6, and 12 months were
0.753, 0.799, and 0.732, respectively, in the training
cohort (Figures 3(a)–3(c)). In the validation cohort,
the AUCs at 3, 6, and 12 months were 0.855, 0.755,
and 0.686, respectively (Figures 3(d)–3(f )). +e
time-dependent ROC curves revealed that the AUC
value fluctuated at approximately 0.8 from one
month to 12 months (Figures 3(g) and 3(h)).

(ii) ROC of CSS:+e AUCs at 3, 6, and 12 months were,
respectively, 0.820, 0.766, and 0.760, respectively, in
the training cohort (Figures 4(a)–4(c)).+e AUCs at
3, 6, and 12 months were separately 0.894, 0.764,
and 0.720, respectively, in the validation cohort
(Figures 4(d)–4(f)). +e time-dependent ROC
curves also demonstrated that the AUC value
fluctuated at approximately 0.8 from one month to
12 months (Figures 4(g) and 4(h)).

(iii) Calibration curves: +e calibration curves at 3, 6,
and 12months for the OS probabilities were in good
correspondence with the OS predicted with the

Patients with gastric cancer and lung metastases
in SEER database between 2010 and 2015

(n =1906)

Eligible patients 
(n=640)

Training cohort 
(n=448)

Eligible patients
(n=524)

Exclusion (n = 1266) 
Race unknow (n= 4) 

Grade unknow (n=502)
TN stage unknown (n= 701) 

Marital status unknown (n=24) 
Insurance unknown (n = 12) 

Surgery unknown (n=4)
Organ metastasis unknow (n=19)

Exclusion (n = 116) 
Other tumors death and 
unknown cause of death

Training cohort 
(n=192)

Training cohort 
(n=368)

Nomogram

Calibration, receiver operating characteristic curve and decision curve analysis

Two web-based nomograms

Training cohort 
(n=156)

Overall survival

Cancer-specific survival

Nomogram

Figure 1: Detailed workflow of study design and analysis.
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Table 1: Baseline data of clinicopathological characteristics of patients with GCLM in OS group.

Variables
Total cohort (N� 640) Training cohort

(N� 448)
Validation cohort

(N� 192)
n % n % n %

Age
<60 219 34.2 158 35.3 61 31.8
≥60 421 65.8 290 64.7 131 68.2

Race
Black 75 11.7 53 11.8 22 11.5
Other 81 12.7 51 11.4 30 15.6
White 484 75.6 344 76.8 140 72.9

Sex
Female 194 30.3 127 28.3 67 34.9
Male 446 69.7 321 71.7 125 65.1

Histologic type
Adenocarcinoma 407 63.6 288 64.3 119 62.0
Signet ring cell 94 14.7 66 14.7 28 14.6
Intestinal type 42 6.6 26 5.8 16 8.3
Other 97 15.2 68 15.2 29 15.1

T stage
T1 252 39.4 168 37.5 84 43.8
T2 40 6.3 28 6.3 12 6.3
T3 147 23 106 23.7 41 21.4
T4 201 31.4 146 32.6 55 28.6

N stage
N0 262 40.9 185 41.3 77 40.1
N1 292 45.6 198 44.2 94 49.0
N2 43 6.7 35 7.8 8 4.2
N3 43 6.7 30 6.7 13 6.8

Grade
Grade I 26 4.1 16 3.6 10 5.2
Grade II 178 27.8 124 27.7 54 28.1
Grade III 426 66.6 302 67.4 124 64.6
Grade IV 10 1.6 6 1.3 4 2.1

Bone metastasis
No 526 82.2 372 83 154 80.2
Yes 114 17.8 76 17 38 19.8

Liver metastasis
No 325 50.8 222 49.6 103 53.6
Yes 315 49.2 226 50.4 89 46.4

Brain metastasis
No 622 97.2 436 97.3 186 96.9
Yes 18 2.8 12 2.7 6 3.1

Primary site
Cardia 291 45.5 201 44.9 90 46.9
Fundus 35 5.5 22 4.9 13 6.8
Body 44 6.9 31 6.9 13 6.8
Gastric antrum 74 11.6 53 11.8 21 10.9
Lesser 28 4.4 21 4.7 7 3.6
Greater 30 4.7 22 4.9 8 4.2
Other 138 21.6 98 21.9 40 20.8

Radiotherapy
No 492 76.9 348 77.7 144 75.0
Yes 148 23.1 100 22.3 48 25.0

Chemotherapy
No 256 40 179 40 77 40.1
Yes 384 60 269 60 115 59.9

Surgery
No 580 90.6 407 90.8 173 90.1
Yes 60 9.4 41 9.2 19 9.9

Marital status
No 255 39.8 182 40.6 73 38.0
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Table 1: Continued.

Variables
Total cohort (N� 640) Training cohort

(N� 448)
Validation cohort

(N� 192)
n % n % n %

Yes 385 60.2 266 59.4 119 62.0
Insurance
No 37 5.8 30 6.7 7 3.6
Yes 603 94.2 418 93.3 185 96.4

Table 2: Baseline data of clinicopathological characteristics of patients with GCLM in CSS group.

Variables
Total cohort (N� 524) Training cohort

(N� 368)
Validation cohort

(N� 156)
n % n % n %

Age
<60 197 37.6 131 35.6 66 42.3
≥60 327 62.4 237 64.4 90 57.7

Race
Black 67 12.8 50 13.6 17 10.9
Other 69 13.2 49 13.3 20 12.8
White 388 74 269 73.1 119 76.3

Sex
Female 162 30.9 109 29.6 53 34.0
Male 362 69.1 259 70.4 103 66.0

Histologic type
Adenocarcinoma 340 64.9 247 67.1 93 59.6
Signet ring cell 76 14.5 46 12.5 30 19.2
Intestinal type 36 6.9 26 7.1 10 6.4
Other 72 13.7 49 13.3 23 14.7

T stage
T1 209 39.9 148 40.2 61 39.1
T2 36 6.9 27 7.3 9 5.8
T3 117 22.3 84 22.8 33 21.2
T4 162 30.9 109 29.6 53 34.0

N stage
N0 207 39.5 144 39.1 63 40.4
N1 254 48.5 187 50.8 67 42.9
N2 26 5 14 3.8 12 7.7
N3 37 7.1 23 6.3 14 9.0

Grade
Grade I 19 3.6 15 4.1 4 2.6
Grade II 147 28.1 105 28.5 42 26.9
Grade III 349 66.6 242 65.8 107 68.6
Grade IV 9 1.7 6 1.6 3 1.9

Bone metastasis
No 432 97.1 303 82.3 129 82.7
Yes 92 2.9 65 17.7 27 17.3

Liver metastasis
No 257 49 179 48.6 78 50.0
Yes 267 51 189 51.4 78 50.0

Brain metastasis
No 509 97.1 356 96.7 153 98.1
Yes 15 2.9 12 3.3 3 1.9

Primary site
Cardia 240 45.8 164 44.6 76 48.7
Fundus 33 6.3 22 6 11 7.1
Body 38 7.3 29 7.9 9 5.8
Gastric antrum 63 12 46 12.5 17 10.9
Lesser 20 3.8 11 3 9 5.8
Greater 24 4.6 19 5.2 5 3.2
Other 106 20.2 77 20.9 29 18.6
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Table 2: Continued.

Variables
Total cohort (N� 524) Training cohort

(N� 368)
Validation cohort

(N� 156)
n % n % n %

Radiotherapy
No 401 76.5 276 75 125 80.1
Yes 123 23.5 92 25 31 19.9

Chemotherapy
No 205 39.1 158 42.9 47 30.1
Yes 319 60.9 210 57.1 109 69.9

Surgery
No 481 91.8 340 92.4 141 90.4
Yes 43 8.2 28 7.6 15 9.6

Marital status
No 209 39.9 152 41.3 57 36.5
Yes 315 60.1 216 58.7 99 63.5

Insurance
No 31 5.9 22 6 9 5.8
Yes 493 94.1 346 94 147 94.2

Table 3: Univariate and multivariate Cox proportional hazards regression analysis of patients with GCLM in the OS group.

Variables
Univariate Cox regression analysis Multivariate Cox regression analysis
HR (95% CI) P HR (95% CI) P

Age
<60 Reference
≥60 1.044 (0.854–1.277) 0.671

Race
Black Reference
Other 0.979 (0.658–1.457) 0.918
White 0.788 (0.586–1.061) 0.117

Sex
Female Reference
Male 0.99 (0.799–1.225) 0.923

Histologic type
Adenocarcinoma Reference
Signet ring cell 1.044 (0.786–1.388) 0.765
Intestinal type 1.358 (0.901–2.047) 0.144
Other 1.144 (0.873–1.498) 0.33

T stage
T1 Reference
T2 0.705 (0.459–1.083) 0.11
T3 0.944 (0.735–1.214) 0.656
T4 1.219 (0.969–1.535) 0.091

N stage
N0 Reference
N1 1.009 (0.820–1.243) 0.929
N2 0.961 (0.664–1.391) 0.833
N3 1.166 (0.790–1.721) 0.44

Grade
Grade I Reference Reference
Grade II 1.458 (0.850–2.501) 0.171 1.275 (0.738–2.201) 0.383
Grade III 1.864 (1.105–3.144) 0.02 1.896 (1.118–3.214) 0.018
Grade IV 1.238 (0.410–3.743) 0.705 0.942 (0.310–2.864) 0.916

Bone metastasis
No Reference
Yes 1.075 (0.833–1.388) 0.58

Liver metastasis
No Reference
Yes 1.309 (1.080–1.587) 0.006 1.440 (1.179–1.760) <0.001
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Table 3: Continued.

Variables
Univariate Cox regression analysis Multivariate Cox regression analysis
HR (95% CI) P HR (95% CI) P

Brain metastasis
No Reference
Yes 1.434 (0.806–2.550) 0.22

Primary site
Cardia Reference
Fundus 1.487 (0.956–2.315) 0.079
Body 1.179 (0.792–1.754) 0.418
Gastric antrum 1.224 (0.893–1.676) 0.208
Lesser 1.211 (0.764–1.922) 0.416
Greater 1.182 (0.737–1.895) 0.488
Other 1.28 (0.995–1.646) 0.054

Radiotherapy
No Reference
Yes 0.761 (0.606–0.955) 0.019 0.979 (0.770–1.244) 0.859

Chemotherapy
No Reference
Yes 0.312 (0.253–0.384) <0.001 0.292 (0.235–0.363) <0.001

Surgery
No Reference
Yes 0.835 (0.598–1.167) 0.291

Marital status
No Reference
Yes 0.844 (0.694–1.025) 0.087

Insurance
No Reference
Yes 1.076 (0.723–1.602) 0.718

Table 4: Univariate and multivariate Cox proportional hazards regression analysis of patients with GCLM in the CSS group.

Variables
Univariate Cox regression analysis Multivariate Cox regression analysis
HR (95% CI) P HR (95% CI) P

Age
<60 Reference
≥60 0.945 (0.759–1.176) 0.612

Race
Black Reference Reference
Other 0.823 (0.549–1.232) 0.343 0.916 (0.602–1.393) 0.681
White 0.707 (0.519–0.963) 0.028 0.883 (0.635–1.227) 0.458

Sex
Female Reference
Male 0.976 (0.775–1.230) 0.837

Histologic type
Adenocarcinoma Reference
Signet ring cell 1.064 (0.763–1.484) 0.715
Intestinal type 1.207 (0.798–1.825) 0.372
Other 1.152 (0.846–1.570) 0.368

T stage
T1 Reference Reference
T2 0.594 (0.378–0.932) 0.024 0.71 (0.446–1.131) 0.149
T3 0.854 (0.648–1.124) 0.26 1.121 (0.840–1.497) 0.436
T4 1.088 (0.844–1.402) 0.513 1.15 (0.882–1.498) 0.302

N stage
N0 Reference
N1 0.922 (0.737–1.153) 0.475
N2 0.864 (0.498–1.500) 0.603
N3 0.865 (0.551–1.358) 0.528
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nomograms to the actual results (Figures 5(a)–5(f)).
+e calibration curves for the CSS probabilities at 3,
6, and 12 months also suggested the same better
consistency among the CSS forecasted with the
nomogram and the actual results (Figures 6(a)–
6(f)).

(iv) DCA curves: DCA curves confirmed that nomo-
grams can better predict OS (Figures 7(a)–7(f)) and
CSS (Figures 8(a)–8(f)) in patients with GCLM. In
addition, K-M survival curves revealed that, for OS
(Figures 9(a) and 9(b)) and CSS (Figures 9(c) and
9(d)), patients from the higher risk group had a
more unfavorable prognosis than those from the
lower risk group.

3.6. Establishment of TwoWeb-Based Nomograms. Based on
the above results, we constructed a probabilistic calculator
OS (https://zhenghh.shinyapps.io/aclmos/) and CSS

(https://zhenghh.shinyapps.io/aslmcss/) based on a dynamic
network, which predicts the OS and CSS of patients with
GCLM based on previous nomograms (Figure 10(a)). For
example, the CSS of a patient with GCLM, who is a married
woman with liver metastases, occurs in the gastric body and
without chemotherapy. +e survival curve of this patient is
shown in Figure 10(b). Survival rates and 95% confidence
intervals at three months (Figure 10(c), black line), six
months (Figure 10(c), blue line), and 12 months
(Figure 10(c), red line) can also be observed at the operation
interface. In addition, specific numbers are summarized to
improve the prediction accuracy (Figure 10(d)). +e OS of
patients with GCLM can be predicted in the same way.

4. Discussion

GC is a malignant tumor of the gastrointestinal tract with a
low early diagnosis rate, low surgical resection rate, and high
mortality rate [23]. +e majority of patients with GC are in

Table 4: Continued.

Variables
Univariate Cox regression analysis Multivariate Cox regression analysis
HR (95% CI) P HR (95% CI) P

Grade
Grade I Reference
Grade II 1.282 (0.732–2.245) 0.385
Grade III 1.632 (0.950–2.806) 0.076
Grade IV 2.121 (0.813–5.530) 0.124

Bone metastasis
No Reference
Yes 0.146

Liver metastasis
No Reference Reference
Yes 1.47 (1.186–1.821) <0.001 1.524 (1.217–1.909) <0.001

Brain metastasis
No Reference
Yes 1.114 (0.610–2.033) 0.725

Primary site
Cardia Reference Reference
Fundus 1.593 (1.006–2.522) 0.047 1.312 (0.824–2.091) 0.253
Body 1.337 (0.880–2.030) 0.173 1.364 (0.882–2.108) 0.163
Gastric antrum 1.498 (1.067–2.105) 0.02 1.206 (0.846–1.718) 0.301
Lesser 1.185 (0.642–2.189) 0.587 1.409 (0.732–2.710) 0.305
Greater 2.024 (1.238–3.308) 0.005 2.315 (1.395–3.841) 0.001
Other 1.367 (1.035–1.805) 0.028 1.26 (0.932–1.704) 0.133

Radiotherapy
No Reference
Yes 0.813 (0.640–1.033) 0.091

Chemotherapy
No Reference Reference
Yes 0.388 (0.311–0.484) <0.001 0.398 (0.317–0.501) <0.001

Surgery
No Reference
Yes 0.715 (0.474–1.077) 0.109

Marital status
No Reference Reference
Yes 0.735 (0.592–0.912) 0.005 0.788 (0.629–0.988) 0.039

Insurance
No Reference
Yes 0.954 (0.600–1.518) 0.843
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the advanced stage at the time of consultation, and 32.6%
have distant metastases [24]. Interestingly, the incidence of
LM is 14.9% [24]. LM typically indicates advanced tumors,
and when not detected and treated in time, the prognosis is
extremely poor. In our study, we created two nomograms to
predict the prognosis of patients with GCLM. +ese two
nomograms performed well in predicting OS and CSS in
patients with GCLM, allowing more precise individualized
clinical decision-making and surveillance. Finally, we built
two web-based nomograms based on the nomograms. +is
prediction model can facilitate the prediction of the survival
probability of patients with GCLM at a specific time.

Clinicians can also arrange personalized treatment plans
based on the prediction results.

As we know, survival statistics of GCLM are not opti-
mistic. +erefore, clinicians can identify the risk and pro-
tective factors of GCLM, which can result in a good
prognosis for patients with GCLM. A number of potential
biomarkers that are involved in cadherin-catenin interac-
tion, integrin signaling, and cancer stem cell identification in
gastrointestinal cancers have been observed [25]. However,
these biomarkers are difficult to measure, have low sensi-
tivity, are expensive, and have few clinical applications.
+erefore, it is necessary to actively identify other clinical
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Figure 2: Nomogram. (a) Overall survival (OS) nomogram; (b) cancer-specific survival (CSS) nomogram. OS, overall survival; CSS, cancer-
specific survival.
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features related to prognosis in patients with advanced
GCLM. In 2019, Wenjie et al. [26] found that age, race,
primary site, T stage, and N stage are independently re-
lated to CSS in patients with lymph node-positive GC.
Studies have shown that the fat content in high muscle
tissue is associated with CSS in patients with locally

advanced GC [27]. However, so far, few studies have
focused on GCLM, and no corresponding nomogram has
been established to assess the survival and prognosis of
these patients. Previous studies have confirmed that the
prognostic factors of liver cancer are quite different from
those of liver cancer with bone metastasis [28–31].
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Figure 3: Receiver operating characteristic (ROC) curves of OS. (a–c) ROC curves corresponding to 3, 6, and 12months in the training
cohort, respectively; (d–f) ROC curves corresponding to 3, 6, and 12 months in the verification cohort, respectively; (g) the time-dependent
ROC curve corresponding to 1 to 12 months in the verification cohort in the training cohort; 3 h, the time-dependent ROC curve
corresponding to 1 to 12 months in the verification cohort. ROC, receiver operating characteristic; OS, overall survival.
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+erefore, it is not possible to evaluate the survival of
patients with GCLM solely through the prognostic factors
of GC, due to possible biases and errors. In this study, we
screened the relevant independent prognostic factors of
patients with GCLM. More meaningfully, this study

integrates these multiple prognostic factors and visual
graphs to predict the survival of patients with GCLM
through nomograms, which is a practical tool widely used
in oncology [32]. +e web-based nomograms were based
on further upgraded results.
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Figure 4: Receiver operating characteristic (ROC) curves of cancer-specific survival (CSS). (a–c) ROC curves corresponding to 3, 6, and 12
months in the training cohort, respectively; (d–f) ROC curves corresponding to 3, 6, and 12 months in the verification cohort, respectively;
(g) the time-dependent ROC curve corresponding to 1 to 12months in the verification cohort in the training cohort; (h) the time-dependent
ROC curve corresponding to 1 to 12 months in the verification cohort. ROC, receiver operating characteristic; CSS, cancer-specific survival.
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Figure 5: Calibration curves of overall survival (OS). (a–c) Calibration curves corresponding to 3, 6, and 12 months in the training cohort,
respectively; (d–f) calibration curves corresponding to 3, 6, and 12 months in the verification cohort, respectively. OS, overall survival.
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Figure 6: Continued.
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Figure 6: Calibration curves of cancer-specific survival (CSS). (a–c) Calibration curves corresponding to 3, 6, and 12 months in the training
cohort, respectively; (d–f) calibration curves corresponding to 3, 6, and 12 months in the verification cohort, respectively. CSS, cancer-
specific survival.
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Figure 7: Continued.
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Figure 7: Decision curve analysis (DCA) curves of overall survival (OS). (a–c) DCA corresponding to 3, 6, and 12 months in the training
cohort, respectively; (d–f) DCA corresponding to 3, 6, and 12 months in the verification cohort, respectively. DCA, decision curve analysis;
OS, overall survival.
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Figure 8: Decision curve analysis (DCA) curves of cancer-specific survival (CSS). (a–c) DCA corresponding to 3, 6, and 12 months in the
training cohort, respectively; (d–f) DCA corresponding to 3, 6, and 12 months in the verification cohort, respectively. DCA, decision curve
analysis; CSS, cancer-specific survival.
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Figure 9: Kaplan-Meier (K-M) survival curves. (a) K-M survival curves in training cohort for OS of GCLM; (b) K-M survival curves in
verification queue for OS of GCLM; (c) K-M survival curves in training cohort for CSS of GCLM; (d) K-M survival curves in verification
cohort for CSS of GCLM. K-M, Kaplan-Meier; OS, overall survival; CSS, cancer-specific survival.
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We found that livermetastasis is an independent risk factor
for OS and CSS in patients with GCLM.+ere are two possible
reasons for this. First, the liver contains a rich blood supply,
tumor metastasis is rapid, patients are already advanced when
symptoms appear, and most of them miss the time of surgery.
Second, for patients with GCLM and hepatocellular carcinoma
(HCC), the prognosis is worse because the patients are le-
thargic and weak, and their immunity is reduced, typically
when they develop complications associated with advanced
HCC (such as jaundice, ascites, peritonitis, and hepatic en-
cephalopathy). Chemotherapywas found to be an independent
protective factor for OS and CSS. +is result confirmed the
importance and necessity of chemotherapy in patients with
GCLM. +e National Comprehensive Cancer Network
guidelines clearly state that chemotherapy is recommended for
the treatment of patients with unresectable or metastatic GC
[33]. A study reported median OS times of 8.6 and 7.9 months
for patients with advanced GC treated with cisplatin combined
with S-1 (CS) versus cisplatin combined with 5-FU (CF)
regimens, respectively (P � 0.02) [34]. Standardized chemo-
therapy not only relieves the patients’ clinical symptoms but
also prolongs the survival time. Hence, it is worthwhile to focus
on the possibility of liver metastasis in patients with GCLM. To
obtain an excellent prognosis, doctors could prefer chemo-
therapy for the clinical treatment of patients with GCLM. In
addition, we incorporated marital status into our study. +e
results of this study showed that married patients with GCLM
had better clinical prognosis than those who were unmarried.
It has been shown that marriage plays a humanistic role during
the treatment of oncology patients and that care plays a crucial
role in influencing tumor progression [35].

However, there are some limitations to our study. First,
although we have set strictly incorporated exclusion stan-
dards, the deletion of patients is missing and may cause
statistical bias. Second, there is no detailed treatment in-
formation in the SEER database, such as specific chemo-
therapy modalities and surgical procedures. +ird, the SEER
database has limited coverage, and some important factors
such as smoking, alcohol consumption, family history of
tumor, and other factors that may affect patient prognosis
were not assessed.

5. Conclusions

In conclusion, this study revealed that grade, liver metas-
tasis, and chemotherapy were independent prognostic

factors for OS, where the risk factors were grade and liver
metastasis, and chemotherapy was a protective factor. Liver
metastasis, primary site, chemotherapy, and marital status
were independent prognostic factors for CSS, where liver
metastasis and primary site were risk factors, and chemo-
therapy and marital status were protective factors. We
created two easy-to-use visual web-based nomograms with
several clinical and pathological factors to quantitatively
predict OS and CSS in patients with GCLM. Moreover, our
model may help physicians develop individualized post-
operative follow-up strategies.
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Purpose. To investigate the clinical value of double contrast-enhanced ultrasound (DCEUS) combined with dynamic contrast-
enhanced multislice CT (MSCT) in preoperative T staging of gastric cancer (GC). Methods. 206 patients with GC confirmed by
preoperative gastroscopy from February 2019 to February 2021 were collected, all patients were examined by DCEUS and dynamic
contrast-enhanced MSCT before operation, and the invasion depth (T staging) of GC was evaluated. 0e diagnosis results of
DCEUS, dynamic contrast-enhanced MSCT, and combined diagnosis of DCEUS and MSCT methods (D&M method) were
compared with the pathological staging results (gold standard). Results. 0e correct diagnosis rate of MSCT was 27.27% in T1
staging, 55.56% in T2 staging, 42.11% in T3 staging, 59.29% in T4 staging, and 55.34% in summation.0e correct diagnosis rate of
DCEUS was 90.91% in T1 staging, 88.89% in T2 staging, 78.95% in T3 staging, 82.86% in T4 staging, and 83.98% in summation.
0e correct diagnosis rate of the D&Mmethod was 100.00% in T1 staging, 94.44% in T2 staging, 89.47% in T3 staging, 93.57% in
T4 staging, and 93.69% in summation. 0e D&M method had higher correct diagnosis rate than MSCT or DCEUS alone, the
correct diagnosis rate of the D&Mmethod in T1, T2, T3, and T4 staging was significantly higher than that of MSCT (P< 0.05).0e
correct diagnosis rate of the D&Mmethod in T1, T3, and T4 was significantly higher than that of DCEUS (P< 0.05). 0e Youden
index of preoperative T1, T2, T3, and T4 staging of GC by the D&M method was 99.49%, 94.44%, 84.13%, and 90.54%, re-
spectively, and the Kappa values of these were 0.954, 0.966, 0.707, and 0.881, respectively. Conclusions. Dynamic contrast-
enhanced MSCT combined with DCEUS in the diagnosis of preoperative cT staging of GC has more validity, reliability, and
revenue than the using of MSCT or DCEUS alone, which is an image evaluation method worthy of clinical promotion.

1. Introduction

Gastric cancer (GC) is the most common malignant tumor
in the world, the incidence rate of malignant tumors is fifth,
and the mortality rate is third [1]. At present, although the
early diagnosis rate of GC in China is increasing year by year,
more than 80% of patients are still in the progressive stage at
the first visit. Among all patients with GC who received
surgical treatment, the 5-year survival rate of patients with
advanced GC was only about 30%, which was significantly
lower than that of patients with early GC. Individualized

treatment is advocated in patients with early or advanced
GC. Accurate evaluation of the clinical staging of GC before
formulating the treatment plan is of great significance for the
selection of treatment plan and the preliminary evaluation of
patients’ prognosis. 0e 8th edition of TNM staging system
for GC developed by UICC/AJCC includes pathological
staging (pTNM staging), clinical staging (cTNM staging),
and pathological staging after neoadjuvant therapy (ypTNM
staging) [2]. 0is system can provide diagnostic basis and
theoretical guidance for accurate staging of GC and is of
great significance for reasonable selection of treatment
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options and prognosis evaluation [3].0e commonmethods
for preoperative diagnosis of GC include fiberoptic gas-
troscopy and histological examination. 0ese methods can
make a preliminary diagnosis of GC before operation, but
cannot get the tumor staging [4]. 0ere are a lot of clinical
research methods for preoperative clinical T staging (cT)
of GC, including endoscopic ultrasonography [5], dy-
namic contrast-enhanced multislice CT (MSCT) [6],
magnetic resonance imaging (MRI) [7], and double
contrast-enhanced ultrasound (DCEUS) [8]. In this study,
DCEUS and dynamic contrast-enhanced MSCTwere used
for preoperative examination of GC patients and com-
pared with pathological results to explore the application
value of the combined application of the two methods in
preoperative cT staging of GC.

2. Patients and Methods

2.1. Clinical Data. 0e clinical data of 206 patients with GC
who were confirmed by gastroscopy before operation,
performed abdominal dynamic contrast-enhanced MSCT
and DCEUS, underwent radical gastrectomy, and then got
the results of pT staging. 0ere were 111 males and 95 fe-
males. 0e age of them ranged from 23 to 81 years old, with
an average age of 59.7± 11.3 years. 0is study was approved
by the ethics committee of Qilu Hospital of Shandong
University. 0e included patients and their families signed
informed consent in advance.

2.2. Inclusion Criteria. (1) Preoperative gastroscopy con-
firmed GC by pathology, excluding distant metastasis of other
organs. (2) No other treatment was given before operation. (3)
0e patients agreed and tolerated radical gastrectomy. (4)
MSCT and DCEUS were performed within one week before
operation. (5) 0ere was no massive hemorrhage, gastric
perforation, or obstruction within 2 weeks before MSCT and
DCEUS. (6) 0e interval between MSCT/DCEUS and the
previous biopsy should be more than 3 days. (7) 0e clinical
and pathological data were complete.

2.3. Exclusion Criteria. (1) 0ose who are allergic or con-
traindicated to anisodamine and/or iodine contrast media
and those who are allergic to oral or intravenous contrast
media. (2) Whose judgment of cT staging was affected by
image artifacts. (3) Poor filling of gastric cavity affects the
judgment of cT staging. (4) 0ose who had hemorrhage,
perforation, obstruction, gastric retention, and so on. (5)
Patients who received endoscopic resection before operation.

2.4. Imaging Equipment and Methods

2.4.1. MSCT. Philips Brilliance 128 row 256 slice spiral CT
was used, plain scan and enhanced scan were performed,
and the contrast agent was lohexol. Patients should fast for
more than 8 hours before examination, drink water 500ml
30–60 minutes before examination, then intramuscular
injection of raceanisodamine hydrochloride injection
(produced by Hangzhou Minsheng Pharmaceutical Co.,

Ltd., 1ml: 5mg, H33021707) 10–20mg, and then drink
water 500ml 15 minutes before examination. 0e scanning
range was from diaphragmatic apex to pubic symphysis.
Scanning parameters: 120 kV, 200–250mAs, pitch 0.938,
and collimation 0.625mm × 128. 0e contrast agent used in
contrast-enhanced scanning was lohexol (iopromide injec-
tion, produced by GE Pharmaceutical (Shanghai) Co., Ltd.,
100ml: 30 g (I), H20000595) or ultravist (iopromide injec-
tion, produced by Bayer Medical and Health Care Co., Ltd.
Guangzhou Branch, 100ml: 37 g (I), H10970417), with a
dose of 1.5ml/kg body weight and injected through the
median cubital vein at a flow rate of 3ml/s. Low dose test
method was used: 16ml of test dose was injected first, and
then the drug was injected in a bolus. 0e scan was per-
formed in the pulse phase (peak enhancement time was
determined by small dose test), portal vein phase (20 s after
the arterial phase), and equilibrium phase (60 s after the
portal vein phase). 0e MSCT results and preoperative cT
staging evaluation of all patients in this study were per-
formed by two senior doctors in the radiology department of
Qilu Hospital of Shandong University.

2.4.2. DCEUS. Acuson Sequoia 512 color ultrasonic diag-
nostic instrument of Siemens was used. Tianxia brand instant
gastrointestinal ultrasound aid (Huzhou East Asia medical
supplies Co., Ltd., 50 g/bag, 3230223) was used as an oral
contrast agent. Sonovue (sulphur hexafluoride microbubbles
for injection, produced by Bracco (Italy) Co., Ltd., 59mg SF6,
J20080052) was used as an intravenous contrast agent. Light
diet 2-3 days, fasting more than 8 hours, and intramuscular
injection of 0.5mg atropine half an hour before examination,
in order to reduce the impact of gastric peristalsis on ultra-
sound examination. After the oral administration of the
contrast agent, the gastric fundus and body were scanned
dynamically in real time to observe the size, shape, and scope
of lesions. During the examination, the patients were asked to
change their position to cooperate with the examination. If
necessary, the oral contrast agent could be added to obtain
clear images. Intravenous contrast agent was mixed with 5ml
normal saline to form suspension, and 2.4ml was injected
through superficial vein of elbow arm quickly. 0en, obser-
vation and dynamic recording were started to store the en-
hancement mode, peak value and duration of the lesion and
surrounding normal gastric tissue, gastric wall, and perigastric
lymph nodes. 0e low mechanical index of the linear array
probe was 0.07–0.10. 0e offline analysis software was used to
analyze the images and generate the time intensity curve.
DCEUS examination and preoperative staging of GC in all
patients were performed by two senior doctors in the ultra-
sound department of Qilu Hospital of Shandong University.

2.5. DCEUS Combined with MSCT Image Analysis. 0e
images of the two methods were analyzed by three senior
abdominal radiologists (at least 3 years working experience
in imaging department) using double-blind method.
According to the principle of majority, the cTstaging results
were obtained.
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2.6. Criteria for T Staging GC. According to the theory of
Kim et al. [5] and referring to the 8th edition of the TNM
staging system of GC [3], the criteria of T staging of GC are
summarized in Table 1.

2.7. Statistical Analysis. SPSS 23.0 software (IBM Corp.) was
used for the statistical analysis of the data. 0e differences
were compared with each other χ2 test, P< 0.05 was con-
sidered to indicate a statistically significant difference. Kappa
consistency test was used to analyze the consistency between
preoperative cT staging and postoperative PT staging,
0.75<K≤ 1 is good consistency, 0.4<K≤ 0.75 is general
consistency, and 0<K≤ 0.4 is poor consistency. 0e count
data is expressed as rate (%), and the comparison between
two groups was made by using the four grid table χ2 in-
spection. When n≥ 40 and t≥ 5, Pearson χ2 test was used for
inspection. When n≥ 40 and 1≤T< 5, continuous correc-
tion was used for inspection.

3. Results

3.1.Results ofMSCTDiagnosis inPreoperativeTStagingofGC.
In all patients, postoperative pathology was regarded as the
“gold standard,” and pT staging of GC included 11 cases of
T1, 36 cases of T2, 19 cases of T3, and 140 cases of T4.
According to the gold standard, cT staging results of MSCT
diagnosis were: 3 cases of T1, 20 cases of T2, 8 cases of T3,
and 83 cases of T4. 0e correct diagnosis rate was 27.27% in

T1, 55.56% in T2, 42.11% in T3, 59.29% in T4, and 55.34% in
summation. 0e specific results are shown in Table 2.

3.2. Results of DCEUS Diagnosis in Preoperative T Staging of
GC. According to the gold standard, cT staging results of
DCEUS diagnosis were: 10 cases of T1, 32 cases of T2, 15
cases of T3, and 116 cases of T4. 0e correct diagnosis rate
was 90.91% in T1, 88.89% in T2, 78.95% in T3, 82.86% in T4,
and 83.98% in summation. 0e specific results are shown in
Table 3, DCEUS and MSCT images of typical cases are
shown in Figure 1.

3.3. Results of D&M Method Diagnosis in Preoperative T
Staging of GC. According to the gold standard, cT staging
results of the D&Mmethod diagnosis were: 11 cases of T1, 34
cases of T2, 17 cases of T3, and 131 cases of T4. 0e correct
diagnosis rate was 100.00% in T1, 94.44% in T2, 89.47% in
T3, 93.57% in T4, and 93.69% in summation. 0e specific
results are shown in Table 4.

3.4. Results of Comparison of Correct Diagnosis Rate of cT
Staging. 0e correct diagnosis rate of MSCT, DCEUS, and
D&M method diagnosis of cT staging is shown in Figure 2.
0e DCEUS method had higher correct diagnosis rate than
MSCT method in T1 to T4 staging of GC (P< 0.05). 0e
D&M method had higher correct diagnosis rate than MSCT
or DCEUS alone, the correct diagnosis rate of the D&M
method in T1, T2, T3, and T4 staging was significantly

Table 1: Pathological T staging criteria.

T staging Infiltration depth
T0 0ere was no evidence of primary tumor
T1 0e tumor invaded the mucosa or submucosa
T2 0e tumor infiltrated into the muscularis propria
T3 0e tumor penetrated the tissue under serosa, but did not invade the visceral membrane and adjacent structures
T4 0e tumor invaded visceral peritoneum or adjacent structures

Table 2: Comparison of pathological T staging and MSCT cT staging.

cT staging results of MSCT
Summation Correct diagnosis rate (%)

T0 T1 T2 T3 T4

pT staging

T1 5 3 3 0 0 11 27.27
T2 4 1 20 11 0 36 55.56
T3 0 0 2 8 9 19 42.11
T4 0 0 0 57 83 140 59.29

Summation 9 4 25 76 92 206 55.34

Table 3: Comparison of pathological T staging and DCEUS cT staging.

cT staging results of DCEUS
Summation Correct diagnosis rate (%)

T1 T2 T3 T4

pT staging

T1 10 1 0 0 11 90.91
T2 3 32 1 0 36 88.89
T3 0 0 15 4 19 78.95
T4 0 0 24 116 140 82.86

Summation 13 33 40 120 206 83.98
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higher than that of MSCT (P< 0.05). 0e correct diagnosis
rate of the D&M method in T1, T3, and T4 was significantly
higher than that of DCEUS (P< 0.05).

3.5. Results of Validity, Reliability, and Revenue. 0e results
of validity, reliability, and revenue are shown in Table 5. 0e
Youden index of preoperative T1, T2, T3, and T4 staging was
26.76%, 52.61%, 5.74%, and 45.65%, respectively, by the
MSCTmethod; the same was 89.37%, 88.30%, 65.58%, and

76.80%, respectively, by the DCEUS method; and the same
was 99.49%, 94.44%, 84.13%, and 90.54%, respectively, by
the D&M method, which shows that the D&M method has
better validity in preoperative cT staging of GC. 0e Kappa
value of preoperative T1, T2, T3, and T4 staging was 0.382,
0.598, 0.024, and 0.383, respectively, by the MSCTmethod;
the same was 0.823, 0.913, 0.438, and 0.711, respectively, by
the DCEUS method; and the same was 0.954, 0.966, 0.707,
and 0.881, respectively, by the D&Mmethod.0is means the
D&Mmethod has better reliability in preoperative cTstaging

(a) (b)

(c) (d)

Figure 1: DCEUS image of typical cases. Note: in (a), (b), (c), and (d), the left images were oral gastrointestinal contrast agent ultrasound
images, the middle images were double-contrast ultrasound images, and the right images were enhanced MSCT images. (a) An ultrasound
image of a 59-year-old male patient; he was finally diagnosed as a moderately differentiated adenocarcinoma of the antrum (pT1 staging).
DCEUS showed focal thickening of the gastric wall, with focal positive development of the middle layer in the inner layer of the gastric wall
and clear boundary with the outer layer, and it was judged that the tumor infiltrated into the muscularis mucosa. MSCTshowed focal gastric
wall thickening, and the lesion did not exceed the low-density zone of submucosa (preoperative diagnosis cT1 staging). (b) An ultrasound
image of a 60-year-old female patient. She was finally diagnosed as poorly differentiated adenocarcinoma with ulcerative gastric antrum
(pT2 staging). DCEUS showed that the whole gastric wall of the lesion was thickened and positively developed, and the outer edge of the
lesion was intact and smooth, and it was judged that the tumor infiltrated into the muscle layer; MSCT showed that the gastric wall was
thickened, the lesion broke through the slightly strengthened muscle layer of the submucosa, the outer surface of the stomach around the
lesion was clear and smooth, and the fat surface around the stomach was clear (preoperative diagnosis of cT2 staging). (c) An ultrasound
image of a 64-year-old female patient. She was finally diagnosed as a poorly differentiated adenocarcinoma with an ulcerative type of lesser
curvature of stomach (pT3 staging). DCEUS showed that the whole gastric wall of the lesion was obviously thickened and showed positive
development, and the outer layer of the tumor was vague and serrated, breaking through the adventitia, but not invading the adjacent
structures, and it was judged that the tumor infiltrated into the subserosal layer; MSCT showed gastric wall thickening, irregular fat
infiltration around the stomach, and uneven serosal surface (preoperative diagnosis of cT3 staging). (d) An ultrasound image of a 58-year-
old male patient. He was finally diagnosed as poorly differentiated adenocarcinoma of the lesser curvature ulcerative type (pT4 staging).
DCEUS showed that the whole layer of gastric wall of the lesion was thickened and showed positive development, the tumor invaded the
outer serous, and the tumor broke through serosa; MSCT showed that the tumor broke through the perigastric adipose tissue and serosa,
accompanied by the expansion and invasion of adjacent organs or structures (preoperative diagnosis of cT4 staging).

Table 4: Comparison of pathological T staging and D&M method cT staging.

cT staging results of combined diagnosis
Summation Correct diagnosis rate (%)

T1 T2 T3 T4

pT staging

T1 11 0 0 0 11 100.00
T2 1 34 1 0 36 94.44
T3 0 0 17 2 19 89.47
T4 0 0 9 131 140 93.57

Summation 12 34 27 133 206 93.69
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of GC. In addition, the positive predictive value and negative
predictive value of the D&M method is highest among the
three diagnostic methods, that is to say, the revenue of the
D&M method is the best.

4. Discussion

0e incidence rate of GC is increasing year by year, and
surgical treatment is still the first choice. Preoperative ac-
curate staging is very important for the formulation of
treatment plan [9]. GC is one of the tumors lacking blood
supply; more than 90% of them are adenocarcinoma, and
most of them are local thickening and abnormal enhance-
ment of the gastric wall [10]. For tumor tissue, tumor
microvessels grow first, and then tumor cells grow and

infiltrate [11]. 0e microvessel perfusion of tumor and
peritumoral tissue is consistent, which is different from the
surrounding normal tissue structure [12]. 0erefore, both
MSCT and DCEUS can evaluate the blood supply in tumor.
At present, there are some guidelines for preoperative T
staging of GC in various staging standards, and the de-
scription of imaging features can be used as the basis for the
preliminary diagnosis of T staging, but these imaging ex-
amination standards are not perfect and need to be further
studied.

DCEUS refers to the combination of oral contrast agent
and intravenous contrast agent for ultrasound examination
[8]. Compared with conventional ultrasound and oral
contrast agent ultrasound, it has better contrast and better
image quality. In addition, it can dynamically observe and

0.00

20.00

40.00

60.00
(%)

80.00

100.00

T1 T2 T3 T4 Summation

MSCT
DCEUS
D & M method

Figure 2: 0e correct diagnosis rate of T staging results of MSCT, DCEUS, and combined diagnosis. Note: (1) comparison of correct
diagnosis rate of MSCT and DCEUS in different T staging: T1 staging, χ2 �13.015, p � 0.000; T2 staging, χ2 � 6.132, p � 0.015; T3 staging,
χ2 �10.451, p � 0.000; T4 staging, χ2 � 5.177, p � 0.019; summation, χ2 � 7.152, p � 0.008. (2) Comparison of correct diagnosis rate ofMSCT
and the D&M method in different T staging: T1 staging, χ2 �16.541, p � 0.000; T2 staging, χ2 � 9.648, p � 0.000; T3 staging, χ2 �15.224,
p � 0.000; T4 staging, χ2 � 8.674, p � 0.004; summation, χ2 �11.192, p � 0.000; (3) Comparison of correct diagnosis rate of DCEUS and
D&Mmethod in different Tstaging: T1 staging, χ2 � 4.482, p � 0.034; T2 staging, χ2 � 2.697, p � 0.187; T3 staging, χ2 � 4.847, p � 0.031; T4
staging, χ2 � 4.052, p � 0.044; summation, χ2 � 2.387, p � 0.163.

Table 5: Results of validity, reliability, and revenue.

Validity Reliability Revenue
Sensitivity

(%)
Specificity

(%)
Youden index

(%)
Coincidence rate

(%)
Kappa
value

Positive predictive value
(%)

Negative predictive
value (%)

MSCT
T1 27.27 99.49 26.76 95.63 0.382 75.00 96.04
T2 55.56 97.06 52.61 89.81 0.598 80.00 91.16
T3 42.11 63.64 5.74 61.65 0.024 10.53 91.54
T4 59.29 86.36 45.65 67.96 0.383 90.22 50.00

DCEUS
T1 90.91 98.46 89.37 98.06 0.823 76.92 99.48
T2 88.89 99.41 88.30 97.57 0.913 96.97 97.69
T3 78.95 86.63 65.58 85.92 0.438 37.50 97.59
T4 82.86 93.94 76.80 86.41 0.711 96.67 72.09

D&M method
T1 100.00 99.49 99.49 99.51 0.954 91.67 100.00
T2 94.44 100.00 94.44 99.03 0.966 100.00 98.84
T3 89.47 94.65 84.13 94.17 0.707 62.96 98.88
T4 93.57 96.97 90.54 94.66 0.881 98.50 87.67
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record the perfusion imaging process of the contrast me-
dium in the lesions and normal tissues, so as to improve the
diagnostic ability of lesions, so it has great application value
in the preoperative cT staging evaluation of GC [13].
However, the study of DCEUS in preoperative evaluation of
GC has some shortcomings [14]. Most scholars evaluate
lymph node metastasis according to the presence of lymph
node metastasis, rather than the number of lymph node
metastasis. 0erefore, this method needs further study [15].

MSCT is widely used in preoperative evaluation of GC
[16]. Compared with conventional CT, it has the following
advantages, such as fast scanning, in the abdominal ex-
amination, it can reduce the image of respiration and gas-
trointestinal movement [17]. 0e image resolution is high.
0e image can be reconstructed in many directions with
high spatial resolution [18]. 0rough intravenous injection
of contrast agent, we can observe the enhancement mode
and degree of different tissues and better distinguish the
focus tissue and normal tissue [19]. Studies have shown that
dynamic contrast-enhanced MSCT in preoperative cT
staging of GC has high accuracy and clinical value, but there
are also shortcomings, mainly the accuracy of judging the
depth of tumor invasion is low [20].

In this study, the correct diagnosis rate of the cT staging
of MSCT and DCEUS were compared, in order to find their
respective advantages and disadvantages and further study
the accuracy of their combined application in preoperative
staging of GC, and then some research results were obtained.
We found that the correct diagnosis rate of MSCT and
DCEUS were 55.34% and 83.98%, respectively, and the
D&M method was 93.69%, which was higher than that of
MSCTand DCEUS used alone. In addition, the Kappa values
of the D&Mmethod in T1 to T4 were 0.954, 0.966, 0.707, and
0.881, respectively, indicating that the consistency of the
D&M method in the diagnosis of preoperative T staging of
GC is very reliable.

0erefore, with the development of neoadjuvant therapy
for GC, it is urgent to find an examination method with high
accuracy, less damage, and easy acceptance by patients to
evaluate the effect of neoadjuvant therapy. 0e results of
DCEUS and enhanced MSCT in the preoperative cT staging
evaluation of GC will lay a foundation for its research in the
evaluation of neoadjuvant therapy.

5. Conclusion

0e dynamic contrast-enhanced MSCT can penetrate the
vessel wall. DCEUS is pure blood pool imaging, which can
accurately reflect the blood supply of the lesions and dy-
namically observe the tumor invasion. 0e application of
dynamic contrast-enhancedMSCT improves the accuracy of
GC staging and the detection rate of lesions. DCEUS can
more accurately predict the cT staging of GC, which has the
advantages of nonradiation, simple, repeatable, and non-
invasive. 0e correct diagnosis rate of the DCEUS method
for preoperative T stage of gastric cancer was significantly
higher than that of the MSCT method. Dynamic contrast-
enhanced MSCT combined with DCEUS in the diagnosis of
preoperative T staging of GC has more validity, reliability,

and revenue than using MSCTor DCEUS alone, which is an
image evaluation method worthy of clinical promotion.
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Type 2 diabetes mellitus (T2DM) with nonalcoholic fatty liver disease (NAFLD) is a pathological metabolic disease char-
acterized by high ketone lipid based on abnormal lipid metabolism. Compared with patients with single T2DM or NAFLD,
T2DM complicated with NAFLD has more complicated pathogenic factors and pathological processes. Hepatocellular
carcinoma (HCC), the leading malignancy arising from cirrhosis, is the second most lethal cancer globally. 1e purpose of this
study was to clarify the main risk factors of T2DM with NAFLD and HCC. 1ere are many challenges in the diagnosis and
treatment of T2DM patients with NAFLD and HCC. 1e current gold standard is to adjust treatment strategy, optimize
metabolic control, and improve liver phenotype. It is necessary to identify further the risk factors driving the progression of
T2DM with NAFLD and HCC and evaluate new therapeutic targets, in addition to exploring the syndromic forms of T2DM
combined with NAFLD and providing a theoretical basis for early prevention, diagnosis, and treatment of the disease using
traditional Chinese medicine (TCM).

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is prevalent in
patients with type 2 diabetes mellitus (T2DM) [1]. Previous
studies had shown that 50% of T2DM patients had NAFLD,
while the incidence of NAFLD in obese diabetic patients is as
high as 100% [2]. 1ere is increasing evidence that patients
with T2DM have a particularly high risk of developing
nonalcoholic fatty liver disease, nonalcoholic steatohepatitis,
and hepatocellular carcinoma (HCC) [3]. HCC is a major
life-limiting factor in progressive fibrotic liver disease,
mainly caused by a chronic viral infection, alcohol abuse,
and nonalcoholic fatty liver disease [4].

In prospective studies, preexisting diabetes mellitus was
an independent risk factor for NAFLD progression and
liver-related mortality [5, 6]. Studies had shown that the
existence of NAFLD predicted the development of T2DM
[7]. A cross-sectional study of T2DM patients found that the
prevalence of NAFLD identified by ultrasound was 69% [8].
In a Swedish cohort study, most NAFLD patients (78%) were
diagnosed with diabetes or impaired glucose tolerance at
follow-up [9]. In addition, the interaction of environmental
and genetic factors can promote the progress of T2DM with
NAFLD. NAFLD increased the incidence of T2DM. At the
same time, T2DM can effectively accelerate the development
of NAFLD to a more serious form. In most developed
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countries, NAFLD is currently the most common liver
disease and a major risk factor for HCC [10]. One study
showed that diabetes increases the risk of HCC [11].
Whether the interaction between diabetes and the etiology of
cirrhosis affects the risk of liver cancer remains
controversial.

Although significant progress has been made in dis-
covering new targets and treating chronic liver disease in
recent decades, most treatment methods have not achieved
satisfactory results [12]. Traditional Chinese medicine
(TCM) treatment of the disease has the advantages of stable
curative effect, safety, being nontoxic, low price, and mul-
titarget effect [13]. In particular, the TCM syndrome types of
different diseases may suggest different TCM treatment
schemes.

2. Epidemiology of T2DM

1e International Diabetes Federation estimates that 371
million adults worldwide had diabetes [14]. In China, the
prevalence of diabetes reached 11.6% in 2010, affecting about
113.9 million adults [15]. It is estimated that, by 2040, about
642 million people will have diabetes, and T2DM is the main
type of diabetes [16]. T2DM had become a heavy burden of
limited medical resources. Since 1980, the incidence rate and
prevalence of T2DM in the world had increased two times,
and they are still increasing [17]. It had been reported that
the prevalence of T2DM in women was on the rise globally,
which was more common in low-income countries where
obesity and aging were seen as driving forces [18]. In the
United States, about one-third of patients with T2DM are
adolescents [19]. It is estimated that the prevalence of T2DM
in the population above 20 years of age ranges from 6.6% to
7.0% in Spain and 6.3% in Midi-Pyrénées, while the esti-
mated value in men in these three regions is about more than
2% [20].

3. Epidemiology of NAFLD

NAFLD can be divided into two categories: primary and
secondary. Fatty liver associated with metabolic syndrome
caused by excess nutrition and cryptogenic fatty liver
belongs to the category of primary nonalcoholic fatty liver
disease. Fatty liver caused by malnutrition, total paren-
teral nutrition, drug/environment, and industrial toxi-
cosis belongs to the category of secondary nonalcoholic
fatty liver disease. NAFLD refers to all kinds of liver
diseases, such as nonalcoholic steatohepatitis (NASH),
simple steatosis (NAFL), and fibrosis. 1e incidence rate
of NAFLD is expected to increase worldwide with the
increase of obesity and diabetes. Recently, studies con-
cluded that the prevalence of NAFLD worldwide is 25.2%,
and the prevalence of NAFLD in the US is expected to
increase by 50% by 2030 [21, 22]. 1e prevalence of
NAFLD in China was about 20% [23]. NAFLD patients
had not only a risk of progressive liver disease but also a
significantly increased risk of cancer death [24]. NAFLD is
diagnosed when more than 5% of liver cells show fat
accumulation or by histological or imaging evaluation

[25]. 1e pathogenesis of NAFLD is complex and has not
been fully elucidated.

4. Epidemiology of HCC

Liver cancer mainly refers to malignant tumors originating
from hepatocytes, liver epithelium, or liver mesenchymal
tissue. HCC is more specific, mainly hepatocellular carci-
noma. 1e etiology of the two cancers is also slightly dif-
ferent. Hepatocellular carcinoma is mainly caused by
hepatitis B and hepatitis C. HCC accounts for >80% of
primary liver cancers worldwide [26]. HCC accounted for
72.7% of global deaths in 2015 [27]. In addition, the World
Health Organization (WHO) estimates that more than 1
million patients are expected to die from liver cancer within
the next 10 years [28]. 1e incidence of liver cancer varies
geographically, with the majority of liver cancer cases oc-
curring in less developed regions, such as East Asia (54.8% of
cases) and Southeast Asia (10.8% of cases) [29]. From 2006 to
2017, the incidence of HCC increased by 2-3% per year,
mainly due to viral cirrhosis and a high incidence of NAFLD
[30].

5. Main Risk Factors of T2DM with NAFLD

5.1. Genetic Factors. TM6SF2rs 58542926 mutation was
closely related to NAFLD, age, body mass index (BMI), and
T2DM [31]. TM6SF2 is located in ER and Golgi complex and
has the function of mobilizing neutral lipids for VLDL as-
sembly. In the absence of lipid droplets, lipids accumulate in
the droplets [32]. However, the assessment of insulin re-
sistance (IR) or oral glucose tolerance test did not reduce in
the TM6SF2 gene mutation vector [33]. 1erefore, the
mutation may not be associated with IR.

Not only is PNPLA 3 gene mutation related to NAFLD,
but also it has a slightly increased risk of T2DM [34, 35]. In
fact, the expression of PNPLA 3 is directly regulated by the
insulin regulatory transcription factor sterol regulatory el-
ement-binding protein 1c (SREBP-1c). In the case of obesity
and IR, the accumulation of pathogenic PNPLA 3 mutation
products aggravates liver steatosis, inflammation, and cir-
rhosis [36].

Adiponectin (HMW) is an adipocytokine and insulin-
sensitive substance, which plays an essential role in the
pathogenesis of diabetes mellitus and NAFLD [37]. HMWrs
266729 polymorphism is associated with an increased risk of
NAFLD patients [38]. Studies on different populations
showed that HMW gene polymorphism affected the de-
velopment of NAFLD [39, 40]. 1ere was a significant
correlation between rs1501299 and NAFLD in some female
diabetic patients in Japan [41]. HMW is considered a po-
tential biomarker for the detection and prediction of
NAFLD complicated with T2DM [42]. Lu et al. found that
the mutation frequency of LEPR nucleotide 3057G>A
(rs1805096) was 76.0% in 104 T2DM patients with NAFLD.
1e results suggested that LEPR gene G3057A (rs1805096)
polymorphism may be involved in NAFLD by regulating
lipid metabolism and affecting insulin sensitivity in patients
with T2DM [43].
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5.2. Insulin Resistance. 1e close relationship between
NAFLD and T2DM is that they have common pathogenesis,
namely, IR [44]. IR refers to the decrease of tissue response
to insulin [45]. 1e pathogenesis of NAFLD is described as
the “multiple hit hypothesis.” IR plays a central role in the
first attack, resulting in an imbalance between factors that
promote liver fat accumulation and factors that prevent fatty
acid accumulation [46, 47]. 1e steady-state model assess-
ment value of β cell function and the decreased value of β cell
function in patients of T2DMwith NAFLD were higher than
those in patients without NAFLD, including IR of liver and
adipocytes [48]. 1erefore, NAFLD often coexists with
T2DM.

Swollen and inflamed visceral adipose tissue is likely to
trigger various factors that may be correlated with the de-
velopment of IR and NAFLD, such as inflammatory adi-
pocytokines and free fatty acids [49]. 1e interaction
between hepatic steatosis and IR establishes a circle to
promote the development of T2DM and NAFLD. In ad-
dition, glucose cotransporter 2 can promote renal reab-
sorption of glucose and reduce urinary glucose excretion by
increasing blood glucose and body weight (BW), thus ag-
gravating IR in T2DM and NAFLD patients [50]. 1is re-
lationship between T2DM, IR, and NAFLD is believed to be
due to insulin being delivered directly to the portal vein after
secretion in the same way as glucose absorbed. IR plays a
crucial role in the pathogenesis of T2DM with NAFLD.
1erefore, insulin sensitizer is considered as an effective
treatment.

5.3. Lifestyle. A multicenter clinical trial involving 5145
overweight adults with T2DM showed that, after 12 months
of intensive lifestyle intervention, steatosis and NAFLD were
significantly reduced, and weight loss was at least 7% [51].
Recent randomized controlled trials (n� 154) had again
shown that lifestyle intervention could effectively alleviate
NAFLD in nonobese and obese patients [52]. Numerous
studies have shown that developing a reasonable exercise
plan is significant for alleviating T2DM and NAFLD. Rea-
sonable exercise plays an important role in controlling the
blood sugar and blood lipids of patients and can significantly
improve the therapeutic effect of T2DM or NAFLD.

1e relationship between diet and T2DMwith NAFLD is
very complex. Excess of total energy intake can lead to
obesity by changing the energy balance. A high carbohydrate
diet (50% to 65% of carbohydrate calories) is associated with
IR and obesity [53]. All of these are risk factors for damaging
NAFLD phenotype and increasing IR [25]. A review study
evaluated the effects of probiotics and synbiotics on obesity,
T2DM, and NAFLD [54]. 1e beneficial effects of probiotics
and synbiotics improved liver function and metabolic pa-
rameters in NAFLD patients.

Lower frequency and level of physical activity and being
sedentary for a long time were associated with IR, T2DM,
and NAFLD. Sedentary behavior is associated with chronic
low-grade inflammation and can lead to obesity [55]. Ex-
ercise management can prevent or delay the progress of
T2DM [56]. Among large numbers of middle-aged Korean

people, being sedentary and reduced physical activity are
positively correlated with the prevalence of NAFLD, which
supports the importance of increasing physical activity to
promoting physical activity [57, 58].

5.4. Obesity. Obesity is a chronic metabolic disease, which is
mainly characterized by excessive accumulation of fat and
overweight. 1e current research showed that the causes of
obesity are diverse, and the main reasons are divided into
congenital factors and exogenous factors. Studies have
shown that the congenital factors of obesity are mainly
genetic factors, while the exogenous factors are mainly
excessive diet, lack of exercise, or pathological obesity.

1e incidence rate of obesity and its metabolic com-
plications worldwide had risen sharply in recent years.
Obesity is an important risk factor for NAFLD and T2DM
and may provide a common link through IR [59]. Recent
studies had shown that obesity (whether peripheral or
central obesity) usually preceded NAFLD, and NAFLD
preceded the development of T2DM [60]. Obesity is closely
related to adipose tissue dysfunction in NAFLD patients,
which may accelerate IR and pancreatic β cell dysfunction
[61]. To a large extent, IR in obese patients is the result of
adipose tissue inflammation and adipocyte regulation dis-
order [62].Weight loss has a significant effect on T2DMwith
NAFLD, and the weight loss is mainly due to the reduction
of fat mass, especially visceral fat, rather than skeletal muscle
mass [63]. Bariatric surgery is an effective method to treat
obesity, which has been proved to significantly improve or
even cure diabetes and improve the histological character-
istics of NAFLD [64].

In addition, a large number of studies have shown that
obesity is closely related to the intestinal flora. 1e change of
intestinal microbiota composition has been considered an
effective therapy to regulate obesity [65].

5.5. Others. 1e data showed that NAFLD and diabetes
were related to the decrease of CYP3A4 activity in the
liver [66]. In human studies, low plasma adiponectin
levels are associated with an increased risk of T2DM, and
low adiponectin levels are an independent risk factor for
NAFLD [67]. In addition, LDL-c, FPG, BMI, FINS, TC,
and HOMA-IR were also risk factors of T2DM with
NAFLD [44]. In 146 T2DM patients with NAFLD,
multivariate analysis showed that dyslipidemia, elevated
LDL, HbA1c, and diastolic blood pressure were risk
factors [68]. In addition, human and animal intestines
are occupied by a variety of microorganisms. 1ese
microorganisms play a key role in maintaining intestinal
function and regulating host immune response and
chronic diseases such as obesity, diabetes, and NAFLD
[69–71].

6. Main Risk Factors of HCC

Major risk factors contributing to the rise in HCC include
high prevalence of HBV and HCV infection, followed by an
increased incidence of alcohol abuse, obesity, NAFLD, and
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Table 1: Studies which have evaluated the association between type 2 diabetes and risk of HCC.

Study Study characteristics Diabetes diagnosis Covariate adjustment
considered Main findings

Huo et al., Eur J
Gastroenterol Hepatol
2003; 15 :1203-8

Prospective study: 239 HCC
patients (16.3% of whom
had DM). Mean follow-up:

2.6 years

Fasting glucose
≥126mg/dL or 2-
hour postload

glucose ≥200mg/dL,
or past history

Age, sex, tumor size, anti-
HCV-Ab positivity, HBeAg-
positivity, cirrhosis, alcohol
intake, alpha-fetoprotein,

albumin, bilirubin

DM did not affect long-
term survival in HCV-
related HCC but was a
recurrence-independent

prognostic factor for HBV-
related HCC

Coughlin et al., Am J
Epidemiol 2004; 159 :
1160-7

Population cohort study:
467,922 men and 588,321
women without history of
cancer at baseline. Mean

follow-up: 16 years

Self-reported BMI
DM was associated with
increased risk of incident

HCC only in men

El-Serag et al.,
Gastroenterology
2004; 126 : 460-8

Prospective study: 73,643
patients with DM and
650,620 patients without
DM. Mean follow-up: 5

years

Self-reported
Alcoholic liver disease, viral

chronic hepatitis,
demographic variables

DM was associated with an
increased risk of incident
HCC. DM carried the

highest risk among patients
with a follow-up longer

than 10 years

Davilla et al., Gut
2005; 54 : 533-9

Population-based case-
control study: 2,061 HCC
patients (of whom 43% with
DM) and 6,183 noncancer
controls (of whom 19% with

DM)

Electronic register
Age, sex, race, HCV, HBV,
alcoholic liver disease, and

hemochromatosis

DM was associated with a
nearly threefold increased

risk of HCC

Inoue et al., Arch
Intern Med 2006; 166 :
1871-7

Prospective study: 97,771
Japanese adult individuals
followed up for cancer

incidence over 5 years. At
baseline, 4.7% of them had

DM

Self-reported

Age, study area, BMI, prior
cardiovascular disease,
smoking, alcohol intake,

leisure-time physical activity,
green vegetable intake, coffee

intake

DM was associated with
increased risk of total
cancer and cancer in
specific sites, including

HCC

El-Serag et al. Clin
Gastroenterol Hepatol
2006; 4 : 369-80

Meta-analysis: a total of 26
studies (of which 13 were
case-control studies and 13

were cohort studies),
inclusive of approximately 3

million individuals

Self-reported Alcohol intake, chronic viral
hepatitis, diet, BMI

Among 13 cohort studies,
DM was associated with an
increased risk of HCC

Kawamura et al., J
Gastroenterol Hepatol
2008; 23 :1739-46

Prospective study: 40
consecutive HCC patients
(with HCC associated with
non-B, non-C hepatitis) and
later underwent surgical

resection or radiofrequency
ablation. Prevalence of DM
was 45%. Mean follow-up: 5

years

Fasting glucose
≥126mg/dL or past

history

Age, sex, dyslipidemia,
smoking, alcohol intake,

history of blood transfusion,
state of liver disease (chronic
hepatitis or cirrhosis), AST,
albumin, bilirubin, alpha-
fetoprotein, prothrombin

time, tumor size, multiplicity,
hypervascularity, and portal

vein invasion of HCC

DM was a significant
predictor of tumor

recurrence after potentially
curative therapy for HCC

Donadon et al., World
J Gastroenterol 2009;
15 : 2506-11

Case-control study: 465
HCC patients, 618 with
cirrhosis, and 490 control
subjects. 1e prevalence of
DM was 31.2% in HCC,

23.3% in cirrhotic patients,
and 12.7% in control group

Self-reported Age, sex, BMI, alcohol abuse,
HBV, and HCV

DM was an independent
risk factor for HCC. Among
male patients with DM,
there was a positive

association of HCC with
insulin/sulphonylurea

treatment and an inverse
association with metformin
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Table 1: Continued.

Study Study characteristics Diabetes diagnosis Covariate adjustment
considered Main findings

Hassan et al., Cancer
2010; 116 :1938-46

Hospital-based case-control
study: 420 patients with
HCC and 1,104 healthy

controls. 1e prevalence of
DM was 33.3% in patients
with HCC and 10.4% in

controls

Self-reported

Age, sex, race, educational
level, smoking, alcohol intake,
HCV, HBV, family history of

cancer

DM increased the risk of
HCC. Treatments with
sulfonylureas or insulin

were associated with higher
HCC risk, whereas

treatments with metformin
or glitazones were

associated with lower HCC
risk

Hense et al., Diabetol
Metab Syndr 2011; 3 :
15

Community-based study:
26,742 DM patients, who

were 40 to 79 years old and
resided in the Muenster

district. Mean follow-up: 3.3
years

Self-reported Sex, diabetes duration, BMI,
insulin treatment

Risk of any incident cancer
in DM was increased, in

particular for HCC. Insulin
therapy was related to

higher cancer risk, while
metformin was not

Johnson et al.,
Diabetologia 2011; 54 :
2263-71

Population-based
retrospective cohort study:
185,100 individuals with
DM and 185,100 without
DM, matched by sex and
age. Mean follow-up: 10

years

Electronic register
Age, sex, socioeconomic

status, number of physician
visits, year of diagnosis

DM was associated with
increased risk of selected
cancers, including HCC

Li et al., Int J Canc
2012; 131 :1197-202

Hospital-based case-control
study: 1,105 patients with
HBV-related HCC and

5,170 patients with chronic
HBV. 1e whole prevalence

of DM was 6.7%

Fasting glucose
≥126mg/dL or past

history

Age, family history of HCC,
city of residence, HBV-Ag,

and cirrhosis

DM was associated with
increased risk of HCC, only

in women

Wang et al., Int J
Cancer 2012; 130 :
1639-48

Meta-analysis: a total of 25
cohort studies, enrolling
1,283,112 persons. Mean

follow-up: 8.8 years

Self-report, medical
records

Geographic location, alcohol
intake, history of cirrhosis, or
HBV and HCV infections

DM was associated with
increased risk of incident
HCC and higher HCC

mortality. Longer diabetes
duration and use of

sulfonylureas or insulin
were associated with
increased risk of HCC.

Metformin treatment was
protective

Wang et al., Diabetes
Metab Res Rev 2012;
28 :109-22

Meta-analysis: 17 case-
control studies (a total of
nearly 6,000 HCC cases and
74,000 controls) and 32
cohort studies (a total of

nearly 6,500,000
individuals)

Self-report, medical
records

BMI, prior hepatitis, cirrhosis,
alcohol intake, smoking,
treatment, duration of

diabetes

1e combined risk estimate
of all studies showed a

significant increased risk of
HCC among DM

individuals. In addition,
meta-analysis of 7 cohort
studies found a significant
increased risk of HCC
mortality for individuals
with DM compared to

those without

Lai et al., Am J
Gastroenterol 2012;
107 : 46-52

Population-based cohort
study: 19,349 newly

diagnosed DM patients and
77,396 control subjects

without DM. Mean follow-
up: 5 years

Electronic register Age, sex, cirrhosis, alcoholic
liver damage, viral hepatitis

DM was associated with
increased risk of incident
HCC. Use of metformin or
glitazones was associated
with reduced HCC risk
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uncontrolled type 2 diabetes [10]. In areas with high inci-
dence, 80% of HCC patients test positive for hepatitis B
surface antigen (HBsAg) in serum [72]. Moreover, 10–20%
of patients with hepatitis B can develop HCC without cir-
rhosis [73]. Hepatitis C virus (HCV) infection is also a major
risk factor for HCC, which leads to a 5- to 20-fold risk of
HCC [74]. Indeed, persistent cellular stress, repeated ne-
crosis, and compensatory regeneration of cells, as well as
chronic inflammation, lead to cellular senescence and
mutagenesis, ultimately leading to hepatocarcinogenesis
[75]. 1e mechanism of NAFLD-induced HCC is not fully
understood, and there is no way to prevent NAFLD patients
from progressing to HCC [76]. T2DM is a risk factor for
NAFLD and increases HCC incidence two- to threefold [77].
NAFLD HCC patients have increased levels of IL-13, which
can activate myeloid-derived suppressor cells and promote
tumor progression by suppressing tumor immunity [78].
Another mechanism underlying NAFLD HCC is PNPLA3
gene polymorphism, possibly related to by enhancing in-
flammatory signaling [79]. Table 1 compiles the principal

observational investigations and meta-analyses analyzing
the association between T2DM and the risk of HCC.

7. TCM Syndrome Types of T2DM with NAFLD

In recent years, TCM and its extracts have been considered a
new potential source of therapeutic drugs for preventing and
treating fatty liver disease [80]. According to modern TCM
theory, type 2 diabetes belongs to the category of diabetes.
1ere are many problems, such as dryness and heat injury, qi
and yin deficiency, liver qi and yin deficiency, liver failure,
spleen failure, liver blood deficiency, and spleen stomach
heat accumulation. 1erefore, it can be divided into eight
types: stomach heat syndrome, lung dryness syndrome,
spleen qi deficiency syndrome, lung qi deficiency syndrome,
yin and yang deficiency syndrome, kidney yin deficiency
syndrome, blood stasis syndrome, and phlegm retention
syndrome.

Statistical analysis showed that spleen deficiency syn-
drome was the main syndrome type in T2DM with the

Table 1: Continued.

Study Study characteristics Diabetes diagnosis Covariate adjustment
considered Main findings

Schlesinger et al., Ann
Oncol 2013; 24 : 2449-
55

Community-based cohort
study: 363,426 participants,
after excluding those with
cancer at baseline. Mean

follow-up: 8.5 years

Self-reported
Age, sex, center, education

level, smoking, alcohol intake,
BMI, waist-to-height ratio

DM was independently
associated with higher risk
of incident HCC and biliary
tract cancer. HCC risk was
higher in those treated with
insulin. Results were similar
in HCV/HBV-negative

individuals

Zheng et al., PLoS One
2013; 8:e84776

Hospital-based retrospective
case-control study: 1,568
participants of whom 716
patients were diagnosed
with benign liver diseases
and 852 patients were

diagnosed with HCC. 1e
prevalence of DM was 7.6%

Fasting glucose
≥126mg/dL or 2-
hour postload

glucose ≥200mg/dL,
HbA1c≥ 6.5%

Age, sex, HBV and HCV
infections, cirrhosis, gallstone

disease, cholinesterase,
alkaline phosphatase

DM was associated with
increased risk of HCC.
However, there was a
significant interaction

between DM and HBV on
HCC occurrence

Koh et al., Br J Cancer
2013; 108 :1182-8

Community-based cohort
study: 63,257 middle-aged
and older individuals. 1e
prevalence of DM was 8.6%.
Mean follow-up: 14 years

Self-reported

Age, sex, BMI, recruitment
year, education level,

smoking, alcohol intake,
consumption of coffee and tea

DM was associated with an
increased risk of incident

nonviral HCC

Miele et al.,
Gastroenterol Res
Pract 2015; 2015 :
570356

Hospital-based case-control
study: 224 HCC patients and
389 controls. 1e prevalence

of DM was 19.7%

Self-reported Age, sex, smoking, alcohol
intake

DM was associated with
increased risk of HCC.
Treatment with any

glucose-lowering drugs was
not associated with
increased HCC risk

Adami et al., J Natl
Cancer Inst 1996; 88 :
1472-7

Hospital-based cohort:
153,852 patients with DM.
Follow-up: from 1 to 24

years

Hospital discharge
diagnosis None

DM was associated with
increased risk of incident

HCC

La Vecchia et al., Int J
Cancer 1997; 73 : 204-
7

Case-control study: 428
HCC cases, 59 with

gallbladder and bile duct
cancers, and 1,502 control
subjects from hospital

Self-reported

Age, sex, area of residence,
education level, alcohol

intake, BMI, smoking, history
of chronic hepatitis and

cirrhosis, family history of
liver cancer

DM was associated with
increased risk of incident

HCC
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NAFLD group [81]. 1is has also been confirmed in other
studies, and phlegm is one of the main syndrome charac-
teristics [82].1ere are also studies suggesting that, in T2DM
patients with NAFLD, the proportion of damp-heat accu-
mulation is the highest, followed by yin deficiency heat [83].
Additionally, studies also found that damp-heat trapped
spleen syndrome and qi and yin deficiency syndrome are the
most important syndrome types [84]. Correct evaluation of
TCM syndrome types is helpful to improve the clinical effect
of TCM combined with general therapy in the treatment of
T2DM with NAFLD.

8. Conclusion and Future Prospect

At present, T2DM with NAFLD is considered as a mul-
tifactorial disease with genetic and environmental factors.
IR is considered as a key risk factor for the occurrence and
development of T2DM with NAFLD. IR in the peripheral
tissue and liver is one of the causes of this condition,
leading to the increase of circulating glucose and lipid
substrates for lipid accumulation in the liver. Changing
diet structure is beneficial to delay the progression of
T2DM with NAFLD. It supports more extensive appli-
cation of traditional Chinese medicine, Chinese patent
medicine, and acupuncture physiotherapy, which pro-
vides theoretical support for the clinical application of
traditional Chinese medicine therapy. However, there are
still many deficiencies in the treatment of TCM. 1ere-
fore, further research and clinical verification are needed
(Figure 1).

Prevention and treatment of viral hepatitis and NAFLD
were vital factors in reducing the global burden of liver
cancer. Implementation of screening for viral hepatitis and
surveillance for hepatocellular carcinoma in high-risk pa-
tients are essential to improve current poor outcomes for
patients with HCC. However, a better understanding of risk
factors for liver cancer is required for developing new ef-
fective regimens and improving the efficacy of the existing
therapies. [85]
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Background. *e probability of liver cancer recurring in patients after surgery is a serious threat to liver cancer patients.
Radiofrequency ablation is widely employed in liver cancer cases. We explored the therapeutic effects and influencing factors of
radiofrequency ablation combined with hepatic artery intervention in patients with recurrence of primary liver cancer surgery.
Methods. 90 patients with primary liver cancer postoperative recurrence admitted to our hospital from January 2014 to February
2017 were selected as the research objects. *e patients were randomly divided into the control group (n� 45) and combined
treatment group (n� 45). *e combined treatment group received radiofrequency ablation combined with hepatic artery
interventional therapy, and the control group received hepatic artery interventional therapy. *e short-term efficacy, AFP levels
before and after treatment, and long-term survival results of the two groups were compared. Single-factor andmultifactor analyses
of the clinical information of the combined treatment group were carried out to find out the factors affecting the therapeutic effect
of radiofrequency ablation combined with hepatic artery intervention on patients with recurrence of primary liver cancer. Results.
*e total effective rate of short-term curative effect of the combined treatment group was higher than the control group, and there
was a statistically significant difference existing (P< 0.05). After treatment, two groups of patients’ AFP levels were greatly lower
than before treatment, the AFP levels of the combined treatment group were significantly lower than the control group, and there
was a statistically significant difference (P< 0.05). *e survival rates of patients in the combined treatment group at the sixth
month, the first year, and the second year after treatment were significantly higher than those of the control group, and there was a
statistically significant difference (P< 0.05). *e univariate results showed that, in the combined treatment group, there were
statistically significant differences between the effective group and the ineffective group in tumor diameter, intact capsule, liver
cirrhosis, intrahepatic spread, and tumor adjacent to large blood vessels (P< 0.05). *e outcomes of multivariate analysis in-
dicated that tumor diameter≥ 3 cm, incomplete capsule, intrahepatic spread, and tumor adjacent to large blood vessels were risk
factors for ineffective recurrence of patients with primary liver cancer after radiofrequency ablation combined with hepatic artery
intervention (P< 0.05). Discussion. Tumor diameter≥ 3 cm, incomplete capsule, intrahepatic spread, and tumor adjacent to large
blood vessels are risk factors for the ineffectiveness of radiofrequency ablation combined with hepatic artery interventional
therapy for patients with recurrence of primary liver cancer. It is necessary to increase the range of radiofrequency treatment,
increase the temperature of the radiofrequency needle, and strengthen postoperative follow-up interventions based on the specific
conditions of the patient's tumor.

1. Introduction

Primary liver cancer refers to malignant liver tumors that
originate from liver epithelial or mesenchymal tissues. It

has the characteristics of high morbidity and high mor-
tality. *e clinical manifestations of its patients are pain,
fatigue, and jaundice in the liver area [1]. Many patients will
have liver cancer recurrence after treatment due to tumor
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metastasis, tumor cell residues, and other reasons. Statistics
show that the probability of liver cancer recurring in pa-
tients within 5 years after surgery is more than 70%, which
seriously threatens the long-term postoperative life of liver
cancer patients. At present, the clinical treatments com-
monly used in the therapy of patients with recurrence of
liver cancer include radiofrequency ablation and hepatic
artery interventional chemotherapy [2, 3]. As thermal
ablation therapy, radiofrequency ablation can use its local
energy to kill tumor cells and has the advantages of less
damage and fewer complications [4]. Radiofrequency ab-
lation is widely applied in the therapy of liver cancer pa-
tients. However, there are few clinical reports about the
therapeutic effect and influencing factors of radiofrequency
ablation combined with hepatic artery intervention in
patients with recurrence of primary liver cancer. *is study
retrospectively analyzed the clinical data and follow-up
data of 90 patients with postoperative recurrence of pri-
mary liver cancer, observed the therapeutic effect of
radiofrequency ablation combined with hepatic artery
intervention on patients with postoperative recurrence of
primary liver cancer, and analyzed its influencing factors.
*e research results are reported as follows.

2. Methods

2.1.Normal Information. Ninety patients with postoperative
recurrence of primary liver cancer admitted to the Second
Hospital of Shanxi Medical University, Taiyuan, Shanxi
Province, China, from January 2014 to February 2017 were
selected as the research objects. Inclusion criteria were as
follows: (1) patients diagnosed with recurrence of primary
liver cancer, (2) patients without mental disorders, (3)
complete clinical data, and (4) signed informed consent.
Exclusion criteria were as follows: (1) patients who have
received immunotherapy, (2) patients with extrahepatic
metastasis, and (3) patients who do not cooperate with
follow-up. *is study has been approved by the ethics
committee of the Second Hospital of Shanxi Medical Uni-
versity, Taiyuan, Shanxi Province, China.

2.2. Clinical Data Collection. Clinical data of patients, in-
cluding age, gender, tumor diameter, tumor number, tumor
differentiation degree, complete capsule, liver cirrhosis,
operation time, intrahepatic spread, pathological type, and
tumor adjacent large blood vessels, were collected.

2.3. Radiofrequency Ablation Treatment Methods. Put the
patient in the supine position, first locate the tumor, mark
the puncture point under CT or B ultrasound, then use li-
docaine at a concentration of 0.5% to give the patient local
anesthesia, and finally give the patient a radiofrequency
ablation treatment [5].*e parameters of the radiofrequency
ablation machine are set as follows: the power range is
30–50W and the temperature range is 90–105°C. When the
patient’s tumor diameter is less than 3 cm, radiofrequency
ablation should be performed after a single-needle single-
point puncture, and the ablation time is 8–10 minutes; when

the patient’s tumor diameter is greater than or equal to 3 cm,
multistage multineedle single radiofrequency ablation
should be used. *e ablation time is 15–20min [6].

2.4. Hepatic Artery Interventional .erapy. First, the Sel-
dinger technique is used for intubation, and then the pa-
tient’s celiac trunk arteriography or proper hepatic
arteriography is performed to clarify the blood supply ar-
teries of the patient’s tumor. *en, under the guidance of
DSA, the microcatheter is superselectively pushed into the
tumor target vessel to infuse lobaplatin chemotherapeutics,
and then a mixture of epirubicin and lipiodol emulsion
embolism is injected.

2.5. Observation Index. *e clinical efficacy of the two
groups of patients was compared, including the following:
(1) short-term efficacy: the tumor size was measured one
month before and one month after treatment, and the
modified solid tumor efficacy evaluation standard (mRE-
CIST) [7, 8] was used to evaluate the efficacy of the patient;
efficacy is divided into CR (complete remission: disap-
pearance of all target lesions), PR (partial remission: re-
duction of the total length of the baseline lesions by at least
30%), SD (stable disease: reduction of the total length of the
baseline lesions by less than 30% or the total length diameter
increases but the increase is less than 20%), and PD (disease
progression: the appearance of new lesions or the total
length diameter of the baseline lesions increases by at least
20%); and the total effective rate� (CR+PR) number of
cases/total cases× 100%; (2) alpha-fetoprotein (AFP) levels
before and after treatment; (3) long-term survival results: the
survival rate of patients at the 6th month, 1st year, and 2nd
year after treatment. Based on the evaluation results of the
solid tumors of the patients, 40 patients in the combined
treatment group with complete remission and partial re-
mission were included in the effective group, and 5 patients
with disease progression and stable disease in the combined
treatment group were included in the ineffective group.

2.6. Statistical Method. Data statistics are carried out using
SPSS 23.0 software. Qualitative data are represented by n
(%), and the χ2 test is used for comparison. Quantitative data
are represented by (x± s), and the t-test is used for com-
parison. Univariate analysis and logistic regression analysis
were conducted to determine the factors affecting the
therapeutic effect of radiofrequency ablation combined with
hepatic artery intervention on patients with recurrence of
primary liver cancer after surgery. P< 0.05 indicated sta-
tistical differences in the data.

3. Results

3.1. Comparison of the Short-Term Efficacy of the Two Groups
of Patients. *e total effective rate of combined treatment
group was higher than that of control group, and there was a
statistically significant difference (P< 0.05; Table 1).
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3.2.ComparisonofAFPLevels andLong-TermSurvivalResults
between theTwoGroups ofPatients. No significant difference
existed in the AFP levels of the two groups of patients before
treatment (P> 0.05); the AFP levels of the two groups of
patients after treatment were significantly lower than before
treatment, and the AFP levels of the combined treatment
group were greatly lower than those of the control group.
*ere was a statistically significant difference (P< 0.05;
Table 2).

3.3. Single-Factor Analysis of the .erapeutic Effect of Radi-
ofrequency Ablation Combined with Hepatic Artery Inter-
vention on Patients with Recurrence of Primary Liver Cancer.
Univariate results indicated that no significant difference
existed in age, gender, number of tumors, degree of tumor
differentiation, intraoperative blood loss, operation time,
hepatic port occlusion time, surgical margins, and patho-
logical types between two groups of patients (P> 0.05). A
statistically significant difference existed between the two
groups of patients in tumor diameter, intact capsule, liver
cirrhosis, intrahepatic spread, and tumor adjacent to large
blood vessels (P< 0.05), as shown in Table 3.

3.4. Multifactor Analysis of the .erapeutic Effect of Radio-
frequency Ablation Combined with Hepatic Artery Interven-
tion on Patients with Recurrence of Primary Liver Cancer.
In univariate analysis, statistically significant influencing
factors (tumor diameter, complete capsule, liver cirrhosis,
intrahepatic spread, and tumor adjacent to large blood
vessels) were used as independent variables, and whether the
patient was effective after treatment (effective� 0 and
ineffective� 1) is the dependent variable, and the assignment
is shown in Table 4. *e results of multivariate analysis
showed that tumor diameter≥ 3 cm, incomplete capsule,
intrahepatic spread, and tumor adjacent to large blood
vessels were risk factors for ineffective recurrence of patients
with primary liver cancer after radiofrequency ablation
combined with hepatic artery intervention (P< 0.05;
Table 5).

4. Discussion

*e results of this research show that the total effective rate
of radiofrequency ablation combined with hepatic artery
intervention in patients with recurrence of primary liver
cancer after surgery is higher than that of patients with
hepatic artery intervention alone. After the treatment, the
AFP level of all patients decreased, and the AFP level of the
patients who used the radiofrequency ablation combined
with hepatic artery intervention method decreased more
compared with the patients who used the hepatic artery
intervention alone. *e survival rates of patients who re-
ceived radiofrequency ablation combined with hepatic ar-
tery interventional therapy at the sixth month, the first year,
and the second year were greatly higher than those of pa-
tients who received hepatic artery interventional therapy
alone. It shows that the therapeutic effect of radiofrequency
ablation combined with hepatic artery interventional ther-
apy of patients with recurrence of primary liver cancer after
surgery is better.

*is study found that tumor diameter≥ 3 cm, incom-
plete capsule, intrahepatic spread, and tumor adjacent to
large blood vessels were risk factors for ineffective recur-
rence of patients with primary liver cancer after radio-
frequency ablation combined with hepatic artery
intervention (P< 0.05). *e reasons may be as follows: (1)
tumor diameter≥ 3 cm is a risk factor for the ineffectiveness
of radiofrequency ablation combined with hepatic artery
intervention in patients with recurrence of primary liver
cancer after surgery. *e larger the diameter of the tumor,
the faster the growth of tumor cells and the more likely it is
to cause the rupture of the envelope [9], causing the tumor
cells to spread to the surrounding tissues beyond the
radiofrequency range, causing some tumor cells to fail [10].
*erefore, the efficacy of radiofrequency ablation combined
with hepatic artery interventional therapy for patients with
recurrent primary liver cancer is not good. *erefore, for
patients with larger tumor diameters, the radiofrequency
treatment range set by medical staff can be expanded based
on the range of the lesion to ensure that all lesions and tumor
cells that may be spread in the surrounding tissues are all

Table 1: Comparison of the short-term efficacy of the two groups of patients (n (%)).

Group n CR PR NC PD Total effective rate
Control group 45 20 (44.44) 12 (26.67) 9 (20.0) 4 (8.89) 32 (71.11)
Combined treatment group 45 24 (53.33) 16 (35.56) 4 (8.89) 1 (2.22) 40 (88.89)
χ2 4.444
P 0.035

Table 2: Comparison of AFP levels and long-term survival results of the two groups of patients (n (%)).

Group n
AFP (g/L) Long-term survival outcome

Before treatment After treatment 6 months 1 year 2 years
Control group 45 884.78± 78.38 423.64± 76.64 39 (86.67) 32 (71.11) 28 (62.22)
Combined treatment group 45 887.36± 76.64 218.64± 61.47 45 (100.0) 40 (88.89) 37 (82.22)
t/χ2 0.158 14.003 4.464 4.444 4.486
P 0.875 <0.001 0.026 0.035 0.034
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killed, thereby improving patient efficacy [11, 12]. (2) In-
complete capsule is a risk factor for the failure of radio-
frequency ablation combined with hepatic artery
intervention in the treatment of patients with recurrence of

primary liver cancer. *e envelope of liver cancer refers to
the extracellular matrix produced by avascular necrosis of
the surrounding tissues due to the growth of the tumor
[13, 14]. Studies have shown that [15] when the diameter of a

Table 4: Assignment of factors affecting the therapeutic effect of radiofrequency ablation combined with hepatic artery intervention on
patients with recurrence of primary liver cancer after surgery.

Factor Variable name Assignment
Tumor diameter X1 ≥3 cm� 1, <3 cm� 0
Envelope intact X2 No� 1, yes� 0
Liver cirrhosis X3 No� 1, yes� 0
Intrahepatic spread X4 No� 1, yes� 0
Tumor adjacent to large blood vessels X5 No� 1, yes� 0

Table 5: Multifactor analysis of the therapeutic effect of radiofrequency ablation combined with hepatic artery intervention on patients with
recurrence of primary liver cancer after surgery.

Factor B Wald P OR 95% CI
Tumor diameter ≥3 cm 2.399 6.214 0.009 11.021 8.648 (15.636)
Incomplete envelope 2.515 6.587 0.005 12.367 9.347 (16.647)
Liver cirrhosis 1.936 3.987 0.057 6.932 4.624 (8.346)
Intrahepatic spread 2.277 5.947 0.015 9.746 7.348 (13.314)
Tumor adjacent to large blood vessels 2.098 5.647 0.018 8.148 5.364 (11.365)

Table 3: Single-factor analysis of the therapeutic effect of radiofrequency ablation combined with hepatic artery intervention on patients
with recurrence of primary liver cancer after surgery (n (%)).

Factor Effective group (n� 40) Invalid group (n� 5) t/χ2 P

Age (years)
0.003 0.958≥60 21 (91.30) 2 (8.70)

<60 19 (86.36) 3 (13.64)
Gender

0.025 0.874Male 22 (91.67) 2 (8.33)
Female 18 (85.71) 3 (14.29)

Tumor diameter (cm)
5.401 0.020≥3 8 (66.67) 4 (33.33)

<3 32 (96.97) 1 (3.03)
Number of tumors (n)

0.070 0.791≥2 17 (85.0) 3 (15.0)
<2 23 (92.0) 2 (8.0)

Tumor differentiation
0.703 0.402I, II grade 28 (93.33) 2 (6.67)

III, IV grade 12 (80.0) 3 (20.0)
Envelope intact

6.321 0.012Yes 33 (97.06) 1 (2.94)
No 7 (63.63) 4 (36.36)

Liver cirrhosis
3.995 0.046Yes 5 (62.50) 3 (37.50)

No 35 (94.59) 2 (5.41)
Intrahepatic spread

6.544 0.011Yes 3 (50.0) 3 (50.0)
No 37 (94.87) 2 (5.13)

Pathological type
0.512 0.474Hepatocellular carcinoma 13 (81.25) 3 (18.75)

Cholangiocarcinoma 27 (93.10) 2 (6.90)
Tumor adjacent to large blood vessels

5.080 0.024Yes 4 (57.14) 3 (42.86)
No 36 (94.74) 2 (5.26)
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patient’s tumor is greater than 5 cm, the capsule is a pro-
tective factor for the patient’s therapeutic effect. Patients
with nonenveloped tumors have a shorter postoperative
tumor-free survival period than patients with enveloped
tumors. In patients with no tumor envelope, the tumor cells
not only easily infiltrate the surrounding blood vessels but
also may directly infiltrate the liver. In addition, it will in-
crease the number of microlesions around the tumor
[16, 17], resulting in patients without tumor envelope re-
ceiving treatment. Sometimes the treatment may be in-
complete; there will be residual tumor cells or lesions that
have not been cleaned, resulting in poor treatment effects for
the patient. *erefore, medical staff should pay more at-
tention to the therapy of patients with noncapsular tumors.
After treatment, they should strengthen the follow-up of
patients and pay close attention to their prognosis. Once
residual lesions are found, they should be treated again in
time. (3) Intrahepatic diffusion is a risk factor for the in-
effectiveness of radiofrequency ablation combined with
hepatic artery intervention in the treatment of patients with
recurrence of primary liver cancer. *e diffusion and me-
tastasis of intrahepatic tumor in patients may lead to the
failure of the lesion to be cleared during the treatment
process and the infiltration of intrahepatic blood vessels by
HCC cells [13], resulting in poor efficacy of radiofrequency
ablation combined with hepatic artery intervention in the
treatment of patients with postoperative recurrence of
primary liver cancer. *erefore, when locating the tumor
location of a patient, medical staff should carefully observe
whether the patient has the possibility of intrahepatic me-
tastasis of liver cancer cells [18]. For patients with intra-
hepatic metastasis of liver cancer cells, medical staff should
take effective measures to intervene in time to prevent
further diffusion. (4) Tumor adjacent to large blood vessels is
a risk factor for the ineffectiveness of radiofrequency ab-
lation combined with hepatic artery intervention in patients
with recurrence of primary liver cancer after surgery. When
a patient’s liver cancer tumor is adjacent to large blood
vessels, the temperature around the tumor may decrease due
to the flow of blood vessels, thus affecting the effect of
radiofrequency ablation andmaking the ablation incomplete
[19]. As a result, the efficacy of radiofrequency ablation
combined with hepatic artery intervention in the treatment
of patients with recurrent primary liver cancer is not good.
On the other hand, the proximity of large blood vessels to the
tumor can change the shape of the ablation site, thus af-
fecting the treatment outcome of patients [20, 21].*erefore,
for patients with tumors adjacent to large blood vessels,
medical staff should consider increasing the ablation range
and increasing the temperature of the radiofrequency needle
to improve the treatment effect of the patient [22, 23].

5. Conclusions

In summary, tumor diameter≥ 3 cm, incomplete capsule,
intrahepatic spread, and tumor adjacent to large blood
vessels are risk factors for poor therapeutic effect of radi-
ofrequency ablation combined with hepatic artery inter-
vention in patients with recurrent primary liver cancer. It is

necessary to increase the range of radiofrequency treatment,
increase the temperature of the radiofrequency needle, and
strengthen postoperative follow-up interventions based on
the specific conditions of the patient’s tumor.
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Gastric cancer (GC) is a kind of common cancer worldwide. Too late in diagnosis results in poor prognosis of patients with GC.
*rombospondin-2 (THBS2) is a type of secreted protein that has been found to be a diagnostic biomarker in a variety of cancers.
Our study aimed to uncover the clinical value of THBS2 in early detection for patients with gastric cancer. THBS2 was upregulated
in gastric cancer tissue compared with normal tissue via analyzing data obtained from *e Cancer Genome Atlas (TCGA)
database. Additionally, the enzyme-linked immunosorbent assay revealed that the level of serum THBS2 and carcinoembryonic
antigen, CA19-9, was higher dramatically in patients with early gastric cancer (EGC) than that in healthy control (HC) in addition
to patients with benign gastric tumor (BGT), which suggested that THBS2 indeed associated with GC. Receiver operator
characteristic (ROC) curve assay was conducted to demonstrate that serum THBS2 was similar to CA19-9 to distinguish patients
with early gastric cancer from healthy control and patients with benign gastric tumor and that THBS2 combined with CA19-9
improved the detective performance of THBS2 for early gastric cancer. Furthermore, we applied the gene set enrichment analysis
assay to analyze signaling pathways related to THBS2. We found that THBS2 positively controlled MAPK and WNT signaling
pathways, which indicated that THBS2 might exert its functions via the pathway mentioned above. *us, our study expounded
that serum THBS2 could serve as a vital early diagnostic marker for patients with gastric cancer.

1. Introduction

Gastric cancer (GC) as the fourth leading tumor results in
third most main death rate that is related to cancers in the
world [1]. *e disease incidence and mortality of GC
maintains high in both East Asian and Central South
American countries including China, Korea, Mexico, and
Chile [2, 3]. Early gastric cancer can invade either mucosa or
submucosa, which is accompanied by metastasis of the
lymph node or not [4]. Late detection, in addition to in-
sensitivity to existing treatment options, causes a poor
prognosis of GC [5]. For an optimum period of therapy, it is
necessary to diagnose GC as early as possible. Recently,

advanced technologies such as screening are employed to
raise diagnosis proportion of early gastric cancer [6]. Car-
cinoembryonic antigen, CA19-9, and other detection
methods are available to predict GC [7]. Serum markers are
easier to detect than other test indexes; therefore, they are
used widely to diagnose early gastric cancer [8]. *e most
sensitive serum index for diagnosing GC, however, is still
uncovered [9]. *us, it is urgent to explore new and highly
effective biomarkers to boost the detective accuracy of early
GC [10].

*rombospondins (THBSs), a family belonging to Ca2+

binding glycoproteins, are secretions of immune cells and
mesenchymal cells in addition to endotheliocytes [11]. *ey
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can bind to plenty of downstream proteins involved in various
biological procedures, including cell migration, blood vessel
production, apoptosis, and cytoskeletal regulation [12, 13]. In
multiple malignancies, THBS2 is tight correlated with pro-
gression and prognosis of cancers [14]. Tokunaga et al. dis-
covered that the expression of THBS2 in colon cancer
decreased hepatic metastases risk as well as angiogenesis of
tumors compared to patients lacking THBS2 [15]. Addi-
tionally, THBS2 had been found to exert a vital impact on
lung adenocarcinoma, prostate cancer, myeloid tumor, and
breast cancer [16, 17]. Nevertheless, the specific effect of
THBS2, in addition to its clinical value for gastric cancer, is
not disclosed now. *erefore, we are trying to expose its
clinical significance in the detection of early gastric cancer.

2. Materials and Methods

2.1. Patients and Samples. *is is a prospective study. Blood
was obtained from 41 healthy individuals, 33 benign gastric
tumor patients, and 46 early gastric cancer patients at
Yantaishan Hospital, Yantai, China. *e benign or early
stage of cancer was confirmed by the principle of the
American Joint Committee on Cancer (AJCC) TNM
(tumor–node–metastasis) classification. Blood was centri-
fuged; then, serum was collected and stored at −80°C freezer.
Basic information such as age, gender, and amounts of
samples are given in Table 1. All participants voluntarily
participated in our studies, and all protocols related to
human volunteers were abiding by the guidance of the
Helsinki Declaration. All patients provided written informed
consent, and the study was approved by the Ethics Com-
mittee of the Yantaishan Hospital, Yantai, China.

2.2. Gene Set Enrichment Analysis (GSEA). To verify the
molecular signaling pathway related to the high expression
of THBS2, GSEA was conducted by using GSEA 3.0 soft-
ware. Specific gene sets were downloaded from the official
website (http://software.broadinstitute.org/gsea/index.jsp)
and analyzed for pathway enrichment.

2.3. Enzyme-Linked Immunosorbent Assay (ELISA). *e
protein levels of THBS2 and CA19-9 in serum were ex-
amined by the ELISA kit (*ermoFisher, USA). Serum from
early gastric cancer (EGC), benign gastric tumor (BGT), or
healthy control (HC) was incubated with a microtiter plate
which had been treated with capture antibodies for 1 hour at
room temperature. *en, the plate was washed and incu-
bated with a specific antibody for 0.5 hour at room tem-
perature, followed by washing the plate. *en, the secondary
antibody was added into plate, and reaction was terminated
by a stop solution. A microplate reader (BioRad, CA) was
employed to record the absorbance at 450 nm. *e detailed
protocol was in accordance with the reagent specification.

2.4. Statistical Analysis. All data were analyzed by using
SPSS 19.0 software (IBM, USA) and GraphPad 8.0 software
(CABIT, China) for calculating statistical significance and

was presented in a manner of mean± standard deviation
(SD). *e correlation between THBS2 and CA19-9 was
measured by Pearson’s correlation analysis. Receiver oper-
ator characteristic (ROC) curves were drawn to estimate the
diagnostic performance. All relevant data are given in Ta-
ble 2. P< 0.05 is statistically significant.

3. Results

3.1.3e Level of THBS2 Is Increased in Gastric Cancer Tissues.
*e load of THBS2 in tumor tissues and normal tissues of
patients diagnosed with gastric cancers was analyzed by
deferential analysis as well as paired differential analysis on
the basis of data from *e Cancer Genome Atlas (TCGA)
database. *e mean level of THBS2 in gastric cancer tissues
was obviously higher than that in control tissues (P< 0.001,
Figures 1(a) and 1(b)). *e data showed that serum THBS2
was potential to be secreted by gastric cancer tissues.

3.2. Increased Level of THBS2 in Serum of Patients with Early
Gastric Cancer. To confirm results mentioned above, an
ELISA was conducted to measure the load of serum THBS2
in 46 patients with EGC or 33 patients with BGT in addition
to 41 HC. *e results illustrated that the protein level of
serum THBS2 in people with EGC was upregulated dra-
matically compared with that in HC and BGT patients.
Additionally, the load of serum THBS2 in BGTpatients was
higher than that in HC (P< 0.05, Figure 2(a)). CA19-9, a
common biomarker for GC, was also estimated by the ELISA
assay. As shown in Figure 2(b), the level of serum CA19-9
was the highest in EGC patients while the lowest in HC,
which is consistent with the load of serum THBS2 (P< 0.05,
Figure 2(b)).

Table 1: Basic information.

Diagnosis Healthy control Benign gastric
tumor

Early gastric
cancer

Sex
Male 22 15 25
Female 19 18 21

Age
Mean 55 53 58
Range 21–67 20–65 24–71
Amount 41 33 46

Table 2: Data of ROC curve.

AUC 95% CI
HC vs. EGC

THBS2 0.816 0.722–0.911
CA19.9 0.901 0.833–0.968
THBS2 +CA19.9 0.951 0.912–0.989

BGT vs. EGC
THBS2 0.840 0.752–0.927
CA19.9 0.847 0.762–0.931
THBS2 +CA19.9 0.928 0.872–0.984

∗P< 0.05 in comparison with CA19.9.
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3.3. 3e Correlation between Serum THBS2 and CA19-9.
To reveal how serum THBS2 influences the detection of early
gastric cancer, we made scatter plots based on the level of
serum THBS2 in addition to CA19-9 and analyzed their
relationship. Interestingly, there was no obvious correlation
between THBS2 and CA19-9 in health controls sample
(P � 0.157) as well as benign patients sample (P � 0.292),
while there existed a significant correlation in patients with
early gastric cancer (P � 0.04) (Figures 3(a)–3(c)).

3.4.3eDetected Performance of THBS2 andCA19-9 for Early
Gastric Cancer. ROC curve analysis was employed to ex-
plore the performance of early diagnosis about serum
THBS2 and CA19-9 in patients with GC (Figure 4(a)).
Additionally, we listed all data obtained from the above
analysis, including area under the curve (AUC) and as-
ymptotic 95% confidence interval in Table 2. Serum THBS2
possessed well capacity to forecast early gastric cancer with

the value of AUC: 0.816 (95% CI: 0.722–0.911). Serum
CA19-9 distinguished patients with EGC from healthy
control with the value of AUC of 0.901 (95% CI:
0.833–0.968). Furthermore, serum THBS2 combined with
CA19-9 as a marker could promote the performance of
THBS2 or CA19-9 as an individual index (AUC: 0.951, 95%
CI: 0.912–0.989). Subsequently, we conducted the ROC
curve to uncover whether THBS2 and CA19-9 differentiated
patients with EGC from patients with BGT. As shown in
Figure 4(b), the data showed that THBS2 or CA19-9 was able
to predict early gastric cancer as an individual biomarker
and combined THBS2 with CA19-9 could improve the
diagnostic performance dramatically. All detailed data are
given in Table 2.

3.5. THBS2 Plays a Vital Role in GC via Potentially Regulating
MAPK andWNT Signaling Pathway. To further explore the
functional mechanism of serum THBS2 on GC, we
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conducted the GSEA assay with data from the TCGA da-
tabase and analyzed the THBS2-related pathway. *e GSEA
enrichment plot showed that high THBS2 expression was
positively enriched in mitogen-activated protein kinase
(MAPK) as well as Wnt-β/catenin signaling pathway and
exhibited a tightly positive relationship with multiple
downstream genes involved in the pathway as mentioned
earlier (Figures 5(a) and 5(b)).

4. Discussion

Increasing novel technologies, including liquid biopsy, have
been employed to diagnose cancers; however, various
proteins lack sensitivity in addition to specificity for ap-
plying into clinical practice [17]. More blood-based markers
such as serum proteins possess the ability to offer infor-
mation that is associated with the progression of cancers
timely [18]. *erefore, serum biomarkers related to the early
stage of cancers are required to diagnose and follow up
patients with malignancy. Recently, emerging studies have
revealed various markers that possess potential to detect
gastric cancer in the early stage. For example, serum amyloid
A cluster (SAA) and high mobility group box 1 (HMGB1)
can be regarded as significant biomarkers for early diagnosis

of GC [19]. *ymidine kinase 1 (TK1), CA19-9, and CA72-4
combined with other carcinoembryonic antigen exhibited
better detection ability of GC and colorectal cancer (CRC)
[20].

THBS2, one of the proteins belonging to thrombo-
spondin family, has been reported to serve as a vital regu-
lator of tumorigenesis [21]. In multiple cancers, decreasing
the expression of THBS2 can trigger production of onco-
genes or depress production of tumor suppresser genes.
Upregulating THBS2 in cancer tissues is correlated to inhibit
progression of tumors sometimes [15, 22, 23]. Simpson RE
et al. found that THBS2 was a biomarker of pancreatic ductal
adenocarcinoma and related to a high rate of dysplasia in
sufferers with premalignant symptoms [24]. Liu et al. re-
ported that it accelerates lung cancer progression through
producing matrix metalloproteinase-13 [25]. In addition,
serum THBS2 has been regarded as a valuable clinical
marker for various cancers. For example, THBS2 has the
ability to forecast prognosis for patients with colorectal
cancer [26]. Downregulating THBS2 exerts utterly opposite
functions on the clinical outcome of sufferers with gastric
cancer [27, 28]. Nevertheless, no enough research studies
devoted into uncovering the clinical value of serum THBS2
for diagnosing early gastric cancer.
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Figure 3: *e correlation between serum THBS2 and CA19-9. (a) *e correlation between THBS2 and CA19-9 in HC. (b) *e correlation
between THBS2 and CA19-9 in patients with BGT. (c) *e correlation between THBS2 and CA19-9 in patients with EGC.
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In our present study, we first analyzed data from the
TCGA database and found that THBS2 was upregulated
dramatically in gastric cancer tumor, which indicated that
THBS2 might exert a crucial role in GC. To confirm the

hypothesis, we collected tissue samples from 41 cases of HC
and 33 cases of BGT in addition to 46 cases of EGC to
measure the serum load of THBS2 by using ELISA assay.
*e results demonstrated that the level of serum THBST

1.0

0.8

se
ns

iti
vi

ty

0.6

0.4

0.2

0.0
0.0 0.2 0.4

1 – specificity

THBS2
CA19.9
THBS2+CA19.9
Reference line

0.6 0.8 1.0

(a)

1.0

0.8

se
ns

iti
vi

ty

0.6

0.4

0.2

0.0
0.0 0.2 0.4

1 – specificity

THBS2
CA19.9
THBS2+CA19.9
Reference line

0.6 0.8 1.0

(b)
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differentiate early gastric cancer patients from benign gastric tumor patients.
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Figure 5: THBS2 playing a vital role in GC via potentially regulating MAPK and WNT signaling pathways. (a) Genes related to MAPK
signaling pathway positively enriched by THBS2. (b) Genes related to WNT signaling pathway positively enriched by THBS2.
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was upregulated in patients with EGC compared to patients
with BGT as well as HC significantly, implying that the
increase of THBS2 was an important marker of GC.
According to previous studies, the performance will get
better to combine THBS2 and CA19-9 in detecting pan-
creatic ductal adenocarcinoma and distal chol-
angiocarcinoma [29]. Bamlet et al. discovered that THBS2
had good detection performance in tumors combined with
CA19-9 [30]. Chen et al. revealed that THBS2 as one of
biomarkers could be replenished by CA19-9 for diagnosing
colorectal cancer [31]. Given these reporters, we assumed
THBS2 combined CA19-9 may exert better performance in
diagnosing GC. Subsequently, we further conducted the
ELISA assay and found the load of CA19-9 in serum of
patients diagnosed with EGC was higher than that in EGT
as well as in HC, which illustrated that cancer tissues were
likely to produce more THBS2 in serum in accordance with
former research studies [32, 33]. In addition, there
exhibited an obvious correlation between THBS2 and
CA19-9 in patients with ECG (P � 0.04) but not in HC
(P � 0.157) and patients with EGT (P � 0.292) according to
correlation analysis, indicating that both THBS2 and
CA19-9 play an essential role in diagnosis of early GC.
Next, ROC curve analysis was employed to reveal that
THBS2 possessed a comparable ability to differentiate
patients with EGC from HC and patients with EGT to
CA19-9. Additionally, the detective capacity was notably
improved when we combined THBS2 and CA19-9 as the
diagnostic marker. Moreover, GSEA was employed to
uncover that THBS2 positively related with the MAPK and
Wnt-β/catenin signaling pathway, implying the potential
regulatory mechanism of serum THBS2 on gastric cancer
first, eventhough it was also necessary to conduct more
experiments to explore the detailed mechanisms (Figure 6).

*ere are still some limitations to our study. For example,
our investigation did not conduct sufficient experiments to
explore the detailed functions of THBS2 combined CA19-9 for
GC in vivo. Moreover, we have not identified the direct target
gene for THBS2. Additionally, more attention need to be paid
to identify that whether THBS2 combined with CA19-9 exert
equally dramatic effects on early detection of other cancers.

5. Conclusion

In conclusion, our study uncovered that THBS2 was
upregulated in GC tissues and positively regulated MAPK in
addition to the WNT signaling pathway. Moreover, both
THBS2 and CA19-9 could serve as significant and excellent
biomarkers for detecting GC in the early stage. Additionally,
THBS2 combined CA19-9 exhibited better performance in
the diagnosis of early GC, which may improve diagnostic
efficiency for patients with GC.

Data Availability

*e data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

Authors’ Contributions

Lanzhi Li and Jie Dong contributed equally to this work.

References

[1] L. A. Torre, F. Bray, R. L. Siegel, J. Ferlay, J. Lortet-Tieulent,
and A. Jemal, “Global cancer statistics,” CA: A Cancer Journal
for Clinicians, vol. 65, pp. 87–108, 2012.

[2] W. Chen, R. Zheng, P. D. Baade et al., “Cancer statistics in
China, 2015,” CA: A Cancer Journal for Clinicians, vol. 66,
no. 2, pp. 115–132, 2016.

[3] M. S. Sierra, P. Cueva, L. E. Bravo, and D. Forman, “Stomach
cancer burden in central and South America,” Cancer Epi-
demiology, vol. 44, no. Suppl 1, pp. S62–S73, 2016.

[4] F. Feng, L. Sun, G. Xu et al., “Is it reasonable to treat early
gastric cancer with mucosal infiltration and well differenti-
ation by endoscopic submucosal resection?” Journal of Gas-
trointestinal Surgery, vol. 19, no. 12, pp. 2111–2119, 2015.

[5] J. Wang, Y. Liu, W. Sun, Q. Zhang, T. Gu, and G. Li, “Plasma
exosomes as novel biomarker for the early diagnosis of gastric
cancer,” Cancer Biomarkers, vol. 21, no. 4, pp. 805–812, 2018.

[6] L. Zhu, J. Qin, J. Wang, T. Guo, Z. Wang, and J. Yang, “Early
gastric cancer: current advances of endoscopic diagnosis and
treatment,” Gastroenterology Research and Practice, vol. 2016,
Article ID 9638041, 7 pages, 2016.

[7] X. Zhu, M. Lv, H. Wang, and W. Guan, “Identification of
circulating microRNAs as novel potential biomarkers for
gastric cancer detection: a systematic review and meta-
analysis,” Digestive Diseases and Sciences, vol. 59, no. 5,
pp. 911–919, 2014.

[8] S.-B. Tian, J.-C. Yu, W.-M. Kang et al., “Combined detection
of CEA, CA 19-9, CA 242 and CA 50 in the diagnosis and
prognosis of resectable gastric cancer,”Asian Pacific Journal of
Cancer Prevention, vol. 15, no. 15, pp. 6295–6300, 2014.

[9] Z. Jin, W. Jiang, and L. Wang, “Biomarkers for gastric cancer:
progression in early diagnosis and prognosis (review),” On-
cology Letters, vol. 9, no. 4, pp. 1502–1508, 2015.

[10] W. K. Leung, M.-S. Wu, Y. Kakugawa et al., “Screening for
gastric cancer in Asia: current evidence and practice,” 3e
Lancet Oncology, vol. 9, no. 3, pp. 279–287, 2008.

regulate

MAPK WNT

THBS2 CA19-9

di
ag

no
se

GC

Figure 6: Schematic diagram of THBS2 regulating GC and THBS2
combined CA19-9 existing better performance in diagnosing GC.

6 Journal of Oncology



[11] P. Bornstein, “*rombospondins function as regulators of
angiogenesis,” Journal of Cell Communication and Signaling,
vol. 3, no. 3-4, pp. 189–200, 2009.

[12] O. I. Stenina, E. J. Topol, and E. F. Plow, “*rombospondins,
their polymorphisms, and cardiovascular disease,” Arterio-
sclerosis, 3rombosis, and Vascular Biology, vol. 27, no. 9,
pp. 1886–1894, 2007.

[13] J. C. Adams and J. Lawler, “*e thrombospondins,” Cold
Spring Harbor Perspectives in Biology, vol. 3, no. 10, Article ID
a009712, 2011.

[14] J. Lawler and M. Detmar, “Tumor progression: the effects of
thrombospondin-1 and -2,” 3e International Journal of
Biochemistry & Cell Biology, vol. 36, no. 6, pp. 1038–1045,
2004.

[15] T. Tokunaga, M. Nakamura, Y. Oshika et al., “*rombo-
spondin 2 expression is correlated withinhibition of angio-
genesis and metastasis of coloncancer,” British Journal of
Cancer, vol. 79, 1999.

[16] T. Chijiwa, Y. Abe, N. Ikoma et al., “*rombospondin 2
inhibits metastasis of human malignant melanoma through
microenvironment-modification in NOD/SCID/cCnull
(NOG)mice,” International Journal of Oncology, vol. 34, 1992.

[17] E. Heitzer, S. Perakis, J. B. Geigl, and M. R. Speicher, “*e
potential of liquid biopsies for the early detection of cancer,”
Npj Precision Oncology, vol. 1, no. 1, p. 36, 2017.

[18] A. Li, T. Zhang, M. Zheng, Y. Liu, and Z. Chen, “Exosomal
proteins as potential markers of tumor diagnosis,” Journal of
Hematology & Oncology, vol. 10, no. 1, p. 175, 2017.

[19] A. A. Ghweil, H. A. Osman, M. H. Hassan et al., “Validity of
serum amyloid A and HMGB1 as biomarkers for early di-
agnosis of gastric cancer,” Cancer Management and Research,
vol. 12, pp. 117–126, 2020.

[20] S. Ning, W. Wei, J. Li et al., “Clinical significance and di-
agnostic capacity of serum TK1, CEA, CA 19-9 and CA 72-4
levels in gastric and colorectal cancer patients,” Journal of
Cancer, vol. 9, no. 3, pp. 494–501, 2018.
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J. Nikliński, “Circulating thrombospondin-2 and FGF-2 in
patients with advanced non-small cell lung cancer: correlation
with survival,” Advances in Experimental Medicine and Bi-
ology, vol. 833, pp. 9–14, 2015.

[22] G. Bocci, G. Francia, S. Man, J. Lawler, and R. S. Kerbel,
“*rombospondin 1, amediator of the antiangiogenic effects
of low-dose metronomic chemotherapy,” Proceedings of the
National Academy of Sciences, vol. 100, 2003.

[23] M. Streit, L. Riccardi, P. Velasco et al., “*rombospondin-2: a
potent endogenous inhibitor o ftumor growth and angio-
genesis,” Proceedings of the National Academy of Sciences,
vol. 96, no. 26, pp. 14888–14893, 1999.

[24] R. E. Simpson, M. T. Yip-Schneider, H.Wu et al., “Circulating
*rombospondin-2 enhances prediction of malignant intra-
ductal papillary mucinous neoplasm,” 3e American Journal
of Surgery, vol. 217, no. 3, pp. 425–428, 2019.

[25] J.-F. Liu, C.-W. Lee, M.-H. Tsai et al., “*rombospondin 2
promotes tumor metastasis by inducing matrix metal-
loproteinase-13 production in lung cancer cells,” Biochemical
Pharmacology, vol. 155, pp. 537–546, 2018.

[26] X. Wang, L. Zhang, H. Li, W. Sun, H. Zhang, and M. Lai,
“THBS2 is a potential prognostic biomarker in colorectal
cancer,” Scientific Reports, vol. 6, no. 1, Article ID 33366, 2016.

[27] R. Sun, J. Wu, Y. Chen et al., “Down regulation of *rom-
bospondin2 predicts poor prognosis in patients with gastric
cancer,” Molecular Cancer, vol. 13, no. 1, p. 225, 2014.

[28] C. Zhuo, X. Li, H. Zhuang et al., “Elevated THBS2, COL1A2,
and SPP1 expression levels as predictors of gastric cancer
prognosis,” Cellular Physiology and Biochemistry, vol. 40,
no. 6, pp. 1316–1324, 2016.

[29] T. Y. S. Le Large, L. L. Meijer, R. Paleckyte et al., “Combined
expression of plasma thrombospondin-2 and CA19-9 for
diagnosis of pancreatic cancer and distal cholangiocarcinoma:
a proteome approach,”3e Oncologist, vol. 25, pp. e634–e643,
2020.

[30] J. Kim, W. R. Bamlet, A. L. Oberg et al., “Detection of early
pancreatic ductal adenocarcinoma with thrombospondin-2
and CA19-9 blood markers,” Science Translational Medicine,
vol. 9, no. 11, pp. 1–13, 2017.

[31] W. Fei, L. Chen, J. Chen et al., “RBP4 and THBS2 are serum
biomarkers for diagnosis of colorectal cancer,” Oncotarget,
vol. 8, no. 54, pp. 92254–92264, 2017.

[32] T.-Y. Weng, C.-Y. Wang, Y.-H. Hung, W.-C. Chen,
Y.-L. Chen, and M.-D. Lai, “Differential expression pattern of
THBS1 and THBS2 in lung cancer: clinical outcome and a
systematic-analysis of microarray databases,” PLoS One,
vol. 11, no. 8, Article ID e0161007, 2016.

[33] R. Navab, D. Strumpf, B. Bandarchi et al., “Prognostic gene-
expression signature of carcinoma-associated fibroblasts in
non-small cell lung cancer,” Proceedings of the National
Academy of Sciences, vol. 108, no. 17, pp. 7160–7165, 2011.

Journal of Oncology 7



Research Article
Effect of Paroxetine Combined with Probiotics in Patients with
Type 2 Diabetes Mellitus Complicated with Gastrointestinal
Dysfunction and Liver Cancer

Yi Peng,1 Xingxia Yang,2 and Yeju Wang 3

1Department of Emergency, Wuhan Central Hospital Chinese Construction �ird Engineering Bureau, Wuhan 430070,
Hubei, China
2Department of Infectious Disease, Shandong Binzhou Optimal Care Hospital, Binzhou 256606, Shandong, China
3Department of Endocrine, Hanzhong Central Hospital, Hanzhong 723000, Shaanxi, China

Correspondence should be addressed to Yeju Wang; wangyeju@hzcch.cn

Received 25 June 2021; Accepted 14 July 2021; Published 7 October 2021

Academic Editor: Muhammad Wasim Khan

Copyright © 2021 Yi Peng et al.+is is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Background. To explore the effect of paroxetine combined with probiotics in patients with type 2 diabetes mellitus with gas-
trointestinal dysfunction and liver cancer and its effect on nutritional status. Materials and Methods. 96 patients with type 2
diabetes mellitus combined with gastrointestinal dysfunction and liver cancer were selected as subjects fromMarch 2018 toMarch
2021. +ey were randomly divided into control group and observation group, with 48 cases in each group. +e control group was
treated with probiotics, and the observation group was combined with paroxetine on the basis of the control group. After 4 weeks
of treatment, the gastrointestinal mucosal function, nutritional status, Hamilton Depression Scale (HAMD) and Hamilton
Anxiety Scale (HAMA) score, and the safety were compared between the two groups. Results. +e levels of D-lactic acid, PCT, and
endotoxin in the observation group were (1.75± 0.38), (4.39± 0.79), and (0.20± 0.06), respectively, which were significantly lower
than those in the control group (2.69± 0.46), (7.84± 1.32), and (0.29± 0.08) (P< 0.05). Moreover, the nutritional status TP, ALB,
Hb, PA, and TLC levels of the observation group were higher than those of the control group (P< 0.05). +e HAMA and HAMD
scores in the observation group were (5.76± 1.06) and (8.94± 1.26), respectively, which were significantly lower than those in the
control group (10.69± 2.21) and (13.42± 2.34) (P< 0.05). However, there was no statistical significance in the incidence of nausea
and vomiting, blurred vision, chest arthralgia, palpitation, anaesthesia, dizziness, and drowsiness between the two groups
(P> 0.05). Conclusions. Paroxetine combined with probiotics could help to improve the gastrointestinal mucosal function of
patients with type 2 diabetes mellitus complicated with gastrointestinal dysfunction and liver cancer, improve the nutritional
status of patients, and reduce anxiety and depression, and the drug was safe and worthy of promotion and application.

1. Introduction

Liver cancer can be divided into primary liver cancer and
secondary liver cancer. +e former originates from the
epithelial or mesenchymal tissue of the liver and the latter is
caused by the metastasis of other tumors [1]. Epidemio-
logical studies have confirmed that the incidence of primary
liver cancer is increasing year by year, with an annual in-
crease of over 700,000 cases, and primary liver cancer has
now become the second leading cause of cancer-related
deaths worldwide [2]. In China, about 383,000 people die of

liver cancer every year, accounting for about 51% of the
world’s total. Liver cancer has become the fourth most
common malignant tumor in China, with a poor prognosis
and low survival rate [3, 4].

In recent years, with the change of people’s lifestyles,
diabetes has become one of the major chronic non-
communicable diseases affecting global health, and its
prevalence has been increasing year by year [5]. Gastroin-
testinal dysfunction is one of the common chronic com-
plications in patients with type 2 diabetes. It is more
common in people with a long history of diabetes and older
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people and the clinical manifestations are heartburn, early
satiety, postprandial discomfort, constipation or diarrhea,
etc. [6]. Given the rapidly increasing incidence of liver
cancer and type 2 diabetes, the number of people living with
both diseases is also growing. Previous studies have shown
that the mechanism of type 2 diabetes with gastrointestinal
dysfunction and liver cancer has not yet been clarified, which
might be related to autonomic nerve dysfunction, intestinal
flora imbalance, smooth muscle damage, and gastrointes-
tinal hormonal disorders, etc. [7]. Other studies have shown
that dysregulation of the brain-gut axis can cause changes in
intestinal movement and visceral perception, and patients
are often accompanied by depression and psychological
anxiety disorders, aggravating abnormalities and disorders
of the digestive system [8, 9].

Probiotics are commonly used clinical gastrointestinal
regulators, which can directly supplement the body’s normal
physiological bacteria and maintain the normal intestinal
flora [10, 11]. Paroxetine is a commonly used clinical an-
tidepressant, which can selectively inhibit 5-hydroxytryp-
tamine (5-HT) transporter, block the reuptake of 5-HT by
the presynaptic membrane, and exert an antidepressant
effect [12]. +is present study was aimed to explore the effect
of paroxetine combined with probiotics in patients with type
2 diabetes mellitus complicated with gastrointestinal dys-
function and liver cancer. +e report was as follows.

2. Materials and Methods

2.1. Clinical Data. Ninety-six patients with type 2 diabetes
mellitus combined with gastrointestinal dysfunction and liver
cancer were selected fromMarch 2018 toMarch 2021 atWuhan
Central Hospital Chinese Construction +ird Engineering
Bureau,Wuhan,Hubei, China, and theywere randomly divided
into observation group and control group, with 48 cases in each
group. Control group: 31 males and 17 females, age (41–73)
years old, average (60.39±5.61) years old, body mass index
(BMI) (18–29) kg/m2, average (23.51±3.49) kg/m2, duration of
type 2 diabetes (1–15) years, average (9.15±0.95) years, du-
ration of gastrointestinal disorders (1–6) years, average
(3.23±0.51) years, and complications: 3 cases of hypertension,
high 6 cases of lipemia. Observation group: 29 males and 19
females, aged (42–74) years old, average (60.46±5.68) years old,
BMI (17–30) kg/m2, average (23.68±3.54) kg/m2, type 2 dia-
betes course (1–16) years, average (9.21±0.99) years, gastro-
intestinal dysfunction course (1–7) years, average (3.32±0.58)
years, and complications: 4 cases of hypertension, 5 cases of
hyperlipidemia. +ere was no statistically significant difference
in general information between the two groups of patients
(P> 0.05), and they were comparable. +e study was approved
by the ethics committee of Wuhan Central Hospital Chinese
Construction+ird Engineering Bureau,Wuhan,Hubei, China,
and informed consent was obtained from the patients.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (1)
meeting the diagnostic criteria for type 2 diabetes, with
different degrees of gastrointestinal dysfunction. (2) Meeting
the diagnostic criteria for liver cancer, and diagnosed by

pathological examination. (3) Meeting paroxetine, pro-
biotics drug therapy indications; no history of drug allergy.
(4) Completing baseline and follow-up data.

Exclusion criteria: (1) severe liver and kidney dysfunc-
tion or taking glucocorticoids or immune enhancers in the
past 3 months. (2) Mental disorders, organic diseases, or
blood system diseases. (3) Cognitive dysfunction; abnormal
blood coagulation function.

2.3. Method. After admission, both groups were given
symptomatic and supportive treatment intervention.
Individuals with type 2 diabetes should eat low-salt and
low-fat foods and fresh vegetables and fruits and
strengthen the rehabilitation exercise according to the
patients’ recovery. Control groups were treated with
probiotics. Patients took 2 capsules of probiotics (Bifi-
dobacterium, Enterococcus, and Lactobacillus acid-
ophilus) capsules (Shandong Hengjia Biotechnology Co.,
Ltd., sc11337082906741) each time, orally, 3 times a day.
According to the patient’s tolerance and response, the
drug dose was increased appropriately according to the
drug instructions. Observation groups were combined
with paroxetine treatment on the basis of the control
group. +e initial dose of paroxetine (Zhejiang Huahai
Pharmaceutical Co., Ltd., National Medicine Standard
H20031106, specification: 20 mg) was 5 mg each time,
orally, and the drug dose was increased every 5 days (the
drug dose is 20 mg), and other psychotropic drugs were
avoided during treatment. Effects for each patient were
evaluated after 4 weeks of treatment.

2.4. Observation Indicators. (1) Gastrointestinal mucosal
function: the modified enzymatic spectrophotometry was
used to determine the D-lactic acid level before treatment
and 4 weeks after treatment. A quantitative immunolu-
minescence method was used to determine the patient’s
procalcitonin (PCT) level [13]. (2) Nutritional status: an
automatic biochemical analyzer was used to determine
the total protein (TP), hemoglobin (Hb), prealbumin
(PA), total lymphocyte count of the patients (TLC), and
serum albumin (ALB) levels [14]. (3) Psychological
fluctuations: the Hamilton Depression Scale (HAMD)
and Hamilton Anxiety Scale (HAMA) were used to
evaluate the psychological fluctuations of the patients
before and 4 weeks after treatment. +e lower the score,
the better the effect [15, 16]. (4) Security: the incidence of
nausea and vomiting, blurred vision, chest palpitations,
palpitation, akathisia, dizziness, and drowsiness during
the two groups was recorded.

2.5. Statistical Analysis. SPSS24.0 software was used to
measure the statistical data.+e count data were analyzed by
χ2 test, expressed by n (%). D-Lactic acid, PCT, endotoxin,
and other measurement data were in accordance with the
normal distribution and analyzed by t test, expressed by
(x ± s). P< 0.05 was considered as statistically significant.
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3. Results

3.1. Comparison of Gastrointestinal Mucosal Function be-
tween the Two Groups. +e function of gastrointestinal
mucosa before treatment in the two groups was not sta-
tistically significant (P> 0.05). +e gastrointestinal mucosal
function of the two groups was improved 4 weeks after
treatment.+e levels of D-lactic acid, PCT, and endotoxin in
the observation group were lower than those in the control
group (P< 0.05), as shown in Table 1.

3.2. Comparison of Nutritional Status between the Two
Groups. +e nutritional status of the two groups before
treatment was not statistically significant (P> 0.05). After 4
weeks of treatment, the nutritional status of the two groups
was significantly improved, and the nutritional status of the
observation group was higher than that of the control group
(P< 0.05), as shown in Table 2.

3.3. Comparison of Psychological Fluctuations between the
Two Groups. Psychological fluctuations before treatment in
the two groups were not statistically significant (P> 0.05).
Four weeks after treatment, the psychological symptoms of
the two groups were significantly improved (P< 0.05); the
HAMA and HAMD scores of the observation group were
lower than those of the control group (P< 0.05), as shown in
Table 3.

3.4. Comparison of the Safety of the Two Groups. +e inci-
dence of nausea and vomiting, blurred vision, chest palpi-
tations, akathisia, and dizziness and drowsiness during the
treatment of the two groups was not statistically significant
(P> 0.05), as shown in Table 4.

4. Discussion

With the change of lifestyle, diabetes has become the
third most harmful disease to human health after ma-
lignant tumors and cardiovascular and cerebrovascular
diseases, and its morbidity and mortality have been on the
rise year by year. In 2013, 3.82 billion people were di-
agnosed with diabetes, which is expected to increase to
5.92 billion worldwide [17]. Yancik et al. confirmed that
the 30-month mortality of breast cancer patients with
diabetes was 76% higher than that of patients without
diabetes after adjusting for age and staging [18]. At the
same time, another clinical study showed that after
adjusting for age, sex, and stage, the mortality rate of
colon cancer patients with diabetes increased by 37%
[19]. A randomized adjuvant chemotherapy study con-
ducted by Pechlivanis et al. also confirmed that 287 colon
cancer patients with diabetes mellitus had a 42% in-
creased risk of death and a 21% increased rate of tumor
recurrence [20]. Previous studies have shown that the

intestine is the “second brain” of humans. +e continuous
stress response will cause mental and psychological ab-
normalities, which will cause hyperesthesia in the in-
testines and internal organs in patients with type 2
diabetes and gastrointestinal dysfunction. Meanwhile,
the increased sensitivity threshold of the intestine will
cause intestinal spasms and abnormal motility [21, 22].
+erefore, the search for specific drugs for early pre-
diction of liver cancer with diabetes has important
clinical significance.

In recent years, paroxetine combined with probiotics
has been used in patients with type 2 diabetes with
gastrointestinal dysfunction and liver cancer, and the
effect is ideal [23]. In this study, the levels of D-lactic acid,
PCT, and endotoxin in the observation group were lower
than those in the control group (P< 0.05) 4 weeks after
treatment, indicating that paroxetine combined with
probiotics can improve gastrointestinal dysfunction in
patients with type 2 diabetes and liver cancer, which is
beneficial to the recovery of patients. Probiotics are
commonly used clinical gastrointestinal regulators,
which can directly supplement the normal physiological
bacteria of the body and maintain the normal intestinal
flora [24]. Moreover, probiotics can inhibit and remove
potentially harmful bacteria in the intestines and can
regulate the disorder of the body’s microecological bal-
ance [10]. Previous studies have shown that probiotics
can help patients rebuild and protect the gastrointestinal
flora barrier, thereby organizing the invasion of foreign
pathogenic bacteria, inhibiting endotoxins produced by
harmful bacteria, reducing the translocation of bacteria
and endotoxins in the intestines, maintaining the
structural integrity of the gastrointestinal tract and en-
hancing the local defense ability of the gastrointestinal
mucosa [25].

In this study, the nutritional status TP, ALB, Hb, PA, and
TLC levels of the observation group were higher than those of
the control group 4 weeks after treatment (P< 0.05). +e
HAMA andHAMD scores of the observation groupwere lower
than those of the control group 4 weeks after treatment
(P< 0.05), indicating that paroxetine can improve the psy-
chological fluctuations of patients with type 2 diabetes and
gastrointestinal dysfunction and improve the nutritional status
of patients. Clinically, paroxetine combined with probiotics can
be used in patients with type 2 diabetes with gastrointestinal
dysfunction and liver cancer, which can give play to the ad-
vantages of different drugs. Moreover, the combined use of the
drugs is safer, which helps to improve patient tolerance and
compliance. In addition, the incidence of nausea and vomiting,
blurred vision, chest palpitations, akathisia, and dizziness and
drowsiness during the treatment of the two groups was not
statistically significant (P> 0.05), indicating that paroxetine
combined with probiotics is safer in the treatment of type 2
diabetes with gastrointestinal dysfunction and liver cancer.
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5. Conclusion

Paroxetine combined with probiotics can help improve gas-
trointestinal mucosal function in patients with type 2 diabetes
complicated with gastrointestinal dysfunction and liver cancer,
help improve the nutritional status of patients, and reduce
anxiety and depression. +e drug is safe and worthy of pro-
motion and application.
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Objective. To investigate the characteristics of intestinal flora in patients with gastric cancer complicated by coronary heart disease
and heart failure and the guiding value of probiotics intervention for clinical treatment.Methods. (1) One hundred and sixty-eight
gastric cancer patients with complications of coronary heart disease and heart failure from August 2017 to December 2020 were
selected as the observation group. A total of 125 patients with coronary heart disease treated at the same time were selected as
control group 1, and 89 healthy subjects were selected as control group 2. Fecal samples were retained to extract the total RNA, and
high-throughput sequencing was applied to complete the analysis of microbial diversity and structure differences, so as to obtain
the biological species information of the specimens. (2) Patients in the observation group were randomly divided into two equal
groups of 84 patients, namely, group A and group B. Group A was treated with conventional methods, and group B was combined
with probiotics intervention on the basis of group A; then, the differences in the intestinal mucosal barrier between the two groups
were compared. Results. +e Chao, ACE, and Simpson index in the observation group were lower than those in control group 1
(P< 0.05), and the Shannon index was higher than that in control group 1 (P< 0.05). +e Chao, ACE, and Shannon index in
control group 1 were lower than those in control group 2 (P< 0.05), whereas the Simpson index was higher than in control group 2
(P< 0.05). +e abundance of Bacteroidetes in the observation group was lower than that in control group 1 and control group 2
(P< 0.05). +e abundance of Firmicutes was higher than that of control group 1 and control group 2 (P< 0.05). Four weeks after
treatment, the levels of ET, D-lactic acid, and PCT in the group B were (0.10± 0.01), (3.99± 0.32), and (0.41± 0.10), respectively,
which were lower than those in group A (0.19± 0.03), (4.51± 0.46), and (0.81 0.13). Conclusion. Gastric cancer patients with
complications of coronary heart disease and heart failure are associated with intestinal flora disorder, whichmay be involved in the
occurrence and development of the disease. Probiotics intervention is helpful to repair the intestinal mucosal barrier in patients,
which is worthy of popularization and application.

1. Introduction

Coronary heart disease is a disease caused by coronary artery
stenosis or occlusion of myocardial ischemia, hypoxia, or
necrosis. As the course of the disease increases, it can in-
crease the incidence of chronic heart failure [1]. At present,
the clinical treatment of coronary heart disease mainly fo-
cuses on reducing blood lipids, preventing risk factors, and

symptomatic treatment. Although good effects can be ob-
tained, how to choose and take measures to reduce disease
morbidity and mortality has become a hot research topic [2].
Gastric cancer is a kind of gastric cancer that originates from
gastric mucosal cells, which is mainly clinically characterized
by abdominal pain. It usually occurs in people aged 40–70.
+e incidence rate of men is higher than that of women. Its
incidence is mostly related to gastrointestinal dysfunction.
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Intestinal microbiota refers to the general name of the
microorganisms that live in the human gut, which can help
the host to complete a variety of physiological and bio-
chemical functions and produce corresponding metabolites
[3]. Studies have shown that the host can provide an ap-
propriate environment and necessary nutrition for the
intestinal flora, and the intestinal flora can participate in
mediating various functions of the human body, provide
metabolic nutrients to the host, participate in the pro-
motion of growth and immune regulation, and regulate
various functions of the human body [4]. +erefore,
strengthening the analysis of the characteristics of the
intestinal flora of patients with gastric cancer complicated
by coronary heart disease and heart failure can help us
understand its role in the pathogenesis of the disease and
guide clinical treatment [5, 6]. Probiotics are commonly
used as clinical gastrointestinal regulating drugs, regulating
intestinal flora, and protecting the intestinal mucosal
barrier, but there are few studies on the application of drugs
in patients with gastric cancer complicated by coronary
heart disease and heart failure [7]. +erefore, this study
focused on patients with gastric cancer complicated by
coronary heart disease and heart failure to explore the
characteristics of the intestinal flora of patients with cor-
onary heart disease combined with heart failure and gastric
cancer and the guiding value of probiotic intervention in
clinical treatment.

2. Materials and Methods

2.1. Patients. A total of 168 patients with gastric cancer
complicated by coronary heart disease and heart failure from
August 2017 to December 2020 at the First-Affiliated
Hospital of Zhengzhou University, Zhengzhou, China, were
prospectively selected as the observation group. +ere were
89 males and 79 females, aged (42–84) years, with an average
of (61.85± 6.61) years; bodymass index (BMI) was 18–29 kg/
m2, average 23.26± 4.61 kg/m2; coronary heart disease
course was 1–9 years, average 4.14± 0.61 years; and heart
failure course was 1–6 months, with an average of 3.25± 0.51
months; patients in the observation group were randomly
divided into two groups, A and B, with 84 cases in each
group. A total of 125 patients with coronary heart disease
who were selected for simultaneous treatment were included
in control group 1.+ere were 67 males and 58 females, aged
43–85 years, with an average of 62.41± 6.64 years; BMI was
19–28 kg/m2, average 23.31± 4.64 kg/m2; and duration of
disease was 1–10 years, average 4.19± 0.67 years; 89 cases of
healthy physical examination during the same period were
selected as control group 2, with 48 males and 41 females,
aged 43–86 years, with average 61.87± 6.69 years; BMI was
17–30 kg/m2, average 23.86± 4.69 kg/m2. +ere was no
statistically significant difference in the general information
of the patients in each group (P> 0.05), and the data were
comparable. +e study was approved by the ethics com-
mittee of the First-Affiliated Hospital of Zhengzhou Uni-
versity, Zhengzhou, China, and the patient’s informed
consent was obtained.

2.2. Inclusion and Exclusion Criteria

2.2.1. Inclusion criteria [8, 9]. (1) Conformed to the diag-
nostic criteria of coronary heart failure, confirmed by cor-
onary angiography and cardiopulmonary exercise test. (2)
Patients in the observation group met the diagnostic criteria
for gastric cancer and were diagnosed by pathological ex-
amination. (3) All of them could complete the determination
of intestinal flora and give probiotics intervention. (4)
Complete baseline and follow-up data.

2.2.2. Exclusion criteria. (1) Chronic heart failure caused by
valvular disease, hypertension, and cardiomyopathy. (2)
Individuals with a mental disorder, abnormal cognitive
function, or organic disease. (3) Patients with severely ab-
normal liver and kidney function accompanied by auto-
immune system diseases.

2.3. Methods

2.3.1. Analysis of Characteristics of Intestinal Flora

(1) Specimen collection and extraction of total DNA of
samples
After admission, 0.5 g of feces were collected from all
three groups and placed in the fecal DNA preser-
vation solution (Shanghai Microcomputer Biotech-
nology Co., Ltd., Shanghai, China). Total DNA of the
samples was extracted according to the instructions
(Omega Bio-tek, Norcross, GA, USA), and the
concentration and purity of DNA were examined by
NanoDrop2000. Subsequently, the DNA was
extracted by agarose gel electrophoresis with a
concentration of 1% [10].

(2) High-throughput sequencing was carried out to
complete the analysis of bacterial diversity and
species differences, in order to obtain the species
information of the specimens. Relevant primers were
designed, and the PCR products were recovered by
agarose gel with a concentration of 2%. +e purified
PCR product fragments were amplified by the
IlluminaMiSeq platform (Illumina, San Diego, USA)
to construct a PE 2 300 library. Sequencing was
completed with the MiSeq PE300 platform of Illu-
mina (Shanghai Megei Bio-Pharmaceutical Tech-
nology Co., Ltd., Shanghai, China), and the obtained
data were transferred to the National Biotechnology
Information Generality (NCBI) database for pro-
cessing. TrimMomatic software was applied for
quality control during specimen determination [11].
+e analysis was performed with Flash software
(diversity analysis was carried out from the Chao,
ACE, Simpson, Shannon, and the Coverage indexes
to detect intestinal flora), and species classification
annotation was completed for different sequences.
+e comparison threshold of the Silva database was
set as 70.0% [12].
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2.4. Intervention in the Observation Group. Both groups
were given conventional intervention and conventional
symptomatic supportive treatment, such as angiotensin
inhibitors Digitalium and diuretics. Group A was utilized
conventional methods of treatment. Metoprolol Succinate
Sustained-release Tablets (AstraZeneca, Inc., National
Drug License: J20150044, specification: 47.5mg) 95mg
orally every time, once a day, and Trimetazidine Dihy-
drochloride Tablets (Shanxi C&Y Pharmaceutical Group
Co., Ltd., National Drug License: H20123233, specification:
20mg) 20mg orally every time, 3 times a day for 4 weeks (1
course of treatment), were given. +e treatment of group B
is combined with probiotic intervention on the basis of
group A. Bifidobacterium longum, Lactobacillus acid-
ophilus, and Enterococcus faecalis Capsules (Shenzhen
Xinwanze Pharmaceutical Co., Ltd., National Drug License:
S19980004, specification: 0.5 g, containing live bacteria
number ≥1.0 ×107 CFU) 2 tablets orally were given in warm
water for 30min after meals, twice a day for 4 weeks (1
course) [13].

2.5. Observation Indicators. (1) +e Chao, ACE, Simpson,
Shannon, and Coverage indexes of the three groups were
recorded to analyze intestinal flora diversity. (2) Routine
microflora determination was completed in all three groups,
and the characteristics of intestinal microflora were analyzed
for the level of phylum, class, and genus. (3) 3mL of pe-
ripheral fasting blood was taken from the two groups before
treatment and the day after treatment. ELISA assay was
performed to determine the patient’s endotoxin (ET) and
D-lactic acid levels, and the chemiluminescence method was
applied to determine procalcitonin (PCT) level, to assess the
intestinal mucosal barrier.

2.6. Statistical Analysis. SPSS24.0 software was used to
process these data. A chi-square test was performed, and n
(%) was utilized to represent the enumeration data. ET, PCT,
and other measurement data were all in line with normal
distribution. +e P< 0.05 was statistically significant.

3. Results

3.1. Comparison of the Diversity of Intestinal Flora among the
�ree Groups. +e Coverage index of the three groups
showed no statistical significance (P> 0.05).+e Chao, ACE,
and Simpson index in the observation group were lower than
those in control group 1 (P< 0.05), whereas the Shannon
index was higher than that in control group 1 (P< 0.05). +e
Chao, ACE, and Shannon index in control group 1 were
lower than those in control group 2 (P< 0.5), whereas the

Simpson index was higher than that in control group 2
(P< 0.05), as shown in Table 1.

3.2. Analysis of Intestinal Flora Characteristics of the �ree
Groups. +e abundance of Bacteroidetes and Firmicutes in
the three groups was statistically significant (P< 0.05), re-
spectively. +e abundance of Bacteroidetes in the observa-
tion group was lower than that in control group 1 and
control group 2 (P< 0.05), respectively. +e abundance of
Firmicutes was higher than that of control group 1 and
control group 2 (P< 0.05), respectively. +e abundance of
Proteobacteria and Actinobacteria in the three groups was
not statistically significant (P> 0.05), as shown in Figure 1.

3.3. Comparison of the Intestinal Mucosal Barrier between the
Two Groups. Before treatment, there was no statistical
significance between the two groups (P> 0.05). Intestinal
mucosa was improved significantly in both groups 4 weeks
after treatment. +e levels of ET, D-lactic acid, and PCT in
group B at 4 weeks after treatment were lower than those in
group A (P< 0.05), as shown in Table 2.

4. Discussion

Numerous studies have shown that intestinal flora is in-
volved in the occurrence and development of various dis-
eases, including cardiovascular system disorders [14, 15].
Coronary atherosclerosis is an independent risk factor for
coronary heart disease. It is a chronic vascular inflammatory
disease and can participate in different stages of plaque, from
adhesion molecules to white blood cells to metal-
loproteinases, causing digestion of fibrous cap and in-
creasing plaque instability [16]. Gastric cancer is a malignant
tumor originating from gastric mucosal epithelium, and its
incidence has obvious regional differences. In China, it tends
to occur on the eastern coast and the northwest. In addition,
with the change of dietary structure and the increase of work
pressure and other reasons such as Helicobacter pylori,
gastric cancer tends to be younger. More and more studies
have shown that changes in intestinal flora composition and
function will cause intestinal flora imbalance, which can
accelerate the occurrence of cardiovascular diseases [17]. In
this study, the Chao, ACE, and Simpson index of the ob-
servation group were lower than those of the control group
1. +e Shannon index was higher than that in control group
1. +e Chao, ACE, and Shannon index in control group 1
were lower than those in control group. +e Simpson index
was higher than that in control group 2. +e abundance of
Bacteroidetes in group B was lower than that in group A,
while the abundance of Firmicutes was higher than that in

Table 1: Comparison of intestinal flora diversity among the three groups (x ± s).

Group Cases Chao ACE Simpson Shannon Coverage
Observation group 168 100.61± 10.83#∗ 101.21± 14.32#∗ 0.10± 0.04#∗ 2.59± 0.56#∗ 1.04± 0.21
Control group 1 125 120.52± 18.53# 112.59± 17.53# 0.28± 0.09# 2.15± 0.41# 1.06± 0.24
Control group 2 89 170.59± 24.62 159.74± 21.41 0.14± 0.06 3.20± 0.63 1.03± 0.20
Vs. control group 2, #P< 0.05; vs. control group 1, ∗P< 0.05.
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group A. According to these pieces of evidence, gastric
cancer patients with complications of coronary heart disease
and heart failure are accompanied by obvious intestinal flora

disorder, which can be directly involved in the pathological
process of the disease. It may be due to the intestinal flora
disorder of patients, which can cause the increase of the level
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of inflammatory factors in the body through its metabolites,
thus accelerating the course of atherosclerosis and heart
failure and affecting cardiovascular diseases. From the
analysis of intestinal flora characteristics of gastric cancer
patients with complications of coronary heart disease and
heart failure, the intestinal flora of patients contains a higher
Firmicutes and lower Bacteroidetes, mainly because Bac-
teroidetes can participate in the metabolism of a variety of
substances, promote the formation of intestinal mucosal
blood vessels, and maintain the balanced metabolism of
normal intestinal flora [18]. However, in gastric cancer
patients with complications of coronary heart disease and
heart failure, there are fewer beneficial bacteria that can
maintain the intestinal metabolism, which can aggravate the
onset in patients [19].

+ese shreds of evidence have revealed that intestinal
flora disturbance can directly participate in the occurrence of
coronary heart disease combined with heart failure and
gastric cancer patients, being harmful to patients. Probiotics
are a commonly used microecological preparation. After
oral supplementation of intestinal beneficial bacteria, the
beneficial bacteria attach to the intestinal mucosa, then
grow, and proliferate in large numbers, which can com-
petitively antagonize the colonization and growth of path-
ogenic bacteria in the intestinal tract, thus promoting the
recovery of normal intestinal flora, helping patients to re-
build and maintain the balance of intestinal flora, and
helping patients to construct the intestinal barrier [20].
Previous studies have shown that probiotics can stimulate
the local lymphoid tissues of intestinal mucosa, activate the
local defense function, and enhance the anti-infection ability
of the gastrointestinal tract [21]. In this study, the levels of
ET, D-lactic acid, and PCT in group B were lower than those
in group A at 4 weeks after treatment, suggesting probiotics
for gastric cancer patients with complications of coronary
heart disease and heart failure can help to build the intestinal
barrier, correct the intestinal flora disorder patients, and
reduce the aggravation of the disease caused by intestinal
flora. +erefore, the determination of intestinal flora in
gastric cancer patients with complications of coronary heart
disease and heart failure should be strengthened in clinical
practice, and timely probiotics intervention should be given
to abnormal patients to promote their recovery.

In conclusion, gastric cancer patients with complications
of coronary heart disease and heart failure are often ac-
companied by intestinal flora disorder, which may be in-
volved in the occurrence and development of various
disorders. Probiotics intervention is helpful to repair the
intestinal mucosal barrier in patients, which is worthy of
popularization and application.
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Objective. Gastric cancer is a malignant tumor originating from gastric mucosal epithelium. Here, we aimed to investigate the
analysis of the threshold change of gastric cancer tumor mutation burden (TMB) and its relationship with the prognosis of
patients.Methods. 256 patients with gastric cancer were selected as subjects. All patients were in the advanced stage and received
surgical resection of D2 lymph node dissection. After the operation, a follow-up was performed for 24 months, and the disease-
free survival and overall survival of patients were counted. )e NGS molecular biological was detected to obtain gastric cancer
tumor mutation burden (TMB) data. Pearson correlation analysis software was used to analyze the correlation between TMB
threshold and disease-free survival or overall survival of patients with gastric cancer, and the multivariate logistic analysis was
performed as well. Results. )e disease-free survival period and the overall survival period of patients in the low-to-medium TMB
group were both longer than those in the high TMB group. Pearson correlation analysis results showed that the TMB threshold
was negatively correlated with the disease-free survival and overall survival of gastric cancer patients. Results from multivariate
logistic analysis showed that high TMB thresholds have a greater impact on disease-free survival and overall survival of patients,
but the impact of medium and low TMB thresholds on disease-free survival and overall survival of patients is weakened.
Conclusions. )e TMB threshold level has a predictive effect on the effect of surgical resection of D2 lymph node dissection, and
high levels of TMB can significantly affect disease-free survival and overall survival of patients with advanced gastric cancer.

1. Introduction

Gastric cancer is a malignant tumor that originates from the
epithelium of the gastric mucosa, and with the changes in the
diet of Chinese residents, increased work pressure, and Heli-
cobacter pylori infection, the incidence of the disease is showing
a younger trend [1]. Previous studies have shown that gastric
cancer is more likely to occur in people over the age of 50, and
the incidence of men is slightly higher than that of women, and
more than 50.0% of patients occur in the antrum, greater
curvature, and lesser curvature of the stomach [2]. Due to the
lack of typical clinical symptoms in the early stage of gastric
cancer, the diagnosis of most patients is already in the middle
and late stages, and the best diagnosis and treatment oppor-
tunity are missed [2,3]. Surgical resection of D2 lymph node
dissection is a common treatment method for patients with
gastric cancer. )e lesion tissue can be removed with surgery,

butmost patients lack effective evaluationmethods, resulting in
poor long-term prognosis [4,5]. Tumor mutational burden
(TMB), an emerging independent biomarker, is the detection
of the total number of mutations in the coding region of tumor
genes, which is widely used to stratify the patient’s response to
treatment. Previous studies have shown that TMB refers to the
exon coding region of the evaluation gene in the tumor cell
genome and the total number of substitution, insertion, or
deletion mutations per megabase [6]. Highly mutated tumors
are believed to contain increased neoantigen load, making
them immunogenic and responsive to immunotherapy [7].
However, there are few studies on the relationship between
TMB and the prognosis of patients with gastric cancer.

In this study, gastric cancer patients were selected as
subjects to explore the changes of TMB and its relationship
with the prognosis of the gastric cancer patients. )e report
is as follows.
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2. Materials and Methods

2.1. Clinical Data. 256 patients with advanced gastric cancer
were selected as subjects from May 2017 to January 2019 at
the First Medical Centre, Chinese PLA General Hospital,
including 185 males and 71 females, aged 45–84 years, with
an average of 68.83± 5.71 years old. ECOG score: 0 points
(149 cases); 1 point (107 cases). Tumor location: 42 cases of
upper gastric body, 75 cases of gastric body, and 139 cases of
gastric isthmus. Clinical N stage: 34 cases of cN1 stage, 132
cases of cN2 stage, and 90 cases of cN3 stage. )e study was
approved by the Ethics Committee of the First Medical
Centre, Chinese PLA General Hospital, and the informed
consent was obtained from the patients.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (1)
the patients met the diagnostic criteria for gastric cancer,
were diagnosed by pathological tissues, and were in the
advanced stage. (2) All patients were planned to undergo
surgical resection of D2 lymph node dissection, and the
patients can tolerate it. (3))e complete baseline and follow-
up data were available.

Exclusion criteria: (1) the recurrent gastric cancer, pa-
tients undergoing emergency surgery due to tumor perfo-
ration, obstruction, or bleeding. (2) Mental disorders,
abnormal blood coagulation, or autoimmune system dis-
eases. (3) Tumors in other parts or those undergoing ra-
diotherapy and chemotherapy before surgery.

2.3. Method

2.3.1. Treatment Method. )e specific method of surgical
removal of D2 lymph node dissection is as follows. )e
patient takes the supine position and then undergoes
general anesthesia, disinfection, and draping. Laparos-
copy and other surgical instruments used to separate the
omentum, the anterior lobe of the transverse mesocolon
to the tail of the pancreas, separate the pancreatic capsule,
clip off the left side of the gastric omentum, and the tip
splenogastric ligament. )e gastrophrenic ligament was
opened, and the dissection retrograded to remove lymph
nodes around the splenic artery after sweeping the splenic
hilar area. )e right omentum was peeled to the liver
flexure of the colon, the head of the pancreas and the bulb
of the duodenum were fully exposed, the right blood
vessels of the gastroomentum was clipped off, and the
sixth group of lymph node dissection was completed.
After the above operations were completed, the omental
sac was incised, the lymph nodes of group 12a were
cleaned, the tissue separation was completed along the
direction of the common hepatic artery, the intrathecal
area was routinely cleaned, and the left gastric vein and
left gastric artery were dissected, and the lymph nodes of
group 8, 9, and 11p were dissected. )e posterior wall of
the stomach, the cardia, and the lower esophagus were
free, and then, a surgical incision in the lower abdomen of
the patient was made to complete the cut of the lower
esophagus, the specimen was taken out, and the digestive

tract reconstruction was completed. After the operation, a
follow-up was performed for 24 months, and the disease-
free survival and overall survival of patients were counted
[8].

2.3.2. Determination of TMB. After the operation, the NGS
molecular biological was performed to obtain the TMB data
of gastric cancer. )e specific methods are as follows. (1)
Specimen processing: gastric cancer tissues were fixed with
formaldehyde and embedded in paraffin. 6–10 um sections
were prepared, and then, hematoxylin-eosin (H&E) staining
was performed, and the tumor cell content was judged by
pathologists. )e tissues with tumor cell content >10.0%
were selected. )e plasma samples were collected with
EDTA anticoagulation tube, centrifuged for 10min
(1800 rpm, centrifugal radius 15 cm), and then placed at
−4°C until use. (2) DNA extraction and library preparation:
Qiagen company extraction kit was used to extract tissues
and the DNA of white blood cells.)e KAPAHyper Prep Kit
(Woosen Biotechnology, Shanghai, China) was used as the
sequencing library, and the target gene was enriched after
PCR amplification and library purification [9]. (3) Enrich-
ment and sequencing of target genes: after the above op-
erations were completed, multiple samples were mixed to
obtain 2 ug of DNAmixed library. )e colonized biotin-type
DNA probe (GeneSeqOneTM) was used to hybridize and
capture 415 coding regions of genes related to gastric cancer
and 16 introns of genes in the library. Meanwhile, the library
DNAwas amplified with the help of Illumina p5, p7 primers,
and KAPA HiFi HotStart ReadyMix (Sigma-Aldrich,
Shanghai, China), and the enriched library was sequenced
on the HiSeq 4000 platform using a 2×150 bp sequencing kit
[10]. (4) Sequencing data processing: Trimmomatic 25
software was used to filter the sequencing data and remove
low-quality bases or N bases. )e resulting data and the
reference sequence genome were compared through high-
throughput sequencing analysis. GATK was used to com-
plete single calculation of mutation and indel gene mutation
data. (5) TMB calculation: TMB was defined as the number
of tumor-specific mutations contained in the 1Mb base of
the coding region. )e data of tumor samples and white
blood cells were compared, and the somatic mutations were
analyzed and germline mutations were removed [11].

2.3.3. Correlation Analysis. Pearson correlation analysis
software was used to analyze the correlation between TMB
threshold of gastric cancer patients and disease-free survival
and overall survival and multivariate logistic analysis.

2.4. Statistical Analysis. SPSS24.0 software (IBM, NY, USA)
was used to measure the statistical data. )e count data were
analyzed by the χ2 test, expressed by n (%).)emeasurement
data in the article were all in accordance with the normal
distribution and analyzed by the t-test, expressed by (x ± s).
Kaplan–Meier survival analysis was carried out for overall
survival. P< 0.05 was considered as statistical significance.
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3. Results

3.1. Comparison of Disease-Free Survival andOverall Survival
of Patients with Different TMB Levels in Gastric Cancer.
)e TMB level in advanced gastric cancer was 5–14, with an
average of 8.58± 0.61. )e patients with gastric cancer were
divided into the high TMB group (n� 131 cases, TMB≥8)
and low-medium TMB group (n� 125 cases, TMB<8) by the
three-point method. )e enrolled patients were followed up
for 24 months. Results showed that the disease-free survival
time of patients in the low-to-medium TMB group was
14.39± 3.23 months, and the overall survival time was
17.41± 2.12 months, which were longer than the disease-free
survival time (11.51± 2.59 months) and the overall survival
time of the high TMB group (13.15± 2.05 months) (P< 0.05;
P< 0.05) (Figures 1(a) and 1(b)).

3.2. Correlation between TMB �reshold and Disease-Free
Survival and Overall Survival of Patients with Gastric Cancer.
Results from Pearson correlation analysis showed that the
TMB threshold of gastric cancer patients was negatively
correlated with disease-free survival and overall survival
(P< 0.05), as given in Table 1.

3.3.Multivariate Analysis of TMB�reshold andDisease-Free
Survival and Overall Survival of Patients with Gastric Cancer.
Results from multivariate logistic analysis showed that the
high TMB threshold of gastric cancer patients had a greater
impact on disease-free survival and overall survival of pa-
tients, but the impact of medium and low TMB thresholds
on disease-free survival and overall survival of patients was
weakened, as given in Table 2 and Table 3.

4. Discussion

In recent years, the number of advanced gastric cancer in
China has been increasing, and 60.0%–80.0% of gastric
cancer patients are already in the advanced tumor stage [12].
Surgical removal of D2 lymph node dissection is a common
surgical treatment method for patients with advanced gastric
cancer. However, due to the lack of effective prediction and
evaluation indicators during the operation of some patients,
disease-free survival and overall survival rate of patients are
low, which affects the prognosis of patients. )erefore, ef-
fective evaluation indicators are the focus of clinical eval-
uation and research for gastric cancer.

TMB is currently a hotspot in clinical research. TMB
refers to the total number of substitution, insertion, and
deletion mutations per megabase in the exon coding re-
gion of the evaluated gene in the tumor cell genome [13].
Previous studies have shown that changes in the patho-
genicity of cell functions due to changes in the genome are
clinically called “driver mutations,” which can lead to
tumors [14]. In this study, the level of TMB in advanced
gastric cancer was 5–14, with an average of 8.58 ± 0.61. )e
disease-free survival time of patients in the low-to-

medium TMB group was 14.39 ± 3.23 months, and the
overall survival period was 17.41 ± 2.12 months, both of
which were longer than those in the high TMB group,
(11.51 ± 2.59) months and (13.15 ± 2.05) months
(P< 0.05). )ese results suggest that the survival and
overall survival of patients in the high TMB group are
lower. Rizzo and Ricci revealed that TMB has a significant
effect on the differential expression of hepatocellular
cancer genes and the proportion of infiltrating immune
cells in tumor tissues [15]. Although this study is not the
same disease as this article, it fully illustrates the corre-
lation between TMB and tumors.

NCCN guidelines included TMB testing for the first time
in 2019, which further promoted the clinical application of
TMB [16]. Increasing research studies have confirmed that
high levels of TMB are correlated with the survival rate of
patients with different types of tumors, leading to lower
patient survival and disease-free survival [17]. TMB reflects
the repair and damage of DNA in tumor cells to a certain
extent and is related to the ability to produce tumor neo-
antigens. DNA mismatch repair (MMR) is responsible for
repairing DNA replication errors, and mutations associated
with MMR often cause picoinstability. )erefore, hyper-
microsatellite instability can be used as a surrogate indicator
for MMR functional defects. In order to further analyze the
relationship between the TMB threshold and the prognosis
of patients with gastric cancer, Pearson correlation analysis
was performed in this study. Results showed that the TMB
threshold of gastric cancer patients was negatively correlated
with disease-free survival and overall survival. Multivariate
logistic analysis results showed that the high TMB threshold
of gastric cancer patients has a greater impact on disease-free
survival and overall survival, but the impact of medium and
low TMB thresholds on disease-free survival and overall
survival of patients was weakened, indicating the close re-
lationship between the TMB of advanced gastric cancer and
the patient’s prognosis. )erefore, when surgical treatment
of patients with diagnosed advanced gastric cancer is per-
formed clinically, the measurement of the patient’s TMB
level should be strengthened, the long-term prognosis of the
patient should be evaluated, and the corresponding mea-
sures should be formulated according to the measurement
results to intervene to consolidate the surgical effect and
promote the recovery of the patient [18].

)is study also has its limitations. First, the relatively
small sample size may lead to errors in overall survival.
Second, the small number of human and environmental
factors may also lead to statistical errors. )ird, more bio-
logical functions in vitro are required to explore in the future
studies.

In summary, for patients with advanced gastric cancer,
the tumor mutation load threshold level has a predictive
effect on the effect of surgical resection of D2 lymph node
dissection, and high levels of TMB could significantly affect
the disease-free survival and overall survival of patients,
which provided a certain reference value for the evaluation
of prognosis in gastric cancer patients.
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bacteria and proximal colonic carcinogenesis in a mouse
model of Lynch syndrome,” International Journal of Cancer,
vol. 147, no. 8, pp. 2316–2326, 2020.

[15] A. Rizzo and A. D. Ricci, “PD-L1, TMB, and other potential
predictors of response to immunotherapy for hepatocellular
carcinoma: how can they assist drug clinical trials?” Expert
Opinion on Investigational Drugs, vol. 30, pp. 1–9, 2021.

[16] Y. Zhou, S. Xu, and C. Guan, “)e regulatory role of
GAPLINC in malignant tumors and its relationship with
patient prognosis,” Chinese Journal of Pathology, vol. 48,
no. 11, pp. 902–905, 2019.

[17] D. Yang, Y. Xu, L. Huang et al., “A pan-cancer analysis of
ARID1A as a potential biomarker for immune checkpoint

therapy,” Journal of Clinical Oncology, vol. 38, no. 15_suppl,
p. 3540, 2020.

[18] H. Chu, H. Cao, and H. Lu, “Association analysis between the
expression of miRNA182 in gastric cancer tissues and the
progression and prognosis of patients,” Air Force Medical
Journal, vol. 35, no. 2, pp. 132–134, 2019.

Journal of Oncology 5



Research Article
Study on the Differential Value of Tumor Marker CA724 on
Primary Gastric Cancer

Jieying Ding , Han Zhang , and Zixian Wu

Department of Clinical Laboratory, Shanghai Ninth People’s Hospital, Shanghai Jiao Tong University School of Medicine,
Shanghai 200011, China

Correspondence should be addressed to Jieying Ding; dingjieying@sh9hospital.com.cn

Received 17 June 2021; Revised 14 September 2021; Accepted 15 September 2021; Published 25 September 2021

Academic Editor: Alamgeer Yuchi

Copyright © 2021 Jieying Ding et al. )is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

We investigated the diagnostic value of the tumor marker CA724 in patients with primary gastric cancer. One hundred forty-six
patients with primary gastric cancer were selected as the observation group; 89 patients with gastritis treated in the same period
were included in the control group 1; 91 patients with healthy physical examination during the same period were included in the
control group 2. Electrochemiluminescence immunoassay was used to determine the level of carbohydrate antigen CA724 in each
group; the pathological data of the observation group were consulted, and the expression level of tumor marker CA724 under
different pathological conditions was analyzed; ROC curve was drawn to evaluate the diagnostic value of CA724 in gastric cancer
and gastritis. )e level of CA724 in primary gastric cancer patients was significantly correlated with tumor diameter, tumor stage,
differentiation type, and lymph node metastasis. )e ROC curve was drawn with a CA724 cutoff value of 7.94U/Ml. )e AUC
value of CA724 in primary gastric cancer patients was 0.815, with a diagnostic sensitivity of 84.68% and a specificity of 71.95%. In
conclusion, CA724 was highly expressed in patients with primary gastric cancer, which can achieve the diagnostic differentiation
of gastric cancer and gastritis, and obtain a high diagnostic efficiency, providing a reference basis for clinical diagnosis
and treatment.

1. Introduction

Gastric cancer is a malignant tumor originating from the
epithelium of the gastric mucosa, which is more common
in people over 50 years of age and has a slightly higher
incidence in men than in women. In recent years, the
incidence of gastric cancer has been on the rise due to
changes in people’s diet, increased work pressure, and
Helicobacter pylori infection [1]. Previous studies have
reported that gastric cancer can occur in any part of the
stomach, with most patients occurring in the sinus, greater
curvature, and lesser curvature of the stomach [2]. Most
patients with gastric cancer are adenocarcinoma, and the
symptoms are not obvious in the early stage of develop-
ment. With the prolongation of the disease, it can be ac-
companied by nonspecific symptoms such as upper
abdominal discomfort and belching, and it is similar to

gastritis, which makes clinical diagnosis and treatment
more difficult [3]. Although pathological tissue examina-
tion is the “gold standard” for diagnosing primary gastric
cancer, it can help patients to confirm the diagnosis, but it
is difficult to be applied in primary hospitals because of the
high diagnostic risk [4, 5].

Tumor marker CA724 is a glycoprotein antigen, with a
double antigenic determinant cluster, mainly found in hu-
man adenocarcinoma tissues, and is considered a tumor
marker in the gastrointestinal tract and ovaries [6]. Previous
studies have shown that CA724 is highly expressed in solid
tumors such as gastric, breast, and lung cancers, reflecting
the severity of the disease [7]. However, the application of
CA724 in primary gastric cancer and gastritis has been less
investigated. )erefore, this study was conducted to in-
vestigate the diagnostic value of CA724 in patients with
primary gastric cancer and gastritis.
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2. Materials and Methods

2.1. Clinical Data. 146 patients with primary gastric cancer
who underwent surgery at Shanghai Ninth People’s Hos-
pital, Shanghai Jiao Tong University School of Medicine,
Shanghai, China, from January 2018 to December 2020 were
selected for the study and also set up as an observation
group. )e clinical data for the patients were as follows: 84
males and 62 females, aged 37–84 years old, mean:
61.49± 6.61 years; disease duration: 1–13 months, mean:
6.93± 0.85 months; tumor diameter: 1–6 cm, mean:
3.41±0.89 cm; clinical stage: 81 cases of stages I-II, 65 cases of
stages III-IV; differentiation type: 33 cases of low differ-
entiation, 71 cases of medium differentiation, 42 cases of
high differentiation, and 51 cases of lymph node metastasis.
89 patients with gastritis treated at the same time were
selected as control group 1, 49 men and 40 women, aged
36–85 years old, average, 60.98± 6.58; the duration of the
disease was 1–12 months, with a mean of 6.91± 0.83 months.
91 patients with health check-ups at the same time were
selected as control group 2, 53 males and 38 females, aged
35–84 years, with a mean of 60.15± 6.51 years. )is study
was approved by the Ethics Committee of the Shanghai
Ninth People’s Hospital, Shanghai Jiao Tong University
School of Medicine, Shanghai, China. All patients provided
written informed consent.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria: (1) patients in the observation group
met the diagnostic criteria for primary gastric cancer
[8] and were diagnosed by pathological tissue exami-
nation; (2) control group 1 met the diagnostic criteria
for gastritis and was diagnosed by gastroscopy; (3)
everyone had completed the CA724 test and could
tolerate it; (4) complete baseline and follow-up data.
Exclusion criteria: (1) patients with mental disorders,
cognitive dysfunction, or other malignant tumors; (2)
patients with autonomic nervous system diseases and
severe liver and kidney dysfunction; (3) patients who
had received radiotherapy and chemotherapy before
the examination and had autoimmune system diseases.

2.3. Methods

2.3.1. Specimen Collection. 3mL of peripheral fasting blood
was obtained from the patients in the observation group and
control group 1 the next day after admission and from the
patients in the control group 2 on the day of healthy physical
examination. )e blood was centrifuged for 10 minutes at a
speed of 3000 rpm and stored at a low temperature for
further use.

2.3.2. Detection Method. Electrochemiluminescence im-
munoassay (Roche Cobas e80, Roche, Switzerland) was used
to determine the level of CA724 in each group. )e path-
ological data of the observation group (including gender,
age, tumor diameter, tumor stage, differentiation type, and

lymph node metastasis) were checked, and the expression
levels of CA724 under different pathological conditions were
evaluated [9, 10].

2.3.3. ROC Curves. ROC curves were drawn to analyze the
diagnostic value (diagnostic sensitivity and specificity) of
CA724 in gastric cancer and gastritis.

2.4. Statistical Analysis. )e statistical analysis was per-
formed by SPSS24.0 software and expressed by n (%). )e t-
test was used for comparison between groups, and the χ2 test
was used to compare all counting data between groups. )e
difference was statistically significant when p< 0.05.

3. Results

3.1. Comparison of CA724 Levels in the 0ree Groups. )e
patients in the three groups all completed the investigation
of CA724 levels. As given in Table 1, the results showed that
there was no significant difference in the level of the CA724
in control group 1 and control group 2 (p> 0.05); in the
meantime, the CA724 levels in the observation group were
higher than those in the control group 1 and control group 2.

3.2. Comparison of CA724 Levels in the Observation Group
under Different Pathological Conditions. )e pathological
data of all patients were collected, and the results showed
that the level of CA724 in patients with primary gastric
cancer was not statistically correlated with gender and age
(p> 0.05). At the same time, it was statistically related to
tumor diameter, tumor stage, differentiation type, and
lymph node metastasis (p< 0.05, Table 2).

3.3. ROC Curve of CA724 in Patients with Primary Gastric
Cancer. )e ROC curve was drawn with the cutoff value of
the CA724 at 7.94U/mL. )e results showed that the AUC
value of the CA724 for patients with primary gastric cancer
was 0.815, the diagnostic sensitivity was 84.68%, and the
specificity was 71.95% (Figure 1).

4. Discussion

Primary gastric cancer is a malignant tumor with high
clinical incidence, and with the change of people’s lifestyle, it
has led to an increasing trend of disease incidence [11].
However, the early diagnosis rate of primary gastric cancer is
relatively low, leading to a high clinical mortality rate, and it
is clinically important to choose an appropriate diagnostic
method to improve the detection rate and patient prognosis
[12]. Histopathological examination is a common diagnostic
technique to differentiate primary gastric cancer and gas-
tritis, and it is considered the “gold standard” for diagnosis.
However, this diagnostic approach is risky, invasive, and
requires high instrumentation and equipment, so it is dif-
ficult to apply it at the grassroots level [13].

With the improvement and development of medical
technology, clinical research in the area of tumor markers has

2 Journal of Oncology



been strengthened. Tumor markers are chemical analogs that
reflect the presence of tumors and are expressed at low or no
levels in normal tissues and are present only in embryonic
tissues. However, their levels are significantly higher in tumor
tissues [14, 15]. Previous studies have shown that the existence
and quantitative changes of tumor markers can reflect the
nature of the tumor to some extent and can reflect the his-
togenesis, cellular function of the tumor, and thus the severity
of the patient’s disease [16]. A series of studies have explored

the diagnostic and prognostic value of various serum tumor
markers in gastric cancer [17, 18]. Tumor biomarker CA724
trended to be considered as an independent prognostic factor
[19]. Tong et al. found that CA724 predicted overall survival
in locally advanced gastric cancer patients with neoadjuvant
chemotherapy [20]. In this study, there was no significant
difference between the levels of tumor marker CA724 in
control group 1 and control group 2 (p> 0.05), while the level
of tumor marker CA724 in the observation group was higher
than that in both control group 1 and control group 2
(p< 0.05). Taken together, we found that tumor marker
CA724 was highly expressed in patients with primary gastric
cancer. At the same time, it had lower levels in patients with
gastritis, suggesting that strengthening CA724 level mea-
surement can achieve the diagnosis and differentiation of
primary gastric cancer and gastritis.

CA724 is a gastric cancer antigen, one of the laboratory
indicators for detecting gastric cancer and various gastro-
intestinal cancers, and it is a nonspecific tumor marker.
Previous studies have shown that elevated levels of CA724
do not indicate that patients have tumors [21]. )ey are
more common in gastrointestinal tissues and have high
sensitivity to gastric cancer and nonsmall cell lung cancer. In
this study, the level of the tumor marker CA724 in patients
with primary gastric cancer was significantly correlated with
tumor diameter, tumor stage, type of differentiation, and
lymph node metastasis (p< 0.05), indicating that the ele-
vated expression level of CA724 in patients with primary
gastric cancer could reflect the severity of the disease.
Previously performed studies have reported that CA724 is a
second-generation tumor-associated glycoprotein-72 with
dual antigenic determinants, and its expression level is

Table 1: Comparison of CA724 levels in the three groups.

Group Cases CA724 (U/mL)
Observation group 146 52.53± 5.39#∗
Control group 1 89 4.51± 0.64
Control group 2 91 4.42± 0.61
F — 7.195
P —
#Compared with the control group 2, p< 0.05; ∗compared with the control group 1, p< 0.05.

Table 2: Comparison of CA724 levels in the observation group under different pathological conditions (x ± s).

Pathological type Cases CA724 (U/mL) t P

Gender Male 84 51.98± 5.35 1.593 0.425Female 62 53.87± 5.51

Age (years) ≥60 79 51.90± 5.31 0.615 0.893<60 67 53.89± 5.54

Tumor diameter ≥3 cm 73 79.69± 8.51 9.154 ≤0.001<3 cm 73 43.19± 5.12

Tumor stage I-II 81 46.96± 5.31 8.391 ≤0.001III-IV 65 80.44± 8.78

Differentiation type
Poorly differentiated 33 91.45± 9.51

11.691 ≤0.001Moderate differentiation 71 54.69± 6.13
Well differentiated 42 40.31± 4.96

Lymph node metastasis Yes 51 94.59± 9.15 10.529 ≤0.001No 95 42.33± 4.29

Theoretical threshold point
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Figure 1: ROC curve of CA724 in patients with primary gastric cancer.
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elevated in malignant tumors such as gastric cancer, colon
cancer, and lung cancer [22]. However, the increase in the
level of CA724 does not mean that the patient must have a
tumor disease. )e level of this indicator is also elevated in
type 2 diabetes, liver cirrhosis, rheumatism, and gastroin-
testinal disorders. Studies have shown that CA724 is a sugar
chain antigen that can act as a cell surface adhesion molecule
to participate in the occurrence and development of tumors
[23]. In order to further analyze the diagnostic value of
CA724 in primary gastric cancer and gastritis, the ROC
curve was drawn in this study with a CA724 cutoff value of
7.94U/mL.)e results showed that the AUC value of CA724
in primary gastric cancer patients was 0.815, with a diag-
nostic sensitivity of 84.68% and a specificity of 71.95%,
indicating that CA724 can achieve the diagnostic differen-
tiation between primary gastric cancer and gastritis, and has
high diagnostic efficacy. )erefore, clinical attention should
be paid to CA724 levels when they are elevated, and other
methods of diagnosis should be combined when necessary to
help patients with early diagnosis [24].

5. Conclusion

CA724 was highly expressed in patients with primary gastric
cancer, which can achieve the diagnostic differentiation of
gastric cancer and gastritis, and can obtain a high diagnostic
efficacy and provide a reference basis for clinical diagnosis
and treatment. In future clinical practice, tumor marker
CA724 can be applied to diagnose primary gastric cancer to
improve the diagnostic accuracy and provide timely and
effective treatment for patients.
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,is study aimed at exploring the effects of combined epidural anesthesia and general anesthesia on the cognitive function and
stress responses of elderly patients undergoing liver cancer surgery. One hundred and fifteen elderly patients were enrolled as
research subjects.,ey were admitted to our hospital and underwent liver cancer surgery from August 2017 toMay 2019. Fifty five
cases were treated with general anesthesia (GA) (GA group), while the other sixty cases were treated with combined epidural
anesthesia and general anesthesia (joint group). Scoring standards of Mini-Mental State Examination (MMSE) were used to
evaluate the patients before and after operation.,eir operating time, total fluid input (TFI), spontaneous breathing recovery time
(SBRT), preoperative and postoperative indices of stress responses (epinephrine (EPI), cortisol (Cor), and norepinephrine (NE)),
and postoperative adverse reactions were observed. ,ere were statistically significant differences between the two groups with
respect to anesthesia time, TFI, postoperative SBRT, and postoperative directional recovery time (DRT) (cP< 0.05). ,ere was no
difference in operating time, total fluid loss (TFL), and hospitalization time (P> 0.05). After operation, patients in both groups
experienced a cognitive decline of different degrees and the MMSE scores decreased. ,ere was no significant difference in the
score between the two groups before operation and 3 days and 7 days after operation (P> 0.05). ,e score was significantly better
in the joint group than that in the GA group at 6 hours and 1 day after operation (P< 0.05).,ere were no significant differences in
levels of EPI, Cor, and NE between the two groups before operation (P> 0.05), but there were significant differences after
operation. ,e total incidence of postoperative adverse reactions was 11.67% in the joint group and 25.45% in the GA group. In
conclusion, combined epidural anesthesia and general anesthesia can significantly reduce postoperative cognitive dysfunction and
inhibit postoperative stress responses in elderly patients undergoing liver cancer surgery. It has good application value in
clinical practice.

1. Introduction

As a common malignant tumor in the digestive system, liver
cancer has a high mortality rate and a natural survival period
of less than 3–6 months [1]. According to statistics of a
previous study, the disease is the fifth most common cancer
worldwide [2]. It is estimated that there are approximately
780,000 new cases and 740,000 deaths globally every year.
Cases in China alone account for 50% of the total number
[3]. According to the National Cancer Center, the incidence
of liver cancer ranked the second among all cancers in China
in 2014 [4], and the incidence in the elderly has been

gradually increasing because of the aging population in this
country [5]. ,e global disease burden caused by the disease
has resulted in losses of lives, and the disease is still an
important public health problem in the world due to its high
incidence, mortality rate, and aggressiveness.

,e etiology and exact molecular mechanism of primary
liver cancer are still unclear. According to epidemiological and
experimental research data, hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection, aflatoxin, contaminated
drinking water, and liver cirrhosis are all related to the
pathogenesis of liver cancer [6]. ,e clinical symptoms of early
liver cancer are not apparent, so most patients were already at
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the advanced stage once the symptoms appeared. After the
early diagnosis of liver cancer, the disease is primarily treated by
surgery with a high cure rate [7, 8]. However, the risk of
surgical treatment rises with the increasing number of elderly
patients. ,e patients’ postoperative cognitive function and
stress responses are different due to different anesthesia
methods [9, 10]. Although general anesthesia (GA) is com-
monly used in liver cancer surgery, the incidence of postop-
erative cognitive dysfunction in elderly patients is high, which
is also the focus of this study. ,erefore, effects of combined
epidural anesthesia and general anesthesia on the cognitive
function and stress responses of elderly patients undergoing
liver cancer surgerywere explored in this study, so as to provide
potential basis for future research.

2. Materials and Methods

2.1. Clinical Data. One hundred and fifteen elderly patients
were enrolled as the research objects. ,ey were admitted to
,e ,ird Affiliated Hospital of Soochow University,
Changzhou, Jiangsu, China, and underwent liver cancer
surgery from August 2017 to May 2019. Fifty five cases
treated with GA were in the GA group, including 36 males
and 19 females, with an average age of 67.5± 3.2 years. Sixty
cases treated with combined epidural anesthesia and general
anesthesia were in the joint group, including 33males and 27
females, with an average age of 67.5± 3.1 years.

2.2. Inclusion and Exclusion Criteria

2.2.1. Inclusion Criteria. Patients who met the diagnostic
criteria for liver cancer in the guidelines from the National
Comprehensive Cancer Network [11]; patients aged 60–77
years old; patients with complete medical records; patients
with indications to GA and epidural anesthesia (EA); pa-
tients with educational level of primary school and above;
patients willing to cooperate in investigation; patients
without other serious organ diseases affecting this study.
,is study has been approved by the ethics committee of,e
,ird Affiliated Hospital of Soochow University, Changz-
hou, Jiangsu, China, and all study participants provided
written informed consent.

2.2.2. Exclusion Criteria. ,ose with contraindications to
anesthesia or liver cancer surgery; those who died during
treatment; those with injury in important organs; those
complicated with other tumors; those complicated with
other cardiovascular and cerebrovascular diseases; those
with physical disability; pregnant women; those complicated
with other autoimmune diseases; those transferred to other
hospitals; those with mental diseases, language dysfunction,
or diseases affecting the results of this study.

2.3. Preoperative Preparation. Patients in the two groups
fasted for 12 hours and were forbidden to drink water for 4
hours before operation. Venous infusion channels were
established to carry out blood gas analysis and monitor vital
signs and electrocardiograms of the patients.

2.4. Anesthesia Methods. Patients in the GA group were
treated with GA. Anesthesia induction was first conducted
with propofol (1.5mg/kg) + sufentanil (0.2–0.6 μg/
kg) + atracurium besylate (0.2mg/kg). Tracheal intubation
was performed for mechanical ventilation, with tidal volume
controlled at 8–10mL/kg, respiratory frequency controlled
at 10–12 times/min, and partial pressure end-tidal carbon
dioxide maintained at 35–45mmHg. During operation, the
patients after sevoflurane inhalation were continuously
administered with remifentanil and propofol by a micro-
pump and intermittently injected intravenously with atra-
curium to keep the muscle relaxed and ensure the anesthetic
effect. Drug dosage was determined by the patients’ toler-
ance degree and stress responses, and their vital signs were
closely monitored throughout the operation. Patients in the
joint group were treated with combined epidural anesthesia
and general anesthesia. Strict disinfection was carried out
before puncture. ,e patients were placed in a lateral po-
sition (bend the knees and embrace the knees with both
hands) to fully expose the puncture position. ,oracic 8–10
spinous process intervals were selected, which were com-
monly used puncture sites in the upper abdomen. Local
anesthesia was conducted after the puncture position was
determined. Lidocaine with a concentration of 1% was se-
lected as the anesthetic drug. After the puncture position was
confirmed in the epidural space, ropivacaine (20mL) with a
concentration of 5% was injected, and the needle was pulled
out after the puncture. ,e anesthesia block level was
maintained between T6 and T9. Mask oxygen inhalation was
conducted, and GA was performed after the body position
was maintained for 10–15min. ,e anesthesia method was
the same as that in the joint group. After operation, dicaine,
flurbiprofen axetil, and granisetron were administrated in
both groups for postoperative analgesia. ,e drug dosage
was determined based on the patients’ pain tolerance.

2.5. Scoring Standards. Mini-Mental State Examination
(MMSE) was used as the scoring standards to evaluate the
patients before operation and 6 h, 1 d, 3 d, and 7 d after
operation. Its total score was 30 points, and a high score
indicated a better cognitive function.

2.6. Outcome Measures. Main outcome measures: the pa-
tients’ operating time, total fluid input (TFI), spontaneous
breathing recovery time (SBRT), cognitive function at each
time period, and preoperative and postoperative indices of
stress responses were observed.

Secondary outcome measures: the patients’ postopera-
tive adverse reactions were observed.

2.7. Statistical Methods. In this study, SPSS20.0 (IBM Corp,
Armonk, NY, USA) was used to statistically analyze the
collected data. GraphPad 7 was used to plot the required
figures. Kolmogorov–Smirnov (K-S) test was used to analyze
the distribution of measurement data. ,e data conforming
to normal distribution were expressed by mean± standard
deviation (Mean± SD). Independent samples t-test was used
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for comparison between groups, while paired t-test was used
for the comparison within groups. Count data were
expressed by rate (%), analyzed by chi-square test, and
represented by χ2. When P< 0.05, the difference was sta-
tistically significant.

3. Results

3.1. Clinical Data. Before operation, there were no signifi-
cant differences between the GA and joint groups in terms of
age, body mass index (BMI), MMSE score, serum alpha-
fetoprotein (AFP), gender, place of residence, smoking,
drinking, exercise habits, systolic blood pressure (SBP), and
diastolic blood pressure (DBP), indicating comparability
(P> 0.05). See Table 1.

3.2. Operating Time, TFI, and SBRT. ,ere were statistically
significant differences between the two groups with respect
to anesthesia time, TFI, postoperative SBRT, and postop-
erative directional recovery time (DRT) (P< 0.05). ,ere
were no differences in operating time, total fluid loss (TFL),
and hospitalization time (P> 0.05). See Table 2.

3.3. Cognitive Function at Different Time Periods. After the
operation, patients in both groups experienced a cognitive
decline of different degrees, and theMMSE scores decreased.
,ere was no significant difference in the score between the
two groups before operation and 3 days and 7 days after
operation (P> 0.05), while the score was significantly better
in the joint group than that in the GA group at 6 hours and 1
day after operation (P< 0.05). See Table 3.

3.4. Preoperative andPostoperative Indices of Stress Responses.
,ere were no significant differences in levels of epinephrine
(EPI), cortisol (Cor), and norepinephrine (NE) between the
two groups before operation (P> 0.05). ,ere were signif-
icant differences after operation (P< 0.05). See Figure 1.

3.5. Postoperative Adverse Reactions. ,e total incidence of
postoperative adverse reactions was 11.67% in the joint
group and 25.45% in the GA group (P< 0.05). See Table 4.

4. Discussion

Liver cancer is mainly induced by alcohol, virus, and fatty
liver injury [12]. Its early clinical manifestations are not
apparent because of the decline of the sensory function and
reaction ability in the elderly, so the disease is basically in the
advanced stage when the patients feel the body abnormalities
themselves, which definitely delays their treatment and
increases the treatment difficulty [13]. ,erefore, radio-
therapy, chemotherapy, and surgery can be selected to re-
lieve their pain and prolong their life [8, 14–16]. However,
the operation is difficult for the elderly patients, because
their surgical risk, postoperative cognitive dysfunction, and
stress responses are higher than those of young patients with
liver cancer. Currently, there are few studies available on the

optimal anesthesia methods for the elderly patients.
,erefore, in this study, effects of combined epidural an-
esthesia and general anesthesia on the cognitive function and
stress responses of the elderly patients undergoing liver
cancer surgery were explored, so as to provide a reference for
clinical practice.

In this study, we first observed the intraoperative and
postoperative recovery of the patients with liver cancer.
,ere were statistically significant differences between the
two groups with respect to anesthesia time, TFI, postop-
erative SBRT, and postoperative DRT. ,ere were no dif-
ferences in operating time, THL, and hospitalization time.
,is indicated that combined epidural anesthesia and
general anesthesia could improve the patients’ intraoperative
and postoperative recovery capability. Liver cancer surgery
requires a high level of anesthesia [17, 18], which is more
obvious in elderly patients undergoing the surgery. ,e
slight deviation of the level makes the patients prone to
pulmonary stretch reflex [19], so it is difficult to achieve
accurate anesthesia without affecting respiratory function.
Scoring standards of MMSE were used to score the patients
before and after operation. After operation, patients in both
groups experienced cognitive decline of different degrees
and decreasing MMSE scores. ,ere was no significant
difference in the score between the two groups before op-
eration and 3 days and 7 days after operation. ,e score was
significantly better in the joint group than that in the GA
group at 6 hours and 1 day after operation. ,is suggested
that combined epidural anesthesia and general anesthesia
can improve the patients’ postoperative cognitive function.
We also observed the indices of stress responses before and
after operation. ,ere were no significant differences in
levels of EPI, Cor, and NE between the two groups before
operation, and there were significant differences after op-
eration [20]. ,is demonstrated that combined epidural
anesthesia and general anesthesia could stabilize the pa-
tients’ indices of stress responses, while GA is slightly in-
ferior. Finally, we observed the postoperative adverse
reactions and found that their total incidence in the joint
group was lower than that in the GA group. ,is further
reveals the priority of combined epidural anesthesia and
general anesthesia. Combined epidural anesthesia and
general anesthesia can significantly reduce postoperative
cognitive dysfunction and inhibit postoperative stress re-
sponses in elderly patients undergoing liver cancer surgery
[21], so it has a good application value in clinical practice.

,e abovementioned research has preliminarily sug-
gested the effects of combined epidural anesthesia and
general anesthesia on the cognitive function and stress re-
sponses of the elderly patients undergoing liver cancer
surgery, which agree with the results of previous studies [22].
However, this study still has limitations. We did not take a
series of neurocognitive tests. We did not follow up the
patients for their prognosis. ,erefore, we plan to perform
more in-depth experimental analyses in future studies, so as
to supplement our research results and provide services for
clinical practice.

In summary, combined epidural anesthesia and general
anesthesia is more effective than GA in reducing the
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Table 1: Clinical information of patients (n(%)).

GA group (n� 55) Joint group (n� 60) χ2 or t P value
Age (years) 67.5± 3.2 67.5± 3.1 0.051 0.956
BMI (kg/cm2) 28.4± 2.61 27.85± 3.05 1.072 0.286
Gender 0.277 0.810
Male 36 (65.45) 33 (55.00)
Female 19 (34.55) 27 (45.00)

Place of residence 0.479 0.679
City 29 (52.72) 35 (58.83)
Countryside 26 (47.28) 25 (41.67)

Smoking 0.206 0.855
Yes 38 (69.09) 36 (60.00)
No 17 (30.91) 24 (40.00)

Drinking 0.117 0.917
Yes 39 (70.90) 48 (80.00)
No 16 (29.10) 12 (20.00)

Exercise habits 0.148 0.896
Yes 37 (67.27) 44 (73.33)
No 18 (32.73) 16 (26.64)

SBP (mmHg) 142.62± 12.87 138.86± 11.92 1.627 0.106
DBP (mmHg) 86.24± 8.67 85.16± 8.50 0.674 0.501
MMSE score 27.6± 2.83 27.74± 2.69 0.272 0.780
Serum AFP (ng/mL) 531± 69.20 523± 72.50 0.604 0.540

Table 2: Intraoperative and postoperative recovery.

GA group (n� 55) Joint group (n� 60) t P value
Operating time (min) 198.72± 56.14 187.39± 50.11 1.143 0.255
Anesthesia time (min) 214.67± 56.89 193.67± 55.73 2.073 0.040
TFI (mL) 1906.00± 201.00 1739.00± 182.00 3.192 0.002
TFL (mL) 375.73± 131.06 364.92± 120.73 0.460 0.646
Postoperative SBRT (min) 16.08± 3.62 13.87± 3.55 3.304 0.001
Postoperative DRT (min) 19.63± 4.01 17.36± 3.80 3.117 0.002
Hospitalization time (d) 18.55± 4.85 16.71± 5.31 1.934 0.056

Table 3: Cognitive function at different time periods.

Before operation 6 hours after operation 1 day after operation 3 days after operation 7 days after operation
GA group (n� 55) 27.6± 2.83 21.77± 2.21 22.28± 2.51 26.45± 2.31 27.28± 2.21
Joint group (n� 60) 27.74± 2.69 23.58± 2.46 24.51± 2.58 27.09± 2.43 27.71± 2.11
t 0.272 4.173 4.691 1.000 1.067
P value 0.780 0.001 0.001 0.423 0.288
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Figure 1: Indices of stress responses. (a) After operation, EPI level in the joint group decreased slightly and was lower than that in the GA
group. (b) After operation, Cor level in the joint group increased slightly, but was lower than that in the GA group. (c) After operation, NE
level in the joint group increased slightly, but was lower than that in the GA group. Note. ∗ indicates a difference between two groups
(P< 0.05).
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postoperative cognitive dysfunction and stress responses of
elderly patients undergoing liver cancer surgery, with low
incidence of postoperative adverse reactions. ,erefore,
combined anesthesia, such as combined epidural anesthesia
and general anesthesia can significantly reduce the post-
operative cognitive dysfunction of the elderly patients un-
dergoing liver cancer surgery.

Data Availability

,e datasets used and/or analyzed during the present study
are available from the corresponding author on reasonable
request.
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Ginsenoside Rh2 is considered as a new direction for future cancer treatment because of its excellent anticancer effect. However,
due to its low bioavailability, it cannot exert its significant anticancer effect when applied directly to the human body. Chitosan
(CS), a nanomaterial, has been verified to be able to enhance drug efficacy via its coating for drugs.*us, we designed this study to
investigate the impact of CS-coated ginsenoside Rh2 on the metastasis and growth of colon cancer (CC). First, ginsenoside Rh2
chitosan tripolyphosphate (CS-Rh2-TPP) nanoparticles (NPs) were constructed, and MTT, transwell, scratch adhesion, and flow
cytometry assays were carried out for determining the impact of CS-Rh2-TPP at various concentrations on growth, metastasis,
and apoptosis of colon cancer cells (CCCs). qRT-PCR was used to detect the expression of mircoRNA-491 (miR-491) in CCCs.
According to TEM-based image analysis, CS-Rh2-TPPNPs were spherical or spheroidal in even distribution, with a particle size of
about 220mm and a zeta potential of −44.58± 2.84mV. Additionally, CCCs presented lowermiR-491 than normal colon cells, and
its relative expression in CCCs showed a stronger increase after intervention of CS-Rh2-TPP than that after intervention of
ginsenoside Rh2. Moreover, CS-Rh2-TPP suppressed the activity, invasion, as well as migration of CCCs and accelerated their
apoptosis more significantly than ginsenoside Rh2. According to these results, CS-Rh2-TPP is able to upregulate miR-491 in
CCCs, thus suppressing the metastasis and growth of CC.

1. Introduction

Due to changes in diet and living structure, gastroentero-
logical diseases present a rising incidence, and colon cancer
(CC) is a common one with a comparatively high global
incidence [1]. *e survey shows that the global incidence of
CC is about 6.1% at present. Each year witnesses over 1
million new cases of CC and over 550,000 new deaths from
the cancer [2]. *erefore, clinical efforts have been devoted
to find solutions. *e unfavorable prognosis of patients with
CC is mainly caused by the difficulty in early clinical
screening of CC and the lack of special clinical symptoms of
early CC [3]. In fact, most patients have already entered the
middle or late stage at the time diagnosis due to their lack of
medical and health knowledge, resulting in the missing of
the optimal timing for surgical treatment [4]. At this time,
the tumor is usually accompanied by metastasis and

invasion, and the commonly used clinical treatment schemes
(surgery or combined chemoradiotherapy) generally cannot
achieve the best effect of tumor resection [5].

Ginsenoside Rh2 is a primary active substance extracted
from Ginseng, with potent pharmacological effects [6]. Its
clinical impacts known so far include immunomodulatory
activity and increasing cognitive ability [7]. It also plays a
crucial part in antioxidant and antitumor activities [8].
According to studies, ginsenoside Rh2 suppresses angio-
genesis in patients with prostate cancer through targeting
CNNM1 [9] and accelerates the apoptosis of cervical cancer
cells during starvation [10]. Additionally, ginsenoside Rh2
has been verified to affect tumors via miRs [11]. MicroRNA
(miR) is a research focus in various fields. As a noncoding
short-chain RNA in eukaryotes with about 22 nt in length,
miR can regulate many intercellular signals via regulation on
target genes by binding to downstream target genes 3’ UTR,
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5’ UTR, and coding regions [12]. miR-491, a newly dis-
covered miR, shows low expression in cases with CC
according to one early study [13]. Another study [14]
revealed that ginsenoside Rh2 can inhibit the growth of lung
cancer (LC) via miR-491.

*anks to the continuous advancement of medical
technology, nanomedicine has attracted extensive applica-
tion in clinical practice [15]. As a polymer colloid particle
system (10–500 nm in diameter), NPs have been extensive
used in carrying and delivering bioactive substance [16].
Chitosan (CS) is a biomaterial made by deacetylation of
chitin from shrimps and crab, with favorable antibacterial
and antiviral properties [17]. In one recent study, ginse-
noside Rh2-CS NPs have been revealed to suppress the
activity of LC cells [18]. However, whether it possesses the
same effect in CC is still under investigation.

Accordingly, this study primarily investigated the impact
of ginsenoside Rh2-CS NPs on the growth and metastasis of
colon cancer cells (CCCs).

2. Materials and Methods

2.1. Preparation of CS NPs. *e preparation of ginsenoside
Rh2 chitosan tripolyphosphate (CS-RH2-TPP) nano-
particles (NPs) was carried out by referring to the study of
Zare-Zardini et al. [19]. CS (4mg, Shandong AK Biotech Co.,
Ltd., China) was stirred in 1% acetic acid (4mL, Sigma-
Aldrich, Merck KGaA) until it was completely dissolved, and
then, the PH was adjusted to 5 with 2mol/L NaOH. Gin-
senoside Rh2 (1.2mg, Zhejiang Yake Pharmaceutical Co.,
Ltd., China) was weighted and dissolved in methanol, which
was then dripped into CS solution at 20 drops/min. Af-
terwards, equal volume of TPP solution was added dropwise
and stirred for 30min crosslinking reaction, followed by
filtering via a 0.45 μm filter membrane and freeze drying.
Finally, the obtained substance was stored at 4°C.

2.2. Identification of CS NPs. A transmission electron mi-
croscope (TEM, Beijing Precise Instrument Co., Ltd., China)
was adopted to observe the microscopic morphology of CS
NPs. Specifically, 1.0mL solution was put on a carbon-
coated copper grid, restained with phosphotungstic acid
(Sigma-Aldrich, Merck KGaA), and then evaluated under a
TEM after drying. Subsequently, 1.5mL solution was made
to penetrate a 0.22 μmmicroporous membrane, followed by
analysis via a Malvern particle size analyzer (Zhuhai OMEC
Instruments Co., Ltd., China) for understating the particle
size and distribution.

2.3. Cell Culture. SW480 and SW620 cells (CCCs) were
selected, and FHC cells (normal human colonic epithelial
mucosal cells) were adopted as controls, all of which were
offered by the American Type Culture Collection. *e above
cells were incubated (37°C, 5%CO2) in 10% fetal bovine
serum (FBS) + 1% penicillin/streptomycin-contained
DMEM (Gibco).

2.4. MTT Assay. Cell viability was detected by MTT assay.
Specifically, the transfected cells were transferred to a 96-
well plate (2∗105 cells/well) after resuspension and cultured
at room temperature for 24 h. *en, the plate was treated by
24 h of incubation with CS-Rh2-TPP or ginsenoside Rh2 at
various concentrations (5, 10, and 20 μg/mL), followed by
4 h of incubation with 20 μLMTTcomplete medium per well
(*ermo Fisher Scientific, USA), as well as 10min mixing at
492 nm with complete medium replaced by 200 μL DMSO.

2.5. Transwell Assay. A transwell assay (Corning, USA) was
conducted to understand the impact of CS-Rh2-TPP/gin-
senoside Rh2 on the invasion of CCCs. Specifically, a
Matrigel-coated transfer chamber with an 8 μm porous
polycarbonate membrane was adopted. Totally, 100 μL
DMEM (serum-free) suspended with 5×104 cells were
transferred to 500 μL FBS-contained DMEM together with
cell culture insert, followed by 24 h of incubation with CS-
Rh2-TPP or ginsenoside Rh2 at various concentrations (5,
10, and 20 μg/mL). Afterwards, noninvasive cells on the
upper surface of the membrane were scraped off, while the
remaining was treated by immobilization via 4% parafor-
maldehyde and dyeing with 1% crystal violet. Finally, under
an optical microscope, cells in a randomly selected area were
counted.

2.6.Wound-Healing Assay. To investigate the impact of CS-
Rh2-TPP/ginsenoside Rh2 on the migration of CCCs, a
wound-healing assay was conducted. Specifically, in a 6-well
plate seeded with 4×105 cells, two parallel wounds were
created in the cell monolayer with a 10 µl pipette tip at the
cell confluence of over 90%.*en, PBS was adopted for twice
washing of the cell fragments that were then subjected to
incubation in serum-free DMEM and then to 24 h of in-
cubation with CS-Rh2-TPP or ginsenoside Rh2 (5, 10, and
20 μg/ml) at different concentrations. Finally, cell images
were taken with one optical microscope (×200), followed by
calculation of the wound width by a standard caliper.

2.7. Flow Cytometry Assay. *e impact of CS-Rh2-TPP/
ginsenoside Rh2 on the apoptosis of CCCs was determined
with an Annexin V-APC kit (Shanghai Yeasen Biotech-
nology Co., Ltd., China). CS-Rh2-TPP or ginsenoside Rh2 at
various concentrations (5, 10, and 20 μg/mL) were put into
CCCs for 24 h of incubation, and the collected cells were
determined via a FACS Calibur flow cytometer (BD Bio-
sciences). CCCs collected via EDTA-free trypsin were sus-
pended in binding buffer after two times of washing with
cold PBS, followed by 15min of dyeing with Annexin
V-FITC and propidium iodide (PI). Finally, the proportion
of apoptotic cells (Annexin V-FITC positive) in the total
number of counted cells was calculated.

2.8. qRT-PCR Assay. After extraction of total RNA from
collected cells with a TRIzol kit (*ermo Fisher Scientific,
USA), its concentration, purity, as well as integrity were
confirmed with an ultraviolet spectrophotometer and agarose

2 Journal of Oncology



gel electrophoresis. *en, the total RNA was reverse tran-
scripted to complementary DNA (cDNA) in strict accordance
with the kit (*ermo Fisher Scientific, USA) instructions. *e
amplification system: 1 μL cDNA, 0.4 μL upstream and
downstream primers, respectively, 10 μL 2×TransTaq® Tip
Green qPCR SuperMix, 0.4 μL passive reference dye (50X),
and ddH2O added for volume adjustment (20 μL in total); the
amplification conditions: conditions for PCR reaction: 94°C
for 30 s, followed by 40 cycles of 94°C for 5 s and 60°C for 30 s.
Each sample was determined three times with three duplicate
wells, and the obtained data were analyzed via 2−△△ct (in-
ternal reference of miR: U6).

2.9. Statistical Analyses. In our study, GraphPad 8 was
adopted for data analysis and data visualization into cor-
responding figures. Measurement data were presented by
mean± SD; the intergroup comparison was carried out via
the independent-samples t-test, and the multigroup com-
parison was conducted by the one-way ANOVA (expressed
in F) and LSD-t post hoc test. Additionally, the comparison
of data at various time points was performed by the repeated
measures ANOVA (expressed in F), and their post hoc
comparison by the Bonferroni post hoc test. P< 0.05 denotes
a remarkable difference.

3. Results

3.1. Identification of CS NPs. In our study, the constructed
CS-Rh2-TPP NPs were identified first. According to TEM-
based image analysis, CS-Rh2-TPP NPs were spherical or
spheroidal in even distribution, with a particle size of
220mm (Figure 1), negatively charged surface, and zeta
potential of −44.58± 2.84mV.

3.2. MiR-491 in CCCs. We analyzed the expression of miR-
491 in CCCs based on the TCGA database through Starbase
online and found that it was downregulated in CCCs
(Figure 2(a)). We also quantified miR-491 in CCCs via a
qRT-PCR assay. It was found that the expression of miR-491
in CCCs was significantly lower than that in normal colon
cells, which indicates its low expression in cases with CC
(Figure 2(b)).

3.3. Impact of CS-Rh2-TPP on miR-491 in CCCs. We have
quantified miR-491 in cases with CC through the above
assay. *en, we evaluated the impact of CS-Rh2-TPP/gin-
senoside Rh2 on miR-491 in CCCs. According to the qRT-
PCR assay, miR-491 in cases with CC increased more no-
tably with the increase of their concentration, and the in-
crease was more significant under the intervention of CS-
Rh2-TPP than that under the intervention of ginsenoside
Rh2 (Figure 3). *e results suggest that CS-Rh2-TPP has a
more significant effect on miR-491 in CCCs.

3.4. Impact of CS-Rh2-TPP on Cell Activity. For the purpose
of exploring the impact of CS-Rh2-TPP on cell activity, we
adopted CS-Rh2-TPP/ginsenoside Rh2 at various

concentrations to intervene with CCCs. According to the
MTTassay, the cell viability was more notably suppressed as
their concentrations increased, and the suppression was
stronger under intervention of CS-Rh2-TPP than that of
ginsenoside Rh2 (Figure 4).

3.5. Impact of CS-Rh2-TPP on Cell Invasion and Migration.
*is study also evaluated the impact of CS-Rh2-TPP/gin-
senoside Rh2 on the invasion and migration activities of
CCCs. According to assay results, under intervention of CS-
Rh2-TPP/ginsenoside Rh2, the invasion and migration ac-
tivities of CCCs were increasingly inhibited as the con-
centration of CS-Rh2-TPP/ginsenoside Rh2 increased.
Moreover, the intergroup comparison showed that the effect
of CS-Rh2-TPP on the invasion and migration activities of
CCCs was stronger than that of ginsenoside Rh2
(Figures 5(a) and 5(b)).

3.6. Impact of CS-Rh2-TPP on Apoptosis of CCCs. We also
evaluated the impact of CS-Rh2-TPP on the apoptosis of
CCCs. According to assays, the apoptosis of CCCs increased
more notably as the concentration of CS-Rh2-TPP/ginse-
noside Rh2 increased, and CS-Rh2-TPP exerted a more
notable promotion effect on the apoptosis of CCCs than
ginsenoside Rh2 (Figure 6).

4. Discussion

CC is the most common digestive tract malignancy, but its
mechanism is still under investigation. In our study, gin-
senoside Rh2 suppressed the growth and metastasis of CCCs
and the constructed CS-Rh2-TPP exerted a more notable
inhibitory action, so CS-Rh2-TPP is expected to be a clinical
therapy scheme for CC.

Ginseng is a Chinese herbal medicine widely found in
Asian countries, with various beneficial properties, includ-
ing anti-inflammatory, antioxidation, and anticancer ac-
tivities [20]. Ginsenoside Rh2, the primary active extract of
Ginseng, is considered as a broad anticancer agent [21].
According to one study [22], ginsenoside Rh2 has the ad-
vantages of low toxicity, low molecular weight, and good fat

Figure 1: CS-Rh2-TPP nanoparticle morphology.
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solubility. And its ability to inhibit the proliferation and
migration of tumor cells and angiogenesis has been well
documented [23]. One study [24] reported that ginsenoside
Rh2 affected tumorigenesis through regulating encoded
proteins or encoded RNAs [24]. MiR-491, a newly discov-
ered miR, has been shown to inhibit the metastasis and
growth of LC [25], bladder cancer [26], and gastric cancer
[27]. One study by Lu et al. [28] revealed the anticancer role
of miR-491 in colorectal cancer by targeting IGF2 [28]. In
our study, ginsenoside Rh2 did lower the activity of CCCs,
and under its intervention, the cells presented higher miR-
491 and weaker growth and metastasis activities. *e results
suggest the ability of ginsenoside Rh2 to regulate the me-
tastasis and growth of CCCs via miR-491.

Nanomedicine is one of the research hotspots in recent
years and has made outstanding contributions to medical
therapy and diagnosis [29]. Drugs coated by nanomaterials
have been found to have higher efficacy and less loss during
circulation [30]. For instance, solid lipid NPs and those
coated by CS are promising tools for silybin delivery [31],
and methotrexate-loaded fucoidan/CS NP has anti-inflam-
matory potential and enhanced skin permeability [32]. CS,
as the product of N-deacetylation of chitin, has the ad-
vantages of nontoxicity, bacteriostasis, lipid-lowering, and
anticancer properties. Reportedly, drugs coated by CS
possess stronger efficacy against cancer than such drugs
without coating [33]. For instance, doxorubicin/cisplatin
combined with hyaluronic acid/CS NPs boosts the efficacy of

hsa-miR-491-5p with 450 cancer and 8 normal
samples in COAD

Data Source: starBase v3.0 project
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synergistic combination chemotherapy for breast cancer
[34]. CS-capped ZnO NPs have specific apoptosis induction
ability via P53 activation and G2/M arrest in breast cancer
cells [35]. In our study, we constructed CS-Rh2-TPP ma-
terials and found through assays that compared with gin-
senoside Rh2, CS-Rh2-TPP exerted a stronger effect in
inducing the apoptosis of CCCs, suppressing their activity,
migration, and invasion, and upregulating miR-491 in them.
*e above data show that the anticancer effect of CS-Rh2-
TPP is stronger than that of ginsenoside Rh2 alone. As the
disease with the highest mortality at present, the main
clinical treatment of malignant tumor is still surgery or
combined chemoradiotherapy, but the prognosis of patients
is not optimistic. With the deepening of research, there is
consensus at home and abroad that molecular antitumor will
be the key to conquering tumors in the future. On this basis,
more and more studies have pointed out that a variety of
drugs can inhibit the occurrence and development of tumors
throughmolecular pathways. Among them, ginsenoside Rh2
has this effect. However, ginsenoside Rh2 cannot play its
excellent anticancer effect in human body due to its low
bioavailability and fast metabolism. *erefore, how to solve
this problem has become a hotspot and difficult point in
clinical research. In this experiment, CS-RH2-TPP NPs were
prepared and achieved a significantly better inhibitory effect
on CC than ordinary ginsenoside Rh2. *is indicates that
CS-RH2-TPP NPs have great clinical application prospects
in the future, which can effectively address the application
limitations at the present stage and provide new ideas and
directions for the treatment of CC, rendering an important
guarantee for the prognosis of patients.

However, our study still has its limitations. For instance,
it has just determined the impact of CS-Rh2-TPP on bio-
logical function of CCCs. In addition, it is an in vitro ex-
periment, so whether CS-Rh2-TPP has such effect on animal
models needs further experimental support. *erefore, we
hope to further carry out assays to improve our conclusions
in the future.

5. Conclusion

To sum up, CS-coated ginsenoside Rh2 can upregulate miR-
491 in CCCs, thus suppressing the growth and metastasis of
CC.
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Purpose. Hepatocellular carcinoma (HCC), a malignant tumor that exists worldwide, has a high morbidity and mortality rate.
Previous studies have reported that lncRNA NR2F1-AS1 plays a critical role in several cancers. Here, we aimed to investigate the
biological function of NR2F1-AS1 and its molecular mechanism in the migration and invasion of HCC. Methods. Quantitative
real-time PCR (qRT-PCR) was performed to analyze NR2F1-AS1 expression in HCC..e biological function was investigated by
transwell invasion and migration assays. .e protein level was identified by Western blot. In addition, the downstream targets of
NR2F1-AS1 and miR-642a were confirmed by luciferase reporter assays. Results. NR2F1-AS1 was significantly upregulated in
HCC and associated with the poor prognosis of HCC patients. Biological function experiments revealed that the silence of NR2F1-
AS1 suppressed cell invasion and migration in HCC. More importantly, NR2F1-AS1 directly interacted with miR-642a and
negatively regulated miR-642a. DEK was the target of miR-642a, and NR2F1-AS1 positively regulated DEK expression by
suppressing miR-642a. Conclusion. Taken together, it is the first time we discovered the interaction of NR2F1-AS1 with miR-642a
in modulating HCC cell invasion and migration.

1. Introduction

Hepatocellular carcinoma (HCC) is the most common type
of primary liver cancer, which initiates in hepatocytes and
has a high mortality rate [1, 2]. Surgical resection has been
considered the most effective therapy for HCC; however, it
may produce new metastases [3]. .erefore, it is becoming
more and more urgent to explore the molecular mechanism
for the treatment of HCC.

Long noncoding RNAs (lncRNAs), as a new epigenetic
regulatory molecule, have received wide attention in various
cellular and biological processes. And dysregulation of
lncRNAs is closely related to tumorigenesis, metastasis, and

apoptosis by competing for corresponding miRNAs [4].
Recently, lncRNAs have been found to be critical regulators
in HCC [5, 6]. For instance, lncRNA OTUD6B-AS1 was
highly expressed in HCC and associated with HCC patients’
prognosis. Moreover, silencing OTUD6B-AS1 inhibited
HCC proliferation and invasion through the Wnt/β-catenin
pathway [7]. lncRNAHCG18 was discovered to be increased
in HCC and facilitated the progression of HCC via the miR-
214-3p/CENPM axis [8]. Recently, a novel lncRNA, NR2F1
antisense RNA 1 (NR2F1-AS1), was functionally identified
[9]. Mounting evidence has discovered that NR2F1-AS1
played a critical role in the development of various cancers,
including colorectal cancer [10], breast cancer [11], and
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esophageal squamous cell carcinoma [12]. However, the
biological role of NR2F1-AS1 and the detailed mechanism in
HCC cell invasion and migration are yet to be explored.

In this study, NR2F1-AS1 expression was detected in
HCC tissues and its correlation with prognosis. Further-
more, the significance and molecular mechanism of NR2F1-
AS1 were measured in HCC cell invasion andmigration..e
findings demonstrated that NR2F1-AS1 was highly
expressed in HCC tissues and associated with the prognosis
of HCC patients. Moreover, the results elucidated that
NR2F1-AS1 enhanced HCC progression via modulating the
miR-642a/DEK axis, which strengthened understanding of
HCC pathogenesis and the development of effective
therapies.

2. Methods

2.1. Clinical Samples. Pairs of HCC tumor tissues (n� 36)
were taken from patients who received hepatectomy at
Weifang People’s Hospital, Weifang, Shandong, China. All
patients had not received any preoperative chemotherapy or
radiotherapy before surgery. .is study was approved by the
Ethics Committee of the Weifang People’s Hospital, Wei-
fang, Shandong, China, and all patients gave informed
written consent in advance. .e collected samples were
stored at −80°C for further use.

2.2. Cell Culture and Cell Transfection. Human HCC cell
lines (Huh7 and SK-Hep-1) and normal liver cell line HL-
7702 were obtained from Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). All cells were cultured in
DMEM (Gibco, CA, USA) supplemented with 10% FBS with
5% CO2 at 37°C. .e shRNAs targeting NR2F1-AS1 (sh-
NR2F1-AS1) were used to decrease NR2F1-AS1 expression.
miR-642a mimic or inhibitor, obtained from Shanghai R&S
Biotechnology Co. (Shanghai, China), was used to increase
or decrease miR-642 expression. Lipofectamine® 2000
(Invitrogen, CA, USA) was carried out to perform the
transfections for 48 h.

2.3. Quantitative Real-Time PCR (qRT-PCR). Isolation of
total RNA from HCC tissues or cells was carried out with
TRIzol reagent (Invitrogen, NY, USA). cDNA was synthe-
sized using a specific reverse transcription kit (.ermo
Fisher). QRT-PCR was performed with SYBR Green
(.ermoFisher, MA, USA). U6 or GAPDHwas applied as an
internal control. .e relative quantitation of gene ex-
pressions was performed using the 2 −ΔΔCt method.
Primers used in this study are listed as follows: NR2F1-
AS1-F: 5′-CAGCGGTGCAAACCATGTGC-3′; NR2F1-
AS1-R: 5′-GTAAACCAAGTCGGTTGAACG-3′; miR-
642a-F: 5′-GCGGTCCCTCT CCAAATGT-3′, miR-642a-
R: 5′-AGTGCAGGGTCCGAGGTATT-3′; U6-F: 5′-CTC
GCTTCGGCAGCACA-3′, U6-R: 5′-AACGCTTCACGA-
ATTTGCGT-3′; DEK-F: 5′-TGTTAAGAAAGCAGATA-
GCAGGACC-3′; and DEK-R: 5′-ATTAAAGGTTCAT
CATCTGAACTATCCTC-3′.

2.4.Western Blot Assay. 50 μg protein lysates were separated
by SDS-PAGE and then transferred to PVDF membranes.
Afterwards, the membranes were blocked with 5% skimmilk
for 2 h at room temperature and incubated with primary
antibodies overnight at 4°C. After incubating with a sec-
ondary antibody for 2 h at room temperature, the protein
bands were visualized by an ECL kit. GAPDH was used as
the loading control.

2.5. Transwell Assay. For the migration experiment, HCC
cells were seeded into the upper chamber of a transwell
insert, and the lower chamber was fixed with a medium with
20% FBS. For the invasion experiment, the upper chamber
was coated with Matrigel, and the lower chamber contained
a 20% FBS medium. After incubation for 48 h, the cells were
fixed, stained, and then counted under a microscope.

2.6. RNA Immunoprecipitation (RIP) Assay. After transfec-
tionwithmiR-642amimic or inhibitor for 48h,Huh7 cells were
lysed with RIP lysis buffer and incubated with RIP immuno-
precipitation buffer mixed with magnetic beads conjugating
human anti-Argonaute 2 (Ago2) antibody or negative control
mouse IgG (Millipore, MA, USA). Acquired RNAs were an-
alyzed by qRT-PCR. IgG served as control in the RIP assay.

2.7. Luciferase Reporter Assay. .e wild and mutant types of
NR2F1-AS1 or DEK containing the binding site for miR-
642a were cloned into pGL3 reporter vectors, designed as
pGL3-NR2F1-AS1-WT and pGL3-NR2F1-AS1-MuT or
pGL3-DEK-WT and pGL3-DEK-MuT, and then, they were
transfected into Huh7 cells with miR-642a mimic/inhibitor
for 48 h using Lipofectamine 2000.

2.8. Statistical Analysis. Independent repetitions of experi-
ments were performed three times. .e data were presented
as means± SD. .e differences were analyzed using two-
tailed Student’s t-tests or Turkey’s post hoc tests in one-way
ANOVA. Statistical analysis was performed using SPSS
Statistics 20.0 software. P< 0.05 was considered statistically
significant.

3. Results

3.1. NR2F1-AS1 Was Highly Expressed in HCC Tissues. To
investigate the significance of NR2F1-AS1 in HCC, the
expressional level of NR2F1-AS1 was first measured in 36
matched pairs of HCC tissues using the qRT-PCR assay.
Results displayed that NR2F1-AS1 was highly expressed in
HCC tumor tissues when compared to adjacent nontumor
tissues (Figure 1(a)). .e median value of NR2F1-AS1 ex-
pression was used as the cutoff point to divide NR2F1-AS1
expression into high and low expression of NR2F1-AS1.
HCC patients with low NR2F1-AS1 expression exhibited
high overall survival, while those with high NR2F1-AS1
expression showed low overall survival (Figure 1(b)). Fur-
thermore, NR2F1-AS1 was increased in HCC cells in
comparison with normal HL-7702 cells (Figure 1(c)). .ese
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results demonstrated that NR2F1-AS1 was closely related to
the prognosis of HCC patients and might take part in HCC
progression.

3.2. Knockdown of NR2F1-AS1 Inhibited HCC Cell Invasion
andMigration. Next, the functional significance of NR2F1-
AS1 was explored in Huh7 and SK-Hep-1 cells. NR2F1-AS1
expression was downregulated after transfection with
shRNA-NR2F1-AS1 in both two HCC cells (Figure 2(a)).
Transwell migration assay manifested that HCC cells mi-
gration was decreased in the sh-NR2F1-AS1 group when
compared to the control group (Figure 2(b)). Moreover,
decreasing NR2F1-AS1 attenuated the invasion of HCC cells
compared to the control group (Figure 2(c)). .ese results
indicated that the silence of NR2F1-AS1 suppressed HCC
cell invasion and migration.

3.3.NR2F1-AS1Directly InteractedwithmiR-642a. .en, the
underlying molecular mechanism of NR2F1-AS1 in Huh7
cells was further studied. .e starBase database predicted
miR-642a as a target of NR2F1-AS1 (Figure 3(a)). MiR-
642a expression was increased or decreased after trans-
fection with miR-642a mimic or inhibitor in Huh7 cells by
qRT-PCR (Figure 3(b)). Luciferase reporter assay was then
performed to validate this prediction, followed by RIP

assay. Luciferase reporter assay discovered that miR-642a
mimic reduced, while miR-642a inhibitor increased
NR2F1-AS1-WT’ luciferase activity. However, neither
miR-642a mimic nor inhibitor showed any effect on
NR2F1-AS1-MuT’ luciferase activity (Figure 3(c)). RIP
results displayed that NR2F1-AS1 and miR-642a expres-
sions were elevated in the anti-Ago2 group versus the
control group (Figure 3(d)). .en, qRT-PCR was applied to
investigate the correlation of NR2F1-AS1 with miR-642a,
and the findings exhibited that overexpression of NR2F1-
AS1 significantly decreased miR-642a expression, while
knockdown of NR2F1-AS1 markedly increased miR-642a
expression in both two HCC cells (Figure 3(e)), indicating a
negative correlation of NR2F1-AS1 with miR-642a. .en,
miR-642a expression was detected in HCC tissues, and the
findings displayed that miR-642a was underexpressed in
HCC tissues versus nontumor tissues (Figure 3(f )). Pear-
son’s correlation analysis discovered that NR2F1-AS1 was
inversely associated with miR-642a in HCC tissues
(Figure 3(g)). .ese results suggested that NR2F1-AS1
directly targets miR-642a in HCC.

3.4. NR2F1-AS1 SpongedmiR-642a toModulate Cell Invasion
and Migration in HCC. Next, the impact of miR-642a on
NR2F1-AS1-regulated cell invasion and migration was in-
vestigated in HCC cells. Huh7 and SK-Hep-1 cells were
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Figure 1: NR2F1-AS1 highly expressed in HCC. (a) High expression of NR2F1-AS1 detected in HCC tumor tissues (n� 36). (b) Lower
survival of HCC patients with high NR2F1-AS1 expression than (n� 18) with low NR2F1-AS1 expression (n� 18). (c) High expression of
NR2F1-AS1 measured in HCC cell lines. ∗∗P< 0.01.
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transfected with sh-NR2F1-AS1 or combined withmiR-642a
inhibitors. Transwell migration results displayed that the
migration of HCC cells reduced by sh-NR2F1-AS1 could be
rescued by incorporating miR-642a inhibitor (Figures 4(a)
and 4(b)). Moreover, the transwell invasion assaymanifested

that the sh-NR2F1-AS1 effect onHCC cells invasion was also
partly restored by combining with miR-642a inhibitor
(Figures 4(c) and 4(d)). .ese results demonstrated that
NR2F1-AS1 modulated HCC cell migration and invasion
through miR-642a.
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Figure 2: Knockdown of NR2F1-AS1 suppressing cell invasion andmigration in HCC. (a) NR2F1-AS1 expression significantly inhibited by
sh-NR2F1-AS1 in Huh7 and SK-Hep-1 cells. (b) HCC cells migration suppressed by transfection with sh-NR2F1-AS1. (c) HCC cells
invasion repressed by transfection with sh-NR2F1-AS1. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001.
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3.5. NR2F1-AS1-Regulated DEK through miR-642a in HCC
Cells. TargetScan Human 7.2 was applied to predict the
potential target genes of miR-642a, and DEK was found to
own a binding site for miR-642a (Figure 5(a)). .en, the
luciferase assay was carried out to confirm this prediction
further, and results discovered that DEK-WT’ luciferase
activity was remarkably inhibited by miR-642a mimic in
Huh7 cells, but not in the DEK-MuT group (Figure 5(b)),
indicating that DEK was a downstream target of miR-642a.
More importantly, DEK expression was inhibited by miR-
642a mimic, while enhanced by miR-642a inhibitor using
qRT-PCR and Western blot assays (Figures 5(c) and 5(d)).
Afterwards, the relationship between NR2F1-AS1, miR-
642a, and DEK was explored, and results showed that DEK
expression increased by miR-642a inhibitor could be re-
duced by sh-NR2F1-AS1 (Figures 5(e) and 5(f)), indicating
that NR2F1-AS1 facilitated DEK expression via suppressing
miR-642a.

4. Discussion

Hepatocellular carcinoma is one of the most common causes
of cancer-related death globally [13]. Recently, lncRNA
profile analysis and functional analysis of various types of
cancer have provided more and more evidence that lncRNA
plays a critical role in tumor growth and development [14].
lncRNA is considered to be a new diagnostic biomarker,
effective prognostic predictor, and attractive therapeutic
target for HCC through interactions with cellular macro-
molecules, such as proteins and mRNAs [15, 16]. .us, it is
critically called for to understand the molecular mechanism
of lncRNAs in HCC progression.

Prior research confirmed that lncRNA NR2F1-AS1
modulated the pathological progressions of tumors. For
instance, NR2F1-AS1 was overexpressed in tumor tissues
and involved in endometrial cancer development [17].
NR2F1-AS1 knockdown inhibited thyroid cancer progres-
sion in vitro and in vivo [18]. Liet al. discovered that NR2F1-
AS1 was highly expressed in osteosarcoma and exhibited an
oncogene role in OS development [19]. In this study, we

found that NR2F1-AS1 was increased in HCC tissues and
associated with the prognosis of HCC patients. Moreover,
HCC cell migration and invasion were inhibited distinctly by
sh-NR2F1-AS1. .ese results suggested that NR2F1-AS1
may also play an oncogenic role in HCC.

Accumulating evidence has discovered that lncRNAs
exhibited key roles in tumors by sponging miRNAs [20, 21].
In HCC, lncRNA H19 was discovered to promote cell
proliferation, invasion, and migration yet suppressed cell
apoptosis through miR-520a/LIMK1 axis [22]. Upregulation
of CASC15 enhanced the tumorigenicity and epithelial to
mesenchymal transition of HCC by increasing TWIST1 gene
expression via miR-33a-5p sponging [23]. Xiao et al. found
that LINC01123 sponges miR-34a-5p to promote cell pro-
liferation and invasion in HCC through modulating TUFT1
[24]. To identify NR2F1-AS1’s underlying mechanism in
HCC, the bioinformatics analysis was applied to screen the
potential targets of NR2F1-AS1 and found that miR-642a
served as the candidate target. Luciferase reporter assay and
RIP assay further confirmed miR-642a was a direct target of
NR2F1-AS1. Moreover, we observed that NR2F1-AS1
negatively regulated miR-642a expression. Importantly,
miR-642a inhibitor could rescue the sh-NR2F1-AS1 effect
on HCC cell invasion and migration.

DEK is a potential biomarker and oncogene, which is
reported in many cancers [25–27]. DEK was found to in-
volve in the development of pancreatic cancer as a target of
miR-200a [28]. Also, miR-1292 inhibited gastric cancer cell
growth, migration, and invasion via targeting DEK [29].
However, whether DEK served as the target of miR-642a
was not reported until now. In this study, we found that
DEK served as the direct target of miR-642a following the
luciferase and RIP assays. Prior research has shown that
abnormal expression of DEK exists in various tumors. For
instance, DEK was significantly elevated in pancreatic
cancer and cervical cancer [30, 31]. Soo Yeon Lee et al.
discovered that DEK was highly expressed in HCC, and its
high expression was associated with poor prognosis of
HCC patients [27, 32], which is consistent with our study
that DEK was increased significantly in HCC tissues. Our
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Figure 3: NR2F1-AS1 directly interacted with miR-642a. (a) .e predicted binding site between NR2F1-AS1 and miR-642a. (b) qRT-PCR
detection of the overexpression and knockdown efficiency for miR-642a. (c) .e luciferase activity of the NR2F1-AS1-WTaffected by miR-
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Figure 4: NR2F1-AS1 modulating HCC cell migration and invasion by sponging miR-642a. (a) miR-642a inhibitor increasing the cell
migration reduced by sh-NR2F1-AS1 in Huh7 and (b) SK-Hep-1 cells. (c) miR-642a inhibitor increasing the cell invasion reduced by sh-
NR2F1-AS1 in Huh7 and (d) SK-Hep-1 cells. ∗P< 0.05 and ∗∗P< 0.01.
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Figure 5: NR2F1-AS1 regulating DEK expression through miR-642a. (a) .e putative DEK binding site with miR-642a. (b) Luciferase
activities of DEK-WTor -MuTdetected after transfection with miR-642a mimic in Huh7 cells. (c) DEK mRNA expression and (d) protein
level decreased by miR-642a mimic, while increased by miR-642a inhibitor in HCC cells. (e-f ) Upregulation of DEK increased by miR-642a
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study also found that NR2F1-AS1 aggravated the ex-
pression of DEK in HCC cells by decreasing the expres-
sion of miR-642a.

.ere are some limitations to this study that we only
investigated the biological functions and mechanism of
NR2F1-AS1 in cell migration and invasion in vitro. .e
functional role of NR2F1-AS1 in vivo animal experiments is
required to explore in the future studies.

Taken together, our results demonstrated that NR2F1-
AS1 was highly expressed in HCC, and silence of NR2F1-
AS1 suppressed cell invasion and migration in HCC cells via
miR-642a/DEK axis. .e NR2F1-AS1/miR-642a/DEK axis
might provide new insights for designing promising ther-
apeutic strategies for HCC.
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Background. *e purpose of this study is to explore the correlation between the 18F-FDG PET/CT imaging maximum
standardized uptake value (SUVmax) of preoperative colon cancer primary lesions and clinicopathological factors.Methods. 88
colon cancer patients diagnosed by histopathology were collected from January 2014 to December 2015. 18F-FDG PET/CT
imaging was performed before surgery. Kaplan–Meier survival analysis was used to assess the prognosis of colon cancer
patients. Results. *e 18F-FDG PET/CT imaging SUVmax value of preoperative colon cancer primary lesion was significantly
correlated with the length of the lesion, clinical stage, histopathological type, and the degree of tumor differentiation. *e
SUVmax value of tumors with long-diameter, ≥ 3 cm, clinically high-stage, adenocarcinoma, and poorly differentiated lesions
was significantly high. In addition, the consistency between PET/CT and surgical pathological results at stage I and IV was
higher. Stage II and III PET/CTare basically consistent with the pathological results of surgery. Kaplan–Meier survival analysis
showed that the 5-year event-free survival rate of the SUVmax > 18.26 group was significantly lower than that of the
SUVmax ≤ 18.26 group. Conclusion. 18F-FDG PET/CT imaging SUVmax of preoperative colon cancer primary lesions can not
only reflect the proliferation and invasion ability but also monitor the recurrence and metastasis of colon cancer.

1. Introduction

*e incidence of colon cancer ranks third among malignant
tumors, and its mortality rate is second only to lung cancer,
liver cancer, and gastric cancer. Colon cancer is a serious
threat to human life and health [1]. With the changes in
people’s dietary habits and the intensification of population
aging, the incidence and mortality of colon cancer in China
have shown a continuous upward trend in recent years. In
addition, the incidence of colon cancer has risen to the
second place among gastrointestinal malignancies [2]. *e
main method of treating early colon cancer is surgical re-
section. Postoperative patients with advanced colon cancer
have a certain rate of recurrence and metastasis. *erefore,

early diagnosis and accurate preoperative evaluation of
clinicopathological factors are key factors that guide the
treatment and prognosis of colon cancer patients.

Currently, traditional imaging examination methods
include CT and MRI. *ey judge the lesion based on the
anatomical shape of the lesion. Sometimes, it is difficult to
distinguish between benign and malignant lesions. *ere are
limitations in judging lymph node or distant metastasis [3].
PET/CT combines the advantages of PET and CT. PET can
display the pathophysiological function of malignant tumor
lesions. CT can accurately display the anatomical structure.
PET/CT can realize the same machine fusion of morpho-
logical and functional imaging. In addition, PET/CT not
only makes up for the deficiencies of CT qualitative
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difficulties and inaccurate PET positioning but also greatly
improves the diagnostic efficiency of malignant tumors [4].
PET/CT has unique advantages over traditional imaging in
monitoring the recurrence, metastasis, and prognosis of colon
cancer [5].*emaximum standardized uptake value (SUVmax)
is a semiquantitative index of PET/CT. Understanding the
correlation between SUVmax and clinicopathological factors
can further guide clinical treatment and evaluate prognosis.

In this study, preoperative 18F-FDG PET/CT imaging data
of 88 colon cancer patients were retrospectively analyzed to
evaluate the correlation between SUVmax and clinicopatho-
logical factors. *is study can provide the basis for guiding the
treatment and prognostic follow-up of colon cancer.

2. Materials and Methods

2.1. Patients. 88 patients with colon cancer diagnosed by
histopathology participated in our research. 18F-FDG PET/
CT imaging was performed before surgery. Surgery or co-
lonoscopy histopathological examination was performed
within 2weeks after PET/CT examination. Clinical stage
refers to the TNM staging standard for colon cancer pro-
posed by the American Joint Committee on Cancer (AJCC)
and the Union for International Cancer Control (UICC) [6].
*e clinicopathological factors of 88 patients with colon
cancer are shown in Table 1.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: ①
All patients were diagnosed for the first time and were
cancers of the colon primary site. ② All patients had not

received antitumor treatment within half a year before the
examination. ③ All patients underwent 18F-FDG PET/CT
examination before operation. ④ All patients and their
families in this study signed informed consent.

Exclusion criteria: ① patients with other malignant
tumors;② pregnant, breastfeeding, or diabetic patients; and
③ patients with incomplete data.

2.3. PET/CT Examination. Before the examination, the
patient fasted for 4–6 hours. Fasting blood glucose should be
maintained below 7.1mmol/L. After injecting 18 F-FDG into
the elbow vein at a dose of 4.0 MBq/kg, the patient rested
quietly for 50–60minutes. After the patient has passed the
urine, a regular PET/CTscan (from the top of the skull to the
middle of the femur) was performed. If necessary, the lower
limbs or soles of the feet were also scanned. *en, 6∼8 beds
were collected (3min/bed). *e tube voltage and tube
current are 120 kV and 150mA, respectively. *e layer
thickness is 3.75mm. *ree-dimensional acquisition is
performed during the PET scan, and the layer thickness is
3.25mm. *e CT data are used for attenuation correction,
and the maximum expected value iteration method of or-
dered subsets is used for image reconstruction. *e re-
construction data are uploaded to the AW4.5 workstation
for image display and data processing.

2.4. Image Analysis. Two experienced nuclear medicine
physicians observe and analyze each PET/CT image. When
the diagnosis is inconsistent, the result after discussion by 2
or more nuclear medicine doctors shall prevail. Semi-
quantitative analysis is used to select the layer with the
highest radioactive concentration of the lesion to delineate
the region of interest (ROI). Also, the system automatically
measures the SUVmax of the lesion.

2.5. PET/CT Preoperative Stage Standard. PET/CT preop-
erative staging is based on the TNM staging system for colon
cancer proposed by the American Joint Committee on
Cancer (AJCC), the Union for International Cancer Control
(UICC) [6], and other PET studies [7].

T0: no primary tumor was found.
T1∼T2: the lumen is locally thickened, but the outer wall

is still smooth. *e fat spaces around is still clear. Also, the
radioactivity of the lesion was concentrated on the PET
image (SUVmax≥ 2.5).

T3: the tube wall is locally thickened, and the lumen is
obviously narrowed. *e shape of the tube wall is irregular
and uneven. *e fat gap is not clear and fuzzy. *e primary
focus and the main lesions and affected organs or tissues
show radioactivity concentration on the PET image.

T4: the tumor breaks through the serosal layer, and the
tube wall thickens more obviously. Also, the lumen becomes
narrower. *e density of peripheral fat interstices is in-
creased, which invades the structure of adjacent organs. *e
mass and the invaded organs showed radioactivity con-
centration on the PET image.

N0: no regional lymph node metastasis was found.

Table 1: Clinicopathological information of 88 patients with colon
cancer (n).

Group n
Gender
Male 52
Female 36

Age (year)
<60 43
≥ 60 45

Tumor site
Left colon 38
Right colon 50

Lesion length (cm) I
<3 23
≥3 65

Pathological tissue type
Mucinous adenocarcinoma 22
Adenocarcinoma 66

Tumor differentiation
Well differentiated 21
Moderate differentiation 33
Poorly differentiated 34

AJCC stage
0 2
I 4
II 16
III 22
IV 44
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N1: there are 1 to 3 regional lymph node metastases. CT
shows that the long diameter of the lymph node is >1.0 cm.
*e long diameter is less than 1.0 cm, but SUVmax≥ 2.0.

N2: there are more than 4 regional lymph node
metastases.

M0: no distant metastasis was found.
M1: distant metastasis was exhibited. *e PET image of

the metastasis shows the radioactivity concentration. Also,
the shadow of the lesion can be seen on CT.

2.6. Follow-Up and Prognostic Evaluation. After initial
treatment (surgery, radiotherapy, and chemotherapy), 88
patients with colon cancer were followed up by a combi-
nation of outpatient review, telephone, and electronic
medical record system. *e follow-up end point was De-
cember 2020. *e follow-up time was 3–60months (1 time/
3–6months).

*e patients received CT, 18F-FDG PET/CT and co-
lonoscopy regularly. *e occurrence of recurrence, new
metastasis, or death is defined as an “event.” Event-free
survival refers to the absence of recurrence, new metastasis,
or death from the end of initial treatment to the end of
follow-up.

2.7. Statistical Analysis. *e data were analyzed using SPSS
22.0. Data are expressed as mean± SD. *e independent
sample t-test was used to compare the average SUVmax
between the two groups. PET/CT was calculated to deter-
mine the sensitivity, specificity, accuracy, positive predictive
value (PPV), and negative predictive value (NPV) of colon
cancer clinical stage. *e kappa test was used to evaluate the
consistency of PET/CT in the preoperative clinical stage and
pathological diagnosis. Kappa value< 0.4 indicates that the
consistency of the test results is poor. *e kappa value is
generally consistent between 0.4 and 0.75. Kappa val-
ue> 0.75 means higher consistency. *e Kaplan–Meier
method and log-rank test were used for survival analysis.
P< 0.05 indicates that the difference is statistically
significant.

3. Results

3.1. Uptake of 18 F-FDG in Primary Lesions and Metastases.
Eighty-eight colon cancer lesions uptake 18 F-FDG signif-
icantly. As shown in Figure 1, the sigmoid colon cancer
lesions significantly uptake FDG, and the SUVmax was
about 37.6. *e SUVmax of peri-intestinal metastases was
about approximately 8.4. Figure 2 shows that the SUVmax of

Figure 1: Male, 69 years old. Sigmoid colon cancer lesions significantly uptake FDG (SUVmax, 37.6). *e SUVmax of peri-intestinal
metastases was about 8.4.
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colon cancer was about 17.0. *e size of the enlarged lymph
node next to the right colon was about 10∗11mm, and the
SUVmax was about 4.6. Figure 3 showed sigmoid colon
cancer (SUVmax, 20.5) with multiple lung metastases
(SUVmax, 15.3).

3.2. (e Correlation between 18F-FDG PET/CT Imaging
SUVmax Value before Colon Cancer Surgery and Clinico-
pathological Factors. *e 18F-FDG PET/CT imaging lesion
SUVmax of colon cancer before surgery was not significantly
correlated with the patient’s gender, age, and tumor location
(P> 0.05, Table 2). But, it was closely related to the length of
the lesion, clinical stage, histopathological type, and the
degree of tumor differentiation (P< 0.01, Table 2). *e
SUVmax value of tumor with long-diameter, ≥ 3 cm, clin-
ically high-stage, adenocarcinoma, and poorly differentiated
lesions was significantly higher than that of short-diameter,
<3 cm, clinically low-stage, mucinous adenocarcinoma, and
well-differentiated tumor lesions (P< 0.01, Table 2).

3.3. Comparison of Clinical Stage Judged by 18F-FDG PET/CT
Imaging and the Pathological Stage. Taking pathological
diagnosis as the gold standard, the pathological stage results
of 88 colon cancer patients and the sensitivity, specificity,

accuracy, PPV, NPV, and kappa value of PET/CT stage are
shown in Table 3. *e consistency between PET/CT and
surgical pathological results at stage I and IV was high
(kappa� 0.789, 1.000; P< 0.05). *e consistency between
PET/CT and surgical pathological results at stage II and III
was moderate (kappa� 0.553, 0.722; P< 0.05).

3.4. (e Effect of the 18F-FDG PET/CT Imaging SUVmax
ValueofPrimaryColonCancer before Surgery on thePrognosis
of Patients. Kaplan–Meier survival analysis showed that the
5-year event-free survival rate of the 18F-FDG PET/CT
imaging SUVmax> 18.26 group (preoperative primary
colon cancer) was significantly lower than that of the
SUVmax≤ 18.26 group (x2 �14.363, P< 0.01, Figure 4).

4. Discussion

Colon cancer is one of the common malignant tumors of the
digestive system, which can easily cause metastasis. When
colon cancer has lymph node metastasis, the 5-year survival
rate of the patients drops from 75% to about 30% [8].
*erefore, it is very important to conduct accurate clini-
copathological factors analysis before colon cancer surgery.
In addition to clarifying the location, size, and nature of the
tumor lesions before surgery, it is also necessary to clarify the

Figure 2: Female, 65 years old, colon cancer (SUVmax, 17.0). *e SUVmax of enlarged lymph nodes beside the right colon (10 ∗ 11mm) is
about 4.6.
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biological behaviors such as the extent of local infiltration,
clinical stage, and the degree of lesion differentiation. Accurate
analysis of clinicopathological factors can guide individualized

treatment and optimize the treatment plan for colon cancer
patients. It also reduces the risk and complications of blind
surgery and improves the prognosis of patients [9].

Figure 3: Male, 38 years old, having sigmoid colon cancer (SUVmax, 20.5) and multiple lung metastases (SUVmax, 15.3).

Table 2: Correlation analysis between the SUVmax value of 18F-FDG PET/CT imaging and clinicopathological factors before colon cancer
surgery.

Group n SUVmax T P value
Gender

0.290 0.773Male 52 16.38± 8.12a
Female 36 15.32± 7.01

Age (year)
0.283 0.775<60 43 15.67± 6.89a

≥60 45 15.79± 7.25
Tumor site

0.501 0.623Left colon 38 16.53± 8.01a
Right colon 50 15.12± 7.32

Lesion length (cm)
8.796 P≤ 0.001∗∗<3 23 9.12± 4.31b

≥3 65 20.39± 9.63
Clinical stage

7.863 P≤ 0.001∗∗0 + I + II 16 5.35± 2.67b
III + IV 72 23.78± 9.02

Pathological tissue type
10.356 P≤ 0.001∗∗Mucinous adenocarcinoma 22 8.75± 3.54b

Adenocarcinoma 66 21.32± 9.76
Tumor differentiation

9.265 P≤ 0.001∗∗Poorly differentiated 34 25.67± 12.31b
Well and moderately differentiated 54 11.36± 5.06

∗∗P≤ 0.01.
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At present, imaging examination has become one of the
main methods for preoperative diagnosis of cancer lymph
node metastasis. Compared with other imaging methods,
CT has the characteristics of high sensitivity and specificity
in judging lymph nodemetastasis, low false positive rate, less
trauma to patients, and economical benefits [10]. Malignant
tumor cells have active metabolism and high level of gly-
colysis. 18 F-FDG uptake increases and accumulates in cells.
For small lesions, PET/CT may detect slight metabolic
changes at an early stage [11]. PET/CT imaging can detect
lesions early and immediately observe tumor cell prolifer-
ation and metabolic changes [9]. 18F-FDG PET/CT uses a
semiquantitative index SUV to reflect the metabolism of the
lesion. Also, the morphological changes of the lesions are
observed by CT. 18F-FDG PET/CTcan distinguish the nature
of lesions together [12]. 18F-FDG PET/CT is suitable for
patients of all ages, especially those who cannot undergo
colonoscopy. In addition, 18F-FDG PET/CT plays an im-
portant role in tumor localization, staging, efficacy moni-
toring, and detection of distant metastases. In recent years,

18F-FDG PET/CT has gradually been used to assess the
preoperative clinicopathological factors of colon cancer [13].
18F-FDG PET/CT realizes the simultaneous fusion of
functional metabolic imaging and anatomical morphology
imaging. One imaging can simultaneously display the dis-
tribution, morphology, and metabolic status of multiple
organs throughout the body. Its advantages in tumor di-
agnosis, stage, efficacy evaluation, and prognosis prediction
are also increasingly prominent.

PET/CTuses SUV to measure the uptake of 18 F-FDG by
colon cancer lesions, and SUVmax is usually used as an
evaluation index. Analyzing the correlation between SUV-
max and patients’ clinicopathological factors is crucial to
formulating preoperative treatment plans. *is study
showed that SUVmax was significantly related to lesion
length, clinical stage, pathological type, and histological
differentiation. Mucinous adenocarcinoma lesions require
less 18F-FDG due to more mucus. Adenocarcinoma, espe-
cially poorly differentiated adenocarcinoma, has many
malignant cells and high levels of metabolism. *erefore,
adenocarcinoma requires more 18 F-FDG [14], which has a
higher SUVmax value. In this study, the SUVmax of poorly
differentiated and adenocarcinoma lesions was significantly
higher than that of well-differentiated and mucinous ade-
nocarcinoma. Accurately judging the clinical stage before
surgery is particularly critical for guiding the choice of
surgical plan.*e National Comprehensive Cancer Network
(NCCN) diagnosis and treatment guidelines proposed that
neoadjuvant radiotherapy and chemotherapy should be
performed for patients at stage III and IV to reduce the
recurrence rate after surgery. Patients at stage I and II can be
directly operated on [15]. *e size of the lesion reflects the
proliferation ability of the tumor. *e invasion of sur-
rounding tissues, lymph nodes, or distant metastasis reflects
the tumor’s invasion ability. In this study, the SUVmax value
of tumor lesions with a long diameter, ≥ 3 cm, was signifi-
cantly higher than that of tumor lesions with a short di-
ameter, less than 3 cm. Lymph node metastasis is the most
common way of colon cancer metastasis [16]. Approxi-
mately 20% of newly diagnosed colon cancer patients have
distant metastases [17]. *e most common site of metastasis
is the liver. *e number and location of liver metastases will
affect the choice of surgical methods [18]. Previous studies
have shown that the distant metastases accuracy of CT
detection varies greatly, ranging from 55% [19] to 100% [15].
*e sensitivity of PET/CT to distant metastases is higher
than that of CT and MRI [20]. In this study, the consistency

Table 3: Comparison of results of clinical staging and pathological staging of 88 cases of colon cancer by 18 F-FDG PET/CT imaging.

PET/CT clinical stage

Postoperative
pathological clinical

stage Sensitivity (%) Specificity (%) Accuracy (%) PPV (%) NPV (%) Kappa P

0 I II III IV
I 2 4 0 0 0 100.0 97.6 97.7 66.7 100.0 0.788 <0.01
II 0 0 8 2 0 50.0 97.2 88.6 80.0 89.7 0.553 <0.01
III 0 0 8 20 0 90.1 87.9 88.6 71.4 97.1 0.722 <0.01
IV 0 0 0 0 44 100.0 100.0 100.0 100.0 100.0 100.0 <0.01
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of between PET/CTand surgical pathological results at stage
I and IV was high, and the consistency of between PET/CT
and surgical pathological results at stage II and III was
moderate. *erefore, the use of 18F-FDG PET/CT imaging
SUVmax to assess the biological behavior of colon cancer is
of great significance for guiding the choice of clinical
treatment options.

*is study also analyzed the relationship between the
SUVmax of preoperative colon cancer primary lesions and
the prognosis. *e results showed that the 5-year event-free
survival rate of the SUVmax> 18.26 group was significantly
lower than that of the SUVmax≤ 18.26 group.*erefore, the
prognosis of colon cancer patients can be evaluated based on
the SUVmax value of the primary tumor before surgery.

5. Conclusions

Exploring the correlation between preoperative 18F-FDG
PET/CT imaging SUVmax of primary colon cancer and
clinicopathological factors can guide the treatment and
prognosis evaluation of colon cancer patients.
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Purpose. Accumulating evidence indicates that miRNAs (miRs) play crucial roles in the modulation of tumors development.
However, the accurately mechanisms have not been entirely clarified. In this study, we aimed to explore the role of miR-200b in
the development of gastric cancer (GC). Methods. Western blot and RT-PCR were applied to detect epithelial-mesenchymal
transition (EMT) marker expression and mRNA expression. Transwell assay was used for measuring the metastasis and in-
vasiveness of GC cells. TargetScan system, luciferase reporter assay, and rescue experiments were applied for validating the direct
target of miR-200b. Results. MiR-200b was prominently decreased in GC tissues and cells, and its downregulation was an indicator
of poor prognosis of GC patients. Reexpression of miR-200b suppressed EMT along with GC cell migration and invasion.
Neuregulin 1 (NRG1) was validated as the target of miR-200b, and it rescuedmiR-200b inhibitory effect on GC progression. In GC
tissues, the correlation of miR-200b with NRG1 was inverse. Conclusion. MiR-200b suppressed EMT-related migration and
invasion of GC through the ERBB2/ERBB3 signaling pathway via targeting NRG1.

1. Introduction

As a malignant tumor originating from the gastric mucosa
epithelium, gastric cancer (GC) occupies the first place
among various malignant tumors in China [1, 2]. 'e vast
majority of GC belongs to adenocarcinoma, and there are no
obvious symptoms at the early stage. It is often similar to
gastritis, gastric ulcer, and other chronic gastric disease
symptoms, which are easy to be ignored.'erefore, the early
diagnosis rate of GC is still low in China [3, 4]. Although
significant improvements including surgery, radiotherapy,
and targeted therapy have been made in treating GC, most
patients will experience postoperative recurrence and me-
tastasis, leading to poor survival [5]. 'us, it is imperative to
investigate the metastatic mechanism in GC.

MiRNAs (miRs) have been proved to serve as oncogenes
or tumor suppressors via modulating the expression of
target genes at the posttranscriptional level in various tu-
mors [6, 7]. Accumulating evidence has shown that miRs

take part in many tumors development, including migration
and invasion. For example, Ye et al. displayed that down-
regulation of miR-7 facilitated GC metastasis via promoting
p65-mediated NF-κB activation [8]. Also, miR-214 was
decreased in GC, and its downregulation contributed to GC
cell migration and invasion via inducing EMT [9]. More-
over, miR-1292 suppressed GC cell invasion and migration
via DEK [10]. Furthermore, miR-200b was reported to take
part in GC development [11]. However, the molecular
mechanism of miR-200b in the modulation of GC invasion
and migration has not been fully clarified. Epithelial-mes-
enchymal transition (EMT) plays important roles in the
metastasis of various cancers, and it is an important bio-
logical process in which epidermal malignant cells acquire
the ability to migrate and invade [12–14]. 'us, under-
standing the mechanism of miR-200b in regulating EMT is
very important.

Neuregulin 1(NRG1), a member of the NRG family, is an
emerging potential oncogene in tumors [15]. NRG1 has been
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proved to participate in the progression of multiple cancers
[16, 17]. For instance, Jones et al. displayed that NRG1
played important roles in the treatment for metastatic cancer
[16]. Moreover, Yun et al. showed that NRG1 served as a
potential biomarker for prognosis and treatment of GC
patients [18]. However, the role of NRG1 in GC progression
has not been reported. NRG1 was verified as the target of
miR-125 in the regulation of the apoptosis and invasion of
glioma [19]. Besides, miR-296 targeted NRG1 to suppress
hepatocellular carcinoma progression [20]. Here, we in-
vestigated the role of NRG1 and its underlying mechanism
in the modulation of GC cell migration and invasion.

Previous studies have been reported that NRG1 played
important roles in cancers by directly binding to ERBB3
or ERBB4 and ERBB3 or ERBB4 interacts with ERBB2 or
ligand-receptor, leading to receptor phosphorylation and
signal cascade activation [21]. In the present study, we
explored miR-200b’s role in GC progression and explored
whether the ERBB2/ERBB3 signaling pathway was in-
volved in GC progression modulated by the miR-200b/
NRG1 axis.

2. Methods

2.1. Study Design. From January 2014 to December 2014, 60
patients with GC resection were recruited in the First
People’s Hospital of Lianyungang. No patients had received
preoperative chemotherapy or targeted therapy. Before
collection of tissue specimens, written informed consent
should be signed by all patients, and the ethics committee of
the First People’s Hospital of Lianyungang approved this
study. 'e GC specimens were determined by pathologists,
and they were stored at −80°C for further analysis.

2.2. Cell Culture and Cell Transfection. Two GC cell lines
(MGC-803 and BGC-823) and normal gastric epithelial cell
(GES-1) were provided by the Cell Bank of the Chinese
Academy of Science (Shanghai, China). All cells were
maintained in the RPMI-1640 medium supplemented with
10% FBS (Fatal bovine serum) at 37°C and 5% CO2.

MiR-200b mimic/inhibitor or NRG1 siRNA/vector
synthesized by RiboBio (Guangzhou, China) was transfected
into MGC-803 and BGC-823 cells, respectively. 'e trans-
fection was conducted for 48 h with the aid of Lipofectamine
2000 (Invitrogen, Carlsbad, USA) following the manufac-
turer’s instructions.

2.3.Real-TimePCR(RT-PCR)Assay. Total RNAwas isolated
by Trizol reagent (Invitrogen, Grand Island, USA). 'e
synthesis of cDNA was performed using a M-MLV Reverse
Transcriptase Kit (Invitrogen). RT-PCR was performed
using an SYBR Green Real-Time PCR Assay Kit ('er-
moFisher, Waltham, USA). 'e sequences of primers were
as follows: miR-200b-F: 5′-CACACTGAAATCCTGT-
CAGCTTC-3′, miR-200b-R: 5′- ACGUGACACGUU
CGGAGAATT-3′; NRG1-F: 5’-CGGTGTCCATGCCTTC
CAT-3’, NRG1-R: 5’-GTGTCA CGAGAAGTAGAGGTCT-
3’; U6-F: 5′-GCTT CGGCAGCACATATACTAAAAT-3′,

U6-R: 5′-CGCTTCACGAATTTGCGTG TCAT-3′; and
GAPDH-F: 5’-GGGGCTCTCCA GAACATCATCC-3’,
GAPDH-R: 5’-ACGCCTGCTTCACCACCTCTT-3’. U6
and GAPDH were served as the internal control. Relative
expression was calculated using the 2−ΔΔCt method.

2.4. Western Blotting Assay. Total protein was extracted
from cells or tissue specimens. After the proteins were
separated by SDS-PAGE, followed by transfer to NC
membranes, they were blocked with 5% skimmed milk for
1 h. Subsequently, the membranes were incubated with
primary antibodies at 4°C overnight, followed by second
antibodies for 1 h. Lastly, BeyoECL ('ermo Fisher Scien-
tific) was applied for detecting the immune complexes.
GAPDH assay served as internal control.

2.5. Transwell Assay. Transwell migration assay and
Transwell invasion assay were almost the same except for the
membranes with or without 25 µg Matrigel coating. A total
of 5×104 cells were placed onto the upper chamber, and the
complete medium containing with 5% FBS was seeded in the
lower chamber as a chemoattractant. After incubation for
24 h, the cells in the upper chamber migrated or invaded to
the lower chamber. 'e cells in the lower chamber were
stained with crystal violet, photographed, and calculated
under a light microscope.

2.6.Dual-LuciferaseReporterAssay. Firstly, we amplified the
3’-UTR of NRG1 and then cloned it into a pGL3-reporter
vector (Promega, WI, USA), named NRG1-WT.'e 3’-UTR
mutant type of NRG1 (NRG1-MUT) was generated by using
the site-directed mutagenesis kit (TaKaRa, Shiga, Japan).'e
HEK-293Tcells were cotransfected with miR-200b mimic or
inhibitor and NRG1-WT or -MUT by Lipofectamine 2000
(Invitrogen). After transfection for 48 h, the luciferase ac-
tivity was tested by using the dual-luciferase reporter assay
system (Promega, Madison, WI, USA). Renilla luciferase
activity served as a reference control.

2.7. Statistics. Data were presented as mean± SD. 'e
values were analyzed by SPSS 22.0 software (IBM, NY,
USA). MiR-200b high expression and low expression were
cut by using the mean value. 'e chi square test or two-
tailed Pearson’s correlation analysis were applied to detect
the correlation of miR-200b with the clinicopathological
features of GC patients or miR-200b with NRG1, E-cad-
herin, or vimentin. Overall survival rate was analyzed by
the Kaplan–Meier method, and the difference analysis
between the survival curves was measured by the log-rank
test. 'e statistical significance of differences between two
groups was determined by Student’s t-test, and when more
than two groups, one-way analysis of variance (ANOVA)
with Tukey’s post hoc test was applied to determine the
differences. p< 0.05 was considered as statistically
significant.
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3. Results

3.1. MiR-200b Was Negatively Correlated with GC
Aggressiveness. To investigate whether miR-200b was ab-
normally expressed during GC metastasis, we first detected
miR-200b expression in GC tissue specimens. As Figure 1(a)
shows, miR-200b was dramatically decreased in GC tissues
relative to the normal control group. 'e median value of
miR-200b expression was used as the cutoff point to divide
miR-200b expression into high and low expression of miR-
200b. 'en, we measured the clinical significance of miR-
200b in GC. As Table 1 shows, miR-200b was significantly
associated with clinical features of GC patients. Moreover,
we revealed that high expression of miR-200b predicted high
overall survival time, while low expression of miR-200b
served as an indicator of poor prognosis of GC patients
(Figure 1(b)). More strikingly, the relationship between
miR-200b and E-cadherin was positive (Figure 1(c)), while
miR-200b negatively correlated with vimentin expression
(Figure 1(d)). 'ese findings indicated that miR-200b might
be a favorable diagnostic maker.

3.2. MiR-200b Inhibited GC Metastasis through EMT. To
verify the specific role of miR-200b in GCmetastasis in vitro,
miR-200b expressional level in GC cells (MGC-803 and
BGC-823) was tested firstly. As Figure 2(a) shows, miR-200b
was significantly downregulated in both two GC cell lines
compared with normal cells (GES-1). 'en, the two GC cells
were transfected with miR-200b mimic or inhibitor to
overexpress or knockdown of miR-200b expression. Results
showed that the transfection was very successful
(Figure 2(b)). EMT-related markers were then detected by
western blot, and the results displayed that N-cadherin and
vimentin level were reduced and E-cadherin level was ele-
vated in miR-200b mimic GC cells, while N-cadherin and
vimentin level were elevated and E-cadherin was reduced in
miR-200b inhibitor GC cells (Figure 2(c)). Transwell assay
was then applied for measuring the migration and invasion
of GC cells. 'e findings displayed that miR-200b mimic
decreased and miR-200b inhibitor increased the migratory
ability of GC cells (Figure 2(d)). Similar results were ob-
served in the invasion of GC cells after transfection with
miR-200b mimic or inhibitor (Figure 2(e)). Correlatively,
the observations implied that miR-200b showed a sup-
pressive effect on the invasion and migration of GC through
EMT.

3.3. NRG1 Was the Target of miR-200b. To explore the un-
derlying mechanism of miR-200b in GC metastasis, bio-
informatics approaches (miRanda and TargetScan) were
applied for seeking for the target of miR-200b. As Figure 3(a)
shows, NRG1 was the selected candidate target of miR-200b.
'en, dual-luciferase reporter assay was selected to further
verify whether NRG1 was the direct target of miR-200b.
Results displayed that miR-200b mimic showed a decreased
luciferase activity, while miR-200b inhibitor showed an
increased luciferase activity in wild-type reporter, but not
with mutant (Figure 3(b)), indicating that miR-200b

modulated NRG1 by binding its 3’UTR. Furthermore,
NRG1 protein (Figure 3(c)) and mRNA level (Figure 3(d))
were reduced by miR-200b mimic, while elevated by miR-
200b inhibitor in both two GC cell lines. Moreover, the
findings displayed that miR-200b and NRG1 were negatively
correlated in GC tissues (Figure 3(e)). 'ese observations
suggested that NRG1 was the direct target of miR-200b.

3.4. NRG1 Rescued the MiR-200b Effect on GC EMT and
Metastasis. To uncover the role of NRG1 in the EMT and
metastasis modulated by miR-200b in vitro, NRG1 ex-
pressional level in GC cells was measured firstly. As shown in
Figure 4(a), NRG1 was upregulated obviously in both two
GC cell lines compared with normal cells. 'en, GC cells
were transfected with NRG1 siRNA to silence NRG1 ex-
pression. As Figure 4(b) shows, the transfection was very
successful. EMT-related markers were then detected by
western blot, and the results displayed that N-cadherin and
vimentin level was elevated and E-cadherin level was re-
duced in miR-200b inhibitor GC cells, while their expression
was reversed by NRG1 siRNA (Figure 4(c)). Transwell assay
was then applied to measure the migration and invasion of
GC. 'e findings displayed that miR-200b inhibitor in-
creased, while combined with NRG1 siRNA decreased the
migratory ability of GC cells (Figure 4(d)). Similar results
were found in cell invasion in GC cells after transfection with
miR-200b inhibitor or combining with NRG1 siRNA
(Figure 4(e)). Correlatively, these observations implied that
NRG1 overturned the miR-200b effect on GC cell invasion
and migration through EMT.

3.5. ERBB2/ERBB3 Pathway Was Critical for MiR-200b Bi-
ological Behavior in GC. As described above, NRG1 and
ERBB2 or ERBB3 interaction could activate a series of
signaling, resulting in cell migration and invasion [22]. Here,
we investigated whether the NRG1/ERBB2/ERBB3 pathway
was modulated by miR-200b in GC. Western blotting was
carried out for exploring the downstream genes of ERBB2/
ERBB3 in GC cells after treated with miR-200b mimic, miR-
200b inhibitor, or combined with NRG1 siRNA. 'e results
showed that the phosphorylation of ERBB2 or ERBB3 was
downregulated in miR-200b mimic GC cells and upregu-
lated in miR-200b inhibitor GC cells. Furthermore,
p-ERBB2 or p-ERBB3 expression was decreased by NRG1
siRNA induced by miR-200b inhibitor in GC cells
(Figures 5(a) and 5(b)). 'ese findings suggested that miR-
200b regulated GC cell invasion and migration via modu-
lating NRG1 through the ERBB2/ERBB3 signaling pathway.

4. Discussion

Increasing evidence has displayed that miRs played critical
roles in GC metastasis. 'erefore, it is very essential to
identify the metastasis-related miRs for understanding the
potential mechanism in GC development. It has been
revealed that miR-200b was involved in the progression of
several cancers. For instance, miR-200b took part in bladder
cancer migration and invasion as a tumor suppressor [23].
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Figure 1: MiR-200b was negatively associated with GC aggressiveness. (a) MiR-200b expression was measured in GC tissue specimens and
normal control (NC) tissue specimens (n� 60). (b) Overall survival was detected in GC patients with high or low miR-200b expression. (c)
Positive association of miR-200b expression with EMT-related marker (E-cadherin) expression. (d) Negative association of miR-200b
expression with EMT-related marker (vimentin) expression (∗∗p< 0.01).

Table 1: Correlation with miR-200b expression and clinicopathological features in gastric cancer patients.

Item
MiR-200b

p value
High (n� 29) Low (n� 31)

Age (years) 0.205
＜60 14 20
≥60 15 11
Gender 0.809
Female 15 17
Male 14 14
AJCC stage 0.017∗
I-II 21 13
III-IV 8 18
Tumor size, cm 0.009∗
<3 21 12
≥3 8 19
Lymph node metastasis 0.190
Negative 18 14
Positive 11 17
Invasion into the serous layer 0.305
Yes 16 13
No 13 18
Statistical analyses were performed by the χ2 test. ∗ p< 0.05 was considered significant.
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Figure 2: Continued.
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Figure 2: MiR-200b inhibited the invasion and migration of GC through EMT. (a) Relative expression of miR-200b tested in GC cells. (b)
MiR-200b expression measured in GC cells treated with miR-200b mimic or inhibitor. (c) 'e protein levels of EMTmarkers tested in GC
cells after treatment with miR-200b mimic or inhibitor. (d) GC cell migration and (e) invasion detected after transfected with miR-200b
mimic or inhibitor (∗p< 0.05, ∗∗p< 0.01).
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Figure 3: MiR-200b targeted NRG1. (a) Display of the NRG1 3’UTR-WT or -MUT sequences with miR-200b sequences. (b) Luciferase
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Figure 4: Continued.
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MiR-200b showed an oncogene behavior in colorectal and
cervical cancer [24, 25]. Moreover, Tang et al. showed that
miR-200b served as a prognostic factor and mediator of GC
progression [26]. In this study, the results displayed that

miR-200b was dramatically decreased in GC and its
downregulation predicted poor prognosis of GC patients.
Moreover, we also displayed that miR-200b repressed GC
cell invasion and migration.
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Tumor metastasis is a complex process involving a series
of events [27]. EMT displays an important role in the me-
tastasis of tumors and acts an important biological process in
which epidermal malignant cells acquire the ability to mi-
grate and invade. Previous studies have proved the role of
miRs in EMT progression [28, 29]. In our study, we dis-
played that miR-200b was significantly associated with
EMT-related markers and reexpression of miR-200b was
repressed, whereas silence of miR-200b promoted EMT-
associated markers.

NRG1 was reported to act as an oncogene in various
tumor development [20, 30]. In this study, we showed that
NRG1 was upregulated in GC and it was inversely associated
with miR-200b expression. More importantly, NRG1 could
reverse the miR-200b effect on GC cell migration and in-
vasion. A previous study displayed that NRG1 exerted its
roles in tumors by binding to ERBB2 or ERBB3, resulting in
tumor cell proliferation, invasion, and migration [21]. Our
study revealed that the phosphorylation of ERBB2 or ERBB3
was markedly inhibited in GC cells after overexpression of
miR-200b, while it was elevated after inhibiting miR-200b
and decreasing NRG1 overturned the miR-200b inhibitor
effect on the ERBB2/ERBB3 signaling pathway.

'is study has its limitations that it only investigated the
biological functions of the miR-200b/NRG1 axis on cell
migration and invasion in vitro. 'e functional role of miR-
200b in in vivo animal experiments is required to explore in
the future studies.

In conclusion, miR-200b inhibited GC cell migration
and invasion through EMT via the NRG1/ERBB2/ERBB3
signaling pathway, and miR-200b might be a potential
biomarker for GC progression, which provides a clue for
treating GC.
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In this report, one novel method has been developed to screen the monoclonal antibody against human pancreatic cancer
biomarker glypican-1 (GPC1) through the combination of fluorescent cell sorting and single B cell amplification. GPC1-positive
B cells were sorted out from the peripheral blood mononuclear cells (PBMCs) by fluorescent cell sorting after the GPC1 im-
munization to the New Zealand white rabbit.(en, total RNAwas extracted and reversely transcribed into cDNA, which was used
as the template, and the variable region sequences of both heavy and light chains were amplified from the same B cell. Next, their
recombinant antibody was expressed and purified from the human 293Tcell after the antibody gene amplification and expression
vector construction. (e enzyme-linked immunosorbent assay (ELISA) and flow cytometry assays were used to determine the
antibody affinity. (e antibody named GPC-12 that we screened and obtained was proven to have natural heavy-light chain
pairing information, and it was highly specific to the GPC1 antigen, and the affinity could reach 1× 10−7M. Overall, an effective
and novel method has been successfully developed to screen the antibody by combining the fluorescent cell sorting and single-cell
amplifying technologies, which was proved to be workable in our setting.

1. Introduction

Pancreatic cancer is a malignant gastrointestinal malignancy,
with the prognosis being rather grim [1]. In recent years, the
incidence of pancreatic cancer has been shown to have an
upward trend, and it is predicted that pancreatic cancer causes
more than 331,000 deaths every year [2, 3]. Overall survival
rate of pancreatic cancer ranked the lowest among all kinds of
malignant tumors. (e five-year survival rate was only 2%–
9%, with an average being no more than 6% [2], and the
morbidity/mortality rate was close to 100% [4].(erefore, it is
essential to develop the new diagnostic method for pancreatic
cancer, known as the king of cancer, which makes the early
diagnosis of pancreatic cancer become possible.

(e diagnosis of pancreatic cancer is mainly based on a
comprehensive diagnostic method, that is, imaging, tumor
markers, and tissue biopsy [5]. However, the diameter of
early pancreatic cancer is usually less than two centimeters;
and it is confined to the pancreatic parenchyma and does not
invade the pancreatic capsule. Traditional imaging methods
are not sensitive and specific enough to detect pancreatic
cancer lesions. All these make it extremely difficult to
measure and detect the pancreatic cancer. (erefore, it is
required to develop the novel method to earlier detect the
multiple tumor markers, which plays an important role in
improving the positive detection rate of cancer patients,
cancer screening in high-risk groups without clinical
symptoms, and early detection of pancreatic cancer [6, 7].
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At present, CA19-9 and CEA are commonly used tumor
markers for detection of pancreatic cancer, but the two
biomarkers were less specific in that they are also related
antigens in other cancers, such as colorectal cancer or
ovarian cancer [8, 9]. (e positive rate of CA19-9 was over
80%, but the positive rate of CA19-9 in small pancreatic
cancer patients was not high (60.7% in adenocarcinoma
patients less than 2 cm), while the positive rate of CEA was
only 78.9%.(erefore, there is an urgent need to find a more
specific antibody for pancreatic cancer, that is to say, a
detection reagent with higher diagnostic positive rate, which
can be used as a common detection marker for pancreatic
cancer [10, 11]. As early as 1998, it has been reported that
Glypican-1 (GPC1) was overexpressed in pancreatic cancer
cells; and that Glypican-1 could regulate the metastasis and
angiogenesis of pancreatic cancer cells, playing a pivotal role
in the oncogenesis of pancreatic ductal adenocarcinoma
[12]. (ese previous findings suggest that GPC1 can be a
potential diagnostic biomarker. In addition, in 2015, one
study reported that GPC1 had nearly 100% sensitivity and
specificity in both animal models and clinical patients with
pancreatic cancer, being able to accurately detect early
pancreatic cancer, indicating that GPC1 has great potential
as a tumor marker for early detection of pancreatic cancer
[13–15].

Consequently, to screen the monoclonal antibody
against human pancreatic cancer biomarker GPC1, in this
study, a single B cell clone against human pancreatic cancer
GPC1 was sorted out by flow cytometry; and then a natural
pair of antibody heavy and light chain sequences were
amplified from a single B cell by PCR. In performing PCR,
the codons preferred by adult mammalian cells were opti-
mized. After gene synthesis, the expression vector was
constructed and transfected into HEK293T cells for ex-
pression. (e binding activity of antibody to antigen was
evaluated by ELISA, and the affinity kinetics between an-
tibody protein and antigen GPC1 were verified by surface
plasmon resonance (SPR).

2. Materials and Methods

2.1. Materials. New Zealand white rabbits were purchased
and reared in the Food and Drug Safety Evaluation Center of
Hubei Province. Sample homogenate device (instrumental
model: T10) was purchased from IKA-Werke GmbH & Co.
KG (Staufen, Germany). Analytical flow cytometry (Cyto-
FLEX S) was purchased from Beckman Coulter Inc.
(Beckman Coulter, Brea, CA, USA). Sorting flow cytometry
(MoFlo XDP) was purchased from Beckman Coulter Inc.
(Beckman Coulter, Brea, CA, USA). Horizontal hanging
basket centrifuge (H1850R) was from Hunan Xiangyi, and
1×RPMI1640 basic medium was purchased from Gibco
Company. Fetal bovine serum (FBS) was from HyClone
Company. Horseradish peroxidase labeled sheep anti-rabbit
IgG was purchased from GeneTex Company. SuperScript II
Reverse Transcriptase was purchased from Invitrogen Inc.
(Life Technologies, Carlsbad, CA, USA). Fluorescein Iso-
thiocyanate (FITC) was purchased from Sigma Chemical
Co. (St. Louis, MO, USA). Ficoll-Paque PREMIUM for

PBMC separation was purchased from GE Healthcare (San
Diego, CA, USA). D2000 DNA ladder was purchased from
Tiangen Biochemical Technology Co., Ltd. (Beijing, China).
rTaq enzyme and TA clone are from TaKaRa (TaKaRa,
Japan) with pMD18-T vector, E. coli competent cell DH5-
alpha, and template switch oligos (TSO). Master Mix was
purchased from Kapa Biosystems (Boston, MA, USA).
Bovine serum albumin, Triton X-100, Freund’s complete
adjuvant, Freund’s incomplete adjuvant, and GPC1 poly-
peptide were purchased from Sigma Chemical Co. (St. Louis,
MO, USA). PCR product purification kit and agarose gel
recovery kit were purchased from QIAGEN Company
(Germany). pFUSE-Fc mammalian cell expression plasmid
was purchased from Invitrogen Inc. (Life, Carlsbad, CA,
USA). Commercial anti-GPC1 monoclonal antibodies were
purchased from GeneTex (CA, USA).

2.2. Animal Immunization. (e experimental animal im-
munization and blood collection program were approved by
the Animal Ethics Committee of Shenzhen Huada Academy
of Life Sciences (ethics approval number FT15149). Two
New Zealand white rabbits aged 5-6 weeks were immunized
by subcutaneous injection on the back. (ey were immu-
nized once every two weeks, four times in total. 500 μl
antigen (200 micrograms of antigen protein dissolved in
500 μl of sterile water to form a solution of 0.4mg/mL) and
500 μl Freund’s complete adjuvant were used uniformly.(e
pulp machine emulsified evenly and was used for the first
time before immunization. (e other three immunizations
used a mixture of Freund’s incomplete adjuvant and antigen
emulsifies evenly and equally.

2.3. Blood Collection and Cell Separation. Before or two
weeks after the final immunization, blood samples were
collected from the ear vein of two white rabbits.(e serum of
100 μl before and after immunization was used to test the
titer of anti-positive antibody. (e peripheral blood of a
white rabbit with strong immune response was collected and
separated by Ficoll lymphocyte gradient centrifugation.

2.4. Detection of Serum and Antibody Titers by ELISA.
(e antigen was dissolved in coating solution (50mM
Na2CO3, pH 9.6) at an appropriate concentration, and 100 μl
antigen was added to the corresponding pore overnight at
4°C. (e liquid was discarded and the residual liquid was
dried, followed by rinsing with the detergent PBST (1×PBS
pH 7.4 plus 0.05% Tween 20, the same as below) three times.
Each pore was incubated at 37°C for 1 h with 200 μl blocking
solution (3% BSA). (e liquid was emptied and the
remaining liquid was dried. (e washing liquid was used for
rinsing three times. Each pore was incubated with 100 μl
diluted serum or antibody, at 37°C for 1 hour.(e liquid was
emptied and the remaining liquid was dried. (e washing
liquid was used for rinsing three times. Each pore was in-
cubated with 100 μl secondary antibody (1 : 5000 diluted
horseradish peroxidase labeled sheep anti-rabbit IgG) for 1
hour at 37°C. (e liquid was emptied and the remaining
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liquid was dried.(e washing liquid was used for rinsing five
times. (e residual liquids in the dry holes were patted, and
100 μl color developing solution was added to each hole, and
the color was visualized for 10 minutes without light. Each
hole was terminated by adding 50 μl 2M H2SO4, and the
450 nm OD value was read immediately.

2.5. Cell Staining and Selection. (e 1mg GPC1 antigen was
dissolved in 0.1M carbonate buffer of 0.5mL pH9.0. FITC
(sigma F4274) was dissolved with DMSO, and the final
concentration of FITC was 1mg/mL. FITC-DMSO solution
was slowly added to antigen solution, and 50 μl FITC-DMSO
solution was added to antigen solution. (e reaction time
was 8 h at 4°C. (e reaction was terminated by adding
NH4CL with the final concentration of 50mM and reacted at
4°C for 2 h. Ultrafiltration removes unreacted FITC.

(e isolated rabbit PBMC was suspended to the final
volume of 20 μl PBS and 2 μl GPC1-FITC was added. (e
PBMC was gently vortexed and blended. (e light-avoiding
reaction lasted 1 hour at room temperature (a small number
of cells without GPC1-FITC were reserved as negative
control). After the reaction, 1mL PBS was added; the su-
pernatant was discarded by centrifugation for 5 minutes and
precipitated by 1mL PBS. (e supernatant was discarded by
centrifugation for 5 minutes and precipitated by 1mL PBS.
(e samples were prepared by centrifugation for 5min at
400×g, discarding the supernatant, and resuspension pre-
cipitation with 500 μl PBS. (e density of the samples was
about 107/mL.

2.6. Preparation of Cell Lysate. A 4 μl lysate [1.86 μl non-
nuclease water, 1 μl Oligo(dT)18 (10 mu-ol/L), 0.1 μl RNase
inhibitor (4U), and 0.04 μl Triton X-100 (100mL/L)] was
prepared.(e lysate was placed in a 0.2 mL PCR tube (8 rows
of 96-well plate).(e selected cells were directly added to the
cell lysate. One tube of negative pore (0 cells, i.e., no cell
sorting) was reserved for each row; one tube of positive pore
(i.e., 10 cells sorted) was used as control, and 10 tubes of
single-cell pore were reserved for each row. Twelve PCR
tubes can be selected as one group for each experiment, and
the rest can be frozen to −80°C group. After two weeks of use,
the success rate of amplification will be greatly reduced.

2.7. Separation of GPC1-FITC-Positive Cells by Flow
Cytometry. Conventional flow cytometry was subjected to
calibration, and then calibration was undertaken for sorting
parameters; the latency value of side fluid flow and droplets
were adjusted to make the left bright spot farthest and most
concentrated in the side fluid flow window; then the co-
ordinate value of cell sorting around the coordinate window
was adjusted to ensure that the sheath fluid can hit the
bottom of the PCR tube (cells cannot hit the wall of the side
tube; otherwise, it would affect the success rate of amplifi-
cation). At last, the rate of cell sorting was checked, such as
setting 10 cells to be sorted; looking at the actual number of
cells under the microscope, more than 90% of the cells were

qualified and could be sorted in the next step. After all the
above steps were completed, the sorting commenced.

2.8. Cell Lysis and Reverse Transcription. (e PCR tube
containing lysate was placed in the PCR instrument at 72°C
for 3 minutes; the hot cover was set at 75°C for 1min on ice
immediately after lysis and centrifuged at 10,000 r/min for
30 seconds. 6 μl reverse transcription system [2 μl Super-
Script II First-Strand Buffer (5×), 2 μl betaine (5mol/L), 0.9
mu-LMgCl2 (100mmol/L), 0.25 μl DTT (100mmol/L), 0.1 μl
TSO (100 μmol/L), 0.25 μl RNA inhibitor (4U), and 0.5 μl
SuperScript II Reverse Transcriptase (20U)] was prepared.
Reverse transcription was performed under the following
conditions: 42°C for 90min, 50°C for 2min, 42°C for 2min,
10 cycles, 70°C for 15min, and 12°C.(e DNAwas obtained.

2.9. Amplification of the Antibody Sequence. Primer Premier
5 software was used to design primers. (e products of
single-tube cDNA system obtained by the above methods
were used as templates for two rounds of nested PCR. In the
first round, Ld primers (rIgH-Ld1, rIgK-Ld1, rIgL-Ld1-1,
and rIgL-Ld1-2) and downstream primers of heavy and light
chain C region (rIgHG-C1, rIgK-C1, and rIgL-C1) were used
to prepare 25 μl PCR system [12.5 μl KAPA ReadyMix (2×∗),
0.5 μl Ld primers (10 μmol/L), 10 μl reverse transcription
products, and 1.5 μl nuclease-free water]. (e second round
of PCR used FR primers (rIgH-FR1 and rIgK-FR1) and J
primers (rIgH-J, rIgK-J-1, rIgK-J-2, and rIgL-J). A 25 μl PCR
system [12.5 μl KAPA ReadyMix (2×), 0.5 μl FR primer
(10 μmol/L), 0.5 μl J primer (10 μmol/L), 1 μl first-round PCR
product, and 10.5 μl ribonuclease-free water] was prepared.
(e amplification conditions for both rounds of PCR were as
follows: 95°C for 3min, 98°C for 15 s, 60°C for 20 s, 72°C for
2min, 25 cycles, 72°C for 5min, and 12°C. (e amplification
system could be amplified as needed. Here, a nested am-
plification primer was designed (Table 1), TSO and oli-
go(dT) primers were used in the reverse transcription stage;
Ld and C primers were annealed to the upstream sequence of
TSO and the downstream CH1 region of antibody subtypes
in the first round of PCR, respectively, and the primers of
10mm/L were mixed equally; the other primers were the
second round of PCR primers.

2.10. TA Cloning, Gene Synthesis, and Expression Vector
Construction. 10 g/L agarose gel was used to detect the
amplified products of PCR, and the target bands (380 BP)
were cut and recovered by gel recovery kit. (en, rTaq
enzyme was used to add A to the end of the gel-cut recovery
product, and the product was purified by the PCR product
purification kit and then linked to the pMD18 T vector
overnight at 16°C. (e conjugates were transferred into
competent cells DH5α and cultured in antibiotic-free Luria-
Bertani (LB) medium at 37°C for 1 hour. (e conjugates
were coated on ampicillin-containing LB solid medium
overnight. (e next day, the monoclonal colony in good
condition was selected for shaking culture for 3 to 5 hours,
and then the liquid was sent to Shanghai Shanggong
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Company for DNA sequencing to verify whether the antibody
sequence is correct and also to verify whether the expression
contains both heavy chain and light chain in the correct
pairing. According to the preference of human cell expression
system, the codon of the amplified heavy and light chain genes
was optimized, and then the whole gene of variable regionwas
synthesized and cloned directly into the commercial mam-
malian cell expression vector pFUSE-rabbit Fc, which con-
tained the Fc constant region of rabbit antibody.

2.11. Expression of Mammalian Cells and Purification of the
Antibody. Trypsinase digestive cells were counted and
paved and cultured overnight at 37°C and 5% CO2, and the
confluence of cells was 70%–80% at transfection. (e
plasmid was diluted with a certain volume of Opti-MEM
(Invitrogen 11058-021), carefully mixed, and labeled as
liquid A.(e transfection reagent PEI (Polyscience 23966-2)
was diluted with the same volume of Opti-MEM, named
liquid B. (e mass ratio of plasmid to PEI was 1 : 2. It was
kept at room temperature for 15 minutes. Liquid B was
slowly added to liquid A and it was mixed. It was kept at
room temperature for 20 minutes. (e DNA-PEI mixture
was slowly added to the cell culture medium and it was
gently mixed. 48 hours after transfection, the supernatant
was collected and centrifuged for 5 minutes to remove the
cells. (e supernatant was centrifuged for 10 minutes to
remove the cell debris. (e antibody was purified by affinity
purification column coupled with GPC1 antigen.

2.12. Antigen-Antibody Binding Kinetics (Affinity Test).
(e GPC1 antigen was dissolved in the coating solution
(50mM Na2CO3, pH 9.6) at an appropriate concentration,
and 100 μl antigen was added to the corresponding pore for
overnight stay at 4°C. (e liquid was emptied and the re-
sidual liquid was pat-dried; the PBSTwas washed (PBSTand
pat dry the residual liquid, add 1mL/L Tween 20, the same as
below) and rinsing was performed three times. Each pore
was incubated with 200 μl blocking solution (3 g/L bovine
serum albumin) for 2 hours at 37°C. (e liquid was emptied

and the remaining liquid was dried. Wash the PBST de-
tergent was washed three times. Each pore was incubated at
37°C for 1 hour with 100 μl diluted antibody. (e liquid was
emptied and the remaining liquid was dried. (e washing
liquid was used for rinsing three times. Each pore was in-
cubated with 100 μl secondary antibody (1 : 5000 diluted
horseradish peroxidase labeled sheep anti-rabbit IgG) for 1
hour at 37°C. (e liquid was emptied and the remaining
liquid was dried.(e washing liquid was used for rinsing five
times. (e residual liquid in the dry hole was patted, adding
100 μl color developing solution to each hole, and coloring at
37°C for 5 minutes. Each hole was added with 50 μl 2M HCL
to stop the color rendering and 450 nm OD value was read
immediately.

2.13. Detection of Antibody Binding to Natural GPC1 on the
Cell Surface. MDA-MB-231 (China Typical Culture Pres-
ervation Center) in logarithmic growth phase was digested
into single-cell suspension, counted, and centrifuged to
remove the medium. Cell suspension was separated into
three centrifugal tubes according to 50 μl/tube with proper
volume of PBS suspension cells. No. 1 was without antibody,
No. 2 was added with 0.5 μl positive GPC1 antibody
(GeneTex GTX42664), and No. 3 was added with 1 μl pu-
rified GPC1 antibody and incubated at room temperature
for 30 minutes. Each tube was centrifuged with 1mL PBS for
5min at 300×g for supernatant. 1mL PBS suspended cells
were precipitated and centrifuged for 5min at 300×g, and
then the supernatant was discarded twice. (e 50 μl PBS
suspended cells were precipitated and incubated at room
temperature for 30 minutes with the corresponding fluo-
rescent labeled antibody. Each tube was centrifuged with
1mL PBS for 5min at 300×g for supernatant for three times.
Flow detection was done on computer.

2.14. Statistical Analysis. All data were analyzed using SPSS
21.0 statistical software. (e data were expressed as mean-
± standard deviation. One-way ANOVA (Bonferroni) was
used for comparisons among multiple groups. Tukey’s post
hoc test was used for pairwise comparisons of the mean
values between multiple groups. Independent-sample t-test
was used to analyze the difference between two groups where
the data had normal distribution. P< 0.05 was considered to
be statistically significant.

3. Results

3.1. Detection of the Serum-Positive Conversion Titer. To
make the titer of the antibodies we produced clear, ELSIA
was performed. As shown in Table 2, the blank group refers
to the blank control without serum and with 100 μl PBS. (e
negative group was the negative control with 100 μl serum
before immunization. (e immune group refers to the se-
rum diluted by 100 μl ratio after the fourth immunization.
(e positive detection group still had a high absorbance
value from 1 :1000 dilution to 1 : 32000, and the positive/
negative ratio was >8 (generally, the value was greater than 4;
that is to say, the immune serum was positive), which

Table 1: Primer name and sequence.

Name Sequence (5′ to 3′)
TSO[12] AAGCAGTGGTATCAACGCAGAGTACrGrG+Ga

Oligo(dT)18 TTTTTTTTTTTTTTTTTT
rIgH-Ld1 CTTCTCCTGGTCGCTGTGCT
rIgH-FR1 CACTCACCTGCACAGYCTCTGGA
rIgK-Ld1 CTGCTGGGGCTCCTGCT
rIgK-FR1 GCTGTGGGAGGCACAGTCAC
rIgL-Ld1-1 CCTCACAGTCCTGGCTCACTGCACA
rIgL-Ld1-2 CCYCCTCCTCKCTCACTGCACA
rIgH-J TGARGAGAYRGTGACSAGGGT
rIgK-J-1 CGACGACCACCTYGGTCC
rIgK-J-2 TGATTTCCACCTTGGTGCC
rIgL-J CTGTGACGGTCAGCTKGGTC
rIgHG-C1 GAAGACTGAYGGAGCCTTAGGT
rIgK-C1 GGTGGGAAGATGAGGACAGTAG
rIgL-C1 CCTCTGAGGAGGGCGGRAACA
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indicated that specific antibodies against human GPC1 had
been produced in rabbits, and Rabbit 1 was selected for the
next experiment.

3.2. Cell Staining and Flow Cytometry. To stain fluorescently
the cells of interest, GPC1-FITC was used. As shown in
Figure 1(a), NC- was not stained with GPC1-FITC for im-
munized rabbit lymphocytes, NC+ was stained with GPC1-
FITC for immunized rabbit lymphocytes, GPC1 was not
stained with GPC1-FITC for immunized rabbit lymphocytes,
and GPC1+ was stained with GPC1-FITC for immunized
rabbit lymphocytes. It can be seen that the lymphocyte
without GPC1-FITC staining was in the same fluorescence
intensity range regardless of immunization, and
the lymphocyte without GPC1-FITC staining also showed
positive deviation and nonspecific binding, but the fluores-
cence intensity was lower than that of immunized
rabbit lymphocyte. (erefore, this part was the cells that need
to be further sorted, as shown in Figure 1(b).

3.3. Amplification and Sequencing of the Monocyte Antibody
Gene. To purify the cells that were fluorescently stained with
GPC1-FITC, cell sorting was employed based on flow
cytometry. As shown in Figure 2, one cell was selected from
lane 2 to lane 15 as a PCR template, from 18 to 19 as a
positive control, 10 cells were selected as templates, and 20 to
21 as a negative control, which was no cells.(e size of target
protein was about 380 bp. It can be seen that, in lanes 11, 12,
and 14, as well as in positive control, there was the size of
target band. (e corresponding PCR products of lanes 11,
12, and 14 were gelatinized, cloned, and sequenced by TA.
By comparing the results of sequencing, it was found that
lane 12 was a rabbit antibody sequence and paired with light
chain.(is sequence was named GPC1-12.(e next step was
to construct GPC1-12 on the vector for expression.

3.4. ELISA Detection of Antibody Transfection Supernatant.
To understand the titer of antibody we produced, ELSIA was
undertaken. As shown in Figure 3(a), bovine serum albumin
(BSA) and cell culture medium (Medium) were negative
controls, and positive control (abbreviated as PC) was
polyclonal antibodies purified from rabbit serum by affinity
purification column. (e expression of GPC1-12 was de-
tected in the supernatant of transfection. (e next step was
affinity purification of the supernatant.

3.5. AffinityDetermination of the PurifiedAntibody. In order
to further verify the binding activity of the purified antibody
and GPC1 antigen, we carried out ELISA binding test. (e
initial concentration of the purified antibody was 100 μg/mL,

and then it was diluted twice. (e results showed that, as
shown in Figure 3(b), compared with the uncoated antigen
group and blank control, GPC1-12 purified antibody was
shown to have specific binding performance with GPC1
antigen.

3.6. Detection of Antibody BindingAbilities toNatural Surface
Protein. To verify the affinity of antibody we generated,
evaluation was performed with flow cytometry. As shown in
Figure 4, GPC1-12 monoclonal antibody (blue solid line)
could bind well to cells but had a significant positive de-
viation from the negative control (red line).

4. Discussion

Pancreatic cancer is a highly malignant tumor, ranking near
the eighth place among all kinds of lethal tumors. In ad-
dition, its cure rate and five-year survival rate are very low.
(erefore, early diagnosis of pancreatic cancer is of par-
ticularly import, and there is a huge potential demand in
patients with pancreatic cancer. Biomarker-based early di-
agnosis of cancer has always been prevailing, such as CA19-
9-based diagnostic kit, but its specificity and sensitivity for
the diagnosis of pancreatic cancer still need to be improved.
It has been reported that GPC1 has a higher specificity for
pancreatic cancer than CA19-9 [7].(e aim of this study was
to develop and establish one effective method to screen out
the more specific diagnostic antibodies for pancreatic cancer
GPC1 by means of flow cytometry and single-cell
amplification.

Similar to our previous report regarding single-cell study
[16], three batches of rabbit single B cells were selected, 17
antibody sequences against human GPC1 were screened,
and using these sequences, expression vectors were con-
structed, and antibodies were expressed. GPC1-12 was
turned out to be the best antibody sequence in this screening
process in our setting, which guaranteed the affinity of
antibody antigen and the relative expression quantity. It was
proved to be higher than those of other clones. (ere might
be several reasons for the low expression of other antibodies.
Firstly, after many rounds of PCR reaction, mutation could
occur to some key bases of the antibody gene, which would
greatly affect its expression level; secondly, the commercial
expression vector pFUSE-rabbit Fc might have low ex-
pression efficiency, and other expression vectors could be
replaced, such as pc-DNA serial vectors.

Traditional methods of antibody preparation mainly
include hybridoma cell method and phage display method
[17]. Outside of animal immunity, both of them have a lot
of library building and screening work, which lasts for
several months or even half a year. In this study, the period

Table 2: Detection of the serum-positive conversion titer.

Rabbit number Detection of
the antigen Blank group Negative group

(1 :1000)
Immune group

(1 :1000)
Immune group

(1 : 4000)
Immune group

(1 :16000)
Immune group

(1 : 32000)
Rabbit 1 GPC1 0.070 0.111 2.922 2.132 1.424 0.987
Rabbit 2 GPC1 0.062 0.082 2.536 2.071 1.054 0.663
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of antibody screening using immune antigens can be
directly and remarkably shortened with the aid of flow
cytometric cell sorting; moreover, the B cell clones isolated
need not be cultured and expanded any more. (e ad-
vantage of the methods we established here is that the
amplification of antibody heavy chain and light chain

genes can be directly obtained. It can directly obtain the
matching information of antibody heavy chain and light
chain, thus eliminating the cumbersome steps of cDNA
library establishment and cell culture, therefore sub-
stantially greatly improving the efficiency of screening
antibodies.
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Figure 2: Electrophoresis of single-cell amplification. As shown in the electrophoretic gel, lanes 2–15 denote that only one cell sorted was
used as the PCR template; lanes 18 and 19 were set as the positive control, where 10 cells sorted were utilized as the PCR template; lanes 20
and 21 were set as the negative control in which no cell was used in PCR.(e gene of interest was around 380 bp. Lanes 11, 12, and 14, as well
as positive controls, in which the bands of interest can be visibly achieved can be seen.
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Figure 1: Cell fluorescent staining and sorting of single cell by flow cytometry. (a) Cell fluorescent staining; NC− means lymphocytes
without GPC1-FITC staining. (e lymphocytes were sampled from rabbits without immunization. NC+ means lymphocytes stained with
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sorting by flow cytometry. GPC1+ cells were all that we want which were sorted by flow cytometry.
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Based on the sequence of the antibody obtained in this
experiment, the experiment that follows need to be con-
sidered, including the following: Firstly, the screened anti-
bodies could be used to prepare early diagnostic kits for
pancreatic cancer based on ELISA or flow cytometry. Sec-
ondly, with going deep in the research work, it has been
reported that exosomes played an increasingly important

role in the diagnosis and treatment of diseases, especially in
cancer [18]. Considering this, the antibodies we screened can
be used to isolate the antigen-specific exosomes by flow
cytometry for subsequent clinical diagnosis and treatment.
In conclusion, the method we established and developed
here obtained highly specific antibody sequences and was
able to substantially shorten the experimental cycle, which
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would be also suitable for screening other targets one is
interested in.
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Objective. Liver cancer (LC), one of the familiar malignancies, has a very highmorbidity all over the world.'e onset of the disease
is hidden, and the patients usually do not express any special symptoms. Most of them will have been developed to the middle and
later stage when they are diagnosed. 'is is one of the main reasons why the prognosis of LC is extremely pessimistic all the year
round. Recently, researchers have focused mainly on molecular studies, among which LncRNA is a hot spot.'is research aims to
explore the biological behaviors of LncRNANKILA andmiR-485-5p in LC cells and verify the relationship between them, thereby
providing a new theoretical basis for future prevention and treatment. Methods. Ninety-four early LC patients admitted to our
hospital from January 2015 to January 2017 were regarded as the research objects. In addition, human LC cells SMMC-7721,
HepG2, and normal liver cells HL-7702 were purchased. 'e LncRNA NKILA and miR-485-5p level in cancer and adjacent
tissues, LC, and normal liver cells of patients was tested by PCR. Patients were followed up for 3 years. 'en, LncRNANKILA and
miR-485-5p’s effects on prognosis and cell biological behavior were analyzed. At last, the relationship between LncRNA NKILA
and miR-485-5p was assessed by a dual-luciferase reporter assay. Results. 'e LncRNA NKILA expression was high in LC tissues
and cells (P< 0.050), while miR-485-5p was low compared with the normal adjacent tissues (P< 0.050). Prognostic follow-up
manifested that high LncRNA NKILA or low miR-485-5p could predict the poor prognosis and high mortality risk of the patients
(P< 0.050). LC cells with downregulated LncRNA NKILA documented inhibited proliferation, invasion, and EMT, while the
apoptosis level of the cells increased (P< 0.050). 'e proliferation, invasion, and EMT were inhibited by miR-485-5p increase,
while the apoptosis of the cells decreased after upregulating miR-485-5p (P< 0.050). Online websites predicted that LncRNA
NKILA had a binding site with miR-485-5p, and dual-luciferase reporter assay confirmed that LncRNA NKILA could directly
target with miR-485-5p (P< 0.050). 'e miR-485-5p in LC cells increased after LncRNA NKILA was silenced (P< 0.050). 'e
rescue experiment documented that LncRNA NKILA inhibition on LC cells was reversed by inhibiting miR-485-5p (P< 0.050).
Conclusion. 'e LncRNA NKILA with high expression advances LC cell proliferation, invasion, and EMT by targeting miR-485-
5p.

1. Introduction

As “the world’s three major malignancies,” liver cancer (LC),
esophageal cancer (EC), and gastric cancer (GC), have very
high morbidity worldwide [1]. On the basis of statistics, the
morbidity of LC is about 274/100,000 [2]. It is a malignancy
with hidden onset and no special symptoms. Once the
clinical disease appears, the tumor has developed to the
middle and late stages [3]. It is also one of the main reasons
why the prognosis of LC is extremely pessimistic year by
year. It is estimated that the number of people who die from

LC every year in the world is as high as 745,000 [4]. Because
of this, LC has always been a hot spot in clinical research.
Researchers are trying to probe into the pathogenesis of LC
to effectively counter this disease [5]. Research has shown
that the occurrence of LC may be related to hepatitis, liver
fluke, and infection [6]. Researchers have focused mainly on
molecular studies, among which LncRNA is a major re-
search hotspot [7, 8].

LncRNA, as a kind of RNA which can regulate many
cytokines in human and animal bodies, has been proved to
be relevant to many tumor diseases such as EC and GC
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[9, 10]. According to the different localization and function
of LncRNA in the body, it may promote or inhibit the
progression of tumors [11]. Looking up related studies, we
found that LncRNA NKILA, a member of LncRNA family,
was first determined to have an abnormal expression in
retinoblastoma [12]. Furthermore, it has been found that
LncRNA NKILA has a certain influence on epithelial-
mesenchymal transition (EMT) of breast cancer [13]. EMT
promotes cell metastasis and invasion, thereby accelerating
tumor development [14]. Tu et al. [15] found that LncRNA
NKILA might be related to LC. Besides, we suspect that
LncRNA NKILA may also affect the EMT of LC cells, but
there is still no research to prove our point. When reviewing
related studies, we discovered that miR-485-5p was also
abnormally expressed in LC [16], and LncRNA NKILA had
the same binding site with miR-485-5p through ENCORI
online website. 'us, this research focuses on investigating
the biological behavior and EMT of LncRNA NKILA and
miR-485-5p in LC cells and verifying the relationship be-
tween them, thus supplying a new theoretical basis for future
prevention and treatment.

2. Experimental Preparation and Methods

2.1. Experimental Subjects

2.1.1. Source of Patients. Ninety-four early LC patients
admitted to our hospital from January 2015 to January 2017
were considered as the research objects. Inclusion criteria
are as follows: people diagnosed as primary LC by biopsy in
pathology department; those with early pathological stage;
the patients with complete case data; 20–70-year-old pa-
tients; and those agreeing to take part in the research work.
Exclusion criteria are as follows: the patients with multiple
tumors; the patients with other cardiovascular and cere-
brovascular diseases, autoimmune defects, infectious dis-
eases, and organ dysfunction; pregnant and lactating
patients; those who have transferred from one hospital to
another; and those who have received antibiotics, surgery,
radiotherapy, and chemotherapy six months before. All the
investigators signed an informed consent form. 'is ex-
periment was ratified by the Ethics Committee of our
hospital.

2.2. Cell Sources. Human LC cells SMMC-7721 and HepG2
and normal liver cells HL-7702 were all bought from ATCC
and preserved in CM1-1 medium.'e three all grew adhering
to the wall and were cultured in 5% CO2 at 37°C. SMMC-7721
was epithelial-like, polygonal, and short spindle-shaped.
HepG2 was epithelial-like and clustered. HL-7702 was epi-
thelial-like, polygonal, and round.

3. Experimental Methods

3.1. SampleCollection. Upon approval, the samples of cancer
tissues and normal tissues adjacent to cancer (≥5 cm away
from cancer tissues) were obtained when patients underwent
pathological biopsy. Two minutes later, the samples were
stored in liquid nitrogen.

3.2. qRT-PCR Detection. About 40mg of cancer tissue and
adjacent tissue samples were collected and put into a mortar.
'en, a proper amount of liquid nitrogen and 1mL TRIzol
were added to mix them well.'us, total RNAwas extracted.
'e purity of total RNA was verified by ultraviolet spec-
trophotometer, and then it was reverse-transcribed into
cDNA by reverse transcription kit. 'e reverse transcription
system is as follows: 10 μL RNA sample without gDNA, 1 μL
PrimerScript RT Enzyme Mix I, 4 μL RT Primer Mix, 24 μL
Sx PrimerScript Buffer, and 1 μL RNase-free water, 20 μL in
total. Afterwards, it was tested by the PCR method. 'e
primer sequence was designed by Invitrogen. 'e reaction
system is as follows: FastStart Universal SYBR Green Master
(ROX) 25 μL, forward primer and reverse primer sequences
0.5 μL each, and RNase-free water 19 μL, totally 45 μL. Re-
action conditions are as follows: 95°C for 10min, 95°C for
15 s, and 60°C for 60 s, totally 40 cycles.'e LncRNANKILA
and miR-485-5p levels were calculated via 2−ΔΔCt.

3.3. Prognostic Follow-Up. All patients were followed up for
3 years by reexamination in the hospital. 'eir 3-year
survival was recorded and the survival curves were drawn.

3.4. Cell Passage. SMMC-7721, HepG2, and HL-7702 pro-
liferated to about 80% in a culture dish and then were
subcultured. 'e old culture solution was absorbed and
washed twice with PBS. Next, 6mL (/100mm dish) pan-
creatin was added and observed under a microscope. During
the period, the culture dish was not allowed to be shaken.
Most of the pancreatin was absorbed when the cells just fell
off, leaving about 0.5mL. After that, it was moved to the
incubator, digested, and taken out in about 2min. After
passage, the digestion was terminated with a 12mL CM1-1
culture medium, and the cells were gently blown. After that,
those could be cultured in 3–6 dishes.

3.5. Cell Transfection. 'e logarithmic phase SMMC-7721
and HepG2 were inoculated into the 6-hole plate. When the
cells covered 70%–80% of the bottom, a certain titer of
lentivirus and 5 μg/mL polybrene were added into each well
with a multiplicity of infection 10. 'e LncRNA NKILA
group and the empty vector NC group were constructed.
After 24 h, it was changed to complete medium and ex-
panded. After 72 h, fluorescence intensity was observed
under an inverted fluorescence microscope to judge trans-
fection efficiency. 'e mimics, inhibitor, and negative
control of miR-485-5p were transfected with Lip-
ofectamine®2000, respectively, and were set as miR-485-5p
overexpression group (miR-mimics), miR-485-5p inhibition
group (miR-inhibitor), and blank group (miR-NC). 'e
efficiency of cell transfection was examined by qRT-PCR, the
same as 2.2. 'e cells were added to lysate to prepare tissue
homogenate before PCR detection.

3.6. CCK-8 Test. 'e transfected cells were seeded into 96-
hole plates at a density of 1× 104 cells/hole. 'ose were
transfected when the fusion reached 80%, the same as 2.4.
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CCK-8 solution was supplemented after 0, 24, 48, and 72 h
and cultured for another 4 h. 'e absorbance values were
detected by microplate reader at 450 nm and the cell growth
curves were drawn.

3.7. Transwell Experiment. Matrigel diluent 50–100 μL was
evenly applied to the basement membrane at the bottom of
the Transwell chamber and air-dried at 4°C. 'en, 100 μL
culture medium was added to each Transwell chamber to
hydrate the basement membrane and stood at 37°C for 1 h.
'e cells were resuspended to 1× 105 cells/mL with a culture
solution containing 1% fetal bovine serum (FBS). 'e liquid
in the upper chamber was discarded, and 900 μL solution
with 10% FBS was supplemented outside the chamber and
cultured for another 24 h. Subsequently, the chamber was
taken out, immobilized with 4% paraformaldehyde, dyed
with crystal violet for 30min, and observed in five fields
randomly under a microscope (400x). 'e average cell
number in each field was counted.

3.8. FlowCytometry. After cells were cleaned by PBS, trypsin
without EDTA was added and digested for 2min. 'en, the
digestion was terminated by adding a proper complete
medium. Cells were adjusted to 1× 106 cells/mL with pre-
cooled PBS and centrifuged for 10min (500xg). After that,
the liquid of the tubes was discarded, and 500 μL binding
buffer was supplemented. Annexin V-FITC and PI 5 μL each
were added under dark conditions, shaken and mixed well,
standing at indoor temperature for 30min. 'e apoptosis
rate was monitored using a flow cytometer.

3.9. Western Blot Detection. A total of 200 μL protein lysate
was added. 'en, the cells were lysed and the total protein
was extracted. 'e sample was mixed with the loading
buffer, and the protein was denatured by boiling water bath
for 10min. Soon afterwards, 30 μg of each well was sampled
and transferred to PVDF membrane after SDS-PAGE
electrophoresis. After 5% FBS albumin was blocked, the
primary antibody was added. 'e cells were incubated at
4°C overnight, and the second antibody was added the next
day. 'ey were developed by ECL and photographed under
dark conditions. 'e expression of protein is the optical
density ratio of the target band to internal reference
GAPDH.

3.10. Verification of Targeted Relationship. 'e binding site
between LncRNA NKILA and miR-485-5p was predicted by
the Starbase online website (http://starbase.sysu.edu.cn/).
Wild-type LncRNA NKILA (LncRNA NKILAA-WT) and
mutant LncRNA NKILA (LncRNA NKILAA-MUT) lacking
miR-218-5p binding region were obtained. 'e LncRNA
NKILAA-WT and LncRNA NKILAA-MUT fluorescein re-
porter vectors were transfected into SMMC-7721 and
HepG2 cells, respectively. After 48 h, the luciferase activity
was tested using a dual-luciferase reporter kit.

3.11. Statistical Methods. 'e results were plotted and sta-
tistically calculated by GraphPad7 software, marked by
mean± standard deviation. 'e data were analyzed via the
independent-samples t-test, while the difference among
multiple groups was assessed through one-way analysis of
variance (ANOVA) and LSD backtesting. Multiple time
points were compared via repeated measures ANOVA and
Bonferroni backtesting.'e survival rate was counted via the
Kaplan–Meier method and assessed via the log-rank test.
P< 0.05 denotes that the difference is statistically marked,
while P< 0.001 means that is remarkable.

4. Experimental Results

4.1. LncRNA NKILA in Cancer Tissues Is Higher than=at in
Adjacent Normal Tissues While miR-485-5p Is Lower. 'e
LncRNA NKILA expression in LC tissues was higher than
that in adjacent tissues (P< 0.05), while the miR-485-5p
level was lower (P< 0.05) (Figure 1).

4.2.High-ExpressedLncRNANKILAandLow-ExpressedmiR-
485-5p Indicate Poor Prognosis. Eighty-nine patients were
successfully followed up within 3 years, and the success rate
was 93.68%. Among them, 15 patients died, with a total
mortality of 16.85% after 3 years of prognosis. It was found
that LncRNA NKILA in dead patients was higher than that
in survivors, while miR-485-5p was lower. ROC curve
analysis manifested that when LncRNA NKILA >5.325, the
sensitivity and specificity of death prediction within 3 years
were 80.00% and 89.19% (AUC: 0.854, 95% CI: 0.728–0.980,
P< 0.001). When miR-485-5p <1.905, the sensitivity and
specificity were 73.33% and 85.14% (AUC: 0.805, 95% CI:
0.661–0.950, P< 0.001). On the basis of the cut-off value,
they were divided into group A (LncRNA NKILA >5.325,
n� 20), group B (LncRNA NKILA ≤5.325, n� 69), group C
(miR-485-5p ≥1.905, n� 67), and group D (miR-485-5p
<1.905, n� 22). According to the prognosis and survival
curve, the survival of group B was better than group A, while
group C was better than group D (P< 0.05) (Figure 2).

4.3. Silencing LncRNA NKILA Can Inhibit the Activity and
EMT of LC Cells. 'e expression of LncRNA NKILA in
SMMC-7721, HepG2, and HL-7702 was higher than that in
HL-7702 (P< 0.05). 'e proliferation, invasion, and EMT in
SMMC-7721 and HepG2 si-LncRNA NKILA group were
lower than those in NC group, but the apoptosis was higher
(P< 0.05) (Figure 3).

4.4. Inhibiting miR-485-5p Promotes LC Cell Activity and
EMT and Vice Versa. It was found that the miR-485-5p
levels in SMMC-7721 and HepG2 were lower than that in
HL-7702 (P< 0.05). MiR-485-5p mimics, inhibitor, and
negative control groups were transfected into the cells in the
miR-mimics, inhibitor, and negative control groups, re-
spectively. 'e cell proliferation, invasion, and EMT of the
miR-mimics group were low but the apoptosis was high
compared with the other two groups (P< 0.05). 'e three in
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the miR-inhibitor group were higher than those in the miR-
NC group, but the apoptosis was lower (P< 0.05) (Figure 4).

4.5. Relationship between LncRNA NKILA and miR-485-5p.
'e Starbase online website manifested that there were
binding sites between LncRNA NKILA and miR-485-5p.
Dual-luciferase reporter assay documented that the fluo-
rescence activity of LncRNA NKILAA-WTwas inhibited by

overexpressed miR-485-5p (P< 0.05), while the miR-485-5p
expression in SMMC-7721 and HepG2 after transfection of
LncRNA NKILA lentivirus inhibition and empty vector was
higher than that in NC group (P< 0.05) (Figure 5).

4.6. Rescue Experiment. 'e LncRNA NKILA lentivirus
inhibition and miR-485-5p inhibitor were cotransfected
into SMMC-7721 and HepG2 cells as cotransfection
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group. LncRNA NKILA lentivirus inhibition, miR-485-5p
inhibitor, and LncRNA NKILA empty vector were
transfected alone. 'e biological behavior of cells showed
that there was no difference in proliferation, invasion, and
apoptosis between cotransfected and NC groups
(P> 0.05). 'e proliferation and invasion of the cells
transfected with si-LncRNA NKILAA were lower than
those of the cells in cotransfection and NC groups, while
the apoptosis level of the cells transfected with si-LncRNA
NKILAA was higher than that of the cell in other groups
(P< 0.05) (Figure 6).

5. Discussion

Along with the increasing morbidity of LC, it is more and
more urgent to investigate its pathogenesis clinically [17]. It
is quite valuable to explore at the molecular level [18]. In the
first place, molecular detection can be used as a tumor di-
agnostic marker, which improves tumors’ early detection
rate and improves patients’ prognosis. In the second place,
through molecular detection, it can help clinical judgment of
disease progress and assist clinicians to take effective in-
tervention measures as soon as possible. In the third place,
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Figure 3: Effect of LncRNA NKILA on LC cells. (a) 'e expression of LncRNA NKILA in SMMC-7721, HepG2, and HL-7702 was higher
than that in HL-7702 (aP< 0.05). (b) Comparison of growth curves of SMMC-7721 and HepG2 (aP< 0.05). (c) Comparison of apoptosis
rates of SMMC-7721 and HepG2 (aP< 0.05). (d) Comparison of invasion of SMMC-7721 and HepG2 (aP< 0.05). (e) Comparison of
expression of SMMC-7721, HepG2 apoptosis-related protein, and EMT-related protein (aP< 0.05).
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through molecular targeted therapy, it is possible to achieve
better results and higher safety than surgery, radiotherapy,
and chemotherapy. Hence, after exploring the effect of miR-
485-5p targeted by LncRNA NKILA on LC cells, this ex-
periment is quite marked for future diagnosis and treatment.

We detected the LncRNANKILA and miR-485-5p levels
in cancer and adjacent tissues of patients and found that

LncRNA NKILA was highly expressed in the former, while
miR-485-5p was low. 'e abnormal expressions of LncRNA
NKILA and miR-485-5p suggested that they might be rel-
evant to LC occurrence and development. 'e studies have
also discovered that the LncRNA NKILA and miR-485-5p
levels were also consistent in laryngeal cancer, rectal cancer,
and tongue cancer [19–21]. It manifested that LncRNA
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Figure 4: miR-485-5p effect on LC cells. (a) 'e miR-485-5p expression in SMMC-7721, HepG2, and HL-7702 was lower than that in HL-
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Target: 5′

miRNA : 3′

cccuggccCACCUCCAGCCUCu 3′
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NKILA and miR-485-5p might play the same role in many
diseases. 'rough prognostic follow-up, we found that the
LncRNA NKILA levels of prognostic dead patients were
higher than those of survival patients, while the miR-485-5p
level expressed a contrary situation. It revealed that high
expression of LncRNA NKILA and low expression of miR-
485-5p could predict poor prognosis of the patients with LC.
To verify their influence on prognosis, we first analyzed the
predictive value of LncRNA NKILA and miR-485-5p on
patients’ death within 3 years by ROC curve. 'e result also
accords with our above inference. 'e cut-off value shows
that high LncRNANKILA and low miR-485-5p were related
to the high mortality risk of the patients. With the cut-off
value as the boundary, we divided patients into high- and
low-expression groups. By observing their prognosis and
survival curves, we also found that those with high ex-
pression of LncRNA NKILA and low expression of miR-
485-5p had higher mortality. So, we can judge the prognosis
of patients by monitoring the LncRNA NKILA and miR-
485-5p levels in the future.

Above, we have a preliminary understanding of the
clinical role of LncRNA NKILA and miR-485-5p in LC, but
the mechanism on cancer cells is ambiguous. So, we pur-
chased LC and normal liver cells, to detect LncRNA NKILA
and miR-485-5p expression. It was found that the results
were consistent with ours mentioned above, which con-
firmed our experimental results. 'en, we transfected a
lentiviral vector that inhibits LncRNA NKILA with miR-
485-5p mimics and inhibitor into LC cells and detected their
biological behavior. It was found that silencing LncRNA
NKILA could inhibit the activities of LC cells, suggesting
that highly expressed LncRNA NKILA acted as an oncogene
in LC. Inhibiting miR-485-5p can promote LC cell activity
and vice versa. Looking at previous studies, we found that
LncRNA NKILA and miR-485-5p also regulated colorectal
cancer and mandatory spondylitis progression [22, 23],
which can also support our experimental results. Besides,
because we speculated that LncRNA NKILA and miR-485-
5p had a certain influence on EMT, we also detected the
expression of E-cadherin, N-cadherin, and vimentin

hepatoma cells. E-Cadherin, N-cadherin, and vimentin, as
effective indicators of EMT, have been unanimously rec-
ognized in clinical practice [24, 25], so they will not be
described in detail here. We found that inhibiting LncRNA
NKILA and overexpressing miR-485-5p suppressed LC cell
EMT. It suggests that LncRNANKILA and miR-485-5p may
be potential therapeutic targets. Hence, targeted silencing of
LncRNANKILA or enhancement of miR-485-5p can reduce
the EMTand inhibit the spread of cancer cells. Of course, the
clinical application still needs to be confirmed by a large
number of experiments. At last, in order to assess the re-
lationship between LncRNA NKILA and miR-485-5p, we
first confirmed the binding sites between them through the
online website. 'e dual-luciferase reporter enzyme ex-
periment documented that there was a targeted regulation
relationship between them. 'e miR-485-5p expression in
LC cells increased after transfection of lentiviral vector
inhibiting LncRNA NKILA. 'us, we can know that
LncRNA NKILA has an impact on the targeted regulation of
miR-485-5p in LC. 'e rescue experiment documented that
the biological behavior of LC cells cotransfected with len-
tiviral vector inhibiting LncRNA NKILA and miR-485-5p
inhibitor was not different from the cells transfected with
LncRNA NKILA empty vector, indicating that the effect of
silencing LncRNA NKILA was completely changed by
inhibiting miR-485-5p.

Hence, we can finally conclude that highly expressed
LncRNA NKILA boosts cell proliferation, invasion, and
EMT by targeting miR-485-5p.

'ere are still many shortcomings in this research. 'e
LncRNA NKILA and miR-485-5p expression in normal
samples and blood of LC patients are not detected, and their
diagnostic value is not assessed. Furthermore, we have not
yet known the signal pathway that LncRNA NKILA targets
miR-485-5p to affect LC cells, which needs to be verified by
much research and experimental analysis. In addition, we
need to carry out tumor-forming experiments in nude mice
to verify the effects of LncRNA NKILA and miR-485-5p to
make a better experimental analysis and get more effective
results.
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Hepatoblastoma (HB) is a kind of tumor that occurs frequently in children and is highly malignant. Here, the function of ROS
modulator 1 (ROMO1) was identified in the development of HB. In this study, themRNA expression of ROMO1wasmeasured by
RT-qPCR. Colony formation assay, MTTassay, and flow cytometric analysis were applied to detect cell viability.,e cell migrative
and invasive ability was measured by wound healing and transwell assays. Tumor xenografts were performed to examine tumor
growth. ,e results showed that upregulation of ROMO1 was identified in liver hepatocellular carcinoma (LIHC) tissues and
predicted poor prognosis in LIHC patients. And ROMO1 expression was also increased in HB tissues and cells. Functionally,
ROMO1 knockdown restrained cell viability, migration, and invasion in HB. In addition, knockdown of ROMO1 was found to
suppress tumor formation in vivo. In conclusion, upregulation of ROMO1 promotes tumor growth and cell aggressiveness in HB.

1. Introduction

Hepatoblastoma (HB) develops from hepatocyte precursor
cells and is a malignant embryonic tumor with multiple
differentiation modes [1]. ,e cause of HB is not clear. Some
genetic diseases and congenital factors may be related to the
occurrence of HB [2]. HB is the most common liver ma-
lignant tumor in children, accounting for 90% of the primary
malignant tumors of the liver in children. ,e incidence of
HB is about 0.7 to 1/100 million, and the male-to-female
ratio is approximately (1.5 to 2) : 1 [3]. Infants and young
children, especially those who have been infected with
hepatitis B virus, have an increased risk of HB [4]. Addi-
tionally, the early symptoms of HB are not obvious, and the
child usually looks good. After that, the tumor grows rapidly,
and an abdominal mass may appear, which is the most
common symptom of HB [5]. ,e treatment of HB is mainly

surgery combined with chemotherapy. If the patient is ac-
tively treated, the overall survival rate of HB is about 80%,
and the prognosis is good [6]. ,erefore, early detection,
early diagnosis, and early treatment are extremely important
for improving the survival rate of patients with HB.

In the past few years, many RNAs and genes have been
found to be involved in the development of HB. For example,
microRNA-26-5p functioned as a new inhibitor of HB by
repressing the LIN28B-RAN-AURKA pathway [7]. LncRNA
CRNDE promoted the angiogenesis of HB by regulating the
miR-203/VEGFA axis [8]. Circ-STAT3 promoted HB pro-
gression through acting as a sponge for miR-29a/b/c-3p [9].
In addition, DPEP1 has been reported to promote HB
progression by the PI3K/Akt/mTOR pathway [10]. In this
study, the role of ROMO1 in HB was investigated.

ROS modulator 1 (ROMO1) is well known to regulate
intracellular ROS production. And in many human cancers,
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the important role of ROMO1 has been found. For example,
ROMO1 predicted unfavorable prognosis in colorectal
cancer patients [11]. And ROMO1was also found to regulate
ROS production and cellular growth in gliomas [12]. In
addition, it has been reported that ROMO1 overexpression
predicted worse survival in patients with NSCLC [13]. More
importantly, overexpression of ROMO1 was found to
promote the production of ROS and hepatic tumor cell
invasion [14]. However, the function of ROMO1 in HB has
not been reported in previous studies.

To investigate whether ROMO1 is involved in the
pathogenesis of HB, the expression of ROMO1 in HB tissues
and cells was examined. At the same time, the effect of
ROMO1 on tumor growth and cell aggressiveness was also
identified in HB. ROMO1 may be a potential biological
target for HB.

2. Materials and Methods

2.1.Clinical Samples. HB tissues and adjacent normal tissues
were collected from 18 patients in Yantai Maternal and
Child Health Care Hospital, Yantaishan Hospital, between
January 2014 and December 2020. ,e average age of these
patients was 4.8 years between 2 and 9 (from 2 to 9 years
old). Among them, there were 11 male and 7 female patients.
Written informed consent was obtained from every patient
or their direct relatives. Our research was approved by the
Ethics Committee of Yantai Maternal and Child Health Care
Hospital, Yantaishan Hospital.

2.2. Bioinformatics Analysis of ROMO1. ,e expression of
ROMO1 in human cancers was analyzed in the GEPIA
(http://gepia.cancer-pku.cn/) database. ,e expression level
and prognosis of ROMO1 in liver hepatocellular carcinoma
(LIHC) were analyzed by box plots and survival plots.

2.3. Cell Cultures. Normal hepatocyte cell lines LO2 and
HepG2 and HuH-6 HB cells were purchased from the
Chinese Academy of Sciences Cell Bank. LO2 and HuH-6
cells were incubated in the DMEMmedium with 10% FBS at
37°C under an atmosphere with 5% CO2.

2.4. Cell Transfection. ROMO1 siRNAs (si-ROMO1) and
negative control (si-NC) were purchased from RiboBio
(Guangzhou, China). For in vitro experiments, si-ROMO1
and si-NC were transfected into HuH-6 cells using Lip-
ofectamine 3000 (Invitrogen, CA, USA). For in vivo ex-
periments, ROMO1 knockdown lentivirus (sh-ROMO1)
and empty lentivirus control (Mock) were constructed into
HuH-6 cells.

2.5. RT-qPCR. Total RNA of ROMO1 was isolated from HB
tissues and cells by TRIzol reagent (Invitrogen, CA, USA).
cDNA was synthesized using the High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, CA, USA).
RT-qPCR assay was performed on the StepOnePlus Real-
Time PCR System by using the Power SYBR Green PCR

Master Mix (Applied Biosystems). GAPDH was an internal
control. ROMO1 expression was analyzed using the 2-△△Cq
method.

2.6. MTTAssay. ,e transfected HuH-6 cells were reseeded
in a 96-well plate (4×103 cells/well). MTT solution (0.5mg/
ml) was used to incubate these cells based on the MTTassay.
,e absorbance was detected at 490 nm with a
spectrophotometer.

2.7. Colony Formation Assay. ,e transfected HuH-6 cells
were seeded into 6-well plates (4×103 cells/well). Next, the
cells were cultured in a cell incubator for 10 days. ,en, the
colonies were fixed with 4% paraformaldehyde and stained
with 0.1% crystal violet. Finally, cell colonies were counted
and photographed.

2.8. Flow Cytometric Analysis. Annexin V-FITC/propidium
iodide Apoptosis Detection Kit I (BD Biosciences, Franklin
Lakes, NJ, USA) was used to detect apoptotic cells. In brief,
0.25% EDTA-free trypsin was added to digest HuH-6 cells.
,en, the cells were resuspended in 100mL binding buffer.
Next, 5ml Annexin V-FITC and PI were added to incubate
these cells for 30min at 37°C in the dark. Finally, flow
cytometry (Becton, Dickinson and Company, CA, USA) was
applied to measure the apoptotic cells.

2.9. Wound Healing Assay. HuH-6 cells (4×105 cells/well)
were seeded into six-well plates. After reaching 90% con-
fluence, a 1mm-wide wound was made by a 200mL sterile
needle tip.,e wound area was measured and photographed
under a microscope every 24 h.

2.10. Transwell Assay. Transwell chamber (10 μm pore
membrane, BD Biosciences) was used to assess the cell
migrative and invasive ability. ,e transfected HuH-6 cells
(5×103 cells/well) were added to the upper chamber.
DMEM medium with 20% FBS was added in the bottom
well. After 24 h, HuH-6 cells in the chamber were fixed with
methanol for 30min and stained with crystal violet for
15min. Migrated cells were observed and counted under a
light microscope. For cell invasion, Matrigel (BD Biosci-
ences) was added in the top side of the upper chamber.
Besides this, the whole experiment was similar to the cell
migration method.

2.11. Tumor Xenografts. ,e male BALB/c nude mice (4–6
weeks) were obtained from Beijing Vital River Laboratory
(Beijing, China). HuH-6 cells with sh-ROMO1 and Mock
were subcutaneously injected into the lower flank of nude
mice. Tumor growth was detected every 4 days. Mice were
euthanized after 28 days. Finally, tumors were dissected and
weighed. Before this study, the Animal Health Committee of
Yantai Maternal and Child Health Care Hospital, Yan-
taishan Hospital, approved this experiment.
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2.12. Statistical Analysis. GraphPad Prism 6 software was
used for statistical analysis. Data were expressed as
mean± SD. Difference was analyzed by Student’s t-test or
one-way ANOVA, with the significant level specified as
P< 0.05.

3. Results

3.1. Upregulation of ROMO1 Is Identified in LIHCTissues and
Predicts Poor Prognosis in Liver Hepatocellular Carcinoma
(LIHC) Patients. First, the expression of ROMO1 in dif-
ferent human cancers was analyzed by using the GEPIA
database (TCGA and GTEX). We found that ROMO1 ex-
pression was increased in most cancers (P< 0.05,
Figure 1(a)). At the same time, upregulation of ROMO1 was
also found in LIHC tissues in comparison with normal
tissues (P< 0.05, Figure 1(b)). In addition, LIHC patients
with higher ROMO1 expression were found to have lower
overall survival (OS) and disease-free survival (DFS) than
patients with low ROMO1 expression (P< 0.05, Figures 1(c)
and 1(d)). ,ese results demonstrate that ROMO1 is
upregulated in LIHC tissues. And upregulation of ROMO1
predicts poor prognosis in LIHC patients.

3.2. ROMO1 Expression Is Also Increased in HB Tissues and
Cells. Although the expression of ROMO1 in LIHC is
known, the alternation of ROMO1 expression in HB
remains unclear. ,us, ROMO1 mRNA expression was
detected in 18 HB tissues in our study. Compared with
normal tissues, upregulation of ROMO1 was detected in
HB tissues (P< 0.05, Figure 2(a)). In addition, ROMO1
expression in HB cells was also detected. Compared with
normal hepatocyte cell line LO2, ROMO1 was upregu-
lated in HuH-6 and HepG2 HB cells (P< 0.05,
Figure 2(b)). Based on these results, we infer that ROMO1
may be involved in the pathogenesis of HB. We also found
that the difference of ROMO1 expression in HuH-6 cells
was more significant than HepG2 cells (Figure 2(b)).
,erefore, HuH-6 was selected to explore the function of
ROMO1 in HB.

3.3. Knockdown of ROMO1 Restrains Cell Viability in HB.
Next, si-ROMO1 or si-NC was transfected into HuH-6 cells.
RT-qPCR showed that ROMO1 expression in the si-
ROMO1 group was reduced in comparison with the si-NC
group (P< 0.01, Figure 3(a)). Functionally, ROMO1
downregulation suppressed cell proliferation in HuH-6 cells
compared to the si-NC group (P< 0.01, Figure 3(b)).
Meanwhile, we found that the colony-forming ability of
HuH-6 cells was reduced after ROMO1 knockdown
(P< 0.05, Figure 3(c)). To further explore the effect of
ROMO1 on cell viability, flow cytometric analysis was
performed to detect cell apoptosis. Compared with the si-NC
group, knockdown of ROMO1 significantly promoted ap-
optosis of HuH-6 cells (P< 0.05, Figure 3(d)). In brief,
knockdown of ROMO1 restrains cell proliferation and in-
duces apoptosis in HB.

3.4. Downregulation of ROMO1 Decreases the Cell Migrative
and Invasive Ability in HB. To investigate how ROMO1
regulates cell migration and invasion, transwell and wound
healing assays were performed in HuH-6 cells. We found
that the scratch healing ability of HuH-6 cells in the si-
ROMO1 group was reduced in comparison with the si-NC
group (P< 0.05, Figure 4(a)). It indicates that down-
regulation of ROMO1 can decrease the cell migrative ability
of HB cells. In the meantime, transwell assay also showed the
same results (P< 0.01, Figure 4(b)). In addition, transwell
assay also suggested that ROMO1 knockdown significantly
restrained cell invasion in HuH-6 cells (P< 0.01,
Figure 4(c)). All these results revealed that ROMO1 silencing
can decrease the cell migrative and invasive ability in HB.

3.5. Downregulation of ROMO1 Suppresses Tumor Growth of
HB In Vivo. Finally, HuH-6 cells with sh-ROMO1 were
injected into nude mice to explore the effect of ROMO1 on
tumor growth in HB. We found that tumor growth, as
shown by tumor volumes at different time points, was
suppressed in the sh-ROMO1 group compared to the Mock
group (P< 0.05, Figure 5(a)). At the same time, tumor
weight in the sh-ROMO1 group was lower than that in the
Mock group (P< 0.01, Figures 5(b) and 5(c)). ,e in vivo
experiment indicates that knockdown of ROMO1 can re-
strain the tumor formation of HB.

4. Discussion

HB accounts for approximately 62% of primary liver ma-
lignancies in children. And HB is highly malignant and can
be widely metastasized through blood and lymphatic
pathways [15]. ,e first choice of HB treatment is surgical
resection, and comprehensive treatment such as corre-
sponding chemotherapy can also be used after the operation
[16]. Moreover, the development of HB is slow. When HB is
discovered, the tumor is already large. It is difficult to
perform operation, and the prognosis of HB is poor [17].
,erefore, the development of new molecular markers for
early detection of HB is very important.

Here, we found that ROMO1 was upregulated in LIHC
tissues. Upregulation of ROMO1 predicted poor prognosis
in LIHC patients. Based on the above results, we speculate
that ROMO1 may be involved in the tumorigenesis of HB.
As we predicted, upregulation of ROMO1 was also found in
HB tissues and cells. Similar to our results, increased ex-
pression of ROMO1 was also identified in other cancers,
such as bladder cancer [18] and glioblastoma [19]. In ad-
dition, it has been reported that high ROMO1 expression
predicted unfavorable prognosis and lymphatic metastasis in
NSCLC patients [20]. More importantly, ROMO1 has been
reported to be a novel potential target for cancer diagnosis
and treatment [21]. To investigate whether ROMO1 regu-
lates the tumorigenesis of HB, both in vitro and in vivo
experiments were performed.

Our study demonstrated that ROMO1 knockdown re-
strained cell proliferation and induced apoptosis in HB.
Similar to our results, upregulation of ROMO1 was also
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Figure 1: Upregulation of ROMO1 is identified in LIHC tissues and predicts poor prognosis in LIHC patients. (a) ROMO1 expression in
human cancers was analyzed in the GEPIA database. (b) ROMO1 expression in LIHC tissues. (c, d) Analysis of OS and DFS rates in LIHC
patients with high or low ROMO1 expression. ∗P< 0.05.
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Figure 2: ROMO1 expression is also increased in HB tissues and cells. (a) ROMO1 expression was detected in HB tissues and normal tissues
by RT-qPCR. (b) ROMO1 expression was detected in normal hepatocyte cell lines LO2 and HepG2 and HuH-6 HB cells. ∗P< 0.05 and
∗∗P< 0.01.
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found to promote cellular growth in human gliomas [12].
And ROMO1 inhibition induced TRAIL-mediated apo-
ptosis in colorectal cancer [22]. In addition, downregulation
of ROMO1 decreased the cell migrative and invasive ability
in HB. Lee et al. also reported that ROMO1 and the NF-κB
pathway can regulate tumor cell invasion induced by

oxidative stress [23]. However, the relationship between
ROMO1 and the NF-κB pathway in HB has not been in-
vestigated in this study, which needs to be explained in the
future. Besides the above results, our study revealed that
knockdown of ROMO1 suppressed HB tumor formation in
vivo. ,e result has not been found in previous studies.
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5. Conclusion

Similarly, upregulation of ROMO1 is found in LIHC and
predicts poor prognosis in LIHC patients. High expression
of ROMO1 is also identified in HB, and it acts as a tumor
promoter in the development of HB. Our study provides a
potential target for the diagnosis and treatment of HB.
However, future investigation is still needed to explain the
underlying mechanisms of ROMO1 in HB.
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Objective. To investigate the expression of transient receptor potential (TRP) superfamily genes, especially TRPC7-AS1 in hepatitis
B virus- (HBV-) related hepatocellular carcinoma (HCC). Methods. ,ree cancer samples of HBV-related HCC at phase IV and
matched paracancerous liver tissues were included in the study. Total RNA was extracted, and differential expression of RNA was
screened by high-throughput transcriptome sequencing. ,e expression of TRPC7-AS1 was detected by quantitative real-time
PCR. ,e N6-adenosyl methylation RNA in MHCC97H, HepG2, and HL-7702 was enriched by coimmunoprecipitation with
m6A antibody, and the relative level of N6-adenosyl methylation RNA in TRPC7-AS1was detected. Results.,e expression of TRP
family genes in cancer tissues was higher than that in paracancerous liver tissues, including TRPC7-AS1, TRPC4AP, PKD1P6, and
PKD1P1. Moreover, the expression level of TRPC7-AS1 in MHCC97H and HepG2 was also significantly higher than that in L02, a
normal liver cell. ,e methylation level of N6-adenosine of TRPC7-AS1 was lower in HepG2 cells than that in L02 cells.
Conclusion. TRP superfamily genes, especially TRPC7-AS1, were highly expressed in HBV-related HCC. TRPC7-AS1 could be a
potential therapeutic target or diagnostic marker for HCC.

1. Introduction

Transient receptor potential (TRP) ion channel is a trans-
membrane protein, which plays key roles in mechanical
injury, pain, temperature perception, and osmotic pressure
perception by changing cell membrane potential or intra-
cellular calcium concentration [1–4]. According to homol-
ogy, the TRP ion channel family genes in mammals can be
divided into six subgroups: TRP canonical (TRPC), TRP
vanilloid (TRPV), TRP melastatin (TRPV), TRP ankyrin
(TRPA), TRP mucolipin (TRPML), and TRP polycrystalline
(TRPP). Among them, the first four subgroups belong to one
class, and the latter two subgroups are classified as one group
[5]. It has been reported that the dysfunction of the TRP ion
channel (TRPV4, TRPV1, TRPM4, and TRPM) is consid-
ered to be related to obesity or diabetes, and these disorders

are related to appetite, insulin secretion, and autoimmune
response [6–10].

,e downstream of the TRP ion channel family has a
function in cell proliferation and is also considered to be
related to cancer development (ref). TRPC6 was reported to
be upregulated in glioblastoma, while TRPV2 was highly
expressed in ovarian cancer [11, 12]. However, the in-
volvement of TRP family genes in hepatocellular carcinoma
(HCC) is still rarely reported.

In this study, the paracancerous tissues and the corre-
sponding cancer tissues of three patients with stage IV
hepatitis B virus- (HBV-) related HCCwere taken as samples
for high-throughput transcriptome sequencing. ,e ex-
pression levels of TRP family genes were analyzed, especially
TRPC7-AS1. Additionally, the level of N6 adenosine
methylation in HCC was also detected. ,is study would
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provide a potential therapeutic target or diagnostic marker
for HBV-related HCC.

2. Materials and Methods

2.1. Patients. ,e paracancerous tissues and corresponding
cancer tissues of three patients with phase IV HBV-related
HCC were provided by Hepatobiliary Surgery, Cancer
Hospital Affiliated to Guangxi Medical University. HepG2
cells (SCSP-510), HL-7702 cells (GNHu 6), and MHCC97H
cells (SCSP-528) were provided by Cell Bank of Chinese
Academy of Sciences (Shanghai, China). ,e study was
approved by the Ethics Committee of Guangxi Medical
University Cancer Hospital.

2.2.High-0roughputSequencing. ,eparacancerous tissues
and corresponding cancer tissues of three patients with stage
IV HBV-related HCC were frozen, and the high-throughput
sequencing was conducted by Shanghai Sangon Biotech-
nology Co., Ltd. (Shanghai, China) as previously described
(ref).

2.3. Fluorescence Quantitative PCR. HepG2 cells, HL-7702
cells, andMHCC97H cells were cultured in DMEM supplied
with 10% FBS (,ermoFisher, Massachusetts, USA). All cells
were purchased from Wuhan Shangen Biotechnology Co.,
Ltd. (Wuhan, China). RNA was extracted from the cells in
logarithmic growth using the ultrapure RNA extraction kit
(CW0581M and CWBIO). After RNA was extracted, cDNA
was synthesized according to the reverse transcription kit
(CW2569M, CWBIO), and PCR reaction was carried out on
the fluorescent quantitative PCR instrument with cDNA as
template. ,e primers were synthesized by Shanghai Sangon
Biotechnology Co., Ltd. (Shanghai, China). ,e primers
included ENST00000514459F: 5′-GCCTCCTCCTTCCA-
TAACG-3′, ENST00000514459R: 5′-CCCACAGCCTA-
GACCCATT-3’; GAPDH F: 5′-TGACTTCAACAGCGAC
ACCCA-3′, and GAPDH R: 5′-TGACTTCAACAGCGA-
CACCCA-3’.

2.4. RNA Coimmunoprecipitation (Co-IP). With RNase in-
hibitors (cat.no), 5×106 cells were lysed in 500 μL lysate, and
the lysate was used as the sample for Co-IP. 100 μL of cell
lysate was used as the input sample and another 100 μL of
cell lysate also used mouse lgG (provided by kit) for Co-IP
experiment to get the IgG sample. Another 100 μL cell lysate
was incubated with m6A antibody (ab15123, Abcam,
Cambridge, UK). ,e total RNA was extracted from the
samples and reversely transcribed in the 50 μL system to
obtain cDNA.,e cDNA was used as template, and TRPC7-
AS1 was used as the index for fluorescence quantitative PCR
detection.

2.5. Statistical Analysis. All the data were presented as mean
and standard deviation and analyzed by one-way ANOVA
followed by the post hoc test by SPSS 19.0, with P< 0.05 as
the significant difference.

3. Results

3.1. Expression Abundance of TRP Family Genes in
HBV-Related HCC. ,e paracancerous tissues (A1, A2, and
A3) and the corresponding cancer tissues (B1, B2, and B3) of
three patients with HBV-related HCC at stage IV were used
as samples for high-throughput sequencing. ,e expression
abundance of TRP family genes in the sample is shown in
Figure 1. If TRP ion channel family genes were not detected
in 4 or more samples, those genes are not shown in Figure 1,
i.e., TRPC7 was not detected in 6 samples. ,e expression of
TRP ion channel family genes in cancer tissue was higher
than those in paracancerous tissue, and the expressions of
TRPV6 (in B1 sample), TRPM4 (in B3 sample), TRPC1 (in
B3 sample), and PKD1P1 (in B2 sample) were significantly
upregulated compared with those in paracancerous tissues.

,e expression of TRP channel genes in cancer tissues
was higher than those in paracancerous tissues.

,e results of high-throughput sequencing showed that
TRP ion channel-related genes, such as TRPC7-AS1,
TRPC4AP, PKD1P6, and PKD1P1, were highly expressed in
cancer tissues than those in paracancerous tissues (Table 1).

3.2. Expression Level of TRPC7-AS1 in MHCC97H, HepG2,
and L02 Cell Lines. ,e PCR results of TRPC7-AS1 (tran-
script ID: enst0000514459) in MHCC97H, HepG2, and L02
cells are shown in Figure 2. MHCC97H and HepG2 were
hepatoma cell lines, while L02 was normal cell line. Com-
pared with L02 cells, the expression level of TRPC7-AS1 in
MHCC97H and HepG2 was significantly upregulated.

3.3. 0e level of N6-Adenosyl Methylation (m6A) of TRPC7-
AS1 in MHCC97H, HepG2, and L02 Cells. ,rough Co-IP
with m6A antibody to enrich N6-adenosine methylation
RNA in cells, the expression level of TRPC7-AS1 was de-
tected. Compared with the expression level of TRPC7-AS1 in
total RNA of the same amount of input samples, the relative
level of N6 adenosine methylated in TRPC7-AS1 was ob-
tained (Figure 3, P< 0.05). ,e methylation level of N6
adenosine in TRPC7-AS1was lower in HepG2 cells than that
in L02, but there was no significant difference between
MHCC97H cells and L02 cells.

4. Discussion

In this study, we analyzed the expression abundance of TRP
family genes in three cases of HBV-related HCC at stage IV.
We found that the expression of TRP family genes in cancer
tissues was higher than those in paracancerous tissues. In
addition, we also found that TRP ion channel family genes
(TRPV4, TRPV1, TRPM4, and TRPM5) related to obesity or
diabetes were highly expressed in HBV-related HCC.

Compared with the paracancerous tissues, the high
expression of TRPV4, low expression of TRPV1, and high
expression of TRPM4were found in HCC tissues, but TRPM
5 was not detected in 5 samples. ,e expression trends of
TRPV1 and TRPM4 in the patients with diabetes are similar
to the patients with obesity [6, 8]. TRPV4 has a regulatory
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effect on bodyweight and autoimmune inflammation, but
whether it is positive or negative regulation is controversial
[9, 10]. Diabetes is a risk factor of liver cancer, obesity,
energy metabolism imbalance, and other states, which are
indeed related to liver cancer [13]. ,erefore, it can be
inferred that the imbalance of TRP ion channel family gene
expression is related to HCC.

We also found that the expression of TRP ion channel-
related genes such as TRPC7-AS1, TRPC4AP, PKD1P6, and
PKD1P1 in cancer tissues was higher than those in adjacent
tissues. Among them, the protein encoded by TRPC4AP

gene is believed to be able to interact with TRPC ion channel
and promote calcium release into cells, which is found to be
related to Alzheimer’s disease [14].

TRPC7-AS1, PKD1P6, and PKD1P1 belong to lncRNA.
More than 98% of the regions in human genome are
noncoding regions. lncRNA is a kind of RNA which is
widely transcribed but not translated to produce functional
proteins. In recent years, lncRNA has been gradually found
to play an important role in gene expression regulation [15].
PKD1P6 and PKD1P1 are pseudogenes of PKD1. Pseudo-
gene is presumed to be a gene produced in the process of
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Figure 1: Expression abundance of TRP family genes in HBV-related HCC. Right side is the scale corresponding to the color and value.
TPM, transcripts per million.

Table 1: ,e expression of TRP channel-related genes.

Gene name Position TPM
(A1)

TPM
(A2)

TPM
(A3)

TPM
(B1)

TPM
(B2)

TPM
(B3) Gene description

TRPC7-AS1 5[+]136214048-
136222159 0.00 0.00 0.00 24.65 1.98 6.89 TRPC7 antisense RNA 1

TRPC4AP 20[-]35002404-
35092871 29.08 23.56 18.38 41.96 39.70 59.08 Transient receptor potential cation channel

subfamily C member 4 associated protein

PKD1P6 16[-]15125242-
15154564 14.68 12.48 15.99 17.64 43.34 22.32 Polycystin 1, transient receptor potential channel

interacting pseudogene 6

PKD1P1 16[+]16310341-
16334190 6.01 4.23 5.66 15.63 11.46 5.30

Polycystin 1, transient receptor potential channel
interacting pseudogene 1 (source: HGNC Symbol;

Acc: HGNC:30065)
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tandem doubling, gene mutation, or gene recombination of
the parent gene without effective coding. In recent years,
studies have found that pseudogene often has a regulatory
effect on the parent gene, and the expression of pseudogene
varies significantly in different cells, which may be supposed
as the diagnostic and prognostic markers of cancer [16, 17].
,e expression of TRPC7-AS1 in the antisense chain of the
intron region of TRPC7 gene was selected for further study.
TRPC7 gene itself has not been detected in high-throughput
sequencing of liver cancer samples, which may indicate that
TRPC7-AS1 cannot regulate the expression of TRPC7 gene
in liver cancer. In this study, we found that the expression
level of TRPC7-AS1 in hepatoma cell lines was significantly
higher than that in normal hepatoma cell lines, which was
consistent with the high-throughput sequencing results of
hepatitis B-related hepatoma samples. It was also found that
the methylation level of N6-adenosine in TRPC7-AS1 was
higher in normal hepatocytes than that in hepatoma cells.

N6-adenosyl methylation (m6A) is the most common
type of RNA modification, which is involved in the

regulation of RNA cutting, transport, and degradation. For
lncRNA, the increased m6A level often means poor stability
of the structure [18, 19]. Moreover, the genes such as mettl3
and FTOwhich can regulate m6A have been also reported to
be involved in the occurrence and development of cancer
such as liver cancer [20, 21]. TRPC7-AS1 has a low level of
m6A in hepatoma cells, which is consistent with the high
expression of TRPC7-AS1 in hepatoma tissues and cells. It
can be inferred that regulating the expression of m6A-re-
lated genes can play a role in regulating TRPC7-AS1.

In conclusion, the expression of TRP family genes in
HCC and the correlation between TRPC7-AS1 and HCC can
be concluded by analyzing the experimental results of this
study. In the future, we will select more target genes and
carry out relevant functional experiments to explore the
regulatory mechanism of TRPC7-AS1 in the target genes.
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Background. Long noncoding ribonucleic acids (lncRNAs) were closely related to the development of gastric cancer. )is study
investigated the effect of SNHG7 on gastric cancer progression and its potential molecular mechanism. Methods. SNHG7 and
microRNA-485-5p (miR-485-5p) expressions in gastric cancer tissues and cells were detected by quantitative real-time poly-
merase chain reaction (qRT-PCR). Cell counting kit-8 (CCK-8), wound healing, and transwell experiments were used to detect
cell proliferation, migration, and invasion. )e dual luciferase reporter assay, RNA immunoprecipitation (RIP) experiment, and
Pearson’s correlation analysis were used to confirm the relationship between SNHG7 andmiR-485-5p. Results. SNHG7 expression
was increased in human gastric cancer tissues and cells. Knockdown of SNHG7 could notably inhibit the gastric cancer cells
proliferation, migration, and invasion. )e dual-luciferase reporter assay and RIP experiments proved that miR-485-5p was a
direct target of SNHG7. At the same time, further experiments demonstrated that miR-485-5p inhibition reversed the suppression
of SNHG7 knockdown on gastric cancer cells proliferation, migration, and invasion. Conclusions. SNHG7 knockdown could
hamper gastric cancer progression via inhibiting miR-485-5p expression, providing a novel understanding for gastric
cancer development.

1. Introduction

Gastric cancer is one of the most commonmalignant tumors
of the digestive tract [1]. )e incidence and death rate of
gastric cancer have been decreasing in the past half century,
but it is still the second deadliest cancer in the world [2].
Gastric cancer mainly originates from epithelial cells of the
gastric mucosa and occurs in the gastric antrum and gastric
pylorus [3].)e etiology of gastric cancer is complex, such as
genetics, adverse environment, diet,Helicobacter pylori (HP)
infection, and others [4]. )e occurrence and development
of gastric cancer are related to multiple factors and genes.
Despite the continuous development of surgical techniques,
new chemotherapeutic drugs, and a variety of new treatment
options [5–8], the current treatment effect for gastric cancer
is still limited. )erefore, a deeper understanding of the
pathogenesis has great significance for the diagnosis and

treatment of gastric cancer patients. At present, lncRNA has
become a research focus of antitumor therapy, and its re-
ports in gastric cancer are also increasing.

LncRNA is a class of RNA molecules in which transcripts
are more than 200 nucleotides in length and cannot encode
proteins [9]. LncRNA can participate in various intracellular
signal regulation processes through chromatin modification,
transcription activation or interference, and others [10]. Some
studies have shown that dysregulation of lncRNA is closely
related to gastric cancer invasion, migration, metastasis,
prognosis, and et cetera [11, 12]. For example, Xu et al.
suggested that ZFAS1 knockdown hampered malignant be-
havior of gastric cancer cells through the Wnt/β-catenin
pathway [13]. XIST inhibition suppressed gastric cancer
progression and metastasis through regulating miR-101/
EZH2 [14]. CCAT2 overexpression accompanied poor
prognosis and overall survival for gastric cancer patients [15].
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SNHG7 located at 9q34.3 is a potential molecular marker
for malignant tumors, such as pancreatic cancer, osteosar-
coma, esophageal cancer, bladder cancer, colorectal cancer,
and breast cancer, cervical cancer, as well as gastric cancer
[16, 17]. Boone et al. reported that SNHG7 involved in the
proliferation and apoptosis of breast cancer cells regulated
by IGF1 [18]. Zhong et al. found SNHG7 was upregulated,
and inhibition of SNHG7 expression could promote cell
apoptosis and suppress cell proliferation and invasion in
bladder cancer [19]. SNHG7 facilitated cell proliferation and
invasion and closely related to poor prognosis in cervical
cancer [20]. In esophageal cancer, SNHG7 repressed cell
apoptosis and accelerated cell proliferation [21]. )ese
studies indicate that SNHG7 might have certain biological
functions in the occurrence, development, and progression
of tumor cells. Similarly, SNHG7 also contributed to the
progression and development of gastric cancer [22–24].
However, there are few studies on the molecular mechanism
of SNHG7 in gastric cancer.

Currently, this study intends to explore the expression
and role of SNHG7 and the possible molecule mechanisms
in gastric cancer. First, we measured the expression of
SNHG7 in gastric cancer. Besides, whether SNHG7 affects
gastric cancer cell biological behavior through miR-485-5p
was also explored.

2. Materials and Methods

2.1. Tissues Samples. 36 cases of primary gastric cancer
specimens were surgically resected and pathologically diag-
nosed in our hospital from January 2016 to December 2019
were collected, and adjacent tissues were selected as controls.
)ere were 16 males and 20 females with an average age of
(51.86± 9.38) years, ranging from 32 to 71 years old. )e
postoperative tissue was quickly stored in liquid nitrogen for
subsequent RNA extraction. Inclusion criteria are as follows.
(1) All patients were diagnosed with gastric cancer by
pathological examination. (2) All patients received surgical
treatment and did not undergo related chemotherapy and
other related treatment. and (3) Patients with complete
clinical data. Exclusion criteria are as follows: (1) Patients with
other malignant tumors. (2) Patients with severe liver, kidney,
and heart dysfunction and metabolic abnormalities. (3) Pa-
tients with previous history of mental illness. and (4) Patients
with incomplete clinical data.)is study was approved by our
hospital Ethics Committee (Approval No. 2015–04). )e
collection of all specimens was informed by the patients and
their families, and informed consent was signed.

2.2. Cell Culture. Gastric cancer cells including HS746T,
HGC-27, SNU-1, AGS, and human gastric mucosa epithelial
line GES-1 were cultured in the RPMI-1640 medium (Gibco,
USA) containing 10% FBS (Gibco, USA) and placed in an
incubator with saturated humidity at 37°C and 5% CO2. For
every 1-2 days, fresh medium was changed. Subculture was
performed when the cell fusion reached 80–90%. Loga-
rithmic growth phase cells were taken for subsequent ex-
periments. Each experiment was repeated at least 3 times.

2.3. Cell Transfections. Small interfering RNA against
SNHG7 (si-SNHG7), si-NC, miR-485-5p mimic (mimic),
and inhibitor and their corresponding controls were ob-
tained from Shanghai GenePharma. Cells transfection was
performed by Lipofectamine 2000 (Invitrogen, USA). In
brief, 5 μl Lipofectamine 2000 was also added into 250 μl
serum-free medium. 5 μl si-SNHG7 mimic or controls was
added into 250 μl serum-free medium, respectively. Above
liquids were mixed and added 1ml serum-free medium.
After 24 h of incubation at 37°C, the cells were harvested for
further analysis.

2.4. CCK-8 Assay. Cell with 5×103 cells/ml was placed in a
96-well plate and incubated for 1, 2, 3, and 4 days, re-
spectively. 10 μl CCK-8 solution (Dojindo, Japan) was
added. Each well was measured for absorbance at 450 nm on
an enzyme immunosorbent detector.

2.5. Wound-Healing Assay. Gastric cancer cells were placed
in a 6-well plate. One 200 μl disinfection tip was used to draw
a vertical line when the cell fusion degree grew at 90%. )e
initial distance of scratches (0 h) was measured under a
microscope. After 48 h incubation in a constant temperature
incubator, the scratch distance was measured and the cell
mobility was calculated as described previously [25].)e cell
migration rate� (migration distance (0 h)−migration dis-
tance (48 h))/migration distance (0 h)× 100%.

2.6. Transwell Assay. Cell invasion was assessed by the
transwell chamber of 8mm (Corning, USA) as described
previously [26]. Basement membrane matrix (Matrigel, BD,
USA) was added to the upper chamber. Cell suspension
(1× 105 cells) was added to the upper chamber. Next, the
lower chamber was inserted with 500 μl of RPMI 1640
containing 10% FBS. Cells were incubated for 24 hours in a
humidified incubator with 5% CO2. )en, the removed cells
were fixed and stained. Five fields were randomly selected to
count the number of cell invasions.

2.7. Dual-Luciferase Reporter Assay. )e starBase database
(http://starbase.sysu.edu.cn/index.php) was used to predict
the binding sites of miR-485-5p and SNHG7. SNHG7-
3′UTR fragment containing the binding site and the mu-
tation binding site were inserted into PGL3 vector to con-
struct the wild-type (wt) and mutant-type (mut) vectors of
SNHG7. Vectors were cotransfected with miR-485-5p
mimic or miR-NC into gastric cancer cells, and cells were
cultured for 48 h to detect the luciferase activity of each
group.

2.8. RIP Assay. RIP experiments were performed using
the Magna RIPTM kit (Millipore, USA) as described previ-
ously [27]. Cells were lysed by lysis buffer, and the lysate was
incubated with magnetic bead-conjugated IgG or Ago2
antibody (Millipore, USA). Coimmunoprecipitated prod-
ucts were collected, and RNA was extracted and purified.
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QRT-PCR was used to detect the expression of SNHG7 and
miR-485-5p.

2.9. qRT-PCR. Total RNA was extracted according to the
TRIzol method, and cDNA was synthesized by the Prime-
ScriptTM RT Master Mix kit (Takara, Japan). U6 and
GAPDH were used as the internal reference. )e qRT-PCR
amplification reaction was performed in an ABI 7500 in-
strument (Applied Biosystems, USA) according to the in-
structions of the SYBR Green PCR detection kit (Takara,
Japan). )e 2−ΔΔCt method was used to calculate RNAs
expression [28]. )e primers are given in Table 1.

2.10. Statistical analysis. Data were processed using
GraphPad Prism5 software and expressed as mean± SD, and
the t-test was used for pairwise comparison. Correlation
analysis uses Pearson correlation coefficient. P< 0.05 was
considered statistically significant.

3. Results

3.1. SNHG7 Expression Is Increased in Gastric Cancer.
SNHG7 expression was detected in 36 pairs of gastric cancer
and adjacent tissues by qRT-PCR. )e results revealed that
SNHG7 expression in gastric cancer tissues was significantly
higher than that of adjacent tissues (Figure 1(a)). To inves-
tigate whether there were differences in the expression of
SNHG7 between gastric cancer cells and human normal
gastric epithelial cells, we tested SNHG7 expression in, HS746
T, HGC-27, SNU-1, and AGS, four gastric cancer cells.
Findings suggested that SNHG7 expression was obviously
enhanced in all gastric cancer cells versus GES1 (Figure 1(b)).
)ese results suggested that SNHG7 may play an oncogenic
role in gastric cancer. It was also found that the expression of
SNHG7 in HS746 Tcells was higher than that in other gastric
cancer cells (Figure 1(b)). )erefore, the HS746 T cell was
selected to perform the follow-up experiments.

3.2. SNHG7 Knockdown Suppresses Gastric Cancer Cell
Proliferation,Migration, and Invasion. )e biological effects
of SNHG7 in gastric cancer cells were further explored. )e
results showed that SNHG7 expression was notably de-
creased by si-SNHG7 (Figure 2(a)), suggesting that si-
SNHG7 could successfully inhibit the expression of SNHG7
in HS746 T cells. )e CCK-8 assay proved that si-SNHG7
couldmarkedly reduce the absorbance value of HS746 Tcells
versus the si-NC group (Figure 2(b)). )e migration rate of
the si-SNHG7 group was also decreased versus si-NC
(Figure 2(c)). Similarly, transwell experiments showed that
the invasive capacity of si-SNHG7-transfected gastric cancer
cells was reduced than that of si-NC cells (Figure 2(d). )ese
results indicated that SNHG7 knockdown could significantly
inhibit the proliferation, migration, and invasion ability of
gastric cancer cells.

3.3. miR-485-5p Directly Binds to SNHG7. In order to ex-
plore the molecular mechanism of SNHG7 regulating the
biological behavior of gastric cancer cells, we predicted

miRNAs targeted by SNHG7. We found the complementary
binding site of miR-485-5p and SNHG7 (Figure 3(a)). )e
results of the dual luciferase experiment suggested that in
HS746 T cells, miR-485-5p mimic obviously inhibited the
luciferase activity in the SNHG7-wt group, while remaining
unchanged in cells cotransfected with others (Figure 3(b)).
Moreover, expressions of SNHG7 and miR-485-5p were
enriched in the Ago2 group (Figure 3(c)). Besides, we de-
tected miR-485-5p expression by the qRT-PCR assay in si-
SNHG7-transfected cells. Findings revealed that down-
regulation of SNHG7 could increase miR-485-5p expression
(Figure 3(d)). )is suggested that SNHG7 may negatively
regulate miR-485-5p expression in HS746 T cells. Since the
transfection of SNHG7-mut +mimic had no effect on lu-
ciferase activity in HS746 T cells, it was further suggested
that their negative regulatory effect was achieved through
specific binding in the seed region.

3.4. Expression of miR-485-5p in Gastric Cancer. In order to
confirm miR-485-5p expression in gastric cancer, we used
qRT-PCR to detect its expression in gastric cancer tissues
and cells. )e results showed that compared with adjacent
tissues, the expression of miR-485-5p was significantly
downregulated in gastric cancer tissues (Figure 4(a)). In
addition, miR-485-5p expression levels were obviously de-
creased in gastric cancer cells versus GES1 cells
(Figure 4(b)). After pairing the SNHG7 and miR-485-5p
expression data in each sample of gastric cancer tissues, we
analyzed whether there is a correlation between their ex-
pressions. Interestingly, miR-485-5p expression negatively
correlated with SNHG7 expression in gastric cancer tissues
(Figure 4(c)).

3.5. SNHG7 Facilitates Gastric Cancer Progression via Tar-
geting miR-485-5p. To further verify whether SNHG7 reg-
ulated themalignant behavior of HS746 Tcells throughmiR-
485-5p, the inhibitor was transfected into HS746 T cells.
)en, qRT-PCR experiments verified that miR-485-5p ex-
pression was reduced by the inhibitor (Figure 5(a)). CCK-8
experimental results showed that the inhibitor reversed the
effect of SNHG7 knockdown on HS746 T cell proliferation
(Figure 5(b)). Moreover, inhibition of miR-485-5p promi-
nently abated SNHG7 silencing-induced cell migration in
HS746 T cells (Figure 5(c)). At the same time, the inhibitor
attenuated the suppression of si-SNHG7 on cell invasion
ability (Figure 5(d)). )e above results indicated that
SNHG7 regulated the gastric cancer cells malignant behavior
by targeting miR-485-5p.

4. Discussion

Gastric cancer is a heterogeneous, multifactorial malignant
tumor with poor prognosis and difficult to cure [29]. )ere
are no special clinical symptoms in early gastric cancer, most
gastric cancer patients are diagnosed as progressive with
metastases, and the 5-year survival rate is still low [30]. At
present, there is no effective screening method for gastric
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Figure 1: SNHG7’s expression detected in gastric cancer tissues and cells. (a) Expression of SNHG7 in gastric cancer tissues. (b) SNHG7
expression elevated in gastric cancer cells. ∗∗P< 0.01. ∗∗∗P< 0.001.

Table 1: Primer sequences for real-time fluorescence quantification PCR.

Gene name Primer sequences (5′-3′)

GAPDH F TCCTCTGACTTCAACAGCGACAC
R CACCCTGTTGCTGTAGCCAAATTC

U6 F CTCGCTTCGGCAGCACA
R AACGCTTCACGAATTTGCGT

SNHG7 F TTGCTGGCGTCTCGGTTAAT
R GGAAGTCCATCACAGGCGAA

miR-485-5p F GGAGAGGCTGGCCGTGAT
R CAGTGCGTGTCGTGGAGT
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Figure 2: Continued.
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Figure 2: SNHG7 knockdown repressed malignant behavior of HS746 T cells. (a) SNHG7 expression in HS746 T cells after si-SNHG7
transfected. (b) Cell proliferation of HS746 Tcells after SNHG7 inhibition. (c) Cell migration rate of HS746 Tcells after SNHG7 knockdown.
(d) Number of invading HS746 T cells after SNHG7 knockdown. ∗P< 0.05. ∗∗P< 0.01.
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cancer. In order to prolong the survival time of tumor
patients and improve the quality of their life, researchers are
encouraged to develop new technologies and methods of
cancer treatment. It is necessary to understand the gastric
cancer regulatory mechanism at the molecular level.
Combined with the currently popular targeted therapy, it
will provide important evidence for gastric cancer diagnosis,
treatment, and prognosis. )is study aimed to provide new
biomarkers for the early diagnosis and treatment of gastric

cancer by exploring SNHG7 expression and its effect and
mechanism in gastric cancer.

SNHG7 was commonly overexpressed in a variety of
cancers as an oncogene [17]. Wang et al. found SNHG7
could inhibit P15 and P16 to suppress apoptosis and fa-
cilitate the proliferation of gastric cancer cells [22]. Zhang
et al. reported that gastric cancer cell migration and invasion
were promoted through the miR-34a-Snail-EMT axis by
SNHG7 [23]. Here, we conducted a preliminary study on
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Figure 5: SNHG7 regulated gastric cancer malignant behavior through miR-485-5p. (a) miR-485-5p expression inhibited in HS746 T cells
treated with the miR-485-5p inhibitor. (b) Cell proliferation in HS746 Tcells transfected with the miR-485-5p inhibitor and si-SNHG7. (c)
Cell migration rate in HS746 T cells transfected with the miR-485-5p inhibitor and si-SNHG7. (d) Number of invading HS746 T cells
transfected with the miR-485-5p inhibitor and si-SNHG7. ∗P< 0.05. ∗∗P< 0.01.
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SNHG7 expression in gastric cancer, as well as its functions
and regulatory mechanisms. )e results found that SNHG7
expression was increased in gastric cancer. After SNHG7was
inhibited in gastric cancer cells, the cell proliferation, mi-
gration, and invasion ability were signally repressed. Results
suggested that SNHG7 inhibition may hamper the pro-
gression of gastric cancer.

A large number of studies have found that miRNAs are
related to gastric cancer as tumor suppressor or oncogenic
genes [31]. For example, Cao et al. proposed that miR-381
could inhibit TMEM16A expression to hamper gastric
cancer metastasis [32]. Guan et al. reported miR-93 could
target TIMP2 to facilitate proliferation and metastasis of
gastric cancer [33]. And miR-485-5p was significantly de-
creased in colorectal cancer (CC), breast cancer (BC), and
nonsmall cell lung cancer (NSCLC) and could inhibit the
progression of cancers by targeting downstream genes
[34–36]. In gastric cancer, miR-485-5p was related to
prognosis and overall survival of gastric cancer patients and
exerted a suppressor in gastric cancer cell growth and
motility by inhibiting NUDT1 [37, 38]. It shows that the
antitumor effect of miR-485-5p has biodiversity, which is
worthy of further study. Based on previous research, we
hypothesized that miR-485-5p plays an important role in
gastric cancer progression. Interestingly, miR-485-5p ex-
pression was decreased and was inversely related to SNHG7
expression in gastric cancer tissues.

LncRNAs act as a sponge of ceRNA or miRNA molecules
by interacting with and inhibiting miRNAs [39]. )e bio-
informatics analysis revealed that SNHG7 has a complemen-
tary nucleotide binding site to miR-485-5p. SNHG7 could
specifically target miR-485-5p by the dual-luciferase assay and
RIP assay. At the same time, knockdown of SNHG7 in gastric
cancer cells was found to increase miR-485-5p expression,
indicating that SNHG7 could negatively regulate miR-485-5p.
miR-485-5p silencing in cells could partially reverse the in-
hibition of biological behavior caused by SNHG7 knockdown.
Since inhibition of miR-485-5p only partially reversed SNHG7
function, there might be other binding sites or pathways for
SNHG7 to participate in tumor promotion.

Since this study was conducted in vitro in cell lines, there
are still some deficiencies, including the relatively small
number of patients, and the preliminary results may not
accurately reflect its expression in gastric cancer, which needs
to be repeated in large samples. In addition, how the effect of
upregulating SNHG7 or downregulating miR-485-5p on
gastric cancer and the results in animals need to be further
studied. Although the incidence of gastric cancer has im-
proved in recent years, it still faces tremendous pressure for
prevention and treatment due to atypical clinical symptoms in
the early stages of gastric cancer. )ere is an urgent need to
discover new molecular markers that provide opportunities
for the prevention and control of gastric cancer.

5. Conclusion

In summary, expression of SNHG7 was significantly re-
duced, and SNHG7 inhibition could repress the biological
behavior of gastric cancer cells. Rescue experiments

confirmed that SNHG7 regulated the gastric cancer cells
malignant behavior via the regulation of miR-485-5p.
Subsequent research will further explore related mecha-
nisms and signaling pathways on this basis, in order to
provide experimental evidence for treatment of gastric
cancer.
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Objective. To explore the application of NRS2002 in preoperative nutritional screening of patients with liver cancer (LC).Methods.
60 LC patients treated in the First Affiliated Hospital of Gannan Medical University (January 2018–May 2021) were chosen as the
research objects, and split into group J without nutritional risk and group Q with nutritional risk according to the results of
NRS2002 to compare the preoperative situation, surgery-related indexes, hematological indexes, postoperative recovery, and
incidence of complications between the two groups. Results. Group J (n� 28) and group Q (n� 32) showed no obvious difference
in preoperative situation, and patients’ liver function indexes were within the normal range.+e duration of surgery in group J was
notably shorter compared with group Q (P< 0.05). Alanine aminotransferase (ALT), aspartate aminotransferase (AST), direct
bilirubin (DBIL), and albumin in group J were notably different from those of group Q (P< 0.001) at 1 day after surgery. ALTand
AST in group J were notably different from those of group Q at 3 days after surgery (P< 0.001). No obvious differences were
observed in the hematological indexes between the two groups at 5 days after surgery (P> 0.05). +e total amount of albumin
infusion, postoperative hospitalization time, and hospitalization cost in group J were notably lower compared with group Q
(P< 0.001). +e incidence of complications in group J was notably lower compared with group Q (P< 0.05). Conclusion.
Postoperative recovery of LC patients is closely related to their preoperative nutritional status, and those with poor nutritional
status have a high incidence of postoperative complications and long recovery time. NRS2002 can effectively screen the nutritional
status of patients and provide reference for prognosis evaluation.

1. Introduction

Liver cancer (LC) is a common clinical disease. According to
the data of International Agency for Research on Cancer
(IARC), the number of LC cases in China accounts for 55%
of the total cases worldwide, and about 70% of the patients
are in the middle and late stages when diagnosed, with an
increasing annual mortality rate, endangering the life and
health of Chinese residents. At present, surgical treatment is
generally performed in practice to radically treat it. How-
ever, LC patients are often complicated with other diseases

such as liver cirrhosis, their liver cells are seriously damaged,
their metabolic function is reduced, and the inactivated
function of steroid hormones is weakened, which jointly lead
to the nutritional and metabolic imbalances in patients.
+erefore, the possibility of malnutrition in patients with
liver cancer during perioperative period reaches 80%, and
severe malnutrition will increase the probability of surgical
complications, enhance the adverse reactions of radiother-
apy and chemotherapy, and affect the prognosis of patients
[1–3]. In recent years, precise requirements have been put
forward for surgical procedures. Preoperative assessment
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has become an integral part of surgical procedures, including
liver function classification and imaging examination in LC
patients. However, there were few preoperative examina-
tions related to nutritional assessment. Since clinical practice
shows that there is a close relationship between the nutri-
tional status of patients and their postoperative recovery, it is
extremely important to add preoperative nutritional as-
sessment to the scope of preoperative examination [4–6].
NRS2002 is a common nutritional risk-screening scale in
clinical practice, which can be applied in various types of
hospitalized patients. Based on this, this paper aims to ex-
plore the application of NRS2002 in preoperative nutritional
screening of LC patients, summarized as follows.

2. Materials and Methods

2.1. PreoperativeAssessment. Sixty LC patients treated in the
First Affiliated Hospital of Gannan Medical University
(January 2018–May 2021) were chosen as the research ob-
jects and underwent preoperative evaluation, with steps as
follows. (1) All the patients received routine examination. (2)
+e patients received indocyanine green excretive test with
15-minute retention and other methods to evaluate their
liver function [7, 8]. (3) +e patients underwent imaging
examinations, including MRI examination and ultrasound
examination to observe the tumor size, location, and other
information and to determine whether extrahepatic me-
tastasis occurred.

+is study was in line with the principles of Declaration
of Helsinki and was approved by the Ethics Committee of
the First Affiliated Hospital of Gannan Medical University.

2.2. Inclusion Criteria. (1) +e patients or their families fully
recognized the study process and signed the informed
consent. (2) +e patients were diagnosed with LC after
examination, and the lesions could be removed by hepa-
tectomy. (3) +e liver function of patients was graded as A
[9, 10]. (4) +e 15-minute retention rate of indocyanine
green excretion test was 20% and below.

2.3.ExclusionCriteria. (1)+e patients hadmental problems
or could not communicate with others. (2) +e patients had
other organic diseases. (3) +e patients had liver function
grade below A. (4) +e patients had extrahepatic metastasis
of cancer or tumor thrombus in the portal vein and primary
branches. (5) +e patients received radiotherapy and che-
motherapy before surgery. (6) +e patients quit the study
halfway.

2.4. Methods

2.4.1. Surgical Methods. (1) All surgeries of the patients were
operated by the same surgical group.+e surgical plans were
selected according to the actual situation of the patients, and
the ultrasound-assisted technology was adopted to clarify
the sites for resection. (2) Portal triad clamping (Pringle) was
selected for hepatic inflow occlusion. +e liver tissue was
separated by the fine clamp method, and the pipeline

structure of the section was sutured, except for the liver
section.

2.4.2. Perioperative Nutrition Support Schemes. (1) +e
patient did not take nutritional support before surgery and
continued to follow the routine dietary. (2) After surgery,
enteral nutrition support was given to the patients. +e
patients could drink water at 12 h after surgery. With low
amount and high frequency, the patients drank enteral
nutrient solution (Nutricia Pharmaceutical Co., Ltd., Wuxi
Branch; NMPA approval no. H20030012) at 24 h after
surgery with 500ml each day and was increased to 1000mL
within 3 days, accompanied by semiliquid diet.

2.5. Observation Criteria

(1) Grouping of patients: the patients were split into
group J without nutritional risk (NRS2002 score <3
points) and group Q with nutritional risk (NRS2002
score ≥3 points) according to the results of NRS2002,
and the number of each group was counted [11–14].

(2) Preoperative situation: the comparison items in-
cluded gender, age, underlying diseases, alanine
aminotransferase (ALT) level, aspartate amino-
transferase (AST) level, total bilirubin (TBIL) level,
direct bilirubin (DBIL) level, and albumin level.

(3) Surgery-related indexes: the range of liver resection,
duration of surgery, hepatic portal occlusion,
intraoperative blood loss, and intraoperative blood
transfusion were compared.

(4) Hematological indexes: the ALT, AST, TBIL, DBIL,
and albumin levels [15–18] at 1 day, 3 days, and 5
days after surgery were compared.

(5) Postoperative recovery: the total amount of albumin
infusion, postoperative ventilation time, postopera-
tive hospitalization time, and hospitalization cost
were compared.

(6) Incidence of complications: complications included
ascites, bile leakage, abdominal infection, and
postoperative hemorrhage. +e number of patients
with complications was counted.

2.6. Statistical Treatment. In this study, the data were
processed by SPSS 20.0 and graphed by GraphPad Prism 7
(GraphPad Software, San Diego, USA). +is study included
enumeration data and measurement data, tested by X2 and
t-test. +e difference was statistically significant when
P< 0.05.

3. Results

3.1. Analysis of PatientGrouping. +e grouping of patients is
shown in Figure 1.

3.2. Comparison of Preoperative Situation. No obvious dif-
ference in preoperative situation was found between the two
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groups (P> 0.05), and the liver function indexes of all pa-
tients were within the normal range (Table 1).

3.3. Comparison of Surgery-Related Indexes. +e duration of
surgery in group J was notably shorter compared with group
Q (P< 0.05; Figure 2 and Table 2).

Group J included 14 patients (50%) with a resection of 3
segments or less and 14 patients (50%) with a resection of
more than 3 segments. Group Q included 12 patients
(37.5%) with a resection of 3 segments or less and 20 patients
(62.5%) with a resection of more than 3 segments. +e
comparison between the two groups showed X2 � 0.950 and
P � 0.330.

3.4. Comparison of Hematological Indexes. ALT, AST, DBIL,
and albumin in group J were notably different from those of
group Q (P< 0.001) at 1 day after surgery. ALT and AST in
group J were notably different from those of group Q at 3
days after surgery (P< 0.001). No obvious differences were
observed in the hematological indexes between the two
groups at 5 days after surgery (P> 0.005) (see Table 3).

3.5. Comparison of Postoperative Recovery. +e total amount
of albumin infusion, postoperative hospitalization time, and
hospitalization cost in group J were notably lower compared
with group Q (P< 0.001; Table 4).

3.6. Comparison of the Incidence of Complications. +e in-
cidence of complications in group J was notably lower
compared with group Q (P< 0.05; Figure 3).

4. Discussion

With the continuous progress of relevant medical tech-
nology in recent years and significantly improved level of
liver cancer surgery in China, how to optimize the prognosis
of LC patients undergoing surgery by preoperative assess-
ment has become the focus of clinical research. Compli-
cation with underlying liver diseases such as liver cirrhosis in
LC patients in China can increase the damage to liver cells
and affect liver nutritional and metabolic functions. At the
same time, due to the decline of appetite in LC patients and

reduced nutrition intake with different degrees of Warburg
effect, the incidence of malnutrition in patients can reach
80%, adversely affecting the postoperative recovery of pa-
tients [19–21]. At present, the preoperative assessment of
liver cancer patients includes liver function classification and
hepatic functional reserve test, while nutritional assessment
is not included. However, clinical practice has confirmed the
key role of nutritional assessment, so close attention should
be paid to the selection of appropriate preoperative nutri-
tional assessment tools in doctors.

As a common preoperative nutritional assessment tool
in clinical practice, NRS2002 is superior to other assess-
ment scales in sensitivity, which can be adopted to screen
nutritional risk indicators of hospitalized patients and is
associated with the prognosis of patients [22, 23]. NRS2002
can be used in the preoperative assessment of various
diseases. In this study, it was applied to the preoperative
nutritional assessment of LC patients, and 60 patients were
split into group J (n � 28) without nutritional risk and

Group J 
Group Q

Figure 1: Analysis of patient grouping (n(%)). +e black area
represents group J (n� 28, 46.7%), and the gray area represents
group Q (n� 32, 53.3%).

Table 1: Comparison of preoperative situation.

Group Group J
(n� 28)

Group Q
(n� 32) X2/t P

Gender 0.234 0.628
Male 14 (50.0%) 14 (43.8%)
Female 14 (50.0%) 18 (56.3%)

Age (years old)
Range 32–74 33–74
Average age 51.21± 6.20 51.23± 6.21 0.012 0.990

Underlying diseases
Diabetes 6 (21.4%) 10 (31.3%) 0.737 0.391
Hypertension 3 (10.7%) 6 (18.8%) 0.756 0.384
ALT (U/L) 38.98± 9.12 42.11± 9.65 1.286 0.204
AST (U/L) 30.15± 4.65 32.15± 5.36 1.533 0.131
TBIL (μmol/L) 14.99± 0.54 15.10± 0.65 0.707 0.482
DBIL (μmol/L) 4.10± 0.35 4.24± 0.65 1.017 0.313
Albumin (g/L) 40.10± 0.68 39.98± 1.54 0.381 0.705
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Figure 2: Scope of liver resection. +e abscissa from left to right
represent 3 segments or less and more than 3 segments, respec-
tively, and the ordinate represents the number of patients (cases).
+e dots represent group J, and the squares represent group Q.
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group Q (n � 32) with nutritional risk according to the
classification of NRS2002. +e two groups showed no
obvious difference in preoperative situation, and patients’
liver function indexes were within the normal range, which
could be used for study.

Anesthesia, trauma, and other factors during liver cancer
surgery can cause high catabolism. If patients have poor
preoperative nutritional status and low surgical tolerance,
their perioperative body consumption will be higher than
that of ordinary patients, further increasing the possibility of
metabolic disorders after surgery and seriously affecting the
recovery during anesthesia. Moreover, liver cancer surgery
will lead to serious damage to liver function. Malnutrition
will further aggravate liver damage, significantly reduce the

frequency of albumin synthesis, and increase the incidence
of complications such as hypoproteinemia, infection, and
poor healing, thus slowing the recovery of patients after
surgery. +is study showed that the duration of surgery and
postoperative hospitalization time in group J were notably
shorter compared with group Q (P< 0.05), indicating that
malnutrition will worsen the body condition of patients and
increase the surgical risk. ALT, AST, DBIL, and albumin in
group J were notably different compared with group Q
(P< 0.001) at 1 day after surgery. ALT and AST in group J
were notably different compared with group Q at 3 days after
surgery (P< 0.001). +e above results indicated that patients
with malnutrition had more serious liver damage, with
unsatisfactory postoperative recovery.

Table 2: Comparison of surgery-related indexes.

Items Group J
(n� 28)

Group Q
(n� 32) X2/t P

Duration of surgery (min) 215.68± 26.87 365.98± 35.15 18.399 <0.001
Hepatic portal occlusion 0.950 0.330
Yes 14 (50.0%) 20 (62.5%)
No 14 (50.0%) 12 (37.5%)

Intraoperative blood loss (ml) 295.12± 60.98 565.98± 48.45 19.156 <0.001
Intraoperative blood transfusion 2.402 0.121
Yes 4 (14.3%) 10 (31.3%)
No 24 (85.7%) 22 (68.8%)

Table 3: Comparison of hematological indexes (x ± s).

Items Group J
(n� 28)

Group Q
(n� 32) t P

1 day after surgery
ALT (U/L) 205.65± 28.54 489.35± 65.12 21.314 <0.001
AST (U/L) 180.54± 25.48 470.65± 98.54 15.128 <0.001
TBIL (μmol/L) 20.99± 2.54 22.65± 5.21 1.533 0.131
DBIL (μmol/L) 6.10± 0.54 13.54± 3.68 10.588 <0.001
Albumin (g/L) 32.11± 0.65 30.98± 1.20 4.442 <0.001

3 days after surgery
ALT (U/L) 178.65± 24.65 356.98± 98.52 9.317 <0.001
AST (U/L) 75.45± 10.58 210.65± 92.12 7.714 <0.001
TBIL (μmol/L) 22.65± 2.54 23.65± 2.14 1.655 0.103
DBIL (μmol/L) 8.21± 1.68 9.11± 2.15 1.788 0.079
Albumin (g/L) 34.12± 1.65 33.68± 0.65 1.391 0.169

5 days after surgery
ALT (U/L) 120.65± 25.65 125.98± 26.98 0.781 0.438
AST (U/L) 46.98± 4.25 49.11± 5.87 1.589 0.117
TBIL (μmol/L) 20.12± 2.35 20.98± 2.68 1.313 0.195
DBIL (μmol/L) 7.10± 1.24 7.65± 1.64 1.448 0.153
Albumin (g/L) 35.98± 0.64 35.87± 0.98 0.507 0.614

Table 4: Comparison of postoperative recovery (x ± s).

Items Group J
(n� 28)

Group Q
(n� 32) t P

Total amount of albumin infusion (g) 13.10± 3.48 41.65± 13.57 10.815 <0.001
Postoperative ventilation time (d) 2.56± 0.35 2.68± 0.35 1.325 0.190
Postoperative 9.25± 0.30 13.11± 0.58 31.680 <0.001
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+e study also found that the hospitalization cost in
group J was notably lower compared with group Q
(P< 0.001), which may be related to the higher incidence of
complications in group Q. Group Q received more albumin
infusion, resulting in an obvious increase of the hospitali-
zation cost. +is study also showed that patients with
malnutrition were more likely to have complications such as
ascites and bile leakage compared with group J, but no
serious complications or death occurred. +is is because the
patients in this study received comprehensive evaluation and
perioperative management before surgery, as well as enteral
nutrition support after surgery. +erefore, both groups of
patients had certain recovery.

According to the study of Debanjan et al., the albumin
infusion volume of patients with malnutrition undergoing
liver cancer surgery was (41.65± 13.57) g, which was sig-
nificantly higher than that of patients with normal nutrition
(P< 0.001) [24], revealing that malnutrition can affect the
body state and aggravate the perioperative consumption of
patients. +erefore, it is of great importance to deepen the
study on chronic nutritional consumption of such patients.

In conclusion, liver cancer is a common malignant
disease affecting life and health of Chinese residents. +is
study has confirmed that postoperative recovery of LC
patients is closely related to their preoperative nutritional
status, and those with poor nutritional status have a high
incidence of postoperative complications and long recovery
time. NRS2002 can effectively screen the nutritional status of
patients and provide reference for prognosis evaluation and
the application of nutritional support programs.
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Colorectal cancer (CC), as a malignancy threatening life and health, has a rising incidence in recent years. It has been reported that
gambogic acid (GA) has antitumor activity in various tumors, but its effect on CC remains to be elucidated. In this investigation,
the influence of GA nanoparticles on microRNA-199a-3p (miR-199a-3p) in CC was analyzed to provide a reliable reference for
future clinical practice. .rough PCR detection, we first determined that miR-199a-3p presented low expression in CC and had a
significant effect in predicting the onset and prognosis of CC. .rough in vitro experiments, the enhanced CC cell viability after
inhibition was determined; however, decreased cell viability and increased miR-199a-3p level were also observed after GA
nanoparticles addition. Hence, GA nanoparticles may influence CC cell biological behaviors by modulating miR-199a-3p,
providing a novel treatment scheme for CC in the future.

1. Introduction

As a malignant disease threatening life and health, colorectal
cancer (CC) has a very high prevalence on the global scale
[1, 2]. According to research reports, the incidence of CC is
as high as 4-5%, and the susceptibility is linked to personal
characteristics and habits, such as age, history of chronic
diseases, and lifestyle [3, 4]. In such a case, the gut
microbiome plays a related role, while malnutrition can
trigger CC through a chronic inflammatory mechanism [5].
.e prevalence of CC rises along with the development of
society and the change of people’s living habits [6], and it is
more pervasive in middle-aged people over 40 years old,
with more males than females [7]. At the beginning of CC,
the cure rate is extremely high. Whereas, the disease can be
ignored easily due to the absence of obvious symptoms in the
early stage, and as a result, most patients are in the middle
stage when diagnosed [8, 9]. Referring to previous relevant
data, it is found that the prognosis of patients in the ad-
vanced stage is unfavorable after surgical treatment, which
seriously affects the therapeutic effect [10]. In recent years, as

the traditional Chinese medicine (TCM) has risen to
prominence in clinical treatment, its treatment of major
diseases such as malignancies has attracted increasing at-
tention [11].

Gambogic acid (GA) is a potential anticancer compound
[12], which is extracted fromGarcia hanburyi’s resin and has
potent anticancer activity [13]. Studies have found that GA
has an obvious inhibitory effect on liver cancer [14]. Besides,
many related studies confirmed that GA has certain curative
effects on breast cancer, lymphoma, skin cancer, and gastric
cancer [15]. Moreover, miR-199a-3p interferes with the
onset and progression of various malignant tumors. Author
Callegari E [16] observed that in hepatocellular carcinoma
transgenic mouse models, MTOR and PAK4 pathways were
modulated and tumor growth was suppressed by miR-199a-
3p. Author Cui Y [17] revealed enhanced cisplatin sensitivity
of ovarian cancer cells by miR-199a-3p. Whereas, the lack of
research data hinders the elucidation of the clinical value of
miR-199a-3p in CC. Considering its clinical manifestations
in other malignant tumors, we presumed that it might
benefit the treatment of CC.
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In recent years, the research of nanomedicine is a re-
search hotspot in the medical field. Nanomedicine can not
only improve the effect and half-life of the drug but also
reduce its toxic and side effects [18]. GA nanobodies have
also been confirmed to have a higher clinical application
value than traditional GA [19]. .erefore, this study will
analyze the effects of GA nanobodies on the expression of
miR-199a-3p in colorectal cancer cells as well as cell pro-
liferation and apoptosis and provide new ideas and theo-
retical foundations for the treatment of colorectal cancer in
the future.

2. Materials and Methods

2.1. PatientData. From April 2013 to May 2015, fifty-six CC
patients treated at Taizhou People’s Hospital, Taizhou,
Jiangsu, PR China, were selected as the research group (RG),
while 61 healthy individuals as the control group (CG). .e
study was approved by the Ethics Committee of the Taizhou
People’s Hospital, Jiangsu, PR China, and all patients pro-
vided written informed consent.

2.2. Inclusion and Exclusion Criteria. All the included pa-
tients were confirmed by endoscopy, laboratory examina-
tion, and imaging and met the diagnostic criteria for CC. All
the primary lesions were CC, and all the patients were aged
35 or older.

Patients with pregnancy or lactation were excluded, as
well as those with other tumors or immunodeficiency.

2.3. Cell Data. Human CC cell line SW480 and normal
human colon epithelial cell line NCM-460 were purchased
from BeNa Culture Collection, a subsidiary of ATCC, USA,
while gambogic acid was from Shanghai PureOne Bio-
technology. After resuscitation, the cells were inoculated
into the corresponding culture medium and cultivated in a
5% CO2 incubator at 37°C..e passage was carried out when
the confluence reached 80%, and cells used in experiments
were in a growth period.

2.4. Cell Intervention. After transfection with the corre-
sponding vector according to the Lipofectamine 2000 kit
instructions, the miR-199a-3p-NC group (intervened by
miR-199a-3p negative control), miR-199a-3p-mim group
(intervened by miR-199a-3p mimic sequence), and miR-
199a-3p-inh group (intervened by miR-199a-3p inhibitor
sequence) were set up.

2.5. Preparation of GA Nanoparticles.
Dephosphatidylcholine (PC) 60mg, cholesterol (Chol)
30mg, and GA 4mg was mixed and add 15mL of chloro-
form to dissolve in a rotary evaporator (0.01MPa, 30°C) to
form a film, remove the solvent, and then increase the
vacuum to remove traces of chloroform. Add phosphate-
buffered saline solution and glass beads (2mm), spin, and
hydrate for 5min. After 10 minutes of sonication, GA
nanoparticles were prepared.

2.6. GA Nanobody Intervention Cell. SW480 was added to
the culture medium containing GA nanoparticles to incu-
bate for 48 hours and then subcultured. When the growth
length reached 80%, the follow-up test was performed.

2.7. PCR. .e total RNA, after extraction, was reverse
transcribed into cDNA according to PrimeScriptTM RT
reagent Kit and used SYBR Green PCR Master Mix for PCR
detection. .e internal reference was U6, and the expression
level was calculated by 2−△△CT.

2.8. CCK-8. Cells seeded in the 96-well plates following 24,
48, 72, and 96 h of culture were immersed in 20 μL CCK-8,
and the absorbance (450 nm) of each well was measured
following another 4 h of culture. After the removal of culture
solution, 200 μL GA was added to each well, followed by the
replenishing of culture solution, with a final concentration of
4.0 μg/mL. After the addition of 20 μL CCK-8, the absor-
bance (450 nm) of each well was determined following
another 4 h of culture, in order to draw the cell growth curve.

2.9. Flow Cytometry Test. .e apoptosis level of the cells was
observed by flow cytometry assay. .e cells were diluted at
2×103 cells/mL by ice Annexin V-FITC binding buffer. Cells
were cultured in fresh Gibco 1640 solution with 0μg/mL as a
blank group..ey were treated with 10µL of propidium iodide
(PI 20µg/ml) and 5µL of Annexin V-FITC/PI (10µg/ml) cell
apoptosis assay 24 later and cultivated at ambient temperature
for 10min for apoptosis determination. Finally, the apoptosis
level of the cells was instantly observed by a flow cytometry
equipment (BD Biosciences, State of New Jersey, USA).

2.10. Transwell Experiment. Transwell upper chamber and
lower chamber were added with cells adjusted to 1× 106/mL
and fetal bovine serum culture medium, respectively. After
24 h, the cells in the upper chamber were wiped off,
immobilized, stained, and counted under the microscope.

2.11. Western Blot. Fishing extraction from RIPA lysate, the
total protein was processed for SDS-PAGE electrophoresis
isolation and membrane transfer..en, it was processed for 2h
of sealing with 50g/L skimmed milk powder and 24h of
cultivation mixed with Bax, Bcl-2 (1 :1000, AB_2533042), and
β-actin (1 :1000, AB_11004139) at 4°C, followed by TBST
rinsing and 2h of cultivation with II antibody (1 : 2000). Image J
analyzed the band gray value. All antibodies were purchased
from .ermoFisher (Massachusetts, USA).

2.12. Statistical Analysis. Data were processed by SPSS22.0
and visualized using Graphpad7. .e average value of the
experimental results was calculated and recorded as
mean± standard deviation; the comparison between groups
was realized by the independent sample t-test, the com-
parison among groups by one-way ANOVA and LSD post-
hoc test. Receiver operating characteristic (ROC) curves
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analyzed the predicted value. Statistical difference was
considered when P< 0.05.

3. Results

3.1. miR-199a-3p Expression Profiles in CC. miR-199a-3p
showed lower levels in RG (0.83± 0.13) than in CG
(1.02± 0.12) (P< 0.05, Figure 1(a)). ROC revealed that miR-
199a-3p< 0.925, and the sensitivity, specificity, area under
the curve (AUC), and standard error were 83.61%, 69.64%,
0.846, and 0.035, respectively (P< 0.001, Figure 1(b),
Table 1).

3.2. Influence of miR-199a-3p on Patient Prognosis. .e 5-
year follow-up rate was 100%. .e follow-up results indi-
cated that miR-199a-3p was (0.34± 0.09) among the 20 dead,
while miR-199a-3p was (0.50± 0.11) among the 36 survivors
(Figure 2(a) and Table 2). ROC exhibited that when miR-
199a-3p< 0.35, it had a sensitivity of 80.56%, a specificity of
65.00%, an AUC of 0.804, and standard error of 0.064
(P< 0.001, Figure 2(b) and Table 2). .e patients were
subdivided into high and low expression groups based on the
cutoff value, and prognosis and survival curves determined a
remarkably higher mortality rate in the low expression
group compared with the high expression group (P< 0.05,
Figure 2(c) and Table 2).

3.3. Influence of miR-199a-3p on SW480 of Human CC Cell
Strain. miR-199a-3p expression in human CC cell strain
SW480 and normal human colon epithelial cell NCM-460
was detected. .e results identified statistically lower miR-
199a-3p in SW480 than in NCM-460 (P< 0.05, Figure 3(a)).
Besides, the miR-199a-3p-mim group showed declined
proliferation and invasion capacity and elevated apoptosis
rate, while the miR-199a-3p-inh group presented enhanced
proliferation and invasion ability and reduced apoptosis
(P< 0.05, Figures 3(b)–3(d)).

3.4. Influence of GA on Human CC Cell Strain SW480.
Under TEM, the particle size of GA nanobodies is about
200 nm (Figure 4(a)). Changes in proliferation, invasion,
and apoptosis rate of human CC cell strain SW480 after GA
intervention were analyzed. It showed that the tumorigenic
phenotype of CC cells SW480 was reduced following GA
intervention, and the apoptosis rate was increased compared
with those without GA intervention (P< 0.05, Figures 4(b)–
4(d)).

3.5. miR-199a-3p Expression Changes in Cells following GA
Addition. miR-199a-3p expression in the CC cells after GA
intervention (0.96± 0.13) was significantly higher than the
CC cells without GA intervention (0.73± 0.14) (P< 0.05,
Figure 5).

3.6. Influence of miR-199a-3p on Human CC Cell Strain
SW480 following GA Addition. Transfection of GA-inter-
fered SW480 resulted in the lowered proliferation and in-
vasion ability and increased apoptosis in miR-199a-3p-mim
group, while the reverse results were obtained in the miR-
199a-3p-inh group (P< 0.05, Figure 6).

4. Discussion

Due to people’s unhealthy living habits, the incidence of CC
is on the rise [20, 21]. Molecular exploration and analysis is
now a trending topic in the research of malignant tumor
diseases, which carries huge implications for future pre-
vention and treatment of tumors [22]. .is study, through
preliminary investigation of the influence of miR-199a-3p
and GA nanoparticles on CC, may provide potential basis
for future clinical practice.

First, low miR-199a-3p in serum was observed in CC
patients, implying that miR-199a-3p may interfere with CC
progression. Similar results were obtained in the previous
research [23], which can testify to our experimental results.
.en, for the sake of determining its clinical significance, we

1.5

1.0

0.5

0.0
research group

⁎

Control group

m
iR

-1
99

a-
3p

(a)

Sensitivity%
Identity%

50 1000
100% - Specificity%

0

50

100

se
ns

iti
vi

ty
%

(b)

Figure 1: miR-199a-3p expression. (a) miR-199a-3p expression in the research group and control group. (b) Predictive significance of miR-
199a-3p in the onset of CC. Note: ∗P< 0.05.
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determined miR-199a-3p’s predictive value in CC by ROC
curve analysis. .e results showed that the predictive sen-
sitivity and specificity of miR-199a-3p for CC were 83.61%
and 69.64%, respectively, demonstrating its plausible pre-
dictive effect on the onset of CC, for it not only has a better
response ability to CC but also has a superior recognition
specificity. .e current tumor markers commonly used in
the clinic, such as CEA, CA125, and CA199, can basically

show a strong response to all tumor diseases [24]. .ere are
also pieces of evidence pointing out that the traditional
cancer markers increase in conditions such as chronic in-
flammatory diseases or tissue injuries [25], so the ability of
early screening for tumor diseases is getting lower and lower.
.e diagnostic value of miR-199a-3p for CC can effectively
make up for the deficiencies of traditional cancer targets,
bolster the early diagnosis rate of CC, and improve the
prognosis of patients. Furthermore, according to a previous
study, miR-199a-3p is a candidate diagnostic marker for
renal cell carcinoma [26], which further confirms its sig-
nificant clinical application potential in the future. Of
course, ROC curve analysis usually requires a large number
of research bases for analysis, so that the cutoff value ob-
tained and the diagnostic performance can be more accurate
[27]. However, the included case number is relatively small,
and consequently, there may be errors in reverifying the
results. .erefore, large sample size and multicenter eval-
uation will provide more potential basis regarding this

Table 1: Primer sequence.

Forward primer Reverse primer
miR-199a-3p 5′-GCCACAGTAGTCTGCACAT-3′ 5′-CAGTGCGTGTCGTGGAGT-3′
U6 5′-CTCGCTTCGGCAGCACA-3′ 5′-AACGCTTCACGAATTTGCGT-3′
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Figure 2: Influence of miR-199a-3p on patient prognosis. (a) miR-199a-3p expression in patients with survival and death. (b) ROC curves of
miR-199a-3p for predicting patient death. (c) Prognostic survival curves. Note: ∗P< 0.05.

Table 2: Diagnostic effect of miR-199a-3p on CC.

miR-199a-3p
AUC 0.846
Standard error 0.035
95% CI 0.777–0.914
Cutoff >0.925
Sensitivity (%) 83.61
Specificity (%) 69.64
Youden index 53.25
P <0.001
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Figure 3: Influence of miR-199a-3p on SW480. (a) miR-199a-3p expression. (b) Cell proliferation. (c) Cell invasion. (d) Apoptosis rate.
Note: ∗P< 0.05.
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concept. Subsequently, we analyzed the influence of miR-
199a-3p on patient prognosis through the prognostic follow-
up. .e results identified notably lowermiR-199a-3p levels
among the dead, which was basically consistent with the
results of our above analysis. And through ROC curve
analysis, we found that miR-199a-3p has an excellent pre-
dictive value for the prognostic death of CC patients.
Moreover, the prognostic survival curves identified an in-
creased risk of death confronted by patients with low miR-
199a-3p expression. Based on the above results, we can see
that the lower the miR-199a-3p expression is, the more
severe the development of CC may be, which also provides a
reliable reference for future clinical understanding of the
patient’s condition.

Although some studies have analyzed the action
mechanism of miR-199a-3p [28], the mechanism of its
action on CC is not clear. Hence, the biological effects of
miR-199a-3p on CC cells were investigated through in vitro
experiments. .e results revealed enhanced CC cell via-
bility following miR-199a-3p suppression, but increased
miR-199a-3p lead to the opposite. .us, it is clear that low-
expressed miR-199a-3p promotes the activity of tumor cells
and accelerates CC progression, which is consistent with
the previous research [29] and our above experimental.
.en, we tested the biological behavior of CC cells under
GA intervention and found obviously inhibited cell via-
bility and enhanced apoptosis rate. Hence, GA nano-
particles can play a role in the treatment of CC, which
verifies the effect of GA nanoparticles. Furthermore, an
increased miR-199a-3p increased was observed under GA
nanoparticles intervention, so we speculated that the in-
fluence of GA nanoparticles on CC cells might be asso-
ciated with miR-199a-3p. Finally, miR-199a-3p mimics and
inhibitors were introduced into CC cells under GA
nanoparticles intervention. .e results were found to be
roughly the same as those after miR-199a-3p transfection
as mentioned above, except that cell viability and apoptosis
showed more distinct differences under GA nanoparticles
intervention. .e study has indicated that GA could ef-
fectively inhibit the progression of the nonsmall cell lung

cancer via inducing the autophagy progression of the tu-
mor cells [30]. .erefore, we can preliminarily infer that
through modulating miR-199a-3p, GA nanoparticles exert
their effect on CC cells. However, due to the short ex-
perimental period, how miR-199a-3p interferes with the
long-term prognosis of CC patients remains unresolved.
Besides, the influence of GA nanoparticles on CC cells may
not only be carried out by affecting miR-199a-3p, so further
exploration of other mechanisms is warranted. Moreover,
we did not compare the effect of cisplatin and other
commonly used CC treatment drugs in clinical practice
with that of GA nanoparticles, so it is still unclear which
drug has a more significant effect on tumor cells. Last but
not least, the deeper and more intricate relationship and
relevant pathways of GA nanoparticles and miR-199a-3p
on CC cells are worthy of further experimental analysis.

5. Conclusion

GA may affect CC cell biological behaviors by modulating
miR-199a-3p, which usually shows low expression in CC,
providing a novel treatment approach for CC in the future.
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Objective. -e purpose of the study was to investigate the effect of entecavir combined with adefovir dipivoxil on clinical efficacy
and TNF-α and IL-6 levels in patients with hepatitis B cirrhosis.Methods. A total of 100 patients with hepatitis B cirrhosis admitted
to our hospital between January 2018 and June 2019 were randomly selected and divided into the control group (n� 50) and
experimental group (n� 50) according to the order of admission. Among them, the control group patients were treated with
entecavir, while the patients in the experimental group received entecavir combined with adefovir dipivoxil. After that, the
effective rate of treatment, the incidence of adverse reactions, liver function indexes, liver fibrosis condition, and TNF-α and IL-6
expression levels were all compared between the two groups. Results. -e effective rate of treatment in the experimental group was
significantly higher than that in the control group, with statistical significance (p< 0.001); the incidence of adverse reactions of the
patients in the experimental group was significantly lower than that in the control group, with statistical significance (p< 0.001);
the liver function indexes in the experimental group were significantly better than those in the control group, with statistical
significance (p< 0.001); the number of patients with liver fibrosis in the experimental group was significantly less than that in the
control group, with statistical significance (p< 0.001); the TNF-α and IL-6 expression levels in the experimental group were
significantly lower than those in the control group, with statistical significance (p< 0.001). Conclusion. Entecavir combined with
adefovir dipivoxil in the treatment of hepatitis B cirrhosis can effectively improve the therapeutic effect and reduce the serum
inflammatory factor levels, with high safety, which is worthy of application and popularization.

1. Introduction

Hepatitis B cirrhosis refers to clinically common chronic
liver cirrhosis caused by hepatitis B, which poses a great
threat to people’s daily life [1]. Due to the infection of
hepatitis B virus (HBV), the liver function of patients is
affected to some extent, resulting in a higher risk of liver
cirrhosis [2–4]. Liver fibrosis refers to the pathological
process of abnormal hyperplasia of connective tissue in the

liver, which is an important factor affecting the prognosis of
chronic liver disease. Clinical trials have found that patients
with hepatitis B cirrhosis may show liver fibrosis and in-
creased expression levels of serum inflammatory factors
during treatment, leaving them in a microinflammatory
state for a long time and thus affecting the therapeutic effect
[5]. Entecavir, adefovir dipivoxil, and lamivudine, with
antibacterial and antivirus effects, are common and effective
clinical drugs to treat liver cirrhosis [6]. Although entecavir
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has a good antiviral effect for newly diagnosed patients with
hepatitis, they are easily affected by high variability of the
virus. In addition, long-term administration will increase
drug resistance and reduce the therapeutic effect. -erefore,
the combination of entecavir with other drugs in the
treatment of hepatitis B cirrhosis has become a hot spot in
clinical research [7]. Adefovir dipivoxil is a pentacyclic
purine nucleotide analogue that inhibits HBV replication
[8]. In order to explore the better treatment method for
patients with hepatitis B cirrhosis, patients with hepatitis B
cirrhosis were selected as the research objects of this study,
and different treatment methods were adopted to compare
the effective rate of treatment, the incidence of adverse
reactions, liver fibrosis condition, and the expression levels
of inflammatory factors, specifically reported as follows.

2. Materials and Methods

2.1. General Information. A total of 100 patients with
hepatitis B cirrhosis admitted to our hospital between
January 2018 and June 2019 were randomly selected and
divided into the control group (n� 50) and experimental
group (n� 50) according to the order of admission, with
aging from 26 to 66 years old in the experimental group and
from 25 to 67 years old in the control group. -ere was no
statistical significance in the comparison of general infor-
mation such as gender and age, between the two groups
(p> 0.05), as given in Table 1.

2.2. Inclusion/Exclusion Criteria

2.2.1. Inclusion Criteria

(i) Patients met the diagnostic criteria of hepatitis B
cirrhosis in basic and clinical features of hepatitis B
cirrhosis [9] and were confirmed by pathological or
imaging diagnosis

(ii) Patients were 18 years of age or older
(iii) Patients had no history of drug allergy, drug abuse,

and bad addiction
(iv) Patients had no other organic diseases
(v) -is study was approved by the hospital ethics

committee, and the patients all voluntarily partic-
ipated in this study and signed the informed
consent.

2.2.2. Exclusion Criteria

(i) Patients had disturbance of consciousness and
could not cooperate with the study

(ii) Patients suffered from liver cancer
(iii) Patients with severe hepatic and renal dysfunction

2.3. Methods. All patients underwent routine physical ex-
aminations. 3ml of fasting venous blood examples was
collected from the patients to evaluate their liver and kidney
functions and routine blood indexes.

All patients orally took entecavir tablets (Manufacturer:
Sino-American Shanghai Squibb Pharmaceutical Co., Ltd.;
NMPA approval no. H20052237; specification: 0.5mg), 1
tablet each time, once a day, for 24 weeks.

-e patients in the experimental group were additionally
treated with adefovir dipivoxil (Manufacturer: Fujian
Cosunter Pharmaceutical Co., Ltd.; NMPA approval no.
H20070198; specification: 10mg) orally, 1 tablet each time,
once a day, for 24 weeks.

2.4. Observation Indexes. -e effective rate of treatment, the
incidence of adverse reactions, liver function indexes, liver
fibrosis condition and TNF-α and IL-6 expression levels
were all compared between the two groups.

2.4.1. Serum Detection. 5ml of fasting venous blood was
collected from patients in both groups after treatment, and
the upper serum was taken after centrifugation. -e serum
TNF-α and IL-6 expression levels were determined by the
enzyme-linked immunosorbent assay (ELISA).-e kits were
purchased from Kamai Shu (Shanghai) Biotechnology Co.,
Ltd., and the operation was strictly conducted according to
the kit instructions. -e normal range was 740–1540 pg/ml
for TNF-α and 56.37–150.33 pg/ml for IL-6.

-e markedly effective referred to that patients’ clinical
manifestations and the detection of hepatitis B virus basi-
cally disappeared and liver function obviously improved; the
effective referred to that patients’ clinical manifestations
obviously relieved, the detection of hepatitis B virus obvi-
ously decreased, and liver function improved; the ineffective
referred to that patients’ clinical manifestations had no
obvious remission but aggravation, the detection of hepatitis
B virus had no obvious decrease, and liver function had no
improvement. Total effective rate� (the number of markedly
effective + the number of effective)/total number× 100%.

Liver function test indexes included serum total protein
(TP), glutamic-pyruvic transaminase (ALT), glutamic-

Table 1: Comparison of general information between the two
groups (n (%), x ± s).

Group Experimental
group Control group X2/t P

Gender (male/
female) 23/27 26/24 0.36 0.55

Age (years old) 43.39± 6.21 43.77± 6.39 0.30 0.76
Height (cm) 165.32± 10.01 165.64± 10.37 0.16 0.88
Weight (kg) 71.45± 5.90 71.39± 5.64 0.05 0.96
Disease course
(months) 5.68± 1.69 5.72± 1.73 0.12 0.91

Smoking history
(years) 4.31± 1.33 4.27± 1.38 0.15 0.88

Drinking history
(years) 10.96± 1.38 10.52± 1.22 1.69 0.09

Hypertension
(cases) 13 15 0.20 0.66

Diabetes (cases) 8 7 0.08 0.78
Hyperlipidemia
(cases) 4 6 0.44 0.51
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oxaloacetic transaminase (AST), total bilirubin (TBIL), and
total bile acid (TBA) [10–12].

2.4.2. Diagnosis of Liver Fibrosis. After treatment, all pa-
tients received ultrasound-guided liver biopsy, and the
number of cases with liver fibrosis was compared between
the two both groups.

2.5. Statistical Treatment. -e selected data processing
software for this study was SPSS20.0 (IBM, Armonk, NY,
USA), and GraphPad Prism 7 (GraphPad Software, San
Diego, USA) was used to draw the pictures of the data.
Measurement data were expressed by (x ± s) and tested by
the t-test. Enumeration data were expressed as (n (%)) and
tested by the X2 test. -e differences had statistical signif-
icance when p< 0.05.

3. Results

3.1. Comparison of the Effective Rate of Treatment between the
Two Groups. -e comparison of the effective rate of treat-
ment between the two groups showed that the effective rate
of treatment of 94% in the experimental group was signif-
icantly higher than that of 76% in the control group, with
statistical significance (p< 0.05), as given in Table 2.

3.2. Comparison of the Incidence of Adverse Reactions between
the Two Groups. -e patients suffered from ascites, gas-
trointestinal bleeding, and portal hypertension during
treatment, and the incidence of adverse reactions in the
experimental group was significantly lower than that in the
control group, with statistical significance (p< 0.05), as
given in Table 3.

3.3. Comparison of Liver Function between the Two Groups.
-e comparison of liver function between the two groups
showed that liver function test indexes in the experimental
group were all significantly better than those in the control
group, with statistical significance (p< 0.05), as given in
Table 4.

3.4. Comparison of Liver Fibrosis Condition between the Two
Groups. -e number of patients suffering from liver fibrosis
in the two groups was recorded and compared, and the
results showed that the number of patients suffering from
liver fibrosis in the experimental group was significantly
lower than that in the control group, with statistical sig-
nificance (p< 0.05), as shown in Figure 1.

3.5. Comparison of TNF-α and IL-6 Expression Levels between
the Two Groups. -e comparison of TNF-α and IL-6 ex-
pression levels between the two groups revealed that the
TNF-α and IL-6 expression levels in the experimental group
were significantly lower than those in the control group, with
statistical significance (p< 0.05), as shown in Figure 2.

4. Discussion

Further spread of hepatitis B virus (HBV) in human body
can cause liver dysfunction and cirrhosis, and themajority of
the patients with hepatitis B will be affected by cirrhosis and
liver dysfunction, posing a great threat to their physical
health [13–15]; therefore, timely treatment should be carried
out to prevent the development of related complications.
With antibacterial, anti-infection, and anti-HBV functions,
drugs such as entecavir and adefovir dipivoxil are commonly
used for hepatitis B cirrhosis, and their main components
were guanine nucleoside analogues, which can inhibit
hepatitis B polymerase and have been confirmed in the
treatment of chronic hepatitis B [16]. Liver fibrosis is a
pathological repairing reaction of the liver to chronic injury.
-e further development of liver fibrosis can cause the
disorder of liver structure, nodular regeneration of liver cells,
and formation of cirrhosis. -erefore, it is of great signifi-
cance to effectively control the process of liver fibrosis in
patients and improve the prognosis of patients [17, 18].
Although both drugs have good therapeutic efficacy in
clinical treatment, their effect on controlling liver fibrosis
and inflammatory factors in patients is not obvious [15, 19].
In order to deeply investigate the effective treatment method
and analyze the clinical efficacy of the combination of
entecavir and adefovir dipivoxil, in this study, the patients
with hepatitis B cirrhosis were selected as the study subjects
to explore the effects of entecavir combined with adefovir
dipivoxil as well as entecavir dipivoxil alone on liver
function, inflammatory factor levels, and so on.

Our study results showed that the effective rate of
treatment in the experimental group was significantly
higher than that in the control group, with statistical
significance (p< 0.05), indicating that entecavir combined
with adefovir dipivoxil can greatly improve the thera-
peutic effect. In this study, the evaluation indexes of the
effective rate of treatment included the liver function test,
clinical manifestations, and hepatitis B virus testing, and
the results revealed that entecavir combined with adefovir
dipivoxil could significantly relieve patients’ clinical
manifestations, eliminate hepatitis B virus, and improve
their liver function and that the liver function indexes in
the experimental group were significantly better than
those in the control group, with statistical significance
(p< 0.05). TNF-α and IL-6 are proinflammatory factors
with the synergistic effect, which can promote the
progress of liver fibrosis and inflammation in patients,
while the incidence of adverse reactions in patients is the
key index to evaluate the effect of drug therapy [20]. In
addition, the cases of liver fibrosis, the incidence of ad-
verse reactions, and serum TNF-α and IL-6 expression
levels in the experimental group were significantly lower
than those in the control group (p< 0.05), which was
similar to the results of Ren et al. [21] who have pointed in
their study that entecavir combined with adefovir dipi-
voxil has significantly better efficacy in reducing HBeAg-
negative chronic hepatitis B than entecavir alone. All these
demonstrate that entecavir combined with adefovir
dipivoxil can significantly reduce the incidence of adverse
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reactions, inflammatory factors expression levels, and the
incidence of liver fibrosis during the treatment of hepatitis
B cirrhosis. Regina et al. [22] in their studies have pointed
out that entecavir combined with adefovir dipivoxil can
obviously increase the effective rate in the treatment of
hepatitis B cirrhosis combined with liver fibrosis and can
effectively improve liver fibrosis and liver function;
therefore, entecavir combined with adefovir dipivoxil in
patients with hepatitis B cirrhosis combined with liver
fibrosis has a high application value, which is consistent

with the conclusion of this study, fully demonstrating the
scientific reliability of the findings of this study. -is study
also has some limitations. For example, the sample size is
small, the influence of disease staging on the results is not
considered, and long-term efficacy is not included in this
study.

Table 2: Comparison of the effective rate of treatment between the two groups (n (%)).

Group Markedly effective Effective Ineffective Total effective rate (%)
Experimental group 33 14 3 94%
Control group 10 28 12 76%
X2 — — — 6.35
P — — — 0.01

Table 3: Comparison of the incidence of adverse reactions between the two groups (n (%)).

Group Ascites Gastrointestinal bleeding Portal hypertension Total incidence (%)
Experimental group 1 1 0 4%
Control group 3 5 8 32%
X2 — — — 13.28
P — — — <0.001

Table 4: Comparison of liver function between the two groups (x ± s).

Group TP (g/L) ALT (U/L) AST (U/L) TBIL (μmol/L) TBA (μmol/L)
Experimental group 73.59± 3.66 24.39± 2.74 30.66± 3.48 15.52± 2.51 5.21± 0.52
Control group 66.75± 2.51 97.71± 5.68 77.61± 4.45 23.69± 3.30 11.48± 2.23
t 10.90 82.21 58.77 13.93 19.36
P <0.001 <0.001 <0.001 <0.001 <0.001
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Figure 1: Comparison of liver fibrosis condition between the two
groups (n (%)). Note: the abscissa represented the experimental
group and control group, while the ordinate represented the cases
of liver fibrosis. ∗-e comparison between 10 patients with liver
fibrosis in the experimental group and 39 patients with liver fibrosis
in the control group, X2 � 33.65, p< 0.001, with statistical
significance.
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Figure 2: Comparison of TNF-α and IL-6 expression levels be-
tween the two groups (x ± s). Note: the abscissa represented TNF-α
and IL-6, while the ordinate represented the expression level (pg/
ml). ∗-e comparison of TNF-α expression levels between the
experimental group of (862.38± 100.01) pg/ml and the control
group of (1237.25± 174.16) pg/ml, t� 13.20, p< 0.001, with sta-
tistical significance. ∗∗-e comparison of IL-6 expression levels
between the experimental group of (129.66± 98.24) pg/ml and the
control group of (357.19± 105.39) pg/ml, t� 11.17, p< 0.001, with
statistical significance.

4 Journal of Oncology



In conclusion, entecavir combined with adefovir dipi-
voxil in the treatment of hepatitis B cirrhosis can effectively
improve the therapeutic effect and reduce the serum in-
flammatory factor levels, with high safety, which is worthy of
popularization.
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Objective. To explore the effect of prophylactic radiotherapy on patients with stage II-III esophageal cancer (EC) after esophageal
cancer radical operation (ECRO) and influencing factors on EC recurrence.Methods. Totally, 65 patients with EC in our hospital
were enrolled. Among them, 30 patients were treated by routine ECRO as a control group (Con group) and 35 patients by
prophylactic radiotherapy as a research group (Res group). +en, the following measures were taken: record the efficacy on both
groups, quantify their C-reactive protein (CRP) and white blood cell count (WBC) before and after therapy, evaluate their mental
state through the revised piper fatigue scale (PFS-R) before and after therapy, determine their changes in Self-Rating Depression
Scale (SDS) and Self-Rating Anxiety Scale (SAS) before and after therapy, compare them in terms of lymph-node metastatic rate
(LNMR), hematogenous metastasis rate (HMR), anastomotic recurrence rate (ARR), and 3-year survival rate, compare them in
terms of life quality after therapy via the Quality of Life-Core Questionnaire (QLQ-C30), and analyze influencing factors on their
recurrence. Results. +e Res group showed a notably higher total effective rate (TER) than the Con group (P � 0.037). After
therapy, CRP andWBC in both groups increased, but their levels were not considerably different in both (P> 0.05). Additionally,
after therapy, in contrast to the Con group, the Res group got notably lower PFS-R, SDS, and SAS scores, showed notably lower
LNMR and ARR and notably higher 3-year survival rate, and experienced notably higher life quality (all P< 0.05), and the HMR
results were not considerably different in both groups (P> 0.05). Moreover, carcinoembryonic antigen (CEA), carbohydrate
antigen 125 (CA125), esophageal inflammation history, family medical history, postoperative complications, and lymphatic and
vascular infiltration were risk factors for the disease recurrence, and treatment method was the protective factor for it. Conclusion.
For patients with stage II-III EC after ECRO, prophylactic radiotherapy is highly effective and safe and can lower the recurrence
rate, so it is worth popularizing in clinical practice.

1. Introduction

Esophageal cancer (EC) is a malignancy frequently found in
males [1] and also a primary fatal malignancy worldwide [2].
Its primary histological subtypes are squamous cell carci-
noma and adenocarcinoma. Obesity, smoking, excessive
drinking, and unhealthy eating habits are crucial factors
inducing EC [3]. Its symptoms are bound up with its
progress. Early EC has no evident symptoms, but middle or
late EC is manifested by dysphagia, persistent retrosternal

pain, and emaciation [4]. Roughly, EC ranks sixth among all
cancers in mortality, gravely threatening patients’ lives and
safety [5]. Currently, EC is primarily treated based on the
principle of individualized comprehensive therapy, in-
cluding surgery and radiotherapy [6]. Esophageal cancer
radical operation (ECRO) is usually selected for patients
with early EC, and tumor resection, peripheral lymph-node
dissection, and digestive tract reconstruction are adopted
[7]. After such therapy, their prognosis is relatively favor-
able. However, most patients are at the middle/late stage at
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the time of diagnosis, so they are prone to lymph-node
metastasis and thus suffer deterioration [8]. +erefore, in
addition to timely surgical therapy, auxiliary radiotherapy is
also necessary to improve the efficacy in patients with EC.

According to earlier clinical data, prophylactic radio-
therapy can strongly alleviate the deterioration of cancers
like small-cell lung cancer and cervical cancer and boost the
therapeutic effect against it [9]. For instance, in a study by
Nishii et al. [10], prophylactic radiotherapy can lower the
complication rate of oral cancer. Roge et al. also pointed out
that [11] prophylactic lymph-node radiotherapy is a crucial
therapy for early breast cancer. However, its clinical efficacy
in EC is rarely studied, and experimental data are insufficient
to verify the influence of prophylactic radiotherapy on
patients after ECRO and their prognosis. +us, this study
probed into the impact of prophylactic radiotherapy on
patients with stage II-III EC after ECRO and influencing
factors on EC recurrence, with the aim of offering reliable
guidance and potential basis for future clinical therapy of
EC.

2. Study Design and Treatment

Totally, 65 patients with EC at Shanxi Provincial Cancer
Hospital, Taiyuan, Shanxi, PR China, between January 2016
andNovember 2017 were enrolled. Among them, 30 patients
were randomly included in the control group (Con group)
treated with routine ECRO, and the remaining 35 patients
were included in the research group (Res group) treated with
prophylactic radiotherapy. All study participants provided
written informed consent. +e study was approved by the
Ethics Committee of Shanxi Provincial Cancer Hospital,
Taiyuan, Shanxi, PR China (20151121), and all experiments
conformed to the provisions of the Declaration of Helsinki.

2.1. Inclusion and Exclusion Criteria.
(1) +e inclusion criteria: patients confirmed with stage

II-III EC via examinations in pathology, laboratory
examination, and imaging in our hospital, patients
with detailed case data, and those consenting to
cooperate with the study

(2) +e exclusion criteria: patients with other comorbid
malignancies, patients with liver or kidney dys-
function, patients with a surgical contraindication,
coagulant function abnormality, or immune defi-
ciency, lactating women, pregnant women, referred
patients, and those with poor compliance

2.2. Methods. All patients were given ECRO. Firstly, in a
cutting direction selected according to the pathological
tissue of the patient, the cancerous tissue tumors were
resected and the surrounding lymph nodes that can be
cleaned were cleaned under a maximized operation field or
visual field. +e proper digestive tract function of the patient
after surgery should be ensured, so the patient was given
enteral and parenteral nutrition support while he was re-
quired to take liquid food as staple food so that he can get
faster recovery. Patients in the Res group were given

prophylactic radiotherapy four weeks after surgery. Each
patient was irradiated after a target radiotherapy area was
selected according to his situation. Specifically, single an-
terior-field radiotherapy was adopted at a dosage of 40Gy 20
times during the first four weeks, and then the horizontal
fields on both sides were irradiated at 20Gy 10 times during
the next 2weeks and 60Gy 30 times during the next 6 weeks.

2.3. OutcomeMeasures. +e efficacy in the two groups after
therapy was recorded. +e efficacy was classified into
complete remission, partial remission, no change, and
progression. Total effective rate (TER)� complete remission
rate + partial remission rate [12]. +en, before and after
therapy, the C-reactive protein (CRP) and white blood cell
count (WBC) in the two groups were quantified and their
mental state was evaluated through the revised piper fatigue
scale (PFS-R) [13]. Additionally, the psychological changes
of the two groups were evaluated using the Self-Rating
Depression Scale (SDS) and Self-Rating Anxiety Scale (SAS),
and the lymph-nodemetastatic rate (LNMR), hematogenous
metastasis rate (HMR), anastomotic recurrence rate (ARR),
and 3-year recurrence rate were compared between them.
Moreover, the life quality of both groups was evaluated via
the EORTC Quality of Life Questionnaire (QLQ-C30), and
influencing factors on the disease recurrence were analyzed.

2.4. Statistical Analyses. In this study, SPSS22.0 was used for
data processing and GraphPad7 for visualization of data into
corresponding figures. Intergroup comparison of enumer-
ation data, presented by (%), was carried out via the chi-
square test, while intergroup andmultigroup comparisons of
measurement data, presented as the mean± SD, were con-
ducted via the t-test and one-way ANOVA, respectively, and
the LSD post hoc test was conducted. Additionally, data at
multiple times were analyzed via the repeated measures
analysis of variance and Bonferroni post hoc test. P< 0.05
denotes a notable difference.

3. Results

3.1. Baseline Data of Patients. +e two groups were not
considerably different in age, body mass index (BMI), sex,
course of disease, living environment, smoking history,
drinking history, and nationality (all P> 0.05) (Table 1).

3.2. Efficacy in the Two Groups. From the comparison of
efficacy between the two groups, the Res group showed a
TER of 85.71% (30 patients), with complete remission in 19
patients (54.29%), partial remission in 11 patients (31.43%),
no change in 4 patients (11.43%), and progression in 1
patient (2.86%), while the Con group showed a TER of
63.33% (19 patients), with complete remission in 7 patients
(23.33%), partial remission in 12 patients (40.00%), no
change in 6 patients (20.00%), and progression in 5 patients
(16.67%), so the TER in the Res group was notably higher
(p� 0.037) (Table 2).
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3.3. Changes of CRP and WBC in the Two Groups.
According to quantification of CRP and WBC in the two
groups before and after therapy, after therapy, both groups
showed notably increased levels of CRP and WBC (both
P< 0.05), but in both groups, the levels were not significantly
different (P> 0.05) (Figure 1).

3.4. PFS-R Scores of the Two Groups. +e comparison of
mental state between the two groups via PFS-R before and
after therapy showed that, before therapy, the two groups
were not considerably different in PFS-R score (P> 0.05),
while after therapy, the score of both groups declined and the
decline in the Res group was more notable (P< 0.05)
(Figure 2).

3.5. Psychological Changes of the Two Groups. According to
the comparison of the two groups in alleviation of mental
depression and anxiety before and after therapy, before
therapy, the two groups were not significantly different in
SDS and SAS scores (both P> 0.05), while after therapy, SDS
and SAS scores of both groups declined and the scores of the
Res group were low (all P< 0.05) (Figure 3).

3.6. Incidence of Posttherapy Complications. According to a
comparison of LNMR, HMR, ARR, and 3-year survival rate
between the two groups after therapy, the Res group pre-
sented notably lower LNMR and ARR and considerably

higher 3-year survival rate and the HMR results were not
considerably different in both groups (all P< 0.05) (Table 3).

3.7. Posttherapy Life Quality of the Two Groups. +e post-
therapy life quality of the two groups was evaluated via the
functional, symptom, and general health subscales. As a
result, after therapy, the functional and general health scores
of the two increased and the scores of the Res group were
notably higher than those of the Con group (both P> 0.05).
Additionally, after therapy, the symptom scores of both
groups decreased, and the score of the Res group was notably
lower (both P< 0.05) (Figure 4).

3.8. Influencing Factors of Disease Recurrence. Logistic re-
gression analysis on influencing factors of disease recurrence
showed that carcinoembryonic antigen (CEA), carbohydrate
antigen 125 (CA125), esophageal inflammation history,
family medical history, postoperative complications, and
lymphatic and vascular infiltration were risk factors for the
disease recurrence, and the treatment method was the
protective factor (Tables 4 and 5).

4. Discussion

EC is the most prevalent gastrointestinal cancer [14]. Its
morbidity and mortality have been brought under control,
but it is still a serious threat to the life and health of the

Table 1: Comparison of clinical baseline data.

+e Res group (n� 35) +e Con group (n� 30) χ2 or t/P
Age (Y) 58.6± 5.4 59.3± 5.2 0.530/0.598
BMI (kg/cm2) 24.2± 1.4 24.5± 1.7 0.780/0.438
Sex

0.002/0.968Male 22 (62.86%) 19 (63.33%)
Female 13 (37.14%) 11 (36.67%)

Course of disease (month) 15.2± 2.3 15.6± 2.5 0.672/0.504
Residential environment

0.094/0.758Urban area 20 (57.14%) 16 (53.33%)
Rural area 15 (42.86%) 14 (46.67%)

Smoking history
0.511/0.475Yes 28 (80.00) 26 (86.67)

No 7 (20.00) 4 (13.33)
Drinking history

0.275/0.600Yes 30 (85.71) 27 (90.00)
No 5 (14.29) 3 (10.00)

Nationality
2.407/0.121Han nationality 35 (100.00%) 28 (93.33%)

Minority nationality 0 (0.00%) 2 (6.67%)

Table 2: Efficacy in the two groups.

+e Res group (n� 35) +e Con group (n� 30) χ2 P value
Complete remission 19 (54.29) 7 (23.33)
Partial remission 11 (31.43) 12 (40.00)
No change 4 (11.43) 6 (20.00)
Progress 1 (2.86) 5 (16.67)
Total effective rate (%) 30 (85.71) 19 (63.33) 4.361 0.037

Journal of Oncology 3
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Figure 3: Psychological changes of the two groups before and after treatment. Pretherapy and posttherapy (a) SDS and (b) SAS of the two
groups. +e symbol ∗ signifies vs. the situation before treatment; &, vs. the Res group.
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Figure 1: Changes of CRP and WBC. Pretherapy and posttherapy (a) CRP and (b) WBC of the two groups. +e symbol ∗ signifies vs. the
situation before treatment.
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Chinese due to its various pathogenic factors [15]. Radical
surgery is the primary therapy for EC [16], but the selection
of adjuvant treatments such as radiotherapy after ECRO is
still controversial in clinical practice. For improving the

survival rate of Chinese people with EC, this study probed
into the effect of prophylactic radiotherapy on patients with
stage II-III EC after ECRO and influencing factors on EC
recurrence.

Table 3: Prognosis of the patients after therapy.

+e Res group (n� 35) +e Con group (n� 30) χ2 P value
Lymph-node metastatic rate % 3 (8.57) 9 (30.00) 4.928 0.026∗
Hematogenous metastasis rate % 3 (8.57) 4 (13.33) 0.381 0.537
Anastomotic recurrence rate % 2 (5.71) 7 (23.33) 4.204 0.040∗
3-year survival rate % 25 (71.43) 14 (46.67) 4.127 0.042∗
∗meant that the differences of the two groups were significant.
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Figure 4: Posttherapy life quality of the two groups. Posttherapy (a) functional scores, (b) symptom scores, and (c) general health scores of
the two groups. +e symbol ∗ signifies vs. ∗ the situation before treatment; &, the Res group.

Table 4: +e information of assignment.

Assignment
CEA Raw data were used for analysis
CA125 Raw data were used for analysis
Esophageal inflammation
history 0 was assigned to No and 1 to Yes

Family medical history 0 was assigned to No and 1 to Yes
Postoperative complications 0 was assigned to No and 1 to Yes
Lymphatic vessel invasion 0 was assigned to No and 1 to Yes

Treatment methods 0 was assigned to postoperative prophylactic radiotherapy and 1 to no postoperative prophylactic
radiotherapy
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Before the study, we collected baseline data of the two
groups and found no notable difference between them in
age, BMI, sex, course of disease, living environment,
smoking history, drinking history, and nationality, which
suggests their comparability. Firstly, we evaluated the effi-
cacy in the two groups. +e efficacy was classified into
complete remission, partial remission, no change, and
progression. As our results showed, the Res group presented
a notably higher TER than the Con group (85.71% (30
patients) vs. 63.33% (19 patients)). +e data imply that
prophylactic radiotherapy can contribute to stronger clinical
efficacy in patients with EC, with a beneficial influence on
their clinical symptoms and survival rate. According to
associated references, Sun et al. [17] pointed out the re-
markable efficacy of prophylactic radiotherapy in patients
with nasopharyngeal carcinoma. +ere are also studies
which support the idea that prophylactic radiotherapy can
strongly prevent recurrence andmetastasis of tumor diseases
[18]. +ese conclusions can verify the results of our study.
+e tumor of patients with middle or late EC is large, so the
postoperative effect is inconsistent due to the difference of
their tumor location or tumor size, and prophylactic ra-
diotherapy can further kill the residual tumor, which may be
one major reason for the efficacy improvement by pro-
phylactic radiotherapy. We quantified CRP and WBC in the
two groups and found after therapy that both groups showed
notably increased CRP and WBC, but the levels were not
considerably different in both groups, which were in line
with results discovered previously [19]. We reason that for
patients with EC, after surgery or postoperative radiother-
apy, their body will produce stress response and their CRP
and WBC will increase. At the same time, the two groups
showed no notable difference in CRP and WBC after
therapy, which further reflected the effectiveness and safety
of prophylactic radiotherapy. One study by Kugele et al. [20]
has pointed out that prophylactic radiotherapy can strongly
enhance local control and survival among patients under-
going radical mastectomy. It is similar to our study result,
which supports the conclusion that prophylactic radio-
therapy can deliver a strong inhibitory influence on post-
operative tumor recurrence. We also adopted PFS-R for
analyzing and comparing the mental state of the two groups.
As the results showed, before therapy, the two groups were
not greatly different in PFS-R score, while after therapy, the
scores of both groups declined and the decline in the Res
group was more notable. +e results imply the crucial role of
prophylactic radiotherapy in alleviating the fatigue state of

patients and improving their life quality. Cancer-associated
fatigue is a prevalent clinical symptom of EC. Diseases take a
serious toll on patients’ mental and physical strength, which
is prone to aggravating their negative emotions and in-
creasing the difficulty of treating muscle diseases [21].
Prophylactic radiotherapy may greatly alleviate patients’
clinical symptoms, which is the primary task to improve
their life quality [22]. We compared the two groups for
alleviation of mental depression and anxiety before and after
therapy and found that before therapy, the two groups were
not significantly different in SDS and SAS scores, while after
therapy, SDS and SAS scores of both groups declined and the
scores of the Res group were low. +e results further
demonstrate the favorable clinical efficacy of prophylactic
radiotherapy because of its function in strongly alleviating
patients’ symptoms and unhealthy emotions. Moreover, we
compared the LNMR, HMR, ARR, and 3-year survival rates
of the two groups after therapy, finding that the Res group
presented notably lower LNMR and ARR and notably higher
3-year survival rate, but they were not considerably different
in HMR. +e acquired data reflect the safety and effec-
tiveness of prophylactic radiotherapy in the Res group from
one angle and further reflect the reason for the higher
survival rate in the Res group. +e data also confirm the
crucial clinical value of prophylactic radiotherapy after
ECRO. We evaluated the posttherapy life quality of the two
groups via the functional, symptom, and general health
subscales. As a result, after therapy, the functional and
general health scores of the two increased and the scores of
the Res group were notably higher than those of the Con
group. Additionally, after therapy, the symptom scores of
both groups decreased and the score of the Res group was
notably lower. +e results were in step with our above
analysis. Finally, we carried out logistic regression analysis
on influencing factors of disease recurrence, finding that
CEA, CA125, esophageal inflammation history, family
medical history, postoperative complications, and lymphatic
and vascular infiltration were risk factors for the disease
recurrence and postoperative prophylactic radiotherapy was
the protective factor for it. +us, postoperative prophylactic
radiotherapy is pivotal for patients. +e study has indicated
that low-dose, prophylactic, extended-field, intensity-mod-
ulated radiotherapy combined with cisplatin could effec-
tively improve the prognosis of patients with cervical cancer
[23].

However, due to the short experimental period, we were
unable to evaluate the long-run prognosis of patients, and

Table 5: Univariate and multivariate analysis on influencing factors of disease recurrence.

Univariate Multivariate
OR 95% CI P value OR 95% CI P value

CEA 15.63 4.63–26.63 0.019 4.63 2.54–9.63 0.021
CA125 12.6063 7.63–13.41 0.029 6.63 2.63–12.63 0.018
Esophageal inflammation history 2.63 1.16–3.84 0.019 1.63 0.54–2.63 0.187
Family medical history 1.33 0.42–3.63 0.184 — — —
Postoperative complications 1.63 0.23–4.63 0.002 1.14 0.18–1.63 0.006
Lymphatic vessel invasion 1.85 0.15–3.63 0.009 1.56 0.06–1.92 0.001
Treatment methods 0.42 0.06–1.06 0.004 0.75 0.12–1.15 0.002
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some experimental results may not be highly representative
because of the small sample size of included subjects. It
provides potential basis for further experimental analysis. In
addition, it is required to understand the exact mechanism of
prophylactic radiotherapy through basic experiments to
provide more perfect clinical references.

To sum up, for patients with stage I-II EC after ECRO,
prophylactic radiotherapy is highly effective and safe and can
lower the recurrence rate, so it is worth popularizing in
clinical practice.
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Drug resistance is a major challenge for hepatocellular carcinoma (HCC) treatment in a clinic, which limits the therapeutic effect
of the chemotherapeutic drugs, including cisplatin (CDDP), in this disease. Mounting evidence has identified that miRNAs
dysfunction is related to the resistance of tumor cells to CDDP, and miR-651-3p has been identified as a tumor inhibitor to
suppress the progression of multiple tumors. However, the role of miR-651-3p in HCC remains unclear. In this study, the relative
expression of miR-651-3p in HCC tissues and cell lines were measured, and the functions of miR-651-3p were also observed by
CCK-8 assay, flow cytometry assay, andWestern blot. Moreover, the downstream target of miR-651-3p was predicted and verified
via TargetScan and dual-luciferase reporter assay, and its functions were also investigated.)e results showed that miR-651-3p was
significantly downregulated in HCC tissues and cell lines, and the decreased miR-651-3p was also observed in CDDP-induced
cells. miR-651-3p upregulation could effectively inhibit the proliferation and induce the apoptosis of R-HepG2. It was also found
that ATG3 was a downstream target of miR-651-3p, and ATG3 was highly upregulated in HCC tissues. Moreover, the upregulated
ATG3 could partly reverse the effects of miR-651-3p on R-HepG2. Besides, miR-651-3p involved the autophagy pathway of the
HCC cells via targeting ATG3. In conclusion, miR-651-3p could regulate the autophagy to enhance the sensitivity of HepG2 cells
to CDDP via targeting ATG3.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
malignant disease in the world, which is also the major
leading cause of cancer-related death [1]. Statistically, more
than 60% of patients have advanced HCC at the time of
diagnosis [2]. Several chemotherapy drugs approved by the
Food and Drug Administration (FDA) have shown high
efficacy in controlling the symptoms of the patients in the
early stage, while their therapeutic effects are reducing
significantly with the decrease of the sensitivity of tumor
cells to the drugs [3, 4]. Chemotherapy drugs involved some
special targets in tumor cells, and tumor cells can develop a
serious mechanism to weaken the injury and escape the
apoptosis induced by drugs, which is a major cause leading
to the failure of chemotherapy in the long-term intervention

[5, 6]. Autophagy, a natural survival mechanism formed in
cell involution, protects cells from apoptosis induced by
injury of toxicants, oxidative stress, and physical damages
[7, 8].)e activated autophagy has been observed inmultiple
tumor cells, and some studies have indicated that activated
autophagy effectively suppresses the malignant progressions
of tumor cells in the early stage [9]. However, accumulating
evidence has indicated that autophagy may decrease the
drug’s toxicity in cells and minimize their therapeutic effect
on tumor cells.

MiRNAs consisted of 18–22 nucleotides and play es-
sential roles in cells activities [10]. MiRNAs dysfunction
involves proliferation and invasion, and increasing studies
have confirmed that some miRNAs are involved in the
regulation of HCC cells to chemotherapeutical drugs [11].
For instance, miR-124 downregulation is related to the stem
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formation and sorafenib resistance of HCC cells [12]. A
previous study has identified miR-651-3p as a tumor in-
hibitor that can effectively suppress the progression of gli-
oma cancer [13]. However, the role of miR-651-3p in HCC
remains unclear. )is study focused on investigating the
connection of miR-651-3p and HCC and intended to il-
lustrate the regulation mechanism of miR-651-3p on HCC.

)is study attempted to investigate the role of miR-651-
3p in HCC and provide a potential basis for HCC treatment.

2. Materials and Methods

2.1. Pathological Tissue. )e tumor tissues and normal tis-
sues of the 15 patients at ZiBo Central Hospital, Zibo,
Shandong, China, were collected for this investigation. All
tissues were frozen at −80°C after sample collection. )e
study was approved by the Ethics Committee of the ZiBo
Central Hospital, Zibo, Shandong, China, and all patients
provided informed written consent.

2.2. Cell Culture. )e HCC cells lines, including HepG2 and
Huh7, purchased from (BioWit Technologies Co., Ltd.,
Shenzhen, China) were used for this study. All cells were
cultured with Dulbecco’s modified Eagle’s medium con-
taining 10% fetal calf serum (DMEM+10% FBS, BioWit
Technologies Co., Ltd., Shenzhen, China). )e cells were
cultured in an incubator with 5% CO2 and 37°C.

)e expression vectors of ATG3, miR-651-3p mimics,
and their related negative controls were purchased from
Generay Biotech (Shanghai, China). )e cells were seeded in
6-well plates and cultured at the incubator with 37°C and 5%
CO2, and the cell transfection was performed when cells
confluence at 70%. In brief, 100 pmol of RNA or 4 μg of
DNA was incubated with 250 μL serum-free medium for 5
min, and 10 μL of Lipofectamine 2000 (Generay Biotech,
Shanghai, China) was also diluted with the 250 μL serum-
free medium. After that, the medium containing the ex-
pression vectors of ATG3 or miR-651-3p mimics was in-
cubated with isometric-diluted Lipofectamine 2000 at 25°C
for 20 min. Finally, 500 μL of the mixtures was added to each
well, and then, the cells were cultured for 24 hours.

2.3. qRT-PCR. )e total RNAs were extracted from the
tissues and cells with TRIzol reagent, and the concentrations
of the extracts were measured by ultraviolet spectropho-
tometry. 1 μg of RNAs was reversed as cDNA with TaqMan
MicroRNA Reverse Transcription Kit (Applied Biosystems,
Foster City, CA). )e primers were synthesized and purified
by RiboBio (Guangzhou, China). 10 μL of reaction system
was prepared according to the instructions of the KAPA
qRT-PCR kit (Sigma-Aldrich, Missouri, USA). )e reaction
conditions included the denaturation at 95°C for 3 min,
followed by amplification for 40 cycles at 95°C for 12 s, 56°C
for 40 s, and 70°C for 30 s. )e relative expression levels of
miR-651-3p were calculated with the 2−(ΔΔCt) method. )e
primers of miR-651-3p, ATG3, and U6 are listed in Table 1.

2.4. Cell Viability Assay. )e viability of the cells was ob-
served by CCK-8 assay. 5×104 cells were seeded into the 96-
well plates. After cell transfection, the viability of the cells at
0, 24, 48, and 72 hours were measured by CCK-8 assay.
Briefly, 10 μL of CCK-8 solution (Solarbio Biotechnology
Co., Ltd., Shanghai, China) was added into each well, and
then, the cells were further cultured in the dark for 4 hours.
)e viability of the cells was observed by a microplate reader
(Molecular devices, Shanghai, China) at 450 nm.

2.5. Flow Cytometry Assay. Flow cytometry assay was per-
formed to observe the effects of miR-651-3p on the apoptosis
of HCC cells. 2×103 cells were suspended by 1mL of ice
Annexin V-FITC binding buffer, and then, 10 µL of pro-
pidium iodide (PI 20 µg/ml, Shanghai Yuanye Biotechnology
Co., Ltd, Shanghai, China) and 5 µl of Annexin V-FITC
(10 µg/ml, Shanghai Yuanye Biotechnology Co., Ltd,
Shanghai, China) were added into the cells. After incubation
for 15 min, the apoptosis level of the cells was observed by
flow cytometry equipment (BD Biosciences, State of New
Jersey, USA).

2.6. Western Blot. Total proteins were extracted from the
tissues and cell lines with RIPA buffer, and BCA kit
()ermoFisher, Massachusetts, USA) and UV spectro-
photometry were used to measure the concentration of the
proteins. )e proteins were boiled for 5 mins, and then,
they were separated with sodium dodecyl sulfate poly-
acrylamide gels. Subsequently, the proteins in gels were
translated on the polyvinylidene fluoride membranes
(BioRad, CA, USA) with a wet translation method. After
that, the membranes were blocked with 5% fat-free milk,
and the related primary antibodies including anti-ATG3(1 :
1000, ab2577009 )ermoFisher, Massachusetts, USA),
anti-LC3B (1 : 1000, ab2234770, )ermoFisher, Massa-
chusetts, USA), and anti-β-actin (1 : 1000, sc-47,778, Santa
Cruz) were used for membrane incubation at 4°C over-
night. )e membranes were washed with TBST for three
times (15 min/time), and then, they were incubated with
second antibodies for 2 hours. After membranes washing
(3 ×10min), the chemiluminescence detection system was
used to observe and calculate the relative expressions of the
related proteins.

2.7. Statistical Analysis. All experiments in this study were
performed three times, independently. )e data were ana-
lyzed with SPSS 20.0 and expressed by GraphPad Prism 8.
)e difference between the two groups was analyzed and

Table 1: Primer sequence of miR-493-5p, E2F3, and U6.
Name of primer Sequences
miR-493-5p-F 5′-GCGCAAAGGAAAGTGTATCC-3′
miR-493-5p-R 5′-CAGTGCGTGTCGTGGAGT-3′
ATG3-F 5ʹ-GCAAACAAGAACCTATGACCTG-3
ATG3-R 5ʹ-GTCTTCATACATGTGCTCAACTG-3ʹ
U6-F 5′-CTCGCTTCGGCAGCACA-3′
U6-R 5′-AACGCTTCACGAATTTGCGT-3′
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calculated with the chi-squared test or ANOVA (Tukey’s
post hoc test). P< 0.05 means that the difference was sta-
tistically significant.

3. Results

3.1.miR-651-3pWasDownregulated inHCCTissuesandCells.
To investigate the involvement of miR-651-3p in HCC, the
qRT-PCR was used to measure the expression levels of miR-
651-3p in HCC tissues and cell lines. )e results showed that
miR-651-3p was highly downregulated in the HCC tissues
compared with the paracancerous tissues of the patients.
Subsequently, the expression level of miR-651-3p was also
measured in CDDP-sensitive and CDDP-resistant tissues.
)e results showed that miR-651-3p was significantly
downregulated in CDDP-resistance tissues (Figure 1(a),
p< 0.01). Moreover, the miR-651-3p levels were also in-
vestigated in CDDP-resistant HepG2 cells (R-HepG2) and
CDDP-resistant Huh7 (R-Huh7). It was found that miR-
651-3p was significantly downregulated in R-HepG2 cells
(Figure 1(b), p< 0.01). )ose observations suggested that
decreased miR-651-3p was involved in the resistance of
HepG2 cells.

3.2. miR-651-3p Enhanced the Sensitivity of R-HepG2 on
CDDP. To evaluate the function of miR-651-3p in resistance
of HepG2, the miR-651-3p mimics and related miR-NC
were, respectively, transfected into R-HepG2 cells, and the
cells were cultured with the medium containing a different
dose of CDDP range from 0 μM to 50 μg/mL. )e CCK-8
and cytometry assay were used to observe the viability and
apoptosis of the cells with 5 μM of CDDP. )e results
showed that the viability levels of R-HepG2 transfected with
miR-NC in different doses were significantly high compared
with the cells transfected with miR-651-3p (Figure 2(a),
p< 0.01). Moreover, the flow cytometry assay showed that
HepG2 cells with the high miR-651-3p level expressed a high
apoptosis rate compared with the cells with the low miR-
651-3p level (Figure 2(b), p< 0.01). )ose observations
suggested that miR-651-3p could effectively enhance the
resistance of R-HepG2 on CDDP.

3.3. miR-651-3p Directly Targets ATG3, and ATG3 Involved
Resistance of HepG2. To explore the downstream target of
miR-651-3p, MiRDB was used to search the downstream
target of miR-651-3p. )e results showed that the 3′-UTR of
ATG3 could match with the sequence of miR-651-3p
(Figure 3(a), p< 0.01). Subsequently, the miR-651-3p
mimics, miR-NC, ATG3-wt, and ATG3-mut were, respec-
tively, transfected into the HEK-293T cells to verify the
binding effects of miR-651-3p and ATG3. It was found that
miR-651-3p remarkably suppressed the activity of ATG3-wt,
while it did not express any significant effect on ATG3-mut
(Figure 3(b), p< 0.01). Besides, the expression levels of
ATG3 were also measured in HepG2 and R-HepG2 cells.
)e results showed that ATG3 was significantly upregulated
in R-HepG2 cells compared with HepG2 cells (Figure 3(c),

p< 0.01). )ose observations suggested that ATG3 could be
targeted by miR-651-3p and involved the chemotherapeutic
resistance of HepG2 cells.

3.4. ATG3 Reversed the Effects of miR-651-3p on R-HepG2.
Although it was confirmed that ATG3 was significantly
upregulated in R-HepG2 cells, whether ATG3 plays a key
role in the regulation of miR-651-3p on R-HepG2 remains
unknown. )e cells were cultured with the medium con-
taining 5 μM of CDDP, and the miR-651-3p mimics and
ATG3 expressed vectors were cotransfected into the
R-HepG2 to observe the changes in viability and apoptosis
levels. CCK-8 assay showed that the enhanced sensitivity of
R-HepG2 induced by miR-651-3p upregulation could be
reversed by ATG3 (Figure 4(a), p< 0.01). )e flow
cytometry assay showed that ATG3 could effectively inhibit
the apoptosis of R-HepG2 with a high miR-651-3p level
(Figure 4(b), p< 0.01). )ose observations suggested that
miR-651-3p could elevate the sensitivity of R-HepG2 on
CDDP.

3.5. miR-651-3p Regulated Autophagy Level of R-HepG2 via
Targeting ATG3. To illustrate the regulation mechanism of
miR-651-3p in resistance of HCC, the related proteins of the
autophagy pathway in R-HepG2 cells were measured by
Western blot after transfecting with miR-651-3p mimics and
ATG3 vectors. )e result showed that the miR-651-3p
significantly increased LC3-I and reduced LC3-II in
R-HepG2 cells. However, the effects of miR-651-3p on the
cells could be reversed by ATG3. Besides, it was also found
that increased miR-339-5p significantly inhibited the ex-
pression of p-AMPK in R-HepG2 cells (Figure 5, p< 0.01).
)ose observations suggested that miR-651-3p inhibited the
AMPK-induced cell autophagy via targeting ATG3.

4. Discussion

Remarkable progression has been made in HCC treatment
in recent ten years [14]. However, completely healing HCC
remains quite difficult. At present, chemotherapy failure
induced by drug resistance has become a major challenge in
the clinical field of HCC treatment [15]. )is study inves-
tigated the role of miR-651-3p in HCC and revealed the
regulation mechanism of miR-651-3p involved resistance in
HCC to CDDP.

MiRNAs dysfunction has been confirmed as a major
reason for cancer development. Increasing studies have also
indicated that the malignant progression of HCC is related
to the miRNAs dysfunctions [16]. In this study, it was found
that miR-651-3p was obviously downregulated in HCC
tissues and cell lines. miR-651-5p locates on the chromo-
some 3, p13 of humans, and the miR-651-5p involves the
artery remodeling. )e reduced miR-651-3p in gastric
cancer cells has been observed by a recent study, while the
role of miR-651-3p in other tumors remains unclear [17].
)is study proved that miR-651-3p downregulation was
related to the resistance of HCC cells to CDDP. Decreased
miR-651-3p has been found in gastric cancer, and the
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proliferation and migration of the tumor cells can be ef-
fectively inhibited when miR-651-3p is overexpressed [13].
)erefore, it was hypothesized in this study that miR-651-3p
involved the progression of HCC. In this study, it was also
observed that miR-651-3p was highly downregulated in
CDDP-resistant HepG2 cells. CDDP is one of the effective
drugs for cancer intervention, which has been widely used in
cancer treatment [18, 19]. Moreover, the study also found
that miR-651-3p upregulation could effectively reduce the

viability and promote the apoptosis of R-HepG2 cells. )us,
this study supports that miR-651-3p deficiency is a major
reason for the resistance of HepG2 on CDDP.

MiRNAs are characterized by regulating the expression
of proteins to involve the progressions of cells via targeting
the 3′-UTR of the related mRNAs [20]. Given the characters
of miRNAs in regulating the expression of proteins, the
downstream target of miR-651-3p was searched by Tar-
getScan. It was found that ATG3 was a target of miR-651-3p.
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Figure 1: miR-651-3p was downregulated in HCC tissues and drug-resistant HCC cells. (a) )e relative expression levels of miR-651-3p in
normal and tumor tissues measured by qRT-PCR. (b) )e expression levels of miR-651-3p in HepG2 cells and resistant HepG2 (R-HepG2)
were measured by qRT-PCR; (c) )e expression levels of miR-651-3p in Hub7 cells and resistant Hub7 (R-Hub7) measured by qRT-PCR.
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Figure 2: miR-651-3p increased the sensitivity of R-HepG2 cells on CDDP. (a) )e viability of the R-HepG2 after serial dosage DDP
treatment observed by CCK-8. (b) )e apoptosis level of R-HepG2 with 5 μM of CDDP measured by flow cytometry assay.
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ATG3 has been found as a tumor promoter that involves the
malignant behaviors of multiple tumors [21].)e promotion
of ATG3 on tumor cells has been confirmed by several
studies, and ATG3 was regulated by multiple miRNAs to
involve the malignant progression of some tumor cells

[22, 23]. Moreover, ATG3 is also related to the sensibility of
the cell on DNA injury [24].

Several studies have proved that ATG3 was significantly
upregulated in multiple cancers, and ATG3 downregulation
could effectively inhibit the proliferation invasive abilities of
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Figure 3: ATG3 was a downstream target of miR-651-3p and was significantly upregulated in tumor tissues. (a) )e binding sites of miR-
651-3p and ATG3. (b))e binding effect of miR-651-3p and ATG3 observed by dual-luciferase reporter assay. (c))emRNAs level of miR-
651-3p significantly upregulated in tumor tissues.
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Figure 4: ATG3 reversed the effect of miR-651-3p on the CDDP-resistance of R-HepG2 cells. (a) )e viability of the resistant HepG2 after
serial dosage DDP treatment observed by CCK-8. (b) )e apoptosis level of resistant HepG2 with 5 μM of CDDP measured by flow
cytometry assay.
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tumor cells [25]. Huang et al. have found that ATG3
downregulation significantly inhibited the proliferation,
migration, and invasion of nonsmall cell lung cancer [26].
In this study, it was proved that ATG3 restoration could
partly rescue the enhanced sensitivity of R-HCC cells to
CDDP induced by miR-651-3p and reduce the apoptosis
rate of the cells when suffered CDDP treatment. )us, this
study suggested that ATG3 involved the regulation of
miR-651-3p on the resistance of HCC. Drug-resistance is
related to the autophagy progression of the cells, and
tumor cells can reduce the effect drug toxicity of che-
motherapy drugs via promoting cell autophagy [27].
ATG3 is related to cell autophagy, and several studies have
found that aberrant expression of ATG3 can increase cell
autophagy, which is related to enhanced drug-resistance
of tumor cells [28]. In this study, the expression of
the related proteins in the autophagy pathway was ob-
served, and the obvious changes in the expression levels of

LC3-I and LC3-II were observed. )us, this study sup-
ported that miR-651-3p could inhibit the ATG3-mediated
cell autophagy to enhance the sensitivity of HCC cells to
CDDP.

)is study revealed miR-651-3p as a tumor inhibitor in
HCC cells and illustrated that miR-651-3p could enhance
the sensitivity of HCC cells on CDDP via regulating the
aberrant autophagy levels of HCC cells induced by in-
creased ATG3. However, the presumption in this study
was only confirmed with cell experiments, and more
evidence from animal experiments is still necessary to
validate the resistance-inhibited effects of miR-651-3p on
HCC.

Data Availability

)e data used to support the findings of this study are
available from the corresponding author upon request.
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Figure 5: miR-651-3p regulating the cell autophagy of R-HepG2 via targeting ATG3. (a) )e relative expression level of miR-651-3p
measured by qRT-PCR. (b–e) )e relative expression levels of ATG3, LC3-I, and LC3-II measured by Western blot, respectively.
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Objective. To investigate the changes of intestinal flora in elderly patients with Alzheimer’s disease and liver cancer and its
correlation with abnormal gastrointestinal motility. Methods. From January 2018 to December 2020, 102 elderly patients with
Alzheimer’s disease and liver cancer were selected as the observation group. Eighty-nine healthy patients during the same period
were selected as the control group. *e two groups of intestinal flora (intestinal microbial diversity) were detected by real-time
fluorescent quantitative PCR (RT-qPCR) and high-throughput sequencing. *e two groups of serum motilin (MTL) and gastrin
(GAS) levels were measured by the Hitachi automatic biochemical analyzer 7600. Pearson correlation analysis software was used
to analyze the relationship between changes in the intestinal flora and gastrointestinal motility in elderly patients with Alzheimer’s
disease and liver cancer. Results. *e contents of Bifidobacteria and Lactobacilli in the observation group were lower than those in
the control group, and the contents of Escherichia coli,Helicobacter pylori, and Streptococcuswere higher than those in the control
group. *e Chaol index and Shannon index in the observation group were higher than those in the control group. *e gas-
trointestinal motility levels MTL and GAS of the observation group were higher than those of the control group. *e results of
Pearson correlation analysis showed that the Chaol index and Shannon index of elderly patients with Alzheimer’s disease and liver
cancer were positively correlated with MTL and GAS. Conclusion. Elderly patients with Alzheimer’s disease and liver cancer often
have changes in the intestinal flora, which are correlated with abnormal gastrointestinal motility. Strengthening the analysis of
changes in patients’ intestinal flora can enhance clinical medication knowledge and improve gastrointestinal motility in patients.

1. Introduction

Alzheimer’s disease is a degenerative disease of the nervous
system with relatively insidious onset and progressive de-
velopment in the elderly. *e clinical manifestations are
memory impairment, aphasia, ignorance, impairment of
visual and spatial skills, and executive dysfunction [1].
Current studies show that the onset of Alzheimer’s disease in
the elderly may be related to family history, head trauma,
viral infection, etc., but its specific pathogenesis is still not
clear. With the increasing aging of the population in China,
elderly Alzheimer’s disease incidence is on the rise [2, 3].

Liver cancer is a malignant tumor that occurs in the liver,
and its incidence is mainly related to viral hepatitis,
drinking, eating moldy food, and heredity. *e clinical
symptoms in the early stage of the disease lack typicality, and
as the course of the disease prolongs, they usually manifest as
pain, fever, and fatigue in the liver area. Previous studies
have shown that intestinal flora belongs to the “second
genome” of the human body and is also an important de-
fense line of the body’s immune system [4]. Its dynamic
balance is the basis for maintaining the body’s normal
function, and it has essential physiological and pathological
significance for the human body. In addition, the intestinal
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flora can also affect the body’s protein, neurotoxicity, and
neuronal absorption [5]. For patients with intestinal flora
disorder or imbalance, it will not only aggravate the damage
and loss of neurons in the brain but also cause gastroin-
testinal dysfunction, thereby aggravating the occurrence and
development of the disease. However, there are few clinical
studies on the relationship of intestinal microflora changes
in elderly Alzheimer’s disease patients with liver cancer and
its correlation with gastrointestinal motility abnormalities
[6, 7]. *erefore, this study selected elderly patients with
Alzheimer’s disease and liver cancer and healthy subjects to
explore the changes of intestinal flora in elderly patients with
Alzheimer’s disease complicated with liver cancer and their
correlation with gastrointestinal motility abnormalities.

2. Materials and Methods

2.1. Clinical Information. From January 2018 to December
2020 at the First People’s Hospital of Lianyungang, Lia-
nyungang, China, 102 elderly patients with Alzheimer’s
disease and liver cancer were selected as the observation
group and 89 cases of healthy physical examination during the
same period were included in the control group.*ere was no
statistically significant difference in the general information of
the two groups of patients, and they were comparable (Ta-
ble 1). *e study was approved by the ethics committee of the
First People’s Hospital of Lianyungang, Lianyungang, China,
and the patient’s informed consent was obtained.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (1)
patients who meet the diagnostic criteria for Alzheimer’s
disease according to the American Psychiatric Association
“Diagnosis and Statistical Work Manual of Mental Disorders
Fourth Edition Revised Edition” [8]; patients with liver cancer
diagnosed by pathological tissue examination; (2) patients
with age ≥60 years, with complete baseline and follow-up
data; and (3) patients with complete intestinal flora and
gastrointestinal motility examinations and who can tolerate
them. Exclusion criteria: (1) patients with autoimmune dis-
eases, language communication disorders, or other mental
illnesses; (2) patients who have taken neurotrophic drugs,
microecological agents, and cardiovascular diseases within the
past month; and (3) patients with severe liver and kidney
dysfunction, accompanied by autoimmune system diseases.

3. Method

3.1. Intestinal Flora Determination

3.1.1. Determination of Intestinal Flora. *e RT-qPCR
method was used to detect the total load of the intestinal
flora in the two groups, including two types of intestinal
probiotics (such as Bifidobacterium and Lactobacillus) and
six types of intestinal pathogenic bacteria (Escherichia coli,
Staphylococcus, Veillonella, Helicobacter pylori, Streptococ-
cus, and Pseudomonas aeruginosa) levels. 300mg of feces
(middle feces) after admission of both groups were collected,
and we completed the extraction of fecal bacterial DNA
according to the instructions of the fecal bacterial genomic

DNA extraction kit (Tiangen Biochemical Technology Co.,
Ltd., Beijing) and the PCR reaction. *e primer is designed
by Shanghai Yingjun Biotechnology Co., Ltd. According to
the test content, the measurement of relevant parameters
was completed: 10min at 30°C; 30min at 42°C; 5min at 99°C;
and 5min at 5°C. A total of 35 cycles are completed, the final
10min is extended, and the temperature is 72°C.

A standard calibration and negative control are set up for
each experiment. After the reaction is completed, the
specificity of the PCR product is analyzed according to the
melting curve, and the final product is placed for agarose gel
electrophoresis with a concentration of 1.5%. *e result is
the bacterial copy coefficient using logarithm/g feces men-
tioned above [9, 10].

3.1.2. Diversity Detection of Intestinal Flora.
High-throughput sequencing was used to detect the intes-
tinal flora (intestinal microbial diversity) of the two groups.
Stool samples were obtained from the abovementioned
samples, and the intestinal flora diversity test was completed
by Shanghai Shenggong Biological Engineering Co., Ltd.*e
Chaol index and Shannon index were calculated to complete
the relative abundance analysis of the flora [11].

3.2.Measurement andCorrelation ofGastrointestinalMotility
Level

3.2.1. Collection of Blood Samples. 3 mL of peripheral fasting
blood was taken from the observation group in the morning
of the next day after admission, and 3mL of peripheral blood
was taken from the control group took on the day of physical
examination and centrifuged for 30min at a speed of
2500 rpm. Samples were placed at low temperature for use
after the serum separation.

3.2.2. Detection Method. *e Hitachi 7600 automatic bio-
chemical analyzer was used to determine the levels of serum
MTL and GAS in the two groups. *e detection method was

Table 1: Comparison of general data between the two groups.

Clinical data Observation Control χ2/t P

Gender
1.214 0.793Male 61 51

Female 41 38
Age (years) 71.49± 6.38 71.64± 6.42 0.591 0.325
BMI (kg/m2) 23.52± 3.26 24.97± 3.31 1.025 0.782
Disease duration (years) 12.52± 3.21 — — —
Education

1.491 0.678
Junior high school
and below 41 36

High school 54 47
High school or above 7 6

Electroencephalogram (EEG) examination
Mild diffuse
abnormalities 43 — — —

Moderate
abnormalities 40 — — —

Severe abnormalities 19 — — —
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enzyme-linked immunosorbent assay (ELISA). All kits were
purchased from the Beijing East Asia Institute of Immu-
nology. All operations were completed in strict accordance
with the instrument instructions [12, 13].

3.2.3. Correlation Analysis. Pearson correlation analysis
software was used to analyze the relationship between
changes in the intestinal flora and gastrointestinal motility in
elderly patients with Alzheimer’s disease and liver cancer.

3.3. Statistical Analysis. SPSS24.0 software was used to
process and analyze the data. *e counting data were tested
by χ2 and expressed by n (%). Measurement data such as
intestinal flora content were in line with normal distribution
and were performed by the t test and expressed by (x ± s).
P< 0.05 was considered statistically significant.

4. Results

4.1. Comparison of Intestinal Flora between the Two Groups.
*e contents of Staphylococcus, Pseudomonas aeruginosa,
and Veillonella in the two groups were not statistically
significant (Table 2). *e contents of Bifidobacteria and
Lactobacilli in the observation group were lower than those
in the control group, and the contents of Escherichia coli,
Helicobacter pylori, and Streptococcuswere higher than those
in the control group (Table 2).

4.2.Comparison of theDiversity of Intestinal Flora between the
TwoGroups. *e Chaol index and Shannon index of elderly
patients in the observation group were higher than those in
the control group (Table 3).

4.3. Comparison and Correlation Analysis of Gastrointestinal
Motility between the Two Groups. *e gastrointestinal mo-
tility levels MTL and GAS of the observation group were
higher than those of the control group (Table 4). *e results
of Pearson correlation analysis showed that the Chaol index
and Shannon index of elderly patients with Alzheimer’s
disease and liver cancer were positively correlated with MTL
and GAS (Table 5).

5. Discussion

Alzheimer’s disease occurs more frequently in older adults,
and common pathogenic factors include gene mutation and
unhealthy lifestyle, but the specific pathogenesis of the
disease has not been clarified clinically [14]. Liver cancer is
also a malignant tumor with a high incidence rate. It occurs
in people over the age of 40, and it is also an important cause
of death among Chinese residents. Studies have shown that
the brain tissues of elderly patients with Alzheimer’s disease
and liver cancer have obvious pathological changes [15].
Patients are often accompanied by amyloid deposition and
neurofibrillary tangles after the onset of disease, which can
cause nerve cell atrophy and death, and a serious condition
of patients can cause cognitive dysfunction [15]. At the same

time, Alzheimer’s disease and liver cancer can interact and
exacerbate, affecting the prognosis of patients.

In recent years, more and more research results have
confirmed that intestinal microecological disorders are
more common in elderly patients with Alzheimer’s disease.
*e imbalance of the intestinal flora after the onset of the
patient can affect the neuro-immune-endocrine system
through the flora-brain-gut axis, which can damage the
structure and function of the central nervous system
[16, 17]. For normal people, intestinal flora is in a state of
dynamic balance, but the imbalance of intestinal flora
caused by various reasons will lead to the occurrence of a
variety of diseases, increasing the incidence of chronic
enteritis, gastrointestinal ulcer, stroke, and other diseases
[18]. In this study, the contents of Bifidobacterium and
Lactobacillus in the observation group were lower than
those in the control group. In comparison, the contents of
Escherichia coli, Helicobacter pylori, and Streptococcus in
the observation group were higher than those in the control
group, indicating that the elderly Alzheimer’s disease and
liver cancer patients were often accompanied by intestinal
flora disorders, resulting in a decrease in the number of
beneficial bacteria and an increase in the number of
harmful bacteria.

Previous studies have shown that when the intestinal
microecology is unbalanced and beneficial bacteria are re-
duced, a large amount of endotoxin will be produced, which
will damage multiple tissues and organs throughout the
body and increase the risk of damage to the central nervous
system [19]. In addition, the reduction of beneficial bacteria
and the increase of harmful bacteria in the intestines can
affect the neuroendocrine system of patients, leading to
neurotransmitter disorders [20]. In this study, the Chaol
index and Shannon index of observation group were higher
than those in the control group.*e gastrointestinal motility
levels MTL and GAS of the observation group were higher
than those of the control group. It shows that the intestinal
tract of elderly patients with Alzheimer’s disease and liver
cancer has the characteristics of diversity and complexity,
which can cause the reduction of beneficial bacteria, can lead
to abnormal gastrointestinal function, and aggravate the
occurrence and development of the disease.

It has been reported that the decrease of beneficial
bacteria in the intestine and the increase of harmful bacteria
can cause a microinflammatory state and cause systemic
oxidative stress, which are independent risk factors for
Alzheimer’s disease [21]. It can be seen that there is a close
connection between intestinal microecological disorder and
the occurrence of Alzheimer’s disease. *us, the correlation
analysis between the changes of the intestinal flora of pa-
tients and the level of gastrointestinal motility was con-
ducted in this study. *e results show that the Chaol index
and Shannon index of elderly patients with Alzheimer’s
disease and liver cancer are positively correlated with MTL
and GAS, indicating that there is a strong correlation be-
tween the changes of intestinal flora and gastrointestinal
motility in elderly patients with Alzheimer’s disease and liver
cancer. *erefore, at a clinic for elderly patients with Alz-
heimer’s disease and liver cancer, there is a need to
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strengthen the measurement of the changes in the intestinal
flora of the patients, evaluate and predict the gastrointestinal
motility level of the patients, and adjust the treatment plan
according to the measurement results, so that specific
treatment is provided. However, there are some limitations
to this study. *e ELISA kit has some defects (such as
operation errors), which may lead to data deviation. *e
patients enrolled in this study all took drugs for a long time,
which may cause some interference to the study results.

In summary, elderly patients with Alzheimer’s disease
and liver cancer are often accompanied by changes in in-
testinal flora, which are correlated with abnormal gastro-
intestinal motility. Strengthening the analysis of changes in
patients’ intestinal flora can provide potential basis for
clinical medication use and improve patients’ health.
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Objective. To explore the efficacy of sorafenib combined with interventional therapy on primary liver cancer (PLC) patients and its
effect on serum AFP, VEGF, and GGT. Methods. 120 PLC patients admitted to our hospital from January 2016 to January 2020
were selected as the research object and divided into group A and group B according to the admission order, with 60 cases each.
Interventional therapy was performed to both groups, and sorafenib was given to group A additionally to compare their treatment
effect, survival, adverse reaction rate (ARR), and serum AFP, VEGF, and GGT levels. Results. After treatment, group A obtained
significantly higher objective remission rate (ORR) and disease control rate (DCR) (p< 0.05), higher one-year survival rate and
two-year survival rate (p< 0.05), lower ARR of skin reactions, gastrointestinal reactions, hepatorenal reactions, and hyper-
bilirubinemia (p< 0.05), and lower serum AFP, VEGF, and GGT levels (p< 0.001). Conclusion. +e combination of sorafenib and
interventional therapy can inhibit the growth andmigration of PLC, improve the immune function, prolong the survival period of
patients, and lower ARR, so it should be promoted in practice.

1. Introduction

Primary liver cancer (PLC) is one of the most common
malignant tumors in the clinic, and its lethality rate ranks the
third place in all malignant tumors after lung cancer and
gastric cancer with more than a million patients dying each
year due to the disease. PLC is characterized by insidious
onset and slow tumor growth, so most patients have missed
the optimal surgical time when being diagnosed and can no
longer receive radical treatment [1–3]. For PLC patients in
advanced or middle advanced stages, local nonsurgical
treatment options are the preferred measures to control the
further spread of cancer cells, and interventional treatment is
the most commonly used in the clinic, which is able to block
the blood supply to the hepatic artery, make the cancer cells
ischemic and necrotic, and then extend the survival of
patients [4–7]. But recent studies have revealed that blocking
the blood supply would cause residual cancer cells to release

the hypoxia inducible factor and elevate the VEGF ex-
pression level, and the state of hypoxia and ischemia would
accelerate the frequency of neovascularization, greatly im-
proving the chance of PLC recurrence and affecting the long-
term prognosis of patients [3, 8, 9]. In order to improve the
application effect of interventional treatment, other target
therapeutic measures should be adopted at the same time.
Sorafenib, a novel multimolecular targeted therapeutic drug,
is currently available in China, which can reduce VEGF
expression, regulate the Mcl-1 protein level, and then inhibit
tumor growth. In addition, some studies have shown that
sorafenib can reverse the immunosuppression of hepato-
cellular carcinoma and improve the immunosenescence
condition of patients [10], with a more comprehensive effect.

At present, there have been studies combining inter-
ventional treatment with sorafenib in academia, but mostly
focusing on the survival rate of patients with few explora-
tions on other aspects. +is study aimed to explore the
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enhancement of sorafenib on the efficacy of interventional
treatment comprehensively, with the results reported as
follows.

2. Materials and Methods

2.1. General Information. 120 PLC patients admitted to +e
Second People’s Hospital of Dongying from January 2016 to
January 2020 were selected as the research object and di-
vided into group A and group B according to the admission
order, with 60 cases each and no statistical difference in their
general information (p> 0.05), as given in Table 1.+e study
was approved by the Ethics Committee of +e Second
People’s Hospital of Dongying.

2.2. Inclusion Criteria. +e inclusion criteria of the study
were as follows. (1) +e patients or their family members
fully understood the study process and signed the informed
consent; (2) the patients were diagnosed with PLC by clinical
and pathological examinations and met the diagnose criteria
in the Primary Liver Cancer Diagnose and Treatment
Standard (2011 Ver.) [11]; (3) the expected survival time of
the patients was over 3 months, and their clinical materials
were complete; (4) the patients were at least 18 years old; (5)
the liver function class of the patients was A or B [12]; (6) the
Karnofsky (KPS) scores of the patients were over 60 points
[13]; (7) the follow-up visit was acceptable to the patients;
and (8) the patients did not meet the surgical indication and
were required to undergo interventional treatment [14].

2.3. Exclusion Criteria. +e exclusion criteria for the patients
of the study were as follows. (1) Presence of mental problems or
inability to communicate with others; (2) suffering from other
organic diseases, coagulation disorders, or second primary
tumor; (3) allergy to the drugs involved in the study; (4) in
pregnancy or lactation; (5) presence of alimentary tract hem-
orrhage; and (6) suffering from inferior vena cava thrombus.

2.4. Methods. Both groups of patients received interven-
tional therapy, and sorafenib was given to group A addi-
tionally, with the following specific steps. (1) Intervention
therapy: after routine skin preparation and disinfection, the
patients received local anesthesia. +e 5-FRH catheter was
inserted to the superior mesenteric artery, common hepatic
artery, and proper hepatic artery for visualization, and then,
the blood supply artery puncture targeted at primary lesions
was conducted according to the lesion condition of the
patients, and the ultrasmooth guide wire was used to fix the
catheter; then, the mixture of 55mg/m2 of oxaliplatin
(manufactured: Harbin Pharmaceutical Group Bioengi-
neering Co., Ltd.; NMPA Approval No. H20133094),
40mg/m2 of hydroxyacetophenone (manufactured: Zhe-
jiang Kancheer Pharmaceutical Co., Ltd.; NMPA Approval
No. H42021857), 40mg/m2 of epirubicin (manufactured:
Jiangsu Hengrui Medicine Co., Ltd.; NMPA Approval No.
H20020542), and ultraliquid iodized oil was administered
once every month for 12 weeks. (2) Sorafenib treatment: the

patients orally took 0.5 g of sorafenib (manufactured: Jiangxi
Shanxiang Pharmaceutical Co., Ltd.; NMPA Approval No.
H20203397) twice every day with warm water. A course
lasted for two weeks, and after 1 course, administration was
stopped for 2 weeks before entering into a new one. +e
entire treatment lasted for 12 weeks.

Patients in both groups were followed up for 24 months.

2.5. Observation Criteria

(1) Treatment effect: according to the RECIST (Re-
sponse Evaluation Criteria in Solid Tumors) of the
WHO, patients’ conditions were classified as com-
plete response (CR, disappearance of all lesions, no
new lesions, and tumor markers returned to normal
for a month), partial response (PR, ≥30% decrease of
SLD (the sum of the longest diameters) for a month),
stable disease (SD, <30% decrease of SLD or <20%
increase of SLD), and progressive disease (PD, ≥20%
increase of SLD, or new lesions). +e objective re-
mission rate (ORR)�CR+PR and the disease
control rate (DCR)�CR+PR+ SD were used to
compare the treatment effect [15].

(2) Survival: the one-year survival rate and two-year
condition rate of patients were compared between
the two groups.

(3) Adverse reaction rate (ARR): the adverse reactions
included skin reactions, gastrointestinal reactions,
hepatorenal reactions, rash, fatigue and drowsiness,
and hyperbilirubinemia, and the numbers of patients
with adverse reactions were counted.

(4) Serum AFP, VEGF, and GGT levels: 5ml of fasting
elbow vein blood was extracted from the patients
before treatment and at the 4th week and 12th week
of treatment to detect their AFP, VEGF, and GGT
levels with the ELISA assay (Beijing Kewei Clinical
Diagnostic Reagent Inc.; NMPA Approval No.
S20060028).

2.6. Statistical Processing. In this study, the data processing
software was SPSS20.0, the picture drawing software was
GraphPad Prism 7 (GraphPad Software, San Diego, USA),
items included were enumeration data and measurement
data, methods used were the X2 test and t-test, and differ-
ences were considered statistically significant at p< 0.05.

3. Results

3.1. Comparison of the Patients’ Treatment Effect. Group A
obtained significantly higher ORR and DCR than group B
(p< 0.05), as given in Table 2.

3.2. Comparison of Patients’ Survival. Compared with group
B, group A obtained significantly higher one-year survival
rate (95.0% (57/60) vs. 68.3% (41/60), p< 0.05) and two-year
survival rate (80.0% (48/60) vs. 60.0% (36/60), p< 0.05), as
shown in Figure 1.
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3.3. Comparison of Patients’ ARR. +e ARRs of skin reac-
tions, gastrointestinal reactions, hepatorenal reactions, and
hyperbilirubinemia of group A were significantly lower than
those of group B (p< 0.05), as shown in Figure 2.

No statistical differences were shown in the ARRs of rash
and fatigue and drowsiness (9 vs. 10, 14 vs. 15, p> 0.05), and
the ARRs of skin reactions, gastrointestinal reactions,
hepatorenal reactions, and hyperbilirubinemia of group A
were significantly lower than those of group B (5 vs. 15, 6 vs.
18, 6 vs. 15, 2 vs. 10, p< 0.05).

3.4. Comparison of Patients’ Serum AFP, VEGF, and GGT
Levels. +e treated serum AFP, VEGF, and GGT levels of
group A were significantly lower than those of group B
(p< 0.001), as shown in Figure 3.

Figure 3(a) shows the serum AFP level. No statistical
differences are shown in the serum AFP levels between the
two groups before treatment (321.65± 75.26 vs.
322.69± 74.98, p> 0.05); at 4th week and 12th week of
treatment, group A obtained significantly lower serum AFP
levels than group B (180.65± 45.98 vs. 225.99± 55.98 and
88.95± 22.62 vs. 140.95± 26.98, p< 0.001).

Figure 3(b) shows the serum VEGF level. No statistical
differences are shown in the serum VEGF levels between the
two groups before treatment (442.56± 60.89 vs.
445.66± 61.55, p> 0.05); at 4th week and 12th week of
treatment, group A obtained significantly lower serum
VEGF levels than group B (299.65± 46.98 vs. 350.98± 47.99
and 199.98± 35.87 vs. 264.48± 36.98, p< 0.001).

Figure 3(c) shows the serum GGT level. No statistical
differences are shown in the serum GGT levels between the

Table 1: Comparison of patients’ general information.

Group Group A (n� 60) Group B (n� 60) X2/t P

Gender
Male 52 50 0.261 0.609Female 8 10

Age (years)
Range 34–76 35–76
Mean age 46.32± 5.21 46.98± 5.25 0.691 0.491

Liver function class
A 48 47 0.051 0.822
B 12 13

Hepatitis type
Hepatitis C 10 12 0.223 0.637Hepatitis B 50 48

Complication
Ascites 30 32 0.134 0.715
Portal vein tumor thrombus 10 9 0.063 0.803
Cirrhosis 42 40 0.154 0.695

TNM staging
II 24 25 0.035 0.853
III 26 25 0.034 0.853
IV 10 10 0.000 1.000

Clinical type
Diffused 10 12 0.223 0.637
Nodal 20 21 0.037 0.847
Massive 30 27 0.301 0.583

Maximum diameter of tumor (mm)
Range 50–140 48–142
Mean diameter 85.65± 20.65 86.98± 20.66 0.353 0.725

ECOG score∗
0 point 35 36 0.035 0.853
1 point 25 24

Educational degree
Senior high school and below 22 21 0.036 0.849College and above 38 39

∗+e physical health and therapy resistance of patients.

Table 2: Comparison of patients’ overall efficacy (n (%)).

Group CR PR SD PD ORR DCR
Group
A

24
(40.0)

30
(50.0) 2 (3.3) 4 (6.7) 54

(90.0)
56

(93.3)
Group
B

18
(30.0)

20
(33.3)

10
(16.7)

12
(20.0)

38
(63.3)

48
(80.0)

X2 1.319 3.429 5.926 4.615 11.926 4.615
P 0.251 0.064 0.015 0.032 0.001 0.032
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two groups before treatment (178.98± 31.25 vs.
180.56± 32.65, p> 0.05); at 4th week and 12th week of
treatment, group A obtained significantly lower serum GGT
levels than group B (95.41± 24.56 vs. 126.98± 30.11 and
80.54± 12.10 vs. 110.98± 14.65, p< 0.001).

4. Discussion

PLC has an insidious onset, and the patients who are di-
agnosed with PLC are mostly in the middle and late stages of
the disease, so they can only be treated with local nonsurgical
modalities to prolong survival rather than radical surgery.
90% of PLCs are hepatocellular carcinomas (HCC), and the
blood supply of HCC is mainly from the hepatic artery, and
only a small amount is from the portal vein; in contrast to the
blood supply ratio of normal liver tissue, the interventional
therapy can target the blocking of the hepatic artery supply,
so that the tumor tissue loses its blood supply source without
affecting normal liver tissue, which is the preferred non-
surgical treatment option for patients [16–18]. Notably,
interventional therapy, although it can substantially prolong
the survival time of patients, cannot eliminate all cancer
cells, and residual cells in hypoxic and ischemic conditions
elevate the expression of the hypoxia inducible factor, which
can increase VEGF transcription and then accelerate the
frequency of neoangiogenesis, so that patients are prone to
recurrence and metastasis of liver cancer. +erefore, com-
bining other target therapeutic measures with the inter-
ventional therapy to optimize the long-term outcome is the
key to lower the mortality in PLC patients [19].

Molecular targeted therapy is an important way to in-
hibit the growth of cancer cells, which can act in the links of
cancer cell survival, growth, or neoangiogenesis with the
toxicity significantly lower than chemotherapy, thus playing
a specific antitumor role and being able to combine with
different interventional therapies. Sorafenib, a novel mo-
lecular targeted therapeutic agent, can block the signal
pathway of receptor tyrosine kinase, reduce VEGF activity in
the hepatic artery, slow down the neoangiogenesis for ox-
ygen and blood supply, and thus inhibit cancer cell me-
tastasis [20, 21], so the treated VEGF level of patients in
group A who received both treatment modalities was sig-
nificantly lower than that in group B (p< 0.001), indicating a
reduced migration rate of the cancer tissue.

In addition to receptor tyrosine kinase, there are several
other receptors for sorafenib, which can suppress multiple
protein expression levels of cell proliferation through other
pathways, alleviate cytotoxicity, and accelerate the repair
process of liver function. In this study, GGT was selected as
an indicator of liver function, which mostly presented in the
human liver and was able to monitor hepatobiliary disease.
+e GGT level in PLC patients can be over dozens of times
higher than the normal person, and the decrease of GGT
directly indicates the improvement of liver function in
patients and indirectly suggests the reduction of liver cancer
cells [22]. +e result showed that group A achieved sig-
nificantly lower GGT level than group B (p< 0.001),
reflecting that recovery was seen in the patients’ liver
function and the likelihood of experiencing liver toxic side
effects decreased concomitantly. Moreover, Pereira et al.’
study confirmed that sorafenib could also induce the
movement of lymphocytes to HCC tissues and reverse the
immunosuppression of HCC [23], while Meizhen et al.’
study showed that this drug could downregulate AFP ex-
pression and relieve immunosuppression in hepatitis B
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patients [24]. AFP is a class of protein with immunosup-
pression that can reduce the proliferation rate of
T lymphocytes and inhibit the activity of tumor cytokines.
+is study showed that AFP levels after treatment in both
groups were reduced because the intervention could ac-
celerate the frequency of cancer cell necrosis and scavenge
immunosuppressive factors, thus improving the immune

function of patients, and group A obtained obviously lower
AFP levels than group B (p< 0.001), confirming that the
combined therapy could achieve a better immune recovery
effect and enhance the patient body resistance, which further
lowered the ARR and comprehensively promoted the overall
efficacy of PLC patients. +erefore, the ORR, DCR, and
survival rate of group A were significantly higher than those
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Figure 3: Comparison of patients’ AFP, VEGF, and GGT levels (x ± s). +e horizontal axis from left to right indicates before treatment, 4th
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of group B (p< 0.05), indicating that the combined therapy
obtained a remarkably better effect than intervention alone
in terms of long-term outcomes.

To sum up, sorafenib combined with interventional
therapy can inhibit PLC, enhance the body immunity, and
prolong the survival time of patients, which should be
promoted in practice.
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Colon cancer is a common malignant disease with high morbidity and mortality, and miRNA dysfunction has been confirmed as
an important reason for cancer development. Several studies have verified miR-605-3p as a tumor inhibitor while its roles in colon
cancer remain uncertain. In this study, the specimen of the patients and the cell lines of colon cancer were used to observe the
expression of miR-605-3p, and the CCK-8, Transwell assay, and flow cytometry assay were used to observe the functions of miR-
605-3p in colon cancer cells.,e downstream factors of miR-605-3p were predicted by TargetScan and then were verified by dual-
luciferase reporter assay. Moreover, western blot was used to investigate the effect of miR-605-3p on Wnt/β-catenin signal
pathway. ,e result showed that miR-605-3p was extremely downregulated in the pathological tissues and tumor cells, and miR-
605-3p could effectively induce the apoptosis and impede the proliferation and invasion of the tumor cells. It was found that
KIF3B was a target of KIF3B; decreased KIF3B could reverse the effects of miR-605-3p on colon cancer. Besides, the inactivated
Wnt/β-catenin pathway was also observed in colon cells when miR-605-3p was upregulated, and the phenomenon could be
rescued by KIF3B upregulation. In conclusion, miR-605-3p could inactivate the Wnt/β-catenin pathway induced via promoting
KIF3B expression.

1. Introduction

Colon cancer still remains one the most intractable diseases
in the world which seriously threaten the health of human
beings. Statistically, more than 1 million patients were
diagnosed with colon cancer in 2018 [1, 2]. At present,
drug, radiotherapy, and surgery interventions have been
used to restrain the symptoms of the patients [1, 3].
However, the early symptoms of colon cancer usually do
not express special natures, thus it may be mistaken as
inflammation [4]. Patients’ conditions have been become
serious when they are first diagnosed as colon cancer [5].
Hence, even with current medical level, the prognosis and
over-survival rate of the patients remain unsatisfactory.
More studies are still necessary to delve the pathogenic

mechanism of colon cancer. In the recent ten years, the
pathological mechanism of colon cancer has received wide
attention, which continually boosts the development of
drug in colon cancer treatment [6, 7].

In the last decade, the functions of microRNAs in cel-
lular activities have been confirmed by growing evidences,
and the dysfunctions of miRNAs have also been observed in
multiple cancers [8, 9]. miRNA dysfunction is major driving
force behind the progression and recurrence [10]. Several
studies have indicated that miRNA profiles in colon cancer
tissues are different from normal tissues, and miRNA
dysfunction has been proved as a major lead for tumor
formation and development [11, 12]. Consequently, the drug
therapies involved in miRNAs have been thought as pro-
spective strategies for colon cancer treatment. miR-605-3p
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serves as a tumor mimic in multiple tumors while its role in
colon cancer remains unclear [13].

,is study aimed to provide some new target and re-
search points for cancer development by investigating the
connection of miR-605-3p and colon cancer and revealing
the regulation mechanism of miR-605-3p in the progression
of colon cancer.

2. Material and Methods

2.1. Specimen Preparation. ,is study has been approved by
the hospital Ethics Committee. ,e tumor tissues and
matched adjacent health tissues donated by the patients were
used in this study. All tissues were stored at −80°C. Prior
consents of the patients and authorizations from hospitals
were obtained.

2.2. Cell Culture and Transfection. Normal human colon cell
lines including FHC and HEK-293T and human hepato-
cellular carcinoma cell lines including HCT116, CaCO-2,
SW620, and RKO were used in this study. All cells were
purchased from Hunan Fenghui Biotechnology Co., Ltd.
(Changsha, China). All cells were cultured with Dulbecco’s
modified eagle medium (DMEM, Procell Life Science and
Technology Co., Ltd., China) containing 10% fetal bovine
serum (FBS, ,ermo Fisher, USA) at 37°C and 5% CO2.
Subculture of the cells was performed when the cellular
confluence was at 90%.

,e cells were seeded into the 6-well plates, and the cell
transfections were performed when the confluences of the
cells were at 70%.,e miR-605-3p mimics, miRNA negative
control (miR-NC), pcDNA-KIF3B, and pcDNA-NC were
synthesized by Generay Biotech Co., Ltd. (Shanghai, China).
In short, 4 g of DNA, 100 pmol of RNA, or 10 μl Lipofect-
amine 2000 were respectively diluted and incubated with
250 μl serum-free medium for 5min. ,e diluted DNA and
RNA were respectively mixed with isometric diluted Lip-
ofectamine 2000 (,ermo Fisher, Massachusetts, USA) and
then were incubated at 25°C for 20min. After that, 500 μl of
mixtures were added in each well, and then the cells were
cultured for 24 hours.

2.3. Real-Time Quantitative Reverse Transcription PCR (qRT-
PCR). ,e miR-605-3p levels in the tissues and cell lines
have been measured by qRT-PCR. ,e TRIzol reagent was
used to perform the extractions of the total RNA in the
tissues or HCC cell lines. ,e concentration of the total
RNAs was measured by a spectrophotometer. 1 μg of RNA
was used to transcribe as cDNA, and a PrimeScript® RT
Reagent Kit performed the cDNA transcribe with random
hexamers. ,e reaction systems (10 μL) of qRT-PCR were
prepared according to the operational instruction of a KAPA
qRT-PCR Kit (Sigma-Aldrich, Missouri, USA). U6 was used
as the endogenous controls. ,e following conditions were
used: denaturation at 95°C for 3min, followed by amplifi-
cation for 40 cycles at 95°C for 12 s and at 53°C for 40 s and
70°C for 30 s. ,e relative levels of miRNAs were calculated
with the 2−(ΔΔCt) method. ,e primers of miR-605-3p and

U6 were synthesized and purified by RiboBio (Guangzhou,
China). ,e primer sequences of miR-605-3p, KIF3B, and
U6 are listed in Table 1.

2.4. Western Blot. ,e total proteins in the tissues and cell
lines were extracted by RIPA buffer in an ice box, and the
concentration of the extractions was measured by a BCA
protein assay kit (,ermo Fisher, Massachusetts, USA). ,e
extractions were mixed with quadruple SDS-PAGE sample
loading buffer, and then the extractions were boiled at 100°C
for 5min.,e proteins were transferred onto polyvinylidene
fluoride (PVDF) membranes by wet transfer method. After
that, the membranes were blocked with 5% fat-free milk at
4°C for 1 hour, and then the membranes were added with the
related primary antibodies and incubated at 4°C overnight.
,e membranes were washed three times (15min per time)
by Tris buffered saline Tween (TBST), and then the mem-
branes were incubated with second antibodies at 25°C for 1
hour. Finally, the membranes were washed three times
(10min per time) by TBST and added with ECL reagent
(,ermo Fisher, USA) for observation under a chem-
iluminescence detection system. ,e antibodies purchased
from ,ermo Fisher (Massachusetts, USA) were used as
follows: anti-KIF3B (1 :1000), anti-β-catenin (1 :1000), anti-
Wnt (1 :1000), anticleaved caspase-3 (1 :1000), and anti-
β-actin (1 :1000).

2.5. Transwell Assay. For the invasion assay, Matrigel was
diluted with eight-times DMEM, and the diluted Matrigel
was added into the upper chambers of Transwells. 5×104
cells with 200 μL serum-free DMEM were seed into the
upper chambers, and 600 μL and DMEM containing 10%
FBS were added into the cell in lower chambers. ,e cells
were cultured for 24 hours. After that, the cell on the upper
surfaces of the chambers were removed by cotton buds, and
the migrated cells on the lower surface of the upper chamber
were fixed by methanol for 10min and then dried at 25°C.
,e cells were stained with 0.1% w/v crystal violet
(Cat#G1062, Solarbio, Beijing, China) for 30min and
washed with tap water. ,e number of invaded cells was
calculated and photographed under a Leica DMi8
microscope.

2.6. CCK-8 Assay. ,e cells (3×103) were seeded into 96-
well plates and incubated for 24 hours. ,e transfections
were added into the related wells for further incubation.
After that, the viability of the cells at 0, 24, 48, and 72 hours
was measured by CCK-8 Kit (Amyjet, Wuhan, China). In
short, 10 μL of CCK-8 solution (Solarbio Biotechnology Co.,
Ltd., Shanghai, China) was added into each well, and then
the cells were incubated at 25°C in dark for 4 hours. Finally,
the absorbance value of each well was measured at 450 nm by
a microplate reader (Molecular Devices, Shanghai, China).

2.7. Dual-Luciferase Reporter Gene Assay. ,e mutant or
wild 3’-UTR sequences of FMNL2 were inserted into the
pmirGLO luciferase reporter vectors (Yangjiang Bio Co.,
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Ltd., China) to establish the FMNL2-mutant type (FMNL2-
mut) and FMNL2-wild type (FMNL2-wt), respectively.
FMNL2-mut and FMNL21-wt were respectively cotrans-
fected with miR-466 mimics or miR-NC into HEK-
293T cells. After that, the cells were incubated for 48 hours.
Finally, the binding effect of miR-466 and FMNL2 was
observed by a dual-luciferase reporter assay system.

2.8. Flow Cytometry Assay. HCT116 cells were harvested by
trypsinase (0.25%, EDTA-free). ,e harvested cells were
washed by 3mL of ice phosphate-buffered saline (PBS) for
once and then were fixed by alcohol. After that, 1× 106 of the
cells were suspended by 100 µl incubation buffer. 5 µl of ice
Annexin V-FITC and 5 µL of propidium iodide (PI 20 µg/
ml) were added into the cells, and then the cells were in-
cubated in dark for 15min. Finally, the apoptosis level of the
cells was instantly observed by a flow cytometry equipment
(BD Biosciences, State of New Jersey, USA).

2.9. Statistical Analysis. All experiments were performed at
least 3 times, independently.,e data were analyzed by SPSS
20.0, and the figures were charted by GraphPad Prism 8.0.
,e difference of the data was tested with chi-squared test or
ANOVA with Tukey’s post hoc test. P< 0.05 means the
difference of two groups is significant.

3. Results

3.1. miR-605-3p Was Extremely Downregulated in the Path-
ological Tissues and Tumor Cell Lines. ,e specimens of
paracancerous and tumor tissues were used to confirm the
difference in miR-605-3p levels. In the experiments, miR-
605-3p was observably downregulated in the pathological
samples compared with the normal parts (Figure 1(a);
P< 0.01). Moreover, the decreased miR-605-3p was also
observed in the colon cancer cells including HCT116, CaCO-
2, SW620, and RKO compared with FHC cells (Figure 1(b);
P< 0.01). ,ose observations suggested that miR-605-3p
dysfunctions were related with the progression of colon
cancer.

3.2. miR-605-3p Blocked the Progression of CaCO-2 Cells.
For exploring the functions of the miR-605-3p on colon
cancer development, the miR-605-3p level in HCT116 cells
was downregulated by the specific mimics, and the

phenotypic changes in the cell growth, invasion, and apo-
ptosis were detected by CCK-8 assay, Transwell assay, and
flow cytometry assay, respectively. ,e results uncovered
that the HCT116 cells with reduced miR-605-3p expressed
low viability and invasive ability and serious apoptosis level
compared to the cells without the intervention of miR-605-
3p mimics (Figure 2; P< 0.01).,ose observations suggested
that declined miR-605-3p could impede the growth and
invasion of HCT116 cells.

3.3. KIF3BWas a Target of miR-605-3p andWas Significantly
Downregulated in Pathological Tissues. Given the transla-
tion barriers of miRNAs on special mRNAs, the database,
TargetScan, was used to search the downstream target of
miR-605-3p. It was found that miR-605-3p could directly
target the 3’-UTR of KIF3B. To further verify the prediction
results, the luciferase vectors containing the wild type and
mutant type in the 3’-UTR sequences of KIF3B were re-
spectively cotransfected with miR-605-3p into HEK-
293T cells to observe the effect of miR-605-3p on KIF3B
(Figure 3(a); P< 0.01). In the results, miR-605-3p expressed
visible effect on wt-KIF3B rather than that on mut-KIF3B.
Moreover, the increased mRNA levels of KIF3B were also
found in tumor tissues (Figure 3(b); P< 0.01).

3.4. KIF3BUpregulationReversed the Effects ofmiR-605-3p on
Phenotype of the Cells. To verify whether KIF3B involves in
the regulation of miR-605-3p in colon cells, the miR-605-3p
mimics and KIF3B were cotransfected into the cells to
observe the phenotypic changes of the cells. In the results,
the reduced viability of the cells induced by miR-605-3p
downregulation was reversed by KIF3B, and the cells
cotransfected with miR-605-3p mimics and KIF3B
expressed high invasion ability compared with the cells only
transfected with miR-605-3p mimics (Figures 4(a) and 4(c);
P< 0.01). Besides, the high apoptosis level of the cells in-
duced bymiR-605-3p was rescued by KIF3B downregulation
(Figure 4(b); P< 0.01). ,ose observations suggested that
the regulation of miR-605-3p in colon cancer was related
with KIF3B, respectively.

3.5. miR-605-3p Impeded the Progression of Colon Cancer via
Activating Wnt/β-Catenin Pathway. To further delve the
mechanism of miR-605-3p in colon cancer, the activity of
Wnt/β-catenin pathway was observed by western blot. ,e
results indicated that the expressions of Wnt and β-catenin
were significantly inhibited when miR-605-3p level de-
creased, suggesting that the level of miR-605-3p was related
with the activity of Wnt/β-catenin pathway (Figure 5;
P< 0.01). However, compared with the cells singly trans-
fected with miR-605-3p mimics, the inactivated Wnt/
β-catenin pathway of the cells was reversed after cotrans-
fected with KIF3B, suggesting that the tumor promotion
effects of miR-605-3p were related with inactivation of Wnt/

Table 1: Primer sequences of miR-605-3p, KIF3B, and U6.

Name of primers Sequences
miR-605-3p-F 5’-AACGAGACGACGACAGAC-3’
miR-605-3p-R 5’-AGAAGGCACTATGAGATTTAGA-3’
KIF3B-F 5’- GATGTTAAGCTGGGGCAGGT-3’
KIF3B-R 5’-TTTGCCGTCCACTAGAGCAG-3’
U6-F 5’-CTCGCTTCGGCAGCACA-3’
U6-R 5’-AACGCTTCACGAATTTGCGT-3’
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Figure 1: miR-605-3p was significantly downregulated in the colon cancer tissues and cell lines. (a) ,e relative expression levels of miR-
605-3p in the paracancerous and tumor tissues of the patients with colon cancer were measured by qRT-PCR. (b) ,e relative expression
levels of miR-605-3p in the nonneoplastic colon cells (FHC) and colon cancer cells (HCT116, CaCO-2, SW620, and RKO) were measured by
qRT-PCR. ∗P< 0.05 and ∗∗P< 0.01.
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Figure 2: miR-605-3p inhibited the progression of colon cancer. (a),e effect of miR-605-3p on the viability of HCT116 cells was observed
by CCK-8 assay. (b),e effect of miR-605-3p on the apoptosis of HCT116 cells was observed by flow cytometry assay. (c),e effect of miR-
605-3p on the invasive ability of HCT116 cells was observed by Transwell assay (scale bar� 50 μm). ∗P< 0.05 and ∗∗P< 0.01.
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Figure 4: Continued.
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β-catenin pathway induced by KIF3B downregulation
(Figure 5; P< 0.01).

4. Discussion

Despite recent advances in diagnosis and treatments, many
patients with colon cancer still experience relapse and me-
tastasis, primarily involving the liver, abdomen, and lung [14].
Colon cancer therefore remains an incurable disease. Previous
researches have indicated that increased malignancy of CSCs
serves as important reason for cancer development and re-
sistance [15]. ,is study investigated the connection of miR-
605-3p and colon cancer, revealed the downstream target of
miR-605-3p on the progression of CSCs, and delved the
regulation mechanism of miR-605-3p on colon cancer.

,e profiles of miRNAs express visible difference in
tumor and normal tissues of the patients, and regulation on
the expression of special miRNAs has been thought as a
feasible therapeutic strategy for cancer [16, 17]. For instance,
one study has found that miR-34a was significantly over-
expressed in colon cancer cell, and downregulated miR-34a
could promote the metastasis for the cells and poor prog-
nosis for the patients, which is analogical with the obser-
vation from the previous study [18]. ,is study determined
that miR-605-3p was significantly downregulated in the
colon cancer tissues and cell lines. ,e recent studies have
confirmed that miR-605-3p may play a tumor support role
in the diverse human tumors and involves in the malignant
growth, resistance, and invasive ability [19]. In this study, it
was observed that miR-605-3p inhibition could extremely
inhibit the proliferation, viability, and invasive ability of
CSCs.

Several studies have showed that miRNAs exert the
regulation functions in cells involved in the expression of
some key proteins [20]. Xi et al. have indicated that miR-

204-3p upregulation counts against the growth and invasion
of the colon cancer, and those effects are related with the
downregulation of HMGA2 which is the downstream target
of miR-204-3p [21]. Considering the natures of miRNAs on
transcription restraining of proteins via targeting the 3’-UTR
of the related mRNAs, the downstream targets were
searched by databases including TargetScan and miRDB,
and it was found that KIF3B was a downstream target of
miR-605-3p. KIF3B has been confirmed to be involved in the
formation and development of multiple diseases including
inflammations and acute injury [22, 23]. Recently, increasing
studies have indicated that aberrant KIF3B involves in the
progression of some tumors [24]. Song et al. have found that
KIF3B was extremely upregulated in the tissues of pancreatic
cancer and related with the pTNM stage of the patients [25].
Moreover, it has been also observed that the reduced KIF3B
inhibited the viability and induced the apoptosis of colon
cancer [26]. In this study, KIF3B was also determined as a
key factor which could visibly reverse the effects of miR-605-
3p on the phenotype of the colon cancer cells. ,erefore, the
present proofs suggest that miR-605-3p blocked the pro-
gression of colon cancer via targeting KIF3B.

,e formation and development of cancers generally
involve in the activity changes of multiple signal pathways.
,e changes in activities of pathways in cells such as PI3K/
AKT, NF-κB, Hippo, and Wnt/β-catenin are inner force to
impetus the formation and development of colon cancer
[27].,e study has determined activated PI3K/AKTpathway
induced by LINC00657 as a major cause leading the pro-
gression of colon cancer [28]. ,e related consideration has
been given in the changes of the signal pathways in this
study, and it was observed that the tumor cells expressed low
activity of Wnt/β-catenin when miR-605-3p was upregu-
lated. Moreover, KIF3B downregulation could reverse the
phenomenon induced by miR-605-3p downregulation. ,e
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Figure 4: KIF3B could reverse the effects of miR-605-3p on the phenotype of colon cancer cells. (a) ,e effect of KIF3B on the viability of
HCT116 cells with high miR-605-3p level was observed by CCK-8 assay. (b),e effect of KIF3B on the apoptosis of HCT116 cells with high
miR-605-3p level was observed by flow cytometry assay. (c),e effect of KIF3B on the invasion of HCT116 cells with high miR-605-3p level
was observed by Transwell assay (scale bar� 50 μm). ∗P< 0.05 and ∗∗P< 0.01.
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study has indicated that the activation of Wnt/β-catenin
mediated by KIF3B directly promote the growth, invasion,
and epithelial-mesenchymal transition of breast cancer cells
[29]. Hence, this study suggests that miR-605-3p serves as a
tumor inhibitor in colon cancer via suppressing the acti-
vation of Wnt/β-catenin induced by KIF3B.

In this study, the evidence of miR-605-3p involving in
the progression of colon cancer was provided, the down-
stream target of miR-605-3p was determined, and the
regulation mechanism of miR-605-3p in colon cancer was
revealed and elaborated. However, for further verifying the
practical therapeutic effects of miR-605-3p on colon cancer,

the oncogenicity of miR-605-3p should be validated by
animal experiments.

Data Availability

,e datasets used and/or analyzed during the present study are
available from the corresponding author on reasonable request.
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Figure 5: miR-605-3p inactivated the Wnt/β-catenin pathway via targeting KIF3B. (a) ,e relative expression level of miR-605-3p was
measured by qRT-PCR. (b–f) ,e expression levels of KIF3B, Wnt, β-catenin, and cleaved caspase-3 were observed by western blot.
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Objective. To study the safety of apatinib combined with chemotherapy in the treatment of advanced gastric carcinoma (GCA).
Methods. 74 patients with advanced GCA treated in the oncology department ofWeifang People’s Hospital (January 2019–January
2020) were enrolled in this study and equally split into study group (SG) and reference group (RG) according to the odd and even
admission numbers. RG underwent chemotherapy alone, while SG received apatinib combined with chemotherapy. )e clinical
indicators of serum matrix metalloproteinase 9 (MMP-9), serum interleukin-2 receptor (SIL-2R), and immune cell level were
detected in the two groups before and after treatment to analyze the therapeutic effect of different treatment methods on patients
with advanced gastric carcinoma. Results. No obvious differences in gender ratio, average age, average BMI, pathological staging,
pathological types, organmetastasis types, and residence were observed between the two groups (P> 0.05).)e short-term follow-
up results showed that the disease control rate (DCR) in SG was markedly higher compared with RG (P< 0.05). )e MMP-9 and
SIL-2R levels in both groups after treatment decreased (P< 0.05), and the levels in SG after treatment were notably lower
compared with RG (P< 0.001). Compared with RG, CD3+, CD4+, and CD4+/CD8+ levels in SG after treatment were notably
higher (P< 0.001), while the CD8+ level was notably lower (P< 0.001). )e median progression-free survival (MPFS) and overall
survival (OS) in SG were markedly higher compared with RG (P< 0.001). )e GQOLI-74 scores in both groups after treatment
increased (P< 0.001), and the GQOLI-74 score in SG after treatment was markedly higher compared with RG (P< 0.001). )e
total incidence of adverse reactions was lower in SG than in RG (P< 0.05). Conclusion. Apatinib combined with chemotherapy is
superior to chemotherapy alone in effectively improving treatment outcomes in patients with advanced GCA.

1. Introduction

Gastric carcinoma (GCA) is a common tumor disease in
gastroenterology. China is a country with a high incidence of
GCA, and about 350,000 people die from GCA every year.
)erefore, GCA has become the main cancer that endangers
human life and health [1–3]. In recent years, due to un-
reasonable diet structure, high working pressure, chronic

atrophic gastritis, and other reasons, GCA patients tend to
be younger. Since the early clinical symptoms of GCA are
not obvious, most patients have missed the best treatment
opportunity. Chemotherapy is the main treatment for
prolonging the survival period of patients at present, and
there is no standard scheme for chemotherapy. Oxaliplatin is
widely applied to slow down the disease progression and
relieve the clinical symptoms, with good short-term curative
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effect and prognosis [4–7]. However, chemotherapy can not
only cause strong side effects and increase the pain of
treatment but also increase the drug resistance of tumor
cells, resulting in poor efficacy. Studies have found that
apatinib is a highly selective tyrosinase inhibitor acting on
vascular endothelial growth factor 2 (VEGFR-2), and its
efficacy and safety in advanced pancreatic cancer have been
confirmed [8–10]. Based on this, the paper aims to inves-
tigate the safety of apatinib combined with chemotherapy
for treating patients with advanced GCA.

2. Materials and Methods

2.1. General Information. 74 patients with advanced GCA
treated in the oncology department of Weifang People’s
Hospital (January 2019–January 2020) were enrolled in this
study, and equally split into the study group (SG) and
reference group (RG) according to the odd and even ad-
mission numbers.

2.2. Inclusion Criteria

(1) All enrolled patients met the diagnostic criteria of
advanced GCA in Guidelines for Diagnosis and
Treatment of Primary Gastric Cancer [10] of Chinese
Society of Clinical Oncology (CSCO) and confirmed
by clinical diagnosis and imaging.

(2) )e expected survival period was more than 3
months.

(3) )e patients had normal blood routine, electrolyte,
and liver function with no contraindication to
chemotherapy.

(4) Eastern Cooperative Oncology Group (ECOG) score
was 0–2.

(5) )is study got the approval of the ethics committee
of Weifang people’s Hospital, and the patients had
signed the informed consent.

2.3. Exclusion Criteria

(1) )e patients had other malignant tumors
(2) )e blood pressure of the patients could not be

controlled
(3) )e patients were receiving anticoagulant therapy or

thrombolytic therapy
(4) )e patients had a contraindication to apatinib
(5) )e patients did not recover from the adverse re-

actions of early chemotherapy

2.4. Methods. RG was treated with chemotherapy alone,
with the regimen of 5-fluorouracil (5-Fu), oxaliplatin, and
calcium folinate (FOLFOX6 regimen or its improved regi-
men). )e patients received 400mg/m2 of 5-Fu (manufac-
turer: Shanghai Acmec Biochemical Co., Ltd; art. no :
F93580-100 g) by intravenous drip on the 1st day, with
2400–3000mg/m2 of continuous intravenous drip for 46

hours. )e patients received 80–95mg/m2 of oxaliplatin
(SFDA approval no.: H20143023; manufacturer: Hainan
Jinrui Pharmaceutical Co., Ltd; specification: 50mg) by
intravenous drip for 3 hours on the 1st day. )e patients
received 200mg/m2 of calcium folinate (SFDA approval no.:
H20040612; manufacturer: Guangdong Lingnan Pharma-
ceutical Co., Ltd.; specification: 0.1 g) by intravenous drip on
the 1st day, with 14 days as a cycle. On this basis, SG was
given oral apatinib (SFDA approval no.: H20140103; man-
ufacturer: Jiangsu Hengrui Pharmaceutical Co., Ltd.; spec-
ification: 0.25 g× 10 tablets/box) at a dose of 250–850mg/d.
14 days was a course of treatment, and 6 courses were
performed.

2.5. Observation Indexes

2.5.1. Disease Control Rate. )e response evaluation criteria
in solid tumor (RECIST1.1) [11] was applied to evaluate the
efficacy in the two groups. (1) Complete response (CR): the
tumor disappeared completely. (2) Partial response (PR): the
maximum tumor diameter decreased by 30%. (3) Stable
disease (SD): the change of diameter was between PR and
PD. (4) Progressive disease (PD): the diameter increased by
20% or new lesions were found. Disease control rate
(DCR)�CR+PR+ SD.

3ml of fasting venous blood was collected from patients
before and after treatment. )e upper serum was taken after
centrifugation, and the MMP-9 and SIL-2R levels were
determined by ELISA.)e kits were purchased from Jiangsu
Jingmei Biotechnology Co., Ltd.

2.5.2. Immune Function. )e FACSVia flow cytometer
(manufacturer: Shanghai Huanxi Medical Equipment Co.,
Ltd.) was used to measure the CD4+, CD8+, CD3+, and
CD4+/CD8+ levels before and after treatment.

)e patients were followed up until July 2020, and
returned to the hospital for magnetic resonance imaging and
computed tomography after one month. )e median pro-
gression-free survival (MPFS) and overall survival (OS) of
patients were recorded.

Generic Quality of Life Inventory-74 (GQOLI-74) [12]
was used to score the quality of life (QOL) before and after
intervention, including psychological function, somatic
function, social function, and material life. Higher scores
represented better QOL.

)e incidence of adverse reactions during treatment was
recorded, including alimentary tract hemorrhage, myelo-
suppression, liver function damage, skin and mucosal re-
action, and thrombocytopenia.

2.6. Statistical Methods. All the experimental data were
processed by SPSS21.0 software and graphed by GraphPad
Prism 7 (GraphPad Software, San Diego, USA). )e count
data were tested by X2, expressed by (n (%)), and the
measurement data were measured by t-test, expressed by
(‾x± s). )e differences were statistically significant at
P< 0.05.

2 Journal of Oncology



3. Results

3.1. Comparison of Clinical Data. No obvious differences in
gender ratio, average age, average BMI, pathological staging,
pathological types, organ metastasis types, and residence
were observed between the two groups (P> 0.05), as shown
in Table 1.

3.2. Comparison of Short-Term Efficacy. )e short-term
follow-up results showed that the DCR in SG was markedly
higher compared with RG (P< 0.05), as shown in Table 2.

3.3. Comparison of Serum Indexes before and after Treatment.
)eMMP-9 and SIL-2R levels in both groups after treatment
decreased (P< 0.05), and the levels in SG after treatment
were markedly lower compared with RG (P< 0.05), as
shown in Figure 1.

3.4. Comparison of Immune Function after Treatment.
Compared with RG, CD3+, CD4+, and CD4+/CD8+ levels in
SG after treatment were notably higher (P< 0.001), while the
CD8+ level was notably lower (P< 0.001), as shown in
Table 3.

3.5. Comparison of Survival Period. )eMPFS and OS in SG
were markedly higher compared with RG (P< 0.001), as
shown in Table 4.

3.6. Comparison of GQOLI-74 Scores before and after
Treatment. )e GQOLI-74 scores in both groups after
treatment increased (P< 0.001), and the GQOLI-74 score in
SG after treatment was notably higher compared with RG
(P< 0.001), as shown in Figure 2.

3.7. Comparison of the Incidence of Adverse Reactions.
)e total incidence of adverse reactions in SG was markedly
lower compared with RG (P< 0.05), as shown in Table 5.

4. Discussion

)e pathological mechanism of GCA may be related to the
following factors. (1) Helicobacter pylori infection: Heli-
cobacter pylori infection leads to injury and apoptosis of
gastrointestinal mucosal epithelial cells, increases oxygen
free radicals, and cell proliferation and deterioration,
eventually resulting in gastric cancer. (2) Life style and
dietary habits: long-term eating of charcoal roasted or salted
food increases the incidence of GCA. In addition, smoking is
also the main factor leading to GCA. Chemotherapy is the
main way to prolong the survival time of patients with
advanced GCA, but there is no standard scheme for che-
motherapy at present. )e common chemotherapy drugs
include antimicrotubule, fluorouracil, and platinum drugs,
which can reduce the gastrointestinal reaction of patients to

a certain extent and delay the disease progression [13, 14].
Clinical studies have found that abnormal angiogenesis is
one of the basic features of malignant tumors and also one of
the main ways of tumor progression [15]. Vascular endo-
thelial growth factor (VEGF) plays an important role in the
process of abnormal angiogenesis, which is mainly secreted
by tumor cells or tumor stromal cells. During tumor en-
largement, abnormal tumor vascular system causes the in-
creased VEGF expression level, thus promoting the
formation of abnormal angiogenesis. )erefore, the targeted
therapy of VEGF has become a new method for the treat-
ment of advanced GCA [16–18]. VEGFR-2 facilitates the
proliferation of vascular endothelial cells by activating the
MAPK signaling pathway. Apatinib, as an oral small mol-
ecule TKI against angiogenesis, can block VEGFR-2 in
advanced GCA patients and reduce the activation of mi-
togen-activated protein kinase, thus inhibiting the prolif-
eration of vascular endothelial cells [19–21].

As an interleukin receptor, SIL-2R can combine with IL-
2 to reduce the activity of IL-2. If SIL-2R is highly expressed
in serum, the cellular immunity induced by IL-2 will be
inhibited, resulting in the decline of immune function and
thereby accelerating the infiltration and proliferation of
tumor cells [22–24]. )is study confirmed that the serum
SIL-2R level after apatinib combined with chemotherapy
was markedly lower than that after chemotherapy alone,
indicating that apatinib combined with chemotherapy re-
duces the serum SIL-2R level in advanced GCA patients,
slows down the proliferation of tumor cells, and improves
the prognosis. )is study also found that the DCR in SG was
markedly higher compared with RG, demonstrating that
efficacy of the combined therapy in treating advanced GCA
is markedly better than that of chemotherapy alone. Kano
et al. [25] pointed out in their study that the disease control
rate was 43.52% in the patients with lung cancer treated with
chemotherapy alone, while that was 68.25% in the patients
treated with apatinib combined with chemotherapy, sug-
gesting that the effect of the combined therapy is better in
treating lung cancer. In this study, both groups of patients
had different types of adverse reactions during treatment,
mainly including thrombocytopenia and alimentary tract
hemorrhage. Most adverse reactions of patients could be
relieved after symptomatic treatment, and some patients
stopped medication due to intolerance. However, the inci-
dence of adverse reactions of apatinib combined with
chemotherapy was notably lower than that of chemotherapy
alone, suggesting that apatinib combined with chemother-
apy was safer than chemotherapy alone. )is study also has
some deficiencies such as the small size of selected samples.
)erefore, the sample size should be further expanded for in-
depth studies.

In conclusion, for advanced GCA patients, apatinib
combined with chemotherapy has a high DCR with con-
venient and simple administration and can alleviate the
clinical symptoms of patients with obvious clinical efficacy.
)erefore, it is worth applying and promoting in clinic.
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Table 1: Comparison of clinical data.

Items SG (n� 37) RG (n� 37) χ2/t P

Gender 0.492 0.483
Male 22 (59.46%) 19 (51.35%)
Female 15 (40.54%) 18 (48.65%)

Average age (years old) 53.21± 6.51 53.25± 6.38 0.027 0.979
Average BMI (kg/m2) 22.84± 1.73 22.86± 1.78 0.049 0.961
Pathological staging 0.237 0.626
III 23 (62.16%) 25 (67.57%)
IV 14 (37.84%) 12 (32.43%)

Pathological types
Poorly differentiated adenocarcinoma 16 (43.24%) 14 (37.84%) 1.458 0.227
Medium differentiated adenocarcinoma 17 (45.95%) 18 (48.65%) 0.046 0.831
Carcinoma mucocellulare 4 (10.81%) 5 (13.51%) 0.127 0.722

Organ metastasis types 0.237 0.626
Single organ metastasis 14 (37.84%) 12 (32.43%)
Multiple organ metastasis 23 (62.16%) 25 (67.57%)

Residence 0.218 0.641
Urban area 19 (51.35%) 21 (56.76%)
Rural area 18 (48.65%) 16 (43.24%)

Table 2: Comparison of short-term efficacy (n (%)).

Group n CR PR SD PD DCR (%)
SG 37 5 (13.51%) 16 (43.24%) 5 (13.51%) 11 (29.73%) 70.27% (26/37)
RG 37 2 (5.41%) 7 (18.92%) 8 (21.62%) 20 (54.05%) 45.95% (17/37)
X2 4.497
P 0.034
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Figure 1: Comparison of serum indexes between the two groups before and after treatment (‾x± s). (a) Comparison of MMP-9 levels before
and after treatment.)e abscissa represents before treatment and after treatment, and the ordinate represents theMMP-9 level (μg·L−1).)e
MMP-9 levels in SG before and after treatment were (467.34± 39.56) μg·L−1 and (219.46± 32.54) μg·L−1, respectively. )e MMP-9 levels in
RG before and after treatment were (468.12± 38.74) μg·L−1 and (269.56± 34.17) μg·L−1, respectively. ∗indicated an obvious difference in the
MMP-9 levels of SG before and after treatment (t� 29.436, P< 0.05). ∗∗indicated an obvious difference in the MMP-9 levels of RG before
and after treatment (t� 23.381, P< 0.05). ∗∗∗indicated an obvious difference in the MMP-9 levels between the two groups after treatment
(t� 6.459, P< 0.05). (b) Comparison of SIL-2R levels before and after treatment. )e abscissa represented before treatment and after
treatment, and the ordinate represented the SIL-2R level (pmol·L−1). )e SIL-2R levels in SG before and after treatment were
(104.57± 16.54) pmol·L−1 and (53.17± 12.34) pmol·L−1, respectively. )e SIL-2R levels in RG before and after treatment were
(103.92± 17.12) pmol·L−1 and (76.46± 10.83) pmol·L−1, respectively. ∗ indicated an obvious difference in the SIL-2R levels of SG before and
after treatment (t� 15.151, P< 0.05); ∗∗indicated an obvious difference in the SIL-2R levels of RG before and after treatment (t� 8.245,
P< 0.05); ∗∗∗indicated an obvious difference in the SIL-2R levels between the two groups after treatment (t� 8.629, P< 0.05).
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Figure 2: Comparison of GQOLI-74 scores before and after treatment (‾x± s). Note. )e abscissa represented before treatment and after
treatment, and the ordinate represented the GQOLI-74 score (points). )e GQOLI-74 scores in SG before and after treatment were
(47.56± 8.45) and (61.24± 5.72), respectively.)e GQOLI-74 scores in RG before and after treatment were (48.17± 8.32) and (54.33± 5.68),
respectively. ∗indicated an obvious difference in the GQOLI-74 scores of SG before and after treatment (t� 8.155, P< 0.001); ∗∗indicated an
obvious difference in the GQOLI-74 scores of RG before and after treatment (t� 3.719, P< 0.001); ∗∗∗indicated an obvious difference in the
GQOLI-74 scores between the two groups after treatment (t� 5.214, P< 0.001).

Table 3: Comparison of immune function after treatment (‾x± s).

Group n CD3+ (%) CD4+ (%) CD8+ (%) CD4+/CD8+

SG 37 62.31± 5.29 42.56± 4.19 25.71± 3.62 1.57± 0.18
RG 37 53.62± 5.17 33.18± 3.84 31.21± 3.41 1.14± 0.14
t 7.146 10.039 6.727 11.470
P <0.001 <0.001 <0.001 <0.001

Table 4: Comparison of survival period (‾x± s, months).

Group n MPFS OS
SG 37 4.31± 0.58 7.62± 1.34
RG 37 2.72± 0.41 5.48± 1.21
t 13.617 7.210
P <0.001 <0.001

Table 5: Comparison of the incidence of adverse reactions (n (%)).

Group n Alimentary
tract hemorrhage Myelosuppression Liver

function damage Skin and mucosal reaction )rombocytopenia Total incidence

SG 37 2 (5.41%) 1 (2.70%) 1 (2.70%) 0 (0.00%) 2 (5.41%) 16.22% (6/37)
RG 37 3 (8.11%) 4 (10.81%) 2 (5.41%) 3 (8.11%) 4 (10.81%) 43.24% (16/37)
t 6.469
P 0.011
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Objective. To seek the improvement of rehabilitation nursing intervention on dysphagia and quality of life of patients with
esophageal cancer undergoing radiotherapy. Methods. A total of 109 patients with esophageal cancer undergoing radiotherapy
were selected as research objects. According to the random number table, they were separated into the control group (CG) and
intervention group (IG), with 45 cases in CG and 64 cases in IG. In CG, patients were given routine nursing intervention, while
those in IG were given rehabilitation nursing intervention. After intervention, the degree of acute radiation injury and the
improvement of swallowing function were observed to compare the self-nursing ability, quality of life, and incidence of
complications between the two groups. Results. *e degree of injury in CG was heavier than that in IG. *e improvement of
swallowing function in IG was better than that in CG. *e scores of self-nursing ability and life quality in IG were higher than
those in CG, with statistically significant differences (p< 0.05).*e incidence of complications in IG was obviously lower than that
in CG (p< 0.05). Conclusion. Rehabilitation nursing intervention can ameliorate dysphagia, improve the quality of life, and reduce
the incidence of complications for patients with esophageal cancer undergoing radiotherapy. It is worthy of clinical application.

1. Introduction

Esophageal cancer, also known as esophagus cancer, is a
malignant tumor disease that develops in esophageal epi-
thelial tissue, mostly occurring in people over 40 years old
[1]. Its early symptoms are not obvious, but patients will
show progressive dysphagia and other symptoms in the
middle and late stages, which seriously threatens their life
health [2]. *e occurrence and distribution of esophageal
cancer are related to many factors, including age, gender,
race, living environment, and geographical distribution
[3–5]. China is a country with a high incidence of esophageal
cancer. Due to the improvement of diet and living habits, the
incidence of esophageal cancer in China has declined in
recent years, but its mortality rate remains high [6, 7].
Because there are no obvious clinical symptoms in the early

stage of esophageal cancer, 80% of sufferers have entered the
middle and late stages when they are diagnosed, often
missing the best opportunity to radically cure it [8].

Surgery [9], radiopharmaceutical therapy (radiotherapy)
[10], and chemotherapy [11] are the basic methods to treat
esophageal cancer. If timely and effective treatment mea-
sures are given at the early stage of the patient’s disease
development, it is highly curative, so it is very necessary to
give effective surgical treatment in the early andmiddle stage
of patients’ disease development [12]. However, most pa-
tients lose the chance of operation because of the location of
tumor or the rapid progress of disease, so radiotherapy needs
to be given to patients with advanced disease. However, the
spread of cancer cells cannot be controlled when the ra-
diotherapy measures are implemented, so the incidence of
adverse reactions is higher after treatment [13, 14], which
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leads to greater psychological pressure of patients, directly
affects their psychological state and quality of life, and has a
certain negative impact on the therapeutic effect [15, 16].
Moreover, radiation injury to esophageal mucosa is one of
the most common side effects of radiotherapy, which can
lead to mucosal edema, congestion, ulcer, and erosion
causing patients to feel esophageal burning, esophageal
swelling and pain, and then suffering from dysphagia,
swallowing pain, pain behind the sternum, and other
symptoms when eating [17–19]. *erefore, the imple-
mentation of scientific and effective rehabilitation training
and health guidance is conducive to improve the swallowing
function for esophageal cancer patients with difficulty in
opening mouth after radiotherapy, so as to supplement
enough nutrition and water to improve the body’s resistance,
which is of great significance for the rehabilitation of disease
and psychology. In this study, rehabilitation nursing was
mainly used to intervene patients with esophageal cancer
undergoing radiotherapy and observe its application effect.

2. Materials and Methods

2.1. ResearchObjects. A total of 109 patients with esophageal
cancer were selected as the research objects, and the patients
were admitted to hospital from June 2019 to June 2020. *ey
were randomly divided into CG and IG in accordance with
the random number table. *ere were 45 cases in CG, in-
cluding 29 men and 16 women, with an mean age of
47.68± 3.51 years old.*ere were 64 cases in IG, including 37
men and 27 women, with amean age of 48.05± 3.57 years old.

Inclusion criteria are as follows: all of them met the
diagnostic criteria of esophageal cancer, and all patients
received radiotherapy.

Exclusion criteria are as follows: comorbid with other
tumors, cognitive impairment, and severe hepatic
insufficiency.

*ere was no statistically significant difference in
baseline data in both groups (p> 0.05), which was com-
parable. In both groups, patients and their families have
affixed informed consent, and this research has been ratified
by the ethics committee of our hospital.

2.2. Methods. In both groups, patients received radio-
therapy. During radiotherapy, patients in CG were pro-
vided with corresponding nursing measures according to
the routine nursing process of esophageal cancer. *e vital
signs, blood routine, and systemic reactions of patients
were closely observed, and symptomatic treatment was
given in time. *e ward was ventilated regularly to keep the
air fresh, and the ward was kept quiet. *e ward was
regularly disinfected, and patients with low leucocyte or
infection should be placed in protective isolation. *e
patient was placed in a comfortable position and kept the
respiratory tract smooth.

In IG, patients were treated with rehabilitation nursing
intervention. Specific measures: (1) preparatory work.
Medical staff explained the importance and positive role of
rehabilitation exercise to patients and their families and

introduced the content of rehabilitation exercise, so that
patients and their families could get a basic understanding,
so as to establish a good attitude towards treatment and
preparation. (2) Rehabilitation exercises: rehabilitators and
nursing staff assisted patients in rehabilitation exercises,
including mouth opening exercises, neck massage, oral
organ coordination training, and direct feeding training.
(3) Oral and pharyngeal nursing. *e swallowing thera-
peutic apparatus with frequency of 30–80Hz, wave width of
700ms, and current intensity of 0–25mA was used for
treatment, and it could be adjusted according to the specific
condition and tolerance of patients. *e patient was treated
for 30min/time, once/d, and continued for 2 weeks. (4)
Psychological nursing. When patients received radiother-
apy, they needed to be enlightened by nursing staff to
relieve their anxiety and fear and give appropriate psy-
chological comfort to enhance their self-confidence to
overcome the disease.

2.3. Outcome Measures. Mucosal injury degree: it was
judged according to the grading standard of acute radiation
injury of tumor cooperative organization in radiotherapy,
which was divided into four grades, and the severity was
decreased in turn according to the grades. Grade 4: the
patient had a large area of ulcer, fistula, and perforation, and
the pain was intense. Grade 3: the patient suffered from
severe dysphagia with complications such as weight loss and
severe dehydration. *e patient needed to be fed by intra-
venous fluids infusion or nasal feeding. Grade 2: the patient
suffered from moderate dysphagia with labor pains. *e
patient might take a liquid diet or rely on some anesthetic to
relieve the pain. Grade 1: the patients suffered from mild
dysphagia and could take semiliquid food, and the epidermal
anesthetics could be used to relieve discomfort. Grade 0:
there was no symptom.

Swallowing X-ray video (VFSS) was used to evaluate the
improvement of swallowing function. Cure: the swallowing time
was normal, without error aspiration, residual bariummeal, and
epiglottic vallecula. Effective: the swallowing time was shortened
by more than 1/2 compared with before treatment, and there
was no error aspiration, residual barium meal, and epiglottic
vallecula. Ineffective: the swallowing time was shortened by less
than 1/2 compared with before treatment, and there was error
aspiration, residual bariummeal, and epiglottic vallecula, or even
the patient was unable to swallow.

Self-nursing ability: the self-nursing ability scale ESCA
was applied to assess the self-nursing ability of the patients in
both groups.*e scale included four parts: self-concept, self-
care responsibility, self-care skills, and health knowledge
cognition, with a total of 43 items. Each item was scored by
1–4 grades. *e higher the score, the higher the self-nursing
ability.

*e quality of life core scale (EORTC QLQ-C30) was
applied to evaluate patients’ life quality, which was divided
into somatic function, role function, cognitive impairment,
emotional function, and society function, with 30 items in
total. *e higher the score, the better the life quality of
patients.
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Incidence of complications: the complications mainly
included esophagitis, tracheitis, esophageal fistula, and
hemorrhage.

2.4. Statistical Methods. SPSS22.0 statistical software was
applied to analyze the research data. *e quantitative data
were represented by mean number± standard deviation
(x± s), and the t-test was applied. *e enumeration data
were represented by rate (%), and the χ2 test was applied.*e
difference was statistically significant with p< 0.05.

3. Results

3.1. Degree ofMucosal Injury in theTwoGroups. *e number
of patients with grade 0 and grade 1mucosal injury in IG was
higher than that in CG, and the number of grade 2, grade 3,
and grade 4 was lower than that in CG. *e difference was
statistically significant (p< 0.05), indicating that the degree
of injury in CG was heavier than that in IG (Table 1).

3.2. Improvement of Swallowing Function in the Two Groups.
Observing the improvement of swallowing function in both
groups, the findings showed that the total response rate in IG
(82.8%) was higher than 57.8% in CG, and the difference was
statistically significant (p< 0.05) (Table 2).

3.3. Self-Care Ability of Patients in Both Groups. *e self-
nursing ability of patients was observed in the two groups.
Before intervention, there was no obvious difference in
scores of self-concept, self-care responsibility, self-care skills,
and health knowledge cognition in both groups (p< 0.05).
After intervention, the scores of patients in both groups
increased, and the scores of patients in IG were obviously
higher than those in CG (p< 0.05) (Table 3).

3.4. Life Quality of Patients in the Two Groups. *ere was no
significant difference in EORTC QLQ-C30 scores in both
groups before intervention. After intervention, the EORTC
QLQ-C30 scores of the two groups were higher than those
before intervention, and the scores in IG were obviously
higher than those in CG (p< 0.05) (Figure 1).

3.5. Incidence of Complications in Both Groups. In IG, there
were 1 case with esophagitis, 2 cases with tracheitis, 1 case
with esophageal fistula, and 0 cases with bleeding, with a
total of 4 cases (6.3%). In CG, there were 3 cases with
esophagitis, 3 cases with tracheitis, 2 cases with esophageal
fistula, and 2 cases with bleeding, with a total of 10 cases
(22.2%). *ere was a statistical difference in the incidence of
complications in both groups (p< 0.05) (Table 4).

4. Discussion

With the change of people’s diet structure, the prevalence of
esophageal cancer is increasing year by year. Radiotherapy
has become the main treatment for esophageal cancer due to
less trauma than surgery and less restrictions by surrounding
tissues and trachea [20–22]. However, this treatment can
lead to serious side effects and increase the psychological
burden of patients [23, 24]. *erefore, it is of positive sig-
nificance to carry out necessary nursing intervention for
patients with esophageal cancer during chemotherapy to
improve the clinical prognosis.

In this study, rehabilitation nursing was used to inter-
vene patients undergoing radiotherapy for esophageal
cancer. *e results showed that the total effective rate of
improving swallowing function in IG was 82.8% (53/64),
significantly higher than 57.8% in the control group, which
was consistent with the findings in stroke patients with
hemiplegia [25]. Radiotherapy can cause different degrees of
radiotherapy reaction during the treatment of esophageal
cancer. *e main toxic side effect is acute radiation
esophagitis. *e clinical manifestation of acute radiation
injury is pain aggravated by eating or burning sensation
behind sternum, and its incidence increases with the in-
crease of dose, which has adverse effects on the treatment
effect, life quality, and survival rate of patients. *e results
showed that rehabilitation nursing intervention could ef-
fectively reduce the degree of acute radiation injury. *e
scores of self-nursing ability and life quality in IG were
higher than those in CG, and the incidence of complications
in IG was 6.3% (4/64), obviously lower than 22.2% (10/45) in
CG. Rehabilitation nursing is designed to make every link in
the nursing process continuous and systematic and provide
high-efficiency and high-quality nursing services for pa-
tients, so as to effectively relieve the psychological and
physiological pressure of patients and improve the quality of
nursing work. *rough rehabilitation exercise, oropharyn-
geal care, psychological intervention, and other measures,
the correct and effective rehabilitation nursing in the ra-
diotherapy process can improve the clinical symptoms and
reduce the psychological burden of patients, so that patients
take the initiative to cooperate with radiotherapy to improve
compliance.*e results suggested that rehabilitation nursing
intervention could obviously ameliorate patients’ self-
nursing ability and their life quality. Patients with esopha-
geal cancer should be evaluated and take functional exercise
as early as possible. Rehabilitation nursing intervention
measures (the main content is to understand their condition
and psychological characteristics, formulate nursing plans,
give health education, rehabilitation training, specialized
nursing, and psychological counseling) can significantly
ameliorate the degree of swallowing difficulties of patients
and prevent the development and progression of compli-
cations. *is study also has some limitations. For example,
the effect of patient disease types on the results of the study
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Figure 1: Quality of life of patients in the two groups. (a) Physical function scores of patients in the two groups. (b) Role function scores of
patients in the two groups. (c) Cognitive function scores of patients in the two groups. (d) Emotional function scores of patients in the two
groups. (e) Social function scores of patients in the two groups. Compared with the CG, ∗∗∗p< 0.0001).

Table 2: Improvement of swallowing function in the two groups.

Cure Effective Ineffective Total effective rate
CG (n� 45) 5 (11.1) 21 (45.7) 19 (42.2) 26 (57.8)
IG (n� 64) 16 (25.0) 37 (57.8) 10 (17.2) 53 (82.8)∗
χ2/t 8.3011
P 0.0040
∗Comparison with the CG group (p< 0.05).

Table 3: Self-care ability of patients in the two groups.

Before intervention
χ2/t P

After intervention
χ2/t P

CG (n� 45) IG (n� 64) CG (n� 45) IG (n� 64)
Self-concept 24.75± 4.26 24.94± 4.03 0.2367 0.8133 29.03± 5.12 32.68± 5.39∗ 3.5530 0.0005
Self-care responsibility 25.37± 3.97 25.56± 4.11 0.2410 0.8100 29.77± 5.69 34.82± 5.61∗ 4.6000 <0.0001
Self-care skills 25.77± 4.51 25.93± 4.22 0.1894 0.8501 29.06± 5.97 36.81± 6.23∗ 6.5046 <0.0001
Health knowledge cognition 26.08± 4.87 26.21± 4.93 0.1362 0.8919 30.19± 6.06 36.49± 6.17∗ 5.2871 <0.0001
∗Comparison with the CG group after intervention (p< 0.05).

Table 1: Degree of mucosal injury in the two groups.

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
CG (n� 45) 1 (2.2) 10 (22.2) 22 (48.9) 8 (17.8) 4 (8.9)
IG (n� 64) 9 (14.1)∗ 37 (57.8)∗ 15 (23.4)∗ 3 (4.7) 0 (0)∗
χ2/t 4.4451 13.6510 7.6331 1.6881 5.9061
P 0.0350 0.0002 0.0057 0.1939 0.0151
∗Comparison with the CG group (p< 0.05).
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was not considered, and the small number of included cases
may lead to bias in the results.

5. Conclusion

In conclusion, rehabilitation nursing intervention has a
remarkable effect on dysphagia in patients undergoing ra-
diotherapy for esophageal cancer, which can ameliorate their
pain symptoms, improve the quality of life, and reduce the
incidence of complications. It is worthy of popularization
and application in radiotherapy.
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Objective. To investigate the clinical effect of iodine-125 seed implantation combined with chemotherapy in patients with primary
liver cancer and the effect on peripheral blood +1/+2 cells. Methods. A total of 136 patients with primary liver cancer from April
2017 to June 2018 were selected as subjects and randomly divided into the control group and observation group with 68 cases in each
group. +e control group was treated with chemotherapy, and the observation group was treated with iodine-125 seed implantation
on the basis of the control group. After 3 months of treatment, the curative effect was investigated. Serum tumor markers, peripheral
blood+1/+2 cells, and side effects and recurrence rate were compared between the two groups. Results. +e levels of serum tumor
markers in both groups at 3 months after treatment were lower than before treatment (P< 0.05). +ree months after treatment, the
levels of tumor markers AFP, AFP-L3, and GP73 in the observation group were 14.61± 3.49 μg/L, 3.29± 0.41 ng/mL, and
51.24± 4.51 μg/L, respectively, which were lower than those in the control group, 32.53± 4.59 μg/L, 5.63± 0.63 ng/mL, and
71.52± 6.05 μg/L (P< 0.05). At 3 months after treatment, the level of including interleukin-2 (IL-2) and tumor necrosis factor-α
(TNF-α) in +1 cells of the observation group was higher than that of the control group (P< 0.05), whereas the levels of IL-4, IL-6,
and IL-10 in+2 cells were lower than those in the control group (P< 0.05). +ere was no statistical significance in the incidence of
leukopenia, thrombocytopenia, and gastrointestinal reactions between the two groups (P> 0.05). +e recurrence rate of the ob-
servation group at 12, 24, and 36 months after treatment was lower than that of the control group (P< 0.05). Conclusion. Iodine-125
seed implantation combined with chemotherapy in patients with primary liver cancer can reduce the level of serum tumor markers,
improve the level of peripheral blood +1/+2 cells, and reduce the recurrence rate of patients without increasing the incidence of
side effects, which is worthy of promoting the application of iodine-125 seed implantation.

1. Introduction

Primary liver cancer is a common malignant tumor in
clinical practice, which tends to occur in people aged 40–50
years, and the incidence of in primary liver cancer in men is
slightly higher than that in women.+e incidence of primary
liver cancer was slightly higher in men than in women. +e
pathogenesis of primary liver cancer has not been clarified,
but is generally believed to be related to cirrhosis viral

hepatitis and chemical carcinogens such as aflatoxin [1]. Due
to the lack of typical clinical symptoms in the early stage of
primary liver cancer, with the prolongation of the course of
the disease, the clinical manifestations are mostly liver pain,
systemic and digestive tract symptoms, and liver enlarge-
ment, leading to great difficulty in clinical diagnosis and
treatment; therefore, most patients are diagnosed in the
middle and late stages [2, 3]. Chemotherapy is a common
method for the clinical treatment of primary liver cancer.

Hindawi
Journal of Oncology
Volume 2021, Article ID 6199732, 6 pages
https://doi.org/10.1155/2021/6199732

mailto:tululupai@163.com
mailto:buyi58693@163.com
https://orcid.org/0000-0002-1856-0626
https://orcid.org/0000-0002-3159-672X
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6199732


Chemotherapy drugs can kill tumor cells and prolong the life
of patients [4]. However, the incidence of side effects of
chemotherapy is high, and drugs can affect normal cells,
leading to poor treatment tolerance and compliance of
patients [5, 6]. Iodine-125 (125I) seed implantation can
continuously emit gamma rays through implanting 125I
seeds from a tiny radioactive source, which can damage
tumor cells, cause DNA double-strand emission break, and
cause the loss of the proliferation ability of tumor cells [7, 8].

However, there are few clinical studies on the effect of
iodine-125 seed implantation combined with chemotherapy
on the level of +1/+2 cells in peripheral blood of patients
with primary liver cancer.+erefore, this study took patients
with primary liver cancer as the object to explore the clinical
effect of iodine-125 seed implantation combined with
chemotherapy in patients with primary liver cancer.

2. Materials and Methods

2.1. Clinical Data. A total of 136 patients with primary liver
cancer from April 2017 to June 2018 at Renmin Hospital of
Wuhan University, Wuhan, China, were prospectively se-
lected as the subjects and randomly divided into two groups,
control group and observation group. In the control group,
there were 68 patients, 41 males and 27 females, age 44–68
years, average 56.71± 5.69 years old. Body mass index (BMI)
was 18–29 kg/m2, with an average of 23.51± 3.48 kg/m2.
Liver function grade: grade A (13 cases), grade B (32 cases),
and grade C (23 cases). Complications: 4 cases of hyper-
tension, 6 cases of diabetes, and 5 cases of hyperlipidemia. In
the observation group, there were 68 patients, 39 males and
29 females, aged 43–69 years, with an average of 56.79± 5.83
years old. BMI was 17–28 kg/m2, with an average of
23.58± 3.52 kg/m2. +e liver function grade: grade A (11
cases), grade B (33 cases), and grade C (24 cases). Com-
plications: 5 cases of hypertension, 4 cases of diabetes, and 6
cases of hyperlipidemia. +e demographic characteristics of
patients are shown in Table 1. +is study was approved by
the ethics committee of the Renmin Hospital of Wuhan
University, and all patients signed informed consent.

2.2. Inclusion and Exclusion Criteria. +e inclusion criteria
were as follows: (1) all patients met the diagnostic criteria for
primary liver cancer [9, 10] and were diagnosed by CT-
guided percutaneous liver biopsy. (2) It meets the indica-
tions for iodine-125 seed implantation combined with
chemotherapy and is tolerated by all patients. (3) Complete
baseline and follow-up data were available. +e exclusion
criteria were as follows: (1) patients with mental abnor-
malities and other malignant tumors or associated with
autoimmune system diseases; (2) patients with severe car-
diac and renal dysfunction or abnormal coagulation func-
tion; (3) metastatic hepatic carcinoma or liver cyst.

2.3. Methods. After admission, both groups were routinely
given liver-protective treatment to strengthen nutritional
support intervention for patients. Liver-protective drugs
were routinely given to patients with cirrhosis to improve

liver function and inhibit the progression of cirrhosis. At the
same time, routine antiviral treatment intervention was
strengthened for patients [11]. +e right femoral artery was
intubated through the skin. After a successful puncture, the
catheter was selectively intubated and reached the common
hepatic artery. Digital subtraction angiography (DSA) was
completed, intrahepatic tumor staining was visible, and
chemotherapy drugs were injected. Chemotherapy drugs
used were epirubicin (Shenzhen Main Luck Pharmaceuticals
Inc., National Drug Approval no. H10930106, specification:
20mg) 40–60mg, 5-fluorouracil (Heilongjiang Fuhe
Huaxing Pharmaceutical Group Co., Ltd., National Drug
Approval no. H23021711, specifications:10mL, 0.25 g)
0.75–1 g, mitomycin (Jiangsu Hengrui Medicine Co., Ltd.,
National Drug Approval no. H20023070) 6–12mg, and
30mL superliquefied iodide oil (Guerbet, Hong Kong,
China). +e patients were treated once every 4 weeks for 3
months (3 courses) [12].

Observation group: on the basis of the control group,
iodine-125 seed implantation was combined.+e radioactive
seed implantation planning system was used to delineate the
treatment target area (i.e., primary tumor and intrahepatic
metastases) and set the puncture path for 125I seed, and the
treatment was carried out according to the principle of
100.0% prescription dose covering 95.0% planned target area
to determine the quantity and dose of iodine-125 seed
implantation. After the above procedures, 125I seeds were
routinely implanted into the lesions with the aid of a particle
gun according to the implantation plan, followed by CTscan
for reexamination and verification. After 3 months of
treatment, the curative effect was investigated. All patients
were followed up for 36 months.

2.4. Observation Indicators.

(1) Serum tumor markers: peripheral fasting blood
(3mL) was collected on the day before treatment and
the day after 3 months of treatment, respectively.
Peripheral fasting blood was stored at −80°C. After
centrifugation, the electrochemiluminescence was
carried out to determine the level of alpha-feto-
protein (AFP) [13]. Enzyme-linked immunosorbent
assay was utilized to determine the levels of alpha-
fetoprotein variants (AFP-L3) and Golgi body pro-
tein 73 (GP73) [14]. (2) +1/+2 cells in peripheral
blood: serum specimens were collected from the
isolated peripheral blood samples and then stored at
−80°C.+e levels of+1 (including interleukin-2 (IL-
2) and tumor necrosis factor-α (TNF-α)) and +2
cells (interleukin-4, 6, and 10) in peripheral blood of
patients were determined by the enzyme-linked
immunosorbent assay [15, 16]. (3) Side effect and
recurrence rates: the incidence of leukopenia,
thrombocytopenia, and gastrointestinal reactions in
the two groups was recorded. After the treatment,
both groups were followed up for 36 months, and the
recurrence rates were recorded at 12, 24, and 36
months after the treatment.
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2.5. Statistical Analysis. SPSS 24.0 software was applied to
analyze the data.+e enumeration data were tested by χ2 test
and represented by N (%), while the measurement data were
tested by t-test and represented by (x ± s). P< 0.05 was
considered statistically significant.

3. Results

3.1. Comparison of Tumor Markers before and after
Treatment. Before treatment, the levels of tumor markers in
the two groups were not statistically significant (P> 0.05).
+ree months after treatment, the levels of serum tumor
markers in both groups were lower than those before
treatment (P< 0.05). +ree months after treatment, the
levels of tumor markers (AFP, AFP-L3, and GP73) in the
observation group were lower than those in the control
group (P< 0.05), as shown in Table 2.

3.2. Comparison of +1/+2 Cells between the Two Groups.
Before treatment, the levels of +1/+2 cells were not sta-
tistically significant between the observation group and
control group (P> 0.05). +ree months after treatment, the
level of +1 cells in both groups was higher than that before
treatment (P< 0.05). +e level of +2 cells was lower than
before treatment (P< 0.05). +e level of IL-2 and TNF-α in
+1 cells of the observation group was higher than that of the
control group at 3 months after treatment (P< 0.05),
whereas the levels of IL-4, IL-6, and IL-10 in +2 cells of the
observation group were lower than those in the control
group (P< 0.05), as shown in Table 3.

3.3. Comparison of Side Effects and Recurrence Rate between
the Two Groups. +ere was no statistical significance in the
incidence of leucopenia, thrombocytopenia, and gastroin-
testinal reactions between the observation group and control
group (P> 0.05). +e recurrence rate of the observation
group at 12, 24, and 36 months after treatment was lower
than that of the control group (P< 0.05), as shown in Table 4.

4. Discussion

Chemotherapy is the preferred treatment for patients with
primary liver cancer; transarterial chemoembolization
(TACE) is the main treatment [17, 18]. High concentration
of chemotherapeutic drugs can be injected into the tumor
lesions, and then the tumor supplying blood vessels can be
embolized through an embolization agent, which can make
the tumor inactivated under the dual effects of ischemia and
hypoxia. At the same time, through the injection of che-
motherapy drugs, the effect of toxic inactivating of tumor
cells can be achieved, playing a good antitumor effect.
Previous studies showed that the application of TACE in
patients with primary liver cancer is helpful to improve the
quality of life, but with the extension of the chemotherapy
cycle, the incidence of clinical drug resistance is higher,
leading to poor patient prognosis [19]. In recent years, io-
dine-125 seed implantation combined with chemotherapy
has been applied in patients with primary liver cancer with
satisfactory results [20, 21]. In this study, 3 months after
treatment, the levels of tumor markers (AFP, AFP-L3, and
GP73) in the observation group were lower than those in the
control group (P< 0.05), indicating that iodine-125 seed
implantation combined with chemotherapy is beneficial to
reduce the level of tumor markers in patients with primary
liver cancer and is conducive to the recovery of patients.
Iodine-125 seed implantation continuously emits gamma
rays, which is conducive to the destruction of tumor tissue,
causes the DNA double-strand emission break, and causes
the loss of tumor cell activity [22–24]. At the same time,
c-rays have a direct damage effect on the tumor DNA
molecular chain, can also ionize water molecules in the body,
produce free radicals and biological molecular interaction,
and further aggravate the tumor tissue cell damage. Some
Chinese scholars [25] took 76 patients with advanced pri-
mary liver cancer as the subjects and gave them chemo-
therapy combined with iodine-125 seed implantation. +e
results showed that the tumor control rate of patients was
85.8%. In this study, the incidence of leucopenia, throm-
bocytopenia, and gastrointestinal reactions between the

Table 1: +e demographic characteristics of patients.

Demographic characteristics (n) Control group (n� 68) Observation group (n� 68)
Male 41 39
Female 27 29
Age (χ ± SD) 44–68 (56.71± 5.69) 43–69 (56.79± 5.83)
BMI (χ ± SD) 18–29 (23.51± 3.48) 17–28 (23.58± 3.52)
Liver function grade
Grade A 13 11
Grade B 32 33
Grade C 23 24

Complications
Hypertension 4 5
Diabetes 6 4
Hyperlipidemia 5 6
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observation group and control group had no statistical
significance, whereas the recurrence rate of the observation
group at 12, 24, and 36 months after treatment was lower
than that of the control group (P< 0.05), indicating that
iodine-125 seed implantation combined with chemotherapy
in the treatment of primary liver cancer is safe and can
improve the survival of patients.

Helper T lymphocytes play a crucial role in the occur-
rence and development of primary liver cancer. Clinically,
helper T lymphocytes can be divided into two subsets, +1
and +2, according to the cytokines secreted by helper
T lymphocytes. +1 can secrete IL-2 and TNF-α, whereas
+2 cells can secrete IL-4, IL-6, and IL-10. In the normal
human body,+1 and+2maintain a dynamic balance [26].
Previous studies [27] have shown that +1 can enhance the
cytotoxic effect of killing cells and mediate cellular immu-
nity. On the contrary, +2 can promote the production of
antibodies, inhibit +1 cells, and mediate humoral immu-
nity. For patients with primary liver cancer, +1 cells will be
in a dominant state, and the body has active immunity to the
tumor. However, with the continuous development of the
disease course, +1 cells will drift to +2 cells, and the
antitumor response of the body will be inhibited. +erefore,
the current study investigated the effect of iodine-125 seed
implantation combined with chemotherapy on the level of
+1/+2 in peripheral blood of patients with primary liver

cancer. +e results showed that the level of IL-2 and TNF-α
in +1 cells in the observation group was higher than that in
the control group at 3 months after treatment (P< 0.05),
whereas the levels of IL-4, IL-6, and IL-10 in +2 cells were
lower than those in the control group (P< 0.05) indicating
that iodine-125 seed implantation combined with chemo-
therapy in patients with primary liver cancer can maintain
the balance of+1/+2 cells in peripheral blood, enhance the
body’s immunity, and facilitate the recovery of patients.
Clinically, iodine-125 seed implantation combined with
chemotherapy in patients with primary liver cancer can exert
the advantages of different treatment methods, help to
maintain the body’s immune level, and achieve good results.
In this study, the recurrence rate of the observation group at
12, 24, and 36 months after treatment was lower than that of
the control group (P< 0.05).

We are the first to study the changes of +1/+2 cell
levels in peripheral blood of patients with iodine-125 seed
implantation combined with chemotherapy in the treatment
of primary liver cancer and, for the first time, to elucidate the
effect of this combination therapy on the immune system.
However, the mechanism of its influence still needs further
study.

In conclusion, iodine-125 seed implantation combined
with chemotherapy in patients with primary liver cancer can
reduce the level of serum tumor markers, improve the level

Table 2: Comparison of tumor markers before and after treatment.

Group n
AFP (ug/L) AFP-L3 (ng/mL) GP73 (ng/mL)

Before
treatment

+ree months after
treatment

Before
treatment

+ree months after
treatment

Before
treatment

+ree months after
treatment

Observation
group 68 57.93± 5.61 14.61± 3.49# 8.12± 0.69 3.29± 0.41# 92.41± 7.46 51.24± 4.51#

Control group 68 57.97± 5.64 32.53± 4.59# 8.14± 0.72 5.63± 0.63# 92.45± 7.49 71.52± 6.05#
T — 1.593 7.846 0.951 6.315 1.229 8.893
P — 0.315 0.000 0.692 0.000 0.646 0.000
#P< 0.05 vs. before treatment.

Table 3: Comparison of +1/+2 cell levels between the two groups.

Group IL-2 (pg/mL) TNF-α (pg/mL) IL-4 (pg/mL) IL-6 (pg/mL) IL-10 (pg/mL)

Observation group
(n� 68)

Before treatment 16.92± 2.51 1.28± 0.51 174.34± 11.69 19.43± 3.21 9.83± 0.52
+ree months after

treatment 23.59± 3.69#∗ 1.74± 0.64#∗ 98.87± 15.41#∗ 13.23± 2.14#∗ 4.26± 0.43#∗

Control group (n� 68)
Before treatment 16.94± 2.54 1.29± 0.53 176.41± 24.81 19.45± 3.24 9.84± 0.54
+ree months after

treatment 20.12± 3.24∗ 1.45± 0.59∗ 123.59± 18.42∗ 16.69± 3.02∗ 7.19± 0.49∗

#P< 0.05 vs. the control group. ∗P< 0.05 vs. before treatment.

Table 4: Comparison of side effects and recurrence rate between the two groups.

Group n
Side effect Recurrence rate

Leucopenia +rombocytopenia Gastrointestinal reactions 12 months 24 months 36 months
Observation group 68 3 (4.41) 4 (5.88) 2 (2.94) 1 (1.47) 4 (5.88) 8 (11.76)
Control group 68 4 (5.88) 5 (7.35) 1 (1.47) 7 (10.29) 17 (25.00) 24 (35.29)
x2 — 0.061 4.781 9.517 10.462
P — 0.805 0.029 0.002 0.001
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of +1/+2 cells in peripheral blood, and reduce the re-
currence rate of patients without increasing the incidence of
side effects, which is worthy of promotion and application.
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Background. ,e abnormal expression and prognosis prediction of epithelial cell transforming sequence 2 (ECT2) in gastric
cancer (GC) has been reported. However, the effect of ECT2 on 5-fluorouracil (5-Fu) resistance in GC is unclear. ,is research
aims to solve the abovementioned problems.Methods. Gene expression was detected by RT-qPCR andWestern blot analysis. Cell
viability was evaluated by the colony formation assay, MTT assay, and flow cytometric analysis. Transwell and wound healing
assays were used to detect cell metastasis. Results. Upregulation of ECT2 was found in stomach adenocarcinoma (STAD) and GC
tissues. In addition, high ECT2 expression can predict adverse clinical outcomes in GC patients. More importantly, ECT2
knockdown weakened the resistance of 5-FU in GC cells. ECT2 silencing reduced the cell migratory and invasive abilities of GC
cells treated with 5-FU. We also found that downregulation of ECT2 increased 5-FU sensitivity in GC cells by downregulating
P-gp, MRP1, and Bcl-2. Conclusion. Upregulation of ECT2 can predict adverse clinical outcomes and increase 5-FU resistance in
GC patients.

1. Introduction

Gastric cancer (GC) is one of the cancers with the highest
incidence in the world [1]. Various gastric diseases, Heli-
cobacter pylori (Hp) infection, poor diet, environment, and
genetics can cause GC [2]. ,e incidence of GC increases
significantly with age, and the peak age of onset is 50–80
years [3]. China is a high incidence area of GC. GC accounts
for nearly a quarter of cancer deaths in China [4]. Moreover,
the early diagnosis rate of GC is low, about 10%. Most
patients with GC are in the middle and advanced stages at
the time of diagnosis.,e 5-year survival rate is about 7–34%
[5]. Recently, more and more methods are being used to
treat GC, such as radiotherapy, chemotherapy, cell mem-
brane-derived biomimetic nanotechnology, and cancer
nanomedicine [6, 7]. Preoperative chemotherapy can shrink
the tumor and increase the chance of radical surgery and

cure. However, the resistance of cancer cells to chemo-
therapy drugs can lead to chemotherapy failure [8].
,erefore, exploring new methods to weaken the drug re-
sistance of cancer cells is of great significance to improve the
success rate of chemotherapy.

Commonly used chemotherapy drugs are 5-fluorouracil
(5-Fu), tegafur, mitomycin, doxorubicin, paclitaxel, cis-
platin, or carboplatin [9, 10]. Many studies have shown that
no-coding RNAs or genes can affect the resistance of cancer
cells. For example, TRIM37 increased the resistance to
CDDP in GC [11]. MiR-95-3p acted as a contributing factor
for cisplatin resistance in human GC cells by targeting
EMP1/PI3K/AKT signaling [12]. ,e exosomal miR-223
enhanced the resistance of doxorubicin in GC [13]. In ad-
dition, it was found that upregulation of KLF17 increased 5-
Fu sensitivity in GC cells [14]. Here, the effect of ECT2 on 5-
Fu resistance was investigated in GC.
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ECT2 has been found to be involved in the develop-
ment of various human cancers. Increased expression of
ECT2 has been found in many malignant tumors, such as
breast cancer [15], cholangiocarcinoma [16], and hepa-
tocellular carcinoma [17]. Functionally, the ECT2/
PSMD14/PTTG1 axis promoted the proliferation of gli-
omas by stabilizing E2F1 [18]. ,e inhibition of ECT2
induced by small interfering RNA suppressed the pro-
gression of osteosarcoma [19]. ECT2 overexpression also
promoted the polarization of tumor-associated macro-
phages in hepatocellular carcinoma [20]. More impor-
tantly, upregulation of ECT2 has been found in stomach
adenocarcinoma (STAD) and GC tissues [21]. However,
the effect of ECT2 on 5-Fu resistance in GC cells has not
been reported yet.

Here, the expression level of ECT2 was first detected
in GC. ,e correlation between the expression of ECT2
and the clinical outcome of GC patients was also con-
firmed. In addition, we have also explored how ECT2
affects 5-Fu resistant in GC cells. Our research may
provide a new way of thinking about weakening 5-Fu
resistance.

2. Materials and Methods

2.1.Patients. Tissue samples of 66GC patients were collected
from Jinan Central Hospital between July 2018 and July
2020. ,e content of the study is informed to everyone, and
we have obtained their informed consents. All participants
received only surgical treatment. Our study was approved by
the Institutional Ethics Committee of Jinan Central
Hospital.

2.2. Bioinformatics Analysis. ,e expression and prognosis
of ECT2 in GC patients were analyzed by box plots and
survival plots in the GEPIA database (http://gepia.cancer-
pku.cn/).

2.3. Cell Culture and Transfection. Normal gastric mucosal
cell lines GES-1 and AGS and NCI-N87GC cells were
purchased from ATCC (Manassas, VA, USA). ,e above
cells were cultured in RPMI-1640 medium (Gibco, USA)
containing 10% FBS (37°C, 5% CO2). ECT2 siRNA (si-
ECT2) and si-control (si-NC) were purchased from Gene-
Pharma (Shanghai, China). Lipofectamine 2000 (Invitrogen,
Carlsbad, USA) was used for cell transfection according to
the manufacturer’s instructions.

2.4. RT-qPCR. ,e total RNA was extracted with TRIzol
reagent (,ermo Fisher Scientific). PrimeScript-RT Kit
(Madison, WI, USA) was used to synthesize complementary
DNA (cDNA). RT-qPCR was performed using SYBR®Premix-Ex-Taq™ (Takara, TX, USA). ,e internal reference
is GAPDH. ,e specific primer pairs were as follows: ECT2,
sense: 5′-ACT ACT GGG AGG ACT AGC TTG-3′ and
antisense: 5′-CAC TCT TGT TTC AAT CTG AGG CA-3′;
GAPDH, sense: 5′-GGAGCGAGATCCCTCCAAAAT-3′

and antisense: 5′-GGC TGT TGT CAT ACT TCT CAT GG-
3′. ,e 2−△△ct method was used to measure the relative
expression of ECT2.

2.5. Western Blot Analysis. Protein samples were isolated
by using RIPA lysis buffer (Beyotime Biotechnology).
,en, the protein samples were separated by 10% SDS-
PAGE. After transferring to the PVDF membrane, the
protein was blocked with 5% skimmed milk. Next, the
protein samples were incubated with Bax, Bcl-2, MRP1,
P-gp, GST-π, and GAPDH primary antibodies (Abcam,
Cambridge, MA, USA) at 4°C overnight. After washing 3
times, the protein samples were incubated with the cor-
responding secondary antibody (Abcam, USA) for 2 h.
Finally, the ECL detection system (,ermo Fisher Sci-
entific, Inc.) was used to visualize the blots. ,e relative
level of protein expression was analyzed using ImagePro
plus software (version 6.0; Media Cybernetics Inc.,
Rockville, MD, USA) and is represented as the density
ratio versus GAPDH.

2.6. Cell Viability Assay. ,e half maximal inhibitory con-
centration (IC50) of AGS on 5-FU was detected by the MTT
assay. AGS cells were cultured in 96-well plates for 24 h.
Next, different concentrations of 5-FU were added to treat
the AGS cells for 48 h. After that, MTT solution was added
to incubate the cells at 37°C for 4 h. Finally, the absorbance
value (OD� 490 nm) was measured.

2.7.ColonyFormationAssay. ,e transfected AGS cells were
cultured in 6-well plates (1000 cells/well) for three days.
,en, 5-FU was added to treat the cells for 10 days. Next, the
cells were stained with 0.1% crystal violet. Finally, colonies
were observed by a light microscope.

2.8. Flow Cytometric Analysis. ,e transfected AGS cells
were suspended in Annexin-binding buffer and har-
vested. ,en, the cells were stained with Annexin V/FITC
and PI solution (KeyGEN Biotech, Nanjing, China) and
incubated in the dark for 15 min at room temperature.
Finally, flow cytometry analysis was used to assess cell
apoptosis.

2.9. Wound Healing Assay. AGS cells (1× 103 cells/well)
were cultured in a 6-well plate for 24 h. After reaching 90%
confluence, scratches were generated by a 200 μl pipette tip.
A light microscope was used to evaluate the wound width at
0 and 24 h. Images were captured by THUNDER Imagers
(Leica Microsystems). Wound distance was quantified by
ImageJ Software version 1.6 (National Institutes of Health,
Bethesda, MD, USA).

2.10. Transwell Assay. Cell migration and invasion were
analyzed by performing transwell assays. Transwell cham-
bers (8 μm pore size; Millipore) were applied to evaluate cell
migration and invasion. For the invasion assay, AGS cells
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(4×103 cells/well) were added into the upper chamber,
which was precoated with Matrigel (3.9 ug/ul). For the
migration assay, AGS cells (4×103 cells/well) were added
into the upper chamber, which was not precoated with
Matrigel. Lower chamber was added with RPMI-1640 me-
dium (10% FBS). Following incubation for 24 h at 37°C with
5% CO2, the migrated and invasive cells were stained with
0.1% crystal violet. ,e number of moved cells was observed
under a light microscope.

2.11. Statistical Analysis. GraphPad Prism 6 or SPSS 21.0 is
used to analyze experimental data. ,e results are shown as
mean± SD. ,e difference among groups was analyzed by
using the chi-squared test or one-way ANOVA with the
Bonferroni post hoc test. Significant difference means
p< 0.05.

3. Results

3.1. Upregulation of ECT2 Predicts Adverse Clinical Outcomes
in GC Patients. First, the expression level of ECT2 was
analyzed in the GEPIA database (http://gepia.cancer-pku.
cn/). Compared with the control, the expression of ECT2
was increased in stomach adenocarcinoma (STAD) tissues
(p< 0.05, Figure 1(a)). Consistently, upregulation of ECT2
in GC tissues was also found in GC samples (p< 0.05,
Figure 1(b)). In addition, the GEPIA database showed that
GC patients with high ECT2 expression had a reduced
overall survival (OS) rate (p< 0.05, Figure 1(c)). We also
found that the high expression of ECT2 was related to lymph
node metastasis and TNM stage in GC patients (p< 0.05,
Table 1). ,ese findings imply that ECT2 may affect the
development of GC.

3.2. Knockdown of ECT2 Enhances 5-FU Sensitivity in GC
Cells. Next, the expression of ECT2 in GC cells was
measured. Compared with GES-1, ECT2 expression was
increased in AGS and NCI-N87GC cells (p< 0.05,
Figure 2(a)). In order to verify the effect of ECT2 on the
sensitivity of 5-FU in GC cells, si-ECT2 or si-NC was
transfected into AGS cells. Compared with the si-NC
group, si-ECT2 reduced the expression of ECT2 in AGS
cells (p< 0.01, Figure 2(b)). In addition, the down-
regulation of ECT2 enhanced the sensitivity of 5-FU in
AGS cells (p< 0.01, Figure 2(c)). ,e IC50 value of the si-
ECT2 group was higher than that of the si-NC group
(p< 0.05, Figure 2(d)). At the same time, the colony for-
mation assay also showed that knockdown of ECT2
weakened the cloning ability of AGS cells treated with 5-FU
(p< 0.05, Figure 2(e)). ,e apoptosis of AGS cells treated
with 5-FU was promoted by downregulation of ECT2
(p< 0.05, Figure 2(f )). In short, ECT2 knockdown weakens
5-FU resistance in GC cells.

3.3. ECT2 Silencing Inhibits theMetastasis of GCCells Treated
by 5-FU. In order to further explore the role of ECT2 in the
development of GC, the effect of ECT2 on the metastasis of

5-FU-treated AGS cell was also investigated. Both the wound
healing assay and the transwell assay showed that ECT2
downregulation significantly inhibited cell migration in AGS
cells treated with 5-FU (p< 0.05, Figures 3(a) and 3(b)).
Compared with the si-NC group, cell invasion was also
suppressed by ECT2 silencing in AGS cells treated with 5-FU
(p< 0.01, Figure 3(c)). Briefly, ECT2 silencing reduced the
migratory and invasive ability of 5-FU-treated GC cells.

3.4.ECT2Downregulation Increases the5-FUSensitivityofGC
Cells by Inhibiting P-gp, MRP1, and Bcl-2. Finally, the effect
of ECT2 on P-gp, MRP1, and GST-π related to drug re-
sistance was investigated to explore the regulatory mecha-
nism of ECT2 on 5-FU sensitivity of GC cells. We found that
the expression of P-gp and MRP1 in the si-ECT2 group was
significantly reduced (p< 0.05, Figure 4(a)). However, ECT2
has little effect on GST-π expression. In addition, we also
explored how ECT2 regulates the apoptosis-related proteins
Bcl-2 and Bax. Downregulation of ECT2 reduced Bcl-2
expression and enhanced Bax expression in AGS cells
treated with 5-FU (p< 0.05, Figure 4(b)). Taken together,
ECT2 affects the 5-FU sensitivity of GC cells by regulating
cell viability, metastasis, and apoptosis-related proteins
(Figure 5).

4. Discussion

Recently, important functions of ECT2 have been dis-
covered in many human diseases. In addition, the effect of
ECT2 on chemoresistance has also been investigated in
previous studies. For example, ECT2 can regulate the
growth of triple-negative breast cancer cells through the
intervention of paclitaxel [22]. In this study, the effect of
ECT2 on 5-FU resistance was explored in GC cells. ECT2
expression was increased in STAD and GC tissues. Previous
study also proposed the upregulation of ECT2 in STAD and
GC tissues [21]. In addition, high ECT2 expression can
predict adverse clinical outcomes in GC patients. More
importantly, ECT2 knockdown weakened the resistance of
5-FU in GC cells. ECT2 silencing reduced the migratory
and invasive ability of GC cells treated with 5-FU. ,e
above findings reveal that ECT2 may act as a tumor
promoter in the progression of GC and increase 5-Fu
resistance in GC patients.

Consistent with our results, Yan Chen et al. also
found the upregulation and carcinogenic effects of ECT2
in GC [23]. In addition, upregulation of ECT2 also re-
lated to the poor prognosis of GC patients [24]. ,e same
result is also found in our research. Besides that, it has
been found that upregulation of ECT2 can predict ad-
verse clinical outcomes in GC [25]. ,e histologic dif-
ferentiation, TNM stages, and lymph node metastasis
were related to ECT2 expression in GC patients [26]. ,is
study also demonstrated the same conclusion. Func-
tionally, upregulation of ECT2 promoted the tumor
progression of renal cell carcinoma [27]. Overexpression
of ECT2 also promoted the growth and metastasis of
pancreatic cancer cells [28]. In this study, ECT2 silencing
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restrained the proliferation and metastasis of 5-FU-
treated GC cells. ,ese findings have not been found in
previous studies.

In addition, we also found that downregulation of
ECT2 increased the 5-FU sensitivity of GC cells by
inhibiting Bcl-2, MRP1, and P-gp. P-gp can induce drug
resistance by transporting drugs outside the cell [29].
MRP1 is an important gene that triggers cell resistance
[30]. Apoptosis is not only related to tumor progression

but also correlated with chemotherapy resistance. Among
them, Bcl-2 is an antiapoptotic protein, and Bax is a
proapoptotic protein [31]. Here, downregulation of ECT2
reduced the expression of Bcl-2, MRP1, and P-gp in GC
cells. On the other hand, these results prove that ECT2 can
increase 5-FU sensitivity in GC cells. However, our
conclusion has not been verified in in vivo experiment.
,e function of ECT2 will be explored in vivo in the
future.
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Figure 1: Upregulation of ECT2 predicting adverse clinical outcomes in GC patients. (a) ECT2mRNA expression in STAD tissues (n� 408)
and normal tissues (n� 211) analyzed in the GEPIA database. (b) ECT2 expression in 66GC tissues and adjacent normal tissues (n� 66).
(c) OS rate was compared in GC patients with low or high ECT2 expression (n� 192). ∗P< 0.05. ∗∗P< 0.01.

Table 1: Relationship between ECT2 expression and clinic-pathological characteristics of GC patients.

Characteristics Cases
ECT2

P value
High Low

Age (years)
0.083≥55 30 18 12

<55 36 30 6
Gender

0.124Male 38 28 10
Female 28 20 8

Tumor size (mm)
0.095≤5.0 26 18 8

>5.0 40 30 10
Differentiation

0.064Well/moderate 22 16 6
Poor 44 32 12

Lymph node metastasis
0.042∗Yes 42 30 12

No 24 18 6
TNM stage

0.024∗I-II 22 15 7
III-IV 44 33 22
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with 5-FU treatment. (d) ,e IC50 value of AGS cells with si-NC and si-ECT2. (e) 5-FU sensitivity detection reconfirmed by the colony
formation assay. (f ) Apoptosis of AGS cells treated with 5-FU in si-NC and si-ECT2 groups. ∗P< 0.05. ∗∗P< 0.01.
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Figure 3: ECT2 silencing inhibiting the metastasis of GC cell lines treated by 5-FU. (a) ,e migration of AGS cells treated with 5-FU in si-
NC and si-ECT2 groups detected by the wound healing assay. (b, c),emigration and invasion of AGS cells treated with 5-FU in si-NC and
si-ECT2 groups detected by the transwell assay. ∗P< 0.05. ∗∗P< 0.01.
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Figure 4: ECT2 downregulation increasing the sensitivity of GC cell lines to 5-FU by reducing the expressions of P-gp, MRP1, and Bcl-2.
(a) Drug resistance-related proteins P-gp, MRP1, GST-π detected in AGS cells treated with 5-FU in si-NC and si-ECT2 groups.
(b) Apoptosis-related proteins Bcl-2 and Bax detected in AGS cells treated with 5-FU in si-NC and si-ECT2 groups. ∗P< 0.05.
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5. Conclusion

In conclusion, upregulation of ECT2 is observed in GC,
which predicts adverse clinical outcomes in GC patients.
Importantly, ECT2 knockdown attenuates 5-FU resistance
in GC cells. Innovatively, we found that ECT2 may affect 5-
FU sensitivity in GC cells by regulating cell viability, me-
tastasis, and apoptosis-related proteins. ,is study can
provide a promising treatment option for GC patients.

Data Availability

,e datasets used to support the findings of this study are
available from the corresponding author upon request.
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Purpose. Radiotherapy has been widely applied for the treatment of locally advanced and metastatic gastric adenocarcinoma
(GAC). -e aberrant expression of secreted phosphoprotein 1 (SPP1) is involved in radiosensitivity in a variety of cancers. -e
present study aims to characterize the clinical significance of SPP1 expression in GAC and its role and underlying mechanism of
radiosensitivity.Methods. -e SPP1 expression in GAC tissues and pericarcinomatous tissues was determined by QRT-PCR and
immunohistochemistry, and the SPP1 expression in GAC cell lines (BGC823, AGS, and SGC7901) and normal human gastric
epithelial cell line (GES-1) was determined by western blot. T-test, one-way ANOVA, Cox regression model, and Kaplan–Meier
plotter were applied to further assess the association between SPP1 expression and the prognosis of the patients with GAC. After
irradiation and transfection with si-SPP1 combined with or without Wnt/β-catenin pathway inhibitor (XAV939), western blot,
transwell, flow cytometry, and TOP-flash reporter assay were applied to detect DNA damage, invasion, apoptosis, cell cycle, and
activation of Wnt/β-catenin pathway, respectively. Results. SPP1 mRNA and protein levels in GAC tissues were both dramatically
higher than those in pericarcinomatous tissues. SPP1 overexpression was positively associated with tumor size, nodal status, and
histological grade of GAC patients. SPP1 overexpression, depth of invasion, and nodal status were independent prognostic factors
for the patients. High SPP1 expression was negatively related to the overall survival in patients with GAC. We found that SPP1
knockdown enhanced the radiosensitivity of GAC cell lines (AGS and SGC7901). Increasing H2AX phosphorylation, apoptosis
and G2/M phase arrest, and decreasing invasion were observed after the administration of si-SPP1 and irradiation. Radio-
sensitivity of SPP1 was mainly dependent on the Wnt/β-catenin signal pathway. XAV939 could enhance these phenomena
induced by irradiation combined with SPP1 knockdown. Conclusion. -is study demonstrates that SPP1 suppresses Wnt/
β-catenin signaling to enhance the radiosensitivity of GAC via inhibiting invasion and accelerating DNA damage, G2/M phase
arrest, and apoptosis.

1. Introduction

Gastric cancer (GC) is an aggressive malignancy with an
extremely poor prognosis and a high incidence [1]. -e
incidence of gastric adenocarcinoma (GAC) accounts for 95
percent of gastric malignant tumors [2]. Accumulated evi-
dence has demonstrated that radiotherapy has a role in the
management of neoadjuvant, adjuvant, and palliative
treatment of GC [3, 4]. However, because of the low ra-
diosensitivity of GC, no difference in survival was observed

in GAC patients receiving radiotherapy [5, 6].-erefore, it is
urgent and imperative to find an effective radiosensitizer to
enhance the curative effect of radiotherapy and alleviate its
toxicity to the tissues and organs around the radiation field.

Secreted phosphoprotein 1 (SPP1), which is also known
as bone sialoprotein 1, osteopontin (OPN), early T-lym-
phocyte activation 1, and Eta-1 protein, controls the cell
growth, proliferation, apoptosis, and migration [7]. High
plasma concentrations of SPP1 are correlated with a poor
prospect for patients with head and neck cancer after
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radiotherapy, which can prognosticate clinically relevant
hypoxia, andmight determine patients who will benefit from
modifying hypoxia during radiotherapy [8]. Studies have
indicated that SPP1 is elevated in many malignancies, such
as ovarian cancer [9], cervical cancer [10], and breast cancer
[11]. And, high SPP1 expression level at the end of radio-
therapy is correlated with poor survival, such as glioma [12]
and non-small-cell lung cancer [13]. However, the role of
SPP1 in radiosensitivity in GAC remains unclear. Conse-
quently, the association between SPP1 and radiosensitivity
in GAC needs to be investigated further.

In this study, we found that high SPP1 was associated
with poor prognosis in GAC patients. We observed that
SPP1 knockdown pretreatment increased H2AX phos-
phorylation, apoptosis and G2/M phase arrest, and de-
creased invasion in response to irradiation in AGS and
SGC7901 cells. Additionally, we noticed that SPP1 could
activate the Wnt/β-catenin signal pathway in GAC cells
through TOP-flash reporter assay and western blot valida-
tion, and pretreatment with Wnt/β-catenin signal pathway
inhibitor (XAV939) sensitized GAC cells to IR.

2. Methods

2.1. Patients. A total of 198 tissue specimens, including 72
cases of adjacent tissues (3-4 cm from the tumor tissue) and
126 cases of gastric adenocarcinomas, were collected from
patients with GAC who underwent surgery from September
2010 to September 2015 at the Affiliated Hospital of
Shandong University of Traditional Chinese Medicine,
Jinan, China. -e specimens were confirmed by immuno-
histochemistry (IHC) and included in the clinical/prog-
nostic analysis. Participants who met the following criteria
were included: histologically confirmed diagnosis of GAC,
no history of prior anticancer therapies, underwent radical
surgery, and complete follow-up data available. Written
informed consents were signed by all participants. Ethical
approval to conduct this study was obtained from the ethics
committee of the Affiliated Hospital of Shandong University
of Traditional Chinese Medicine.

2.2. Immunohistochemistry. All specimens were routinely
fixed in 10% buffered formalin and embedded in paraffin.
And, the 4-μm-thick tissue sections that were cut from wax
blocks were prepared on APES-coated glass slides. Slides
were deparaffinized in xylene, rehydrated in graded ethanol,
and immersed in 3% hydrogen peroxidase-methanol for 15
minutes to eliminate endogenous peroxidase activity. A
microwave antigen retrieval procedure was performed for
5min in 10mM citrate buffer (pH 6.0). -e sections were
incubated with a primary anti-SPP1 antibody (1 : 200,
ab8448, Abcam, Shanghai, China) at 4°C for overnight. After
incubation with HRP-conjugated secondary antibody (1 : 50,
ab6721, Abcam) at room temperature for 30 minutes, they
are visualized by using 3,3′-diaminobenzidine and then
counterstained with hematoxylin for 3min.

Two experienced pathologists blinded to the clinical data
were responsible for reviewing the immunoreactivity of

SPP1. -e score of staining intensity as well as the pro-
portion of immunostaining positive cells was between 0–3
and 0–4, respectively. -e proportions were as follows: 0,
negative; 1, ≤10% positive cells; 2, >10% but ≤50% positive
cells; 3, >50% but ≤75% positive cells; and 4, >75% positive
cells. -e staining intensity was as follows: 0, absent; 1, weak;
2, moderate; and 3, strong.-e two scores were multiplied to
obtain an overall protein expression score. For statistical
analysis, the final evaluation criteria of SPP1 expression were
as follows: 0–4 as low expression and 5–12 as high
expression.

2.3. RNA Extraction and RT-qPCR. Total RNA from GAC
tissues and pericarcinomatous tissue was extracted by
TRIzol solution (Invitrogen, CA, USA). To synthesized
cDNA, PrimeScript™ IV 1st strand cDNA Synthesis Mix
(Takara, Dalian, China) was applied. -e QPCR was carried
out by the SYBR Premix ExTaq TM II (Takara, Dalian,
China) by ABI 7900 qRT-PCR system (Applied Biosystems,
Foster City, CA, United States). -e cDNA was then sub-
jected to qRT-qPCR by SYBR Premix ExTaq TM II (Takara,
Dalian, China) to evaluate the relative mRNA levels of SPP1
on an Applied Biosystems real-time PCR machine (ABI
7900HT, CA, USA), and β-actin was applied as the internal
control. And, the relative mRNA level was calculated by
utilizing the 2−ΔΔCt method.

Primer sequence:

SPP1 F: 5′-TTTGTTGTAAAGCTGCTTTTCCTC-3′
R: 5′-GAATTGCAGTGATTTGCTTTTGC-3′
β-Actin F: 5′-CTCTCTCTACCTACATCTCTACTAAA
A-3′
R: 5′-AACTCTAACTCTCTCTCTAACTACTTCTC-3′

2.4. Cell Culture. Normal human gastric epithelial cell line
(GES-1) and human stomach gastric adenocarcinoma cell
line (AGS, SGC7901, and BGC823) were obtained from the
Center for Chinese Typical Cultures Preservation, Wuhan
University. All cell lines were cultured in 1640 media
supplemented with 10% fetal bovine serum (FBS) at 37°C in
5%CO2 incubator. In the subsequent experiments, cells were
pretreated with or without a β-catenin inhibitor XAV939
(10 µM, Sigma-Aldrich, Darmstadt, Germany) for 48 h and
then were exposed to 4Gy for 24 h with X-ray irradiator
RS2000 (RAD SOURCE, USA).

2.5. Transfection. -e AGS and SGC7901 cells (5×106/ml)
were cultivated at 37°C under 5% CO2 water-saturated at-
mosphere in 1640 medium supplemented with 10% FBS.
Two si-RNAs were synthesized by GenePharma (Shanghai,
China) and transfected into GAC cell lines using lipofect-
amine 3000 reagent (siRNA: lipofectamine� 10 nM:1 µL)
(Invitrogen, Shanghai, China) for 24 h. -en, serum-free
transfection solution was discarded and replaced with 1640
medium supplemented with 10% FBS for further culture.
After 48 h, cellular proteins can be extracted to verify the
knockdown efficiency.
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-e siRNA sequences were as follows:

Si-SPP1-1, 5′-CGAUCGAUAGUGCCGAGAAGC-3′
Si-SPP1-2, 5′-AGCUAGUCCUAGACCCUAAGA-3′

2.6. Western Blot. Total protein was isolated by RIPA lysis
buffer (Abcam, Shanghai, China), and then the protein
concentration was measured using a Pierce BCA assay
(Abcam, Shanghai, China). Protein (40 μg) was separated on
SDS-PAGE and transferred to polyvinylidene (PVDE)
membrane. After being blocked with 5% nonfat milk at
room temperature for 1 h, the membranes were incubated
with the primary antibodies anti-SPP1 (1 :1000, ab8448),
c-H2AX (1 :1000, ab81299), Bax (1 :1000, ab32503), Bcl-2 (1 :
1000, ab32124), c-JUN (1 :1000, ab40766), c-myc (1 :1000,
ab32072), cyclin-D1 (1 :1000, ab16663), β-catenin (1 :1000,
ab223075), and β-actin (ab8227, 1 : 2000) overnight and then
probed with HRP-conjugated anti-IgG antibody (1 :1000,
ab133470, all obtained from Abcam, Shanghai, China) for
1 h. Immunoreactive bands were visualized with an en-
hanced chemiluminescence system (-ermo Scientific,
Shanghai, China).

2.7. Transwell Assay. Total 1× 104 cells (AGS and SGC7901)
were seeded into Matrigel upper chambers (BD Bioscience,
USA). -e lower chamber contained a complete medium.
After 24 hours of culture, the cells passing through the
Matrigel membrane were fixed in methanol, stained, and
counted in five fields under a microscope (Olympus, Japan).

2.8. Cell Cycle Detection. A total of 2×105 cells/well were
plated into a six-well plate. Before any treatment, the cell
culture medium was changed to a serum-free medium to
culture the cells for 12 h, ensuring it enters a similar phase.
IR with or without siRNA transfection and XAV939
treatment was carried out as described in the previous
methods. After 48 h, the cells were centrifuged, collected,
then were fixed in 700 µl of 75% ethanol (−20°C precooled).
Subsequently, the cells were suspended in 400 µl of propi-
dium iodide (PI) solutions (50 µg/ml) containing 100 µl of
1mg/ml RNAse (Solarbio, Shanghai, China) for 10min.
Cellular DNA content was analyzed using flow cytometer
(Accuri C6, BD Biosciences).

2.9. Cell Apoptosis Assay. A total of 2×105 cells/well were
plated in 6-well plates and incubated for 24 h. GAC cells
were transfected with siRNA combined with XAV939,
followed by IR (4Gy). Subsequently, all cells were collected
and stained with 100 ul of 1× binding buffer, 5 µl of Annexin
V-FITC, and 5 ul of Annexin PI in the dark for 15min at 4°C.
Apoptotic cells were analyzed using a flow cytometer (BD
Biosciences).

2.10. Luciferase Reporter Assay. A total of 1× 105 cells/well
were plated in a 24-well plate and incubated with RPMI-
1640 medium at 37°C for 24 h. Cells were transfected with a
0.8 µg TOP-flash or FOP-flash vector and 0.02 μg Renilla

luciferase vector as an internal control (EMD Millipore,
Billerica, MA, USA). After transfection for 24 h, cells were
harvested in passive lysis buffer (Promega), and the reporter
activities were assayed by Dual-Luciferase Assay System kit
(Promega Corporation). Renilla reniformis luciferase ex-
pression was used for normalization.

2.11. Statistical Analysis. -e significance among two or
more comparisons was analyzed by a two-tailed Student’s t-
test or one-way ANOVA. All data were expressed as
mean± standard deviation (SD) and a p value <0.05 was
indicated statistically significant.

3. Results

3.1. SPP1 Is Upregulated in Gastric Adenocarcinoma.
RT-qPCR was carried out to measure SPP1 mRNA levels in
GAC tissues and adjacent normal tissues. SPP1 was over-
expressed in GAC tissues compared with normal gastric
tissues (p< 0.01, Figure 1(a)). -is result was confirmed by
detecting the level of SPP1 protein. As shown in Figure 1(b),
negative staining could be discovered in adjacent normal
tissues. It was found that SPP1 protein was mainly located at
the cytoplasm of the GAC cell. 169 GAC tissues (85.4%)
expressed SPP1. Among the 198 GAC tissues, 110 samples
(55.6%) expressed high levels, and 88 samples (44.4%)
expressed low levels of SPP1.

3.2. Correlations between SPP1 Expression and Clinicopath-
ological Characteristics. To implore the clinical value of
SPP1 in GAC, we further examined the correlation between
SPP1 expression and the clinicopathological parameters,
including age, gender, tumor location, lymphatic/venous
invasion, depth of invasion, tumor size, histological grade,
and nodal status of patients with GAC, as shown in Table 1.
No significant correlations were observed between SPP1
expression and age, gender, tumor location, lymphatic/ve-
nous invasion, and depth of invasion (p> 0.05) of GAC
patients. Interestingly, SPP1 overexpression was positively
associated with tumor size (p � 0.035), histological grade
(p � 0.003), and nodal status (p � 0.002) of GAC patients.

Univariate analysis revealed the following: SPP1 over-
expression (hazard ratio (HR), 2.399; p< 0.001), histological
grade (HR, 1.782; p � 0.005), lymphatic/venous invasion
(HR, 1.605; p � 0.022), depth of invasion (HR, 1.471;
p � 0.002), and nodal status (HR, 1.672; p< 0.001) (Table 2).
Further multivariate analysis presented that SPP1 over-
expression (HR, 3.303; p � 0.001), depth of invasion (HR,
0.511; p � 0.025), and nodal status (HR, 1.432; p � 0.001)
were independent prognostic factors for the patients (Table 2).
Survival analysis showed that the overall survival (OS) of all
GAC patients with SPP1 overexpression was dramatically less
than for patients with SPP1 low expression (Figure 1(c)).

3.3. Suppression of SPP1 Expression Affected DNA Damage,
Invasion, and Apoptosis of GAC Cells. -e western blot re-
sults verified that SPP1 was overexpressed in AGS and

Journal of Oncology 3



100 ∗∗

10

1

0.1

0.01
Non-tumor Tumor

Re
lat

iv
e S

PP
1m

RN
A

 le
ve

l

(a)

100

50

0
0

Pe
rc

en
t s

ur
vi

va
l

20 40
Time

60 80

Low SPP1 expression
High SPP1 expression

(b)

(1) (2)

(c)

Figure 1: SPP1 was elevated in GAC tissues. (a) -e SPP1 mRNA levels in GAC tissues and adjacent normal tissues were measured by RT-
qPCR vs. normal tissues, ∗∗p< 0.01. (b) -e SPP1 protein levels in GAC tissues and adjacent normal tissues were measured by
immumohistochemical staining. (c) (1) low expression; (2) high expression.

Table 1: Association between SPP1 expression and clinicopathologic characteristics in patients with GAC.

Characteristics
SPP1 expression

p value
Low expression (n� 88) High expression (n� 110)

Gender
0.901Male 42 52

Female 46 58
Age (years)

0.693<60 43 52
≥60 45 58
Tumor location

0.192Proximal 49 51
Distant 29 37
Total 10 22
Tumor size (cm)

0.035<5 49 44
≥5 39 66
Histological grade

0.003Well/moderately differentiated 51 45
Poorly differentiated 37 65
Lymphatic/venous invasion

0.845No 58 48
Yes 30 62
Depth of invasion

0.894T2 49 17
T3 29 39
T4a 10 54
Nodal status

0.002N1 42 10
N2 24 41
N3 22 59
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SGC7901 cells compared with control GES-1 cells
(Figure 2(a)). To evaluate the effect of SSP1 on radiosen-
sitivity in GAC, we transfected the GAC cell lines AGS and
SGC-7901 with SPP1-specific siRNAs or a control siRNA (si-
NC). Two siRNAs targeting SPP1 were tested (si-SPP1#1 and
si-SPP1#2). Si-SPP1#1 was the most effective in suppressing
SPP1 expression and was adopted for subsequent study
(Figure 2(b)). To investigate the effect of SPP1 on radio-
therapy-mediated invasion and apoptosis, we performed
experiments in vitro. -e phosphorylation of H2AX was
elevated in AGS and SGC-7901 cells after irradiation
compared with that in the control cells, whereas in the si-
SPP1 group, it was enhanced upon irradiation, indicating
that SPP1 may exert an important function in DNA damage
repair via inducing the phosphorylation of SPP1
(Figure 2(c)). Additionally, the invasive capacity of AGS and
SGC-7901 cells was prominently restricted compared with
that in the control cells. Concurrently, SPP1 depletion
enormously reinforced the effect of irradiation-induced
reduction in invasiveness (Figure 2(d)). Compared with the
control cells (5.68%± 0.36, 6.47%± 0.44), AGS and SGC-
7901 cells exposed irradiation and led to markedly increased
apoptosis ratio (15.59± 0.50%, 16.08± 0.87%). Concur-
rently, transfection of AGS and SGC-7901 cells with si-SPP1
enhanced the augment in apoptosis ratio induced by irra-
diation (55.12± 0.87%, 54.46± 0.59%) (Figure 2(e)). -ere is
a perceptible enrichment of GAC cells observed in the G2/M
phase when AGS and SGC-7901 cells exposed irradiation,
and the suppression of SPP1 remarkably enhanced the ir-
radiation-induced G2/M phase arrest (Figure 2(f)). -e
irradiation notably increased Bax expression and decreased
Bcl-2 expression, while knockdown of SPP1 significantly
accelerated the irradiation-induced increase in Bax ex-
pression and decrease in Bcl-2 expression (Figure 2(g)). -e
observations indicated that suppression of SPP1 tremen-
dously enhanced the radiosensitivity of GAC cell lines via
inhibiting invasion and accelerating DNA damage, G2/M
phase arrest, and apoptosis.

3.4. SPP1 Enhanced the Radiosensitivity of GAC Cell Lines via
Wnt/β-Catenin Pathway. Next, we examined the effect of
SPP1 knockdown on the activity of the Wnt pathway en-
abling the TOP-flash/FOP-flash reporter system. SPP1
knockdown induced a 40% to 50% decrease in Wnt-activity

in AGS and SGC-7901 cells (Figure 3(a)). -e irradiation
downregulated the expression of endogenous β-catenin,
c-JUN, c-myc, and cyclin-D1 both in AGS and SGC-7901
cells, and SPP1 knockdown enormously enhanced the ir-
radiation-induced suppression effect on the Wnt/β-catenin
pathway (Figure 3(b)). To further verify the role of the Wnt/
β-catenin pathway in radiosensitivity of GAC, we pretreated
cells with the recombinant Wnt inhibitors XAV939. In
western blot analysis, inhibitors XAV939 resulted in the
reinforcement in the phosphorylation of H2AX-induced by
irradiation combined with SPP1 depletion (Figure 3(c)).
Additionally, XAV939 enormously reinforced the effect of
irradiation combined with SPP1 depletion-induced reduc-
tion in invasiveness (Figure 3(d)). Treatment with XAV939
(84.56%± 1.85, 83.65%± 0.98) in AGS and SGC7901 cell
lines enhanced the augment in apoptosis ratio induced by
irradiation combined with SPP1 depletion (54.30%± 0.66,
51.91%± 1.52) (Figure 3(e)). XAV939 remarkably enhanced
the irradiation combined with SPP1 depletion-induced G2/
M phase arrest (Figure 3(f)). XAV939 significantly
accelerated the irradiation combined with SPP1 depletion-
induced increase in Bax expression and decrease in Bcl-2
expression (Figure 3(g)). -is evidence indicated that SPP1
enhanced the radiosensitivity of GAC cell lines via the Wnt/
β-catenin pathway.

4. Discussion

Radiotherapy has been widely applied for the treatment of
locally advanced andmetastatic GAC [14, 15].-e search for
an effective gene target to enhance the sensitivity of ra-
diotherapy is a vital and urgent issue for the therapy of GAC.
Previous studies revealed that SPP1 is involved in the ra-
diosensitivity of a variety of cancers [16, 17]. In the current
study, we found that SPPI overexpression was associated
with poor prognosis in GAC patients, and si-SPP1 pre-
treatment decreased invasion and increased irradiation-in-
duced DNA damage, cell cycle arrest, and cell death in GAC
cells; the underlying mechanism involves suppression of the
Wnt/β-catenin pathway.

It is reported that SPP1 overexpression is associated with
high invasive and metastatic potential, poor prognosis, and
recurrent disease for cancer patients, such as breast cancer
[18] and gastric cancer [19]. In this study, we confirmed that
SPP1 was elevated in GAC tissues and cell lines, and SPP1

Table 2: Univariate and multivariable analysis of prognostic factors for 5-year survival in GAC.

Variables
Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value
Gender 1.345 (0.899–2.012) 0.150
Age 1.335 (0.894–1.995) 0.158
Tumor location 1.258 (0.972–1.628) 0.081
Tumor size (cm) 1.216 (0.889–1.662) 0.221
Histological grade 1.782 (1.195–2.657) 0.005 1.051 (0.288–3.842) 0.940
Lymphatic/venous invasion 1.605 (1.072–2.404) 0.022 0.616 (0.183–2.076) 0.434
Depth of invasion 1.471 (1.151–1.878) 0.002 0.511 (0.283–0.921) 0.025
Nodal status 1.672 (1.288–2.171) <0.001 1.432 (0.820–2.502) 0.001
SPP1 expression 2.399 (1.560–3.687) <0.001 3.303 (1.673–6.523) 0.001
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Figure 2: Continued.
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overexpression was positively associated with tumor size,
nodal status, and histological grade of GAC patients. SPP1
overexpression, nodal status, and depth of invasion were
independent prognostic factors for the patients. High SPP1
expression was negatively correlated with survival time in
patients with GAC. -ese pieces of evidence were consistent
with the previous study.

In the human response to nascent DNA damage, one of
the earliest events is the phosphorylation of histone H2A
variant H2AX to form c-H2AX [20]. Within 10–30 minutes
after DNA damage induction [21], the reaction is highly
amplified, and many H2AX molecules flanking the DNA
double-strand break site are phosphorylated. In the past
decade, c-H2AX has developed into a vital biomarker for
quantifying DNA double-strand break levels in cells and
tissues [22, 23]. To further investigate the role of SPP1 in
radiosensitivity in GAC, we transfected GAC cell lines with

SPP1 knockdown plasmid and found that knockdown of
SPP1 enhanced the radiation-induced increase in DNA
damage, apoptosis, and G2/M phase arrest and decrease in
the invasion, which indicates that SPP1 knockdown can
enhance the radiosensitivity in GAC.

Signaling transduction after irradiation plays a vital role
in mediating damage repair, thereby controlling the fate of
cancer cells receiving irradiation [24, 25]. Studies have found
that activation of the β-catenin pathway can effectively
accelerate the repair of DNA double-strand breaks in os-
teoblasts after irradiation [26], and β-catenin overexpression
aggrandized the capability of DNA double-strand break
repair in cancer cells [27]. -erefore, it is adjudged that the
function of β-catenin in DNA damage repair may be a factor
that affects cell radiosensitivity. Finding gene targets that
interfere with radiation-related signaling pathways is an
absorbing aim. In the current study, we found that SPP1
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Figure 2: Suppression of SPP1 expression affected DNA damage, invasion, and apoptosis of GAC cells. (a) -e western blot results verified
that SPP1 was overexpressed in AGS and SGC7901 cells compared with control GES-1 cells. (b)-e transfected efficiency of si-SPP1 in GAC
cells. (c) -e phosphorylation of H2AX in AGS and SGC-7901 cells was measured by western blot. (d) -e invasiveness in AGS and SGC-
7901 cells was measured by transwell assay. (e) -e apoptosis ratio in AGS and SGC-7901 cells was measured by flow cytometry. (f ) -e cell
cycle in AGS and SGC-7901 cells was measured by flow cytometry. (g) -e apoptosis-related protein in AGS and SGC-7901 cells was
measured by western blot.
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Figure 3: SPP1 enhanced the radiosensitivity of GAC cell lines via theWnt/β-catenin pathway. (a)-eWnt pathway in AGS and SGC-7901
cells was measured by TOP-flash/FOP-flash reporter system vs. control group, ∗∗p< 0.01. (b)-eWnt/β-catenin pathway-related protein in
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related protein in AGS and SGC-7901 cells was measured by western blot.
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knockdown induced a decrease in the Wnt/β-catenin-ac-
tivity in AGS and SGC-7901 cells through the TOP-flash/
FOP-flash reporter system and western blot, indicating that
the radiosensitivity of SPP1 was mainly dependent on the
Wnt/β-catenin signal pathway. To further verify this hy-
pothesis, we introduced Wnt/β-catenin signal pathway in-
hibitors (XAV939), which could enhance these phenomena
induced by irradiation combined with SPP1 knockdown.
-is evidence revealed that SPP1 suppresses Wnt/β-catenin
signaling to enhance the radiosensitivity of GAC via
inhibiting invasion and accelerating DNA damage, G2/M
phase arrest, and apoptosis.

-is study is the first to indicate that SPP1 can be utilized
as a gene target for enhancing radiotherapy sensitivity of
gastric adenocarcinoma, triggering the Wnt/β-catenin
pathway. However, these inclusions were only conducted at
the cellular level, and animal experiments are still needed for
further verification.

In conclusion, in the current study, we illustrated for the
first time that the knockdown of SPP1 combined with ir-
radiation exerted additive effects on inducing DNA damage,
apoptosis and G2/M phase arrest, and suppressing invasion
via the Wnt/β-catenin signal pathway. -is indicates that
SPP1 is a potential target for enhancing the efficacy of
radiotherapy.
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Background. To investigate the clinical significance of color ultrasound, magnetic resonance imaging (MRI), miR-21, and CA199
in the diagnosis of pancreatic cancer (PC). Methods. A total of 160 patients with PC admitted to our hospital from April 2018 to
February 2021 were included in the PC group, and another 100 patients with benign pancreatic disease during the same period
were included in the pancreatic benign disease group. Color ultrasound and MRI were used for imaging examination of the two
groups of PC patients, and the sensitivity, accuracy, and specificity of the two methods for preoperative diagnosis of PC were
calculated, respectively. A total of 100 healthy people who underwent physical examination during the same period were included
in the control group. SerumCA199 levels of the three groups were detected by ELISA assay.*e level of serummiR-21 in the three
groups was detected by qRT-PCR. A receiver operating curve (ROC) was drawn to analyze and calculate the sensitivity, specificity,
and accuracy of the two serum markers and the combination of color ultrasound and MRI in the detection of PC. Results. Serum
CA199 and miR-21 levels in the PC group were significantly higher than those in the benign lesion group and control group.
CA199 and miR-21 levels in the benign lesion group were higher than those in the control group. Both color ultrasound and MRI
showed a higher detection rate for PC, and the sensitivity and accuracy were significantly higher than those of CA199 andmiR-21.
*e sensitivity, specificity, and accuracy of combined detection were 91.88%, 96.00%, and 93.46%, respectively, which were
significantly higher than those of single detection. Conclusion. *e combined detection of color ultrasound, MRI, miR-21, and
CA199 have a high application value in the early diagnosis of PC, which can effectively improve the sensitivity and accuracy of
clinical diagnosis, reduce the probability of missed diagnosis and misdiagnosis, and provide a reference for the rational clinical
treatment plan and prognosis.

1. Introduction

Pancreatic cancer (PC) is a malignant digestive tumor with
high clinical morbidity and mortality and challenging to
treat [1]. In recent years, due to changes in dietary habits, PC
is more common in middle-aged and older adults, and the
incidence has been increasing year by year [2]. *e early
clinical symptoms of PC have no apparent specificity, the
clinical detection rate is low, and there are many cases of
missed diagnosis and misdiagnosis. Most patients have been
diagnosed in the middle and late stages. *e particularity of
the location of cancer makes patients lose the opportunity of
radical surgery. Patients can only receive surgery and
postoperative chemotherapy, with poor quality of life and
poor prognosis [3]. Clinically, pathological tissue biopsy is

used as the “gold standard” for the diagnosis of PC, but this
examinationmethodmay cause a certain degree of trauma in
patients and has limitations [4]. *erefore, early diagnosis
and accurate assessment of preoperative staging of PC are
crucial to the treatment effect and survival time of patients
[5].

MiR-21 is abnormally expressed in a variety of malignant
tumor tissues. MiR-21 plays an important role in the de-
velopment and progression of PC, which can be used as a
new target for diagnosing and treating PC [6]. At present,
one of the methods commonly used in the clinical detection
of various malignant tumors is the detection of serum tumor
markers [7]. CEA [8] and CA199 [9] are widely used clinical
serum markers for PC. However, CEA has a low sensitivity
in the diagnosis of PC. Although CA199 has a high
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sensitivity in the diagnosis of PC, it has certain limitations
[10]. Magnetic resonance imaging (MRI) is a common
means for the clinical diagnosis of malignant tumors. With
fast scanning speed and clear images, it can clearly show the
situation of vascular invasion without ionizing radiation and
can also be used for further observation of the surrounding
tissues of the pancreas [11, 12]. Color ultrasound not only
has the advantages of two-dimensional ultrasound structure
image but also provides rich hemodynamic information,
simple operation, and high accuracy of examination [13].
However, each method alone has advantages and limitations
in the diagnosis of PC, and the combination of multiple
methods can combine these advantages and significantly
improve the diagnostic accuracy.

In this study, we studied the clinical diagnostic value of
color ultrasound, MRI, miR-21, and CA199 combined ex-
amination in patients with PC, aiming to provide a reference
for the early diagnosis, treatment, and prognosis of PC.

2. Materials and Methods

2.1. General Data. A total of 160 patients with PC
admitted to the Affiliated Hospital of Qingdao University
(Qingdao, China) from April 2018 to February 2021 were
included in the study group, aged from 26 to 71 years,
with an average of 46.77 ± 10.65 years. *e pathological
biopsy results showed that 46 cases were TNM I stage, 68
cases were TNM II stage, 31 cases were TNM III stage, and
15 cases were TNM IV stage (Figure 1). Tumor diameter:
94 patients were <5 cm, and 66 patients were ≥5 cm. Types
of disease: 131 cases were pancreatic head carcinoma, and
29 cases were pancreatic body carcinoma. Pathological
types: 136 cases were ductal adenocarcinoma, 17 cases
were mucinous adenocarcinoma, and 7 cases were ade-
nosquamous carcinoma. Tumor differentiation: 45 cases
were highly differentiated, 62 cases were moderately
differentiated, and 53 cases were poorly differentiated.
*ere were 83 patients with lymph node metastasis and 77
patients without lymph node metastasis. Vascular infil-
tration was found in 36 cases and not in 124 cases. In-
clusion criteria: patients who did not receive surgical
treatment before the examination; all patients confirmed
by clinical examination and pathological examination;
and complete clinical medical records. Exclusion criteria:
patients with cirrhosis; patients with coagulation dys-
function or liver cancer metastatic; patients with car-
diovascular and visceral diseases; complicated with other
malignant tumors; confused consciousness or accom-
panied by mental illness; and patients with MRI
contraindication.

A total of 100 patients with benign pancreatic lesions,
aged from 25 to 74 years, with an average age of 47.52± 11.43
years, were included in the benign lesions group. Another
100 healthy subjects, aged from 26 to 73 years, with an
average age of 48.13± 10.71 years, were enrolled into the
control group during the same period. *ere was no sta-
tistical significance in the comparison of general information
among the three groups (Table 1). All participants in this
study signed the informed consent and were approved by the

ethics committee of the Affiliated Hospital of Qingdao
University (approval number: LIHAO:20180317).

2.2. CA199 and miR-21 Detection Methods. 5mL fasting
venous blood in the morning was collected from the three
groups and centrifuged at 3 000 r/min for 10min. *e upper
serum was divided into two parts and stored in a refrigerator
at −80°C for measurement. CA199 was detected by Enzyme
Linked Immunosorbent Assay (ELISA). *e ELISA kit was
purchased from Sigma Company (United States), and the
specific operation was strictly in accordance with the kit
instructions.

MiR-21 level was detected by the qRT-PCR method.
Total RNA was extracted by the Trizol method and dissolved
in DEPC water, and its concentration and purity were de-
tected by using an ultraviolet spectrophotometer. 1 μg total
RNAwas used as a template to synthesize cDNA.*en, qRT-
PCR was performed. *e reaction conditions were as fol-
lows: 90°C for 2min, 90°C for 20 s, 65°C for 30 s, 70°C for
10 s, and a total of 39 cycles. *e primer sequences were
miR-21 forward 5 ′-CGGCGGTTAGCTTATCAGACTGA-
3′ and reverse 5 ′-CCAGTGCAGGGTCCGAGGGAGTAT-
3′; U6 forward 5′-GCGCGTCGTG AAGCG TTC-3′ and
reverse 5′- GTGCAGGGTCCGAGGT-3′. *e results were
analyzed by 2−Δ Δ CT.

2.3. Color Ultrasound Examination. *e instrument for
color ultrasound was Toshiba Aplio 500, and the probe
frequency was set at 3.5MHz. *e patient was supine with
the upper abdomen fully exposed and the entire epigastric
area scanned. *e internal diameters of intrahepatic and
extrahepatic bile ducts and pancreatic ducts were measured,
and space-occupying lesions in the ampulla and head of the
pancreas were examined. *e tumor location was deter-
mined, and the tumor size, shape, boundary, internal echo,
lymph node metastasis, and its relationship with adjacent
organs were observed. *e size, contour, and shape of the
pancreatic duct were examined. *e subjects kept breathing
deeply during the entire examination to obtain a clear image.

2.4. MRI Examination. *e MRI instrument was a Ge3.0T
Signa HDX MRI scanner. First, conventional T1 WI and T2
WI sequences were scanned. *e scanning parameters of T1
WI were TR 295ms, TE 3.5ms, layer thickness 6mm, layer
spacing 3mm, and matrix 256× 256. *e scanning pa-
rameters of T2 WI were TR 6000ms, TE 90ms, layer
thickness 6mm, layer spacing 3mm, and matrix 325× 226.
*e scanning range of both sequences was from the dia-
phragmatic apex to duodenal level. After the location of the
lesion was determined, SE T1 WI and fat suppression se-
quence scanning were performed on the pancreatic layer.
*e thickness of the adjusted layer was 5mm, and the
spacing was 1mm. *en dynamic enhanced scanning was
performed, and the patient was injected with Magenweir
contrast agent (1.5mL/kg, 3mL/s) through the cubital vein.
*e obtained imaging data will be uploaded to the work-
station for image postprocessing. *e final imaging data of
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all the subjects were reviewed by two experienced radiolo-
gists. For cases with inconsistent judgment results, the two
doctors discussed or consulted experts and finally reached
the same diagnosis results, and the final report was given.

2.5. Observation Indexes. *e sensitivity, specificity, and
accuracy of color ultrasound andMRI in the diagnosis of PC
were compared, respectively. MiR-21 and CA199 levels in
the PC group, benign lesion group, and control group were
compared. *e sensitivity, specificity, and accuracy of miR-
21, CA199, combined with color ultrasound and MRI, in the

detection of PC were compared. Sensitivity calculation
method: true positive number/(true positive number + false
negative number)× 100%. Specificity calculation method:
true negative number/(true negative number + false positive
number)× 100%. Accuracy calculation method: (true posi-
tive number + true negative number)/total number of
cases× 100%.

2.6. Statistical Analysis. SPSS23.0 software was used for data
analysis. Enumeration data were expressed as rate (%), and
the χ2 test was used for comparison between groups.

Table 1: Comparison of general data of the three groups.

Group PC group Benign lesion group Control group X2 P

value
Cases 160 100 100

Gender Male 97 62 66 0.773 0.679Female 63 38 34

Age (years) ≤45 76 57 55 2.654 0.265>45 84 43 45

Education degree Junior high school and below 62 31 34 1.718 0.424High school or above 98 69 66

Occupation
Worker 107 68 71

1.917 0.751Self-employed 39 27 23
No job 14 5 6

(a) (b)

(c) (d)

Figure 1: Pathologic biopsy of PC. (a) PC stage I in a 34-year-old woman with moderate to poorly differentiated adenocarcinoma (size
1.9 cm), not invading the pancreatic capsule. (b) PC stage II in a 57-year-old man with moderately differentiated adenocarcinoma (2.5 cm in
diameter), invading the pancreatic capsule. (c) PC stage III in a 45-year-old male with moderately differentiated adenocarcinoma (31.5 cm)
and high-grade ductal intraepithelial neoplasia extending into the pancreatic capsule to surrounding adipose tissue and the muscular layer.
(d) PC stage IV in a 66-year-old male with stage IV pancreatic carcinoma presented with pathologic, moderately differentiated adeno-
carcinoma that invaded and punctured the pancreas.
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Measurement data were expressed as (x± s), and the χ2 test
was performed between groups. Receiver operating curve
(ROC) was used to analyze the diagnostic value of miR-21
and CA199 in PC. P< 0.05 was considered statistically
significant.

3. Results

3.1. Comparison of CA199 and miR-21 Levels in the �ree
Groups. Compared with the PC group, CA199 and miR-21
levels in the benign lesion group and control group were
significantly downregulated (P< 0.01). CA199 and miR-21
levels were the lowest in the control group (Figures 2 and 3).

3.2. Color Ultrasound Images of PC Patients. Color ultra-
sound images of patients with PC are as shown in Figure 4.

3.3.MRI Images of PC Patients. MRI images of patients with
PC are as shown in Figure 5.

3.4. Comparison of the Diagnostic Value of Color Ultrasound
and MRI in PC. Both color ultrasound and MRI had high
detection rates for PC, and the difference between them was
not statistically significant (P> 0.05, Tables 2 and 3).

3.5. Comparison of theDiagnostic Value ofmiR-21 andCA199
and �eir Combined Detection in PC. *e sensitivity, spec-
ificity, and accuracy of miR-21 were 58.13%, 79.00%, and
66.15%, respectively (Figure 6). *e sensitivity, specificity,
and accuracy of CA199 were 69.38%, 74.00%, and 71.15%,
respectively (Figure 7). *e sensitivity, specificity, and ac-
curacy of color ultrasonography were 83.13%, 89.00%, and
85.38%, respectively. *e sensitivity, specificity, and accu-
racy of MRI were 81.25%, 90.00%, and 84.62%, respectively.
*e sensitivity, specificity, and accuracy of the combined
detection were 91.88%, 96.00%, and 93.46%, respectively
(Table 4). *e sensitivity, specificity, and accuracy of the
combined detection were all higher than those of the single
detection.

4. Discussion

PC is one of the most common clinical malignant tumors of
the digestive system. It has no typical features in the early
stage and is highly occultive, which is easily ignored by
patients [14]. With the extension of time, the disease began
to deteriorate, and the patient had missed the best oppor-
tunity for radical treatment when diagnosed [15]. At present,
the treatment of PC includes surgery, radiotherapy and
chemotherapy, and targeted therapy. However, the treat-
ment effect is poor, and the patients are prone to local re-
currence and distant metastasis after surgery, and the 5-year
survival rate is low, which seriously threatens the quality of
human life [16]. *e pancreas has a unique anatomical
structure and biological characteristics, which are easily
confused with other digestive system diseases. Currently,
there is no effective and reliable method for diagnosing PC in

clinical practice [17]. In recent years, with the continuous
development of laboratory medicine and science and
technology, some tumor markers can be applied in im-
munological detection, which increases the efficiency of
early tumor diagnosis to a certain extent [18].

CA199 is currently the most commonly used marker for
the diagnosis of pancreatic cancer. *e expression level of
CA199 is low in normal pancreatic tissues, but it is gradually
upregulated when malignant lesions occur in pancreatic
ductal epithelial cells [19]. With the continuous deteriora-
tion of the disease, the pancreatic duct and small pancreatic
ducts are blocked by the tumor, and CA199 invades the
stroma around the lesion, leading to a significant increase in
the serum level of CA199 [20]. Ge et al. [21] showed that the
serum CA199 level in the PC group was significantly higher
than that in the pancreatic benign lesion group. Shi et al. [22]
reported that serum CA199 levels in the PC group were
significantly higher than those in the benign pancreatic
disease group and normal control group. MiRNA is a class of
short noncoding RNA molecules that can specifically rec-
ognize and bind to target genes and play a role in regulating
the expression level of target genes [23]. Studies have re-
ported that miR-21 is abnormally expressed in various
malignant tumors, such as breast cancer and lung cancer,
and can promote the proliferation, invasion, and metastasis
of tumor cells [24, 25]. In this study, CA199 and miR-21 in
the PC group were significantly upregulated compared with
the benign disease group and control group, which was
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Figure 3: *e expression of miR-21 in three groups.
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(a) (b)

(c) (d)

Figure 4: Color ultrasound image of a pancreatic cancer patient. (a) PC stage I: ultrasound showed hypoechoic nodules in the head of the
pancreas with irregular shape and ill-defined boundaries, 1.9×1.7 cm. (b) PC stage II: ultrasound showed a hypoechoic nodule in the head of
the pancreas with irregular shape and ill-defined boundaries, 2.6×1.7 cm. (c) PC stage III: ultrasound showed a low-echoing mass in the
head and body of the pancreas, with irregular shape, poorly defined boundary, and poorly defined with surrounding tissues, 5.5× 3.5 cm. (d)
PC stage IV: ultrasound showed a hypoechoic mass in the tail of the pancreatic body, with irregular shape, ill-defined boundary, and unclear
boundary with surrounding tissue, 6.9× 4.2 cm, surrounded by adjacent arteries.

(a) (b)

(c) (d)

Figure 5: MRI images of patients with PC. (a) PC stage I: there is a nodular, slightly longer T1 shadow in the head of the pancreas, about
10mm in diameter, with delayed enhancement and dilation of the main pancreatic duct. (b) PC stage II: there was a long T1 and T2 signal
shadow in the body of the pancreas, with obvious hyperintensity on DWI and unclear boundary, 29mm× 18mm, and enhanced scanning
showed mild enhancement and distal pancreatic duct dilation. (c) PC stage III: the pancreatic head is enlarged, and the pancreatic body and
tail are atrophic. In the pancreatic head area, there are lump-like long T1 signal shadows, 43mm× 40mm, and mild enhancement. (d) PC
stage IV: there were lump-like long T1 shadows in the body of the pancreas, with an unclear boundary, 40mm× 85mm, the enhancement
degree was lower than that of the pancreatic parenchyma on an enhanced scan, and the adjacent peritoneal trunk was surrounded in it.
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consistent with the abovementioned expression results. Our
findings suggested that CA199 and miR-21 could be used as
serological indicators for the clinical diagnosis of PC.

Ultrasound, MSCT,MRI, and other imaging techniques are
widely used in the early diagnosis of PC. Imaging techniques
can be used to directly observe the location, size, shape, in-
vasion, and surrounding organ tissue of the lesion, so as tomake
an effective differential diagnosis and more accurate clinical
staging evaluation of PC [26–28]. MRI is a chemical imaging
technology, which has the advantages of high soft-tissue res-
olution, multiple imaging sequences and no ionizing radiation,
etc. It has a better effect in detail display and can detect small
lesions of PC, which has certain advantages in the diagnosis of
PC [29]. Color ultrasound is a diagnostic technology based on
two-dimensional ultrasound and has the characteristics of
rapidness and noninvasiveness [30]. On color ultrasound, PC is
characterized by smooth dilation and interruption of the

pancreatic duct. PC is caused mainly by cancerous changes in
the epithelial cells of the pancreatic duct. With the continuous
deterioration of the cancer cells, the pancreatic duct in patients
will be obstructed and narrowed, eventually resulting in smooth
dilation and interruption of the pancreatic duct [31].

*is study showed that the sensitivity, specificity, and ac-
curacy of miR-21 were 58.13%, 79.00%, and 66.15%, respec-
tively. *e sensitivity, specificity, and accuracy of CA199 were
69.38%, 74.00%, and 71.15%, respectively. *e sensitivity,
specificity, and accuracy of color ultrasonography were 83.13%,
89.00%, and 85.38%, respectively.*e sensitivity, specificity, and
accuracy ofMRIwere 81.25%, 90.00%, and 84.62%, respectively.
*e sensitivity, specificity, and accuracy of the combined assay
were 91.88%, 96.00%, and 93.46%, respectively. *e detection
rate of the combined assay was significantly higher than that of
the single assay. *e results showed that a single test in the
diagnosis of PC has a higher rate of missed diagnosis and

Table 2: Diagnosis of PC by color ultrasonography.

Clinical stage
Total

I stage II stage III stage IV stage
I stage 40 9 0 0 49
II stage 6 54 3 0 63
III stage 0 5 26 2 33
IV stage 0 0 2 13 15
Total 46 68 31 15 160

Table 3: Diagnosis of PC by MRI.

Clinical stage
Total

I stage II stage III stage IV stage
I stage 38 7 0 0 45
II stage 5 55 4 0 64
III stage 3 6 24 2 35
IV stage 0 0 3 13 15
Total 46 68 31 15 160
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Figure 6: ROC curve of miR-21 in the diagnosis of PC.
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misdiagnosis, and the combination of multiple detection
methods can make up for the limitations of each and signifi-
cantly increase the sensitivity and accuracy of PC diagnosis.
However, the sample size of this study is small, and it is a
retrospective analysis, so there may be some deviation in the
study results, and it is necessary to further improve the study in
the future.

5. Conclusions

In conclusion, color ultrasound andMRI examination of PC
have a high detection rate, providing imaging information
for patients’ treatment plans. Serum CA199 and miR-21
levels were significantly overexpressed in the serum of PC
patients. Combined color ultrasound and MRI examination
can significantly improve the sensitivity, specificity, and
accuracy of the diagnosis of early PC, which is conducive to
the clinical judgment of the severity of the disease of PC
patients.

Data Availability
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Background. Propofol is an anesthetic commonly used clinically and has been found to have antitumor activity in various cancers.
+e purpose of this study was to investigate the role of propofol in hepatoblastoma (HB).Methods. CCK-8 and transwell were used
to measure cell proliferation, migration, and invasion in HB cells. Cell apoptosis rate was measured by FCM. +e expression of
CCL18 in HB tissues and cells was detected by RT-qPCR. Western blotting was used to explore the protein expression of CCK18-
and PI3K/AKT-related proteins. Results. +e expression of CCL18 in HB tissues and cells was overexpressed compared with
control groups. CCL18 knockdown was found to notably block cell proliferation and progression, while enhancing cell apoptosis
in HuH-6 and HepT1 cells. Furthermore, propofol suppressed the proliferation of HB cells in a dose-dependent manner.
According to the results, we chose 5 μg/mL of propofol-treated cells for 48 hours as the subsequent experimental conditions. We
found that propofol (5 μg/mL, 48 h) significantly blocked cell migration and invasion, but induced cell apoptosis in HuH-6 and
HepT1 cells. In addition, CCK18 overexpression facilitated cell progression in HB cells, while propofol dramatically suppressed
the effect of CCK18. Besides that, propofol suppressed the PI3K/AKTpathway. Conclusion. Propofol suppressed the development
of HB cells by inhibiting CCK18 expression and the PI3K/AKT pathway. +erefore, we infer that propofol plays a role in the
treatment of HB.

1. Introduction

Hepatoblastoma (HB) is mainly derived from human im-
mature liver precursor cells [1]. HB is the most common
primary liver malignant tumor in children, and 90% of
patients are affected before the age of 5 years [2]. HB is an
increasingly common tumor worldwide, especially in North
America and Europe. HB is treated by adjuvant chemo-
therapy, radiotherapy, and transplantation, and the survival
rate for patients with HB has increased dramatically.
However, for patients with advanced HB, the prognosis is
still poor [3]. +erefore, it is essential to explore the early
biomarkers of HB and find effective treatment methods for
patients with HB.

Propofol is a short-acting intravenous anesthetic of alkyl
phenols, which is widely used in clinical practice [4]. It plays
a sedative and hypnotic role by activating the GABA re-
ceptor-chloride ion complex [5]. Propofol has the advan-
tages of rapid onset of anesthesia induction, rapid recovery
and complete functional recovery, and low incidence of
postoperative malignant vomiting [6]. In addition to the
anesthetic effect, propofol can also affect the biological
process of tumors and have different effects on different
tumor cells [7]. Propofol has been reported to affect the
epigenetic pathways such as lncRNAs, miRNAs, and cancer-
related proteins and regulate the genetic signaling pathways
such as MAPK, PI3K/AKT, NF-κB, SLUG, and Nrf2 [8]. A
growing number of studies have shown that propofol may
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exert an antitumor effect in human tumors, such as colon
cancer [9], ovarian cancer [10], and lung cancer [11]. At
present, propofol is widely used in HB surgery and post-
operative sedation. +erefore, the effect of propofol on the
biological behavior of HB cells has gradually attracted re-
searchers’ attention.

CCL18 is a member of the chemokines family. CCL18
has been found to play a special role in the development of
human tumors. It is reported that the role of CCL18 in
tumors appears after TAM involvement into the tumor
niche [12]. Lane et al. reported that CCL18 in ascites
accelerated cell migration by regulating Pyk2 in ovarian
cancer [13]. In oral cancer, CCL18 was found to facilitate cell
progression by activating the JAK2/STAT3 pathway [14].
However, the role of CCL18 in HB is not well understood.

In this study, we aimed to investigate the effect of
propofol on the progression of HB. Furthermore, propofol
was confirmed to suppress HB tumor progression by reg-
ulating CCL18.

2. Materials and Methods

2.1. Patient Samples. HB tissues were obtained from 20
children in Yantaishan Hospital (Yantai, China). All patients
were diagnosed as HB preoperatively. Twenty paracancer
tissues were at least 2 cm from the tumor margin. All
specimens were placed in liquid nitrogen within 30 minutes
after isolation and then stored in a −80°C refrigerator. +is
study was approved by the ethics committee of Yantaishan
Hospital, and informed consent of the patients was obtained
before surgery.

2.2. Cell Lines and Propofol. Human HB cell lines HepG2,
HuH-6, and HepT1 and normal liver cells MIHA were
collected from Yantaishan Hospital. After resuscitation at
37°C, the cells were resuspended on Dulbecco’s Modified
Eagle Medium (DMEM) containing 100ml/L fetal bovine
serum (FBS) and 10ml/L penicillin and streptomycin. +e
cells were cultured in a constant-temperature incubator at
37°C and 5% CO2 for 3-4 days. After cell fusion, the cells
were subcultured into a cell culture flask (5ml/L). Cells were
cultured for 4-5 generations for subsequent experiments.
Propofol was obtained fromQingyuan JiaBo Pharmaceutical
Co. Ltd. (China). +e final concentrations of propofol were
0, 2, 5, and 10 μg/mL with complete medium.

2.3. Transfection of si-CCL18. Cells (1× 106/mL) were in-
oculated into a 6-well plate. HuH-6 and HepT1 cells were
transfected with CCL18 si-RNA (5′-ACAAGTTGGTAC-
CAACAAATT-3′), pcDNA3.1-CCL18, and the corre-
sponding negative control oligonucleotides mixed with
LipofectamineTM 2000, respectively. After transfection for
48 h, the cells were collected for subsequent experiments.

2.4. Cell Proliferation. Proliferative ability of HuH-6 and
HepT1 cells was evaluated by using the cell counting kit-8
(CCK-8) method. Cell suspension was evenly planted in a

96-well plate with a density of 3y 103 cells/well. Cells were
cultured in an incubator for 24, 48, and 72 h and then added
with 100 μl DMEM medium and 10 μl CCK-8 solution. +e
cells were replaced in the incubator for further incubation
for 1 to 4 hours. Amicroplate analyzer was used to detect the
OD value of cells at 450 nm.

2.5. Cell Migration and Invasion. Transwell assay was per-
formed to measure cell migration and invasion in HuH-6
and HepT1 cells. Cells are routinely digested to prepare cell
suspensions. 100 μl cell suspension was inoculated in the
upper transwell chamber, and 500 μl DMEM was added to
the lower chamber. +e cells were cultured in a constant-
temperature cell incubator a 37°C and 5% CO2. After 24
hours, 200 μl paraformaldehyde was added to fix cells for
15min. +en, cells were stained with crystal violet for
20min. Photographs were taken under a microscope, and
the number of migrated and invaded cells was counted.

2.6. Cell Apoptosis. Flow cytometry (FCM) was used to
measure cell apoptosis in HuH-6 and HepT1 cells. Cells were
seeded into a 24-well plate and incubated in an incubator at
37°C and 5%CO2 for 24 h. After centrifugation at 1500 r/min
for 5min, the supernatant was discarded. Cells were labeled
with 1mL Annexin V and 1mL Sytox Green. After incu-
bation at 37°C for 15min, FCM (Beckman Coulter, Ger-
many) was performed to detect cell apoptosis rate within 4 h.

2.7. Real-Time PCR. Total RNA was extracted by Trizol
reagent. Reverse transcription system: 5xPrimer Script
Buffer 2 μl, RT Enzyme Mix 0.5 μl, primer 0.5 μl, RNA1 μl,
and RNAase-free ddH2O 6 μl. +e cDNA was obtained by
reverse transcription and then diluted to 50 ng/μl. Real-
time PCR transcription system: SYBR premix ExTaqTM
II (2x) 10 μl, forward primer 1 μl, reverse primer 1 μl,
cDNA 1 μl, and ddH2O 7 μl. +e primers were CCL18
forward: 5′-TGGCAGATTCCACAAAAGTTCA-3′, re-
verse 5′-GGATGACACCTGGCTTGGG-3′; GAPDH for-
ward 5′-GCACCGTCAAGGCTGAGAAC-3′, and reverse
5′-TGGTGAAGACGCCAGTGGA-3′.

2.8. Western Blotting. After transfection for 24–48 hours,
cell proteins were extracted by RIPA lysate. +e BCA kit
was used to detect protein concentration and purity. +e
protein samples were subjected to SDS-PAGE gel elec-
trophoresis at 80 V and for 2 hours. After the protein was
transferred to the PVDF membrane, it was sealed with
milk powder at room temperature for 1–2 hours. Sub-
sequently, the PVDF membrane was added with primary
antibody and incubated overnight at 4°C. +en, the PVDF
membrane was incubated with secondary antibody at
room temperature for 2 hours. Finally, ECL chem-
iluminescence solution was added into the gel imaging
system to collect images, and the protein bands were
quantitatively analyzed with Image J.
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2.9. Statistical Analysis. SPSS23.0 statistical software and
GraphPadPrism software were used for statistical analysis.
+e t-test was used to compare the differences between the
two experimental groups. Univariate ANOVA analysis was
used for comparison between groups. p< 0.05 indicated that
the comparison results between the experimental groups
were statistically significant. All data are mean± SD from
three or more independent trials.

3. Results

3.1. Overexpression of CCL18 Was Observed in HB.
According to the RT-qPCR assay, tumor tissues assumed the
overexpression of CCL18 compared with normal tissues
(Figure 1(a)). Next, western blot results showed that CCL18
was higher expressed in HepG2, HuH-6, and HepT1 cells
than in MIHA cells (Figure 1(b)). +erefore, we speculated
that CCL18 might play a specific role in HB progression.

3.2. CCL18DepletionPlayed anAntitumorRole inHuH-6and
HepT1Cells. To investigate the specific role of CCL18 in HB,
we knock down its expression in HuH-6 and HepT1 cells.
As shown in Figure 2(a), the expression of CCL18 was
notably reduced by CCL18 si-RNA. CCK-8, transwell, and
FCM were used to assess the effect of CCL18 knockdown
in HB cells. As we expected, cell proliferation was sig-
nificantly declined in HuH-6 and HepT1 cells when
transfected with CCL18 knockdown (Figure 2(b)). Fur-
thermore, after CCL18 knockdown transfection, the in-
vasiveness of HuH-6 and HepT1 cells was significantly
decreased (Figure 2(c)). Similarly, the migration ability of
HuH-6 and HepT1 cells transfected with CCL18 knock-
down was notably reduced (Figure 2(d)), whereas FCM
results verified that CCL18 depletion significantly
accelerated cell apoptosis in HB cells (Figure 2(e)). Taken
together, we assumed that CCL18 knockdown played a
role as a tumor suppressor in HB cells.

3.3. Propofol SuppressedCell Growth,Migration, and Invasion
inHBCells. To investigate the effect of propofol in HB cells,
the concentration and treatment time of propofol were
first determined by CCK-8 results. We found that cell
viability of HuH-6 and HepT1 cells was notably reduced in
a concentration-dependent effect of propofol (0, 2, 5, and
10 μg/mL) (Figure 3(a)). Next, cell viability was suppressed
in HuH-6 and HepT1 cells treated with 5 μg/mL propofol
for 24, 48, or 96 h (Figure 3(b)). According to the ex-
perimental results, 5 μg/mL propofol treatment for
48 hours (p< 0.01) was selected for the subsequent ex-
perimental condition. CCK-8 assay indicated that propofol
(5 μg/mL, 48 h) suppressed cell viability in HB cells
(Figure 3(c)). Transwell assay displayed that propofol (5 μg/
mL, 48 h) significantly reduced cell invasion (Figure 3(d)).
Not surprisingly, cell migration ability was notably reduced
by propofol (Figure 3(e)). In addition, propofol dramatically
accelerated cell apoptosis in HuH-6 and HepT1 cells
(Figure 3(f)).

3.4. Propofol Suppressed Cell Progression by Inhibiting CCL18
Expression and Downregulating the PI3K/AKT Pathway in
HB. In order to study the effect of propofol on CCL18 in the
progression of HB cells, HuH-6 and HepT1 cells transfected
with CCL18 vector were treated with propofol. As shown in
Figure 4(a), propofol decreased the expression of CCL18
vector in HuH-6 and HepT1 cells. Next, functional exper-
iments were performed to verify the interaction between
propofol and CCL18 in HB cells. We noticed that CCL18
vector accelerated the proliferation of HB cells, while pro-
pofol weakened the effect of CCL18 (Figure 4(b)). Likewise,
propofol neutralized the stimulative effect of CCL18 on cell
migration and invasion (Figures 4(c) and 4(d)).

+e PI3K-Akt pathway is a classic antiapoptotic and
prosurvival signal transduction pathway, which plays an
important role in the occurrence, proliferation, invasion,
and metastasis of tumors [15]. Western blot assay was used
to study the effect of propofol/CCL18 on the PI3K/AKT
pathway. +e results displayed that CCL18 vector increased
the phosphorylation of PI3K and AKT, while propofol
suppressed the phosphorylation of PI3K and AKT
(Figure 4(e)).

4. Discussion

+e expression and function of CCL18 in HB were
evaluated in this study. We found that CCL18 was ob-
viously overexpressed in HB tissues. Additionally, CCL18
was also overexpressed in HB cell lines (HepG2, HuH-6,
and HepT1 cells) compared with MIHA cells. CCK-8,
transwell, and FCM assay were used to study the effect of
CCL18 on tumor progression in vitro. In HuH-6 and
HepT1 cells, knockdown of CCL18 significantly reduced
cell proliferation, invasion, and migration, but signifi-
cantly promoted cell apoptosis. Combined with the ex-
perimental results, we speculated that CCL18 plays a role
as a procancer factor in HB. Many previous studies have
confirmed that CCL18 plays an oncogenic role in a variety
of cancers. Lin et al. found that CCL18 facilitated cell
progression and EMT by regulating the NF-κB pathway in
hepatocellular carcinoma [16], which is consistent with
our findings. Furthermore, CCL18 promoted cell growth
and cell motility in squamous cell carcinoma of the head
and neck [17]. In osteosarcoma, Su et al. confirmed that
CCL18 promoted tumor progression by increasing UCA1
expression [18].

Propofol is the most widely used intravenous anesthetic
in clinical anesthesia. Propofol is characterized by quick
action, strong effect, and quick recovery. At present, the role
of propofol in human tumors has become a research hotspot.
Previous studies have shown that propofol obviously sup-
presses tumor development. Zhou et al. reported that
propofol inhibited tumor growth in mice with liver cancer
[19]. Propofol was verified to reduce proinflammatory
factors and increase anti-inflammatory factors, so as to ef-
fectively improve the immune function of patients with
pancreatic cancer [20]. In pancreatic cancer, propofol
suppressed cell proliferation and migration by inhibiting the
ERK/MMPs pathway [21]. In hepatocellular carcinoma,
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Figure 1: Overexpression of CCL18 was observed in HB. (a) CCL18 was significantly upregulated in 20 HB tissues compared with normal
tissues. (b) CCL18 was overexpressed in HuH-6, HepT1, and HepG2 cells compared with MIHA cells. ∗∗p< 0.01.
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Figure 2: Continued.
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Figure 2: CCL18 depletion played an antitumor role in HuH-6 and HepT1 cells. (a) +e expression of CCL18 in HuH-6 and HepT1 cells
transfected with CCL18 si-RNA. (b), Cell proliferation was notably suppressed by CCL18 knockdown in HuH-6 and HepT1 cells. (c) Cell
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knockdown in HuH-6 and HepT1 cells. ∗∗p< 0.01.
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Figure 3: Propofol suppressed cell growth, migration, and invasion in HB cells. (a)+e effect of different concentrations of propofol (0, 2, 5,
and 10 μg/mL) onHB cell viability. (b)+e effect of different treatment time of propofol (0, 24, 48, and 96 h) onHB cell viability. (c) Propofol
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Figure 4: Propofol suppressed cell progression by inhibiting CCL18 expression and downregulating the PI3K/AKTpathway in HB. (a) +e
expression of CCL18 after treated with propofol. (b) After treated with propofol, cell proliferation induced by CCL18 was suppressed. (c)-(d)
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6 Journal of Oncology



propofol has been shown to block the progression [22–24].
Similarly, we found that propofol inhibited extracellular
activity in HB. Unlike the previous results, we studied the
effect of propofol on CCL18 expression in HB cells. We
noticed that propofol reduced the expression level of CCL18.
Above all, the promotional effect of CCL18 in HB was
suppressed by propofol.

+e PI3K/AKT pathway is a classical signaling pathway
involved in the regulation of various cellular functions such
as proliferation, differentiation, apoptosis, and glucose
transport [25]. In recent years, the PI3K/AKT signaling
pathway has been found to be closely related to the oc-
currence and development of human tumors [26, 27]. +is
pathway regulates the proliferation and survival of tumor
cells and is related to tumor cell migration, adhesion, an-
giogenesis, and degradation of the extracellular matrix
[28, 29]. Furthermore, propofol was found to suppress the
phosphorylation of PI3K and AKT. +erefore, the results
showed that propofol/CCK18 suppressed the development
by inhibiting the PI3K/AKT pathway.

To sum up, we found that propofol notably suppressed
the progression in HB cells. In addition, propofol played an
inhibitory role by blocking the CCL18 expression and PI3K/
AKTpathway in HB. However, the dual effect of propofol in
relieving the pain of tumor patients and inhibiting tumor
progression needs to be confirmed by animal models and
clinical trials.
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+e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

+e authors declare no conflicts of interest.

References

[1] D. Sharma, G. Subbarao, and R. Saxena, “Hepatoblastoma,”
Seminars in Diagnostic Pathology, vol. 34, no. 2, pp. 192–200,
2017.

[2] S. Ranganathan, D. Lopez-Terrada, and R. Alaggio, “Hep-
atoblastoma and pediatric hepatocellular carcinoma: an up-
date,” Pediatric and Developmental Pathology, vol. 23, no. 2,
pp. 79–95, 2020.

[3] K. B. Hooks, J. Audoux, H. Fazli et al., “New insights into
diagnosis and therapeutic options for proliferative hepato-
blastoma,” Hepatology, vol. 68, no. 1, pp. 89–102, 2018.

[4] R. Vellinga, L. N. Hannivoort, M. Introna et al., “Prospective
clinical validation of the Eleveld propofol pharmacokinetic-
pharmacodynamic model in general anaesthesia,” British
Journal of Anaesthesia, vol. 126, no. 2, pp. 386–394, 2021.

[5] M. M. Sahinovic, M. M. R. F. Struys, and A. R. Absalom,
“Clinical pharmacokinetics and pharmacodynamics of pro-
pofol,” Clinical Pharmacokinetics, vol. 57, no. 12,
pp. 1539–1558, 2018.

[6] S. Kim, S. Hahn, M.-J. Jang et al., “Evaluation of the safety of
using propofol for paediatric procedural sedation: a sys-
tematic review and meta-analysis,” Scientific Reports, vol. 9,
no. 1, Article ID 12245, 2019.

[7] Y. Xu, S. Pan, W. Jiang, F. Xue, and X. Zhu, “Effects of
propofol on the development of cancer in humans,” Cell
Proliferation, vol. 53, no. 8, Article ID e12867, 2020.

[8] Y. Ogawa, M. Irifune, A. Mukai et al., “+e indirect c-ami-
nobutyric acid (GABA) receptor agonist gabaculine-induced
loss of the righting reflex may inhibit the descending analgesic
pathway,” Pharmacology Biochemistry and Behavior, vol. 198,
Article ID 173034, 2020.

[9] Y. F. Zhang, C. S. Li, Y. Zhou, and X. H. Lu, “Effects of
propofol on colon cancer metastasis through STAT3/
HOTAIR axis by activating WIF-1 and suppressing Wnt
pathway,” Cancer Medicine, vol. 9, no. 5, pp. 1842–1854, 2020.

[10] Y. Sun, Y. Peng, L. Ye, L.Ma,M. Zou, and Z. Cheng, “Propofol
inhibits proliferation and cisplatin resistance in ovarian
cancer cells through regulating the microRNA-374a/forkhead
box O1 signaling axis,” Molecular Medicine Reports, vol. 21,
no. 3, pp. 1471–1480, 2020.

[11] Y. Huang, L. Lei, and Y. Liu, “Propofol improves sensitivity of
lung cancer cells to cisplatin and its mechanism,” Medical
Science Monitor: International Medical Journal of Experi-
mental and Clinical Research, vol. 26, Article ID e919786,
2020.

[12] J. Korbecki, M. Olbromski, and P. Dzięgiel, “CCL18 in the
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Background. ,e purpose of this study was to investigate the change of tumor mutation burden (TMB) in gastric cancer (GC) and
its relationship with prognosis. Methods. A total of 262 patients with GC from January 2018 to December 2019 were included in
this study. All patients were in the advanced stage and were treated with surgical removal of D2 lymph nodes and dissection.
Clinical data and gene expression profile data of the GC dataset in ,e Cancer Genome Atlas were collected. Patients were
randomly divided into a high-level group and a low-level group according to the TMB of 8 mutations/Mb. TMB of GC was
calculated based on cell mutation data. Cox regressionmodel was used to evaluate the relationship between TMB and prognosis of
GC patients. Results. ,e total mutation rate of 262GC patients was 92.85%. ,e top 5 mutant genes were TP53, RB1, ARID1A,
KMT2B, and RET. ,e expression level of TMB in GC patients was statistically significant with age, drinking history, and
differentiation type. 94 of the 262 patients died, and 168 survived during the follow-up period. Patients with a high level of TMB
had a worse prognosis than those with low level of TMB.,e results of univariate andmultivariate logistic analysis showed that the
overall survival rate of GC patients was statistically significant with age, drinking history, clinical stage, differentiation type, and
TMB. Conclusion. GC patients are often accompanied by changes in TMB, and its expression level is closely related to the degree of
pathological differentiation, which is an independent factor affecting the prognosis of GC patients. High TMB value can evaluate
the prognosis and provide a reference for the formulation of clinical treatment plans for GC patients.

1. Introduction

Gastric cancer (GC) is a malignant tumor originating from
gastric mucosal epithelium, which is more common in
people over 50 years old, and has a slightly higher incidence
rate in males than in females [1], in recent years, with the
change of dietary structure, the increase of work pressure,
and the infection of Helicobacter pylori. And, GC is also
increasingly being diagnosed in younger patients [2, 3]. ,e
early clinical symptoms of GC patients are lack of typical
symptoms, such as epigastric discomfort, belching, and
other nonspecific symptoms. It is often similar to the
symptoms of chronic gastric diseases such as gastritis and
gastric ulcer, which increases the difficulty of clinical di-
agnosis and treatment of GC [4]. Surgical resection of D2

lymph node dissection is the preferred method for patients
with GC. Surgery can remove the lesion tissue, prolong the
life of patients, and quickly improve their symptoms [5].
However, due to the lack of effective evaluation methods in
perioperative period of some GC patients, the long-term
prognosis of patients is relatively long [6]. Tumor mutation
burden (TMB) is defined as the total number of somatic
coding errors, base substitutions, gene insertion, or deletion
errors detected per million bases, which can be obtained by
the NGSmethod. Previous studies have shown that TMB is a
new biomarker, and its expression level is closely related to
the clinical course of treatment, and patients with high TMB
benefit more clinically [7]. However, there are a few studies
on the change of TMB in GC and its relationship with the
prognosis of patients. ,erefore, this study aimed to explore
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the relationship between TMB changes and prognosis of GC
patients.

2. Methods

2.1. Clinical Data. A total of 262 patients with GC from
January 2018 to December 2019 were prospectively selected as
subjects at Ruian People’s Hospital (Wenzhou, China), in-
cluding 165males and 97 females, aged 33–64 years old, with an
average of 45.98±5.69 years old. ,e tumor diameter was
1–8 cm, with an average of 4.12±0.61 cm. Tumor sites: lower
part of the stomach, 102 cases; middle part of the stomach, 75
cases; and upper part of the stomach, 85 cases. Preoperative
staging of GC: 121 cases of stage II, 141 cases of stage III
complications, 14 cases of hypertension, 19 cases of diabetes,
and 17 cases of hyperlipidemia.,is study was approved by the
ethics committee of the Ruian People’s Hospital, and all patients
provided informed consent.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria: (1)
patients who met the diagnostic criteria for GC and were
confirmed by pathological examination [8]; (2) patients who
were in accordance with the indications for surgical removal
of D2 lymph node dissection, and all patients had complete
baseline and follow-up data; (3) TMB detection of gastric
cancer was completed in all patients, and local lesions or
metastatic lesions were measurable in all patients.

Exclusion criteria: (1) patients with abnormal cognitive
function, routine preoperative chemoradiotherapy, or bio-
logical immunotherapy; (2) pathological classification is not
clear or routine proton pump inhibitors, antibiotics before
examination; (3) patients with autoimmune system diseases
or malignant tumors in other parts.

2.3. Surgical Method. All patients were in the advanced stage
and were treated with D2 lymph node dissection by surgical
resection. Routinely, a 5-well method was used to operate the
hole 1 cm below the umbilicus of the patient. Artificial pneu-
moperitoneum was established, the pneumoperitoneum pres-
sure was controlled at 10–12mmHg, and Trocar 10mm was
inserted. With the amplification effect of laparoscopy, the lo-
cation and size of the lesion were determined, as well as the
presence of distant metastasis, and a detailed surgical plan was
formulated. At the umbilical plane of the bilateral midline of the
clavicle, Trocar 5mm was inserted as the auxiliary operation
hole and assistant operation hole. At the same time, Trocar
12mm was placed 2 cm at the costal margin of the left front
axillary as the main operating hole. After the above operations,
the gastric body and pylorus were routinely separated by an
ultrasonic scalpel, and the area from the duodenum to 3 cm
below the pylorus was fully dissected. Routine dissection of the
greater omentum was performed to dissect the pancreatic
capsule and anterior lobe of the transverse mesocolon. Routine
dissection of right omental artery and vein was performed to
complete subpyloric lymph node dissection. Routine dissection
of the right gastric artery to the root was performed, and the
surrounding lymph nodes were dissected and the duodenum
was cut off.,e gastric tissue was lifted up, and the liver, spleen,
abdominal cavity and the root of the left gastric artery were fully

exposed. After the dissection, the root of the left gastric vessel
was routinely clipped to complete the perivascular lymph node
dissection. At the same time, the lesser omentum was excised
with an ultrasound knife, and the gastric cardia and the lesser
curvature lymph nodes were dissected. A 4 cm long surgical
incision was made in the middle of the upper abdomen. ,e
incision protection coil was routinely placed, and the stomach
was lifted up and removed after reaching the outside of the
abdominal cavity. ,e lesion specimens were collected for
examination, and the digestive tract reconstruction was com-
pleted [9, 10].

2.4. TMB Determination and Its Relationship with Prognosis.
Total exon sequencing was used to detect the TMB level of the
samples. ,e clinical follow-up data of the patients were col-
lected, summarized, and analyzed. Combined with the path-
ological diagnosis of the patients, the tumor stage of the patients
was further determined, and the TMB level and related factors
in the tumors and tumor tissues were analyzed. Clinical data
and gene expression profile data of 262 cases of GC in ,e
Cancer Genome Atlas were collected. ,e QIAGEN genome
extraction kit was used to determine the DNA, and the gel
electrophoresis method and NanoDrop2000 were used to
complete the quality inspection of the whole DNA samples.
After the completion of the quality inspection, the results will be
processed to determine whether there are problems with the
samples. ,e qualified samples were hybridized and captured
and sequenced on a computer. ,en, we further processed the
data and counted the indexes of the sequencing library, in-
cluding ratio, repetition rate, data volume, capture efficiency,
coverage rate, and average depth. After enrichment, conven-
tional analysis and spectrumanalysis were performed, andTMB
of GC was calculated based on cell mutation data using the
bioinformaticsmethod (in this study, somatic cellmutation data
was calculated after processing by downloading VANScan
software) [11, 12]. Patients were randomly divided into the high
level group and low level group according to TMB of 8 mu-
tations/Mb. After surgery, all patients were followed up for 24
months to evaluate the relationship between TMB and prog-
nosis of GC and overall survival (OS)).

2.5. Statistical Analysis. SPSS24.0 software was used to
analyze the data. ,e enumeration data were expressed as N
(%), and analyzed by χ2 test. ,e measurement data were
expressed by (x ± s) and analyzed by t-test. Cox regression
model was used to evaluate the relationship between TMB
and prognosis of GC patients. Kaplan–Meier method was
used to draw the survival curve, and the differences were
analyzed by log-rank test. P< 0.05 was statistically
significant.

3. Results

3.1. Relationship between TMB and Clinicopathological Pa-
rameters in GC Patients. A total of 262 patients with GC
were included, and the total mutation rate was 92.85%. ,e
top 5 mutations are TP53, RB1, ARID1A, KMT2B, and RET
(Figure 1). TMB determination ranges from 0.1 to 95.3
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mutations/Mb (median position: 3.1). Patients were ran-
domly divided into a high-level group and a low-level group
according to TMB 8 mutations/Mb. ,e results showed that
the expression level of TMB in GC patients has no statistical
significance with gender, race, smoking history, and clinical
stage (P> 0.05), while it was statistically significant with age,
drinking history, and differentiation type (P< 0.05, Figure 1
and Table 1).

3.2. Multivariate Logistic Analysis of TMB in GC.
Multivariate logistic analysis showed that the TMB value was
statistically significant with age, drinking history, and dif-
ferentiation type (P< 0.05, Table 2).

3.3. Relationship between TMB and Prognosis in GC Patients.
In this study, the relationship between TMB and OS in
patients with GC was analyzed, and the patients were fol-
lowed up for 24 months. ,e results showed that 94 of the
262 patients died and 168 survived during the follow-up

period. Patients with a high level of TMB had a poorer
prognosis compared with patients with a low level of TMB
(Figure 2).

Univariate analysis showed that the overall survival rate
of GC patients was not statistically significant with gender,
race, and smoking history (P> 0.05), while it was statistically
significant with age, drinking history, clinical-stage, differ-
entiation type, and TMB level (P< 0.05, Table 3).

3.4.Multivariate Logistic Analysis of Prognosis inGCPatients.
Multivariate logistic analysis showed that the overall survival
rate of GC patients was statistically significant with age,
drinking history, clinical stage, differentiation type, and
TMB level (P< 0.05, Table 4).

4. Discussion

Surgical resection of D2 lymph node dissection is a com-
monly used treatment method for GC patients, and the life
span of patients can be prolonged by resection of lesion
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Figure 1: TMB gene mutation in patients with GC. (a, b) Genes with higher mutation frequency in GC patients. (c) ,e number of TMB in
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tissues [13]. However, due to the lack of effective evaluation
and prediction methods for most patients after surgery, the
local recurrence rate and metastasis rate are high, leading to
poor prognosis of patients. Somatic mutations in GC are
caused by relatively many factors, including DNA repair
defects, inherent errors in DNA replication mechanism,

DNA enzyme modification, and exogenous exposure [14].
Previous studies [15] have shown that there are relatively
many forms of mutations during the onset of GC, including
nonsynonymous mutations, synonymous mutations, in-
sertion and deletion, and copy number changes. In this
study, the total mutation rate of 262GC patients was 92.85%.
,e top 5mutated genes were TP53, RB1, ARID1A, KMT2B,
and RET, indicating that the gene mutation rate of GC
patients was high and there were many types, all of which
were directly involved in the occurrence and development of
GC.

TMB is the total number of somatic mutations per Mb
base in the exon coding region, and its level can reflect the
stability level of tumor genome and the heterogeneity of
microenvironment [16]. In recent years, with the continuous
development of medical technology, TMB has become a new
marker in GC patients. At the same time, with the wide
application of next-generation sequencing, the role of TMB
in tumor screening, monitoring, and treatment has become a
focus of current research [17]. Previous studies have shown
that TMB, as a biomarker that can identify immunothera-
peutic responses, is differentially expressed in different
tissues of GC [18]. In this study, the GC patients were
routinely divided into a high-level group and a low-level
group according to TMB 8 mutations/Mb. ,e results
showed that the expression level of TMB in GC patients was
statistically significant with age, drinking history, and dif-
ferentiation type (P< 0.05), indicating that the expression
level of TMB in GC is affected by many factors, which can
reflect and evaluate the prognosis of patients.

Studies have shown that [19] the level of TMB is
related to the response of patients to immunosuppres-
sants; the higher the level of TMB, the more neoantigens
that T lymphocytes can recognize and the better the effect
of surgery and immunotherapy. In order to further an-
alyze the relationship between TMB and prognosis in
patients with GC, patients were followed up for 24

Table 1: Relationship between TMB and clinicopathological parameters in GC patients.

Clinicopathological parameters n High (n� 85) Low (n� 177) χ2 P

Gender Male 165 51 114 1.593 0.771Female 97 34 63

Age ≥60 years 141 61 80 7.312 0.025∗<60 years 121 24 97

Race Han 214 68 146 0.781 0.602Others 48 17 31

Smoking history Yes 151 48 103 0.449 0.294No 111 37 74

Drinking history Yes 205 71 134 6.791 0.029∗No 57 14 43

Clinical stages I-II 127 21 106 0.782 0.391III-IV 135 64 71

Differentiation type
Low 63 34 29

6.342 0.034∗Moderate 102 30 72
High 97 21 76

∗P < 0.05.

Table 2: Multivariate logistic analysis of the effect of TMB on GC.

Variable β S.E. Wald P OR 95% CI
Age 1.535 0.059 8.681 <0.001 8.514 7.104–8.991
Drinking
history 1.024 0.042 6.456 <0.001 5.451 5.102–7.513

Differentiation
type 1.382 0.038 5.319 <0.001 4.096 3.241–5.692

S.E.: standard error.
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Figure 2: ,e overall survival time in high TMB expression group
was shorter than in low TMB expression group.
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months in this study. During the follow-up period, 94 of
262 patients died and 168 of them survived. Patients with
low levels of TMB had a worse prognosis than those with
high levels of TMB. ,e results of univariate and mul-
tivariate logistic analysis showed that the overall survival
rate of GC patients was statistically significant with age,
drinking history, clinical-stage, differentiation type, and
TMB. ,is indicated that the higher the level of TMB in
GC patients, the lower the overall survival rate. ,is is
mainly due to the high TMB level of patients given
surgical treatment, local recurrence rate, and metastasis
rate are higher. Moreover, patients with high TMB level
are less sensitive to chemotherapy and radiotherapy,
which will affect the prognosis of patients. ,erefore, the
determination of TMB level in GC patients should be
strengthened, and treatment regimens should be adjusted
according to the determination results, so as to improve
the prognosis of patients and prolong the life of patients
[20]. However, TMB is a relatively new biomarker, and
there are still some limitations in the current detection of
TMB, which requires intensive research in the future.

5. Conclusion

In conclusion, patients with GC are often accompanied
by TMB changes. ,e expression level of TMB is closely

related to the degree of pathological differentiation and is
an independent factor affecting the prognosis of GC
patients. High TMB value can evaluate the prognosis of
GC patients and provide a reference for the formulation
of the clinical treatment plan.

Data Availability

,e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

,e authors declare no conflicts of interest.

References

[1] Q. W. Liu, Y. Li, B. B. Tan et al., “Expression of TIP30 in
gastric cancer and its relationship with prognosis,” Chinese
General Practice, vol. 23, no. 6, pp. 55–60, 2020.

[2] Y. Jin, Y. M. Chen, X. Hu et al., “Analysis of the feasibility and
prognostic value of circulating tumor DNA in detecting gene
mutations in small cell lung cancer,”National Medical Journal
of China, vol. 100, no. 45, pp. 3614–3621, 2020.

[3] L. Zhang, X.-y. Liu, G. Zhong, Z. Xin, X.-Y. Sun, and
Z.-Y. Wang, “A protocol of systematic review and meta-
analysis of narrow band imaging endoscopy in detection of

Table 3: Univariate analysis of prognosis in GC patients.

Clinicopathological parameters n Death group (n� 94) Survival group (n� 168) χ2 P

Gender Male 165 53 112 0.682 0.194Female 97 41 56

Age ≥60 years 141 67 74 8.415 0.021∗<60 years 121 27 94

Race Han 214 78 136 1.325 0.993Others 48 16 32

Smoking history Yes 151 59 92 0.591 0.781No 111 35 76

Drinking history Yes 205 81 124 6.791 0.029∗No 57 13 44

Clinical stages I-II 127 25 102 5.678 0.035∗III-IV 135 69 66

Differentiation type
Low 63 43 20

8.331 0.024∗Moderate 102 40 62
High 97 11 86

TMB expression ≥8 104 87 17 12.194 <0.001∗∗<8 158 7 151
∗P < 0.05; ∗∗P < 0.01.

Table 4: Multivariate logistic analysis on the influence of prognosis in GC patients.

Variable Β S.E. Wald P OR 95% CI
Age 1.783 0.194 9.515 <0.001 10.591 9.671–12.562
Drinking history 1.569 0.151 6.391 <0.001 8.515 7.813–8.948
Differentiation type 1.447 0.132 6.874 <0.001 6.679 6.013–7.331
Clinical stages 1.361 0.084 7.891 <0.001 5.093 4.375–5.993
TMB 1.201 0.073 5.923 <0.001 3.591 3.025–4.682
S.E.: standard error.

Journal of Oncology 5



early gastric cancer,” Medicine, vol. 99, no. 33, Article ID
e21420, 2020.

[4] P. Yu, W. Y. Zhu, W. B. Peng, and Y. E. Fan, “Analysis of the
relationship between Hp infection and TNM stage and tumor
malignancy in patients with gastric cancer,”Chinese Journal of
Integrated Traditional and Western Medicine on Digestion,
vol. 28, no. 9, pp. 19–23, 2020.

[5] W. Zhang, W. Q. Liang, A. Z. Cai et al., “Clinicopathological
characteristics of gastric cancer in adolescents aged 10-24
years: 17-year experience of 17 years in a single institute,”
Chinese Journal of Gastrointestinal Surgery, vol. 23, no. 10,
pp. 963–968, 2020.

[6] C. Chen, J. Tian, J. Zhou, X. Ni, J. Lei, and X. Wang, “Bacterial
growth, morphology, and cell component changes in Her-
baspirillum sp. WT00C exposed to high concentration of
selenate,” Journal of Basic Microbiology, vol. 60, no. 4,
pp. 304–321, 2020.

[7] Y. Liu, Y. Zhang, J. Zhang et al.,Diagnostic Criteria for Gastric
Cancer (WS 316-2010), Standards Press of China, Beijing,
China, 2010.

[8] M. Zhang, Y. P. Liu, X. X. Chen, D. Y. Wu, K. L. Wu, and
C. Y. Xie, “Changes in stroke volume variation to predict fluid
responsiveness in elderly patients undergoing laparoscopic-
assisted radical gastrectomy,” International Journal of Anes-
thesiology and Resuscitation, vol. 41, no. 5, pp. 437–441, 2020.

[9] M. Wang and Y. Zhang, “Clinical analysis of coagulation
factors, gastrointestinal motility related hormones and tumor
markers in patients with gastric cancer undergoing laparo-
scopic gastrectomy,” Chinese Journal of <rombosis and
Hemostasis, vol. 26, no. 5, pp. 99-100, 2020.

[10] L. S. Lino-Silva, P. Anchondo-Núñez, A. Chit-Huerta et al.,
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Colorectal carcinoma (CRC), a life-threatening malignancy, has been found to present resistance to 5-fluorouracil (5-FU) and
cause a poor prognosis for patients. Previous studies have proved that all-trans retinoic acid (ATRA) could inhibit the de-
velopment of CRC cells. In addition, miR-378c was discovered to exert a vital role in various cancers. In this study, we utilized
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), transwell assay, and flow cytometry to confirm that ATRA
was able to enhance the inhibitory effects of 5-FU on HCT116 cells effectively by promoting cell apoptosis. *en, ENCORI
database (http://starbase.sysu.edu.cn/) was employed to predict that miR-378c was downregulated dramatically in CRC and E2F7
was the direct target of miR-378c. QRT-PCR (quantitative real-time polymerase chain reaction) was conducted to verify that the
expression level of miR-378c was decreased while E2F7 expression was upregulated in CRC tissues compared with para-car-
cinoma tissues. Additionally, treatment of 5-FU combined with ATRA could increase miR-378c expression, whereas it decreased
the expression of E2F7. Dual-Luciferase Reporter assay results revealed that miR-378c could regulate the load of E2F7 by binding
to its 3′UTR directly. Furthermore, miR-378c inhibitor or vector with E2F7 partially counteracted the effects of 5-FU combined
with ATRA on viability, migration, invasion, and apoptosis of HCT116 cells. In conclusion, our study aims to confirm that ATRA
enhances chemosensitivity to 5-FU of patients with CRC and expound the potential molecular mechanisms.

1. Introduction

Increasing developments had been made in treating CRC
recently. However, CRC remains the second main reason for
death associated with tumors and is graded as the fourth
diagnosed malignancy worldwide [1–3]. Chemotherapies
were the foundation of treatment for patients with CRC in
recent decades even though they exhibited obvious toxicity
in addition to being ineffective [4]. Due to the limitations of
early symptoms as well as screening technologies, many
patients with CRC are diagnosed at the advanced stage [5].
*e reason that contributes to poor results for patients is
mainly recurrence in addition tometastasis of CRC [6]. Over

the past few decades, the useful therapy for patients with
CRC is the chemotherapy based on fluorouracil. Never-
theless, patients are becoming more and more resistant to 5-
FU, which is the major barrier for treating effectively [7, 8].
*erefore, multiple anticancer agents are employed to
combine with 5-FU to enhance therapeutic effectiveness for
CRC at present [9]. ATRA, one of the important metabolites
of vitamin A, has great potential to prevent and treat cancer
[10]. ATRA plays promising roles in various cancers in-
cluding breast cancer, glioblastoma, and head-and-neck
cancer [11, 12]. Additionally, Yang et al. found that ATRA is
able to inhibit colon cancer cells from proliferating via
mediating sponge miR3666 [11]. Maŕıa Ángeles Castro et al.
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primarily revealed that retinoids and 5-FU have synergistic
effects on Caco-2 cells [13]. However, the detailed functions
and mechanisms underlying 5-FU in addition to ATRA are
uncovered now.

MicroRNAs, as the endogenous, non-coding RNAs, have
the ability to regulate target genes, and a variety of witnesses
have testified that microRNAs are correlated to the pro-
gression of various cancers [14–16]. MicroRNAs can serve as
either cancer suppressor genes or oncogenes to affect the
proliferation, migration, and therapy of cancers [17]. A load
of certain genes related to metabolism, stress responses, and
cell apoptosis will be regulated by the aberrant transcription
of specific miRNAs [18, 19]. Take miR-433, for example; it
decreases resistance of cervical cancer cells to 5-FU through
regulating the expression of TYMS [20]. Mir-20313, in
addition to miR-197, could regulate the reactivity of colo-
rectal cells to 5-FU by changing TYMS expression [21, 22].
MiR-378c belonging to the miR-378 family has been found
to have a close relationship with cancers. For example, miR-
378c is decreased in gastric cancer tissues, according to
previous reports [23]. Furthermore, we consulted the da-
tabase and found that miR-378c was downregulated sig-
nificantly in COAD (colon adenocarcinoma), but its effects
on CRC are unclear.

*erefore, our study reveals the functions and detailed
molecular mechanisms of ATRA combined with 5-FU for
CRC via the miR-378c/E2F7 axis.

2. Materials and Methods

2.1. Patients and Tissue Samples. CRC and para-carcinoma
tissues were extracted from 15 patients diagnosed with early
CRC and treated with radical surgery at Qilu Hospital, Jinan,
Shandong, China. In addition, no patients were treated
systematically before surgery. All patients provided written
informed consent. *e isolated tissues were put in liquid
nitrogen immediately. All experiments involved in this study
were in accordance with the ethics committee of the Qilu
Hospital, Jinan, Shandong, China.

2.2. Cell Culture. *e HCT116 cell line was purchased from
COBIOER in Nanjing and was cultured with McCoy’s 5A
(Gibco, USA), including 10% FBS (fetal bovine serum) at
37°C.

2.3. Cell Treatment. Different concentrations of 5-FU and
ATRA were dissolved in dimethylsulfoxide (DMSO, *er-
mofisher) solution. HCT116 cells were cultured overnight
and treated with the indicated concentration of 5-FU in
addition to ATRA for 24 hours. Additionally, the control
group referred to DMSO solution with the same volume.

2.4. Cell Transfection. HCT116 cells (1× 105 cells/well) were
planted in specific well plates. Indicated mimic, inhibitor, or
vector was transfected into HCT116 cells when cells reached
70% confluence with Lipofectamine 3000 (*ermofisher,

USA). After culturing for 24 hours, HCT116 cells were
collected for the following assay.

2.5. MTT Assay. HCT116 cells (1× 103 cells/well) were
planted in a 96-well plate and cultured for a night. *en,
different doses of 5-FU and ATRA were used to treat
HCT116 cells which have been transfected with indicated
vectors. After 24 hours, 0.5mg/ml MTT was added into
every well for 4 hours. Finally, the OD value at 550 nm was
recorded with a Flash reader (*ermofisher, USA) to rep-
resent cell viability.

2.6. Cell Apoptosis. HCT116 cells were planted in 6-well
plate overnight. *en, different doses of 5-FU and ATRA
were used to treat HCT116 cells which were transfected with
indicated vectors. After 24 hours, all cells were obtained in
HEPES buffer (119.15 g HEPES (4-hydroxyethyl piperazine
ethanesulfonic acid), 0.5–1MNaOH, PH 6.8–8.2, capacity to
500ml), and the mixture was centrifuged to abandon su-
pernatant. Next, cells were stained by Annexin V/PI for half
hour. Subsequently, flow cytometry was conducted to an-
alyse cell apoptosis rate by using CellQuest software (Becton,
USA). *e four quadrants represent normal (third quartile),
early apoptosis (second quartile), late apoptosis (fourth
quartile), and necrotic (first quartile) cells.

2.7. Transwell Assay. For migration assay, HCT116 cells
(5×104 cells) in serum-free medium were planted in the
upper transwell chamber containing an insert (8-mm pore;
Corning, USA). Nevertheless, cells were seeded in the upper
transwell chamber containing an insert prepared with
Matrigel. Medium with 10% FBS as the chemoattractant was
placed in the lower transwell chamber. After 24 hours, cells
still staying on the upper part were cleared away by using
cotton wool; however, cells migrating or invading to the
lower chamber were fixed, stained, and recorded with an
inverted microscope (Olympus, Japan).

2.8. Dual-Luciferase Reporter Assay. *e sequence of E2F7-
WTor E2F7-MUTwas amplified and constructed into pGL3
plasmid (*ermofisher, USA). Specific mimic or vector was
transfected into HCT116 cells by Lipofectamine 3000. After
36–72 hours, a microplate reader was used to measure and
record the luciferase activity. Among this assay, a negative
control was the luciferase activity of Renilla.

2.9. Quantitative Real-Time PCR. Total RNA of tissues or
HCT116 cells was obtained by TRIzol reagent (Invitrogen,
USA). *e mRNA level of indicated gene was detected by
utilizing a qRT-PCR system (Bio-rad, USA). U6, in addi-
tion to GAPDH, was used to be the reference of miR-378c
and E2F7, respectively. Relative load of a gene was mea-
sured in the 2−ΔΔCt method. *e primer sequence infor-
mation is provided in Table 1.
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2.10. Western Blot. Total proteins were extracted from
HCT116 cells with lysis buffer (Monad, China) and were
isolated by10% SDS PAGE, which were next transferred to
PVDF membrane (*ermofisher, USA). *en, the mem-
brane was incubated with primary antibodies GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) (#2118, Cell
Signaling Technology), Bcl-2 (#15071, Cell Signaling Tech-
nology), Bax (#5023, Cell Signaling Technology), or cleaved-
Caspase-3 (#9661, Cell Signaling Technology) overnight.
Subsequently, the membrane was incubated with secondary
antibodies and then photographed by the Odyssey Infrared
Imaging System (LI-COR, USA).

2.11. Statistical Analysis. All data in this study were pre-
sented in the manner of mean± SD. Statistical difference was
measured by using SPSS 19.0 system (IBM, USA) with
Student’s t-test and ANOVA. Comparisons were calculated
and P< 0.05 was regarded to be significant statistically.

3. Results

3.1. ATRA Enhanced the Inhibitory Effect of 5-FU on Pro-
gression of HCT116 Cells and Induced Cell Apoptosis in a
Concentration-Dependent Manner. To reveal the impacts
of 5-FU as well as ARTA combined with 5-FU on co-
lorectal cancer cells, HCT116 cells were employed and
treated with 5-FU or 5-FU plus ATRA in indicated doses.
*e data illustrated that 5-FU decreased the proliferation
ability of HCT116 cells and adding ATRA further
downregulated cell viability compared with the control
group (P< 0.05, Figure 1(a)). Additionally, we conducted
flow cytometry and found that compared with control
group, 5 μM 5-FU increased the apoptosis rate of
HCT116 cells and 5 μM 5-FU combined with 5 μM ATRA
induced more cell apoptosis significantly (P< 0.05,
Figure 1(b)). Proteins related to apoptosis were measured
and the results showed that the level of Bax in addition to
cleaved-Caspase-3 was upregulated while the level of
Bcl2 was downregulated by 5-FU. Meanwhile, the
changes were enhanced dramatically by 5-FU combined
with ATRA as shown in Figure 1(c). Furthermore,
treating cells with 5-FU plus ATRA exhibited the worst
migration and invasion ability compared to the control
group as well as the 5-FU group (P< 0.05, Figures 1(d)
and 1(e)). *us, ATRA enhanced the series of effects of 5-
FU on HCT116 cells.

3.2. MiR-378c Is Downregulated in CRC and Is Positively
Regulated by Treatment of 5-FU Combined with ATRA
Significantly. According to ENCORI database, we discov-
ered that the level of miR-378c was notably lower in CRC
samples compared with normal samples (Figure 2(a)). In
addition, we collected CRC and para-carcinoma tissues from
15 patients and conducted qRT-PCR; the results confirmed
that the expression level of miR-378c was decreased dra-
matically in CRC tissues (P< 0.05, Figure 2(b)). To uncover
the relationship betweenmiR-378c and 5-FU combined with
ATRA, qRT-PCR assay was applied to detect the load of
miR-378c after treating with 5-FU combined with ATRA.
Interestingly, we found that 5-FU increased the expression
level of miR-378c and 5-FU combined with ATRA further
increased the load of miR-378c in HCT116 cells (P< 0.05,
Figure 2(c)).

3.3. Effects of 5-FU Combined with ATRA Are Mediated by
miR-378c. To verify whether 5-FU combined with ATRA
affected developments of HCT116 cells by miR-378c, we
conducted MTT, transwell assay, and flow cytometry. *e
combined impacts of 5 μM FU+ 5 μM ATRA (this com-
bination possessed capacity to decrease cell viability no
less than 50%) and miR-378c on progression of HCT116
were detected. *e data illustrated that the effects of 5 μM
FU+ 5 μM ATRA on downregulated cell proliferation,
migration in addition to invasion (P< 0.05, Figures 3(a)–
3(c)), upregulated cell apoptosis (Figure 3(d)), and
changed apoptosis-related proteins (Figure 3(e)) were
partially counteracted by miR-378c inhibitor in HCT116
cells.

3.4. E2F7 Is the Direct Target of miR-378c. To reveal how
miR-378c affected CRC, we predicated the targets of miR-
378c by using ENCORI website. As presented in
Figures 4(a) and 4(b), E2F7 was the direct target of miR-
378c and luciferase reporter assay was used to show that the
3′UTR of E2F7 could be bound by miR-378c (P< 0.05).
Subsequently, the expression level of E2F7 was measured
after transfecting miR-378c mimic or miR-378c inhibitor.
Consistently, the E2F7 expression was decreased signifi-
cantly by miR-378c mimic while increased dramatically by
miR-378c inhibitor in HCT116 cells (P< 0.05, Figure 3(c)).
*us, miR-378c was able to negatively control the ex-
pression of E2F7.

Table 1: *e sequence of primer.

Gene RT-PCT primer

MiR-378c Forward: 5ʹ GAGGCCATCACTGGACTTGG-3ʹ
Reverse: 5ʹ-GAGGCACTCACCACCTTCAAA-3ʹ

U6 Forward: 5ʹ CTCGCTTCGGCAGCACA-3ʹ
Reverse: 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ

E2F7 Forward: 5ʹ-AATGCAGTGGTTGTTTCTGT-3ʹ
Reverse: 5ʹ-TGCCATTGCTTCTTCACTAC-3ʹ

GAPDH Forward: 5ʹ-GGGAAACTGTGGCGTGAT-3ʹ
Reverse: 5ʹ-GAGTGGGTGTCGCTGTTGA -3ʹ
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3.5. E2F7 Is Upregulated in CRC and Is Negatively Regulated
by Treatment of 5-FU Combined with ATRA Significantly.
*e expression of E2F7 was suppressed significantly in CRC
samples than that in normal samples according to the
GEPIA database (Figure 5(a)). Consistently, the mRNA level
of E2F7 in CRC tissues from 15 cases of patients was higher
obviously than that in para-carcinoma tissues via using qRT-

PCR experiment (P< 0.05, Figure 5(b)). HCT116 cells were
treated with 5-FU plus ATRA, and we measured the load of
E2F7 to explore the correlation between 5-FU combined
with ATRA and E2F7. We discovered that 5-FU inhibited
the expression level of E2F7 and its expression was further
decreased by treatment of 5-FU combined with ATRA
(P< 0.05, Figure 5(c)).
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Figure 1: ATRA enhanced the inhibitory effects of 5-Fu on progression of HCT116 cells and induced cell apoptosis in a concentration-
dependent manner. (a) Cell viability measured byMTTassay (P< 0.05). (b) Cell apoptosis after treating with indicated reagents. (c)*e level
of proteins related to cell apoptosis. (d) Migration of HCT116 cells after indicated treatment (P< 0.05). (e) Invasion of HCT116 cells after
indicated treatment (P< 0.05).
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3.6. Effects of 5-FU Combined with ATRA Are Mediated by
E2F7. To confirm that 5-FU plus ATRA inhibited the
progress of CRC cells via miR-378c/E2F7 axis, we further
investigated the combined effects of 5 μM FU+ 5 μM
ATRA and E2F7 on viability, migration, invasion, and
apoptosis of HCT116 cells. 5 μM FU+ 5 μM ATRA still
decreased the ability of cell proliferation (Figure 6(a)),
migration (Figure 6(b)), and invasion (Figure 6(c)), in-
creased cell apoptosis rate (Figure 6(d)), and changed
apoptosis-related protein expression (Figure 6(e)), which
however partly were reversed by overexpressing E2F7
significantly (P< 0.05). *us, E2F7 could partially coun-
teract the inhibitory effects of 5-FU combined with E2F7 on
CRC cells.

4. Discussion

CRC results in the second highest mortality related to
cancers across the world. *e reason why life expectancy of
patients with CRC usually no more than 1 year is that most
of them are definite diagnoses in terminal stages [24].
Chemotherapy based on 5-FU has achieved good perfor-
mance in treating patients with cancer; however, resistance
to 5-FU is the leading limitation for good prognosis [25].*e
detailed mechanisms of resistance to 5-FU remain unclear
now because of fickle biological processes [26]. Clinical trials
revealed that ATRA could inhibit proliferation and promote
cell apoptosis in CRC and it was then discovered to alter
gene expression for exerting its functions [27]. In our study,
we found that using 5-FU alone was able to decrease the
viability of HCT116 cells in a dose-dependent manner, while
5-FU combined with ATRA further blocked cells to pro-
liferate significantly. Meanwhile, combined inhibitory effects

of 5-FU and ATRA also appeared in migration as well as
invasion of HCT116 cells. In addition, 5-FU could promote
cell apoptosis and apoptosis rate will be further increased
after treatment of 5-FU plus ATRA. All above data illus-
trated that ATRA had the potential to enhance the anti-
cancer effects of 5-FU and chemosensitivity of patients to 5-
FU.

Previous research has reported that multiple micro-
RNAs are associated with chemotherapy. For example,
miR-100-5p is connected with cisplatin resistance of pa-
tients with lung cancer [28]. MiR-32-5p, produced in re-
sistant cells, could trigger the PI3K/Akt signaling pathway
in cancer cells [29]. MiR-145, in addition to miR-34a,
serves as tumor-inhibiting factors to be associated with 5-
FU resistance in CRC [30]. Notably, miRNA-378 family has
been found to exert roles in cell viability, migration, in-
vasion, and apoptosis in various cancers, including ovarian
cancer [31], colon cancer [32], and so on [33, 34]. MiR-
378c, one of the members of miRNA-378 family, has been
reported to play a vital role in cancers such as gastric cancer
and lung cancer [35, 36]. We discovered that miR-378c was
downregulated in CRC according to the ENCORI database.
Next, qRT-PCR was employed to confirm that the level of
miR-378c was decreased in CRC tissues compared with
para-carcinoma tissues. Interestingly, miR-378c could be
upregulated by 5-FU alone in a concentration-dependent
manner and the increase will be enhanced by adding
ATRA, indicating the tight relationship between miR-378c
and 5-FU combined with ATRA. Given this correlation, MTT
assay, transwell assay, flow cytometry, and western blotting
were conducted, and the results showed that miR-378c par-
tially eliminated the series of effects of 5-FU combined with
ATRA on CRC cells. Furthermore, E2F7 was predicted to be
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the direct target of miR-378c and it serves as a transcriptional
suppressor to inhibit cell viability. E2F7 could play a signif-
icant role in various cancers, such as cutaneous squamous cell
carcinomas [37], endometrial carcinoma [38], gallbladder
cancer [39], and breast cancer cells [40]. In this study, we

verified that E2F7 was regulated by miR-378c and down-
regulated in CRC tissues. In addition, the expression level of
E2F7 was decreased by 5-FU alone and further suppressed
dramatically by 5-FU combined with ATRA. Expected data
illustrated that overexpression of E2F7 could partly reverse the
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effects of 5-FU plus ATRA on HCT116 cells, indicating that 5-
FU combined with ATRA exerts its functions via miR-378c/
E2F7 axis.

5. Conclusion

In conclusion, our study primarily revealed that ATRA en-
hanced the inhibitory effects of 5-FU on CRC cells through the
miR-378c/E2F7 axis, which provides a type of potential therapy
regimen for patients diagnosed with CRC.

Data Availability

*e data used to support the findings of this study are in-
cluded within the article.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

References

[1] L. Wang, L. Qian, X. Li, and J. Yan, “MicroRNA-195 inhibits
colorectal cancer cell proliferation, colony-formation and
invasion through targeting CARMA3,” Molecular Medicine
Reports, vol. 10, no. 1, pp. 473–478, 2014.

[2] M. A. Mansour, T. Hyodo, S. Ito et al., “SATB2 suppresses the
progression of colorectal cancer cells via inactivation of
MEK5/ERK5 signaling,” FEBS Journal, vol. 282, no. 8,
pp. 1394–1405, 2015.

[3] Q. Zhang, R.-X. Liu, K.-W. Chan et al., “Exosomal transfer of
p-STAT3 promotes acquired 5-FU resistance in colorectal
cancer cells,” Journal of Experimental & Clinical Cancer Re-
search, vol. 38, no. 1, p. 320, 2019.

[4] L. E. Dow, K. P. O’Rourke, J. Simon et al., “Apc restoration
promotes cellular differentiation and reestablishes crypt ho-
meostasis in colorectal cancer,” Cell, vol. 161, no. 7,
pp. 1539–1552, 2015.

[5] A. Sadanandam, C. A. Lyssiotis, K. Homicsko et al., “A co-
lorectal cancer classification system that associates cellular
phenotype and responses to therapy,” Nature Medicine,
vol. 19, no. 5, pp. 619–625, 2013.

[6] M. Xu, X. Chen, K. Lin et al., “lncRNA SNHG6 regulates
EZH2 expression by sponging miR-26a/b and miR-214 in
colorectal cancer,” Journal of Hematology & Oncology, vol. 12,
no. 1, p. 3, 2019.

[7] H. K. Kim, I. J. Choi, C. G. Kim et al., “A gene expression
signature of acquired chemoresistance to cisplatin and fluo-
rouracil combination chemotherapy in gastric cancer pa-
tients,” PLoS One, vol. 6, no. 2, Article ID e16694, 2011.
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Background. Liver cirrhosis is one of the major drivers of hepatocellular carcinoma (HCC). In the present study, we aimed to
identify and validate new biomarker for early prediction of HCC development in early-stage cirrhosis patients. Methods. mRNA
expression and clinical parameters of GSE63898, GSE89377, GSE15654, GSE14520, and TCGA-HCC cohort and ICGC-HCC
cohort were downloaded for analysis. Wilcoxon test was performed to identify DEGs. Univariate and multivariate Cox regression
analysis were used to develop the risk signature, and ROC analysis was performed to analyze the predictive accuracy and
sensitivity of the risk signature. Results. -ere were 42 DEGs (including 28 upregulated genes and 14 downregulated genes) found
in early-stage liver cirrhosis patients before developing HCC from GSE1565442.-en, a risk signature consisting of 8 DEGs could
effectively classify early-stage cirrhosis patients into high-risk group with shorter HCC development time and low-risk group with
longer HCC development time from GSE15654. Multivariate Cox analysis indicated that the risk signature was an independent
prognostic factor for the prediction of HCC development and ROC analysis showed that the signature exhibited good predictive
efficiency in predicting 2-, 5-, and 10-year HCC development. Mechanistically, significantly higher proportions of CD8 T cells
were found to be enriched in cirrhosis patients with low risk score, and higher CD8 T cells were associated with longer HCC
development time. Besides, the signature was an independent prognostic factor for poorer prognosis of early-stage liver cirrhosis
patients of GSE15654. Moreover, the signature could also separate HCC patients from healthy controls and was also associated
with the poorer prognosis of HCC patients from three HCC cohorts. Finally, we also identified HDAC inhibitors, such as
trichostatin A, to be a potential chemopreventive treatment for the prevention of HCC development by targeting risk signature
based on CMap analysis. Conclusion. A risk signature was developed and validated for early prediction of HCC development,
which may be a useful tool to set up individualized follow-up interval schedules.

1. Introduction

Hepatocellular carcinoma (HCC) continues to be a serious
threat and burden to public health as it represents the sixth
most common cancers and the fourth leading cause of
cancer-related death worldwide [1]. Moreover, the incidence
of HCC has increased rapidly in regions, previously iden-
tified as lower rates, such as Oceania, Western Europe, and
Northern America [2]. Much achievement has been made in
treating HCC. However, the disease is still tackled with low
remission rate, high recurrence, and low survival rate. To

date, no effective adjuvant therapy is available for prevention
of recurrence [3, 4]. Furthermore, at times of the diagnosis of
HCC is made, 40% to 50% of the patients are at their ad-
vanced stages and the treatment options are very limited [5].
-is comes to great clinical urgency in identification of a
potential new efficient method for the diagnosis of HCC.

HCC is known to be related to inflammation and liver
damage [6]. Liver cirrhosis is a notable risk factor for HCC
and is often found prior to the development of HCC [7, 8].
-e incidence of HCC in non-cirrhosis patients is 0.5% to
1.0%, but the incidence of HCC in cirrhosis patients reaches
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as much as 3%–6%. Current practice guideline suggests the
necessity of regular HCC surveillance [9–12]. However,
there were up to 12% of HCC patients could be diagnosed
through current surveillance recommendation [13]. Other
effective prognostic signature is needed to identify cirrhosis
patients who are at high risk for HCC development and
should be further justified.

Recent applications of microarray and high-throughput
technologies have provided a better method to better un-
derstand the molecular mechanism of the transformation
from liver cirrhosis to HCC [14, 15], through which new
biomarkers in screening HCC in cirrhosis patients could be
explored. In the present study, we first screened out dif-
ferentially expressed genes (DEGs) between cirrhosis pa-
tients and early HCC patients and then further identified
those DEGs whose expression had been altered in early-stage
liver cirrhosis patients before development of HCC. Next, we
developed and validated a risk signature for prediction of
HCC development for early-stage liver cirrhosis patients and
analyzed the association of the risk signature with infiltrating
immune cells. Besides, we assessed the prognostic value of
this signature in HCC patients. Moreover, we sought to
identify potential bioactive compounds which could be
potential chemopreventive treatment for the prevention of
HCC development by targeting the risk signature.

2. Materials and Methods

2.1. Ethics Statement. All the data used for analysis in the
present study were downloaded from -e Cancer Genome
Atlas (TCGA), Gene Expression Omnibus (GEO), and In-
ternational Cancer Genome Consortium (ICGC) database,
so written consents had already been obtained before our
study.

2.2. Data Acquisition. mRNA expression profiles of GSE638
98, GSE89377, GSE15654, and GSE14520 were downloaded
from GEO database (https://www.ncbi.nlm.nih.gov/geo/).
mRNA expression profile of TCGA-HCC cohort was got
from GDC Data portal (https://cancergenome.nih.gov/).
mRNA expression profile of ICGC Japan HCC cohort was
attained from the ICGC portal (https://dcc.icgc.org/projects/
LIRI-JP). All the data were log2-trasformed for data
normalization.

In GSE63898, there were 196 early HCC patients (de-
fined as BCLC 0/A stage) and 168 liver cirrhosis patients. In
GSE89377, there were 12 liver cirrhosis patients, 22 patients
with dysplastic nodules, 5 early HCC patients, and 23 ad-
vanced HCC patients. GSE63898 and GSE89377 were used
to identify DEGs and KEGG pathways between liver cir-
rhosis patients and early HCC patients. DEGs were iden-
tified with a cut-off value of p< 0.05. KEGG pathways
enriched by these DEGs were identified in DAVID (https://
david.ncifcrf.gov/summary.jsp), and a cut-off value of
p< 0.05 was considered as statistically significant.

In GSE15654, gene expression profile of formalin-fixed
needle biopsy specimens from the livers of 216 patients with
hepatitis C-related early-stage (Child–Pugh class A)

cirrhosis were available. -ese patients were prospectively
followed up for a median of 10 years at an Italian center, and
there were 65 liver cirrhosis who finally developed HCC.
GSE15654 was used to identify the DEGs and KEGG
pathways between liver cirrhosis patients who would or
would not develop HCC with similar method as described
above. Besides, GSE15654 was also used to develop a risk
signature for prediction of HCC development for early-stage
liver cirrhosis patients. Basic characteristics of 216 patients
with early-stage cirrhosis were summarized in Table 1.

-ree HCC cohorts, including TCGA-HCC cohort (377
HCC patients and 50 normal controls), GSE14520 HCC
cohort (220 HCC patients), and ICGC HCC cohort (232
HCC patients), were used to examine the prognostic value of
the risk signature in HCC patients. Basic characteristics of
HCC patients from these three cohorts were summarized in
Table 2.

2.3. Development and Validation of Risk Signature for Early
Prediction of HCC Development for Liver Cirrhosis Patients.
First, these 216 early-stage liver cirrhosis patients were
randomly divided into training cohort (N� 108) and vali-
dation cohort (N� 108) with an allocation of 1 :1. Next,
univariate and multivariate Cox regression analysis were
performed to screen out the HCC development-associated
genes in the training cohort. -en, a risk signature was
constructed based on the coefficients weighted by multi-
variate Cox regression analysis. With the help of this sig-
nature, risk score for each patient was calculated and they
were divided into high-risk group and low-risk group with
the best cut-off value calculated by X-Tile software (http://
tissuearray.org/, version 3.6.1). After that, the prognostic
and predictive values of this signature were analyzed by
univariate and multivariate Cox regression analysis and
time-dependent ROC analysis. Finally, the applicability of
the signature was also validated in the validation cohort and
the whole cohort.

2.4. CIBORSORT. CIBERSORT (https://cibersort.stanford.
edu), an online tool designed for estimating the abundances
of infiltrating immune cells, was used for estimating infiltrating
immune cells of 216 liver cirrhosis patients on the basis of
mRNA expression profiles [16].

2.5. CMap Analysis. HCC development-associated genes
identified by multivariate Cox regression analysis were
classified into upregulated genes with the HR> 1 and
downregulated genes with the HR< 1. Next, these genes
were uploaded to the CMap web tool (https://portals.
broadinstitute.org) to screen out compounds that may be
potential chemopreventive treatment for the prevention of
HCC development. Scores that ranged from −1 to 1 rep-
resented the correlation between compounds and risk sig-
nature genes. A negative score indicated that the
corresponding compounds could reverse the expression of
related genes and thus may be more likely to be used for
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chemopreventive treatment for prevention of HCC devel-
opment, and vice versa [17].

2.6. Data Analysis Flowchart. A workflow of the study was
depicted and is shown in Figure 1.

2.7. Statistical Analysis. R software (version 3.5.1) and
GraphPad Prism 6 (GraphPad Software, La Jolla, CA, USA)
were used for statistical analysis. Wilcoxon test was per-
formed to identify DEGs between patients with liver cir-
rhosis and early HCC patients, or early-stage liver cirrhosis
patients who would or would not develop HCC. Unpaired

Table 1: Basic characteristics of 216 patients with early-stage liver cirrhosis from GSE15654.

Variables Liver cirrhosis patients (N� 216)
Varices (yes/no/NA) 52/159/5
Bilirubin (<1.0mg/dl/ ≥1.0mg/dl) 108/108
Platelet (<100,000/mm3/≥100,000/mm3) 99/117
Development of HCC (yes/no) 65/151
Times to develop HCC (days, median) 3230 (175–8256)
Development of death (yes/no) 66/150
Times to death (days, median) 3580.5 (194–8256)

Table 2: Basic characteristics of HCC patients from TCGA, GSE14520, and ICGC HCC cohorts.

Variables TCGA cohort (N� 377) GSE14520 cohort (N� 220) ICGC cohort (N� 232)
Gender (male/female) 255/122 190/30 171/61
Age (years, ≤60/>60/NA) 180/196/1 181/39 50/182
Cirrhosis (yes/no/NA) 81/137/159 202/18 NA
Histologic grade (G1/G2/G3/G4/NA) 55/180/124/13/5 NA NA
T stage (I/II/III/IV/TX/NA) 185/95/81/13/1/2 NA NA
N stage (N0/N1 +NX/NA) 257/119/1 NA NA
M stage (M0/M1 +MX) 272/105 NA 189/43
TNM stage (I/II/III/IV/NA) 175/87/86/5/24 93/77/48/-/2 36/106/71/76

Cirrhosis patients
vs.

early HCC patients
(GSE63898, GSE89377)

Early-stage cirrhosis patients who would develop HCC
vs.

early-stage cirrhosis patients who would not develop HCC
(GSE15654)

KEGG pathway DEGs DEGs KEGG pathway
Randomly

divided (1:1)

Correlation with
immune cells

infiltration

Correlation with
prognosis of HCC

patients from
TCGA/ICGC/GSE14520

cohorts

Identification of
bioactive compounds

for targeting risk
signature based on

CMap analysis

Correlation with
overall survival

of cirrhosis
patients

Training cohort
(n = 108)

Univariate and
multivariate Cox analysis

K-M analysis

ROC for HCC
development

Risk signature for prediction of
HCC development

42 DEGs were found in cirrhosis patients before
developing HCC

Validation cohort
(n = 108)

Validation

Figure 1: -e workflow chart of the present study.
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Student’s t-tests or ANOVA tests were performed to
compare the difference of risk score between two groups or
more than three groups. Kaplan–Meier analysis with two-
side log-rank test was performed to analyze the difference of
HCC development time, overall survival (OS), or disease-
free survival (DFS) between patients of different risk scores.
Univariate and multivariate Cox regression analysis were
performed to analyze the prognostic value of the risk sig-
nature. Time-dependent ROC was performed to analyze the
predictive accuracy and sensitivity of the risk signature.
Additional statistical analyses were performed with STAMP
[18]. p< 0.05 was considered as statistically significant.

3. Results

3.1. DEGs and KEGG Pathways between Liver Cirrhosis Pa-
tients and Early HCC Patients. First, 7707 DEGs, including
4288 upregulated genes and 3419 downregulated genes, were
found at early HCC patients (BCLC 0/A stage) compared to
liver cirrhosis patients from GSE63898 (Figure 2(a)). Next,
in order to reduce the selection bias, DEGs between 12 liver
cirrhosis patients and 5 early HCC patients from GSE89377
were also identified, and 5438 DEGs, including 2782
upregulated genes and 2656 downregulated genes, were
identified in early HCC patients compared to liver cirrhosis
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Figure 2: Differentially expressed genes (DEGs) and KEGG pathways between liver cirrhosis patients and early HCC patients. (a) Volcano
figure of DEGs identified between liver cirrhosis patients and early HCC patients of GSE63898. (b) Volcano figure of DEGs identified
between liver cirrhosis patients and early HCC patients of GSE89377. (c) Venn diagram of overlapped DEGs fromGSE63898 and GSE89377.
(d) KEGG pathways enriched in early HCC patients.
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patients (Figure 2(b)). In total, 1410 DEGs, including 662
upregulated genes and 748 downregulated genes, were
identified in early HCC patients by overlapping DEGs from
GSE63898 and GSE89377 (Figure 2(c), Supplementary
Material 1). -ese 1410 DEGs were mainly enriched in
KEGG pathways, such as cell adhesion molecules (CAMs),
PI3K-Akt signaling pathway, focal adhesion, antigen pro-
cessing and presentation, chemokine signaling pathway,
central carbon metabolism in cancer, and choline meta-
bolism in cancer (Figure 2(d)), which had been found to be
related with the development and progression of HCC.
-ese results indicated that the above DEGs and KEGG
pathways may play an important role in the transformation
of liver cirrhosis to early HCC.

3.2. DEGs and KEGG Pathways between Early-Stage Liver
Cirrhosis Patients Who Would or Would Not Develop HCC.
After identifying the DEGs and KEGG pathways between
liver cirrhosis patients and early HCC patients, we next
aimed to identify the DEGs and KEGG pathways between
early-stage liver cirrhosis patients who would or would not
develop HCC. In total, 1511 DEGs, including 972 upregu-
lated genes and 539 downregulated genes, were found at
liver cirrhosis patients who developed HCC compared to
liver cirrhosis patients who would not develop HCC
(Figure 3(a)). -ese DEGs were mainly enriched in KEGG
pathways, such as complement and coagulation cascades,
chemical carcinogenesis, retinol metabolism, valine, leucine
and isoleucine degradation, tyrosine metabolism, and
metabolism of xenobiotics by cytochrome P450
(Figure 3(b)). Compared to the KEGG pathways enriched in
early HCC patients, abnormal metabolism of nutrient
substance, such as carbon, choline, and amino acid, had been
found at early-stage liver cirrhosis patients who would
develop HCC. Moreover, compared to the DEGs identified
in early HCC patients, 42 DEGs, including 28 upregulated
genes and 14 downregulated genes, were found to be already
abnormal in early-stage liver cirrhosis patients before de-
veloping HCC (Figure 3(c), Supplementary Material 2),
suggesting that these abnormally expressed genes may be
served as biomarkers for the identification of early-stage
liver cirrhosis patients who were at high risk for HCC
development.

3.3. Construction of a Risk Signature for Early Prediction of
HCC Development for Early-Stage Liver Cirrhosis Patients of
the TrainingCohort. Having found 42 abnormally expressed
genes, which may be served as biomarkers for the identi-
fication of early-stage liver cirrhosis patients who were at
high risk for HCC, we then tried to comprehensively explore
the association of these abnormally expressed genes with the
development of HCC. First, 216 early-stage liver cirrhosis
patients were randomly divided into training cohort
(N� 108) and validation cohort (N� 108). Next, 14 genes
were found to be associated with HCC development in
patients of the training cohort by univariate Cox regression
analysis (Supplementary Material 3). -en, multivariate Cox
regression analysis was performed to further screen out the

most HCC development-associated genes (including
SEMA4D, RBM28, RPS3A, AGPAT1, COPS4, DPP3,
NPLOC4, and YEATS2). Finally, a risk signature was
constructed based on the coefficients weighted by multi-
variate Cox regression analysis. -e risk score was
calculated as follows: risk score � (−2.07∗ SEMA4D ex-
pression) + (1.71∗RBM28 expression) + (0.83∗RPS3A ex-
pression) + (0.73∗AGPAT1 expression)− (1.23∗COPS4
expression) + (1.44∗DPP3 expression) + (0.32∗NPLOC4
expression) + (0.67 ∗YEATS2 expression). We calculated
the risk score for each patient. Patients with a risk score > 4
were classified into high-risk group (N � 24), and others
with a risk score < 4 were assigned to low-risk group
(N � 84) by the X-Tile software (http://tissuearray.org/,
version 3.6.1). Higher risk scores were found in liver
cirrhosis patients who would develop HCC compared to
those patients who would not develop HCC (p< 0.001,
Figure 4(a)). Patients in the high-risk group had shorter
HCC development time than that of the low-risk group
(HR � 12.24, 95% CI: 5.8–25.86, p< 0.001, Figure 4(b)).
Besides, univariate Cox regression analysis and multi-
variate Cox regression analysis also indicated that the risk
signature was an independent prognostic factor for HCC
development (HR � 11.02, 95% CI: 5.12–23.70, p< 0.001,
Figures 4(c) and 4(d)). Moreover, the areas under ROC
curve (AUC) of the risk signature for predicting 2-, 5-, and
10-year HCC development were 0.767, 0.909, and 0.859,
respectively (Figure 4(e)), which showed good predictive
value of the risk signature in predicting HCC development.

3.4. Validation of the Risk Signature in Patients of the Vali-
dation Cohort and the Whole Cohort. To further test the
applicability of the risk signature, we further examined its
prognostic value in the validation cohort and the whole
cohort. Similarly, risk score for each patient was also cal-
culated, and then they were assigned into high-risk group
(N� 22) and low-risk group (N� 86) in the validation cohort
and high-risk group (N� 46) and low-risk group (N� 170)
in the whole cohort with the same cut-off value. Likewise,
higher risk scores were found in liver cirrhosis patients who
would develop HCC compared to those patients who
would not develop HCC in the validation cohort and the
whole cohort (all p< 0.05, Figures 5(a) and 6(a)). Patients
in the high-risk group had shorter HCC development
time than that of the low-risk group in the validation
cohort (HR � 3.84, 95% CI: 1.66–8.88, p � 0.002,
Figure 5(b)) and in the whole cohort (HR � 5.92, 95% CI:
3.61–9.70, p< 0.001, Figure 6(b)). Besides, univariate Cox
regression analysis and multivariate Cox regression analysis
also suggested that the risk signature was an independent
prognostic factor for HCC development in the validation
cohort (HR� 3.89, 95% CI: 1.68–9.04, p � 0.002,
Figures 5(c) and 5(d)) and in the whole cohort (HR� 5.32,
95% CI: 3.23–8.78, p � 0.002, Figures 6(c) and 6(d)).
Moreover, the AUC of the risk signature for predicting 2-,
5-, and 10-year HCC development were 0.828, 0.748, and
0.658 in the validation cohort (Figure 5(e)) and 0.791, 0.846,
and 0.766 in the whole cohort (Figure 6(e)), which validated
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the good predictive value of the risk signature in predicting
HCC development.

3.5.Associationof theRiskSignaturewith theOSofEarly-Stage
LiverCirrhosisPatients. After validation of the risk signature
in the prediction of HCC development, we next further ana-
lyzed the association of the risk signature with the OS of early-
stage liver cirrhosis patients in the whole cohort. Similarly,
higher risk scores were found in liver cirrhosis patients who
would develop death compared to liver cirrhosis patients who
would not (p< 0.01, Figure 7(a)). Patients in the high-risk
group had shorter OS time than that of the low-risk group
(HR� 2.15, 95%CI:1.28–3.62,p � 0.003, Figure 7(b)). Besides,
univariate Cox regression analysis and multivariate Cox re-
gression analysis also indicated that the risk signature was an
independent prognostic factor for OS (HR� 1.71, 95% CI:

1.003–2.91, p � 0.048, Figures 7(c) and 7(d)). Moreover, the
AUC of the risk signature for predicting 2-, 5-, and 10-year OS
were 0.832, 0.703, and 0.676, respectively (Figure 7(e)), which
also suggested good predictive value of the risk signature in
predicting OS of early-stage liver cirrhosis patients.

3.6. Association of the Risk Signature with the Infiltrating
Immune Cells of Early-Stage Liver Cirrhosis Patients.
Previous researches had showed that immune system played an
important role in protecting against cancer development [19], so
we next tried to analyze the relationship of the risk signature
with the infiltrating immune cells of early-stage liver cirrhosis
patients. We used CIBERSOR to calculate infiltrating immune
cells in early-stage liver cirrhosis patients. As is shown in
Figure 8(a), significant proportions of resting mast cells, neu-
trophils, CD8 Tcells, and total Tcells were found to be enriched
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Figure 6: Validation of the risk signature in patients of the whole cohort. (a) Risk score between early-stage liver cirrhosis patients who
would or would not develop HCC. (b) Kaplan–Meier analysis of HCC development time of patients different risk score. (c)-(d) Univariate
and multivariate analysis of the risk signature for HCC development time for early-stage liver cirrhosis patients. (e) AUC of the risk
signature in predicting 2-year, 5-year, and 10-year HCC development for early-stage liver cirrhosis patients.
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in HCC patients with low risk score, while only activated mast
cells were found to be enriched at patients with high risk score
(all p< 0.05, Figure 8(a)). Further analysis showed that higher
CD8Tcells were associatedwith longerHCCdevelopment time

(HR� 1.96, 95% CI: 1.11–3.40, p � 0.02, Figure 8(b)), which
may indicate that the signaturemay affect HCC development of
early-stage liver cirrhosis patients by the regulation of the in-
filtration of CD8 T cells.
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Figure 7: Association of the risk signature with the overall survival (OS) of early-stage liver cirrhosis patients. (a) Risk score between early-
stage liver cirrhosis patients who would or would not develop death. (b) Kaplan–Meier analysis of OS time of patients different risk score.
(c)-(d) Univariate and multivariate analysis of the risk signature for OS time for early-stage liver cirrhosis patients. (e) AUC of the risk
signature in predicting 2-year, 5-year, and 10-year OS for early-stage liver cirrhosis patients.
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3.7. Prognostic Value of the Risk Signature in HCC Patients
from TCGA Cohort, GSE14520 Cohort, and ICGC Cohort.
Having found that the risk signature was significantly as-
sociated with HCC development and OS of early-stage liver
cirrhosis patients, we then aimed to examine whether the
risk signature was associated with the prognosis of HCC
patients. Likewise, risk score for each HCC patients was
calculated and then assigned into high-risk group and low-
risk group by the X-Tile software. In TCGA cohort, higher
risk scores were found in HCC patients compared to normal
controls (p< 0.001, Figure 9(a)), indicating that the signa-
ture may also be used to serve as biomarker to distinguish
HCC patients from healthy controls. Moreover, patients in
the high risk group had shorter OS andDFS time than that of
the low-risk group (OS :HR� 2.46, 95% CI: 1.60–3.79,
p< 0.001; DFS : HR� 1.84, 95% CI: 1.32–2.56, p< 0.001,
Figures 9(b), and 9(c)); univariate and multivariate Cox
regression analysis also suggested that the risk signature was
an independent prognostic factor for OS and DFS time for
HCC patients (OS :HR� 2.23, 95% CI: 1.40–3.53, p< 0.001;
DFS :HR� 1.64, 95% CI: 1.16–2.31, p � 0.005, Figures 9(d)–
9(g)). Similar results were found in GSE14520 cohort and
ICGC cohort. In GSE14520 cohort, patients in the high-risk
group had shorter OS and DFS time than that of the low-risk
group (OS :HR� 2.20, 95% CI: 1.25–3.28, P � 0.004; DFS :

HR� 1.89, 95% CI: 1.25–2.87, P � 0.002, Figures 9(h) and
9(i)); univariate and multivariate Cox regression analysis
also suggested that the risk signature was an independent
prognostic factor for OS and DFS time of HCC patients (OS :
HR� 1.76, 95% CI: 1.08–2.88, P � 0.05; DFS :HR� 1.83,
95% CI: 1.20–2.79, P � 0.005, Figures 9(j)–9(m)). In ICGC
cohort, patients in the high risk group had shorter OS than
that of the low risk group (HR� 5.24, 95% CI: 2.87–9.57,
P< 0.001 Figure 9(n)); univariate and multivariate Cox
regression analysis also suggested that the risk signature was
an independent prognostic factor for OS and DFS time for
HCC patients (HR� 5.33, 95% CI: 2.84–10.0, P< 0.001;
Figures 9(o) and 9(p)). Taken together, the signature was
also associated with the prognosis of HCC patients.

3.8. Identification of Bioactive Compounds as Chemo-
preventive Treatment for Prevention of HCC Development
Based on CMap Analysis. We performed KEGG analysis to
explore the underlying pathological pathways by which the
signature used to influence the development of HCC for
early-stage liver cirrhosis patients. As was shown in Sup-
plementary Figure A, pathological pathways, such as
“negative regulation of apoptotic process,” “positive regu-
lation of NF-kappaB transcription factor activity,”
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“nucleotide-excision repair, preincision complex assembly,”
“glycogen biosynthetic process,” “positive regulation of
vascular endothelial growth factor receptor signaling
pathway,” “regulation of angiogenesis,” “regulation of
cyclin-dependent protein serine/threonine kinase activity,”
and KEGG pathways, such as “chemical carcinogenesis,”
“base excision repair,” “glucagon signaling pathway,” and
“glycolysis/gluconeogenesis,” were significantly enriched in
patients with high risk scores compared to patients with low
risk scores, suggesting that the aforementioned pathological
pathways played an important roles of the risk signature in
influencing the development of HCC. With the help of the
CMap dataset, four bioactive compounds including tri-
chostatin A, vorinostat, valproic acid, and tinidazole were
identified as potential chemopreventive compounds. Among
all these four bioactive compounds, trichostatin A, vor-
inostat, and valproic acid were histone deacetylases (HDAC)
inhibitors, which had been demonstrated to exhibit anti-
tumor efficacy via activation of classic and alternative cell
death molecular cascades [20, 21]. So, these bioactive
compounds may prevent cirrhosis from development of
HCC by targeting the pathological pathways that are me-
diated by the genes used for construction of the risk

signature (Supplementary Figure B). Information of these
bioactive compounds is shown in Table 3.

4. Discussion

Liver cirrhosis is highly related to hepatitis B virus infection,
hepatitis C virus infection, nonalcoholic fatty liver disease
(NAFLD), and alcoholic fatty liver disease and is the major
driver of HCC [6]. -e initial manifestation of HCC patients
was often a cirrhotic liver. [7, 8] Further understanding of
the molecular mechanism in the transformation of liver
cirrhosis to HCC, especially early HCC, would be of great
help for the identification of potential new biomarkers for
HCC screening in cirrhosis patients. Previously, He et al. and
Jiang et al. analyzed pivotal genes and pathways involved in
the transformation of liver cirrhosis to HCC. -ey found
that Hub genes, such as CDK1, RRM2, CDKN3, and KEGG
pathways, such as cell cycle and p53 signaling pathways,
were the key genes and KEGG pathways for the transfor-
mation of liver cirrhosis to early HCC [14, 15]. Different
from their studies, in the present study, we mainly focused
on the key genes and KEGG pathways for the transformation
of liver cirrhosis to early HCC, which may provide other
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Figure 9: Prognostic value of the risk signature in HCC patients from TCGA cohort, GSE14520 cohort, and ICGC cohort. (a) Risk score
between normal controls and HCC patients. (b)-(c) Kaplan–Meier analysis of OS andDFS time of patients with different risk score of TCGA
cohort. (d)–(g) Univariate and multivariate analysis of risk signature for OS and DFS time of HCC patients of TCGA cohort.
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valuable information in understanding the molecular
mechanism for the occurrence of HCC. We found that
KEGG pathways, such as cell adhesion molecules (CAMs),
PI3K-Akt signaling pathway, focal adhesion, antigen pro-
cessing and presentation, chemokine signaling pathway,
central carbon metabolism in cancer, and choline meta-
bolism in cancer, play a pivotal role in the development of
HCC [22–26]. For example, chemokine signaling pathway
plays a central role in mediating inflammation and regen-
eration in chronic liver diseases. Inflammatory chemokines
recruited innate and adaptive immune cells and thus pro-
moted the composition of the local disease-specific micro-
environment, which was the basis for the development of
HCC. Besides, regulatory T cells and myeloid-derived
suppressor cells could be recruited to liver by chemokine
signaling pathway to exert their immunosuppressive effects
by inhibiting NK and CD8+ Tcells, and thus promoting the
initiation and progression of liver cancer [25].We also found
that KEGG pathways, such as T cells differentiation (in-
cluding -1, -2, and -17 cells), B cells receptor signaling
pathway, antigen processing and presentation, central car-
bonmetabolism in cancer, and choline metabolism in cancer
were the key pathways for the transformation of early HCC
from cirrhosis, indicating that changes in cell immune and
nutrient metabolism may be early events on the occurrence
of HCC [27–29]. Moreover, we identified 42 genes, such as
SEMA4D, RBM28, and RPS3A, whose expression had be-
come abnormal in early-stage liver cirrhosis patients before
HCC development, indicating that these 42 abnormally
expressed genes may play an important role in the trans-
formation of cirrhosis to early HCC and they may be served
as biomarkers for the identification of early-stage liver
cirrhosis patients who were at high risk for HCC
development.

Although antiviral therapies could reduce the risk of
HCC development in viral hepatitis patients, once liver
cirrhosis is established, no available preventive strategies
could eliminate the risk of HCC development [30–33].
Considering only 12% of new HCC patients could be di-
agnosed through current surveillance strategy [13], we hope
to explore new effective prognostic signature to identify
cirrhosis patients who are at high risk for HCC development.
In order to address this problem, Hoshida et al. and King

et al. developed a 186-gene signature for prognosis of cir-
rhosis patients of GSE15654, and they found the signature
was an independent predictor of HCC development, but the
risk for HCC development in high-risk patients was nomore
than 3.5 times than that in low-risk patients [34, 35]. Re-
cently, Moeini et al. developed a risk signature for the
prediction of HCC development in cirrhosis patients of
GSE15654 on the basis of identifying genes that regulate
immune response which could contribute to hep-
atocarcinogenesis. -ey found that the signature was an
independent predictor of HCC occurrence. -ere was a 2.4-
times risk of HCC development for high-risk patients
compared to that in low-risk patients [36]. However, the
signature developed for discrimination was with fair hazard
ratios smaller than 3.5, and none of the them further cal-
culated the ROC for the prediction of HCC development.
Differently, in the present study, we developed and validated
an 8-gene risk signature for the prediction of HCC devel-
opment for early-stage cirrhosis patients on the basis of 42
abnormally expressed genes whose expression had been
altered in early cirrhosis patient before HCC development.
Among all these 8 genes, only the mechanism of RPS3A in
the HCC had been explored. Lim et al. found that over-
expressed RPS3A could promote the stability and functional
activity of HBx protein by its chaperoning activity and thus
promote HBx to exert effective viral oncogenic activity and
contribute to HCC development [37]. Although there were
no reports about the role of the other 7 genes in HCC, future
characterization of them may provide new insights into the
development and progression of HCC and discovery of
potential novel therapeutic targets. With the help of this
signature, liver cirrhosis patients could be divided into two
distinct subgroups, and the risk for HCC development in
high-risk patients was 5.42 times than that in low-risk pa-
tients. Besides, the risk signature was an independent
prognostic factor for HCC development in cirrhosis pa-
tients. Moreover, the AUC of risk signature for predicting 2-,
5-, and 10-year HCC development were 0.791, 0.846, and
0.766, indicating good predictive value of the risk signature
in predicting HCC development. -erefore, the risk sig-
nature may exhibit great underlying clinical implications for
management of cirrhosis patients. In this regard, high-risk
cirrhosis patients may need more intensive surveillance and
even active chemopreventive treatment to reduce the oc-
currence of HCC and improve prognosis, while low-risk
cirrhosis patients may receive less active follow-up and even
can avoid the unnecessary adjuvant therapies.

Previous researches have showed that immune system
played an important role in protecting against cancer de-
velopment. In short, innate immune cells, such as macro-
phages, dendritic cells, and NK cells, could monitor and
destroy external and internal pathogens and nascent tumor
cells by directly and indirectly in conjunction with adaptive
immune Tcells and B cells [19]. In the present study, we also
found that the risk signature was associated with infiltrating
immune cells of cirrhosis patients. Higher proportions of
resting mast cells, neutrophils, CD8 T cells, and total T cells
were found to be enriched in HCC patients with low risk
score, while only activated mast cells was found to be higher

Table 3: Bioactive compounds identified as a potential chemo-
preventive treatment for the prevention of HCC development
based on CMap analysis.

Drug name Dose Cell line Score Instance ID
Trichostatin A 100 nM PC3 −0.877 4184
Vorinostat 10 µM MCF7 −0.862 1645
Trichostatin A 100 nM PC3 −0.856 1212
Trichostatin A 100 nM HL60 −0.847 1561
Trichostatin A 100 nM MCF7 −0.835 4237
Trichostatin A 100 nM PC3 −0.826 4237
Valproic acid 1 mM HL60 −0.821 1150
Tinidazole 16 µM MCF7 −0.820 3430
Trichostatin A 100 nM HL60 −0.809 1612
Trichostatin A 100 nM PC3 −0.800 6316
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at patients with high risk score, which indicates the immune-
enriched phenotype in low-risk patients and immune-de-
pleted phenotype in high-risk patients. Moreover, further
analysis found that higher CD8 T cells was associated with
longer HCC development time, suggesting an important
antitumorigenic role played by CD8 T cells in HCC de-
velopment. It is well known that CD8 Tcells could eradicate
established tumors [19]. Broz et al. have found that
CD103 +DC-mediated cross-presentation of tumor anti-
gens could activate CD8 T cells to be cytotoxic CD8 T cells
(CTLs), which could effectively control tumor outgrowth
and mediate efficient tumor [38]. Similar to the results by
Broz et al. and Garnelo et al., the degree of infiltrated T cells
and B cells of tumor tissues is significantly associated with
improved prognosis in HCC patients [28]. Moreover,
Shalapour et al. also found that CTLs could actively prevent
HCC occurrence in a mouse models of NASH-promoted
HCC as unleashing CTL activity causes regression of
established HCC while interference with activation of CTLs
by IgA+ cells promotes HCC development [39]. -erefore,
the above studies may indicate that the risk signature may
affect the HCC development of early-stage liver cirrhosis
patients by regulation of the infiltration of CD8 T cells.

Up to date, there is still no established preventive
treatment for cirrhosis patients who are at risk for HCC
development [30]. Reducing the incidence and mortality of
HCC patients requires not only the advances in development
of curative treatment for early lesions, but also identifying
cirrhosis patients who are at high risk for HCC development
and development of chemopreventive. In this scenario, we
developed and validated a risk signature for prediction of
HCC development of cirrhosis patients. Besides, we also
found that “negative regulation of apoptotic process,”
“glycogen biosynthetic process,” “regulation of angiogene-
sis,” “regulation of cyclin-dependent protein serine/threo-
nine kinase activity,” “glucagon signaling pathway,” and
“glycolysis/gluconeogenesis” were found to be significantly
enriched in patients with high risk scores, indicating that the
aforementioned pathological pathways played an important
role of the risk signature in influencing the development of
HCC. On the basis of the risk signature, we also identified
that trichostatin A, vorinostat, and valproic acid may be the
promising potential bioactive compounds as novel che-
mopreventive treatment for the prevention of HCC devel-
opment by targeting the genes used for construction of the
risk signature. -ese bioactive compounds are all HDAC
inhibitors and exhibit preclinical antitumor efficacy. HDAC
inhibitors can affect various pathways and lead to trans-
formed cell death.-ey can induce DNA damage and repair,
modify gene expression, cause cell growth arrest, induce
apoptosis, and act as antiangiogenic and antimetastatic
factors [20, 21], and cell cycle (regulation of cyclin-depen-
dent protein serine/threonine kinase activity), reduced ap-
optosis (negative regulation of apoptotic process), and
angiogenesis (regulation of angiogenesis) were found to be
significantly enriched in patients with high risk scores
(Supplementary Figure A). For example, Zhou et al. have
found that vorinostat can lead to HCC cell morphology
changes, growth inhibition, cell cycle blockage, and

apoptosis in vitro and suppressed the growth of subcuta-
neous HCC xenograft tumours in vivo via upregulation of
p21Waf1/Cip1 and p19INK4d [40]. Freeze et al. have shown that
trichostatin A and valproic acid could not only inhibit the
proliferation, clonogenicity, and migration of HCC cells, but
also enhance the efficacy of sorafenib in killing sorafenib-
susceptible cells and reestablished sorafenib sensitivity in
resistant HCC cells [41]. It is proved that alterations in
homeostasis of glucose play an important role in the de-
velopment of tumors, loss of fructose-1, 6-bisphosphatase
(FBP1), a rate-limiting enzyme in gluconeogenesis, was
found to be oncogenic in various cancer cells including HCC
and colon cancer cells [42], suggesting that modulation of
gluconeogenesis also plays an equal role in tumorigenesis.
Consistent with this, we also found “glycolysis/gluconeo-
genesis” to be significantly enriched in patients with high
risk scores. Yang et al. have found that inhibition of histone
deacetylases by HDAC inhibitors suppresses glucose
metabolism and hepatocellular carcinoma growth by re-
storing FBP1 expression [43]. Taken together, HDAC in-
hibitors, such as trichostatin A, vorinostat, and valproic acid,
may be exploited to be potential chemopreventive treatment
for prevention of HCC development for cirrhosis patients.
However, future clinical studies are still needed for further
confirmation.

Compared with previous studies, our study has several
strengths. First, the risk signature was developed on the basis
of 42 DEGs identified between liver cirrhosis patients and
early HCC patients. -e expression of those genes had been
altered in early-stage liver cirrhosis patients before HCC
development, so the signature could effectively discriminate
cirrhosis patients who were at high risk for HCC devel-
opment from cirrhosis patients who were at low risk for
HCC development with hazard ratios more than 5.0. It also
showed good predictive value in predicting HCC develop-
ment. Second, the prognostic and predictive value of the risk
signature were validated in an internal cohort. Finally, the
risk signature could also effectively stratify HCC patients
into high-risk patients with shorter OS and DFS time and
low-risk patients with longer OS and DFS time and it was an
independent prognostic factor for OS and DFS time in HCC
patients from three different HCC cohorts.

Although the risk signature exhibited good performance
for the prediction of HCC development in cirrhosis patients,
some limitations should be addressed. First, some basic pa-
rameters of the cirrhosis patients from GSE15654, such as age,
gender, especially AFP level were missing, so we could not
further perform a comparative analysis of predictive value
between the risk signature and AFP. Second, limited infor-
mation was provided to explore the relation between the risk
signature and regulation of CD8 T cells. -ird, we did not
validate the prognostic value of the risk signature in an external
cohort, especially in prospective cohorts with larger sample
sizes. Finally, we also did not validate chemopreventive efficacy
of trichostatin A, vorinostat, and valproic acid for prevention
of HCC development in vivo and in vitro experiment.

In conclusion, we developed and validated an 8-gene risk
signature for prediction of HCC development, which
showed good performance in the discrimination ability and
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predictive ability for cirrhosis patients. -e risk signature
may be a useful tool to set up more individualized follow-up
interval schedules and HDAC inhibitors, such as trichostatin
A, vorinostat, and valproic acid, may be exploited to be a
potential chemopreventive treatment for the prevention of
HCC development for cirrhosis patients.
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Background. Patients with cholangiocarcinoma (CCA) have poor prognosis and high mortality. -erefore, early detection and
early diagnosis are extremely important to control the development of CCA. -is study aims to explore the diagnostic effect in
patients with CCA and imaging characteristics of MRI combined with CT.Methods. 109 patients with suspected CCA underwent
CTandMRI before diagnosis. -e examination results were compared with the “gold standard.” ROC curve was drawn to analyze
the diagnostic efficacy of MRI combined with CT for CCA patients. Results. -e diagnosis rate of suspected CCA patients was
95.41%. -e diagnostic coincidence rate of CT and MRI examination was 89.42% and 92.31%, respectively. -e diagnostic
coincidence rate of MRI combined with CT examination was 100.00%. -e number of CT delayed enhancement, peripheral bile
duct dilatation, and hepatic capsular depression were more than those of MRI. -e number of circular enhancement cases in the
CTgroup was less than that in theMRI group. ROC curve results showed that the sensitivity and specificity of MRI combined with
CT for the diagnosis of CCA patients were higher than those of MRI or CT alone. Conclusion. MRI combined with CT has high
diagnostic sensitivity and specificity and can provide imaging evidence for the clinical diagnosis and treatment of CCA.

1. Introduction

Cholangiocarcinoma (CCA) is a primary liver cancer that
occurs in the bile ducts of the liver. -e prognosis of CCA
patients is poor and the mortality rate is high. Most patients
cannot be cured, and a small number of patients with early
CCA can be clinically cured. CCA lacks typical clinical
symptoms in the early stage of onset. In the advanced stage
of CCA, symptoms such as upper abdominal discomfort and
hepatomegaly may appear [1]. -erefore, the clinical diag-
nosis and treatment of CAA is more difficult.

Previous studies have shown that CCA is a tumor that
occurs from the confluence of the left and right hepatic ducts
(hilar) to peripheral bile duct epithelial cells [2]. Histo-
pathological examination is a commonly used diagnostic
method for CCA patients and is regarded as the “gold
standard.” However, this method has poor reproducibility
and requires the professional skills of doctors. It is easy to
result in poor diagnosis compliance and tolerability in CCA

patients [3, 4]. -erefore, simple and effective diagnostic
methods are of great significance to patients with CCA.

CT is a commonly used imaging method, which has a
good effect on the display of microcalcification in the lesion.
MRI is more sensitive to intratumoral hemorrhage [5]. It has
been shown that MRI combined with CTcan give full play to
the advantages of different imaging methods in the diagnosis
and identification of malignant tumors [6]. At the same time,
MRI combined with CTdetection can evaluate the severity of
the patient’s disease according to different imaging features
[7]. -erefore, this study aims to explore the auxiliary di-
agnosis in CCA patients and imaging characteristics of MRI
combined with CT.

2. Materials and Methods

2.1. Patients. -is is a retrospective study. 109 suspected
CCA patients in the First Affiliated Hospital of Fujian
Medical University were selected from February 2017 and
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December 2020. -ey are between 31 and 79 years old, with
an average age of 59.39± 5.65 years old. -e diameter of the
tumor is between 23 and 135mm, with an average diameter
of 64.29± 6.61mm. -e clinicopathological factors of these
patients are shown in Table 1.-e study was approved by the
Ethics Committee of the First Affiliated Hospital of Fujian
Medical University. And the informed consent forms of
these patients were obtained.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria in-
clude the following: (1) patients are diagnosed by patho-
logical examination and in line with CCA diagnostic criteria
[8]. (2) Patients can tolerate andmeet CT,MRI plain scan, or
enhanced indications. (3) Patients have complete baseline
and follow-up data.

Exclusion criteria include the following: (1) patients with
mental disorders, cognitive dysfunction, or other malignant
tumors; (2) patients receiving radiotherapy, chemotherapy,
and biological immunotherapy before the examination; (3)
patients with autoimmune system diseases and abnormal
blood coagulation function.

2.3. Treatment Method. All patients were diagnosed by
histopathological examination (gold standard). Before the
diagnosis, all patients underwent CTandMRI examinations.

2.4. CTExamination. -e Lightspeed VCTscanner is used to
examine patients. Before the examination, the pathogenesis,
clinical manifestations, and examination methods of CCA
were explained to patients and their families to improve the
cooperation of the patients. Patients were instructed to
perform routine fasting examinations and routinely take
800–1000mL of negative contrast agent before the exami-
nation. During the examination, the patient was placed in a
supine position. And the relevant parameter settings were
completed according to the patient’s condition. Finally, the
unscanned and enhanced 5mm layer thickness image was
reconstructed as a 0.625mm image. And the coronal and
sagittal image reconstruction was completed [9, 10].

2.5. MRI Examination. After completing the CT examina-
tion,MRI examination is performed according to the patient’s
wishes. -e instrument is a 3.0T Inegenia superconducting
magnetic resonance scanner (Philips, Netherlands) using a
32-channel volume phased array coil. It takes about 18–23 s to
complete the liver scan and imaging. Relevant parameters
were set according to the patient’s condition. -e obtained
images are transferred to the processing software. -e ex-
amination results are compared with the “gold standard.”
Finally, the diagnostic coincidence rate of different imaging
examinations is analyzed. And the imaging characteristics of
CT and MRI are recorded [11, 12].

2.6. Statistical Analysis. SPSS24.0 software was used to
analyze the data. -e difference between the two groups was
analyzed by the χ2 text. -e ROC curve was used to analyze

the diagnostic efficacy (sensitivity and specificity) of MRI
combined with CT in CCA patients. P< 0.05 indicates that
the difference is statistically significant.

3. Results

3.1. Comparison of the Diagnostic Coincidence Rate of MRI
and CT in Patients with CCA. Among the 109 suspected
CCA patients, 104 patients were confirmed by histopatho-
logical examination. And the diagnosis rate was 95.41%. CT
examination confirmed 93 cases, and the diagnosis coinci-
dence rate was 89.42% (P< 0.05, Figure 1). 96 cases were
confirmed by MRI examination. -e coincidence rate of
MRI diagnosis was 92.31% (P< 0.05, Figure 1). 104 cases
were diagnosed byMRI combined with CTexamination, and
the diagnosis coincidence rate was 100.00% (P> 0.05,
Figure 1).

3.2. Comparison of Imaging Characteristics betweenMRI and
CT in Patients with CCA. -e CTgroup and the MRI group
had no significant difference in enhancement, “fast-in and
fast-out” enhancement, smooth enhancement ring, flatness,
hepatic lobe atrophy, DWI high signal, and abnormal
perfusion (P> 0.05, Table 2). -e number of delayed en-
hancement, peripheral bile duct dilation, and hepatic capsule
depression in the CT group were more than those of MRI
(P< 0.05, Table 2). -e number of uneven enhancement
cases in the circular-enhanced CTgroup was less than that of
the MRI group (P< 0.05, Table 2).

3.3. Diagnostic Efficacy of MRI Combined with CT in Patients
with CCA. ROC curve results showed that the sensitivity
and specificity of MRI combined with CT for CCA patients
were higher than those of MRI and CT alone (P< 0.05,
Table 3, Figure 2).

4. Discussion

CCA is a malignant tumor with high clinical incidence. At
present, it is generally believed that the incidence of CCA is
related to intrahepatic bile duct stones, long-term chronic
inflammation, or related physical and chemical stimulation
[13, 14]. Even worse, the clinical diagnosis and treatment of
CCA is difficult because of the lack of typical clinical
symptoms in the early stage of CCA. -erefore, most pa-
tients are already in the middle and advanced stages at the
time of diagnosis. Now, histopathological examination is still
the “gold standard” for the diagnosis of patients with CCA.
Although pathological examination is helpful for diagnosis,
diagnostic compliance and tolerance are poor [15, 16].
-erefore, it is very important to explore new diagnostic
methods of CCA in clinical practice.

In recent years, MRI combined with CT has been used in
patients with CCA. Moreover, the diagnostic accuracy of
MRI combined with CT is satisfactory [17]. In this study, 104
of 109 suspected CCA patients were confirmed by histo-
pathological examination. -e diagnosis rate of histopath-
ological examination was 95.41%. In addition, the diagnosis
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coincidence rate of CT and MRI examination was 89.42%
and 92.31%, respectively. More importantly, the diagnosis
coincidence rate of CTcombined withMRI reached 100.00%

in this study. -ese results indicate that the diagnostic ac-
curacy of MRI combined with CT is very high. Qi et al. [18]
also reported that MRI combined with CT can achieve a

(a) (b) (c)

(d) (e) (f )

Figure 1: Typical pathological MRI and CT images. In 63 patients with CCA, the lesion was located in the left lobe of the liver. And all
patients underwent MRI and CT examinations. (a) CT picture of a typical case, (b) a circular enhancement at the edge of the lesion in the
arterial phase, (c) an enhanced inward filling in the equilibrium phase, and (d) DWI picture of the MRI shows high signal intensity. (e) A
circular enhancement shows at the edge of the tumor, but the strengthening ring is incomplete. (f ) -e inward filling of the mass in the
equilibrium phase.

Table 2: Comparison of imaging characteristics between MRI and CT in patients with CCA (n (%)).

Characteristics CT (n� 57) MRI (n� 29) χ2 P

Enhanced features

Annular strengthening uneven strengthening 41 (71.93) 28 (96.55) 6.351 0.035∗
Delayed reinforcement 14 (24.56) 3 (10.34) 9.672 0.021∗

No obvious enhancement 2 (3.51) 0 (0.00) 1.491 0.958
“Fast-in and fast-out” enhancement 2 (3.51) 0 (0.00) 1.491 0.958
Smooth and flat strengthening ring 0 (0.00) 0 (0.00) 0.000 1.000

DWI high signal 57 (100.00) 29 (100.00) 0.000 1.000

Arterial passage lesions

Peripheral bile duct dilation 29 (50.88) 16 (55.17) 6.094 0.020∗
Depressed liver capsule sign 42 (73.68) 11 (37.93) 7.103 0.013∗

Hepatic lobe atrophy 9 (15.79) 5 (17.24) 1.593 0.615
Abnormal perfusion 18 (31.58) 10 (34.48) 0.834 0.058

∗P< 0.05.

Table 1: Clinicopathological information of 109 patients with cholangiocarcinoma.

Features
Gender Symptom Examination

Male Female Abdominal pain Jaundice Fever Fatigue CT MRI CT+MRI
Cases 65 44 32 16 19 29 57 29 23

Journal of Oncology 3



higher detection rate in patients with CCA. Briefly, MRI
combined with CT examination is helpful to the early di-
agnosis of CCA patients and can guide the clinical diagnosis
and treatment.

It is well-known that fibrous tissue, mucin, coagulative
necrosis, and malignant tumor tissue cells are the main
components of the mass. And according to the area, tissue
type, and distribution characteristics of the tumor, there are
obvious differences between different components [19]. It
has been found that the imaging manifestations of CCA
mainly depend on the pathological type, the distribution of
fibrous tissue, and tumor cells [20]. -e tumor cells are
distributed around the tumor, and the proliferating fibrous
tissue is located in the center of the tumor. -e contrast
agent diffuses slowly in the fibrous tissue and can obtain
clear images [21].

In this study, the CT group had more cases of delayed
enhancement, peripheral bile duct dilation, and hepatic
capsule depression than MRI. -e number of uneven en-
hancement cases in the CTgroup was less than that of MRI.
-e above results indicate that MRI and CT have typical
imaging characteristics in patients with CCA. -e diagnosis
of different lesions can be confirmed through imaging
features. In order to further analyze the diagnostic value of
MRI and CT in patients with CCA, ROC curves were drawn
in this study. -e results showed that the diagnostic sen-
sitivity and specificity of MRI combined with CT in patients

with CCA were higher than those of single MRI and CT.
-erefore, MRI combined with CT examinations should be
strengthened for patients with suspected CCA. However, the
number of samples in our study is a little small. We will
continue to collect data in the follow-up to better confirm
our conclusions.

5. Conclusion

In conclusion, MRI combined with CT can achieve a high
diagnostic coincidence rate in patients with CCA and has
typical imaging features. Moreover, the sensitivity and
specificity of the combined examination are high. -erefore,
MRI combined with CT can provide imaging basis for the
clinical diagnosis and treatment of CCA.

Data Availability

-e datasets used and/or analyzed during the present study
are available from the corresponding author on reasonable
request.
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In order to explore the clinical effect of psychological nursing intervention on postoperative chemotherapy for rectal cancer, 120
cases of rectal cancer patients were selected as the research subjects. -e control group received conventional nursing treatment
after operation, and the research group received comprehensive psychological nursing intervention on this basis. -e self-rating
anxiety scale (SAS) scores, self-rating depression scale (SDS) scores, hope level scores, nursing satisfaction, mental state changes,
treatment compliance, and immune function of two groups were analyzed and compared. -ere was no significant difference
between the two groups of patients in the preoperative SAS, SDS, and hope level scale scores. After the intervention, postoperative
SAS and SDS scores and CD8+ value of the research group were significantly lower than those of the control group. In contrast, the
postoperative hope level score, treatment compliance, and postoperative CD4+/CD8+ of the research group were significantly
higher, and the nursing satisfaction was better than that of the control group. -e application of psychological nursing in-
tervention in postoperative chemotherapy for patients with rectal cancer can effectively relieve anxiety and depression of patients,
promote patients to establish a healthy and coordinated mental state, improve treatment compliance, improve immune function,
and promote disease recovery.

1. Introduction

Rectal cancer is a relatively common type of gastrointestinal
malignant tumor, which has clinical treatment difficulties
such as high incidence, difficult operation, and many post-
operative complications [1]. According to the latest global
cancer burden data released by the International Agency for
Research on Cancer (IARC) of the World Health Organi-
zation in 2020, more than 1.93million people worldwide were
diagnosed with colorectal cancer in 2020, and the cumulative
number of deaths reached 930,000 cases, which confirmed
that the mortality rate of colorectal cancer ranks third in the
mortality rate ofmalignant tumors [2].-e induction of rectal
cancer is caused by many life factors and genetic factors [3].

Factors such as high protein, high fat, low fiber, low vitamins,
and excessive intake of sulfite compounds, obesity, and re-
lated family genetic diseases are all important factors that
promote the induction of rectal cancer [4, 5].

At present, surgical treatment is still the first choice for
the treatment of rectal cancer [6]; the stoma (Mile surgery)
combined with abdominal perineal resection is often used
for patients with low rectal cancer. However, a colon-ab-
dominal stoma changes the patients’ normal defecation
method, and patients are prone to negative emotions such as
depression and anxiety after surgery [7]. Studies have shown
that negative emotions such as depression and anxiety affect
the immune system, manifested as immunosuppression, and
its state is related to tumor growth, metastasis, and other
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factors [8]. Drastic emotional changes can lead to the dis-
order of the body’s neuroimmune endocrine network, cause
the body’s immune function disorders, and lose its normal
inhibitory effect on the occurrence and development of
tumors [9, 10]. -erefore, psychological problems have an
adverse effect on the safety, compliance, and immune
function of cancer patients [4, 11], and the evaluation of
patients’ anxiety, depression, and other psychological
emotions has received more and more clinical attention
[12, 13].

Psychological intervention nursing mainly refers to the
use of psychological theory and technology by nursing staff
to solve the psychological problems of patients [14, 15].
According to the objects of intervention, it can be divided
into psychological treatment, psychological prevention,
psychological support, and mental health. Psychotherapy
mainly aimed at the diagnosis and early standard treatment
of psychological disorders. -e goal of treatment is to al-
leviate the suffering of patients with mental disorders.
Psychological prevention is the use of mental health edu-
cation to guide people with psychological problems.-e goal
of treatment is to reduce the risk of psychological disorders.

By comparing the treatment status of the patients in the
control group and the research group in terms of psycho-
logical status, treatment compliance, and immune function,
the efficacy of psychological intervention in the compre-
hensive treatment of rectal cancer patients with neoadjuvant
chemotherapy was evaluated in this study.-is further lays a
solid theoretical foundation for strengthening and stan-
dardizing the status and role of supportive psychological
intervention treatment in the comprehensive treatment plan
for patients with rectal cancer.

2. Materials and Methods

2.1.ClinicalData. -e 120 patients undergoing rectal cancer
surgery at Weifang People’s Hospital, Weifang, China, from
March 2020 to March 2021 were included in this study. -e
clinical data of 120 patients with rectal cancer undergoing
surgical treatment in the hospital were selected and ran-
domly divided into the control group (n� 56) and the re-
search group (n� 64). -e 56 cases in the control group had
a male-to-female ratio of 4 : 3, aged from 38 to 78 years, with
an average age of 53.29± 18.61 years; the education level was
15 cases of junior high school and above, 32 cases of high
school and junior college, and 9 cases of bachelor degree and
above. -e 64 cases in the research group had a male-to-
female ratio of 37 : 27, and they were 38–78 years old, with an
average age of 52.56± 8.25 years; the educational level was 18
cases were junior high school and above, 35 cases were high
school and junior college, and 11 cases were bachelor degree
or above. -ere was no statistically significant difference
between the two groups of patients in gender, age, and
educational level, and they were comparable. -is study was
approved by the Ethics Committee of the Weifang People’s
Hospital, Weifang, China.

2.2. Inclusion and Exclusion Criteria. Inclusion criteria were
as follows. (1) Patients understand the intention of this study
and participate voluntarily and signed the “Informed
Consent.” (2)-e patient is between 38 and 70 years old, and
the diagnosis of rectal cancer TNM staging T1∼T2, NO∼N2,
andMO. Under rectal cancer Miles surgery, the patient has a
basic understanding of the condition. (3) -e patient has no
heart, kidney, liver, and other dysfunction, no other ma-
lignant tumors, no history of thyroid disease, no history of
mental illness or family history of mental illness, and no
history of special medication. (4) -e patient with a junior
high school education level or above can correctly under-
stand the content of the questionnaire, answer the question
autonomously, and normally listen, speak, read, and write in
Chinese language.

Exclusion criteria were as follows. (1) Patients with
chemotherapy, radiotherapy, or immunotherapy before
Miles surgery; patients with a history of tumor metastasis in
the brain; patients with severe dysfunction of the heart, liver,
and kidney, hyperthyroidism, or hypothyroidism. (2) Pa-
tients with severe medical diseases and those who have a
history of severe mental illness or neurosis. (3) Patients who
were more than 70 years old or younger than 18 years old
and TNM staging >T2 and >N2, patients with adjuvant
radiotherapy or chemotherapy, or patients with distant
metastases. (4) -ose who cannot correctly understand the
content of the questionnaire and answer the questions on
their own initiative, and the patient has severe communi-
cation barriers and cannot normally listen, speak, read, and
write in Chinese language. (5) -e family members ask for
concealment, the patient does not understand the condition,
or the patient refuses to receive psychological care.

2.3. Nursing Methods. -e control group received routine
care, including hospital admissions, environmental care,
patient introduction to the surgeon, and medication guid-
ance to the patient, and close monitoring of the patient’s
condition and the occurrence of complications. Once ab-
normalities occur, they will immediately inform the doctor
and deal with it effectively. On this basis, the research group
implemented comprehensive, personalized, and compre-
hensive psychological nursing intervention. -e interven-
tion time for both groups of patients was 3 months. -e
specific measures were as follows.

2.4. Psychological Nursing Intervention. Psychological
counseling was provided to the treated patients to under-
stand their true inner thoughts and negative emotions in
detail and evaluate them. Relevant theoretical knowledge is
retrieved in a targeted manner, and questions were answered
in a timely manner to eliminate patients’ doubts. Psycho-
logical intervention methods such as enlightenment, careful
conversation, encouragement, and comfort was applied to
alleviate further or eliminate the patients’ inner worries,
instruct patients to master effective methods to adjust bad
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emotions, prompt patients to adjust their own bad emotions
correctly, establish correct cognition, and face the operation
with a good attitude.

2.5. Cognitive and Behavioral Intervention. According to the
patients’ awareness of the disease, we used multimedia, text,
and pictures to promote the disease and comprehensively
and systematically explain to the patient and his family the
cause of rectal cancer, the procedure, the abnormal con-
ditions that may occur after the operation, and the corre-
sponding treatment methods. -e method of combining
procedural muscle relaxation training and physical function
training was adopted, 30min/time, 2 times/week, all under
soothing and soft music. We instruct patients to learn
psychological coping strategies and behavioral training
strategies, such as postoperative exercises, methods of
turning over, and precautions related to diet.

2.6. Quality of Life Intervention. Patients with rectal cancer
are often accompanied by changes in various living habits
after surgery, so nursing staff should promptly correct the
patients’ unhealthy living conditions. For those with sleep
disorders, the causes of sleep disorders should be understood
and effective solutions should be provided. In view of the
changes in bowel habits brought about by colostomy, which
seriously affects the patients’ physical and psychological
state, the patients’ diet and self-care methods were instructed
to reduce the patients’ dependence on nursing staff and
family members, improve the patients’ quality of life, and
help them establish confidence to overcome disease.

2.7. Supervisory Feedback. -e patients’ emotional changes
were recorded. Presentation of patient status, effect of
preventive interventions, and discussion of improvement
measures were performed during daily shift.

3. Observation Index

3.1. Evaluation Standards. -e improvement of the mental
status of the two groups was assessed by the SAS and SDS.
SAS is based on the results of the Chinese norm.-ose with a
standard score of less than 50 are considered normal, 50–60
are considered mild anxiety, 61–70 are considered moderate
anxiety, and more than 70 are considered severe anxiety.
According to the Chinese norm of SDS, the standard cutoff
value is 53 points, 53∼62 points for mild depression, 63∼72
points for moderate depression, and 72 points or more for
severe depression. During the treatment, the patient strictly
abides by the doctor’s advice and adheres to standard
treatment as complete compliance. During the treatment
period, the patient basically follows the doctor’s advice for
treatment and occasionally does not receive standard
treatment as the basic compliance. During the period, the
patient does not strictly follow the doctor’s advice for
treatment, and the treatment is interrupted as noncompli-
ance. Compliance� (complete compliance + basic

compliance)/total number of cases× 100%. -e two groups
of immune function indicators were recorded and com-
pared, mainly including CD4+, CD8+, and CD4+/CD8+.

3.2. Nursing Satisfaction Evaluation. According to the de-
tailed rules of nursing satisfaction evaluation, the basis of
satisfaction scoring was formulated in combination with the
stoma of patients with colorectal cancer. -e content includes
whether the patients’ bowelmovement is smooth, whether the
bedding is changed in time, whether the nurse’s attitude is
enthusiastic and positive, and whether the nurse often
communicates with the patient. A score of >84 indicates very
satisfied, a score of 60–84 indicates basic satisfaction, and a
score below 60 indicates dissatisfaction. -e treatment sat-
isfaction of the two groups of patients was evaluated after the
operation. Total nursing satisfaction� (very satisfied +basic
satisfaction)/total number of cases× 100%.

3.3. Hope Level Evaluation. -e Herth Hope Index (HHI)
was used to evaluate the patients’ hope in life. -e scale
includes three dimensions: a positive attitude toward reality
and the future, an attitude to take positive actions, and an
attitude to maintain an intimate relationship with others. It
is scored by four levels, namely, strongly disagree, disagree,
agree, and strongly agree, and the total score is 12–48; the
higher the score, the higher the level of hope. 12–23 are
divided into the low level; 24–35 are divided into the me-
dium level; and 36–48 are divided into the high level. -e
hope levels of the two groups of patients were evaluated
before and after the operation.

3.4. Statistical Analysis. -e data were all analyzed by SPSS
20.0 statistical software, and the normal measurement data
were described in the form of mean± standard deviation
(x ± s). -e comparison of the two groups of normal
measurement data between groups and within groups
adopts the t test; the count data are described in the form of
frequency and percentage n(%), and the comparison of
count data n(%) adopts the χ2 test. P< 0.05 means that the
difference is statistically significant.

4. Results

4.1. Comparison of General Information of the Two Groups of
Patients. -ere are 64 patients in the research group, and the
male-to-female ratio is 37 : 27. -ere were 56 cases in the
control group, and the ratio of male-to-female was 4 : 3. -e
age of the included patients fluctuated between 35 and 78
years old. -ere was no significant difference in gender
between the two groups (P> 0.05). In addition, there was no
statistically significant difference between the two groups of
patients in terms of general information such as gender, age,
education, and marital status (P> 0.05). As given in Table 1,
it describes that the general baseline data of the two groups
of patients are basically the same.
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4.2.Changes in theMental State of theTwoGroups. -ere was
no statistically significant difference in the SAS and SDS
scores of the two groups of patients upon admission
(P> 0.05). After the intervention, the SAS and SDS scores of
the research group were significantly lower than those of the
control group, and the difference was statistically significant
(P< 0.05), as given in Table 2 and Figure 1.

4.3. Comparison of Nursing Satisfaction between the Two
Groups. -rough psychological nursing intervention, the
satisfaction degree of the research group reached 96.88%,
which was significantly better than that of the control group
(80.36%), and the difference was statistically significant
(Table 3) (P< 0.05).

4.4. Two Groups of Hope Level Evaluation. -ere was no
significant difference in the preoperative HHI score between
the two groups (P> 0.05). -e postoperative research
group’s attitude towards reality and the future, the attitude
of taking positive actions, and the attitude of other people’s
intimacy and the total score were significantly higher than
those of the control group, and the difference was statisti-
cally significant (Table 4) (P< 0.05).

4.5. Two Sets of Compliance. -e compliance of the research
group and the control group is given in Table 5. -e
treatment compliance of the research group (89.06%) is
higher than that of the control group (71.43%).

4.6. Two Groups of Immune Function. -e immune function
indexes of the research group and the control group are
given in Table 6. After the intervention, CD4+ and CD4+/
CD8+ of the research group were higher than those of the
control group.

5. Discussion

Rectal cancer is a serious life-threatening disease, and patients
are prone to severe psychological stress. In addition, patients’
lifestyles and habits often undergomajor changes after surgery,
and patients are prone to negative emotions such as depression
and anxiety. If this emotion is not properly adjusted, it will have

Table 1: Comparison of general information of subjects in the intervention group and the control group, n(%).

Variables Control (n� 56) Research (n� 64) t/χ2 P

Gender 0.368 0.926
Male 32 (57.14) 37 (57.81)
Female 24 (42.86) 27 (42.19)

Age (years) 53.29± 8.61 52.56± 8.25 0.429 0.713
<40 4 (7.14) 6 (9.37)
40∼50 12 (21.42) 18 (28.13)
51∼60 20 (35.72) 22 (34.37)
>60 20 (35.72) 18 (28.13)

Education 0.942 0.246
Junior high school and above 15 (26.79) 18 (28.12)
High school and junior college 32 (57.14) 35 (54.69)
Bachelor degree or above 9 (16.07) 11 (17.19)

Marriage status 1.946 0.425
Unmarried 4 (7.14) 4 (6.25)
Married 46 (82.14) 50 (78.13)
Divorced 6 (10.72) 10 (15.62)

Table 2: Comparison of SAS and SDS scores between the two
groups.

Grading index Scoring stage Control Research t P

SAS Preoperation 58.2± 8.6 58.1± 8.8 0.35 0.625
Postoperative 47.5± 7.3 39.8± 7.5 6.24 0.035

SDS Preoperation 56.5± 7.9 55.6± 7.9 0.29 0.158
Postoperative 45.9± 7.5 38.4± 7.3 7.01 0.022

Preoperative
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Postoperative
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Preoperative
SDS

Postoperative
SDS

Control
Research

0

20

40

60

80
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Figure 1: Comparison of SAS and SDS scores between the two
groups.
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adverse effects on the patients’ physiology, immunity, and
social activities. It is easy for the patients to lose confidence and
be unable to actively cooperate with the doctor’s treatment,
which affects the compliance of treatment and the quality of life
and reduces the survival rate of the patients.

According to the results of the study, the changes in the
psychological state of the patients in the research group, the
evaluation of satisfaction with care, the evaluation of hope level,
and the compliance with treatment were all significantly higher
than before, and the immunity of the patients was also en-
hanced compared with before. In comparison between the
groups, the evaluation of treatment compliance, satisfaction
with care, and hope level of patients in the research group was
significantly higher than that of the control group, and the
difference was statistically significant. -rough the detection of

relevant indicators of the patients’ immune function, the results
showed that there was no significant difference in the indicators
of peripheral blood T cell subsets between the two groups of
patients before surgery. After the psychological nursing in-
tervention, the research group’s CD4+, CD8+, and CD4+/CD8+
all changed significantly compared with before the interven-
tion, and the ratio of CD4+ to CD4+/CD8+ was significantly
higher than that of the control group.

To sum up, in the treatment of patients with rectal
cancer and colostomy, psychological nursing interventions
for different treatment stages of the disease can effectively
reduce the patients’ anxiety and depression, improve pa-
tients’ compliance with treatment, and enhance the pa-
tients’ immune function. It also can promote patients to
establish a healthy and coordinated mental state, build
confidence in life, improve the level of hope, improve
nursing satisfaction, and promote recovery. However, due
to the limitations of the environment, sample, time, and
other factors, the survival prognosis of the two groups of
patients has not been analyzed, and further studies are
needed to supplement it.
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Table 3: Comparison of SAS and SDS scores between the two groups before and after nursing n (%).

Group Case Very satisfied Basic satisfaction Dissatisfaction Total satisfaction
Research 64 33 (51.56) 29 (45.31) 2 (3.13) 62 (96.88)
Control 56 24 (42.86) 21 (37.50) 11 (19.64) 45 (80.36)
χ2 6.124
P 0.014

Table 4: Comparison of HHI scores between the two groups (x ± s).

Group
Attitude towards reality and

the future
Attitude of taking positive

actions
Attitude of other people’s

intimacy Total score

Preoperation Postoperative Preoperation Postoperative Preoperation Postoperative Preoperation Postoperative
Research 7.38± 1.36 12.11± 1.72 8.69± 1.78 13.81± 1.49 8.04± 1.92 13.82± 1.86 24.55± 2.18 39.85± 2.24
Control 7.04± 1.31 10.99± 1.38 8.82± 1.66 11.34± 1.56 7.96± 1.98 12.56± 1.88 24.13± 2.11 34.62± 2.16
t −0.871 −2.972 0.245 −5.956 0.069 −2.561 −0.278 −7.922
P 0.554 0.038 0.721 0.011 1.116 0.024 0.714 0.008

Table 5: Compliance comparison between the two groups, n(%).

Group Case Complete compliance Basic compliance Noncompliance Total compliance
Research 64 31 (48.44) 26 (40.63) 7 (10.93) 57 (89.06)
Control 56 16 (28.57) 24 (42.86) 16 (28.57) 40 (71.43)
χ2 5.05
P 0.032

Table 6: Comparison of immune function between the two groups
(x ± s).

Scoring
index Scoring stage Control Research t P

CD4+
Before

intervention 38.3± 7.26 38.1± 7.32 0.24 0.152

After
intervention 39.5± 8.01 46.9± 7.95 5.91 0.031

CD8+
Before

intervention 37.2± 7.44 36.8± 7.06 0.21 0.445

After
intervention 37.8± 7.52 31.2± 7.13 3.98 0.021

CD4+/
CD8+

Before
intervention 1.03± 0.28 1.03± 0.24 0 0.351

After
intervention 1.09± 0.29 1.5± 0.34 7.51 0.015

Journal of Oncology 5



References

[1] W. Q. Chen, R. S. Zheng, and H. M. Zeng, “Report of cancer
incidence and mortality in China,” China Cancer, vol. 24,
no. 1, pp. 1–10, 2011.

[2] N. M. Verweij, M. E. Hamaker, D. Zimmerman, Y. Loon, and
A. Schiphorst, “-e impact of an ostomy on older colorectal
cancer patients: a cross-sectional survey,” International
Journal of Colorectal Disease, vol. 32, no. 1, pp. 1–6, 2016.

[3] D. Dorcaratto, L. Grande, J. M. Ramón, and M. Pera, “Quality
of life of patients with cancer of the oesophagus and stomach,”
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Background. Gastric cancer, a kind of gastrointestinal malignancy, is the second type of leading death cancer. miR-193a is a key
tumor suppressor in several diseases. PSEN1 is mainly related to Alzheimer’s disease and may be involved in the cleavage of the
Notch receptor. Material and Methods. RT-PCR and western blot were applied to evaluate miR-193a and the expression level of
PSEN1. Luciferase reporter assay was applied to verify whether PSEN1 was a target of miR-193a. ,e Kaplan–Meier method was
employed to calculate the 5-year overall survival of gastric cancer patients. Results. miR-193a was downregulated in gastric cancer
tissues and cell lines, and downregulation of miR-193a predicted poor 5-year overall survival of gastric cancer. miR-193a inhibited
the proliferation and the activation of the PI3K/AKT signaling pathway in gastric cancer cells. miR-193a inhibited gastric cancer
tumor growth in vivo. miR-193a impaired cell invasion and epithelial-to-mesenchymal transition (EMT) in HGC-27 cells. In
addition, PSEN1 was a direct target of miR-193a and PSEN1 reversed partial functions of miR-193a in cell proliferation and
invasion. Conclusion. miR-193a prominently decreased the proliferation, invasion, and activation of the PI3K/Akt signaling
pathway and the abilities of epithelial-to-mesenchymal transition in gastric cancer cells. ,e newly identified miR-193a/PSEN1
axis provides novel insight into the pathogenesis of gastric cancer.

1. Introduction

Gastric cancer (GC), the second leading death cancer, is a
kind of gastrointestinal malignancy [1]. Lamentably, gastric
cancers patients at an early stage are difficult to diagnose due
to no specific symptoms [2]. ,us, exploring new bio-
markers for the early diagnosis and treatment of gastric
cancer is urgent.

Micro-RNAs (miRNAs), short noncoding RNAs, could
cause mRNA degradation or translational inhibition
through binding to target mRNAs 3′-UTR at the post-
transcriptional level [3, 4]. Recently, accumulating evidence
indicated that miRNAs play a vital role in tumor progression
in gastric cancer, including proliferation, metastasis, and
apoptosis [5–7]. miR-193a acted as a critical tumor sup-
pressor in various cancers, including colon cancer, acute

myeloid leukemia, bladder cancer, and malignant pleural
mesothelioma [8–11]. In non-small cell lung cancer, Yu et al.
illuminated that miR-193a suppressed cell migration, in-
vasion, and EMT [12]. Similarly, Fang et al. demonstrated
that miR-193a inhibited cell proliferation and metastasis in
pancreatic cancer [13]. ,erefore, we strongly believe miR-
193a inhibited cell proliferation and invasion in gastric
cancer.

Presenilin-1 (PSEN1), a primary component of the
c-secretase complex, is mainly related to Alzheimer’s disease
and may be involved in the cleavage of the Notch receptor
[14, 15]. ,e mutation of PSEN1 was associated with
spasticity and parkinsonism in the dominant Alzheimer’s
family [16]. Zhao et al. indicated that PSEN1 overexpression
results in attenuated phagocytic uptake of Aβ by microglia
and regulated intracellular trafficking and
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pathophysiological function in myeloid cells [17]. In addi-
tion, Meng et al. illuminated that PSEN1 was a target gene of
miR-193a and miR-193a regulated chemoradiation resis-
tance through PSEN1 in oesophageal cancer [18].

In this present study, we aimed to investigate the bio-
logical effect of miR-193a on gastric cancer. To translate
these findings to clinical practice, it is essential to explore the
molecular mechanism of miR-193a in the development of
gastric cancer.

2. Materials and Methods

2.1. Patients andTissue Samples. We selected 50 patients that
underwent an operation at Qingdao Hospital of Traditional
Chinese Medicine, Qingdao, China, and obtained 50 pairs of
gastric cancer tissues and corresponding peritumoral nor-
mal tissues. ,e specimens were immediately frozen in
liquid nitrogen and followed storage at −80°C. Informed
consent was obtained from each patient and this investi-
gation was approved by the ethics committee of the Qingdao
Hospital of Traditional Chinese Medicine, Qingdao, China.

2.2. Cell Lines and Culture Conditions. We obtained two
human gastric cancer cells HGC-27 and MGC-803 and a
normal gastric epithelial cell GES-1 from American Type
Culture Collection (ATCC, Rockville, MD, USA). RPMI-
1640 (Gibco-BRL; Rockville, MD, USA) medium contained
with 10% FBS (Haoyang Biological, Tianjin, China) were
conducted to culture the cells at 37°C with 5% CO2.

2.3. Plasmid Construction and Transfection. We purchased
the miR-193a mimic and miR-193a inhibitor oligo frag-
ments from Gene-Pharma (Shanghai, China), which was
conducted to upregulate or downregulate miR-193a. HGC-
27 cells were seeded in a 6-well plate, and the transfection
was performed using Lipofectamine 2000 (Invitrogen,
Carlsbad, USA) reagent as described previously [19]. In
brief, the Opti-MEM/reduced serum medium (,ermo
Fisher Scientific, Shanghai, China) was employed to dilute
the Lipofectamine 2000 reagent and the oligo fragments,
respectively. After mixing the two solutions, the mixture was
added to the cells. For the transiently transfected cells, the
cells were harvest after 48 h. On the contrary, for the cells
with stable transfection, we applied Geneticin (G418,
,ermo Scientific, Shanghai, China) to select.

2.4. RNA Extraction and Quantitative Real-Time PCR.
TRIzol reagent (Invitrogen) and mirVana miRNA Iso-
lation Kit (,ermo, Shanghai, China) were employed to
extract the total RNAs and total miRNAs, respectively.
,e first cDNA chains of mRNA and miRNA were
synthesized by the Prime Script RT Reagent Kit (Takara
Biotechnology Co., Ltd., Dalian, China) and the miRNA
Reverse Transcription Kit (Life Technologies, Foster, CA,
USA), respectively. ,e qPCR was performed by using the
SYBR Premix Ex Taq (Takara) and MystiCq microRNA
qPCR Assay Primer (Sigma, Missouri, USA) on Applied

Biosystems StepOnePlus™ Real-Time PCR System. ,e
normalization for miR-193a and PIK3CG was used as U6
and GAPDH, respectively. ,e primers were miR-193a F:
5′-ACTGGCCTACAAAGTCCCAGT-3′, R: 5′-GTGC
AGGGTCCGAGGT-3’; U6 F: 5′-CTTCGGCAGCACA-
TATAC-3′, R: 5′-GAACGCTTCACGAATTTGC-3’;
PSEN1 F: 5′-TATGGCAGAAGGAGACCCG-3′, R: 5′-
CCATTCCTCACTGAACCCG-3’; GAPDH F: 5′-
AAGGTGAAGGTCGGAGTCAA-3′, R: 5′-AAT-
GAAGGGGTCATTGATGG-3’.

2.5. Western Blot Analysis. RIPA Lysis Buffer (Sigma, USA)
containing 10% PMSF (Sigma, USA) was conducted to lyse
the HGC-27 cells on ice for 30min. We centrifuged the
protein solving liquid at 4°C for 20min with 12,000 × g
speeds and then collected the supernatants. We separated
the proteins by electrophoresis utilized 10% SDS-PAGE and
then transferred the blots on a PVDF membrane (Millipore,
USA). After blocking by 5% fat-free milk in TBST buffer at
room temperature for 1 h, the blots were incubated with the
primary antibodies at 4°C overnight. ,e membrane was
incubated by primary antibodies, including PSEN1 (1 :1000;
Abcam, Cambridge, USA), EMT proteins (E-cadherin (1 :
1000; Abcam), and N-cadherin (1 :1000; Abcam) and the
proteins on the PI3K pathway (p-PI3K (1 :1000, Cell Sig-
naling, San Jose, CA, USA), PI3K (1 :1000, Cell Signaling),
p-AKT (1 :1000, Cell Signaling), AKT (1 :1000, Cell Sig-
naling)), and GAPDH (1 :1000, Santa Cruz, Shanghai,
China). Subsequently, we incubated the membranes by anti-
rabbit or mouse HRP-conjugated secondary antibody for 2 h
at room temperature. In the end, Enhanced Chem-
iluminescence (ECL, Pharmacia Biotech, Arlington, USA)
was employed to evaluate the signals.

2.6. CCK-8 Assay. ,e cell proliferative ability was con-
ducted by Cell Counting Kit-8 (CCK8, Dojindo, Japan) [19].
HGC-27 cells were seeded in a 96-well plate and cultured for
24 h, 48 h, 72 h, or 96 h at 37°C incubator. After being
cultured, 10 μl of CCK8 solutions was added to each well and
cultured at 37°C for 1 h; then, the absorbance was assessed at
450 nm using a microplate reader (BioTek, Winooski, USA).

2.7. Transwell Assays. ,e cell invasive ability was measured
by transwell insert (8 μm membrane, Corning, Cambridge,
MA) with matrigel (BD Biosciences) covered [19]. ,e in-
serts were put in a 24-well plate to form the upper and lower
chambers.,e 200 μl HGC-27 cells’ suspension was added in
the upper chamber, which was suspended by RPMI-1640
medium without PBS. Meanwhile, the lower chamber was
filled with a 500 μl RPMI-1640 medium containing 15% FBS.
After incubating the cells at 37°C for 24 h, the noninvasive
cells on the upper surface were removed using a cotton swab.
For the invaded cells, they were fixed and then stained using
4% paraformaldehyde and 10% crystal violet in sequence;
and then, the cells were counted under the microscope
(Olympus Corporation, Tokyo, Japan).
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2.8. Dual-Luciferase Reporter Assay. TargetScan predicted
PSEN1 was a target gene of miR-193a, and the binding site
was located at 697–703 on PSEN1 mRNA 3′-UTR. To verify
whether miR-193a directly binds to PIK3CG mRNA 3′-
UTR, the binding sequences were mutated fromGGCCAGU
to CCGGUCA and inserted in pmirGLO luciferase reporter
vector. ,e HGC-27 cells were cotransfected with miR-193a
mimic and the wild-type 3′-UTR or the mutant 3′-UTR of
PSEN1.We utilized the dual-luciferase reporter assay system
(Promega) to evaluate the firefly luciferase activity with
Renilla luciferase activity as the normalization.

2.9. Tumor Xenograft Model in Nude Mice. ,e 4-week-old
nude mice were purchased from Charles River Laboratories
(Beijing, China). ,e nude mice were randomly classified
into two groups, miR-193a mimic miR-193a control groups,
with two mice in each group. HGC-27 cells were inoculated
into the nude mice through subcutaneous injection. ,e
mice were raised in the same environment and were ob-
served every week. We measured and recorded the tumor
lengths and widths and then calculated the tumor volume
every three days. All animal experiments were performed in
the animal laboratory center of Qingdao Hospital of Tra-
ditional Chinese Medicine and approved by the Care and
Use Committee of Qingdao Hospital of Traditional Chinese
Medicine.

2.10. Statistical Analysis. All the data were analyzed by SPSS
statistical software version 16.0 (SPSS, Chicago, IL, USA),
which were presented as the mean± standard deviation. ,e
significance between two groups and multiple groups was

compared by a two-tailed Student’s t-test and one-way
analysis of variance followed by an LSD test. P value< 0.05
was found to be statistically significant.

3. Results

3.1. Downregulation of miR-193a Predicts Poor Prognosis of
Gastric Cancer. We evaluated the mRNA levels of miR-193a
in 50 pairs of gastric cancer and peritumoral normal tissues.
As expected, the expression of miR-193a was lower in GC
tissues than that in the corresponding peritumoral normal
tissues (P< 0.05) (Figure 1(a)). According to the median
level of miR-193a, patients were divided into a low ex-
pression group and a high expression group [20]. Results
showed that high expression of miR-193a was associated
with poor prognosis in gastric cancer (P< 0.05)
(Figure 1(b)).

3.2. miR-193a Suppresses Cell Proliferation and Inhibits the
Activation of PI3K/Akt Signaling Pathway in Gastric Cancer
Cells. We calculated miR-193a expression in two gastric
cancer cells (HGC-27 and MGC-803) and a normal epi-
thelial cell GES-1. ,e same as the tissues, miR-193a was low
expressed in GES-1 cells versus HGC-27 (P< 0.01) and
MGC-803 (P< 0.05) cells (Figure 2(a)). To detect the sig-
nificant roles of miR-193a, miR-193a mimic and miR-193a
inhibitor were conducted to upregulate (P< 0.01) or
downregulate (P< 0.05) miR-193a in HGC-27 cells mea-
sured by RT-qPCR (Figure 2(b)).

CCK8 assay indicated that miR-193a mimic suppressed
(P< 0.05) cell proliferation, while miR-193a inhibitor
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Figure 1: Downregulation of miR-193a predicts poor prognosis of gastric cancer. (a) miR-193a expression was low in GC tissues versus
corresponding peritumoral normal tissues. (b) Low expression of miR-193a predicted poor prognosis of gastric cancer patients. ∗P< 0.05.
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promoted (P< 0.05) cell proliferative ability in HGC-27 cells
(Figure 2(c)). Western blot assay was conducted to assess the
expression of PI3K pathway-associated proteins in HGC-27
cells. We discovered that miR-193a overexpression sup-
pressed p-PI3K and p-AKT expression in HGC-27 cells,
whereas miR-193a inhibitor enhanced the expression of
p-PI3K and p-AKT, which elucidated that miR-193a
inhibited the activation of PI3K/Akt signaling pathway
(Figure 2(d)).

3.3. miR-193a Suppresses the Gastric Cancer Growth In Vivo.
HGC-27 cells stably transfected with miR-193a mimic or
control plasmid were applied to inject into the nude mice at
subcutaneous. ,e xenograft tumors volumes were calcu-
lated every 3 days and the group of transfecting miR-193a

mimic had a slower growth rate than the control group
(Figure 3(a)). After 26 days of culture, the nude mice were
dissected and the tumor volume was calculated and recor-
ded. Furthermore, we discovered that the tumor volumes in
miR-193a overexpression group were smaller than those in
control group, which indicated that overexpressed miR-193a
inhibited gastric cancer growth in vivo (P< 0.05)
(Figure 3(b)).

3.4. miR-193a Inhibits Cell Invasion and the EMT in HGC-27
Cells. Transwell assay elucidated that miR-193a mimic
suppressed (P< 0.05) cell invasive ability whereas miR-193a
inhibitor enhanced cell invasive ability (P< 0.05)
(Figure 4(a)). All the findings revealed miR-193a inhibited
the abilities of proliferation and invasion in gastric cancer
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Figure 2: miR-193a suppresses the activation of PI3K/AKTpathway in gastric cancer cells. (a) miR-193a expression was low in GES-1 cells
versus HGC-27 and MGC-803 cells. (b) ,e miR-193a mimic and miR-193a inhibitor were conducted to upregulate or downregulate miR-
193a in HGC-27 cells measured by RT-qPCR. (c) CCK8 assay indicated miR-193a mimic suppressed cell proliferation, while miR-193a
inhibitor promoted cell proliferative ability in HGC-27 cells. (d) miR-193a inhibited the activation of PI3K/AKT pathway. ∗P< 0.05;
∗∗P< 0.01.
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Figure 3: miR-193a suppresses the xenograft growth in vivo. (a) miR-193a overexpression inhibited gastric cancer xenograft growth.
(b) ,e tumor volume of cells overexpressed miR-193a was smaller than the control group. ∗P< 0.05.
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Figure 5: miR-193a regulates PSEN1 expression through binding to PSEN1 mRNA 3′-UTR. (a) PSEN1 was a target gene of miR-193a, and
the binding site was located at the 3′-UTR of PSEN1 mRNA. (b) Luciferase reporter assay elucidated miR-193a and decreased the luciferase
activity of HGC-27 cells transfected with wild-type PSEN1 3′-UTR, while it did not alter the luciferase activity of cells transfected with
mutant PSEN1 3′-UTR. (c) Overexpression of miR-193a inhibited the mRNA level of PSEN1, while knockdown of miR-193a enhanced the
expression of PSEN1 in HGC-27 cells. ∗P< 0.05; #P< 0.05.
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Figure 4: miR-193a suppresses cell invasion and EMT in gastric cancer cells. (a) Transwell assay elucidated that miR-193a inhibited the
abilities of invasion in gastric cancer cell HGC-27. (b) miR-193a inhibited the EMT in HGC-27 cells. ∗P< 0.05.
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cell HGC-27.,e EMTability was evaluated by detecting the
expression of EMT-associated proteins by western blot. As
we expected, miR-193a mimic suppressed the expression of
N-cadherin, while improving the expression of E-cadherin
in HGC-27 cells. On the contrary, miR-193a inhibitor en-
hanced the expression of N-cadherin and decreased
E-cadherin expression, which suggested that miR-193a
inhibited cell EMT through PSEN1 (Figure 4(b)).

3.5. miR-193a Regulates the Expression of PSEN1 through
Directly Binding to 3′-UTR of PSEN1 mRNA. TargetScan
predicted one of the target genes of miR-193a was PSEN1,
and the binding site was located at 697–703 on PSEN1
mRNA 3′-UTR. To verify miR-193a binding to the potential
binding site of PSEN1, the binding sequences were mutated
from GGCCAGU to CCGGUCA, and then the luciferase
activity was calculated (Figure 5(a)). ,e luciferase reporter
assay elucidated that miR-193a decreased (P< 0.05) the
luciferase activity of HGC-27 cells transfected with wild-type
PSEN1 3′-UTR, while it did not alter (P> 0.05) the luciferase
activity of cells transfected with mutant PSEN1 3′-UTR
(Figure 5(b)). PSEN1 mRNA levels were evaluated after
transfection of miR-193a mimic or miR-193a inhibitor in
HGC-27 cells. As expected, overexpression of miR-193a
inhibited (P< 0.05) the mRNA level of PSEN1, while
knockdown of miR-193a enhanced (P< 0.05) PSEN1 ex-
pression in HGC-27 cells (Figure 5(c)). All the results in-
dicated that miR-193a regulated the expression of PSEN1 in
gastric cancer cells HGC-27.

3.6. PSEN1 Reverses the Roles of miR-193a in Gastric Cancer
Development. ,e expression of PSEN1 was evaluated by
RT-qPCR and we found that it was downregulated in
peritumoral normal tissues compared to that in gastric
cancer tissues (P< 0.05) (Figure 6(a)). Similarly, the ex-
pression of PSEN1 was higher in HGC-27 (P< 0.01) and

MGC-803 (P< 0.05) cells than that in GES-1 cells
(Figure 6(b)).

To investigate the effect of PSEN1 on the suppressive role
of miR-193a, PSEN1 overexpression plasmid was transfected
in miR-193a overexpressed HGC-27 cells (Figure 6(c)).
Upregulation of PSEN1 enhanced cell proliferation and
invasion in miR-193a mimic-transfected HGC-27 cells
(Figures 6(d) and 6(e)). All the results revealed that PSEN1
partially reversed the roles of miR-193a on cell proliferation
and invasion.

4. Discussion

Gastric cancer, a kind of gastrointestinal malignancy, is
the second leading death cancer, and the early diagnosis is
very difficult [1, 2]. ,us, exploring new biomarkers for
the early diagnosis and treatment of gastric cancer is
urgent.

Micro-RNAs caused mRNA degradation or transla-
tional inhibition through binding to target mRNAs 3′-
UTR at the posttranscriptional level [21, 22]. Accumu-
lating evidence indicated that multiple miRNAs were
involved in tumor prognosis in gastric cancer, including
miR-127, miR-575, miR-31, and miR-520c [23–26]. miR-
193a acted as a key tumor suppressor in various cancers
and played significant roles in tumor growth and me-
tastasis [8, 11]. miR-193a inhibited cell viability, prolif-
eration, and colony formation and induced G1 phase
arrest in prostate cancer cells [27]. Consistent with all the
findings above, we discovered that miR-193a was
downregulated in gastric cancer tissues and cells, and
downregulation of miR-193a predicted poor 5-year
overall survival of gastric cancer patients. miR-193a
inhibited tumor growth in vitro and in vivo and sup-
pressed tumor metastasis in gastric cancer cells HGC-27.
Pan et al. indicated that miR-193a inhibited cell prolif-
eration and invasion through PI3K/AKTpathway in renal
cell carcinoma [28]. Our results are consistent with Pan
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Figure 6: PSEN1 reverses the roles of miR-193a on cell proliferation and invasion. (a) PSEN1 was upregulated in gastric cancer tissues compared
to peritumoral normal tissues. (b) PSEN1 expressionwas higher inHGC-27 andMGC-803 cells than that inGES-1 cells. (c) PSEN1 overexpression
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8 Journal of Oncology



et al.; miR-193a suppressed the activation of PI3K/AKT
pathway in gastric cancer. What is more, we first propose
that miR-193a inhibited the epithelial-to-mesenchymal
transition (EMT) of gastric cancer cells. However, miR-
193a promoted cell proliferation and migration in
esophageal squamous cell carcinoma [29]; therefore, we
conjectured that miR-193a might have tissue specificity.

PSEN1 is a primary component of the c-secretase
complex, which is mainly related to Alzheimer’s disease
[14, 15]. PSEN1 downregulation caused decreased neu-
ronal survival and protected neurons from glucose
deprivation-induced death [30]. Even in gastric cancer, Li
et al. indicated that PSEN1 enhanced carcinogenesis and
metastasis [31]. PSEN1 is a direct target gene of miR-
193a, and PSEN1 promoted cell apoptosis and enhanced
the sensitization to a drug in bladder cancer [32]. Con-
sistent with Meng et al. [18, 32], we found that PSEN1 was
a target of miR-193a and its expression was mediated
by miR-193a in gastric cancer cells HGC-27. PSEN1
partially reversed the functions of miR-193a in cell
proliferation and invasion in HGC-27 cells. ,e short-
coming of our study is that it has not further explored the
mechanism of the miRNA/PSEN1/PI3K/Akt axis in
gastric cancer.

5. Conclusions

miR-193a inhibits gastric cancer cell proliferation, invasion,
and the epithelial-to-mesenchymal transition and sup-
presses the activation of the PI3K/Akt signaling pathway.
,is study evaluates the therapeutic potential of miR-193a in
gastric cancer and provides a new target for the prevention
and treatment of gastric cancer.
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Background. LncRNANR2F1-AS1 has been identified as an oncogene in some human tumors, such as breast cancer, nonsmall cell
lung cancer, and esophageal squamous cell carcinoma. Nonetheless, whether NR2F1-AS1 is involved in the progression of gastric
cancer (GC) remains unknown. Methods. )e expression patterns of NR2F1-AS1, MAP3K2, and miR-493-5p in GC tissues and
cells were detected by RT-qPCR. )e protein expression of MAP3K2 was assessed by the Western blotting assay. )e MTTassay
and flow cytometry were performed tomeasure cell proliferation and cell apoptosis in GC cells.)e transwell assay was adopted to
assess cell migration in GC cells. )e relationship between NR2F1-AS1, MAP3K2, and miR-493-5p was verified by a dual-
luciferase reporter assay. Results. )e increased NR2F1-AS1 and MAP3K2 expressions were discovered in GC tissues and cells
compared with control groups. Knockdown of NR2F1-AS1 and MAP3K2 dramatically suppressed cell proliferation and mi-
gration, while it enhanced cell apoptosis in GC cells. In addition, NR2F1-AS1 was found to be a sponge of miR-493-5p, and
MAP3K2 was a downstream gene of miR-493-5p. Moreover, the expression of MAP3K2 was notably reduced by miR-493-5p, and
NR2F1-AS1 counteracted the inhibition of miR-493-5p. Conclusion. )us, NR2F1-AS1 was verified to regulate GC cell pro-
gression by sponging miR-493-5p to upregulate MAP3K2 expression.

1. Introduction

Gastric cancer (GC) is a malignant tumor derived from the
epithelium of the gastric mucosal epithelium. GC accounts
for the third in all malignant tumors, the first among gas-
trointestinal cancer, and 95% of gastric malignancies. )e
morbidity and mortality of GC are the third and fifth among
human malignant tumors, respectively [1]. In view of the
high morbidity and mortality of GC, the study on the eti-
ology of GC has attractedmany scholars. Studies have shown
that obesity, gastroesophageal reflux, unreasonable diet,
Helicobacter pylori infection, and atrophic gastritis are all
high-risk factors for GC [2–4]. At present, surgical resection
of the tumor is still the main method for the treatment of GC
in clinical practice [5]. But the recurrence rate of GC patients
after surgery is high, leading to a poor prognosis [6]. )e key

of targeted therapy is to find the genes and proteins that play
a key role in the development of GC and to intervene against
them, so as to achieve the purpose of treatment. At present,
the targeted therapy of GC has made a substantial progress
[7, 8].

LncRNAs regulate gene expression at multiple levels,
including changing chromatin status, binding to miRNAs
and mRNAs to regulate genes’ expression, and binding to
RNA-binding proteins to mediate intracellular signaling
[9, 10]. In recent years, great progress has been made in the
research on the relationship between lncRNAs and tumor
development and metastasis [11, 12]. H19 was negatively
correlated with the prognosis of GC and played the carci-
nogenic role by regulating miRNAs and genes in GC
[13–15]. PINT was found to suppress tumor progression by
the crosstalk with miR-21 in GC [16]. LncRNA NR2F1-AS1
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was found to play a special role in some cancers. NR2F1-AS1
was found to accelerate cell angiogenesis in breast cancer
and was associated with breast cancer recurrence [17, 18]. In
addition, previous research studies have verified that
NR2F1-AS1 functions as an oncogene in nonsmall cell lung
cancer, endometrial cancer, and esophageal squamous cell
carcinoma [19–21]. On the contrary, NR2F1-AS1 suppressed
cell growth by modulating miR-371-3p/TOB1 axis in co-
lorectal cancer [22]. However, the information on the effect
of NR2F1-AS1 in GC is limited.

In the current article, we first examined the expression
levels of NR2F1-AS1 andMAP3K2 in GC and explored their
effect on cell proliferation, cell apoptosis, and cell migration
in GC. Furthermore, the regulatory network of NR2F1-AS1/
miR-493-5p/MAP3K2 in GC was also explored.

2. Materials and Methods

2.1. Patients andClinical Tissues Samples. )e tissue samples
of 44GC patients at South Hospital of Tongchuan People’s
Hospital were collected for our experiments. Specimens
from each patient included GC tissues and matched distal
nontumor tissues. Before surgery, none of the patients had
received any preoperative radiotherapy, chemotherapy, or
immunotherapy. )is study was approved by the Ethics
Committee of South Hospital of Tongchuan People’s Hos-
pital. )e patients or their families have signed the informed
consent.

2.2. Cell Lines. Human normal gastric mucosa epithelial cell
line (GES-1) and GC cell lines (HGC-27, AGS,MKN-74, and
SNU-5) were obtained from the Typical Cell Bank of Chines
Academy of Sciences (Shanghai, China). )e cells were
cultured in the Roswell Park Memorial Institute 1640
(RPMI-1640) medium containing 10% foetal bovine serum
(FBS), penicillin, and streptomycin. )e culture atmosphere
of the cell incubator was 37°C, 5% CO2, and 95% humidity.
Cell passage was carried out when the cell confluence
reached 80%.

2.3. RT-qPCR. Total RNA was obtained from GC tissues or
cells by using TRIzol. )en, the cDNA was synthesized by
using a reverse transcription kit. 2 μl reverse transcription
product was taken for PCR reaction. )e PCR reaction
system was SYBR Green Master Mix 10 μL, forward and
reverse primers 0.8 μL each, cDNA 3 μL, and ddH2O 7.4 μL.
Reaction conditions were 95°C for 2min; 95°C for 15 s, 60°C
for 30 s, 72°C for 30 s, and a total of 40 cycles. GAPDH was
used as an internal reference for NR2F1-AS1 and MAP3K2,
while U6 was used as an internal reference for miR-493-5p.
)e relative expressions of NR2F1-AS1, MAP3K2, and miR-
493-5p were calculated by the 2−△△CT method. Primer se-
quences are given in Table 1.

2.4. Cell Transfection. AGS and MKN-74 cells were selected
for the functional experiments. NR2F1-AS1 si-RNA (5ʹ-
UAAUAGAAAUAUUGAGAACAU-3ʹ), MAP3K2 si-RNA,

and their corresponding negative control si-NC (5ʹ-
AAGACAUUGUGUGUCCGCCTT-3ʹ), pcDNA-NR2F1-
AS1, and its negative control pcDNA, miR-493-5p mimic,
and its negative control miR-NC were obtained from
GenePharma (Shanghai, China). )e transfections were
carried out by Lipofectamine 3000. AGS and MKN-74 cells
were cultured in an incubator at 37°C and 5% CO2. After
transfection for 48 h, AGS and MKN-74 cells were collected
for the functional experiments.

2.5.Western Blot Assay. )e protein expression of MAP3K2
was detected by the Western blot assay. Cells in each group
were collected to extract the total protein, and the protein
concentration was detected by the BCA method. 30 μg
protein was electrophoresized by SDS-PAGE and then
transferred to the PVDF membrane. Next, it was sealed with
5% skim milk for 2 h and added primary antibody (anti-
MAP3K2, 1 :1000) at 4°C overnight. After washing with
TBST, secondary antibody (goat-anti-mouse, 1 :1000) was
added to incubate for 1 h. )e gray values of each strip were
measured by the gel imaging analysis system and Image J
software.

2.6. Cell Proliferation. Cells were seeded in a 96-well plate
with a cell density of 5×103 cells/well. After cultured at 37°C
for 1–3 days, 10 μl MTT (5 g/L) was added. After incubation
for 4 h, cells were added with 150 μl dimethyl sulfoxide and
incubated for 10min. Cell proliferation was indirectly re-
flected by measuring the OD at 490 nm.

2.7. Cell Migration. AGS and MKN-74 cells were seeded in
the upper chamber of the transwell chamber. We added
600 μl Dulbecco’s Modified Eagle Medium (DMEM) me-
dium with 10% FBS to the lower chamber. )e chamber was
incubated in a 5% CO2 incubator at 37°C for 24 h. After
washing with phosphate buffer saline (PBS), cells were fixed
and stained by paraformaldehyde and 0.1% crystal violet.
Finally, the number of migrated cells was measured by the
microscope.

2.8. Cell Apoptosis. AGS andMKN-74 cells were centrifuged
at 1000 r/min for 5min, and the supernatant was discarded.

Table 1: Primers sequences.

Gene Primer sequences
NR2F1-
AS1

Forward 5′- CAGCGGTGCAAACCATGTGC-3′
Reverse 5′- GCAAGTTGGCTGAACCAAATG-3′

miR-493-
5p

Forward 5′- TCCTACGGAGAGGCTCAG-3′
Reverse 5′- TCCTCGTAGTCCAACACG-3′

MAP3K2
Forward 5′-GCTTACGGTCTCCTGTGAGTT-3′

Reverse 5′-AGGATTGTCTATGTCACTTCCCC-
3′

U6 Forward 5′-CTCGCTTCGGCAGCACA-3′
Reverse 5′-AACGCTTCACGAATTTGCGT-3′

GAPDH Forward 5′-GAGTCAACGGATTTGGTCGT-3′
Reverse 5′-TTGATTTTGGAGGGATCTCG-3′
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)en, cells were added with 5 μL Annexin V-FITC and PI.
Finally, cell apoptosis was detected by flow cytometry after
incubation at room temperature in dark.

2.9. Dual-Luciferase Reporter Assay. NR2F1-AS1-WT,
NR2F1-AS1-MUT, MAP3K2-WT, and MAP3K2-MUT
were obtained from GenePharma (Shanghai, China). Cells
were transfected with miR-493-5p mimic and miR-NC,
respectively. After transfection for 48 h, the luciferase ac-
tivity was detected according to the requirements of the
dual-luciferase reporter kit.

2.10. Statistical Analysis. )e measurement data were pre-
sented as mean± SD. Data were analyzed by using SPSS 21.0
statistical software. )e comparison between the two groups
was analyzed by the t-test.)e chi-square test was performed
to compare the two groups. P< 0.05 was the result of the
statistical difference.

3. Results

3.1. NR2F1-AS1 and MAP3K2 Were Overexpressed in GC
Tissues and Cells. To investigate the role of NR2F1-AS1 and
MAP3K2 in the progression of GC, the expression levels of
NR2F1-AS1 and MAP3K2 were assessed by RT-qPCR.
Results reflected an upward trend of NEAT1 expression in
GC tissues compared with control tissues (Figure 1(a)).
Next, NR2F1-AS1 was obviously upregulated in GC cells
(AGS, HGC-27, MKN-74, and SNU-5) compared with GES-
1 cells (Figure 1(b)). Next, we investigated the relationship
between NEAT1 expression and overall survival rate. GC
patients with high NR2F1-AS1 expression had a shorter
survival time than those with low NR2F1-AS1 expression
(Figure 1(c)). Moreover, MAP3K2 was identified as an as-
cending expression in GC tissues compared with control
tissues (Figure 1(d)). Subsequently, MAP3K2 was highly
expressed in GC cells compared to the normal cells
(Figure 1(e)). Furthermore, there was a positive correlation
between NR2F1-AS1 and MAP3K2 in GC tissues
(Figure 1(f )).)erefore, NR2F1-AS1 andMAP3K2may play
a special role in the development of GC.

3.2. Knockdown of NR2F1-AS1 Repressed Cell Proliferation
and Migration, While It Induced Cell Apoptosis of Cells.
)e expression of NR2F1-AS1 was significantly decreased
when AGS and MKN-74 cells were transfected with
NR2F1-AS1 si-RNA (Figure 2(a)). )en, the effect of
NR2F1-AS1 on GC cell progression was detected by MTT,
transwell assay, and FCM. As shown in Figures 2(b) and
2(c), after transfection with NR2F1-AS1 si-RNA, the OD
value in GC cells decreased significantly. Compared with
the control group, the migration ability of GC cells was
obviously suppressed by NR2F1-AS1 knockdown
(Figure 2(e)). In contrast, NR2F1-AS1 knockdown obvi-
ously accelerated the cell apoptosis rate of GC cells
(Figure 2(d)).

3.3. Inhibition of MAP3K2 Suppressed Cell Proliferation and
Migration and Enhanced Cell Apoptosis of GC Cells. In the
same way, AGS and MKN-74 cells were transfected with
MAP3K2 si-RNA. As shown in Figure 3(a), the protein
expression of MAP3K2 was obviously reduced after cells
were transfected with MAP3K2 si-RNA. Compared with the
control group, MAP3K2 knockdown notably blocked cell
proliferation in GC cells (Figures 3(b) and 3(c)). Similarly,
MAP3K2 knockdown suppressed GC cell migration in cells
compared with the control group (Figure 3(d)). As we ex-
pected, the cell apoptosis rate was ascended when GC cells
were transfected with MAP3K2 knockdown (Figure 3(e)).

3.4. NR2F1-AS1 Targeted miR-493-5p, and MAP3K2 Was a
Target Gene of miR-493-5p in GC Cells. LncRNAs have been
reported to play their roles in human cancers by targeting
miRNAs to regulate the downstream genes. In the current
study, StarBase and TargetScan were used to predict the
binding sequences between NR2F1-AS1, miR-493-5p, and
MAP3K2 (Figures 4(a) and 4(b)). )en, we found that the
luciferase activity of the NR2F1-AS1-WTgroup was notably
declined after treatment with miR-493-5p mimic, while
transfection of miR-493-5p mimic had no significant effect
on the luciferase activity of the NR2F1-AS1-MUT group
(Figures 4(c) and 4(d)). Next, RT-qPCR results displayed
that the expression of miR-493-5p was increased in GC cells
treated with NR2F1-AS1 knockdown, but declined when
cells were treated with NR2F1-AS1 (Figures 4(e) and 4(f )).
Similar experiments displayed that miR-493-5p mimic de-
creased the luciferase activity of MAP3K2-WT, but not
MAP3K2-MUT (Figures 4(g) and 4(h)). In addition, the
expression of MAP3K2 was notably descended by miR-493-
5p mimic, while it was increased by the miR-493-5p in-
hibitor (Figures 4(i) and 4(j)).

3.5. Downregulation of MAP3K2 Induced by miR-493-5p
Could Be Recovered by Transfection with NR2F1-AS1 in GC
Cells. We noticed that the protein expression of MAP3K2
was notably reduced by miR-493-5p mimic, while NR2F1-
AS1 retarded the inhibiting effect of miR-493-5p on
MAP3K2 expression (Figures 5(a) and 5(b)). )erefore,
NR2F1-AS1 regulated GC cell progression by inhibiting
miR-493-5p to upregulate MAP3K2 expression.

4. Discussion

NR2F1-AS1 is verified to be aberrantly expressed in several
human tumors and plays an important role in the devel-
opment of tumors. NR2F1-AS1 was upregulated in hepa-
tocellular carcinoma (HCC), and downregulated NR2F1-
AS1 was found to suppress cell growth and EMTprogression
and promote cell apoptosis of HCC cells [23]. Moreover,
high NR2F1-AS1 expression was associated with poor OS,
and silencing of NR2F1-AS1 blocked HCC cell hypoxia-
induced glycolysis [24]. Furthermore, NR2F1-AS1 knock-
down was reported to suppress cell invasion, migration, and
cell growth, while it induced cell apoptosis in osteosarcoma
cells by miR-483-3p and FOXA1 [25]. Whereas, the role of
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Figure 1: NR2F1-AS1 and MAP3K2 highly expressed in GC tissues and cells. (a, b) )e expression of NR2F1-AS1 in 44GC tissues and cell
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NR2F1-AS1 in GC is not well-understood. In our experi-
ment, we detected the expression level of NR2F1-AS1 in GC.
Moreover, functional experiments were performed to
measure the effect of NR2F1-AS1 on GC progression. Ad-
ditionally, the possible carcinogenic mechanism of NR2F1-
AS1 in GC was discussed through molecular biology
experiments.

We noticed that NR2F1-AS1 was notably overexpressed
in GC tissues and cell lines. Our results were similar to
previous reports. NR2F1-AS1 was highly expressed in
melanoma, endometrial cancer, and cancer esophageal
squamous cell carcinoma [19, 26, 27]. Furthermore, to de-
tect the role of NR2F1-AS1 on GC progression, we knocked
down the expression of NR2F1-AS1 in AGS and MKN-74
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Figure 4: NR2F1-AS1 targeted miR-493-5p, while MAP3K2 was a target gene of miR-493-5p in GC cells. (a) )e binding sites between
NR2F1-AS1 and miR-493-5p. (b) )e binding sites between MAP3K2 and miR-493-5p. (c, d) )e effect of miR-493-5p on the luciferase
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Figure 5: Downregulation of MAP3K2 induced by miR-493-5p could be recovered by transfection with NR2F1-AS1 in GC cells. (a) )e
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cells. Our results displayed that NR2F1-AS1 knockdown
dramatically blocked cell proliferation and migration, while
it enhanced cell apoptosis of GC cells. Similarly, NR2F1-AS1
downregulation was found to inhibit cell growth, migration,
invasion, and the EMTprocess in esophageal squamous cell
carcinoma cells [26]. Contrary to our findings, NR2F1-AS1
was displayed to play as an antigene in colorectal cancer and
cervical squamous cell carcinoma [22, 28].

LncRNAs were reported to play vital roles in tumor
progression by sponging miRNAs to regulate downstream
genes. In papillary thyroid carcinoma, NR2F1-AS1 acted as
an oncogene by sponging miR-423-5p to upregulate SOX12
expression [29]. In the current study, miR-493-5p was a
target of NR2F1-AS1, and MAP3K was a downstream gene
of miR-493-5p. Mitogen-activated protein kinase 2
(MAP3K2) is a member of the MAP3K family with known
roles in activating JNK and other kinases in the MAP
pathway [30, 31]. MAP3K2 is reported to be necessary for
the activation of ERK1/2 and MEK1/2 [32]. We found that
MAP3K2 was significantly overexpressed in GC, and si-
lence of MAP3K2 inhibited cell proliferation and migra-
tion, but facilitated cell apoptosis in GC cells. In line with
our data, MAP3K2 was reported to be an oncogene in
nonsmall cell lung cancer and triple-negative breast cancer
[33, 34]. Furthermore, MAP3K2 was significantly reduced
by miR-493-5p mimic, while NR2F1-AS1 retarded the
inhibitory effect of miR-493-5p. Finally, the network of
NR2F1-AS1/miR-493-5p/MAP3K2 in GC progression was
constructed.

5. Conclusion

In sum, NR2F1-AS1 was verified to be an oncogene in GC.
Furthermore, we confirmed that NR2F1-AS1 regulated GC
progression by sponging miR-493-5p to accelerate MAP3K2
expression.)erefore, our results suggested that NR2F1-AS1
might be a therapeutic target for patients with GC. However,
the effect of NR2F1-AS1/miR-493-5p/MAP3K2 on the rel-
evant pathways and the possible regulatory mechanism in
the process of GC progression still need to be further
studied.
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Preclinical evaluation models have been developed for precision medicine, with patient-derived xenograft models (PDXs)
and patient-derived organoids (PDOs) attracting increasing attention. However, each of these models has application
limitations. In this study, an advanced xenograft model was established and used for drug screening. PDO and endothelial
colony-forming cells (ECFCs) were cotransplanted in NRGA mice (PDOXwE) to prepare the model, which could also be
subcultured in Balb/c nude mice. Our DNA sequencing analysis and immunohistochemistry results indicated that PDOXwE
maintained patient genetic information and tumor heterogeneity. Moreover, the model enhanced tumor growth more than
the PDO-bearing xenograft model (PDOX).,e PDO, PDOXwE, and clinical data were also compared in the liver metastasis
of a colorectal cancer patient, demonstrating that the chemosensitivity of PDO and PDOXwE coincided with the clinical
data. ,ese results suggest that PDOXwE is an improvement of PDOX and is suitable as an evaluation model for
precision medicine.

1. Introduction

Precision medicine, which encompasses personalized
medicine, is important for the implementation of optimized
anticancer therapy. Moreover, preclinical evaluation models
are indispensable in screening for the sensitivity of anti-
cancer drugs. Patient-derived organoids (PDOs) have been
established as an in vitro model for various cancers [1]. ,is
model embodies the function and genetic information of a
patient’s tissue and could be maintained for an expanded
period [2]. PDOs have emerged as a high-throughput

screening system in anticancer drug prognosis and devel-
opment [3]. Although PDOs recapitulate the features of
tissues, they cannot emulate the tumor microenvironment.
,erefore, several anticancer drugs that interrupt the
crosstalk between cancer cells and surrounding cells could
not be evaluated using this model. Consequently, in vivo
animal models are required for an accurate prognosis before
clinical application. Recently, patient-derived xenograft
models (PDXs) directly transplanted with patient tissue and
PDO-bearing xenograft models (PDOXs) have been estab-
lished [4]. By contrast, PDXs and PDOX can preserve cancer
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heterogeneity and the genetic information of the patient’s
tissue, as well as mimic the tumor microenvironment.
However, the establishment rate of PDXs remain low [5, 6]
because patient tissue is composed of cancer cells and stroma
and this ratio is not constant. ,e PDOX could improve on
the disadvantages of PDX. Nevertheless, the PDX and PDOX
protocols have not yet been optimized because they differ
depending on the cancer type. Furthermore, the time re-
quired for the establishment of PDX and PDOX remains a
limiting factor in their application on anticancer drug
screening.

In this study, an advanced xenograft model was de-
veloped using colorectal cancer (CRC) patient-derived
tissues to overcome the limitations of PDOX. CRC is
known to cause liver metastasis, and its progression can
lead to death [7]. ,us, a strategy for the inhibition of CRC
progression is important in increasing survival rate. In
particular, there is an urgent need for anticancer drugs
optimized for accuracy in anticancer therapy applications.
Hence, we investigated the sensitivity of anticancer drugs in
advanced xenograft models of CRC and liver metastatic
CRC.

2. Materials and Methods

2.1. Human Tissue Acquisition and Patient Treatment.
,e protocol for this section of the study was approved by
the Ethics Committee of the Korea Cancer Center Hos-
pital (approval no. KIRAMS-2017-07-001 and KIRAMS-
2017-09-009) and was performed in accordance with the
approved guidelines and regulations of the institution. All
samples were obtained from patients who provided
written informed consent for the use of their tissues.
Surgically resected liver metastatic intestinal cancer tissue
(LMT) and endoscopic biopsy intestinal cancer tissues
were obtained from patients diagnosed with CRC and
treated at the Korea Cancer Center Hospital. ,e collected
samples were also histologically verified as adenocarci-
noma by a pathologist using hematoxylin and eosin
(H&E) staining. ,e isolation of the tumor epithelium was
performed as previously described with minor modifi-
cations [8, 9].

For chemotherapy, the LMTpatient was treated with an
irinotecan-based regimen (FOLFIRI). ,e FOLFIRI regimen
consisted of 180mg/m2 irinotecan, 400mg/m2 bolus 5-
fluorouracil (5-FU), and 2400mg/m2 infusional 5-FU every
two weeks. ,e patient’s response to chemotherapy was
evaluated after every three cycles with computed tomog-
raphy (CT, Ingenuity, Philips Healthcare, Amsterdam, the
Netherlands) as scored using Response Evaluation Criteria
In Solid Tumors 1.1.

2.2.OrganoidCulture. ,e tumor organoids were isolated as
previously described [10]. Briefly, cancer tissues were in-
cubated with collagenase type II (Sigma-Aldrich, Louis, MO,
USA), dispase type II (Roche Applied Science, Mannheim,
Germany), and Y-27632 (BioVision, Mountain View, CA,
USA) for 1 h at 37°C. Isolated cells were washed with PBS

and centrifuged at 300×g for 3min. ,e cells were then
embedded in Matrigel (growth factor reduced, phenol red
free; Corning, NY, USA) and seeded in 4-well plates, fol-
lowed by the addition of the culture medium. ,e com-
position of the CRC organoid culture medium was 1×B27
(Gibco, Grand Island, NY, USA), 1.25mMN-acetyl cysteine
(United States Pharmacopeia, Rockville, MD, USA), 50 ng/
mL human epidermal growth factor (BioVision), 50 ng/mL
human Noggin (Peprotech, Rocky Hill, NJ, USA), 10 nM
gastrin (Sigma-Aldrich), 500 nM A83-01 (BioVision), and
100mg/mL primocin (InvivoGen, San Diego, CA, USA). To
prevent anoikis, 10 μM Y-27632 was added to the culture
medium during the first 2-3 days. When organoids were
>200 µm, they were passaged by pipetting using the Gentle
Cell Dissociation Reagent (STEMCELL Technologies,
Vancouver, Canada) according to the manufacturer’s
instructions.

2.3. Organoid Viability. LMT organoids in good condition
were harvested, passaged, and seeded in 96-well cell culture
plates. ,e organoid density was adjusted to 50–60/10 μL
Matrigel with 200 μL culture medium. For drug testing, the
organoid culture medium was removed and replaced with a
200 μL drug-containing culture medium: 2.5mg/mL
cetuximab (Erbitux, Merck), irinotecan (I1406, Merck), or
oxaliplatin (O9512, Sigma). Organoids were photographed
seven days after drug treatment (EVOS FL Cell Imaging
System, ,ermo Fisher Scientific), and cell viability was also
evaluated at seven days by the CellTiter 96 Aqueous One
Solution cell assay (Promega, G3580) according to the
manufacturer’s instructions.

2.4. Culture of Human Endothelial Colony-Forming Cells.
Endothelial colony-forming cells (ECFCs) were isolated
from the adherent mononuclear cell fraction of human
peripheral blood using CD31-coated magnetic beads
(Invitrogen, MA, USA) as previously described [11]. Isolated
ECFCs were expanded on 1% gelatin-coated plates (BD
Biosciences, NJ, USA) using an endothelial cell growth
medium MV 2 (EGM-MV 2 without hydrocortisone; Pro-
moCell, Heidelberg, Germany) supplemented with 10% fetal
bovine serum (Atlas Biologicals, CO, USA) and 1% gluta-
mine-penicillin-streptomycin (Gibco, MA, USA). ECFCs
between passages seven and ten were used in all of the
experiments. ,e protocol for this section of the study was
approved by the institutional review board of Duksung
Women’s University (IRB Nos. 2017-002-001 and 2018-007-
006).

2.5. AnimalHandling. All animal experiments were carried
out following the protocol approved by the Institutional
Animal Care and Use Committee of Duksung Women’s
University (No. 2019-012-001). Five-week-old female and
male NOD/ShiLtJ-Rag2em1AMC (NRGA)mice and Balb/c
nude mice were purchased from JUNGA Bio (Gyeonggi,
Korea). All animals were acclimated to the animal labo-
ratory of Duksung Women’s University for one week prior

2 Journal of Oncology



to any procedural work. ,e room conditions were
maintained at 20°C, 50% humidity, and a 12/12 h light/dark
cycle. ,e diet was provided with drinking water ad
libitum.

2.6. Organoid-Derived Xenograft Models. Cultured organo-
ids were collected and implanted into the subcutaneous
pockets of NRGAmice. For the coimplantation of organoids
and ECFCs, ECFCs were prepared at 1× 106 cells/100 μL in
10% Matrigel (YoungIn Frontier, Korea) and injected
subcutaneously around the implanted organoid. To sub-
culture the organoid-derived xenograft model, organoid-
derived tumors were isolated and sliced into 1-2mm3 sec-
tions. One piece of tumor tissue was subcutaneously
implanted into the second generation of Balb/c nude mice
(G2). Subsequently, the G2 xenograft mouse models were
used to investigate the efficacy of anticancer drugs. Tumor
size was measured using a caliper (Mitutoyo Corporation,
Japan) three times per week. ,e tumor volume was cal-
culated as follows:

Tumor volume mm3
  �

(longest length) ×(shortest length)
2

2
.

(1)

When the tumor volume reached approximately
100mm3, the mice were randomly divided into groups
(n� 5/group).

2.7. Immunohistochemistry. To characterize organoids and
their tissues of origin, immunohistochemistry was per-
formed using the colorectal marker CDX2 (1 : 200; cat. no.
235R-16; Cellmarque), CK7 (1 :10000; cat. no. ab181598;
Abcam), and CK20 (1 : 500; cat. no. 320M-16; Cellmarque)
in 5 µm formalin-fixed paraffin-embedded tissues and
organoid sections (28114961). All images were acquired
using an OLYMPUS IX73 (Olympus, Germany).

2.8. Tumor Organoid DNA Sequencing and Analysis. To
analyze the mutational status of patient tissues, organoids,
and PDOX tissues, DNA extraction and library con-
struction were performed using the Qiagen Gentra Pure-
gene kit (Valencia, CA, USA) and Agilent SureSelect XT
library prep kit (Santa Clara, CA, USA). Deep targeted
sequencing using Axen Cancer Panel 2 (170 cancer-related
genes, Macrogen) and the NextSeq 500 midoutput system
platform (Illumina) was conducted on tumor tissues,
organoids, and PDOX samples. Libraries consisting of
150 bp paired-end reads were sequenced by high-
throughput sequencing using synthesis technology to a
depth coverage of approximately 2000x. An oncoplot was
used for the visualization of the mutations of the tissue,
organoid, and PDOX.

2.9. Drug Treatment. Intraperitoneal injections of the test
drugs were administered following this treatment
schedule: oxaliplatin (5mg/kg, three times/week),

irinotecan (20mg/kg, five times/week), and/or cetuximab
(10mg/kg, twice a week).

2.10. Statistics. Data are presented as the mean± standard
deviation. Statistical significance was set at p< 0.05 and was
calculated using Student’s t test and one-way ANOVA
followed by Tukey’s post hoc test.

3. Results

3.1. PDOX Maintains Patient-Derived Properties. ,e sen-
sitivity of anticancer drugs was predicted by screening using
the PDO and PDOX models (Figure 1(a)). In our study, we
cotransplanted PDO with ECFCs in NRGA mice (G1) and
subcultured PDOX (G1) with ECFCs in Balb/c nude mice
(G2). First, we investigated whether PDOX maintained the
characteristics of PDO. As shown in Figure 1(b), the gene
expression of PDO, PDOX (G1), and PDOX (G2) coincided
with each other. Moreover, the establishment period of PDO
correlated with that of PDOX (R� 0.6007) (Figure 1(c)). ,e
establishment period of an in vivo model is their limitation
in precision medicine applications. Hence, we investigated
whether advanced xenograft models can improve the
original PDOX.

3.2. PDOX with ECFCs Overcomes the Obstacles of PDOX.
,e tumor growth of PDOX with ECFCs (PDOXwE) was
compared with that of PDOX, because the establishment
period of PDOX is an obstacle for its utilization. In 19T-
PDO, the establishment of PDOX (G1) failed, but
cotransplantation POD with ECFCs showed tumorigenicity
(Figure 2(a), left). Furthermore, PDOXwE stimulated tumor
growth more than PDOXs in the case of 5T-PDO and 8T-
PDO (Figure 2(a), middle and right, respectively). Among
them, 5T-PDO was also confirmed to maintain the 5T pa-
tient’s properties (Figure 2(b)). Additionally, gene expres-
sion in PDOXwE coincided with that in PDO (Figure 2(c)).
,ese results indicate that PDOXwE overcomes the obstacle
of PDOX by enhancing tumorigenicity and tumor growth
while maintaining the advantages of PDOX.

3.3. Drug Sensitivity Is Consistent in PDO and PDOXwE.
Our results indicate that PDOX drug sensitivity was con-
sistent with that of the patient. ,e chemotherapeutic effi-
cacy of anticancer drugs was evaluated in PDOXwE and
PDO, and the application validity of PDOXwE as an ad-
vanced xenograft model is shown in Figure 2. To compare
preclinical data with clinical data, we used liver metastatic
CRC patient-derived organoids.

As shown in Figures 3(a) and 3(b), the histopathology
and DNA sequence analyses demonstrate that PDO and
PDOXwE also coincided with the LMT patient’s tissue. ,e
expression of several genes was different among the tissue,
PDO, and PDOXwE; nevertheless, the gene profile of
PDOXwE (G2) for preclinical evaluation was almost similar
to that of the tissue. After seven days of observation of the
PDO model, the cytotoxicity of cetuximab was not
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significantly enhanced; by contrast, the combination of
cetuximab and irinotecan significantly enhanced cytotox-
icity compared to cetuximab alone (Figure 3(c)). On the
other hand, the combination of cetuximab and oxaliplatin
showed no difference with the use of cetuximab alone. ,e
tumor growth of PDOXwE was significantly suppressed only
when the combination of cetuximab and irinotecan was used
(Figure 3(d)). Moreover, the chemotherapeutic efficacy of
PDOXwE was the same as that in the PDOmodel. However,
tumor size and weight significantly decreased in all drug-
treated groups on the final day after the 3-week treatment
period (Figure 3(e)). ,e combination of cetuximab and
irinotecan inhibited the suppression of tumor growth, tumor
size, and tumor weight.

3.4. Monitoring of the LMT Patient Receiving the Irinotecan-
Based Regimen. As shown in Figure 3, our results suggest
that irinotecan is more effective than oxaliplatin in the LMT
organoid and the LMT organoid-bearing xenograft models.
In the LMT organoid-supplied patient, a liver metastasis of
approximately 2 cm was detected at the edge of liver segment
IIb. ,us, we decided to use the FOLFIRI regimen for
palliative chemotherapy based on the results of preclinical
tests. We monitored the chemotherapeutic efficacy every 3
cycles using CT (Figure 4(a)). Four lesions were analyzed in
every detection, and the total lesion size was calculated
(Figure 4(b)). ,e best response to chemotherapy was
achieved after the 6th cycle, and the patient remained at the
stable disease status until the 9th cycle. After the 12th cycle,
the size of the target lesions increased by more than 20% of

the size of the best response, and we determined that the
disease has progressed.

4. Discussion

In this study, chemotherapeutic efficacy was evaluated in an
in vitro and an in vivo model. Drug sensitivity of the LMT
patient was extrapolated based on these results and moni-
tored using CT.

In the preclinical test, these models were expected to
predict chemosensitivity in cancer patients. PDO and PDOX
models must represent some of the cancer patients’ attri-
butes (growth and gene expression); thus, PDOX exhibits
different sensitivities to anticancer drugs depending on a
patient’s organoid (Supplementary Figure 1). Practically,
time constraints are addressed to applicate the results of
these preclinical assessments for cancer patients. ,us,
advanced xenograft models were developed through the
cotransplantation of PDO and ECFCs (Figure 1(a)). ,e
PDOXwE model improved the period of establishment,
which is a limitation in the utilization of such models for
preclinical evaluation (Figure 2). Moreover, our results
suggest that PDOXwE could have an edge as an in vivo
model and, particularly, as an anticancer drug screening
system for precision medicine.

PDO is emerging as a model of pathophysiology because
it exhibits intratumor heterogeneity [12]. Furthermore, PDO
has maintainability with long-term expansion culture [2].
,us, PDO could be used for high-throughput screening in
an in vitro model. PDO must be an attractive in vitro model
for development of anticancer drugs. Nevertheless, PDO
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Figure 1: Cancer-patient-derived organoid and organoid-derived xenograft model. (a) Scheme of the in vitro and in vivo model for
precisionmedicine.,e patient-derived organoid (PDO, in vitromodel) and patient-derived organoid-bearing xenograft models (PDOX, in
vivo model) are utilized for anticancer drug screening. ,e advanced xenograft model is a PDOX cotransplanted with endothelial colony-
forming cells (ECFCs). For screening, tumor tissues obtained from PDOX (1st generation, G1) were transplanted into Balb/c nude mice
(2nd generation, G2). (b) Correlation of the production period between PDO and PDOX. Six cases of colorectal cancer patients were used
for production of organoid and xenograft models. (c) Retention of representative gene expression in organoids and PDOX. Sixteen major
genes were compared between the organoid and PDOX (G1 and G2).
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could not show tumor-stroma interaction and the inte-
gratable immune system [13]. ,erefore, indirect targeted
anticancer agents, such as antiangiogenic agents and in-
hibitors of crosstalk between cancer cells and surrounding
cells, are not suitable for evaluation in PDO.

To remedy PDO’s shortcomings, the evaluation of an-
ticancer agents in an in vivo model was required for de-
velopment of chemotherapeutic agents. Transplanted
materials of xenograft models for anticancer drug screening
have been developed from human cancer cell lines to PDOs
[4, 14]. Xenograft models could effectively evaluate the
chemotherapeutic efficacy. In general, standard protocols
have been established for human-cancer-cell-derived xe-
nograft models. ,us, this model has been used easily for a
long time in the field of anticancer drug development.
However, this model could not show the diverse charac-
teristics of cancer patients [15]. ,e PDX model improves

the obstacles of the human-cancer-cell-derived xenograft
model [14]. ,e PDX model as an avatar model represents
genetic alterations and pathohistological characteristics of
cancer patients [16]. Unfortunately, this model has several
limitations including long establishment period and low
engraftment rate [16], which may be one of the major
hurdles to apply PDXmodels to the effective anticancer drug
screening system. As an improving model, transplantation
of PDO into immunodeficient mouse has been tried. ,e
PDOX model retains the advantages of PDX. ,us, it could
predict anticancer drug susceptibility just like in patients.
However, these models could only be used with some
organoids. Furthermore, an optimized protocol of PDOX for
stable engraftment rate and rapid establishment period is not
yet found. Unsolved limitations may be due to the insuffi-
cient blood supply to the cells within the PDO after im-
plantation. Current methodologies have been improving on
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Figure 2: Enhancement of tumor growth in PDOX with ECFCs (PDOXwE). (a) Comparison of tumor growth between PDOX and
PDOXwE. PDO only or PDO with ECFCs were transplanted in NRGA mice (G1 xenograft model; 19T patient) and Balb/c mice (G2
xenograft model; 5Tpatient, n� 4/group; 8Tpatient, n� 1/group) ∗p< 0.05 (Student’s t test). (b) Observation of the 5Tpatient’s tumor tissue
and organoid. Sections of the patient’s tissue and patient-derived organoid were observed using H&E staining and immunohistochemistry
(CDX2, CK7, and CK20). (c) Gene expression of the 5Tpatient’s tumor-derived organoid, PDOX, and PDOXwE. ,e expression of fifteen
major genes was analyzed by DNA sequencing.
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previous drawbacks, with the added advantage of being able
to mimic the tumor microenvironment of patients. In this
study, cotransplantation with ECFCs was tried to promote
quick blood vessel formation surrounding PDO. In addition
to the improvement of PDO progression, a newly formed
vascular network surrounding PDO can facilitate drug de-
livery to the PDO and also provide the screening system to
estimate indirect targeted anticancer agents. Our results
indicated that the time required for PDOX establishment
can be reduced by ECFCs.

ECFCs are circulating endothelial progenitor cells and
contribute to neovascularization in many postnatal patho-
physiological conditions. For example, circulating ECFCs
are recruited into the ischemic tissues, where they are in-
corporated into the vascular endothelial lining and

differentiate into endothelial cells to form new blood vessels
[17]. Furthermore, it has been reported that about 40% of
vascular endothelial cells within the tumor region are de-
rived from ECFCs originated from the bone marrow [18].
Moreover, ECFCs have adhesiveness and migratory activi-
ties toward tumor [19]. Human-originated blood vessels are
made to the vasculature of xenograft models by ECFCs
around PDO. Similar to our results, human-derived blood
vessels could be observed in tumor tissues of a breast cancer
xenograft model by coinjection of MDA-MB-231 cells and
ECFCs [20]. In our study, the transplanted PDO exhibited
faster tumorigenicity and tumor growth through the blood
vessels newly formed by ECFCs (Figure 2). ,us, by ap-
plication of ECFCs to the PDOX models, PDOXwE can be a
novel strategy to establish an effective and practicable
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Figure 3: Combination therapeutic effect of cetuximab with irinotecan or oxaliplatin in organoids and PDOXwE of liver metastatic
colorectal cancer. (a) Histopathology of the LMT patient’s tumor tissue, organoid, and PDOXwE. Sections of the patient’s tissue, patient-
derived organoid, and PDOXwE were observed using H&E staining and immunohistochemistry (CDX2, CK7, and CK20). (b) Gene
expression of the LMTpatient’s tumor tissue, organoid, and PDOXwE (each generation).,e expression of fifteenmajor genes was analyzed
by DNA sequencing. (c) Cytotoxicity of anticancer drugs in the organoid model. Cetuximab (oetux), oxaliplatin (oxali), and irinotecan
(irino) (2.5mg/mL, respectively) were used to treat the organoids for seven days. Organoids were photographed, and then, organoid cell
viability was measured by the CellTiter 96 Aqueous One solution Cell Assay. ∗p< 0.05 (one-way ANOVA test). (d) Efficacy test of anticancer
drugs in PDOXwE. Cetux (10mg/kg, two times/week), oxali (5mg/kg, three times/week), and irino (20mg/kg, five times/week) were
intraperitoneally injected. Tumor volumes were measured three times per week. Data are expressed as the mean± standard deviation (n� 5/
group). ∗p< 0.05 (one-way ANOVA test). (e) Comparison of tumor size and tumor weight. After measuring the final tumor volume, tumors
were isolated, photographed, and weighed on a scale. ∗p< 0.05 (vs. control); #p< 0.05 (vs. cetux) (one-way ANOVA test).
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screening system for the personalized cancer medicine.
Furthermore, our results showed that PDOXwE preserved
patient genetic information, and some of the variations in
gene expression were negligible (Figure 2). During anti-
cancer drug screening, the drug sensitivity was observed to
be coincident between PDO and PDOXwE (Figures 3(c) and
3(d)).

When the result of preclinical assessment was applied in
chemotherapy, irinotecan was effective in the chemotherapy
of the patient (Figure 4). ,ese results indicated that PDO
and PDOXwE models could predict chemotherapeutic ef-
ficacy in a patient.

5. Conclusions

In this study, PDOXwE as an advanced xenograft model was
established by cotransplantation of organoids and ECFCs.
,e advanced xenograft model has a short establishment
period and high success rate. ,e advanced xenograft model
is an edge in preclinical modeling for precision medicine.
,us, the PDOXwE model is anticipated to be applied in
precision medicine in the field of chemotherapy.
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Objective. Colorectal cancer (CRC) is the most common cancer. But, the molecular mechanisms of CRC progression are not fully
understood./is study was conducted to explore how the long noncoding RNA actin filament-associated protein 1-antisense RNA1
(lncRNA AFAP1-AS1) participates in CRC progression through the regulation of microRNA-195-5p (miR-195-5p) and wingless-
type inducible signaling pathway protein-1 (WISP1). Methods. /e expressions of AFAP1-AS1, miR-195-5p, and WISP1 were
detected by RT-qPCR or western blot. A dual-luciferase assay confirmed the target relationship of AFAP1-AS1, miR-195-5p, and
WISP1. Colony formation, wound-healing, and Transwell assays were used to detect the growth, migration, and invasion abilities of
cells, respectively. Results. AFAP1-AS1 and WISP1 expressions were notably increased, and miR-195-5p expression was markedly
reduced in CRC. /e dual-luciferase assay verified that AFAP1-AS1 could bind to miR-195-5p. AFAP1-AS1 knockdown could
inhibit the malignant behavior of CRC cells. miR-195-5p could target and regulate WISP1 expression. Overexpression of WISP1 or
miR-195-5p inhibition reversed the inhibition effect of AFAP1-AS1 knockdown on the biological activity of CRC cells. Conclusions.
AFAP1-AS1 knockdown may inhibit the proliferation, migration, and invasion of CRC cells through the miR-195-5p/WISP1 axis.

1. Introduction

Colorectal cancer (CRC) is a major cause of morbidity and
mortality throughout the world. It accounts for over 9% of
all cancer incidences and is the third most common cancer
worldwide and the fourth most common cause of death [1].
In recent years, the incidence of CRC tends to be less, but the
etiology is not clear. Advanced age, high-fat diet, obesity,
smoking, familial polyposis, chronic inflammatory bowel
disease, and other factors are considered as high-risk factors
[2]./e invasion andmetastasis of malignant tumors is often
the main cause of treatment failure, and 40% to 50% of
patients with CRC die from distant metastasis [3]. Radio-
therapy and chemotherapy are used to improve symptoms
and the quality of life of patients and prolong survival, but it
is still not satisfactory [4]. /erefore, in-depth study on the

etiology and pathogenesis of CRC is of great significance for
clinical diagnosis and treatment.

LncRNAs, more than 200 nucleotide ncRNAs in length,
are abnormally expressed in various types of tumor cells and
involved in many malignant tumor biological behaviors [5].
With the in-depth research on lncRNAs, more and more
lncRNAs were revealed to have a vital role in CRC patho-
genesis and progression. /eir biological functions include
the regulation of proliferation, apoptosis, tumor resistance,
and metastasis of CRC, which have great value in clinical
diagnosis and prognosis judgment [6]. AFAP1-AS1, the
antisense product of the gene encoding AFAP1, is a lncRNA
with a length of 6810 nucleotides located on 4p16.1 of the
human genome [7]. Recent studies have found that AFAP1-
AS1 is highly expressed in many tumors and involved in the
regulation of tumorigenesis and development [8]. Currently,
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studies on AFAP1-AS1 have shown that AFAP1-AS1 is
upregulated in CRC, suggesting that the high expression of
AFAP1-AS1 involves CRC occurrence and development
[9–11], but the specific mechanism of its involvement in
tumor-related processes remains unclear.

As ceRNAs, lncRNAs can bind to miRNAs to affect
miRNA target genes expression, thus exerting biological
functions [5]. Bioinformatics software predicted that
AFAP1-AS1 targets miR-195-5p andWISP1 is a miR-195-5p
target gene. miR-195-5p was downregulated in CRC, and the
overexpression of miR-195-5p obviously hampered the
malignant behavior of CRC cells [12]. Wu et al. showed that
the expression of WISP1 was increased in CRC tissues, and
WISP1 downregulation could effectively hinder the cell
proliferation and migration and tumor growth, providing a
new target for CRC treatment [13]. Whether AFAP1-AS1
can affect the biological behavior of CRC cells through
regulating miR-195-5p/WISP1 is still unknown. /is study
mainly explored the effects of AFAP1-AS1 on CRC pro-
gression and whether it plays a role by regulating miR-195-
5p/WISP1, thus providing a target for molecular therapy of
CRC.

2. Patients and Methods

2.1. Clinical Samples andDataCollection. Patients with CRC
who underwent surgical treatment at Shengli Oil Field
Central Hospital, Dongying, China, from January 2019 to
October 2020, were selected as the research subjects. 26 pairs
of CRC and matching paracancerous tissue samples were
included. All samples were frozen in liquid nitrogen and
stored at −80°C. /is study was approved by the ethics
committee of Shengli Oil Field Central Hospital. Inclusion
criteria: (1) patients had not received any other form of
antitumor therapy; (2) all patients had undergone surgery
for the first time; (3) surgical resection was obtained, and the
CRC tissue and paracancerous tissue were confirmed by
pathologists; (4) complete clinicopathological data and
follow-up data were obtained; and (5) the patient had no
mental disorders. Exclusion criteria: (1) distant organ me-
tastasis; (2) complicated with other types of tumors; (3)
patients with severe organic diseases; and (4) ulcerative
colitis, acute or chronic gastrointestinal inflammation, and
autoimmune diseases. All patients signed informed consent.

2.2. Cell Culture and Transfections. Human normal colon
cell lines NCM460 and CRC cell lines (SW480, SW620,
HCT-8, and HCT-116) were purchased from the Cell Re-
source Center, Chinese Academy of Sciences (Shanghai,
China). /e abovementioned cells were conventionally
cultured in the RPMI 1640 medium (Gibco, USA) with 10%
fetal bovine serum (FBS, Gibco, USA) in a saturated hu-
midity incubator at 37°C, 5% CO2.

AFAP1-AS1 small interfering RNA (si-AFAP1-AS1) and
disordered nonsense-negative sequence (si-NC), WISP1
overexpression vector (pc-WISP1) and empty vector (pc-
NC), miR-195-5p mimic (mimic) and negative control (miR-
NC), and miR-195-5p inhibitor (inhibitor) and negative

control (anti-NC) were purchased from Shanghai Gene-
pharmaCo., Ltd. Cells at a logarithmic proliferative stage were
inoculated into a 6-well plate at 5×106 cells/cm2 that the
confluence of cells at transfection was above 50%. /e cells
were transfected by using the LipofectamineTM 2000 liposome
kit (Invitrogen, USA). After transfection for 6 h, the cells were
replaced with fresh medium and cultured for 48 h.

2.3. Colony Formation Assay. Cells of each group
(1× 103 cells/well) were cultured in 6-well plates. After 14
days of culture, the medium was discarded and cells were
fixed with paraformaldehyde (4%) and then stained with
crystal violet (0.5%). After drying, photos were taken with a
microscope and the clone numbers were observed. A colony
larger than 50 cells is counted as a clone./e experiment was
repeated three times independently.

2.4. Wound-Healing Assay. After trypsin digestion, cells
were cultured with 6-well plates at 5×105 cells/ml. When the
degree of cell fusion reached 100%, the cells were scratched
at the bottom of the culture well with the tip of a 10 μl
pipettor. After continuous culture for 48 h, the scar width
was measured and the healing rate was calculated.

Scratch healing rate (%)� (scratch width0 h−scratch
width48 h)/scratch width0 h × 100%. /e experiment was
conducted independently in triplicate.

2.5. Transwell Assay. An RPMI1640 medium without FBS
was used to adjust the concentration of transfected cells to
5×104 cells/ml. /e upper chamber of Transwell was pre-
coated with matrigel, and 100 μl cell suspension was added.
500 μl RPMI 1640 medium containing FBS was added to the
lower chamber. After incubation for 48 h, 4% paraformal-
dehyde was fixed for 30min and stained with 0.4% crystal
violet. An inverted microscope was selected to perform the
observation and counting. /e experiment was repeated
three times.

2.6. Dual-Luciferase Reporter Assay. ENCORI (the ency-
clopedia of RNA interactomes) database (http://starbase.
sysu.edu.cn/index.php) predicted that continuous binding
sites exist between AFAP1-AS1 and miR-195-5p nucleotide
sequences. /e TargetScan database (http://www.targetscan.
org/vert_72/) shows that there are miR-195-5p binding sites
in the WISP1 3′UTR region. Fragments of the wild type (wt)
and mutant type (mut) of AFAP1-AS1 and WISP1 were
constructed and integrated into the pGL3 vector to construct
a report vector (AFAP1-AS1-wt, AFAP1-AS1-mut, WISP1-
wt, and WISP1-mut), respectively. Cells were transfected
with miR-195-5p mimic or miR-NC with wt or mut reporter
vectors, respectively. Luciferase activity was measured after
48 h transfection. Each experiment was repeated 3 times.

2.7. RT-qPCR. Total RNA was extracted from tissue and
cells by the Trizol reagent (Takara, Japan) and reverse
transcribed into cDNA using the RT-PCR kit (Invitrogen,
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USA). RT-qPCR was performed with the SYBR Green kit
(Takara, Japan) on ABI7500 Applied Biosystems. Primers
are listed in Table 1. All data were calculated using the
2−ΔΔCTmethod. Data were obtained from three independent
experiments.

2.8. Western Blot Assay. RIPA lysate (Beyotime, China) was
used to extract the total protein from the cells, and a BCA kit
(Beyotime, China) was used to detect the protein concen-
tration. SDS-PAGE was performed with 30 μg protein per
well. After electrophoresis, proteins were transferred to
polyvinylidene fluoride (PVDF)membranes (Millipore, USA).
Membranes were placed in 5% skimmed milk powder for
sealing 1 h./en,WISP1 and GAPDH antibodies were added,
respectively. After incubation at 4°C overnight, horseradish
peroxidase-labeled secondary antibody was incubated at room
temperature for 1 h. A chemiluminescence reagent (Beyotime,
China) was added to avoid light development, and exposure
was taken by using a gel imaging system. /e analysis was
performed independently in triplicate.

2.9. Statistical Analysis. GraphPad Prism 6.0 was used for
data analysis, and all data were expressed as mean± standard
deviation. /e t test was used for comparison between the
two groups. One-way analysis of variance was used for
comparison between multiple groups. /e significance level
was P< 0.05.

3. Results

3.1.AFAP1-AS1ExpressionWas Increased inCRC. As shown
in Figure 1(a), AFAP1-AS1 expression was observably in-
creased in CRC tissues versus paracancerous tissues. Simi-
larly, AFAP1-AS1 expression in SW480, SW620, HCT116,
and HT29 were also significantly increased versus NCM460
(Figure 1(b)). AFAP1-AS1 expression was the highest in
SW480 cells, so SW480 cells were selected as the cell carrier
for the subsequent experiments.

3.2. AFAP1-AS1 Knockdown Suppressed CRC Cell Malignant
Behavior. To verify the role of AFAP1-AS1 in CRC, si-
AFAP1-AS1 was transfected into SW480 cells, and AFAP1-
AS1 expression was assessed by RT-qPCR. Results showed
that AFAP1-AS1 expression of the si-AFAP1-AS1 group was
obviously decreased versus si-NC (Figure 2(a)). /e
abovementioned results suggested si-AFAP1-AS1 has a good
inhibitory efficiency and further experiments could be
carried out.

After si-AFAP1-AS1 was transfected, the effects of
AFAP1-AS1 inhibition on the malignant behavior of
SW480 cells were verified by colony formation, wound-
healing, and Transwell assay. Cell clone formation assay
revealed the clone formation number of SW480 with si-
AFAP1-AS1 was notably reduced versus si-NC (Figure 2(b)).
/is suggested that AFAP1-AS1 inhibition dramatically
inhibits the proliferation of SW480 cells. /e healing rate of
the si-AFAP1-AS1 was memorably decreased versus si-NC

at 48 h (Figure 2(c)). At the same time, the number of in-
vading cells in si-AFAP1-AS1 was markedly reduced
compared to si-NC (Figure 2(d)). We suggested that inhi-
bition of AFAP1-AS1 expression hampered SW480 cell
migration and invasion.

3.3.AFAP1-AS1DirectlyTargetedmiR-195-5p. /e existence
of binding sites between AFAP1-AS1 and miR-195-5p was
predicted through the Starbase database (Figure 3(a)).
miR-195-5p expression in tissues was detected by RT-
qPCR. miR-195-5p expression was found to decrease in
CRC tissues compared with paracancerous tissues
(Figure 3(b)). Meanwhile, Pearson’s correlation analysis
results found AFAP1-AS1 expression was negatively
correlated with miR-195-5p expression in tissues
(Figure 3(c).

AFAP1-AS1 and miR-195-5p’s relationship was further
explored through dual-luciferase assay. /e results showed
that luciferase activity could be significantly inhibited by
miR-195-5p mimic and AFAP1-AS1-wt, but it had no
change of miR-195-5p mimic and AFAP1-AS1-mut
(Figure 3(d)). Additionally, the miR-195-5p expression was
promoted after AFAP1-AS1 knockdown (Figure 3(e)). In
conclusion, AFAP1-AS1 targeted miR-195-5p and negative
regulate its expression in CRC.

3.4. WISP1 Was a Target of miR-195-5p. According to
TargetScan database analysis, binding sequences of miR-
195-5p and WISP1 were found (Figure 4(a)). Whether
WISP1 binds to miR-195-5p, detection of luciferase activity
was performed through a dual-luciferase experiment.
Compared with mutant WISP1-mut, luciferase activity of
WISP1-wt was markedly reduced in the presence of mimic
(Figure 4(b)). /e results showed that miR-195-5p could
specifically bind WISP1.

WISP1 mRNA expression in CRC and its adjacent tis-
sues was detected by RT-qPCR, and then, Pearson’s corre-
lation analysis was used for correlation analysis. Compared
with adjacent tissues, WISP1 mRNA expression was notably
increased in CRC tissues (Figure 4(c)). Moreover, WISP1
mRNA expression was negatively correlated withmiR-195-5p
expression (Figure 4(d)), while the expression of AFAP1-AS1
and WISP1 mRNA has a positive correlation (Figure 4(e)).

Table 1: Primer sequences for real-time fluorescence quantification
PCR.

Gene name Primer sequences (5′-3′)

GAPDH F AAGGTGAAGGTCGGAGTCAA
R AATGAAGGGGTCATTGATGG

U6 F GCTTCGGCAGCACATATACTAAAAT
R CGCTTCACGAATTTGCGTGTCAT

AFAP1-AS1 F AGCCTTGGTGAGCAATAGGT
R GGTATGAAGGGTGTGGGTGA

miR-195-5p F GGGGTAGCAGCACAGAAAT
R CAGTGCGTGTCGTGGAGT

WISP1 F GAAGCAGTCAGCCCTTATG
R CTTGGGTGTAGTCCAGAAC
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Figure 1: Expressions of AFAP1-AS1 in CRC. (a) Expression of AFAP1-AS1 in CRC tissues and adjacent tissues was detected by RT-qPCR.
(b) Expression of AFAP1-AS1 in CRC cells was detected. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001, compared with adjacent or human normal
colon cell lines NCM460.
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Figure 2: Effects of AFAP1-AS1 on CRC cell behavior. (a, b) /e transfection efficiency of si-AFAP1-AS1 was detected by RT-qPCR.
(b) Colony formation assay was conducted to evaluate the effect of si-AFAP1-AS1 on the proliferation of CRC cells (×200). (c) Wound-
healing assay showed that si-AFAP1-AS1 inhibited migration of CRC cells (×200). (d) Effects of si-AFAP1-AS1 on the invasion of CRC cells
were detected by Transwell assay (×200). ∗P< 0.05 and ∗∗P< 0.01, compared with the si-NC group.
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Figure 3:/e relationship between AFAP1-AS1 andmiR-195-5p. (a) Binding sites between AFAP1-AS1 andmiR-195-5p were predicted by
bioinformatics software. (b) /e expression of miR-195-5p was decreased in CRC tissues. (c) Pearson correlation analysis revealed that a
negative association existed between miR-195-5p and AFAP1-AS1 expression in CRC tissues. (d) Luciferase activity assay was performed to
determine the relationship between AFAP1-AS1 and miR-195-5p. (e)/e changes of miR-195-5p expression in CRC cells after AFAP1-AS1
knockdown. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001, compared with the adjacent, miR-NC, or si-NC group.
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Figure 4: WISP1 was targeted by miR-195-5p. (a) TargetScan predicted the binding site between miR-195-5p and WISP1. (b) Dual-
luciferase reporter gene assay determined WISP1 was targeted by miR-195-5p. (c) WISP1 was upregulated in CRC tissues. (d) Correlation
analysis between AFAP1-AS1 and WISP1 expression in CRC tissues. (e) miR-195-5p expression was negatively correlated with WISP1
expression in CRC tissues. (f ) Effects of AFAP1-AS1 and miR-195-5p on WISP1 protein expression. ∗∗P< 0.01 and ∗∗∗∗P< 0.0001,
compared with the adjacent or miR-NC group.
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Figure 5: Continued.
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Western blotting results showed that AFAP1-AS1 knock-
down could decrease WISP1 expression, while the miR-195-
5p inhibitor could increase WISP1 expression (Figure 4(f)).
/us, it was speculated that WISP1 is a direct target of miR-
195-5p and is negatively regulated by miR-195-5p and pos-
itively regulated by AFAP1-AS1.

3.5. AFAP1-AS1/miR-195-5p/WISP1 Facilitated CRC
Progression. To further confirm the function of the AFAP1-
AS1/miR-195-5p/WISP1 pathway in CRC, we performed
the rescue experiment by colony formation, wound-healing,
and Transwell assays. WISP1 overexpression or miR-195-5p

inhibition rescued the cell malignant behavior induced by
AFAP1-AS1 knockdown (Figure 5). Collectively, results
verified that AFAP1-AS1 facilitated CRC progression
through modulating miR-195-5p/WISP1 axis expression.

4. Discussion

/e pathogenesis of CRC is still not very clear, and its
occurrence and development involve the expression dis-
order or functional abnormality of several genes [14]. How
to early diagnose and predict the poor prognosis of CRC
and take intervention measures as early as possible is very
important to reduce the mortality of patients. Hence, it has
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Figure 5: WISP1 overexpression or miR-195-5p inhibitor reverses the function of AFAP1-AS1 knockdown on the malignant behavior of
CRC cell. (a, b)/e proliferation of CRC cells was measured by colony formation assay (×200). (c, d)/e migration ability of CRC cells was
examined using a wound-healing assay (×200). (e, f ) Transwell assay was conducted to assess the invasion of CRC cells (×200). ∗P< 0.05 and
∗∗P< 0.01, compared with the si-AFAP1-AS1 + anti-NC or si-AFAP1-AS1 + pc-NC group.
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great clinical significance in finding key molecules involved
in the occurrence and development of CRC and in
searching for biomarkers for early diagnosis and treatment
of CRC.

LncRNAs play a vital role in tumor growth and can be
used as molecular targets for the regulation of tumor pro-
gression [15]. Studies have shown that AFAP1-AS1 expres-
sion is increased, and its knockdown inhibits osteosarcoma
progression by regulating miR-497/IGF1R [16]. In oral
squamous cell carcinoma (OSCC), AFAP1-AS1 expression is
enhanced and its inhibition can suppress the proliferation,
migration, and invasion, while promoting cell apoptosis via
affecting the miR-145/HOXA1 axis [17]. /is study showed
that AFAP1-AS1 expression was enhanced in CRC, sug-
gesting that AFAP1-AS1 might involve in CRC occurrence
and development. After transfection of si-AFAP1-AS1 into
CRC cells, the cell survival, the number of clone formation,
migration distance, and invaded cells number were decreased,
which is consistent with previous reports [9–11]. However,
research on the regulatory mechanism of AFAP1-AS1 in CRC
cell biological behaviors is scarce.

In order to further explore the molecular mechanism by
which AFAP1-AS1 affects CRC occurrence and develop-
ment, this study confirmed that AFAP1-AS1 negatively
regulates miR-195-5p expression by double-luciferase and
RT-qPCR assays. Studies have shown that miR-195-5p
overexpression inhibits the cell biological behaviors of
cervical cancer, lung cancer, and other tumor cells and can
be used as a potential molecular target for tumor therapy
[18, 19]. Similarly, miR-195-5p also acts as a tumor sup-
pressor in CRC [12]. More importantly, this study showed
that inhibition of miR-195-5p reduced the inhibitory effect
of AFAP1-AS1 knockdown on the proliferation, migration,
and invasion of CRC cells, suggesting that AFAP1-AS1
affected the cell biological behaviors of CRC by regulating
the expression of miR-195-5p.

In tumors, miRNA usually affects the cell’s biological
behaviors by targeting downstream target genes [20]. In this
study, we found the binding site of miR-195-5p and WISP1
was existed according to bioinformatics analysis. WISP1 is a
secreted extracellular-matrix-related protein and a member
of the cellular communication network (CCN) growth factor
family [21]. CCN protein is abnormally expressed in tumors
[22]. As a member of this family, WISP1 has many devel-
opmental functions and may be related to tumorigenesis
[23]. /us, whether AFAP1-AS1 regulates proliferation,
migration, and invasion of CRC cells through the regulation
of WISP1 was further explored. In our double-luciferase
report, the target relationship of miR-195-5p andWISP1 was
confirmed. Additionally, AFAP1-AS1 expression has a
positive correlation with WISP1 mRNA expression in CRC
tissues. Moreover, AFAP1-AS1 inhibition could reduce
WISP1 expression while miR-195-5p inhibition could en-
hance WISP1 expression. Moreover, WISP1 overexpression
can offset the inhibitory effect of AFAP1-AS1 knockdown on
CRC cells proliferation, migration, and invasion. We
speculated that AFAP1-AS1 is involved in CRC progression,
and the mechanism may be related to the regulation of the
miR-195-5p/WISP1 pathway.

5. Conclusions

In conclusion, it was found that AFAP1-AS1 expression was
increased in CRC. Further studies verified that AFAP1-AS1
knockdown inhibited the proliferation, invasion, and mi-
gration of CRC cells. Related mechanism experiments
suggested that AFAP1-AS1 facilitated CRC progression by
regulating the miR-195-5p/WISP1 axis. /is study provides
new insights into CRC pathogenesis and contributes to CRC
diagnosis and treatment. However, there are still some
shortcomings in this study. /e study was limited to a small
tissue sample, one cell line in functional experiments, and in
vitro experiments. Further confirmation of the above-
mentioned mechanisms is needed with larger samples (re-
lationship of AFAP1-AS1 expression with
clinicopathological characteristics and prognosis), two or
more cell lines, and in vivo experiments. Also, more ex-
perimental exploration is needed to confirm whether it can
be used in clinical diagnosis and targeted therapy.
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Background. To explore the clinical value of enhanced computed tomography (enhanced CT), magnetic resonance imaging (MRI),
carcinoembryonic antigen (CEA), and cancer antigen 199 (CA199) in the diagnosis of rectal cancer (RC).Methods. A total of 156
patients with RC confirmed by postoperative pathology admitted to the Affiliated Yantai Yuhuangding Hospital of Qingdao
University fromMarch 2018 to November 2020 were included in themalignant group, and 52 patients with chronic proctitis in the
benign control group. All patients underwent preoperative enhanced CT, MRI scans, and serum CEA and CA199 tests. *e
accuracy, sensitivity, and specificity of single and combined enhanced CT, MRI, CEA, and CA199 tests for the clinical staging of
RC were calculated. Results. *e postoperative pathological diagnosis showed that 35 cases of 156 RC patients were at T1 stage, 29
cases were at T2 stage, 24 cases were at T3 stage, 11 cases were at T4 stage, 23 cases were at N0 stage, 21 cases were at N1 stage, 8
cases were at N2 stage, 3 cases were atM0 stage, and 2 cases were atM1 stage. *e positive rate of MRI in the diagnosis of RC was
higher than that of enhanced CT. Serum CEA and CA199 levels in the malignant group were significantly increased compared
with the benign group. *e sensitivity, specificity, and accuracy of the combined detection were significantly higher than those of
the single detection. Conclusion. Compared with enhanced CT, MRI has a higher detection rate of T and N stage in patients with
RC. Combined enhanced CT, MRI, CEA, and CA199 can provide more accurate diagnosis and preoperative staging of
RC patients.

1. Introduction

Rectal cancer (RC) is one of the common clinical malignant
tumors, which occurs in the mucosa or submucosa. *e
surface of the RC tumor is uneven, the texture is generally
hard, and the growth rate is fast. RC has a high incidence and
metastasis rate, which seriously threatens the health of
patients and affects the quality of life [1, 2]. However, the
early symptoms of RC are not obvious, and some RC pa-
tients have entered the advanced stage when seeking
treatment and missed the best treatment opportunity,
resulting in poor clinical efficacy [3]. *e commonly used
methods for the treatment of RC are surgical resection and
adjuvant chemotherapy, local resection, and endoscopic
treatment [4, 5]. Clinical results show that the treatment and
prognosis of patients with RC are closely related to the
preoperative staging, and the more accurate the preoperative

staging judgment is, the more reasonable the treatment plan
can be selected by physicians [6]. *erefore, accurate pre-
operative staging of RC is the key to the prognosis of patients
and the formulation of the best treatment plan.

Studies have reported [7, 8] that imaging examinations,
such as MSCT and MRI, have outstanding value in the
diagnosis of preoperative staging of RC. At present, en-
hanced CT scan has been used more and more widely in
clinical practice. Its advantages include high image defini-
tion and fast scanning speed, which can make a more ef-
fective judgment on the location, size, and degree of invasion
of the tumor and can also clearly show the metastasis of
distant organs [9]. Routine magnetic resonance imaging has
been widely used in preoperative staging of RC, but its
accuracy and imaging characteristics have not been accu-
rately determined [10]. In recent years, studies have found
that tumor markers [11] play an important role in the
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occurrence and development of tumors. Oncoembryonic
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9)
have been widely used in the diagnosis and prognosis follow-
up of RC. But the sensitivity and specificity of the above
indicators for single detection of RC are low [12–14].
*erefore, this study aims to explore the effectiveness of
MSCT and MRI in the clinical staging of rectal cancer, and
the clinical value of enhanced CT, MRI, CEA, and CA199
combined detection in the diagnosis of RC.

2. Materials and Methods

2.1. StudyDesign. A total of 156 patients with RC confirmed
by postoperative pathology admitted to the Affiliated Yantai
Yuhuangding Hospital of Qingdao University from March
2018 to December 2020 were included in this study. *ere
were 95 males and 61 females. *e average age was
52.5± 11.5 years from 27 to 69 years. *ere were 9 cases of
highly differentiated adenocarcinoma, 124 cases of mod-
erately differentiated adenocarcinoma, and 23 cases of
poorly differentiated adenocarcinoma. *ere were 89 cases
of middle and upper RC, and 67 cases of lower RC. *e
tumor diameter ranged from 1.5 to 7.7 cm, with an average
of 4.9 cm. 52 patients with chronic proctitis were selected as
the benign control group. Our study was approved by the
medical ethics committee of the Affiliated Yantai
Yuhuangding Hospital of Qingdao University.

Inclusion criteria: patients with RC met the relevant
diagnostic criteria in InternalMedicine [15]; the patients and
their family members provide informed consent, and all
patients had no history of pelvic surgery and had not re-
ceived pelvic radiotherapy or chemotherapy; also CT images,
MRI images, and pathological data were clear and complete.

Exclusion criteria: patients with allergies to iodine
contrast agents; patients with contraindications to MRI;
patients with other benign and malignant tumors; patients
with contraindications to examinations such as cardiac
pacemakers and aneurysm clips.

2.2. Preparation before Inspection. All patients took liquid
food two days before the examination, to avoid excessive
feces accumulation in the body, which would affect the
image quality. *e day before the examination, patients took
Senna granules (Z10910006, Yangzhou Xingdou Pharma-
ceutical Co., Ltd.) 10 g/time, twice/d, to clean the intestines.
Eight hours h before the examination, patients were given a
normal saline enema to maintain their intestinal cleanliness.
One hour before the examination, the patients were given an
intramuscular injection of 10mg Racemic Anisodamine
Hydrochloride Injection (H32024750, Xuzhou Lian Phar-
maceutical Co., Ltd.) and drank 1000ml water to make the
bladder fully filled.

2.3. Enhanced CT Scanning. GE Light Speed 64-slice CT
scanner was used for enhanced CT. Patients were placed in
the left decubitus position and were supine after 800ml of air
was injected through the anus. After the plain scanning,
patients were injected with 80mL nonionic iodine contrast

agent (3.5mL/s). Dynamic enhanced CT scanning was
performed at the intravenous phase (70 s after injection),
arterial phase (30 s after injection), and balance phase (240 s
after injection). After the scan, the data was transmitted to
the CT postprocessing workstation.

2.4. MRI Scanning. Patients were placed in supine position
and scanned the whole pelvic cavity. *e scanning sequence
was as follows: the sagittal T2WI sequence images were first
scanned to observe the tumor size, scope, and distance from
the tumor to the anus.*en, the axial high-resolution T2WI,
T1WI sequence images perpendicular to the tumor segment,
and the coronal T2WI parallel to the tumor segment were
scanned. Finally, the DWI sequence images perpendicular to
the tumor segment were scanned. After the plain scanning,
sagittal, coronal, and cross-sectional enhanced scanning
were performed. *e total scanning time was controlled
within 30 minutes. *e data were transferred to the image
processing workstation, and two physicians performed the
staging diagnosis of the included patients.

2.5. CEA and CA199 Detection. 5mL of fasting blood from
the cubital vein of the patients was collected and centrifuged
at 3000 r/min for 5min.*e levels of serum CEA and CA19-9
were detected by an automatic chemiluminescence immu-
noanalyzer (CENTAUR XP, Siemens, Germany). *e oper-
ation process was strictly in accordance with the
manufacturer’s instructions.

2.6. HE Staining. After fixation and dehydration, the
specimens were embedded in paraffin and sectioned with a
thickness of 4 μm. *e specimens were stained by hema-
toxylin-eosin staining [15] and observed under a
microscope.

2.7. Evaluation Standard. Clinical staging of RC was deter-
mined according to the Updated Interpretation of the
American Society of Oncology Colorectal Cancer Staging
System [16]. Criteria for positive CEA and CA199: CEA> 5ng/
mL, CA199> 37U/mL. *e sensitivity, specificity, and accu-
racy of enhanced CT, MRI, CEA, and CA199 alone and
combined in the diagnosis of RC were compared and analyzed.
Receiver operating curve (ROC) was used to calculate the
diagnostic efficacy of CEA and CA19-9 in the diagnosis of RC.
*e positive criteria for the combined test: two ormore positive
results of enhanced CT, MRI, CEA, and CA199 tests.

2.8. Statistical Analysis. *e data was analyzed by SPSS 23.0.
Measurement data were expressed as mean± SD, and
enumeration data were expressed as number (%). P< 0.05
indicated that the difference was statistically significant.

3. Results

3.1. Postoperative TNM Staging Pathological Results of Rectal
Cancer Patients. As shown in Figure 1, HE staining was
performed on the specimens of patients with RC.*e results
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displayed that 35 cases were T1 stage, 29 cases were T2 stage,
24 cases were T3 stage, 11 cases were T4 stage (Table 1), 23
cases were N0 stage, 21 cases were N1 stage, 8 cases were N2
stage (Table 2), and 3 cases were M0 stage, 2 cases of M1
stage (Table 3).

3.2. Contrast of the Diagnostic Results of Enhanced CT and
MRI in Preoperative TNM Staging of RC Patients.
According to enhanced CT and MRI image data, the pre-
operative TNM staging of RC patients was diagnosed
(Figures 2(a)–2(d) and 3(a)–3(d)).*e detection rate of MRI
for T and N staging was higher than that of enhanced CT,
and the detection rate of M staging was consistent. *ere-
fore, MRI has a higher positive rate than enhanced CT in the
diagnosis of RC (Tables 1–3).

3.3. Comparison of SerumCEA and CA199 Levels between the
Two Groups. We detected the levels of serum CEA and
CA199 in malignant group and benign group. *e results
displayed that serum CEA and CA199 levels in malignant
group were significantly increased compared with benign
group (P< 0.001, Table 4).

(a) (b)

(c) (d)

Figure 1: TNM postoperative pathological staging images of RC patients. (a) *e image of raised, moderately differentiated squamous cell
carcinoma (size: 2× 2×1 cm). (b)*e image of moderately differentiated ulcerative adenocarcinoma (size: 4.5× 3.5× 0.5 cm). (c)*e image
of moderately differentiated ulcerative adenocarcinoma (size: 4× 3.5× 2 cm). (d) *e image of moderately differentiated ulcerative ade-
nocarcinoma (size: 4.5× 3.5× 0.3 cm).

Table 1: Enhanced CTandMRI in the preoperative T staging of RC
patients.

Item Clinical staging T1 T2 T3 T4 Total

Enhanced CT

T1 21 7 0 0 28
T2 11 20 3 0 34
T3 3 2 18 2 25
T4 0 0 3 9 12

MRI

T1 26 3 0 0 29
T2 8 23 3 0 34
T3 1 3 20 1 25
T4 0 0 1 10 11

Total 35 29 24 11 99

Table 2: Enhanced CTandMRI in the preoperativeN staging of RC
patients.

Item Clinical staging N0 N1 N2 Total

Enhanced CT
N0 17 3 0 20
N1 6 17 1 24
N2 0 1 7 8

MRI
N0 19 1 0 20
N1 4 20 0 24
N2 0 0 8 8

Total 23 21 8 52
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3.4. ROC Curve of CA199 and CEA in the Diagnosis of RC.
ROC curve indicated that the AUC was 0.713 (0.584–0.843),
and Youden index was 0.331 for CEA diagnosis of RC
(Figure 4(a)). *e AUC of CA199 in the diagnosis of RC was
0.706 (0.575–0.836), and the Youden index was 0.274
(Figure 4(b)).

3.5.ComparisonofSingleandCombinedTestsofEnhancedCT,
MRI,CEA, andCA199 in theDiagnosis of RC. *e sensitivity,
specificity, and accuracy of enhanced CT in the diagnosis of
RC were 73.08%, 78.85%, and 74.52%, respectively. *e
sensitivity, specificity, and accuracy of MRI in the diagnosis
of RC were 83.97%, 86.54%, and 84.62%, respectively. *e
sensitivity, specificity, and accuracy of CA199 in the diag-
nosis of RC were 51.92%, 78.85%, and 58.65%, respectively.
*e sensitivity, specificity, and accuracy of CEA in the di-
agnosis of RC were 57.69%, 86.92%, and 62.50%, respec-
tively. *e sensitivity, specificity, and accuracy of combined
detection in the diagnosis of RC were 94.23%, 98.08%, and
95.19%, respectively. As shown in Table 5, the sensitivity,
specificity, and accuracy of combined diagnosis were sig-
nificantly higher than those of a single diagnosis (P< 0.05,
Table 5).

4. Discussion

At present, the incidence of RC in China is increasingly high,
and it is more common in middle-aged and elderly groups
[17]. Patients with early RC have no specific clinical man-
ifestations and are often diagnosed in the middle and ad-
vanced stages, with unsatisfactory treatment and prognosis
[3]. *erefore, it is of great significance for the early diag-
nosis of RC patients and the accurate judgment of post-
operative staging.

Enhanced CT and MRI are widely used in preoperative
staging detection [18, 19]. Enhanced CT has advantages of
convenient operation, high spatial resolution, and good
effect in the detection of distant metastasis [20]. Enhanced
CT can also carry out a comprehensive scan of the tumor
size, size, and infiltration in RC patients, and then quickly
obtain comprehensive and detailed images [21]. Enhanced
CT can be used to observe images through multiplanar
recombination, thus obtaining images of any section of the
patient’s body. In addition, the diagnosis can help physicians
have a deeper understanding of the patient’s symptoms, the
details of tumor lesions and the relationship between the
patient’s internal space anatomy, so as to improve the ac-
curacy of malignant tumor staging [22, 23]. However, as the
infiltration of RC in the early intestinal wall is not significant,

and enhanced CTis difficult to stratify the patient’s intestinal
wall, preoperative staging diagnosis often lacks good ac-
curacy, especially for the detection of early RC [24]. MRI can
distinguish the three-layer structure of intestinal wall and
the adjacent fat background rectal fascia, which is suitable
for the benign and malignant differentiation and accurate
staging of tumors [25, 26]. MRI can conduct comprehensive
detection of tumor properties, layers of structure, lymph
node metastasis, and organ infiltration in the patient’s body
and directly obtain comprehensive image information by
skipping image and information reconstruction [27, 28].
Moreover, MRI also has multiple sequence imaging and a
variety of image types, which can carry out in-depth and
comprehensive detailed detection of rectum, bladder, va-
gina, and other areas of RC lesions. In this respect, the
detection performance of MRI is significantly better than
that of enhanced CT [29], which is consistent with the results
of this study.

Studies have shown that CEA and CA199 play an im-
portant role in the diagnosis, prognosis, and recurrence
monitoring of RC [30]. CEA, a high-molecular weight gly-
coprotein produced by normal colon cells, acts as an inter-
cellular adhesion molecule and can promote the aggregation of
RC cells. CEA is one of the most widely used tumor markers in
RC [31]. However, due to the poor sensitivity and specificity of
CEA, RC patients cannot be completely diagnosed by CEA
content detection alone [32]. CA199 can be used as one of the
common tumor markers of RC [33]. However, the sensitivity
and accuracy of these two indicators in single detection of RC
are poor, and the preoperative screening value is not high.
However, it is helpful for early clinical detection of suspected
RC patients and further combined with auxiliary detection
methods such as preoperative imaging to improve the accuracy
of preoperative staging of RC.

In this study, by comparison and analysis of examination
results and postoperative pathological staging results, the
sensitivity, specificity, and accuracy of MRI in the detection
of preoperative TN staging of RC patients were significantly
better than those of enhanced CTdetection, and the obtained
results were consistent with those of the above research
reports [28]. *e levels of CEA and CA199 in the malignant
group were higher than those in the benign group, indicating
that the levels of both indexes increased with the deepening
of the malignant tumor. *e sensitivity, specificity, and
accuracy of the combined test for the preoperative staging of
RC patients were significantly higher than those of the single
test. It is suggested that the combined detection can make
advantages complement each other and have higher diag-
nostic value and can provide data support for a more ac-
curate diagnosis of RC.

In conclusion, the combined detection of enhanced CT,
MRI, CEA, and CA199 levels can improve the detection rate
of RC and make a more accurate judgment of preoperative
staging. It has high diagnostic value and can provide the
clinical basis for early diagnosis and treatment of RC pa-
tients, which is worthy of promotion and application.
However, the sample size of this study was small, and the
combined diagnosis in the clinical diagnosis of RC still needs
further study.

Table 3: Enhanced CT and MRI in the preoperative M staging of
RC patients.

Item Clinical staging M0 M1 Total

Enhanced CT M0 3 0 3
M1 0 2 2

MRI M0 3 0 3
M1 0 2 2

Total 3 2 5
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(a) (b)

(c) (d)

Figure 2: Enhanced CT image of patients with RC. (a) A 55-year-old woman in stage T1 RC presented with slight enhancement in
submucosal lesions. (b) A 49-year-old man in stage T3 RC with involvement of the muscularis propria and perirectal tissues. (c) A 61-year-
old female patient in stage N1 RC had subserosal invasion and lymph node metastasis. (d) A 37-year-old woman in stage N2 RC with
invasion to the muscularis propria and lymph node metastasis.

(a) (b)

Figure 3: Continued.
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(c) (d)

Figure 3: MRI image of patients with RC. (a) *e patient was in stage T1 RC with high signal submucosa below the lesion, and without
involvement of muscularis propria. (b) *e patient was in stage T3 RC with muscularis propria and perirectal adipose tissue, but not
mesocrectum and fascia. (c) *e patient was in stage N1 RC, and with lymph node metastasis. (d) *e patient was in stage N2 RC with
bilateral lymph node metastasis.

Table 4: Comparison of serum CEA and CA199 levels between the two groups (x± s).

Group n CEA (ng/mL) CA199 (U/mL)
Malignant group 156 5.63± 1.02 39.58± 3.47
Benign group 52 1.85± 0.64 12.33± 1.52
X2 21.462 43.078
P value <0.001 <0.001
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Figure 4: ROC curve of CA199 and CEA in diagnosis of RC. (a) CA199 curve of CEA in diagnosis of RC. (b) ROC curve of CEA in diagnosis
of RC.

Table 5: Comparison of single and combined enhanced CT, MRI, CEA, and CA199 in the diagnosis of RC (%).

Item Sensitivity Specificity Accuracy Positive prediction rate Negative prediction rate
Enhanced CT 73.08 (114/156) 78.85 (41/52) 74.52 (155/208) 91.20 (114/125) 49.40 (41/83)
MRI 83.97 (131/156) 86.54 (45/52) 84.62 (176/208) 94.93 (131/138) 64.29 (45/70)
CA199 51.92 (81/156) 78.85 (41/52) 58.65 (122/208) 88.04 (81/92) 35.34 (41/116)
CEA 57.69 (90/156) 86.92 (40/52) 62.50 (130/208) 88.24 (90/102) 37.74 (40/106)
Combined diagnosis 94.23 (147/156) 98.08 (51/52) 95.19 (198/208) 99.32 (147/148) 85.00 (51/60)
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[24] B. Gürses, M. Böge, M. Boge, E. Altinmakas, and E. Balik,
“Multiparametric MRI in rectal cancer,” Diagnostic and
Interventional Radiology, vol. 25, no. 3, pp. 175–182, 2019.

[25] D. Massihnia, E. G. Pizzutilo, A. Amatu et al., “Liquid biopsy
for rectal cancer: a systematic review,” Cancer Treatment
Reviews, vol. 79, Article ID 101893, 2019.

[26] S. Balyasnikova and G. Brown, “Optimal imaging strategies
for rectal cancer staging and ongoing management,” Current
Treatment Options in Oncology, vol. 17, no. 6, p. 32, 2016.

[27] C. Timmerman, L. R. Taveras, and S. Huerta, “Clinical and
molecular diagnosis of pathologic complete response in rectal
cancer: an update,” Expert Review of Molecular Diagnostics,
vol. 18, no. 10, pp. 887–896, 2018.

[28] Y. J. Wang, Y. Chen, X. T. Lyu, A. L. Ma, Y. P. He, and
Z. L. Gao, “[Value and related factors of preoperative diag-
nosis of extramural vascular invasion of rectal cancer by 3.0T
magnetic resonance imaging],” Zhonghua Zhong Liu Za Zhi,
vol. 41, no. 8, pp. 610–614, 2019.

[29] F. Li, W. Zhang, J. Li et al., “*e clinical application value of
MR diffusion-weighted imaging in the diagnosis of rectal
cancer,” Medicine, vol. 97, no. 51, Article ID e13732, 2018.

[30] “Carcinoembryonic antigen (CEA) and hepatic metastasis in
colorectal cancer: update on campos-da-paz M, dórea JG,
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Objective. To compare the Clavien–Dindo grade and risk factors of complications after dual-port laparoscopic distal gastrectomy
(DPLDG) and hand-assisted laparoscopic gastrectomy (HALG). Methods. )e clinical data of 775 patients who underwent
DPLDG or HALG in our hospital from May 2016 to May 2019 were retrospectively reviewed, and the patients were divided into
the DPLDG group (n� 386) and HALG group (n� 389) according to the surgical method to explore the risk factors of post-
operative complications by grading their postoperative complications according to the Clavien–Dindo classification system and
single-factor and multivariate analysis of the association between variables in clinical data and complications. Results. Compared
with the HALG group, the DPLDG group had significantly shorter surgical time, less intraoperative blood loss, and better
postoperative exhaust time (p< 0.05), with no significant difference in other clinical indicators between the two groups (p> 0.05);
the postoperative complication incidence rate of DPLDG group was significantly lower than that of the HALG group; it was shown
in the single-factor analysis that the age, tumor length, intraoperative blood loss, pathological stages, and surgical method were
related to the postoperative complications, and the results of multivariate analysis indicated that DPLDGwas the protective factor
for reducing postoperative complications, while age no less than 60 years old and intraoperative blood loss no less than 180ml
were the independent risk factors leading to complications; after surgery, the PNI level values at T1, T2, and T3 of DPLDG group
were significantly higher than those of the HALG group (p< 0.05); and at 1 month after surgery, both groups obtained sig-
nificantly higher GLQI scores than before, and the GLQI score of the DPLDG group was significantly higher in the between-group
comparison (p< 0.05). Conclusion. )e DPLDG has lower postoperative complication incidence rate than the HALG, but age no
less than 60 years old and intraoperative blood loss not less than 180ml are the independent risk factors for postoperative
complications, so advanced prevention measures shall be taken to lower the incidence of complications.

1. Introduction

Gastric cancer is a kind of gastroenterological cancer
originating from the gastric epithelial cell, which, according
to related statistics [1, 2], ranks the fifth in the incidence and
top three in themortality among the new cancers worldwide.
With the gradual development of clinical research, people
have a deeper understanding of gastric cancer, and lapa-
roscopy with the characteristics of less trauma and precise
operative manipulation has been widely used in the treat-
ment of gastric cancer, which can effectively remove lymph

nodes and improve the survival outcome of patients [3]. In
recent years, the totally laparoscopic distal gastrectomy
(TLDG) has become more widely applied in the clinic, and
studies have confirmed that TLDG has comparable long-
term outcomes compared with open surgery. As an im-
portant branch of TLDG, hand-assisted laparoscopic gas-
trectomy (HALG) combines the advantages of TLDG with
those of open surgery, thereby exerting the best therapeutic
effect against gastric cancer [4–6]. In traditional TLDG, 5
ports plus auxiliary small incision reconstruction are usually
needed, but with the continuous innovation and
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development of minimal invasive technique, laparoscopic
gastrectomy with less ports is applied. )eoretically
speaking, with fewer ports, the operation will be less difficult
and the patients are less traumatized. However, as D2
lymphadenectomy is difficult in surgery and the operation
with single port is more complicated than that with 5 ports,
the single-port laparoscopic radical gastrectomy is limited in
application [7, 8]. On the basis of the single-port laparos-
copy, the two-port method is conducted by adding an
auxiliary operation port in the patient’s right upper abdo-
men for laparoscopic drainage, which reduces trauma and
lowers the difficulty of operation while not increasing the
abdominal incision, which has been demonstrated in the
clinical treatment of gastric cancer [9]. Previous literature is
short of studies on Clavien–Dindo grade and risk factors of
complications after DPLDG and HALG [10]. Based on this,
the clinical data of 775 patients who underwent DPLDG or
HALG in our hospital were retrospectively reviewed to
analyze the effect of different surgical procedures on the
Clavien–Dindo grade and risk factors of postoperative
complications.

2. Materials and Methods

2.1. General Information. )e clinical data of 775 patients
who underwent distal gastrectomy in our hospital fromMay
2016 to May 2019 were retrospectively reviewed, and the
patients were divided into the DPLDG group (n� 386) and
HALG group (n� 389) according to the surgical method,
with no significant difference in the baseline information
between the two groups (p> 0.05), see Table 1.

2.2. Inclusion and Exclusion Criteria

2.2.1. Inclusion Criteria. (1) Patients met the clinical diag-
nosis criteria of gastric cancer in the Surgery of Gastric
Cancer [11] and were confirmed to have gastric cancer by
histopathological examination in vivo; (2) patients were not
given chemoradiotherapy before surgery; (3) patients met
the surgical indications; and (4) the study was reviewed and
approved by the Hospital Ethics Committee, and patients
and their family members signed the informed consent.
Exclusion Criteria. (1) Patients had other malignant tumors;
(2) patients had history of abdominal surgery or accepted the
palliative resection of tumor before; (3) patients had serious
brain, heart, lung, or kidney diseases; and (4) patients had
coagulation disorders or serious basic diseases.

2.3. Methods. Both surgeries were performed by the same
medical team, and the specific steps of DPLDG were as
follows. After performing general anesthesia with tracheal
intubation, the self-developed single-port multichannel
operation device (made by Taizhou Roosin Medical Co.,
Ltd.) was used to make a 3-4 cm incision below or around
the umbilicus on the left side. After the device entered the
patient’s abdominal cavity layer by layer, a matched incision
protective sleeve was placed to hold the device and establish
the pneumoperitoneum, with the pressure maintained at

12–15mmHg. A 5mm trocar was placed at the subcostal
margin of right midclavicular line as the auxiliary operation
hole to hang the liver. )e ultrasound knife was used to free
along the transverse colon to the splenic flexure to fully
expose the pancreatic tail and the lower pole of the spleen,
position the left gastroepiploic vessel, ligate the left gas-
troepiploic vessel at the root, and dissect the No. 4sb lymph
node. )e mesogastrium was separated from the transverse
mesocolon, the right gastroomental vein was positioned at
the inferior border of pancreas, the right gastroepiploic
artery was positioned, and the root was ligated. )e No. 6
lymph node was dissected by freeing along the subpyloric
region to the suprapyloric region with the gastroduodenal
artery as the clue. And the No. 5 lymph node was dissected
by dividing the duodenal ampulla with the linear cutting
closure and ligating the root. )e No. 8a, No. 9, No. 11p, and
No. 7 lymph nodes were dissected by freeing the splenic
artery, common hepatic artery, and left gastric artery and
vein, respectively, at the upper border of pancreas and
retropancreatic space and ligating the left gastric vessel, the
No. 12a lymph node was dissected by exposing the left portal
vein wall, and the No. 3 and No. 1 lymph nodes were
dissected after freeing along the lesser curvature of stomach;
the gastric body was disconnected at 4-5 cm proximal to the
tumor with the linear cutting closure, and the Roux-en-Y
anastomosis or Billroth II anastomosis was performed in the
cavity. Finally, a drainage tube was indwelled near the
gastrointestinal anastomosis port through the auxiliary
operation hole in the right upper abdomen.

)e specific steps of performing HALG were as follows.
General anesthesia was implemented in flat position; a
disinfected drape was laid. )e operator was standing on the
right side of the patient to make an incision in the middle of
the upper abdomen and then incised various layers of the
abdominal wall sequentially to the abdomen and placed the
lap disc base to explore the patient’s abdominal cavity in
order. )e transverse colon was lifted and partial gastrocolic
ligament was freed along the upper board of the transverse
colon to expose the right crura of diaphragm. A 12mm
trocar was placed as the main operation hole, and the op-
erator put his left hand into the abdominal cavity to install
the lap disc and establish a pneumoperitoneum. A 12mm
trocar was placed at about 2 cm of subcostal margin of left
anterior axillary line as the observation hole. )e lymph
node dissection was performed according to the tumor
location and the relevant criteria in the latest radical gas-
trectomy [12]. )e pneumoperitoneum was closed, and the
digestive tract reconstruction was completed under euthy-
phoria. )e Billroth I or II anastomosis was performed on
patients who underwent distal gastrectomy, and the Roux-
en-Y anastomosis was performed on patients who under-
went oesophagus jejunum after total gastrectomy.

2.4. Evaluation Indexes. )e surgical time, intraoperative
blood loss, incision length, postoperative exhaust time, time
to return to full-fluid diet for the first time after surgery,
hospital stay after surgery, the off-bed ambulation time after
surgery, the number of lymph nodes being dissected, and the
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time of removing the abdominal drainage tube of patients in
both groups were recorded. )e pain severity of patients in
both groups was assessed by the numerical pain rating (NRS)
scale [13] at 6 h, 12 h, 24 h, and 2 d postoperatively. )e
patients’ self-evaluation to their incisions was assessed by the
aesthetic scoring, which was composed of three parts,
namely, the satisfaction of incision scar (1–7 points, with 1
point indicating unsatisfied and 7 points indicating fully
satisfied), incision scar (1–7 points, with 1 point indicating
disgusted and 7 points indicating enjoyed), and incision scar
classification (1–10 points, with 1 point indicating the worst
and 7 points indicating the best). )e sum of the three parts
was the final score of incision aesthetic, which was the basis
for grading patients’ satisfaction of incision as low (3–9
points), medium (10–17 points), and high (18–24 points).

)e complication severity within 30 days after surgery
was evaluated by the Clavien–Dindo classification system
[14], and if the patient had more than one complication, the
most severe one was recorded. IIIa complications or com-
plications with higher grade were specified as severe.

)e serum albumin (Alb, g/L) and peripheral
blood lymphocyte count (Lymph, mm3) of patients in both
groups were tested before surgery and at 3 months, 6
months, and 12 months after surgery, and the prognosis
nutrition index (PNI) was calculated by the formula
(PNI)� (Alb)× 10 + (Lymph)× 0.005. )e quality of life of
patients in both groups before surgery and at 1 month after
surgery was evaluated by the gastrointestinal quality of life
index (GQLI) [15].)emaximum score was 145 points, with
higher scores indicating better quality of life.

2.5. Statistical Methods. )e experimental data were sta-
tistically analyzed and processed by the SPSS21.0, the picture
drawing of data was completed by GraphPad Prism 7
(GraphPad Software, San Diego, USA), the enumeration
data were examined by X2 test and expressed by [n (%)], the
measurement data were examined by t-test and expressed by
(x ± s), the single-factor analysis and multivariate analysis
of risk factors of postoperative complications were examined

Table 1: Comparison of patients’ baseline information between the two groups.

Item DPLDG group (n� 386) HALG group (n� 389) X2 (t) p

Gender 0.101 0.750
Male 201 (52.07%) 207 (53.21%)
Female 185 (47.93%) 182 (46.79%)

Mean age (x ± s, years old) 58.47± 5.71 58.52± 5.28 0.127 0.899
BMI (kg/m2) 22.41± 1.62 22.43± 1.57 0.175 0.862
Tumor length (cm) 4.24± 1.03 4.29± 1.05 0.669 0.504
Pathological type
Glandular carcinoma 214 (55.44%) 219 (56.30%) 0.058 0.810
Squamous cell carcinoma 114 (29.53%) 118 (30.33%) 0.059 0.808
Signet-ring cell carcinoma 58 (15.03%) 52 (13.37%) 0.438 0.508

Basic disease
Diabetes 118 (30.57%) 120 (30.85%) 0.024 0.876
Hypertension 147 (38.08%) 153 (39.33%) 0.127 0.721
Kidney disease 121 (31.35%) 116 (29.82%) 0.213 0.645

Tumor location
Antrum 207 (53.63%) 211 (54.24%) 0.030 0.864
Stomach body 146 (37.82%) 151 (38.82%) 0.081 0.776
Gastric angle 33 (8.55%) 27 (6.94%) 0.702 0.402

Range of gastrectomy 0.104 0.747
Total gastrectomy 195 (50.52%) 192 (49.36%)
Partial gastrectomy 191 (49.48%) 197 (50.64%)

TNM stage
I 198 (51.30%) 201 (51.67%) 0.011 0.917
II 146 (37.82%) 149 (38.30%) 0.019 0.891
III 42 (10.88%) 39 (10.03%) 0.151 0.697

Differentiation type
Low 189 (48.96%) 192 (49.36%) 0.012 0.913
Medium 152 (39.38%) 149 (38.30%) 0.094 0.759
High 45 (11.66%) 48 (12.34%) 0.085 0.770
Lymphatic metastasis rate (%) 46.11% (178/386) 46.53% (181/389) 0.014 0.908

Infiltrative depth
T1 134 (34.72%) 129 (33.16%) 0.208 0.648
T2 95 (24.61%) 93 (23.91%) 0.052 0.819
T3 121 (31.35%) 126 (32.39%) 0.097 0.755
T4a 36 (9.33%) 41 (10.54%) 0.319 0.572

Number of lymph nodes submitted for inspection 24.41± 6.46 24.46± 6.48 0.108 0.914
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by X2 test and logistic regression model respectively, and
differences were considered statistically significant at
p< 0.05.

3. Results

3.1.ComparisonofPatients’ClinicalEffect Indexes between the
TwoGroups. Compared with the HALG group, the DPLDG
group had significantly shorter surgical time, less intra-
operative blood loss, and higher postoperative exhaust time
(p< 0.05), with no significant difference in other clinical
indexes (p> 0.05); see Table 2.

3.2. Comparison of Patients’ Clavien–Dindo Grades of Post-
operativeComplicationsbetween theTwoGroups. )e overall
incidence rate of postoperative complications of the DPLDG
group was significantly lower than that of the HALG group
(p< 0.05); see Table 3.

3.3. Single-Factor andMultivariate Analysis of Risk Factors of
Postoperative Complications in Patients of Both Groups. It
was showed in the single-factor analysis that the age, tumor
length, intraoperative blood loss, pathological stages, and
surgical method were related to the postoperative compli-
cations, and the results of multivariate analysis indicated that
DPLDG was the protective factor for reducing postoperative
complications, while age no less than 60 years old and
intraoperative blood loss no less than 180ml were the in-
dependent risk factors leading to complications; see Table 4.

3.4. Comparison of Patients’ PNI Level Values before Surgery
and at Different Moments after Surgery between the Two
Groups. )e PNI level values at T1, T2, and T3 after surgery
of patients in the DPLDG group were significantly higher
than those in the HALG group (p< 0.05); see Figure 1.

3.5.Comparison of Patients’GLQIScores before Surgery andat
1 Month after Surgery between the Two Groups. At 1 month
after surgery, both groups obtained significantly higher
GLQI scores than before, and the GLQI score of the DPLDG
group was significantly higher in the between-group com-
parison (p< 0.05); see Figure 2.

4. Discussion

Gastric cancer is a malignant tumor disease of the digestive
tract. With the higher demand for the surgical efficacy of
gastric cancer currently, an ideal surgical treatment regimen
that aims to reduce the impact on the patient’s body function
and prolong survival time is needed [16, 17]. As surgery
continuously becomes more standardized and less invasive,
TLDG is applied, with the ultimate goal of providing painless
and scarless clinical treatment. However, natural orifice
transluminal endoscopic surgery has clinical application
limits because of many factors, so the introduction of single-
port laparoscopy is considered to be an excessive stage of
traditional laparoscopic surgery to natural orifice

transluminal endoscopic surgery. Some scholars [18, 19]
believe that the single-port laparoscopy is limited in the
operation scope, lacks antitraction, and has narrow surgical
field, which will lead to an enlarged umbilical incision, etc.,
so an additional operation hole is added by attempt for
countertraction and reducing the difficulty of operation.)e
efficacy of the two-port laparoscopymethod has been proved
in previous literature [20, 21], because compared with tra-
ditional laparoscopy, patients who underwent the two-port
laparoscopy could get off bed and had their indwelling tube
removed sooner. As the laparoscopic surgical technique has
become more mature, although with some defects such as
long surgical time and learning curve, and fatiguing the
operator during surgery, most physicians recognize that this
surgical approach is as safe and thorough as the open radical
gastrectomy. Foreign literature [22] has reported that the
HALG was successfully performed to 2 cases for the first
time by the abdominal wall suspension technology and the
operator putting his left hand into the patient’s abdominal
cavity through the incision in the right lower abdomen,
which was promoted and applied in the clinic as it fully
combined the advantages of laparoscopy and open surgery.

)e Clavien–Dindo classification system is currently the
most definitive criterion internationally for evaluating the
postoperative complications including gastric cancer [23]. )is
study provided the basis for preventing complications after
radical gastrectomy by comparing the impact of two surgical
methods on the severity of postoperative complications and
analyzing the risk factors of postoperative complications. )e
results showed that age not less than 60 years old was an
independent risk factor for postoperative complications, which
might be related to the poor body tolerance of the elderly
patients, a view that was supported by other scholars [24]; on
the other hand, intraoperative blood loss not less than 180ml
was another risk factor, which was proved in the study by
FESCO et al. [25]. )e study also found that compared with
DPLDG, the surgical time of HALG was obviously longer, but
the length of surgical time was confirmed to be not significantly
associated with the postoperative complications. However, the
definition of postoperative adverse events after different sur-
geries by the Clavien–Dindo classification systemmight not be
consistent and cause bias in the grading of complications in
reality. )is study was conducted with fewer cases and lack of
research on patients’ long-term efficacy, so large sample and
multicenter prospective studies are still needed in the future to
further validate the application value of the Clavien–Dindo
classification system in the assessment of postoperative com-
plications of gastric cancer, so as to make a risk assessment and
early intervention treatment for the occurrence of postoper-
ative complications in patients and maximize the surgical
treatment effect.

In conclusion, patients tend to have grade II compli-
cations or complications with lower grade after surgery, and
age not less than 60 years old and intraoperative blood loss
not less than 180ml are the independent risk factors that
cause postoperative complications. )erefore, we should
focus on the high-risk group for complications, take cor-
responding prevention and treatment measures, and reduce
the incidence of postoperative complications.
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Table 2: Comparison of patients’ clinical effect indexes between the two groups (x ± s).

Indicator DPLDG group (n� 386) HALG group (n� 389) t p

Surgical time (min) 173.25± 19.73 194.36± 23.65 13.497 ≤0.001
Intraoperative blood loss (mL) 162.46± 25.36 171.35± 23.41 5.071 ≤0.001
Incision length (cm) 5.73± 0.58 5.81± 0.62 1.854 0.064
Postoperative exhaust time (d) 2.67± 0.59 2.53± 0.62 3.220 0.001
Time to return to full-liquid diet for the first time after surgery (d) 2.36± 0.36 2.41± 0.43 1.754 0.080
Hospital stay after surgery (d) 9.35± .86 9.42± 1.73 0.543 0.588
Off-bed ambulation time after surgery (d) 2.74± 0.61 2.68± 0.58 1.403 0.161
Number of lymph nodes being dissected (n) 28.43± 3.27 28.51± 3.16 0.346 0.729
Time of removing the abdominal drainage tube (h) 4.15± 1.42 4.23± 1.38 0.795 0.427
NRS score (points)
6 h after surgery 4.72± 0.82 4.68± 1.03 0.598 0.550
12 h after surgery 3.54± 0.75 3.62± 0.68 1.556 0.120
24 h after surgery 2.21± 0.53 2.28± 0.58 1.753 0.080
2 d after surgery 1.47± 0.45 1.51± 0.35 1.382 0.167

Aesthetic scoring (cases)
Low 236 (61.14%) 241 (61.95%) 0.054 0.816
Medium 85 (22.02%) 87 (22.37%) 0.013 0.908
High 65 (16.84%) 61 (15.68%) 0.191 0.662

Table 3: Comparison of patients’ Clavien–Dindo grades of postoperative complications between the two groups [n (%)].

Complication type DPLDG group (n� 386) HALG group (n� 389) X2 p

≤II 27 (36.00%) 53 (51.46%) 4.190 0.041
IIIa 15 (20.00%) 18 (17.48%) 0.183 0.669
IIIb 16 (21.33%) 12 (11.65%) 3.524 0.060
IVa 11 (14.67%) 10 (9.71%) 1.025 0.311
IVb 4 (5.33%) 7 (6.80%) 0.160 0.689
V 2 (2.67%) 3 (2.91%) 0.010 0.922
Overall complication incidence 75 (19.43%) 103 (26.48%) 5.440 0.020

Table 4: Single-factor and multivariate analysis of risk factors of postoperative complications in patients of both groups.

Item
Single-factor analysis Multivariate analysis

Overall incidence rate of complications (%) p OR value (95% CI) p

Gender 0.426
Male 12.10
Female 10.84

Age 0.007 1 0.037
<60 years old 9.29 1.346 (1.048, 1.761)
≥60 years old 13.68

Range of gastrectomy 0.339
Total gastrectomy 12.26
Partial gastrectomy 10.71

Surgical method 0.022 1 0.028
DPLDG 9.42 0.742 (0.562, 0.982)
HALG 13.16

Tumor length 0.010 1 0.462
<5 cm 9.55 1.137 (0.852, 1.525)
≥5 cm 13.42

Pathological stage 0.003 1 0.871
Stage I 9.06 1.051 (0.646, 1.751)
Stages II-III 13.83

Intraoperative blood loss (ml) <0.001 1 <0.001
<180ml 16.5 1.635 (1.249, 2.14)
≥180ml 27.4
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Table 4: Continued.

Item
Single-factor analysis Multivariate analysis

Overall incidence rate of complications (%) p OR value (95% CI) p

Number of lymph nodes submitted for inspection (n) 0.633
<25 11.10
≥25 11.87

Surgical time 0.736
Less than 180min 12.31 <0.001
No less than 180min 11.27
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Figure 1: Comparison of patients’ PNI level values before surgery and at different moments after surgery between the two groups (x ± s).
Note. )e horizontal axis indicated T0, T1, T2, and T3, and the vertical axis indicated the PNI level values.)e PNI level values at T0, T1, T2,
and T3 of patients in the DPLDG group were 36.26± 3.37, 51.26± 5.97, 76.63± 6.74, and 84.17± 6.69, respectively. )e PNI level values at
T0, T1, T2, and T3 of patients in the HALG group were 36.29± 3.41, 45.33± 5.63, 52.36± 6.81, and 57.26± 6.37, respectively. ∗ indicates that
the PNI level values at T1 of patients in the two groups were significantly different (t� 14.227, p< 0.001); ∗∗ indicates that the PNI level
values at T2 of patients in the two groups were significantly different (t� 49.861, p< 0.001); and ∗∗∗ indicates that the PNI level values at T3
of patients in the two groups were significantly different (t� 57.349, p< 0.001).
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Figure 2: Comparison of patients’ GLQI scores before surgery and at 1 month after surgery between the two groups (x ± s). Note. )e
horizontal axis indicated before surgery and 1 month after surgery, and the vertical axis indicated the GLQI score (points). )e GLQI scores
before surgery and at 1 month after surgery of patients in the DPLDG group were (92.35± 6.74) and (117.36± 5.43), respectively, and those
of patients in the HALG group were (92.38± 6.79) and (112.36± 5.49), respectively. ∗indicates that the GLQI scores before surgery and at 1
month after surgery of patients in the DPLDG group were significantly different (t� 56.771, p< 0.001); ∗∗indicates that the GLQI scores
before surgery and at 1 month after surgery of patients in the HALG group were significantly different (t� 45.130, p< 0.001); and
∗∗∗indicates that the GLQI scores at 1month after surgery of patients in the two groups were significantly different (t� 12.746, p< 0.001).
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Colorectal cancer (CRC) is the third most common cancer type and the second cause of death worldwide. %e advancement in
understanding molecular pathways involved in CRC has led to new classifications based on the molecular characteristics of each
tumor and also improved CRC management through the integration of targeted therapy into clinical practice. In this review, we
will present the main molecular pathways involved in CRC carcinogenesis, the molecular classifications. %e anti-VEGF and anti-
EGFR therapies currently used in CRC treatment and those under clinical investigation will also be outlined, as well as the
mechanisms of primary and acquired resistance to anti-EGFR monoclonal antibodies (cetuximab and panitumumab). Targeted
therapy has led to great improvement in the treatment of metastatic CRC. However, there has been variability in CRC treatment
outcomes due to molecular heterogeneity in colorectal tumors, which underscores the need for identifying prognostic and
predictive biomarkers for CRC-targeted drugs.

1. Introduction

Colorectal cancer (CRC) is considered the third most
prevalent cancer and the second cause of death by cancer
worldwide [1]. In 2018, 1.8 million new CRC cases were
reported and 881,000 persons died of the disease, which
accounted for 6.1% and 9.2% of new cases and deaths, re-
spectively [2]. An increasing incidence trend of 2.5 million
cases has been predicted in 2035 [3].

Currently, the 5-year overall survival (OS) rate of CRC is
estimated at 64% for all stages in the United States, and this
seems to decrease to nearly 12% for metastatic CRC (mCRC)
[4, 5].

Surgery alone or in combination with chemotherapy and
radiotherapy in the adjuvant setting remains the main
treatment option in cases of early diagnosis, while surgery is
no longer effective for advanced stages that represent 25% of
CRCs cases [6]. Unfortunately, the efficacy of cytotoxic
therapies may be altered by the rapid evolution of drug
resistance and the occurrence of cancer recurrence [7].
Hence, developing other treatment options for CRC, es-
pecially for mCRC to increase its overall survival and reduce
its severity, is highly needed.

With the advancement in our understanding of carci-
nogenesis mechanisms and the underlying molecular
pathways, treatment of CRC, especially mCRC, has evolved
considerably over the past years, which was reflected by
using many chemotherapy combinations and integrating
novel targeted drugs into clinical practice.%is advancement
in chemotherapy and targeted drugs has led to significantly
improve OS to over 40 months for mCRC patients [8].

Cetuximab was the first targeted agent for CRC that has
been approved by the Food and Drug Administration (FDA)
in 2004, followed by bevacizumab in the same year. Since
then, many other targeted drugs for CRC have been brought
to market successively (Figure 1). Targeted agents currently
used for the treatment of CRC may be divided into three
categories: anti-Vascular Endothelial Growth Factor
(VEGF) such as bevacizumab, aflibercept, and ramucir-
umab; anti-Epidermal Growth Factor Receptor (EGFR)
antibodies such as cetuximab and panitumumab; and finally
multikinase inhibitors like regorafenib [9].

%e advancement in understanding molecular pathways
involved in CRC carcinogenesis has also led to many mo-
lecular classification systems. %e Cancer Genome Atlas
(TCGA) and the Consensus Molecular Subtype (CMS) are
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considered the main classifications. CMS classification has
been proposed after analyzing the pathological and mo-
lecular profile of CRC patients from many studies. In ad-
dition to its potential prognostic and predictive value, CMS
can also help to explain the CRC heterogeneity caused by
genetic and epigenetic mechanisms [10].

%e current review aims to provide an overview of
molecular pathways involved in CRC carcinogenesis, as well
as molecularly defined subtypes and their clinical implica-
tion. We will also summarize available and future CRC-
targeted agents and discuss anti-EGFR resistance
mechanisms.

2. Molecular Pathways in CRC

2.1. Inherited CRC. %e etiologies of CRC are either genetic
or environmental or both [11]. CRC is divided into he-
reditary and sporadic forms, with approximately 75–80% of
sporadic forms [12].

Approximately 5% of all CRC cases are caused by
inherited germline mutations in some key genes, leading to
colorectal carcinogenesis. Approximately 20% of the
remaining 95% of CRC cases present a positive family
history, which cannot account as a true hereditary form of
CRC. Many syndromes have been identified; the most
frequent syndromes are Lynch Syndrome (Hereditary
Nonpolyposis Colorectal Cancer (HNPCC)) and Familial
Adenomatous Polyposis (FAP) [13, 14].

Lynch Syndrome (HNPCC) is the most common he-
reditary CRC syndrome representing 2-3% of all CRC pa-
tients [14]. It is an autosomal dominant syndrome, caused by
germline mutations in DNAmismatch repair (MMR) genes,
which lead to amplifying the replication errors, increasing
rate, and the potential of malignancy. %ese genes included
MLH1, MSH2, PMS2, and MSH6 resulting in microsatellite
instability (MSI) when mutated [15].

Familial Adenomatous Polyposis (FAP) is an autosomal
dominant disorder, which is characterized by colorectal
adenomatous polyps, which ranged from hundreds to
thousands of polyps [16]. It is caused by germline mutations
in the adenomatous polyposis coli (APC) gene with a fre-
quency of 1% of all CRCs [14]. APC gene is a tumor

suppressor gene, coding for a protein that regulates the
cytoplasm degradation of β-catenin.%ese twomolecules are
essential components of the Wnt signaling pathway [17].

%ere are other rare forms of familial CRC including the
MYH-Associated Polyposis (MAP), which is an autosomal
recessive disorder caused by biallelic mutations in the MYH
gene. Tumors in this form are commonly microsatellite stable
and exhibit a high frequency of APC somatic mutations and a
low rate of loss of heterozygosity (LOH) [14]. Additionally, the
Hamartomatous polyposis syndromes that englobe the syn-
drome of PeutzJeghers (PJS), the syndrome of Juvenile Poly-
posis (JPS), and the syndrome of Cowden are autosomal
dominant syndromes caused by germlinemutations in STK11/
LKB1, BMPR1A/SMAD4, and PTEN, respectively [18].

More details about these hereditary CRC syndromes,
diagnosis, and management approaches have been well
reviewed by Kastrinos and Syngal [19].

2.2. Sporadic CRC. With respect to sporadic CRC, Fearon
et al. have suggested a colorectal carcinogenesis model that
correlated specific genetic landscapes with changing tissue
morphology, from adenomas to carcinomas [12, 20]. Ge-
nomic instability is considered an essential component of
this transformation process [14]. %ere are three main
categories of genomic instability in CRC. Chromosomal
instability (CIN), the most frequent representing 70–85% of
CRCs, is characterized by the accumulation of numerical or
structural chromosomal abnormalities (aneuploidy). FAP is
the inherited syndrome associated with these changes
[21, 22]. Another type of genomic instability is the MSI,
which is caused byMMR alteration [22]. With the increasing
knowledge with regard to the involvement of epigenetic
factors, particularly the promoter sequence methylation, in
the development of certain subsets of cancers and polyps, the
third pathway of genomic instability has emerged “CpG
Island Methylator Phenotype (CIMP+)” [22]. All these al-
terations are presented in detail hereinafter.

2.2.1. Chromosome Instability. CIN accounts for 65–70% of
sporadic CRCs. It is characterized by the high frequency of
LOH, subchromosomal genomic amplifications, and
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Figure 1: Targeted agent approved for colorectal cancer. EGFR: epidermal growth factor receptor; VEGF: vascular endothelial growth
factor.
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extensive chromosome imbalances (aneuploidy). In addition
to these karyotypic abnormalities, the accumulation of
particular mutations in some specific tumor suppressor
genes and oncogenes activates CRC pathogenesis [23]. %e
main genes which are mutated during this pathway are as
follows:

APC gene: It is a tumor suppressor gene located on
chromosome 5q21. APC functional protein plays an
important role in regulating differentiation, adhesion,
apoptosis, development, migration, and chromosomal
segregation. Mutations or loss of this gene have been
found in 40–70% of CRCs and were considered the
earliest genetic events in colorectal carcinogenesis
[24, 25].
APC protein is a part of a complex that phosphorylates
the β-catenin, which causes its ubiquitination and
destruction in the proteosome. Truncated APC protein
destabilizes the complex and increases the cytoplasmic
β-catenin level, which translocates to the nucleus and
activates the transcription of various genes involved in
tumor growth and invasion, by interacting with the
T-cell factor/lymphoid [24]. Half of CRC cases with
intact APC have activating mutations in the β-catenin
gene [26], which reflects the importance of the Wnt
pathway.
KRAS oncogene: %e frequency of KRAS proto-
oncogene mutations is estimated to range from 30 to
60% in CRCs and large adenomas. Most activating
mutations were found to be located in codons 12 and 13
of exon 1 [27]. Activation of K-Ras is known to affect
various cellular pathways that regulate cellular growth,
survival, proliferation, apoptosis, cytoskeleton organi-
zation, cell motility, differentiation, and inflammation
[14, 23].
Activation of the KRAS gene has been suggested to play
a significant role in the transition from adenoma to
carcinoma [28].
SMAD2, SMAD4, and DCC: %ese three genes are
located at chromosome 18q21. %e allelic loss of this
site has been found in 60% of CRCs [29]. DCC gene
encodes for a transmembrane receptor that promotes
apoptosis, whereas SMAD2 and SMAD4 are part of the
transforming growth factor-β (TGF-β) signaling
pathway, which regulates growth as well as apoptosis
[22, 30].
TP53: It is located on 17p13.1 and encodes for a tumor
suppressor protein p53 whose inactivation is usually a
late event in the CRC carcinogenesis process [31]. It is
widely known that p53 dysfunction is a universal
biomarker of human tumors and the loss of its function
has been reported in 4–26% of adenomas, 50% of
adenomas with invasive foci, and 50–75% of CRCs,
which define its role in the transition from adenoma to
carcinoma [23, 32].

%e CIN pathway is related to mutations in theAPC gene
or allelic loss at chromosome 5q (APC, MCC genes), fol-
lowed by Kirsten rat sarcoma viral oncogene (KRAS)

mutation, loss of 18q (DCC, SMAD2, and SMAD4 genes),
and finally, deletion of 17p, containing the famous tumor
suppressor gene TP53 [24].

2.2.2. Microsatellite Instability. Microsatellites are short
sequences with repeated nucleotides, which are distributed
across the entire human genome, and consist of mononu-
cleotide, dinucleotide, or higher-order nucleotide repeats
such as (A)n or (CA)n [33]. %ese microsatellites are es-
pecially motifs of mutation accumulations, due to the de-
creasing of DNA polymerase efficiency. %e most common
errors associated with microsatellites are base-base mis-
matches and insertion-deletion loops (IDLs) [33, 34].

MMR systems are charged to maintain genomic stability
by identifying and repairing base-pair mismatches that
occur during DNA replication. Mutator phenotype ac-
companied with MSI is a result of the MMR systems’ in-
ability to correct these errors. %ere are at least 7 proteins in
the mismatch repair systems: hMLH1, hMLH3, hMSH2,
hMSH3, hMSH6, hPMS1, and hPMS2, forming 5 protein
dimers, which are the MutSα (MSH2, MSH6), MutSβ
(MSH2, MSH3), MutLα (MLH1, PMS2), MutLβ (MLH1,
PMS1), and finally MutLc (MLH1, MLH3) [34, 35].

In order to test the MSI, there are two main methods:
immunohistochemistry (IHC) which serves for the detection of
the expression level of the four main MMR proteins (MSH2,
MSH6, MLH1, and PMS2) directly from the tumor tissue. Loss
of expression of at least one of these proteins means that the
tumor is deficient MMR (dMMR) and as a consequence MSI
[36]. %e second method is based on testing a DNA micro-
satellite panel. In this method, MSI-High (MSI-H) is defined
when 40% of the markers are unstable [36]. In 1998, a panel of
five microsatellite markers called the Bethesda panel has been
proposed for the first time by the “International Workshop on
Microsatellite Instability and RER Phenotypes in Cancer De-
tection and Familial Predisposition,” which includes two
mononucleotides (BAT25 and BAT26) and three dinucleotides
(D5S346, D2S123, andD17S250) [37]. Another panel called the
Pentaplex panel, composed of five mononucleotides markers,
has been proposed (BAT25, BAT26, NR21, NR24, and NR27),
due to the high sensitivity of mononucleotides markers
compared to dinucleotides. Based on the Pentaplex panel, two
types of tumors have been established: MSI (MSI-High) with at
least three unstable markers, and microsatellite stability (MSS)
with no instability, or the instability in one marker [36].

Approximately 15% of CRC patients show anMSI, 3% of
which are caused by germline mutations (Lynch Syndrome),
and 12% are due generally to sporadic hypermethylation in
the promoter of theMLH1 gene [38]. Most studies suggested
thatMSS tumors had a worse prognosis than those withMSI.
Additionally, a strong correlation has been found between
sporadic MSI and the existence of V600E BRAF mutation
[39, 40].

2.2.3. CpG Island Methylator Phenotype. Epigenetic regu-
lation of gene expressions is defined as heritable changes
without any alteration in the DNA sequence. %ese epige-
netic changes are found to play an important role in the
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carcinogenesis of many carcinomas including CRC and offer
an explanation of some phenotypes of this disease. Histone
modifications or DNA methylation are thought to be the
most common cause of epigenetic alterations [41].

CpG island methylation is a typical epigenetic event in
colorectal carcinogenesis, accounting for 20% in CRCs [42].
%e concept of CIMP in CRC has been originally reported in
1999 by Toyota et al. [43]. It occurs generally by DNA
hypermethylation at the 5′-CG-3′ (CpG) dinucleotide in the
promoter region, resulting in gene silencing and the func-
tion loss of some tumor suppressor genes such as MLH1,
APC, MCC, MGMT, and several others [44]. As the CIMP
refers to the presence of multiple hypermutated genes,
Weisenberger et al. have proposed a panel of five markers,
which are CACNA1G, IGF2, NEUROG, RUNX3, and
SOCS1. CIMP+ was defined by the methylation of 3 to 5
markers and CIMP- by the hypermethylation of 0 to 2 loci
[45]. Other studies classified tumors to CIMP-high (CIMP-
H) and CIMP-low (CIMP-L) or CIMP-0 [46].

Clinically, CIMP-H CRCs have been associated with
female sex, older age, right-sided tumor location, and ad-
vanced stage. At the pathologic level, CIMP-H tumors
showed higher rates of tumor-infiltrating lymphocytes,
Crohn-like infiltrates, perineural, lymphovascular invasion,
and higher levels of Fusobacterium nucleatum. With regard
to molecular characteristics, this tumor subtype was shown
to exhibit a higher prevalence of BRAF and PIK3CA mu-
tation (OR: 20.17 (95% CI: 13.54–30.05); 1.61 (95% CI:
1.24–2.10), respectively) and more likely to have higher MSI
status (OR: 10.95 (95% CI: 8.49–14.13)). Additionally, there
was an inverse association of CIMP-H tumors with TP53
and KRAS mutations, and no association has been reported
with APC mutation [42].

Why CIMP is consistently associated with BRAF muta-
tions has long been a debated question. In 2019, Tao et al.
provided compelling evidence that solved this long-standing
question suggesting that through the aging-like acquisition of
DNA methylation, BRAF mutated cells may survive by sup-
pressing senescence and activating stem cell pathways [47].

3. Molecular Classification of CRCs and
Associated Features

3.1.Molecular Subtypes ofCRC. As we reviewed earlier, there
are three major mechanisms of genetic instability in CRC:
CIN, MSI, and CIMP. Many studies have tried to establish a
molecular classification for CRCs, but these did not lead to a
single systematic classification [48].

A systematic molecular pathological classification has
been proposed by %e Cancer Genome Atlas (TCGA) in
2012 [49] and another one by the Consensus Molecular
Subtype (CMS) Consortium in 2015 [50].

Despite the heterogeneity of CRCs, the ancient classi-
fication by TCGA has divided CRCs into two subtypes,
which are characterized by a specific morphology and
molecular alteration.

(i) %e hypermutated cancers, representing 16% of
CRCs. %ree-quarters of this group have a high MSI

as a result of dMMR, and the other one-quarter
corresponds to ultramutated cancers with poly-
merase-ε (POLE) mutations.

(ii) %e nonhypermutated cancers, which account for
84% of CRC cases.%e tumors of this group areMSS,
which harbors a higher frequency of alterations in
somatic DNA and common mutations in APC,
TP53, KRAS, SMAD4, and PIK3CA genes [48, 49].

In 2015, an international consortium has analyzed a
large-scale data sharing, aiming to establish a new and
universal molecular classification and facilitate its clinical
implication. %e panel experts evaluated six CRC subtyping
algorithms from six studies [51–56] and also the data of
TCGA, to develop a novel classification of four CMS groups
(Figure 2) [50].

(i) CMS1 (microsatellite instability immune, 14%):
Almost all patients with MSI were regrouped in this
group, characterized by hypermutated profile, es-
pecially in MLH1 gene, and high level of BRAF
mutations. CMS1 patients have a strong immune
activation, reflected by a high level in gene ex-
pression, associated with a diffuse immune infiltrate
and upregulation in immune response pathways
(PD1 activation, NK cells, %1 cells, and cytotoxic
T-cell infiltration signatures) [50]. %is immune
activation is a new feature of MSI CRCs [57]

(ii) CMS2 (canonical, 37%): It includes patients with
higher CIN, which have a high level of somatic copy
number alterations (SCNAs). Conversely to CMS1,
CMS2 showed a strong upregulation of WNT and
MYC downstream targets and epithelial differenti-
ation. Compared with other groups, CMS2 exhibits
more frequently copy number gain in oncogenes and
copy number losses in tumor suppressor genes [50]

(iii) CMS3 (metabolic,13%): It is characterized by dysre-
gulation of many metabolic pathways (glucose pen-
tose, nitrogen, fatty acid, etc.), CINwith fewer SCANs,
higher prevalence of CIMP-low, and higher KRAS
mutations compared with other groups. Almost 30%
of CMS3 was hypermutated, which results in more
MSI samples compared with CMS2 and CMS4 [50]

(iv) CMS4 (mesenchymal, 23%): Higher CIN and in-
creased level of SCNAs, with strong expression of
epithelial-to-mesenchymal transition (EMT) genes
and activation of TGF-β signaling. CMS4 over-
expresses more commonly proteins that are im-
plicated in stromal infiltration and angiogenesis and
exhibits higher expression level of mesenchymal
protein pathways [50]

Finally, there were tumors with mixed features (13%)
that possibly represent either a transition phenotype or
intratumoral heterogeneity [50].

3.2. Clinical and Prognostic Associations of the CMSs.
CMS1 has been found to be significantly more common in
females with higher histological grades and right-sided
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lesions, conversely to CMS2 tumors which are more fre-
quently left-sided. CMS4 is diagnosed often at advanced
stages compared with other subtypes [50].

By analyzing data from patients enrolled in the
PETACC-3 clinical trial [58], Guinney et al. [50] concluded
that CMS can be used as a prognostic factor [59], and this
was also supported by other studies [60–65]. However, as no
targeted therapy regimens are available for primary CRC,
stratifying tumors using CMS as a prognostic tool needs
further evaluation [66]. In a recent large monocenter cohort
study including 308 CRC tumors, Purcell et al. concluded
that although CMS alone does not surpass TNM staging in
terms of prognostication, their combination seems of in-
terest [66]. CMS3 tumors showed lower OS of stage 2 CRCs
than other subtypes, whereas stage 2 patients with a good
prognosis exhibited immune activation and upregulation of
tumor suppressor genes [66].

After analyzing data from the PETACC-3 clinical trial,
CMS4 is reported to have the worst OS and relapse-free
survival (RFS) in response to fluorouracil (FU)/leucovorin
(LV) and irinotecan adjuvant regimen. CMS1 tumors have
also a very poor survival rate after relapse, conversely to CMS2
that tends to have superior survival rates after relapse [50].

An in vitro study by Sveen et al. reported a strong
response to EGFR and human epidermal growth factor
receptor 2 (HER2) inhibitors for the CMS2 group, while
CMS1 and CMS4 demonstrated higher sensitivity to
HSP90 inhibitors [67]. CMS1 has shown worse PFS and
OS in response to anti-EGFR therapy, whereas CMS2
showed particularly better PFS and OS compared with
other groups [68]. %is was supported by analyzing data
from CALGB/SWOG 80405 phase III trial, which found
more OS benefit after anti-VEGF than anti-EGFR
treatments for the CMS1 group (P< 0.001) [60]. How-
ever, patients in the CMS2 group treated with cetuximab
were found to have better OS compared to those treated
with bevacizumab (P � 0.0046) [60]. Additionally, anal-
ysis of data from the FIRE-3 trial showed significantly
better OS for CMS4 group after cetuximab plus FOLFIRI
treatment compared to bevacizumab plus FOLFIRI in
wild-type RAS mCRC [61].

4. Targeted Therapy in Metastatic CRC

5-fluorouracil (5-FU) was the first chemotherapy regimen
used for the treatment of advanced CRC. After many failed
combination regimens to improve its response rate, leu-
covorin has shown for the first time an advantage over 5-FU
alone in terms of tumor response rate in 1992 [69].
%ereafter and over the past two decades, other drugs have
shown more improvement in terms of survival, either with
5-FU or alone, such as irinotecan, capecitabine, and oxali-
platin [70]. With the understanding of molecular pathways
in CRC, a number of targeted biologic therapies have been
approved by the FDA. %e first ones were the monoclonal
antibodies (mAbs) targeting VEGF (bevacizumab) and the
EGFR (cetuximab and panitumumab). %e advancement in
chemotherapy and targeted drugs has led to significantly
improve overall survival to over 40 months for mCRC
patients [8].

4.1.Antiangiogenic InhibitorsTargetingVEGFor ItsReceptors.
Angiogenesis is a mechanism that allows the creation of new
blood vessels from preexisting ones to supply cancerous
cells. It plays a crucial role in tumor initiation, growth, and
metastasis [71]. For a long time, targeting the angiogenic
pathway has been considered an important approach for
cancer therapy. Although more than 40 molecules have been
found to play an important role in blood vessel recruitment,
most studies have focused on VEGF and its receptors [70].
VEGF signaling pathway is a key contributor in the process
of angiogenesis, and high levels of VEGF ligands and its
receptors activity were shown to be related to poor prognosis
in CRC and other cancers [72–74].

Bevacizumab is the first anti-VEGF drug that has been
approved by the FDA in 2004 for the treatment of patients
with mCRC, initiating its use as standard first-line treatment
in combination with chemotherapy. Bevacizumab is a hu-
manized monoclonal antibody that binds to VEGF-A,
preventing its binding on its receptors. According to a phase
II clinical trial of Kabbinavar et al., bevacizumab with FU
and LV, in the first line of mCRC treatment, was found to
improve significantly the progression-free survival (PFS)
and response rate (RR) compared to FU/LV plus placebo
(PFS: 9 vs. 5.2 months; hazard ratio (HR), 0.005; P< 0.001;
RR: 40% vs. 17%; P � 0.029) but did not improve the median
OS (21.5 vs. 13.8 months; P � 0.137). %e optimal dose of
bevacizumab was 5mg/kg [75]. In a phase III trial, signif-
icant improvement in OS was demonstrated with irinotecan,
FU and LV (IFL), and bevacizumab compared to IFL plus
placebo (20.3 vs. 15.6 months; HR, 0.66; P< 0.001) [76].
Other clinical trials have tested new combinations with
bevacizumab in mCRC and showed a significant improve-
ment in OS or PFS in first-line setting such as LV calcium,
FU, and oxaliplatin-4/capecitabine and oxaliplatin (FOL-
FOX-4/Xelox), FU, LV, and irinotecan (FOLFIRI) and
capecitabine [77–79]. Bevacizumab with FOLFIRI showed a
better PFS andOS compared to bolus FU/LVwith irinotecan
(mIFL) and oral capecitabine with irinotecan (capeIRI) [80].
In the second-line setting, bevacizumab was tested with

Consensus 
molecular 
subtypes

CMS 1

14% of CRCs
MSI immune subtype

CMS 2

37% of CRCs
canonical subtype

CMS 4 

23% of CRCs
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CMS 3

13% of CRCs
metabolic subtype

Figure 2: Consensus molecular subtypes classification of colorectal
cancer. CMS: Consensus Molecular Subtype; CRCs: colorectal
cancers; MSI: microsatellite instability.

Journal of Oncology 5



FOLFOX-4 and was shown to improve the median PFS and
the RR compared to FOLFOX-4 alone (PFS: 7.3 vs. 4.7
months; HR, 0.61; P≤ 0.0001; RR: 22.7% vs. 8.6%;
P≤ 0.0001) [81]. %e ML18147 phase III clinical trial con-
cluded that the continuation of bevacizumab with switching
second-line-based chemotherapy improved significantly OS
compared to chemotherapy alone or bevacizumab alone
[82]. Based on the positive results of these studies, the use of
bevacizumab with fluoropyrimidine-oxaliplatin or fluo-
ropyrimidine-irinotecan chemotherapy has been approved
by the FDA as a second line for mCRC in 2013.

After bevacizumab, three other antiangiogenic agents
have been approved for mCRC: aflibercept, regorafenib, and
ramucirumab.

Aflibercept (also known as VEGF Trap, AVE0005) is a
recombinant fusion protein that acts as a receptor, binding
to human VEGF-A, VEGF-B, and placental growth factor
(PGF). It is composed of extracellular domains of human
VEGF receptors 1 and 2, fused to the Fc portion of human
immunoglobulin (Ig)G1. Aflibercept has a high-affinity li-
gand trap and prevents these ligands to bind to their en-
dogenous receptors [83]. VELOUR phase III trial showed
that treatment with FOLFIRI and aflibercept conferred a
significant benefit in terms of OS and PFS compared with
FOLFIRI and placebo (OS: 13.5 vs. 12.1 months; HR, 0.82;
P � 0.0032; PFS: 6.9 vs. 4.7 months; HR, 0.76; P< 0.001)
[84]. Based on the positive results of this clinical trial,
aflibercept has been approved after oxaliplatin failure as a
second-line treatment in combination with FOLFIRI in
mCRC patients by the FDA in August 2012 and by the
European Medicines Agency (EMA) in February 2013.

Regorafenib is an oral multikinase inhibitor that inhibits
angiogenic tyrosine kinases (vascular endothelial growth
factor receptor 1 to 3 (VEGFR1-3), platelet-derived growth
factor receptor (PDGFR- β), and fibroblast growth factor
receptor (FGFR1)). It also blocks BRAF and oncogenic
receptor tyrosine kinases (RTKs), such as RETand KIT [85].
%e CORRECT phase III trial showed that treatment with
regorafenib conferred a significant improvement in OS
compared with the placebo arm, for mCRC that was re-
fractory to standard therapy (6.4 vs. 5 months; HR, 0.77;
P � 0.0052) [86]. Based on this trial, regorafenib has been
approved by the FDA in September 2012 for the treatment of
mCRC patients who have been treated previously with
fluoropyrimidine-, oxaliplatin- and irinotecan-based che-
motherapy, an anti-VEGF therapy, and an anti-EGFR
therapy if KRAS wild type.

Ramucirumab is a monoclonal human antibody that has
a high affinity to VEGFR-2, the essential receptor of the
VEGF angiogenic signaling pathway. %e RAISE phase III
clinical trial has found that ramucirumab plus FOLFIRI as
second-line treatment of mCRC improved significantly OS
compared with FOLFIRI plus placebo (13.1 vs. 11.7 months,
HR, 0.84; P � 0.0219) [87]. Based on these results, ramu-
cirumab (Cyramza) in combination with FOLFIRI has been
approved by the FDA as a second-line option for mCRC on
April 24, 2015.

Other small multitargeted receptor tyrosine kinase in-
hibitors (RTKIs) are under investigation for mCRC

treatment, such as Famitinib which targets VEGFR2,
PDGFR, and c-Kit [88], as well as Fruquintinib and
Cediranib which inhibit VEGF1-3 receptors [89, 90]. %e
main antiangiogenic RTKIs agents, which are under clinical
investigation in mCRC, were summarized in Table 1.

4.2.Anti-EGFRInhibitors. Epidermal growth factor receptor
(EGFR/ERBB1) is a member of the erythroblastosis onco-
gene B (ERBB) family, which also consists of three other
receptors, HER2 (ERBB2), HER3 (ERBB3), and HER4
(ERBB4) [91]. Ligands such as EGF, TGFα, Amphiregulin
(AREG), and Epiregulin (EREG) activate EGFR by binding
to its extracellular domain, leading to the activation of the
tyrosine kinase domain in the cytoplasm, which stimulates
two major signal-transduction pathways, RAS/RAF/MEK/
ERK (mitogen-activated protein kinase (MAPK)) pathway
and PI3K/AKT pathway. %ese two intracellular pathways
play key roles in cell proliferation, survival, and migration
[92, 93].

%ere is great evidence that ERBB family members have
an important role in the initiation and survival of several
solid cancers. Over the last years, many studies have shown
the importance of constitutive activation of the EGFR
pathway in cancer cell proliferation, stopping apoptosis, and
activating metastasis [94–96]. %is activation may occur
through receptor overexpression and ligand-dependent and
independent mechanisms [93]. After the research of Masui
et al. in 1983 that provided evidence on the activity of anti-
EGFR drugs against epidermoid carcinoma cell growth in
vivo [97], many studies and clinical trials focused on two
classes of anti-EFGR agents, which are the anti-EGFR
monoclonal antibodies (cetuximab and panitumumab) and
the small-molecule EGFR tyrosine kinase inhibitors [92].

Cetuximab is an anti-EGFR monoclonal antibody mAb
(recombinant immunoglobulin G1 (IgG1)), which has been
approved by the FDA in 2004, for the treatment of mCRC in
combination with irinotecan after irinotecan-based refrac-
tory chemotherapy, or as a single agent for mCRC patients
who are intolerant to irinotecan. %is approval was based
essentially on an open-label, randomized trial that showed a
significant improvement in terms of RR and PFS for
cetuximab with irinotecan, compared to cetuximab alone, in
patients who were refractory to irinotecan-based chemo-
therapy (RR: 22.9 vs. 10.8%; P: 0.007; PFS: 4.1 vs. 1.5;
P< 0.001) [98].%e CRYSTAL phase III clinical trial showed
that cetuximab with FOLFIRI as a first line of treatment
increased the RR by 10% (adjusted odds ratio (OR): 1.40;
P � 0.004) and reduced the risk of mCRC tumor progression
by 15% (HR, 0.85; P � 0.048) compared to FOLFIRI alone,
and this benefit has been limited to KRAS wild-type groups
(RR: 59.3% vs. 43.2% (OR, 1.9); PFS: 9.9 vs. 8.2; HR, 0.68;
P � 0.02). No improvement in OS has been reported in this
study, similarly to the previously mentioned trial [99].
Consequently, cetuximab in combination with FOLFIRI has
been approved by the FDA for KRAS wild-type mCRC
patients as a first-line treatment. FOLFOX4 has been tested
in phase II of OPUS clinical trial and showed an im-
provement in overall response rate (ORR) and a lower risk of
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disease progression in patients with KRAS wild-type disease
treated with cetuximab, as compared to those who received
FOLFOX4 alone (ORR� 61 vs. 37%; OR: 2.54; P � 0.011;
PFS: 7.7 vs. 7.2 months; HR, 0.57; P � 0.0163, respectively)
[100]. A pooled analysis of the CRYSTAL and OPUS ran-
domized clinical trials has shown that combining cetuximab
to chemotherapy (FOLFIRI or FOLFOX4) in patients with
KRAS wild-type disease improved significantly OS (HR,
0.81; P � 0.0062), PFS (HR, 0.66; P< 0.0001), and ORR (OR,
2.16; P< 0.0001), compared with chemotherapy alone. In
contrast, BRAF mutation status did not show any significant
difference in response to cetuximab, but it was a negative
prognostic biomarker [101].

Recently, on April 8, 2020, the FDA approved encor-
afenib in combination with cetuximab for the treatment of
mCRC with a BRAF V600E mutation, after prior therapy.
%is approval was based on the phase III BEACON CRC
study, which showed an improvement of median OS for
mCRC patients with BRAF V600E treated with cetuximab
and encorafenib compared to cetuximab alone (8.4 vs. 5.4
months; HR, 0.6; P< 0.001) [102]. In the second-line setting,

the phase III EPIC study has shown that cetuximab and
irinotecan improved significantly PFS and RR and resulted
in a better quality of life, after oxaliplatin and fluoropyr-
imidine failure, compared with irinotecan alone [103].
Additionally, cetuximab alone was shown to improve OS
and PFS, in wild-type KRAS patients who failed all other
treatments, compared with best supportive care (BSC) alone
(9.5 vs. 4.8 months; HR, 0.55; P< 0.001 and 3.7 vs. 1.9
months; HR, 0.40; P< 0.001, respectively) [104].

Panitumumab is also an anti-EGFR monoclonal anti-
body. Conversely to cetuximab, it is a fully human IgG2,
which has shown reduced immunogenic reactions and high
affinity and specificity for the EGF receptors [105]. In phase
III clinical trial, panitumumab and BSC showed a significant
improvement in PFS for mCRC patients who had progressed
after standard chemotherapy, compared with those receiving
BSC alone [106]. PRIME phase III study has shown that
panitumumab with FOLFOX4 as the first line of treatment
for patients with wild-type KRAS mCRC improves signifi-
cantly PFS compared with FOLFOX4 alone (10 vs. 8.6
months; HR, 0.8; P � 0.01) [107]. As a second-line

Table 1: Antiangiogenic RTKIs agents under clinical trials investigation in mCRC.

Drugs Target Number of
participants Setting Treatment

Primary
outcome
measures

Phase Identifiers

Vatalanib
(PTK787/ZK
222584)

VEGFR1-3,
FGFR1-3,
PDGFRα-β

1168 1st line mCRC Oxaliplatin/5FU/
Leucovorin± vatalanib

PFS
III

NCT00056459

855 2nd line mCRC OS NCT00056446

Nintedanib
(BIBF1120)

VEGFR1-3,
FGFR1-3,
PDGFRα-β

768 Refractory
mCRC BSC±Nintedanib PFS/OS III NCT02149108

54 Refractory
mCRC mFOLFOX6±Nintedanib PFS III NCT01362361

Semaxanib
(SU5416) VEGFR2 710 1st line mCRC Leucovorin and

Fluorouracil± Semaxanib OS III NCT00004252

Brivanib VEGFR2/
FGFR1 750

mCRC kRAS
wild-type
(refractory)

Cetuximab±Brivanib OS III NCT00640471

Sunitinib PDGFR-β,
VEGFR2, 768 1st line mCRC FOLFIRI± Sunitinib PFS III NCT00457691

Fruquintinib VEGFR1-3 416 3rd line mCRC Fruquintinib vs. placebo OS III NCT02314819
Cediranib
(AZD2171) VEGFR1-3 1814 1st line mCRC Beva + folfox vs.

beva +Cediranib PFS II/III NCT00384176

Sorafenib
VEGFR1-3
PDGFR-β
BRAF

101 2nd line mCRC FOLFOX6/
FOLFIRI± Sorafenib PFS II NCT00889343

Vanucizumab VEGF-A
Angiopoietin-2 197 1st line mCRC mFOLFOX6+ beva vs.

mFOLFOX6+Vancizumab PFS II NCT02141295

Famitinib VEGFR2-3, c-
Kit, PDGFR 154 3rd line

advanced mCRC Famitinib vs. placebo PFS II NCT01762293

Axitinib VEGFR1-3 70
1st line

maintenance
therapy

Axitinib alone after FOLFOX/
beva in 1st line PFS II NCT01490866

Apatinib VEGFR2 54

Refractory
mCRC

progressed after
2nd line

Apatinib alone PFS II NCT03190616

mCRC: metastatic colorectal cancer; 5FU: 5-fluorouracil; FOLFOX: oxaliplatin in combination with 5-fluorouracil and folinic acid; FOLFIRI: irinotecan in
combination with 5-fluorouracil and folinic acid; BSC: best supportive care; Beva: bevacizumab; PFS: progression-free survival; OS: overall survival; VEGFR:
vascular endothelial growth factor receptor; FGFR: fibroblast growth factor receptor; PDGFR: platelet-derived growth factor receptor.
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treatment, panitumumab with FOLFIRI has shown signif-
icant improvement in terms of PFS, compared with FOL-
FIRI alone for mCRC patients without KRAS mutations (5.9
vs. 3.9 months; HR, 0.71; P � 0.004) [108]. In 2006, the FDA
approved panitumumab as a single agent for the treatment
of mCRC KRAS wild-type after chemotherapy regimens
failure, and in 2014, it was approved in combination with
FOLFOX for patients with wild-type KRAS mCRC in the
first-line setting.

5. Resistance to Anti-EGFR Therapy

Generally, resistance to targeted drugs englobes primary (de
NOVO or innate) and secondary resistance (acquired re-
sistance) [109]. Patients with primary resistance exhibit gene
mutations, allelic loss, or gene overexpression, which in-
activate or reduce the effectiveness of the drug targets. As an
example, RAS, BRAF, and PIK3CA mutations and loss of
PTEN and HER2 overexpression have been involved in the
primary resistance to anti-EGFR therapy [110]. It has been
shown that 40% of all mCRC patients will derive benefit
from these agents [111]. Hence, identifying predictive bio-
markers of response to anti-EGFR mAbs is of utmost im-
portance. With regard to secondary resistance, the
underlying mechanisms are the acquired EGFR (S492R)
mutation, genetic alterations of RAS, BRAF, HER2, and
MET, and the selection effect of preexisting subclones that
confer primary resistance to anti-EGFR mAbs. %ese
mechanisms and others have been reviewed by Misale et al.
and Zhoa et al. [112, 113].

5.1. Primary Resistance. RAS mutations: the frequency of
KRAS gene mutations is estimated at 40% in all CRCs. %ese
mutations were shown to directly activate the MAP kinase
signaling pathway, leading to anti-EGFR mAbs resistance
[70]. Mutations located on exon2 (codon 12 or 13) were
considered the first and the most important predictive
biomarker for the nonresponse to anti-EGFR mAbs. %ese
alterations represent 85–90% of KRAS mutations in CRC,
and approximately 40% of mCRC patients were found to be
mutation carriers [113, 114]. Based on the results of many
studies that reported a nonbenefit from anti-EGFR mAbs
and shorter PFS, OS, and RR for patients with KRAS exon2
mutations compared with wild-type patients [104, 115–117],
the use of anti-EGFR mAbs has been limited by the FDA in
2009 to KRAS exon 2 wild-type mCRC patients [118].
Moreover, other KRAS mutations in exon 3 (codons 59 and
61) and exon 4 (codons 117 and 146) and mutations of the
NRAS isoform (exons 2, 3, and 4) were identified in 15–20%
of KRAS exon 2 wild-type patients and were found to be
related to low PFS and OS in patients treated with cetuximab
and panitumumab [119–122]. Of note, not all patients with
wild-type RAS respond to anti-EGFR treatment; that is why
research and identification of other biomarkers are of ut-
most importance.

BRAF mutations: BRAF is a downstream effector, which
is directly regulated by RAS. Mutations in the BRAF gene
represent 5–9% of CRCs and may lead to direct activation of

the RAS/RAF/ERK pathway [123]. V600E is considered the
most commonly reported mutation in BRAF, accounting for
more than 95% of all identified mutations. %is mutation
causes direct activation of the MAP kinase pathway, leading
to resistance to anti-EGFR mAbs [124]. Many studies re-
ported that BRAF V600E has been associated with poorer
PFS and OS in patients treated with anti-EGFR mAbs
[125, 126]. However, a meta-analysis of eight randomized
controlled trials by Rowland et al. concluded that there is
insufficient evidence to consider BRAF as a predictive
biomarker of benefit from anti-EGFRmAbs therapy for RAS
wild-type mCRC, as there was no statistically significant
difference in OS and PFS between RAS wild-type/BRAF
wild-type and RAS wild-type/BRAF mutant [127].

PIK3CA mutations and PTEN loss: PI3K-AKT-mTOR
signaling pathway is also known to be activated by EGFR,
leading to cell proliferation, cell growth, and apoptosis
suppression in CRCs [128]. Mutations on PIK3CA, which
represent 10–18% of CRCs, can lead to direct activation of
the PI3K/AKT pathway and cause resistance to anti-EGFR
mAbs [113]. Mutations in exons 9 and 20 account for 80% of
all PIK3CA mutations and result in its activation and the
activation of its downstream signaling pathway [129]. A
study by Sartore-Bianchi et al. including 110 mCRC-treated
patients reported that PIK3CA mutations conferred signif-
icant clinical resistance to cetuximab and panitumumab
[130]. Another large retrospective consortium analysis study
showed that only PIK3CA exon 20 mutations have been
associated with lower RR, PFS, and OS as a response to
cetuximab plus chemotherapy compared with wild types,
whereas exon 9 mutations showed no effect [131]. A meta-
analysis by Mao et al., which included 576 mCRC patients,
found that the objective response rate to anti-EGFRmAbs in
the KRAS wild-type group was lower in patients with
PIK3CA exon 20 mutations, but this difference was not
significant due to the limited sample size. However, this
study suggested that PIK3CA exon 20mutations may predict
the resistance to anti-EGFRmAbs in KRAS wild-type mCRC
patients [132].

PTEN is considered a suppressor gene, due to its role in
the negative regulation of AKT. %erefore, loss of PTEN
expression or function leads to persistent activation of the
PI3K-AKT-mTOR signaling pathway, which results in
permanent cell proliferation and growth [133]. Some studies
have found that PTEN can be a useful predictive biomarker
for the response to anti-EGFR mAbs therapy, particularly in
the KRAS wild-type [134–137]. In contrast, other studies did
not find a significant difference in response to anti-EGFR
therapy between PTEN-positive and PTEN-negative groups
[138–140]. To confirm the role of PTEN in anti-EGFR re-
sistance, other large clinical studies are warranted.

Level of EGFR ligand expression: in addition to
studying the downstream EGFR signaling pathway in anti-
EGFR resistance, the upregulation has also been investi-
gated in some studies, especially in an intact downstream
EGFR pathway [141–144]. In an exploratory cetuximab
monotherapy clinical trial, cetuximab efficacy has been
found to be related to KRAS wild-type and high gene
expression levels of AREG and EREG in mCRC patients
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[145], whereas other clinical trials confirmed that AREG
and EREG expression levels have predictive power to anti-
EGFR therapy only for KRAS wild-type patients [142, 146].
A recent study that analyzed tumor tissue of 688 patients
participating in FIRE-1, CIOX, and FIRE-3 clinical trials
has confirmed that AREG high level is a positive prognostic
biomarker for anti-EGFR therapy in mCRC. AREG high
level was significantly associated with high OS and PFS
compared to a low level (26.2 vs. 21.5 months; P � 0.007)
(10.0 vs. 8.1 months; P � 0.001), respectively [141]. EGFR
ligand’s high expression level can be related to tumors’
dependence on the EGFR signaling pathway, which ex-
plains its predictive power in mCRC, but it can also occur
as a consequence of epigenetic regulation [147].

STAT3: STAT3 is a transcription factor belonging to the
STAT family. It is an essential component of the JAK/STAT
signaling pathway, which is activated by EGFR and other
receptors [148]. Phosphorylated by JAK, STAT3 plays an
important role in cell proliferation, survival, and apoptosis
activities [113, 149]. Persistent STAT3 activation may have a
key role in anti-EGFR therapy resistance in mCRC. A ret-
rospective study by Dobi et al. reported a significant im-
provement in time to progression (TTP) and OS for negative
phospho-STAT3 compared to positive phospho-STAT3
group (TTP: 6.3 vs. 5.4 months; P< 0.01; OS: 13.1 vs. 9.4
months; P � 0.02), among 94 mCRC patients who were
treated with cetuximab and chemotherapy in the second-line
setting or beyond [150]. Another study by Ung et al. indi-
cated a key role of STAT3 in promoting resistance to anti-
EGFR treatment and showed that STAT3 activity can be
inhibited by the anti-EGFR inhibitors in wild-type K-RAS
colon cancer cell lines, suggesting that anti-EGFR therapy
combined with STAT3 inhibitors may provide a therapeutic
benefit for mCRC patients [151].

5.2. SecondaryResistance. Acquisition of KRAS mutation: as
we mentioned previously, the RAS/RAF signaling pathway
plays an important role in primary resistance to anti-EGFR
mAbs in mCRC, but it has also been involved in acquired
resistance [152]. A report by Diaz et al. found that 38% of
KRAS wild-type patients who received panitumumab had
KRAS mutations in their sera, occurring after five or six
months of the treatment [153]. Interestingly, a mathematical
model from this study showed that resistance mutations in
KRAS were present in a clonal subpopulation within the
tumors before initiating panitumumab therapy [153]. An-
other study reported that 55% (6/11) of patients who de-
veloped cetuximab or panitumumab resistance harbored
secondary k-RAS mutations, and 9% (1/11) had K-RAS
amplification [154]. KRAS variants were detectable in
plasma of cetuximab-treated patients 10 months before
radiographic documentation of disease progression [154].

EGFR S492R mutation: Montagut et al. were the first to
report in 2012 that EGFR S492R mutation confers acquired
resistance in mCRC patients treated with cetuximab, but not
in those who were treated with panitumumab. In their study,
20% of patients who showed resistance to cetuximab har-
bored EGFR S492R mutation [155]. Later, a larger cohort

study including 505 mCRC KRAS exon 2 wild-type patients
suggested that EGFR S492R mutation was not involved in
primary resistance to cetuximab [156]. In the ASPECCT
study, a randomized controlled phase III trial, EGFR S492R
mutation was detected, after analyzing liquid biopsies, in
16% of patients treated with cetuximab compared to 1% in
those receiving panitumumab [157].

Amplification of HER2: HER2 can activate the RAS/
RAF/ERK and PI3K/AKT pathways through its hetero-
dimerization with EGFR and HER3, which are all members
of the ERBB receptors tyrosine kinase family. For this
reason, HER2 is considered a potential biomarker for the
sensitivity to anti-EGFR therapy [91]. Studies using patient-
derived xenografts showed that HER2 amplification or the
overexpression of heregulin ligand leads to cetuximab re-
sistance especially in KRAS and BRAF wild-type cancers
[158, 159]. %ese findings have been supported by clinical
data from a large retrospective cohort study by Martin et al.
showing that HER2 gene copy numbermay confer resistance
to anti-EGFR therapy in KRAS wild mCRC type [160].
HER2 amplification may also be involved in primary re-
sistance, but considering its low frequency (2% of mCRC
patients), it is mainly considered a mechanism of secondary
resistance to anti-EGFR [113].

MET amplification: mesenchymal-epithelial transition
factor (c-MET) is a tyrosine kinase receptor, which is
encoded by the protooncogene MET. Binding to its ligand
the hepatocyte growth factor (HGF), c-MET induces cell
proliferation, growth, survival, and angiogenesis, through
the activation of PI3K/AKT, RAS/RAF/ERK, STAT3, and
nuclear factor-κB (NF-κB) signaling pathways [161]. Liska
et al. have confirmed the importance of MET activation in
restoring the MAPK and AKT pathways during anti-EGFR
therapy in CRC cell lines [162]. In both in vitro and in vivo
settings, Bardelli et al. demonstrated that METamplification
confers acquired resistance in patients who were KRAS wild-
type during anti-EGFR therapy. Importantly, findings from
this study supported using blood tests to monitor the
emergence of MET amplification in patients undergoing
anti-EGFR therapies, as the amplification of the MET locus
has been present in circulating tumor DNA before any
clinical evidence of relapse [163]. Another study by Troiani
et al. showed that TGF-α overexpression induces the EGFR-
MET interaction leading to subsequent MET pathway ac-
tivation and METacquired resistance and suggested that the
inhibition of MET expression restores the sensitivity to
cetuximab in CRC cell lines [164]. Nonetheless, MET am-
plification occurs only in 1% of unselected mCRC patients
[163, 165], making it a weak predictive biomarker of primary
resistance to anti-EGFR therapy in mCRC [113].

%e subclone selection: the notion of secondary resis-
tance not only consists of the development of newmutations
during the therapy but can also include the selection of a
low-frequency subclone that conferred primary resistance
under the target therapy pressure [166]. To determine
whether the acquired resistance to cetuximab in mCRC
patients is due to novel mutations or the selection of pre-
existing subclones, Misale et al. compared gene copy number
and the mutational profile of parental and resistant cell lines

Journal of Oncology 9



Table 3: TKIs targeting EGFR pathway under clinical investigation.

Drugs Target Setting Treatment Phase Identifiers
Erlotinib EGFR 2nd line k-RAS WTmCRC Erlotinib + panitumumab± irinotecan II NCT00940316

Neratinib EGFR/HER2 KRAS/NRAS/BRAF/
PIK3CA wild-type mCRC

Neratinib +Trastuzumb vs.
Neratinib +Cetuximab II NCT03457896

Sapitinib
(AZD8931)

EGFR/
HER2/3

Recurrent or metastatic
CRC AZD8931 + FOLFIRI II NCT01862003

Tucatinib HER2 HER2 positive CRC Tucatinib + trastuzumab II NCT03043313

Lapatinib
(GSK572016)

EGFR/
HER2/erk-1/

2

2nd line advanced or
mCRC Lapatinib + capecitabine II NCT00574171

Vemurafenib BRAF
(V600E)

BRAF V600E mutation and
advanced CRC FOLFIRI +Cetuximab +Vemurafenib II NCT03727763

Dabrafenib BRAF
(V600E)

BRAF V600E mutation
mCRC Dabrafenib + trametinib + spartalizumab II NCT03668431

Encorafenib (LGX-
818)

BRAF
(V600E) MSS/BRAF V600E mCRC Encorafenib +Cetuximab + nivolumab I/II NCT04017650

BMS-908662 BRAF Mutant BRAF mCRC BMS-908662 + cetuximab I/II NCT01086267
Binimetinib
(MEK162) MEK1/2 RAS positive mCRC Binimetinib +mFOLFIRI I NCT02613650

Cobimetinib MEK1 Locally advanced and
metastatic CRC Cobimetinib +Atezolizumab vs. Regorafenib III NCT02788279

Trametinib MEK1/2 RAS/RAF mutant and TP53
WT mCRC Trametinib +HDM201 I NCT03714958

Selumetinib
(AZD6244) MEK1/2 2nd line k-RAS BRAF

mCRC Selumetinib + irinotecan II NCT01116271

Alpelisib (BYL719) PI3K BRAF mutant mCRC Alpelisib +Cetuximab vs.
BYL719 +Cetuximab + LGX818 I/II NCT01719380

Buparlisib
(BKM120) PI3K Wild-type RAS advanced or

metastatic CRC Panitumumab +BKM120 I/II NCT01591421

Gedatolisib
(PF05212384) PI3K/mTOR mCRC Gedatolisib + FOLFIRI vs.

FOLFIRI + Bevacizumab I/II NCT01937715

Nab-rapamycin
(ABI-009) mTOR 1st line advanced or

metastatic CRC ABI-009 + FOLFOX+bevacizumab I/II NCT03439462

Everolimus
(RAD001) mTOR 2nd line mCRC Irinotecan +Cetuximab±Everolimus I/II NCT00522665

Table 2: mAbs targeting EGFR pathway under clinical investigation.

Drugs Target Setting Treatment Phase Identifiers

Trastuzumab HER2 HER2-positive wild KRAS
mCRC

Trastuzumab + Lapatinib or Pertuzumab II NCT03225937
Trastuzumab+Tucatinib NCT03043313

Pertuzumab HER2 2nd line of advanced or mCRC Pertuzumab + cetuximab I/II NCT00551421
MEHD7945A
(Duligotuzumab)

EGFR/
HER3 2nd line K-Ras wild-type mCRC MEHD7945A+FOLFIRI vs.

Cetuximab + FOLFIRI II NCT01652482

SYM004 EGFR mCRC K-Ras WT acquired
resistance to Anti-EGFR mAbs SYM004 vs. BSC II NCT02083653

CPGJ 602 EGFR 2nd line mCRC KRAS WT CPGJ 602 vs. Cetuximab I NCT03356158

Futuximab EGFR Chemotherapy-refractory
mCRC Futuximab vs. SYM004 II NCT03549338

SCT 200 EGFR Wild-type RAS and RAF mCRC SCT200 II NCT03405272
Dalotuzumab (MK-
0646) IGF-1R Wild-type KRAS mCRC Dalotuzumab+Cetuximab + irinotecan II/III NCT00614393

Ganitumab (AMG-
479) IGF-1R Mutant KRAS mCRC AMG-479 + FOLFIRI vs. FOLFIRI alone II NCT00813605

Cixutumumab (IMC-
A12) IGF-1R 2nd line mCRC kRAS wild-type Irinotecan and Cetuximab± IMC-A12 II NCT00845039

mAbs: monoclonal antibodies; mCRC: metastatic colorectal cancer; FOLFIRI: irinotecan in combination with 5-fluorouracil and folinic acid; BSC: best
supportive care; HER: human epidermal growth factor receptor; EGFR: epidermal growth factor receptor; IGF-1R: insulin-like growth factor 1 receptor;
KRAS: Kirsten rat sarcoma viral oncogene.

10 Journal of Oncology



[154]. %is study found that KRAS G13D mutation and
KRAS amplification were present in parental cells with low
frequency, which supports the theory of subclonal selection
[154]. However, other mutations including KRAS G12R and
EGFR S492R have been identified only in resistant cells
[154, 156], which corroborates that some mutations may
occur only during the EGFR mAbs treatment.

5.3. Overcoming Resistance to Anti-EGFR @erapy. In order
to overcome resistance to cetuximab/panitumumab in
mCRC patients, research studies have been focusing on
widening therapeutic choices by testing new monoclonal
antibodies against EGFR receptors (Duligotuzumab,
Futuximab, etc.), as well as those against HER2, HER3, and
IGF-1R receptors (Table 2). Using tyrosine kinase inhibitors
to target the EGFR receptor and its downstream pathway is
another promising active research area (Table 3).

6. Conclusion

%e advancements in molecular technologies in recent de-
cades, especially sequencing techniques, have led to a better
understanding of the genomic landscape of CRC and hence
increased dramatically our knowledge about the carcino-
genesis process. %is unprecedented information has been
directly harnessed to establish molecular classifications that
provide deeper insights into the biology of CRC. Available
evidence suggests that the CMS classification might have a
predictive and prognostic value, and also it can help to guide
drug development and application.

%e molecular understanding of CRC carcinogenesis has
also led to developing targeted drugs such as anti-VEGF
mAbs, anti-EGFR mAbs, and multikinase inhibitors, which
improved the survival rates of mCRC patients. However,
emerging primary or secondary resistance to current targeted
therapies, especially to anti-EGFR mAbs, remains a major
problem in clinical practice. Understanding resistance
mechanisms, identifying new biomarkers and other targetable
pathways is of paramount importance to optimize therapeutic
choices and improve survival for resistant patients.

Abbreviations

APC: Adenomatous polyposis coli
AREG: Amphiregulin

BSC: Best supportive care
CapeIRI: Capecitabine and irinotecan
CIMP: CpG Island Methylator Phenotype
CIN: Chromosomal instability
c-MET: Mesenchymal epithelial transition factor
CMS: Consensus molecular subtype
CRC: Colorectal cancer
dMMR: Deficient mismatch repair
EGFR: Epidermal growth factor receptor
EMA: European medicines agency
EMT: Epithelial-to-mesenchymal transition
ERBB: Erythroblastosis oncogene B
EREG: Epiregulin
FAP: Familial adenomatous polyposis
FDA: Food drug administration
FGFR: Fibroblast growth factor receptor
FOLFIRI: Fluorouracil, leucovorin and irinotecan
FOLFOX: Leucovorin calcium, fluorouracil, and oxaliplatin
FU: Fluorouracil
HER: Human epidermal growth factor receptor
HGF: Hepatocyte growth factor
HNPCC: Hereditary nonpolyposis colorectal cancer
HR: Hazard ratio
IDLs: Insertion-deletion loops
IFL: Irinotecan, fluorouracil and leucovorin
IGF-1R: Insulin-like growth factor 1 receptor
IgG: Immunoglobulin G
IHC: Immunohistochemistry
JPS: Juvenile polyposis syndrome
KRAS: Kirsten rat sarcoma viral oncogene
LOH: Loss of heterozygosity
LV: Leucovorin
mAbs: Monoclonal antibodies
MAP: MYH-associated polyposis
MAPK: Mitogen-activated protein kinase
mCRC: Metastatic CRC
MMR: Mismatch repair
MSI: Microsatellite instability
MSI-H: Microsatellite instability high
OR: Odds ratio
ORR: Overall response rate
OS: Overall survival
PDGFR: Platelet-derived growth factor receptor
PFS: Progression-free survival
PGF: Placental growth factor

Table 3: Continued.

Drugs Target Setting Treatment Phase Identifiers
ONC201 AKT/ERK MSS mCRC ONC201 +Nivolumab I/II NCT03791398

MK2206 AKT WT k-RAS/mutated
PIK3CA mCRC MK2206 II NCT01186705

TTI-101 STAT3 Advanced CRC TTI-101 I NCT03195699

Ruxolitinib JAK/STAT3 RAS mutant advanced CRC
and pancreatic cancer Ruxolitinib + trametinib I NCT04303403

mCRC: metastatic colorectal cancer; FOLFIRI: irinotecan in combination with 5-fluorouracil and folinic acid; MSS: microsatellite stability; FOLFOX:
leucovorin calcium, fluorouracil, and oxaliplatin; KRAS: Kirsten rat sarcoma viral oncogene; WT Kras: wild-type Kras; HER: human epidermal growth factor
receptor; EGFR: epidermal growth factor receptor; BRAF: v-raf murine sarcoma viral oncogene homolog B1; PIK3: phosphatidylinositol 3-kinase; mTOR:
mammalian target of rapamycin. JAK: Janus kinase; STAT3: signal transducer and activator of transcription 3.
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PJS: Peutz Jeghers
POLE: Polymerase-ε
RFS: Relapse-free survival
RR: Response rate
RTKs: Receptor tyrosine kinases
SCNAs: Somatic copy number alterations
TCGA: %e cancer genome atlasTGF:
TGF: Transforming growth factor
TTP: Time to progression
VEGF: Vascular endothelial growth factor
VEGFR: Vascular endothelial growth factor receptor
XELOX: Capecitabine (xeloda) and oxaliplatin.
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Background. Pyrazoles are an interesting class of compounds showing potent anticancer activities. Our previous studies have
demonstrated the potent anticancer activity of pyrazole analogues.(erefore, we focused on developing anticancer agents through
structure optimization of the pyrazolyl lead molecule. Methods. (e pyrazole derivatives were prepared by the appropriate
synthetic protocols.(e antiproliferative activities were evaluated using a sulforhodamine B assay against three cancer cell lines. In
vitro and in silico molecular docking studies employing xanthine oxidase were used to explore the mechanism by which pyrazole
derivatives exert anticancer effects. Results. One of the pyrazole derivatives demonstrated the greatest promise as an anticancer
agent against the human colon cancer cell line (IC50 4.2 μM), with a potent xanthine oxidase inhibitory activity (IC50 0.83 μM).
Conclusion. In summary, our findings suggest that these pyrazolyl analogues containing a pyridine nucleus could serve as a
promising lead molecule in the development of novel anticancer agents.

1. Introduction

Cancer is one of the four major types of noncommunicable
diseases, along with cardiovascular disease, diabetes, and
chronic respiratory diseases [1]. It is a disease in which
abnormal cells divide without control and can invade
nearby tissues [2]. (e cancer burden continues to grow
globally, with 18.1 million new cases and 9.6 million deaths
in the preceding year [3]. Among males, the most prevalent
cancers are lung, prostate, colorectal, stomach, and liver
cancers, whereas among females, breast, colorectal, lung,
cervical, and thyroid cancers are the most common [4].
(is growing universal cancer burden is exerting huge
physical, emotional, and financial strains on society.
Moreover, chemotherapy resistance and its associated se-
rious side effects, even with the targeted therapies, continue
to be a major concern for oncologists [5]. (erefore, it is
imperative that we develop safer and more effective anti-
cancer agents acting through novel mechanisms and target
only the cancer cells.

Pyrazoles are a promising scaffold for many anticancer
agents. A number of clinical anticancer therapeutics, such as
crizotinib, ruxolitinib, niraparib, encorafenib, and dar-
olutamide, currently consist of a pyrazole moiety [6].
(erefore, in the past decades, a large number of pyrazolyl
analogues were synthesized and tested as anticancer agents
[7]. Our research group focused on the design and synthesis
of pyrazole derivatives functionalized with aryldiazo pyr-
azoles. In our previous research, aryldiazo pyrazoles showed
a very promising anticancer activity against MCF-7, HepG2,
and HCT-116 cell lines. For instance, 4-[2-(4-nitrophenyl)
hydrazono]-2-pyrazolin-5-one, as a lead molecule, showed
an inhibition of cell proliferation with an IC50 value in the
range of 0.2–3.4 μM [8]. Encouraged by these results, we
further optimized the lead molecule through different
substitutions on the aryl ring. (ese compounds were
synthesized using our previously developed rapid one-pot
three-component condensation method for the synthesis of
pyrazolyl analogues [8] and then evaluated the resulting
molecules for their anticancer potential.
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Since cancer and oxidative stress share some aspects of
their underlying pathophysiology, some antioxidants are
equally effective as anticancer agents [9]. (e cellular redox
process produces reactive oxygen species (ROS) as by-
products. (ese ROS exert beneficial effects on cellular re-
sponse at low levels, whereas they can be deleterious and
may cause DNA damage and cancer at high levels. Anti-
oxidants have been shown to act as “free radical scavenger”
by preventing damages caused by ROS and thus exert a
protective effect against several different types of cancers
[10]. Moreover, xanthine oxidase (XO) overexpression has
been linked to the progress of oncogenesis through the
generation of cytotoxic reactive oxygen species (ROS).
(erefore, XO has been identified as a potential target for
anticancer agents [11]. Recently, many studies have also
reported that pyrazole derivatives are very promising XO
inhibitors [12]. (erefore, these promising cytotoxic com-
pounds were also subjected to further investigation for their
XO inhibitory activities.

2. Materials and Methods

Pyrazolyl analogues 1 and 2 were synthesized using our
previously described procedures [8]. (ese compounds were
evaluated for their in vitro anticancer activity against
HepG2, HCT-116, and MCF-7 cell lines by the sulforhod-
amine B assay (SRB).

2.1. Cell Culture. Human hepatocellular carcinoma cell line
(HepG-2, ATCC HB-8065), colorectal adenocarcinoma cell
line (HCT-116, ATCC CCL-247), and breast adenocarci-
noma cell line (MCF-7, ATCC HTB-22) were obtained from
the American type culture collection (ATCC). Cells were
maintained in RPMI-1640 supplemented with (100 μg/ml)
penicillin (100 units/ml) and heat-inactivated fetal bovine
serum (10% v/v) in a humidified, 5% (v/v) CO2 atmosphere
at 37°C [13].

2.2.CytotoxicityAssessment. (e cytotoxicity of the different
compounds was tested against human tumor cells using the
sulforhodamine B assay (SRB). Healthy growing cells were
cultured in a 96-well tissue culture plate (3000 cells/well) for
24 hours to allow attachment of the cells to the plate before
treatment with the tested compounds. Cells were exposed to
five different concentrations of each compound (0.01, 0.1, 1,
10, and 100 μM/ml); untreated cells (control) were also
added. Triplicate wells were incubated with different con-
centrations for 72 h and subsequently fixed with TCA (10%
w/v) for 1 h at 4°C. After several washings, cells were stained
with 0.4% (w/v) SRB solution for 10min in a dark place.
Excess stain was washed with 1% (v/v) glacial acetic acid.
After drying overnight, the SRB-stained cells were dissolved
with tris-HCl and the color intensity was measured in a
microplate reader at 540 nm.(e linear relationship between
the viability percentage of each tumor cell line and the
compounds’ concentrations was analyzed to obtain IC50
(dose of the drug which reduces survival to 50%) using
SigmaPlot 12.0 software [14].

2.3.XanthineOxidaseAssay. (ese compounds were further
evaluated for their XO inhibitory potential by measuring the
formation of uric acid concentration spectrophotometrically
at 292 nm using a method previously described [15]. Solu-
tions of the enzyme-drug complex were prepared by mixing
freshly prepared XO enzyme solution (0.5mL) with 1.0mL
solution of test compounds (at concentrations of 100, 50, 25,
12.5, 6.25, and 3.12 μM, dissolved in DMSO and diluted with
a buffer) in a phosphate buffer (1.5mL of 50mM; pH 7.4)
and incubated at 25°C for 15min. Subsequently, 0.45mL of
the xanthine solution substrate was added and incubated at
25°C for another 30min. (e enzymatic reaction was
stopped by adding 1mL HCl (1M). Allopurinol was used as
a standard, and a phosphate buffer was substituted for
xanthine as a blank. (e XO inhibition was expressed as %
inhibition and compared to the control with the following
formula: % inhibition� [(Ac−As)/Ac]× 100, where Ac in-
dicates the absorbance of the control sample and As is the
absorbance of the treated sample. Readings were taken in
triplicate and represented as IC50± SD. IC50 values were
calculated using GraphPad Prism 8 software.

2.4. Molecular Docking Studies. Molecular docking studies
were performed using AutoDock v. 4.2.2 to identify ap-
propriate binding modes and conformation of the ligand
molecules. (e crystal structure of xanthine dehydrogenase
(PDB code: 3BDJ, resolution: 2.0 Å) was retrieved from the
RCSB Protein Data Bank as a PDB format [16]. (e
structures of all the ligands were drawn using ChemDraw
Ultra 13.0 and converted into 3D structures using Hyper-
Chem Pro 8.0 software (http://www.hyper.com). AutoDock
tools (ADT) version 1.5.6 (http://www.autodock.scrips.edu)
was used to prepare the molecular docking. (e active site
was considered as a rigid molecule, while the ligands were
treated as being flexible. Using default parameters, grid-
based docking studies were carried out and docking was
performed on all compounds using the standard ligand
oxipurinol. (e best binding conformation was selected
from the docking log (.dlg) file for each ligand, and further
interaction analysis was performed using PyMOL and
Discovery Studio Visualizer 4.0.

3. Results and Discussion

Based on the encouraging results of 1-isonicotinoyl-3-
methyl-4-[2-(4-nitrophenyl)hydrazono]-2-pyrazolin-5-one
(IC50 0.2–3.4 μM) as a potential anticancer lead molecule, we
focused our attention on optimizing the anticancer potential
of arylhydrazono-pyrazole derivatives with different sub-
stitutions at the phenyl ring (Figure 1). (e newly synthe-
sized compounds 1 and 2 were evaluated for the
antiproliferative activity against three human tumor cell
lines, namely, breast cancer (MCF-7), hepatocellular car-
cinoma (HepG2), and colorectal carcinoma (HCT-116), by
the sulforhodamine B (SRB) assay. (e SRB assay is the
“gold-standard” assay and is extensively used in the high-
throughput screening program at the National Cancer In-
stitute (NCI), USA. (e SRB uses an aminoxanthene dye,
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which readily stains the cells through binding with the basic
amino acids of cellular proteins. (e SRB assay estimates the
dye released from the stained cells after washing as stoi-
chiometric proportions of cellular mass. In Table 1, the
results of the SRB assay of the titled compounds are pre-
sented as 50% growth inhibitory concentration (IC50) values.
(e IC50 values were determined by interpolation from
dose-response curves. From the results, it was observed that
most of the newly synthesized pyrazoles showed excellent to
moderate antiproliferative activity against the three cell
lines, especially against colorectal carcinoma (HCT-116).
Compound 1 effectively inhibited cell growth at IC50 values
of 17.8± 0.5, 4.4± 0.4, and 4.2± 0.2 μM against the breast
cancer (MCF-7), hepatocellular carcinoma (HepG2), and
colorectal carcinoma (HCT-116) cell lines, respectively. (e
anticancer activity of compound 1 was comparable to the
standard drug doxorubicin against the HepG2 (3.9± 0.06)
and HCT-116 (4.4± 0.04) cell lines, but 3.7 times less potent
in the MCF-7 (4.7± 0.08) cell lines. Compound 2 was found
to be moderately effective, with IC50 values of 94.2± 0.3,
34.6± 2.6, and 17.3± 0.5 μMagainst theMCF-7, HepG2, and
HCT-116 cell lines, respectively. Our previous studies have
shown that unsubstituted phenyl derivative of aryldiazenyl
pyrazole had a poor antiproliferative activity
(IC50> 100 μM) against all three cell lines [8]. (is finding
indicates that substitution with electron withdrawing groups
such as bromo and nitro groups significantly improved the
anticancer potential of aryldiazenyl pyrazole derivatives.

Pyrazolyl analogues have been reported as promising
anticancer agents acting through xanthine oxidase (XO)
inhibition [12]. (e promising anticancer properties of
pyrazole derivatives 1 and 2 further prompted us to assess
their XO inhibitory activity to gain insight into the mech-
anism of the anticancer activity of these pyrazole derivatives.
(e assessment of the XO inhibitory activity was carried out
spectrophotometrically by measuring the formation of uric
acid at 290 nm. (e results indicated that compound 1 (IC50

0.83± 1.36 μM) exhibited significant XO inhibition, 18.03
times more potent than the standard drug allopurinol (IC50
14.97± 1.61 μM) (Table 2), whereas compound 2 was
equipotent (IC50 14.50± 2.25 μM) to allopurinol. (ese re-
sults confirm the XO inhibitory action of these compounds
and suggest the possible influence of XO inhibition in the
anticancer activity of pyrazoles. However, further kinetic
studies are required to establish a more detailed mode of
enzyme inhibition of these compounds.

Encouraged by the results of the in vitro anticancer and
XO inhibitory activities of the newly synthesized pyrazolyl
derivatives, molecular docking studies were carried out on
xanthine dehydrogenase (XDH) using AutoDock. Both the
enzymes XO and XDH are interconvertible forms of the
same enzyme, known as xanthine oxidoreductase (XOR),
with only slight differences in the FAD binding domain. (e
crystal structure of bovine milk XDH bound with oxipurinol
was used in the current study and retrieved from the raw
PDB structure 3BDJ, which has 90% similarity to the human
liver enzyme [16]. Oxipurinol is a potent XOR inhibitor
acting through a tight binding to the reduced molybdenum
ion (Mo4+) of the molybdopterin cofactor, which is essential
for the mechanism-based inhibition. Furthermore, it forms
hydrogen bonds with Glu802, Arg880, and Glu1261 in the
active site of the enzyme (Figure 2). (ese binding inter-
actions are concordant with previous reports. (e results of
themolecular docking studies of the two pyrazole derivatives
revealed that they occupy the same narrow channel that
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Figure 1: Design strategy and lead optimization of newer pyrazole analogues, showing the different bioactive pharmacophores essential for
the anticancer activity.

Table 1: (e IC50 (μM) of pyrazolyl derivatives against different
tumor cell lines.

Compound R
IC50 (μM)

MCF-7 HepG2 HCT-116
1 Br 17.8± 0.5 4.4± 0.4 4.2± 0.2
2 NO2 94.2± 0.3 34.6± 2.6 17.3± 0.5
Doxorubicin — 4.7± 0.08 3.9± 0.06 4.4± 0.04
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leads towards the molybdenum center in the active site;
however, they do not interact with the cofactor. (e binding
free energy of these two compounds was in the range of −6.1
to −7.6 kcal/mol, indicating sufficient affinity between the
enzyme and inhibitors (Table 2).(e key interacting residues
at the active site include Leu648, Phe649, Gln767, Met770,
Glu802, Arg880, Phe914, Phe1009, (r1010, Val1011,
Phe1013, Leu1014, Glu1016, and Glu1261 (Figure 2). (e
results of the docking studies are consistent with the in vitro
study and indicate the strong inhibitory activities of pyrazole
derivatives against XO. Moreover, these data also indicate
that the anticancer activity of pyrazolyl analogues might be
due to XO inhibition.

After obtaining interesting results with arylhydrazono-
pyrazole analogues, different substitutions were made at the
phenyl ring for optimizing the template.(e analogues 1 and
2 were prepared by using the method described earlier [8].
(eir antiproliferative activities were evaluated in com-
parison with the unsubstituted phenyl derivative
(IC50> 100 μM), and compound 1 was about >22 folds more
active than its unsubstituted derivative in the HepG2 and
HCT-116 cell lines. (ese findings suggested that the
electron withdrawing groups at the phenyl ring might be
important for high potency. Furthermore, HCT-116 was the
most sensitive cell line against these pyrazolyl analogues.

In conclusion, compound 1 emerged as a promising
anticancer agent effective against the colorectal carcinoma
cell lines (IC50 4.2 μM) acting through xanthine oxidase
inhibition (IC50 0.83 μM). Results of in vitro and in silico
xanthine oxidase inhibitory activities revealed that the an-
ticancer activity of these pyrazolyl analogues might be due to
XO inhibition.
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)e function and possible mechanism of lncRNA Small Nucleolar RNA Host Gene 3 (SNHG3) in GC have not been fully studied.
)e aim of our study was to investigate the role of SNHG3 in the proliferation, migration, and invasion of GC cell lines. )e
expressions of SNHG3, miR-326, and TWIST in GC9811-P GC cell lines were detected by RT-qPCR. Western blotting was
performed to detect the protein levels of TWIST and EMT-related genes. Luciferase reporter gene analysis and RNA immu-
noprecipitation (RIP) analysis confirmed the interaction between lncRNA SNHG3, miR-326, and TWIST. CCK-8 and Transwell
assays were performed to detect cell proliferation, invasion, and migration abilities. )e results showed that lncRNA SNHG3 and
TWIST were highly expressed in GC cell lines, while miR-326 was expressed to a low degree. Moreover, lncRNA SNHG3
knockdown or miR-326 overexpression significantly inhibited cell proliferation, migration, and invasion of GC cell lines. In
addition, TWIST overexpression can reverse the inhibition of lncRNA SNHG3 knockdown or miR-326 overexpression on cell
proliferation, migration, and invasion. In conclusion, lncRNA SNHG3 may promote GC progression through the miR-326/
TWIST axis, which may provide a new diagnostic and prognostic biomarker for GC.

1. Introduction

Gastric cancer (GC) is a common malignancy in the world
[1]. )e most common cause of GC is Helicobacter pylori
infection, accounting for more than half of the incidence.
Other recognized risk factors include smoking, the intake of
pickled vegetables in the diet, and the clinical management
of obesity [2].)e treatment of GC mainly includes surgery,
chemotherapy, radiotherapy, and targeted therapy [3]. In the
global scope, the overall results of GC are relatively poor,
with a five-year survival of being lower than 10% [4]. Based
on a comprehensive understanding of the biological basis of
the disease, there is still an urgent need for accurate med-
icine. Long noncoding RNA (lncRNA) is more than 200
nucleotides in length without significant protein-coding
potential [5]. It is worth noting that the accumulated

evidence reveals that lncRNA plays an essential role in
human malignant tumors [6]. SNHG3 is a new type of
lncRNA, which may be related to Alzheimer’s disease and
colorectal cancer. For example, misaligned lncRNAs may act
as oncogenes or tumor suppressor genes in the HCC process
[7]. )e results showed that the expression of Small Nu-
cleolar RNA Host Gene 3 (SNHG3) was related to the
malignant state, and the prognosis was relatively poor.
SNHG3 was identified as a competitive endogenous RNA
molecule to promote the malignant progression of colorectal
cancer [8]. )e abnormal upregulation of snhg3 in ovarian
cancer is closely related to poor prognosis and malignant
progression [9]. Systematic analysis of mitochondrial pro-
teomics was performed [10]. LncRNA SNHG3 is also
characterized by its involvement in the microRNA pathway
of HCC, where miR-128/CD151 signaling of SNHG3 in-
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duces epithelial mesenchymal transition (EMT). Although
SNHG3 has been recognized as a carcinogenic gene in a
series of human cancers, the mechanism of SNHG3 in GC
remains elusive.

In addition, we try to understand the basic molecular
mechanism behind the carcinogenicity of lncRNA. Like
lncRNA, miRNA has been widely recognized in cancer.
MiR-326 plays an anticancer role in a variety of malignant
tumors and targets different genes in glioma, endometrial
cancer, and cervical cancer [11–14]. However, the interac-
tion between SNHG3 and miR-326 in GC has not been
reported. It has been reported that miR-326 associates with
bone metastasis, a biochemical marker of bone turnover in
lung cancer, and promotes EMT-induced cellular lung ad-
enocarcinoma infiltration [15]. Wang et al. reported that
miR-326 is abnormally expressed in metastasis and non-
metastasis tissues in non-small-cell lung cancer, providing
an experimental basis for exploring the mechanism of non-
small cell lung cancer metastasis and molecular diagnosis
and treatment [16]. )ese results indicate that tumor sup-
presses the function of miR-326 in lung cancer. Our current
goal is to investigate the biological function of miR-326 in
GC and explore its potential mechanism.

TWIST, a transcription factor, plays an important role in
the development and progression of cancer. )e upregu-
lation of TWIST inhibited the expression of E-cadherin in
EMT, indicating that TWIST promoted metastasis by in-
ducing EMT [17]. Previous investigations suggested that
certain miRNA could regulate the expression level of
TWIST through binding to TWIST mRNA [18, 19]. Pre-
vious reports have shown that miR-326 is dysfunctional
and has various tumor developments. Nevertheless, the
possible function and potential mechanism of miR-326
expression in GC have not been reported. In this study, we
hypothesized that SNHG3 might promote HCC progres-
sion by targeting miR-326 expression. In order to clarify
this problem, we analyzed the molecular expression
mechanism of SNHG3 transcript in GC. )e potential role
of SNHG3 in tumor biology was studied.

2. Materials and Methods

2.1. Cell Culture and Transfection. Human immortalized
gastric epithelial cell GES-1 and human gastric cancer cell
lines HGC-27 and GC9811-P were cultured in DMEM
medium containing 10% FBS (GIBCO, USA), 100U/ml
penicillin, and 100 μg/ml streptomycin (Solarbio, China).
Cells were cultured in a 5% CO2 at 37°C. For miRNA and
siRNA transfection, HGC-27 and GC9811-P cells were laid
in triplicate in a six-well plate. According to the manufac-
turer’s procedures, miR-326 mimic or siRNA was trans-
fected into GC cells using Lipofectamine 2000 (Invitrogen,
USA).

2.2. CCK-8 Assay. According to manufacturer’s instruc-
tions, cells were cultured in 96-well plates with a density of
2×103 cells/well. )e cells were cultured at 37°C for 24, 48,
and 72 hours in an incubator containing 5% CO2. At

different time points, 10 μl CCK-8 solution was added to
every pore and cultured at 37°C for another 2 hours. )e
absorbance at 450 nm was recorded.

2.3. Transwell Analysis. )e determination was carried out
by using a polycarbonate filter (8 μm aperture). Twenty
hours after miRNA transfection, cells were collected and
5×104 cells in 200 μl 0.1% serummedium were placed in the
upper chamber. )e lower chamber was full of 10% fetal
bovine serum medium. After incubation for 24 hours and
eliminating the cells in the upper chamber of the filter with
cotton swabs, the cells below were fixed with 4% parafor-
maldehyde and stained with 0.1% crystal violet in 20%
ethanol, and five phase contrast microscopes were randomly
counted to observe the field of vision. Monitoring of mi-
grating cells was performed by photographing with 400×

magnification ICA microscope. )e determination was
carried out in triplicate.

2.4. Dual Luciferase Activity Assay. Shanghai gene Phar-
maceutical Co. Ltd. (Shanghai, China) synthesized and
confirmed the luciferase reporter vector pGL3-TWIST-
3′UTR wild type (WT) and pGL3-TWIST-3′UTR mutant
(MUT). GC cells were cotransfected with pGL3-TWIST-
3′UTR WT or pGL3-TWIST-3′UTR MUT and miR-326
mimic or NC by Lipofectamine 2000. )e transfected cells
were harvested 48 hours after transfection, and luciferase
activity was detected by a dual-luciferase reporter analysis
system (Promega, Germany) according to the manufac-
turer’s instructions.

2.5. RIP Assay. RIP analysis was performed using RIP Kit
(Millipore, USA). HGC-27 and GC9811-P cell lines were
lysed with RIP lysate buffer. )e lysate was incubated
overnight in RIP buffer with magnetic beads coupled to
Ago2 or IgG antibodies (Sigma, USA) at 4°C. )e expression
of lncRNA SNHG3 and miR-326 was analyzed by RT-qPCR.

2.6. Quantitative Real-Time PCR. According to the manu-
facturer’s instructions, total RNA was extracted from cul-
tured cells using Trizol reagent (Invitrogen, USA). )e RNA
samples were then transcribed into cDNA in accordance
with the manufacturer’s instructions, with a total volume of
20 μL. )e same amount of cDNA sample was used as the
template of RT-qPCR to detect the expression level of
TWIST. RT-qPCR was carried out with a light cycle real-
time PCR system and SYBR Green Master Mix (Takara).
GAPDH was used as an endogenous reference, and each
sample was standardized to its GAPDH content. All ex-
periments were carried out in duplicate and repeated twice.
2−ΔΔCt method was used to express the induction multiple.

2.7. Western Blot. Western blotting was performed on 10%
twelve alkyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). )e cells were transfected with miR-NC or miR-
326.72 hours after transfection and were collected and lysed.
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)e protein was separated and transferred to PVDF
membrane by 10%SDS-PAGE gel. )en, 5% skim milk to
block nonspecific connection was added. After incubation in
dark for 1 hour at room temperature, rabbit anti-human
TWIST polyclonal antibody was added in 1 : 200 dilutions.
After washing 3 times with PBS, the membrane was mixed
with the corresponding secondary antibody 1 hour at room
temperature. For EMT-related proteins, the first antibody is
used according to the specific protein. Finally, the strip was
visualized by chemiluminescence after cleaning in TBS.

2.8. Statistical Analysis. Each experiment was repeated three
times. SPSS 15.0 was used for statistical analysis. )e Stu-
dent–Newman–Keuls test is used as a posttest. P< 0.05 was
supposed to indicate statistically significant differences.

3. Results

3.1. LncRNA SNHG3 and TWIST Were Upregulated while
miR-326 Was Downregulated in HGC-27 and GC9811-P
Cells. Firstly, SNHG3, miR-326 and TWIST were detected
in GES-1, HGC-27, and GC9811-P cell lines. )e results
showed that the expression of lncRNA SNHG3 and TWIST
in HGC-27 and GC9811-P cell lines was higher than control
group (Figures 1(a)–1(c)). However, the expression of miR-
326 in HGC-27 and GC9811-P cell lines was obviously lower
than that in GES-1 cell line (Figure 1(d)). )ese results
indicated that the unusual expression of lncRNA SNHG3,
miR-326, and TWISTmight be related to the progress of GC.

3.2. LncRNA SNHG3 Knockdown or miR-326 Overexpression
Suppressed Cell Proliferation, Migration, and Invasion in
HGC-27andGC9811-PCells. In order to study the functions
of lncRNA SNHG3 and miR-326 in the development of GC,
HGC-27 and GC9811-P cell lines were transfected with si
SNHG3, miR-326 mimic, or their respective NC sequences,
respectively. Compared with siNC, the expression of
lncRNA SNHG3 was obviously decreased in cells transfected
with siSNHG3 (Figure 2(a)). )e influence of SNHG3 in
protein levels of EMT-related proteins was detected by
western blot. Results showed that the expressions of
E-cadherin were significantly increased, while expressions of
N-cadherin and vimentin were decreased (Figure 2(b)). In
addition, cell migration and invasion were effectively re-
duced in HGC-27 and GC9811-P cell lines transfected with
siSNHG3 (Figures 2(c) and 2(d)). CCK-8 assay showed that
cell proliferation was significantly suppressed in cells
transfected with siSNHG3 (Figures 2(e) and 2(f )).

miR-326 expression was obviously increased by miR-326
mimic in both HGC-27 and GC9811-P cell lines
(Figure 3(a)). )e protein level of EMT-related protein in
cells transfected with miR-326 mimic was also detected
(Figure 3(b)). Cell migration and invasion were effectively
reduced by miR-326 mimic in HGC-27 and GC9811-P cell
lines (Figures 3(c) and 3(d)). In the CCK-8 assay, cell
proliferation of HGC-27 and GC9811-P cell lines was sig-
nificantly suppressed by miR-326 mimic (Figures 3(e) and
3(f)).

3.3. LncRNA SNHG3 Targeted miR-326 and Negatively Reg-
ulated Its Expression. It is confirmed that lncRNA, which
can act as ceRNA, can bind to miRNA and release target
RNA transcripts. In order to explore the regulatory mech-
anism of lncRNA SNHG3, starstarv3.0 predicted the target
sites between lncRNA SNHG3 and miR-326 (Figure 4(a)).
)e expression level of miR-326 in HGC-27 and GC9811-P
cell lines was investigated by RT-qPCR when the lncRNA
SNHG3 was knocked down. Our study showed that the
expression of miR-326 in HGC-27 and GC9811-P cell lines
transfected with siSNHG3 increased significantly
(Figure 4(b)). )erefore, we proposed that lncRNA SNHG3
could be used as ceRNA of miR-326 in GC cells. In addition,
we used luciferase reporter gene assay to confirm the direct
interaction between lncRNA SNHG3 and miR-326. After
cotransfection of fluorescent enzyme report vector (SNHG3-
wt or SNHG3-mut) and miR-326 mimic or NC into the cell
line, we found that in HGC-27 and GC9811-P cell lines, the
activity of fluorescent enzyme transfected with SNHG3-wt
and miR-326 mimic decreased significantly (Figures 4(c)
and 4(d)). In addition, to further verify the interaction
between lncRNA SNHG3 and miR-326, RIP analysis was
carried out with antibodies against Ago2. We found that
both SNHG3 and miR-326 were rich in Ago2 precipitates in
HGC-27 and GC9811-P cell extracts (Figures 4(e) and 4(f )).
In general, these results suggested that lncRNA SNHG3 can
be used as a ceRNA to bind directly to miR-326 and neg-
atively regulate its expression.

3.4. TWIST Was a Target of miR-326 and Promoted by
lncRNA SNHG3. To further detect the molecular regulatory
mechanism of lncRNA SNHG3 and miR-326, bio-
informatics analysis was carried out to explore the potential
target of miR-326 in GC cells. TWISTwas predicted to be the
main target gene of miR-326, and the target site was pre-
dicted by TargetScan (Figure 5(a)). In order to confirm the
prediction of bioinformatics, we carried out luciferase re-
porter gene detection. Luciferase reporter vector (TWIST-wt
or TWIST-mut) and miR-326 mimic or NC were cotrans-
fected into HGC-27 and GC9811-P cells. Compared with the
cotransfection of NC and TWIST-wt, the luciferase activity
of cells cotransfected TWIST-wt and miR-326 mimic de-
creased significantly (Figures 5(b) and 5(c)). Furthermore,
when the cells were transfected with miR-326 or NC, the
expression of TWIST was measured. High expression of
miR-326 effectively inhibited TWIST levels in HGC-27 and
GC9811-P cells (Figures 5(d) and 5(e)). )ese data con-
firmed that TWIST was the target gene of miR-326 and was
negatively controlled by miR-326. In addition, we found that
cotransfection of miR-326 inhibitor and siSNHG3 could
reverse the inhibition effects of siSNHG3 on TWIST ex-
pression (Figure 5(f )).

3.5. LncRNA SNHG3/miR-326/TWIST Axis Regulated Cell
Proliferation, Migration, and Invasion in HGC-27 and
GC9811-PCells. According to the above experimental data,
we speculated that the regulatory axis of lncRNA SNHG3-
miR-326-TWIST might be related to the development of
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Figure 1: Expressions of lncRNA SNHG3, miR-326, and TWISTwere examined in GC cells. (a) Expression of lncRNA SNHG3 in GC cells.
(b) and (c) TWIST expression in GC cells. (d) MiR-326 expression in GC cells. ∗P< 0.05 and ∗∗P< 0.01.
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GC. As shown in Figures 6(a) and 6(b), the results showed
that miR-326 overexpression significantly inhibited HGC-
27 and GC9811-P cell proliferation, which could be par-
tially reversed by TWIST overexpression. Furthermore, the
inhibitory functions of si SNHG3 in HGC-27 and GC9811-P
cell migration and invasion were also reversed by TWIST
overexpression (Figures 6(c)–6(f)). It is suggested that lncRNA
SNHG3 can promote cell proliferation, migration, and inva-
sion by competitively binding and inhibiting miR-326 ex-
pression, thereby upregulating TWIST.

4. Discussion

GC is a major health problem and the second leading cause
of cancer-related deaths worldwide. In Asia, about 60% of
GC cases are diagnosed [20]. Despite improvements in
surgical techniques and adjuvant therapies, GC is still highly
lethal, with a 5-year survival rate of only 42% in China [21].
LncRNAs can mediate gene expression and affect tumor
development, progression, and treatment. Huang et al.
Snhg3 was identified as a competitive endogenous RNA
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Figure 2: lncRNA SNHG3 knockdown suppressed HGC-27 and GC9811-P cell proliferation, migration, and invasion in vitro. (a) Ex-
pression of lncRNA SNHG3 in GC cells transfected with siSNHG3 or NC. (b))e protein level EMT-related marker in si NC and siSNHG3
groups. (c) and (d) Effect of lncRNA SNHG3 knockdown on cell migration and invasion. (e) and (f) Effect of lncRNA SNHG3 knockdown
on cell proliferation. ∗P< 0.05 and ∗∗P< 0.01.
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molecule, which could promote the progression of colorectal
cancer [22]. Hong et al. abnormal upregulation of snhg3 is
closely related to poor prognosis in ovarian cancer [9].
However, many specific regulatory mechanisms of lncRNA
in GC have not been studied. )erefore, exploring the
potential molecular mechanism of lncRNA in GC may be
helpful in the development of new diagnostic and thera-
peutic goals. Our study found that, according to RT-q PCR

analysis, lncRNA SNHG3 was upregulated in GC cells
compared to normal human immortalized gastric epithelial
cells. CCK-8 and Transwell analysis showed that the inhi-
bition of lncRNA SNHG3 could inhibit the proliferation,
migration, and invasion of GC cells, which confirmed that
lncRNA SNHG3 might affect the process of GC. Our results
indicate that lncRNA SNHG3, which may be an oncogene,
can be upregulated to benefit the development and progress
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Figure 3: MiR-326 overexpression suppressed HGC-27 and GC9811-P cell proliferation, migration, and invasion in vitro. (a) Expression of
miR-326 in GC cells transfected with miR-326 mimic or mimic NC. (b) )e protein level expression of expression EMT-related marker in
miR-326 mimic or mimic NC groups. (c) and (d) Effect of miR-326 overexpression on cell migration and invasion. (e) and (f) Effect of miR-
326 overexpression on cell proliferation. ∗P< 0.05 and ∗∗P< 0.01.

6 Journal of Oncology



of GC. However, the specific mechanism of lncRNA SNHG3
in GC needs further study.

Like ceRNA, lncRNA plays a key role in cancer biology
and pathology by competitively inhibiting miRNA and in-
directly regulating mRNA. Wu et al. results suggest that
SNHG15 is a competitive endogenous RNA (ceRNA) that
participated in regulating the YAP1-hippo signaling path-
way in thyroid papillary carcinoma through miR-200a-3p

[23]. NORAD plays an important role in regulating the
function of osteosarcoma cells by competing with hsa-miR-
199a-3p [24]. He et al. demonstrated that NORAD over-
expression promotes the growth, invasion, and migration of
PTC cells by inhibiting miR-202-5p expression [25].
LncRNA HULC accelerates the proliferation of colon cancer
cells by miR-613/RTKN 28, while lncRNA Xist, as the en-
dogenous sponge of miR-137, upregulates Rac1, which is the
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Figure 4: lncRNA SNHG3 functioned as an endogenous sponge to downregulate miR-326 by competitively binding to miR-326. (a)
Putative binding sites between lncRNA SNHG3 and miR-326. (b) MiR-326 expression in GC cells transfected with siSNHG3 or siNC in
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target gene of miR-137 and promotes the proliferation of
glioma cells [26]. In our experiment, we found the ex-
pression of lncRNA SNHG3 and miR-326 and found that
they showed a reverse expression trend in GC cells. In
addition, according to bioinformatics analysis, we revealed
that lncRNA SNHG3 contains a binding site with miR-326.
Luciferase reporter gene and rip analysis showed that
lncRNA SNHG3 interacted directly with miR-326 and

regulated it. )ese results indicate that lncRNA SNHG3 acts
as an endogenous sponge, competitively binds to miR-326,
and negatively regulates its expression.

TWIST, a highly conserved transcription factor with a
helical structure, is thought to regulate the carcinogenic
properties essential for many cancer cells [27–29]. Recently,
it was found that TWIST is involved in the transformation of
breast cancer to stroma in vivo, which promotes epithelial

3 UTR-WT 5′-UAGAUGUCAUUGUUUCCAGAGAA-3′

3′ UTR-MUT 5′ 5′-UAGAUGUCAUUGUUUAGACGCAA-3′

3′-GACCUCCUUCCCGGGUCUCC-5′miR-326

TWIST1

TWIST1

(a)

NC mimic
miR-326 mimic

HGC-27

TWIST-wt TWIST-mut

∗∗

0.0

0.5

1.0

1.5

Re
la

tiv
e l

uc
ife

ra
se

 ac
tiv

ity

(b)

NC mimic
miR-326 mimic

TWIST-wt TWIST-mut

GC9811-P

∗

0.0

0.5

1.0

1.5

Re
la

tiv
e l

uc
ife

ra
se

 ac
tiv

ity

(c)

NC mimic
miR-326 mimic

HGC-27 GC9811-P

∗∗
∗∗

0.0

0.5

1.0

1.5

Re
la

tiv
e T

W
IS

T 
m

RN
A

 ex
pr

es
sio

n

(d)

TWIST

GAPDH

TWIST

GAPDH

HGC-27

GC9811-P

NC
mimic

miR-326
mimic

(e)

TWIST

GAPDH

TWIST

GAPDH

SiNC Si TWIST

Si
TWIST +

NC
inhibitor

Si
TWIST +
miR-326
inhibitor

HGC-27

GC9811-P

(f )

Figure 5: lncRNA SNHG3 regulated TWIST expression by competitively binding to miR-326. (a) Putative binding sites between miR-326
and TWIST. (b) and (c) )e luciferase activity was measured by a dual-luciferase reporter assay. (d) and (e) TWIST expression in cells
transfected with miR-326 mimic or NC. (f ) )e protein level of TWIST in HGC-27 and GC9811-P cells with different transfections.
∗P< 0.05 and ∗∗P< 0.01.

8 Journal of Oncology



miR-326 mimic + opNC

NC mimic
miR-326 mimic + opTWIST

miR-326 mimic

2 3 41
Time (days)

0.0

0.5

1.0

1.5

O
D

45
0 

va
lu

e

HGC-27

(a)

miR-326 mimic + opNC

NC mimic
miR-326 mimic + opTWIST

miR-326 mimic

2 3 41
Time (days)

0.0

0.5

1.0

1.5

O
D

45
0 

va
lu

e

GC9811-P

(b)

HGC-27
Migration

∗∗

∗

Si
 S

N
H

G
3

Si
 S

N
H

G
3 

+
op

 N
C

Si
 S

N
H

G
3 

+
op

 T
W

IS
T

Si
 N

C

0

50

100

150

200

N
um

be
r o

f m
ig

ra
tio

n 
ce

lls

(c)

GC9811-P
Migration

∗∗

∗

Si
 S

N
H

G
3

Si
 S

N
H

G
3 

+
op

 N
C

Si
 S

N
H

G
3 

+
op

 T
W

IS
T

Si
 N

C

0

50

100

150

200

N
um

be
r o

f m
ig

ra
tio

n 
ce

lls

(d)

Invasion

∗∗

∗

0

50

100

150

N
um

be
r o

f i
nv

as
io

n 
ce

lls

Si
 S

N
H

G
3

Si
 S

N
H

G
3 

+
op

 N
C

Si
 S

N
H

G
3 

+
op

 T
W

IS
T

Si
 N

C

HGC-27

(e)

Invasion

∗∗

∗

Si
 S

N
H

G
3

Si
 S

N
H

G
3 

+
op

 N
C

Si
 S

N
H

G
3 

+
op

 T
W

IS
T

Si
 N

C

GC9811-P

0

50

100

150

N
um

be
r o

f i
nv

as
io

n 
ce

lls

(f)

Figure 6: TWIST overexpression overturned lncRNA SNHG3 knockdown or miR-326 overexpression induced suppressive role on cell
proliferation, migration, and invasion of GC cells. (a) and (b) TWIST overexpression overturned the suppressive functions of miR-326
overexpression in GC cell proliferation. ((c)–(f )) TWISToverexpression overturned the suppressive functions of SNHG3 knockdown in GC
cell migration and invasion. ∗P< 0.05 and ∗∗P< 0.01.
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formation [30]. It has also been reported that TWIST ex-
pression significantly enhances different types of cancer,
such as prostate cancer, sarcoma, lymphoma, and melanoma
[31–33]. In addition, TWIST also plays a significant role in
many physiological processes, such as angiogenesis, visceral
foot, exosmosis, and chromosome instability [31]. )ese
findings indicate that TWIST is a new oncogene related to
tumorigenesis and the progress of tumor. In order to in-
vestigate whether lncRNA SNHG3 and ceRNA can nega-
tively regulate the release of miR-326, the upregulated target
gene TWIST of miR-326 in GC cells was studied. )rough
bioinformatics analysis and luciferase reporter gene analysis,
TWIST was proved to be the target of miR-326. More
importantly, the overexpression of lncRNA SNHG3 reversed
the luciferase activity of TWIST-wt inhibited by miR-326
mimic. Knockdown of lncRNA SNHG3 significantly re-
duced the expression of TWIST, which was reversed bymiR-
326 inhibitor. We suggest that lncRNA SNHG3 can regulate
the expression of TWIST by negatively regulating miR-326.
In addition, the overexpression of TWIST significantly
overturned the inhibition of cell metastasis by knockdown of
lncRNA SNHG3 or overexpression of miR-326, suggesting
that the axis of lncRNA SNHG3-miR-326-TWISTmay have
participated in the development of GC.

5. Conclusion

In summary, our data showed that lncRNA SNHG3 pro-
moted GC cell metastasis by regulating miR-326 and
TWIST. )is will help us to better understand the lncRNA,
miRNA, and mRNA network in GC. However, the function
of lncRNA SNHG3, miR-326, and TWIST was not tested in
vivo. Moreover, we did not measure the expressions of
SNHG3 in clinical patients. Further research should also be
carried out to explore whether certain signaling pathways
play a role in the mechanism of lncRNA SNHG3 in GC.
)us, the significance and robustness of SNHG3 as a bio-
marker for GC requires further confirmation.

Data Availability

All primary data are available from the corresponding au-
thor upon reasonable request.

Disclosure

Jun Rao and Jinjin Fu are co-first authors.

Conflicts of Interest

)e authors declare that they have no conflicts of interest.

References

[1] A. Aiolfi, F. Lombardo, K. Matsushima et al., “Systematic
review and updated network meta-analysis of randomized
controlled trials comparing open, laparoscopic-assisted, and
robotic distal gastrectomy for early and locally advanced
gastric cancer,” Surgery, vol. 21, 2021.

[2] N. Bizzaro, A. Antico, and D. Villalta, “Autoimmunity and
gastric cancer,” International Journal of Molecular Sciences,
vol. 19, no. 2, 2018.

[3] S. Abi Doumeth, H. Bou Daher, A. El Mokahal, A. Tawil, and
A. I. Sharara, “Prevalence and characteristics of post-gas-
troscopy gastric cancer: a retrospective study from an aca-
demic medical center,” Arab Journal of Gastroenterology,
vol. 2, 2021.

[4] A. Digklia and A. D. Wagner, “Advanced gastric cancer:
current treatment landscape and future perspectives,” World
Journal of Gastroenterology, vol. 22, no. 8, pp. 2403–2414,
2016.

[5] J. J. Quinn and H. Y. Chang, “Unique features of long non-
coding RNA biogenesis and function,” Nature Reviews Ge-
netics, vol. 17, no. 1, pp. 47–62, 2016.

[6] E. Abdi, S. Latifi-Navid, V. Kholghi-Oskooei, F. Pourfarzi, and
A. Yazdanbod, “Interaction between lncRNAs HOTAIR and
MALAT1 tagSNPs in gastric cancer,” British Journal of Bio-
medical Science, vol. 78, no. 3, pp. 1–4, 2021.

[7] Y. Ge, X. Yan, Y. Jin et al., “MiRNA-192 [corrected] and
miRNA-204 directly suppress lncRNAHOTTIP and interrupt
GLS1-mediated glutaminolysis in hepatocellular carcinoma,”
PLoS Genetics, vol. 11, no. 12, Article ID e1005726, 2015.

[8] F.-T. Huang, W.-Y. Chen, Z.-Q. Gu et al., “)e novel long
intergenic noncoding RNA UCC promotes colorectal cancer
progression by sponging miR-143,” Cell Death and Disease,
vol. 8, no. 5, p. e2778, 2017.

[9] L. Hong, W. Chen, D. Wu, and Y. Wang, “Upregulation of
SNHG3 expression associated with poor prognosis and en-
hances malignant progression of ovarian cancer,” Cancer
Biomarkers, vol. 22, no. 3, pp. 367–374, 2018.

[10] N. Li, X. Zhan, and X. Zhan, “)e lncRNA SNHG3 regulates
energy metabolism of ovarian cancer by an analysis of mi-
tochondrial proteomes,” Gynecologic Oncology, vol. 150, no. 2,
pp. 343–354, 2018.

[11] Y. Li, Y. Gao, Y. Xu, H. Ma, and M. Yang, “Down-regulation
of miR-326 is associated with poor prognosis and promotes
growth and metastasis by targeting FSCN1 in gastric cancer,”
Growth Factors, vol. 33, no. 4, pp. 267–274, 2015.

[12] X. Wu, X. Cao, and F. Chen, “Withdrawn: LncRNA-HOTAIR
activates tumor cell proliferation and migration by sup-
pressing MiR-326 in cervical cancer,” Oncology Research,
vol. 31, 2017.

[13] P. Zhang, F. Kong, X. Deng et al., “MicroRNA-326 suppresses
the proliferation, migration and invasion of cervical cancer
cells by targeting ELK1,” Oncology Letters, vol. 13, no. 5,
pp. 2949–2956, 2017.

[14] S. Yin, W. Du, F. Wang et al., “MicroRNA-326 sensitizes
human glioblastoma cells to curcumin via the SHH/GLI1
signaling pathway,” Cancer Biology and erapy, vol. 19, no. 4,
pp. 260–270, 2018.

[15] K. Valencia, M. Mart́ın-Fernández, C. Zandueta et al., “miR-
326 associates with biochemical markers of bone turnover in
lung cancer bone metastasis,” Bone, vol. 52, no. 1,
pp. 532–539, 2013.

[16] R. Wang, X. F. Chen, and Y. Q. Shu, “Prediction of non-small
cell lung cancer metastasis-associated microRNAs using
bioinformatics,” American Journal of Cancer Research, vol. 5,
no. 1, pp. 32–51, 2015.

[17] L. Vermani, R. Kumar, R. R. Kannan, M. K. Deka,
A. Talukdar, and N. S. Kumar, “Expression pattern of ALDH1,
E-cadherin, vimentin and twist in early and late onset spo-
radic colorectal cancer,” Biomarkers in Medicine, vol. 14,
no. 14, pp. 1371–1382, 2020.

10 Journal of Oncology



[18] X. F. Guo, A. Y. Wang, and J. Liu, “HIFs-MiR-33a-Twsit1 axis
can regulate invasiveness of hepatocellular cancer cells,”
European Review for Medical and Pharmacological Sciences,
vol. 20, no. 14, pp. 3011–3016, 2016.

[19] L. Jin, J. Zhang, H. Q. Fu, X. Zhang, and Y. L. Pan, “FOXO3a
inhibits the EMT and metastasis of breast cancer by regu-
lating TWIST-1 mediated miR-10b/CADM2 axis,” Trans-
lational Oncology, vol. 14, no. 7, Article ID 101096, 2021.

[20] L. Shen, Y.-S. Shan, H.-M. Hu et al., “Management of gastric
cancer in Asia: resource-stratified guidelines,”  e Lancet
Oncology, vol. 14, no. 12, pp. e535–e547, 2013.

[21] V. E. Strong, A.-w. Wu, L. V. Selby et al., “Differences in
gastric cancer survival between the U.S. and China,” Journal of
Surgical Oncology, vol. 112, no. 1, pp. 31–37, 2015.

[22] W. Huang, Y. Tian, S. Dong et al., “)e long non-coding RNA
SNHG3 functions as a competing endogenous RNA to pro-
mote malignant development of colorectal cancer,” Oncology
Reports, vol. 38, no. 3, pp. 1402–1410, 2017.

[23] D.-M. Wu, S. Wang, X. Wen et al., “LncRNA SNHG15 acts as
a ceRNA to regulate YAP1-Hippo signaling pathway by
sponging miR-200a-3p in papillary thyroid carcinoma,” Cell
Death and Disease, vol. 9, no. 10, p. 947, 2018.

[24] X. Wang, J. Zou, H. Chen et al., “Long noncoding RNA
NORAD regulates cancer cell proliferation and migration in
human osteosarcoma by endogenously competing with miR-
199a-3p,” IUBMB Life, vol. 71, no. 10, pp. 1482–1491, 2019.

[25] H. He, H. Yang, D. Liu, and R. Pei, “LncRNA NORAD
promotes thyroid carcinoma progression through targeting
miR-202-5p,” American Journal of Translational Research,
vol. 11, no. 1, pp. 290–299, 2019.

[26] S. Wu, N. Ai, Q. Liu, and J. Zhang, “MicroRNA448 inhibits
the progression of retinoblastoma by directly targeting
ROCK1 and regulating PI3K/AKT signalling pathway,” On-
cology Reports, vol. 39, no. 5, pp. 2402–2412, 2018.

[27] K. Ohuchida, K. Mizumoto, S. Ohhashi et al., “Twist, a novel
oncogene, is upregulated in pancreatic cancer: clinical im-
plication of twist expression in pancreatic juice,” International
Journal of Cancer, vol. 120, no. 8, pp. 1634–1640, 2007.

[28] R. Maestro, A. P. D. Tos, Y. Hamamori et al., “Twist is a
potential oncogene that inhibits apoptosis,” Genes and De-
velopment, vol. 13, no. 17, pp. 2207–2217, 1999.

[29] S. Raatikainen, S. Aaltomaa, J. J. Palvimo, V. Kärjä, and
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Hepatocellular carcinoma (HCC) has threatened the health of humans, and some evidence has indicated that miR-466 involves
the progressions of some cancers. -is study focused on the role of miR-466 in the formation and development of HCC. -e
expression levels of miR-466 in the tissues of patients and HCC cell lines were measured by qRT-PCR, and CCK-8, transwell assay,
and flow cytometry assay were used to observe the functions of miR-466 on the HCC cells. Moreover, the miRNA databases, dual-
luciferase reporter assay, andWestern blot were used for the investigation of the regulation mechanism of miR-466 on HCC cells.
-e results showed that miR-466 was significantly downregulated in HCC tissues and cell lines, and inhibited proliferation,
invasion, and high apoptosis were found in HCC cells whenmiR-466 was overexpressed.-e results confirmed that FMNL2 was a
target of miR-466, and increased FMNL2 could reverse the effects of miR-466 on the phenotype of HCC cells. Besides, it was also
found that miR-466 was involved in the regulation of NF-κB and Wnt/β-catenin pathways in HCC cells via targeting FMNL2. In
conclusion, the results of this study suggest that miR-466 regulates the activities of NF-κB andWnt/β-catenin pathways to inhibit
the progression of HCC cells via targeting FMNL2.

1. Introduction

Hepatocellular carcinoma (HCC) is a malignant tumor with
high morbidity and mortality, and up to 600000 people die
from this disease worldwide every year [1, 2]. Recently, some
significant improvements have been achieved in clinical
diagnosis and treatment. However, the situations of more
than half of patients have been developed to medium or late
stage of HCC when they feel obvious discomfort, and the
drugs-resistance and tumor invasion can also impede the
healing of the patients [3, 4]. -us, even with current
therapeutic strategies, the prognosis and overall survival
rates of HCC patients remain unsatisfactory [5, 6]. Although
great achievements in the pathogenesis of HCC have been
obtained in the last decade, the molecular mechanism on the
progression of HCC is not completely illustrated [7, 8].

-erefore, there is an urgent demand to search for novel
molecules and provide much more strategies for clinical
diagnosis and treatment.

MicroRNAs (miRNAs), the single chain of noncoding
RNAwith 18–25 nucleotides, are characterized by regulating
progressions of gene translations via interacting with the 3′-
untranslated regions (3′-UTRs) of the related messenger
RNAs (mRNAs) [9]. MiRNAs take part in the signal
transmissions and regulate the life activities of cells such as
proliferation, differentiation, and apoptosis [10]. Multiple
studies have indicated that miRNAs dysfunction plays an
important role in the formations and developments of many
diseases ranging from cardiovascular deterioration to tu-
mors [11, 12]. -erefore, regulating the expression of some
special miRNAs has been proved as a promising diagnostic
and therapeutic system for cancer in clinical treatment. -e
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studies have shown that the downregulation of miR-466 is
related to the developments of epithelial ovarian cancer and
colorectal cancer, while its role in HCC remains unclear
[13, 14].

In this study, the exploration attempted to investigate the
connection of miR-466 and HCC and reveal the effects of
miR-466 on the phenotype of HCC cells and the regulation
mechanism of miR-466 on the progression of HCC.

2. Materials and Methods

2.1. Clinical Tissues. -is study was approved by the Ethics
Committee of the Traditional Chinese Medicine Hospital of
Rizhao, Rizhao, Shandong, China, and the prior consent of
the patients and authorizations from hospitals were ob-
tained. -e tumor tissues and matched adjacent health
tissues donated by the patients were used in this study. All
tissues were stored at −80°C.

2.2. Cell Culture and Transfection. -e normal human liver
cell lines HL-7702 and the human hepatic carcinoma cell
lines including Hep3B, Huh7, and HepG2 were used in this
study. All cells were cultured with Dulbecco’s modified eagle
medium (DMEM, Procell Life Science and Technology Co.,
Ltd., China) containing 10% fetal bovine serum (FBS,
-ermoFisher, USA) in an incubator with 37°C and 5% CO2.
-e subculture of the cells was performed when the cellular
confluence was at 90%.

-e cells were seed into the 6-well plates, and cell
transfection was performed when the confluences of the cells
were at 70%. MiR-466 mimics, miRNA negative control
(miR-NC), pcDNA-FMNL2, and pcDNA-NC were syn-
thesized by Generay Biotech Co., Ltd. (Shanghai, China). In
short, 4 g of DNA, 100 pmol RNA, or 10 μl lipofectamine
2000 (Beijing Noble Ryder Technology Co. Ltd., Beijing,
China) were, respectively, diluted and incubated with 250 μL
serum-free medium for 5min. -e diluted DNA or RNA
was, respectively, mixed with isometric diluted lipofect-
amine 2000 and then was incubated at 25°C for 20min. After
that, 500 μL of the mixtures was added into each well, and
then, the cells were cultured for 24 hours.

2.3. Real-Time Quantitative Reverse Transcription PCR
(qRT-PCR). -e miR-466 levels in the tissues and cell lines
were measured by qRT-PCR.-e TRIzol reagent was used to
perform the extractions of the total RNAs in the tissues or
HCC cell lines. -e concentrations of the total RNAs were
measured by spectrophotometry. After that, the total RNAs
were transcribed as cDNA via PrimeScript® RT Reagent Kit
(-ermo Fisher, Massachusetts, USA). -e primers were
synthesized and purified by Synbio Technology (Suzhou,
China). -e reaction systems (10 μL) of qRT-PCR were
prepared according to the operational instruction of a KAPA
qRT-PCR kit (Sigma-Aldrich, Missouri, USA). U6 was used
as the endogenous control. -e following conditions were
used: denaturation at 95°C for 3min, followed by amplifi-
cation for 40 cycles at 95°C for 12 s, at 53°C for 40 s, and 70°C
for 30 s. -e relative levels of miRNAs were calculated with

the 2−(ΔΔCt) method. -e primers of miR-466 and U6 were
synthesized and purified by RiboBio Co., Ltd. (Guangzhou,
China). -e primer sequences of miR-466 and U6 are given
in Table 1.

2.4. Western Blot. -e total proteins in the tissues and cell
lines were extracted with RIPA buffer on the ice box, and the
concentrations of the extractions were measured by a BCA
protein assay kit (-ermoFisher, Massachusetts, USA). -e
extracts were mixed with quadruple of SDS-PAGE sample
loading buffer; then, the extracts were boiled at 100°C for
5min. -e proteins were separated by SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) and then transferred on the
polyvinylidene fluoride (PVDF) membranes by the wet
transfer method. After that, the membranes were blocked
with 5% fat-free milk at 4°C for 1 hour, and then, membranes
were incubated added with the related primary antibodies at
4°C overnight. -e membranes were washed with Tris
buffered saline-Tween (TBST) for three times (15mins per
time) and then were incubated with second antibodies at
25°C for 1 hour. Finally, the membranes were washed with
TBSTand added with ECL reagent (-ermoFisher, USA) for
three times (10mins per time). After that, the expressions of
the proteins were observed under a chemiluminescence
detection system. -e antibodies were used under following
conditions: anti-FMNL2 (1 :1000, ab2540720, -ermo-
Fisher, Massachusetts, USA); anti-β-catenin (1 :1000,
ab2533039, -ermoFisher, Massachusetts, USA); anti-Wnt
(1 :1000, ab11154198, -ermoFisher, Massachusetts, USA);
anti-P65 (1 :1000, ab2533893,-ermoFisher, Massachusetts,
USA); anti-p-P65 (1 :1000, ab10982265, -ermoFisher,
Massachusetts, USA); and anti-β-actin (1 :1000, ab2223496,
-ermoFisher, Massachusetts, USA).

2.5. Transwell Assay. For the invasion assay, Matrigel was
diluted with eight-time DMEM, and diluted Matrigel was
added into the upper chambers of transwells. After drying,
5×104 cells and 200 μL of serum-free DMEM were added
into the upper chambers, and 600 μL of DMEM containing
10% FBS was added into the cells in the lower chambers.-e
cells were cultured for 24 hours. After that, the cells on the
upper surfaces of the chambers were removed by cotton
buds, and the migrated cells on the lower surface of the
upper chamber were fixed by methanol for 10min; the cells
were then dried at 25°C.-e cells were stained with 0.1% w/v
crystal violet (Solarbio, Beijing, China) for 30mins and then
washed with tap water.-e invaded cells were calculated and
photographed under a Leica DMi8 microscope.

2.6. CCK-8 Assay. -e cells (3×103) were seeded into 96-
well plates and incubated for 24 hours. After transfection,
the cells were further incubated for 24 hours. Subsequently,
the viability of the cells at 0, 24, 48, and 72 hours were
measured by CCK-8 kit (Amyjet, Wuhan, China). In short,
10 μL of CCK-8 solution was added into each well, and then,
the cells were incubated at 25°C in the dark for 4 hours.
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Finally, the absorbance value of the cells was measured by a
microplate reader (Molecular Devices, Shanghai, China).

2.7. Dual-Luciferase Reporter Gene Assay. -e mutant or
wild 3′-UTR sequences of FMNL2 were inserted into the
pmirGLO luciferase reporter vectors (Yanjiang Bio Co., Ltd.,
China) to establish the FMNL2-mutant type (FMNL2-mut)
and FMNL2-wild type (FMNL2-wt), respectively. FMNL2-
mut or FMNL2-wt was, respectively, cotransfected with
miR-466mimics ormiR-NC into HEK-293Tcells. After that,
the cells were incubated for 48 hours. Finally, the binding
effect of miR-466 and FMNL2 was observed by a dual-lu-
ciferase reporter assay system.

2.8. Flow Cytometry Assay. Huh7 cells were harvested by
trypsinase (0.25%, EDTA-free). -e harvested cells were
washed by 3mL of ice phosphate-buffered saline (PBS) for
once and then were fixed by alcohol. After that, 1× 106 of the
cells were suspended with 100 μl of incubation buffer. 5 μL of
ice Annexin V-FITC and 5 μL of propidium iodide (PI 20 μg/
ml) were added into the tubes, and then, the cells were
incubated in dark for 15min. Finally, the apoptosis levels of
the cells were instantly observed by flow cytometry equip-
ment (BD Biosciences, State of New Jersey, USA).

2.9. Statistical Analysis. All experiments were performed at
least 3 times, independently. -e data were analyzed by
SPSS 20.0, and the figures were charted by GraphPad Prism
8.0. -e difference of the data was tested with the chi-
squared test or ANOVA with Tukey’s posthoc test. P< 0.05
means that the difference between the two groups was
significant.

3. Results

3.1. MiR-466 was Significantly Downregulated in Tumor
Tissues and Cell Lines. To observe the connection between
miR-466 and hepatocellular carcinoma, the tissues of the
patients and normal and tumor cell lines were used to
measure the expression level of miR-466. -e qRT-PCR
showed that the miR-466 was significantly downregulated in
the tumor tissues compared with the paracancerous tissues
(Figure 1(a), P< 0.01). Besides, decreased miR-466 levels
were also observed in the tumor cell lines including Hep3B,
Huh7, and HepG2 compared with the normal cell line
(Figure 1(b), P< 0.01).

3.2. MiR-466 Inhibited the Proliferation and Invasion of
Hepatocellular Carcinoma Cells. To explore the functions of
miR-466 in hepatocellular carcinoma cells, the miR-466
mimics were transfected into Huh7, and CCK-8 assay,
transwell assay, and flow cytometry assay were used to reflect
the changes in proliferation, invasion, and apoptosis levels of
the cells. -e CCK-8 assay showed that the proliferation of
Huh7 transfected with miR-466 mimics was visibly inhibited
compared with the cells transfected with miR-NC
(Figure 2(a), P< 0.01). -e transwell assay reflected that
Huh7 cells transfected with miR-466 mimics expressed low
invasive abilities compared with the cells transfected with
miR-NC (Figure 2(c), P< 0.01). Moreover, the increased
apoptosis levels were observed in the cells transfected with
miR-466 mimics (Figure 2(b), P< 0.01).

3.3. MiR-466 Directly Targeted the 3′-UTR of FMNL2. To
reveal the regulation mechanism of miR-466 on HCC,
TargetScan, an online database, was used to search the
downstream target of miR-466, and a dual-luciferase re-
porter assay was used to observe the binding effect of miR-
466 and its target. -e results showed that FMNL2 was one
of the potential targets of miR-466. -e dual-luciferase re-
porter assay showed that miR-466 significantly reduced the
luciferase activity of the HEK-293T cells transfected with
FMNL2 expressed vectors (Figure 3(a), P< 0.01). Besides, it
was also observed that FMNL2 was extremely upregulated in
Hep3B, Huh7, and HepG2 cells compared with normal cell
lines (Figure 3(b), P< 0.01).

3.4. FMNL2 Reversed the Effects of miR-466 on HCC Cells.
Although the connection of miR-466 and FMNL2 was
proved above, whether FMNL2 was involved in the regu-
lation of miR-466 on HCC cells remained unclear. -e miR-
466 mimics and FMNL2 expressed vectors were cotrans-
fected into the HCC cells, and the changes in the prolif-
eration, invasion, and apoptosis of the cells were observed.
-e CCK-8 assay showed that the weakened proliferation of
the cells induced by miR-466 was reversed by FMNL2
upregulation (Figure 4(a), P< 0.01). -e transwell assay
showed that the inhibitory effect of miR-466 on the invasion
of the cells was returned by FMNL2 (Figure 4(c), P< 0.01).
Moreover, it was observed that the increased apoptosis levels
of HCC cells including Hep3B, Huh7, and HepG2 induced
by miR-466 were rescued by FMNL2 (Figure 4(b), P< 0.01).
-ose observations suggested that miR-466 could regulate
the phenotype of the cells via targeting FMNL2.

3.5. MiR-466 Inactivated the Wnt/β-Catenin and NF-κB via
Targeting FMNL2. FMNL2 was proved as a key factor in the
regulation of miR-466 on HCC. To further analyze the
regulation mechanism of miR-466 on HCC, the miR-466
mimics and FMNL2 were cotransfected into the cells, and
the proteins in Wnt/β-catenin and NF-κB pathways were
observed by Western blot. -e results showed that miR-466
significantly inhibited the expressions of Wnt, β-catenin,
and p-P65. However, the upregulations of those proteins

Table 1: Primer sequence of miR-466 and U6.

Name of primer Sequences
miR-466-F 5′-CACTAGTGGTTCCGTTTAGTAG-3′
miR-466-R 5′-TTGTAGTCA CTAGGGCACC-3′
FMNL2-F 5′-GCTATGAACCTACCTCCTGACA-3′
FMNL2-R 5′-AACACGCCGTCTGAATTTCTT-3′
U6–F 5′-CTCGCTTCGGCAGCACA-3′
U6-R 5′-AACGCTTCACGAATTTGCGT-3′
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Figure 1: MiR-466 significantly downregulated in HCC tissues and cell lines. (a) -e relative expression levels of miR-466 in the tumor and
paracancerous tissues measured by qRT-PCR. (b) -e relative expression levels of miR-466 normal human liver and HCC cell lines
measured by qRT-PCR. ∗∗P< 0.05.
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induced by miR-466 could be reversed by FMNL2 (Figure 5,
P< 0.01).

4. Discussion

HCC is one of the malignant diseases which has threatened
the health of human, and miRNA dysfunction has been
found as a key cause of cancer formation [15]. MiR-466
locates on chromosome 3, and several studies have indicated
that miR-466 is significantly downregulated in some tumor
cells and involves the regulations of the proliferation and
invasion of the tumors [16]. In this study, the expression

levels of miR-466 in HCC tissues and cell lines were in-
vestigated, and the effects of miR-466 on the phenotype of
HCC cells such as proliferation, invasion, and apoptosis
were also explored. Subsequently, this study also researched
the downstream target of miR-466 and further revealed the
role of FMNL2 in HCC progression. Moreover, the effects of
miR-466 on the activities of NF-κB and Wnt/β-catenin
pathways were also illustrated in the present study.

MiRNAs dysfunction is a general event in multiple tu-
mors, and some of them have emerged as keys players in
cancer progressions, and intervention on the expressions of
some special miRNAs has been considered as a promising
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Figure 2: MiR-466 inhibited the proliferation, invasion, and apoptosis of Huh7. (a) -e proliferation of Huh7 cells measured by CCK-8.
(b) -e apoptosis level of Huh7 cells observed by flow cytometry assay. (c) -e invasion of Huh7 cells observed by transwell assay (scale
bar� 50 μm). ∗∗P< 0.05.
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strategy for cancer treatment [17, 18]. Hence, the regulation
of miRNAs in cancer has been increasingly appreciated [19].
-is study determined that miR-466 was significantly
downregulated in the HCC tissues and cell lines. MiRNAs

contribute to affect the metabolism, resistance, and some
other behaviors of tumor cells [20].-e downregulated miR-
466 has been found in several cancers, and it plays an in-
hibitor role to suppress the proliferation and invasion of
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some tumors [21]. In this study, it was also found that miR-
466 upregulation was adverse to the proliferation, invasion,
and survival of HCC cells.

-e consideration has been given in the character of
miRNAs on regulating protein expression via interacting
with the related mRNAs in this study. It was found that
formin-like protein 2 (FMNL2) was a downstream factor of
miR-466, and increased FMNL2 was also observed in HCC

tissues and cell lines. FMNL2 is closely related to the for-
mation and development of many tumors, and the carci-
nogenicity of FMNL2 has been corroborated by several
studies. -e study has pointed out that FMNL2 is signifi-
cantly upregulated in colorectal cancer, and FMNL2 silence
induced by miR-206 upregulation can visibly inhibit the
proliferation and invasion of the tumor cells [22]. In this
study, it was testified that increased FMNL2 could also
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Figure 5: FMNL2 could reverse the effects of miR-466 on NF-κB and Wnt/β-catenin pathways in Huh7 cells. (a) -e relative expression
level of miR-466 tested by qRT-PCR. (b–g) -e relative expression levels of FMNL2, P65, p-P65, Wnt, and β-catenin measured by Western
blot. ∗∗P< 0.05.
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reverse the inhibitory effects of miR-466 on the proliferation,
invasion, and survival of the HCC cells.

Molecular mechanisms underlying the growth, inva-
sion, and chemotherapy resistance of HCC have been
intensively studied. -e aberrant activation of cellular
signaling pathways plays a vital role in the deterioration of
many types of cancer [23]. One study has indicated that
miR-466 is sponged by LINC01152, and its downregulation
is related to the dysfunction of the Notch pathway, and
miR-466 downregulation indicates the poor prognosis and
survival of the patients with glioblastoma multiform [24].
In this study, it was demonstrated that miR-466 upregu-
lation could effectively inactivate the NF-κB and Wnt/
β-catenin pathways. Aberrant NF-κB and Wnt/β-catenin
and their downstream factors are widely implicated in
numerous malignancies including HCC. A previous study
has confirmed that the activated NF-κB induced by casein
kinase II subunit beta (CSNK2B) upregulation can promote
the unlimited growth and invasion of HCC [25]. -is study
discovered that miR-466 upregulation is an independent
factor to mediate the inactivation of NF-κB and Wnt/
β-catenin pathways. Moreover, the results also supported
that the effects of miR-466 on NF-κB and Wnt/β-catenin
pathways could be reversed by FMNL2. Yang et al. ob-
served that FMNL2 was significantly upregulated in co-
lorectal cancer cells, and it could further regulate the
activation of NF-κB and mediate the invasion of the cancer
cells via decreasing the stability of COMMD10 [26].
Moreover, one study has also indicated that FMNL2 could
activate the Wnt/β-catenin to drive the progression of
colorectal cancer [27]. -us, those observations suggest
that increased miR-466 can effectively inactivate the NF-κB
and Wnt/β-catenin pathways of HCC cells via targeting
FMNL2.

-is study has revealed the role of miR-466 in the
progression of HCC and confirmed the regulation effects of
miR-466/FMNL2 on NF-κB and Wnt/β-catenin pathways.
In summary, it suggests that miR-466 inactivates NF-κB and
Wnt/β-catenin pathways to inhibit the progression of HCC
via targeting FMNL2. However, whether the change of the
FMNL2 level is an independent cause of miR-466 on reg-
ulating the phenotype and the signal pathways of HCC cells
remains unknown. -erefore, more evidence is necessary
from the experiments in vivo to corroborate the pre-
sumption in this study.
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Objective. Exosomes (exo) which contain proteins, microRNAs (miRNAs), and other bioactive substances can participate in
intercellular signal transduction and material transport. Bone marrow mesenchymal stem cells (BMSCs) have a strong ability to
produce exosomes. *e purpose of this study was to observe the effect of hBMSCs-derived-exo miR-22-3p on proliferation and
invasion of colorectal cancer (CRC) cells and to explore its mechanism.Methods. miR-22-3p and RAS oncogene family (RAP2B)
expression was detected using qRT-PCR or Western blotting. *eir interaction was confirmed by dual luciferase activity assay.
Effects of miR-22-3p on cell proliferation and invasion were evaluated by CCK-8 and Transwell assay, respectively. Exosomes were
extracted by the ultracentrifugation and identified through electron microscopy andWestern blotting. Results. In CRC tissues and
cells, downregulation of miR-22-3p and upregulation of RAP2B were observed. According to the analysis of dual luciferase
activity, RAP2B was a target gene of miR-22-3p. In addition, miR-22-3p obviously repressed the cells proliferation and invasion
via mediating RAP2B/PI3K/AKT pathway. Coculture experiments indicated that miR-22-3p derived from hBMSCs-exo had
inhibition effects on SW480 cell proliferation and invasion. Conclusions. Collectively, miR-22-3p from hBMSCs-exo might
impede CRC progression, which emphasized the potential of hBMSCs-exo-miR-22-3p as CRC treatment in the future.

1. Introduction

Colorectal cancer (CRC) is one of the common malignant
tumors of the digestive tract with higher global morbidity
and mortality [1]. With the changes in the diet structure of
the Chinese people, the incidence of CRC has been in-
creasing, and it has become a major tumor that threatens the
health of our population [2]. Because of the relatively in-
sidious onset and the atypical early symptoms of CRC, most
patients are in the advanced stage of clinical diagnosis and
miss the best opportunity for treatment [3]. Although the
existing diagnosis and treatment methods have continued to
be improved, the overall prognosis and the 5-year survival
rate of the patient are still poor [4]. CRC is a complex process
involving many factors and many steps, and an in-depth
discussion of its pathogenesis has great significance for the
early diagnosis and treatment of CRC patients [5].

Exosomes are vesicles with a size of 30–200 nm derived
from the cell membrane of normal or cancerous cells and
released into various body fluids, such as functional extra-
cellular fluids (blood, lymph fluid, tissue fluid, etc.), urine,
breast milk, saliva, and bile [6]. *ese vesicles can be
transferred from the donor to the recipient cells and play a
key role in intercellular communication [7]. *e contents of
exosomes have different components, such as DNA, RNA,
lipids, and proteins, which can reflect the metabolism,
cancerization, and apoptosis of cells to some extent [8].
Among them, miRNAs are the most studied exosomes-
mediated small biomolecules. As a type of single-stranded
noncoding RNA with a length of 18 to 25 nucleotides,
miRNAs participate in different processes of malignant
tumors, such as cancer cells proliferation, angiogenesis, and
tumor metastasis [9]. Additionally, lots of researches re-
ported that miRNAs regulated the progression of CRC and

Hindawi
Journal of Oncology
Volume 2021, Article ID 3874478, 10 pages
https://doi.org/10.1155/2021/3874478

mailto:wangyan_cmusj@163.com
https://orcid.org/0000-0002-7731-8100
https://orcid.org/0000-0002-3554-8178
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/3874478


cell proliferation, invasion, and metastasis by regulating
specific target genes expression [10]. miR-22-3p, as a tumor
suppressor, has been reported to repress HCC cell prolif-
eration through downregulating the target gene Spl [11].
Moreover, miR-22-3p may inhibit NSCLC cell proliferation
via targeting AEG-1 [12]. However, there are few studies on
the role of miR-22-3p in CRC.

Mesenchymal stem cells (MSCs) with immunosup-
pressive, immunomodulatory, and therapeutic properties
are the cells with the strongest ability to secrete exosomes,
and MSC-exosomes have many biological functions similar
to MSCs [13]. BMSCs, which have immunogenicity, high
portability, and multidirectional differentiation ability, are
an example of the most widely studied MSCs [14]. hBMSCs
act as regulators of apoptosis, angiogenesis, and immune
tolerance in tumors [15]. *ey have significant tumor lo-
calization and immune specificity and can be used as a
carrier to deliver antitumor drugs to the tumor microen-
vironment [16]. In recent years, increasing researches were
focused on the function of miRNAs derived from BMSCs
exosome in various cancers progression, including CRC. For
example, miR-16-5p derived from BMSCs-exosomes re-
pressed CRC cell biological function via ITGA2 [17].
Meanwhile, Chen et al. found that BMSCs-derived exosome
miR-4461 impeded CRC tumorigenesis through inhibiting
the expression of COPB2 [18]. On the basis of previous
researches, we supposed that hBMSCs-derived exosomes
miR-22-3p might be concerned with CRC progression.
Herein, we conducted this study to verify the above hy-
pothesis and explore the potential mechanism.

2. Materials and Methods

2.1. Tissue Specimens. 36 pairs of CRC tissues (identified by
pathological diagnosis) and matched adjacent tissue samples
were obtained from Shengjing Hospital of China Medical
University from August 2018 to June 2019. All patients
received no radiotherapy or chemotherapy before treatment
and had no history of other malignant tumors. All tissue
samples were immediately snap-frozen using liquid nitrogen
and preserved in −80°C for experiments. All patients pro-
vided written informed consent and the study was approved
by the ethics committee of Shengjing Hospital of China
Medical University.

2.2. Cell Culture. NCM460 cells (human normal colon
mucosal epithelial cell line), human CRC cell lines (HT-29,
SW620, HCT-116, SW480, and LoVo), and hBMSCs were
purchased from American Type Culture Collection (MD,
USA). hBMSCs were cultured in DMEM/F12 (supplemented
with 10% fetal bovine serum (FBS, Gibco, USA)) and 1%
penicillin-streptomycin) medium (Gibco, USA). Exosomes
were removed from FBS by ultracentrifugation. *e resus-
pended hBMSCs were placed in a humid environment at 37°C
and 5% CO2. When the adherent hBMSCs reached 80%
confluence, the supernatant was collected and expanded to
obtain hBMSCs. All the other cells were cultured in DMEM
containing 10% FBS at 37°C in an incubator with 5% CO2.

2.3. Transfection. Plasmids for SW480 cells transfection
containing miR-22-3p mimic and inhibitor and their control
(miR-NC and anti-NC), RAP2B overexpression vector
pcDNA3.1-RAP2B (pc-RAP2B), and pcDNA3.1 empty
vector (pc-NC) were obtained from Shanghai GenePharma
in China. hBMSCs at passages 2-3 were transfected with
miR-NC, anti-NC, and miR-22-3p mimic and inhibitor,
respectively. All transfections were conducted by Lipofect-
amine 2000 (Invitrogen, USA). *e exosomes isolated from
transfected hBMSCs (exo-miR-NC, exo-anti-NC, exo-
mimic, and exo-inhibitor) were cocultured with SW480 cells
for 48 h, respectively.

2.4. Isolation of hBMSCs Exosomes. Transfected hBMSCs
were inoculated into a culture flask with 5×106 cells/75 cm2,
and 10ml serum-free medium was added. After 3 days of
culture, serum-free mediumwas collected and centrifuged at
10,000 r/min for 30 minutes to remove cell residues and
impurities, and the supernatant was aspirated. *en we
added exosome extraction reagent to supernatant and mixed
thoroughly to incubate at 4°C overnight. *e precipitate
obtained by centrifugation is exosome. *e precipitate was
resuspended in PBS and stored at −20°C. Finally, we ob-
served and photographed with a transmission electron
microscope and detected its antigen expression by Western
bolt.

2.5. Cell Proliferation Assays. Cells of each group were
seeded in 96-well plates with 2×104/well and cultured at
37°C with 5% CO2. At 24, 48, 72, and 96 h of culture, 10 μl of
CCK-8 solution (Sigma, USA) was added to each well and it
was incubated for 2 h. Finally, a spectrophotometer was used
to measure the absorbance at 450 nm.

2.6. Transwell Invasion Assay. 500 μl of RPMI 1640 culture
medium containing 10% FBS was added to the lower
chamber coated with Matrigel (Corning, USA), and 200 μl of
serum-free cell suspension (2.5×105 cells/ml) was added to
the upper chamber. Transwell chamber was cultured at 37°C,
5% CO2 for 24 h. *en, cells were fixed with 4% parafor-
maldehyde solution for 20min, washed with PBS, and
stained with 0.1% crystal violet. We observed the cells under
Olympus inverted fluorescence microscope and counted the
number of cells passing through Matrigel polymer gel and
cell microporous membrane.

2.7. Dual Luciferase Activity Assay. Bioinformatics predic-
tion software TargetScan is used to predict the target genes of
miR-22-3p. RAP2B was selected as the research object. In
order to further verify the targeting relationship between
miR-22-3p and RAP2B, 3’-UTR luciferase reporter vectors
of wild-type RAP2B (RAP2B-wt) and mutant RAP2B
(RAP2B-mut) were constructed and cotransfected with
miR-22-3p mimic, respectively.*e dual luciferase detection
kit (Promega, USA) was used to detect the dual luciferase
activity.
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2.8. Quantitative Real-Time PCR. Total RNA was extracted
by TRIzol reagent (Invitrogen, USA). According to the
reverse transcription kit (TaKaRa, Japan) instructions, re-
verse transcription reaction was performed to synthesize
cDNA strands, and SYBR green (TaKaRa, Japan) was added
for qRT-PCR amplification on ABI 7500 System (ABI, USA).
U6 or GAPDH was used as internal reference, and the
relative expression of RNAs was calculated by the 2−ΔΔCt

method. Primers are listed in Table 1.

2.9. Western Blot. RIPA lysate was used to extract the total
protein from cells, and the protein concentration was de-
termined by BCA method. 30 μg protein was subjected to
10% SDS-PAGE. After protein separation, it was transferred
to PVDF membranes. *e transformed membrane was
blocked with 5% skimmed milk. *en membranes were
incubated with rabbit anti-CD9 (1 : 2000 dilution), rabbit
anti-CD63(1 : 2000 dilution), rabbit anti-Hsp70 (1 : 2000
dilution), rabbit anti-RAP2B (1 :1500), rabbit anti-PI3K (1 :
1500), rabbit anti-AKT (1 :1500), rabbit anti-p-AKT (1 :
1500), and mouse anti-GAPDH (1 :10,000 dilution)
(Cambridge, USA) at 4°C overnight. After washing the
membrane, incubation of HRP-labeled goat anti-rabbit or
mouse secondary antibody (1 : 5000 dilution) was performed
for 1 h at room temperature. Enhanced chemiluminescence
(ECL) was used for development of the protein bands, and
images were collected in the gel imaging system.

2.10. Statistical Analysis. GraphPad Prism v6.0 (GraphPad
Software Inc, CA) software was used to do statistical analysis.
Data in this study were expressed as mean± standard de-
viation (SD). *e t-test was used for comparison between
two groups, and the one-way analysis of variance was used
for comparison between multiple groups.*e difference was
statistically significant at P< 0.05.

3. Results

3.1. miR-22-3p Expression in CRC. *e expression level of
miR-22-3p in CRC tissues was lower than that in adjacent
tissue through qRT-PCR detection (Figure 1(a)).*e detection
of miR-22-3p in CRC cells showed that the expressions of five
types of CRC cells (HT-29, SW620, HCT-116, SW480, and
LoVo) were downregulated versus NCM460 cells (Figure 1(b)).
Data suggested that miR-22-3p has poor expression in CRC.
Herein, SW480 cells with the lowest expression in the above
five cells were selected for further experimentation.

3.2. miR-22-3p Suppressed CRC Cell Proliferation and
Invasion. To investigate whether miR-22-3p dysregulation
affects biological behavior of CRC cells, we transfected miR-
22-3p mimic or inhibitor into SW480 cells to interfere in its
expression. Compared to NC groups (miR-NC or anti-NC),
miR-22-3p expression was increased in cells transfected with
miR-22-3p mimics, while it was decreased by miR-22-3p
inhibitor (Figure 2(a)). *e CCK-8 assay was used to detect
the cell proliferation of SW480 cells in each group. Results

suggested that increasing miR-22-3p expression could in-
hibit the growth of SW480 cells, and miR-22-3p inhibition
could significantly promote SW480 cell proliferation
(Figure 2(b)). Similarly, Transwell experiments of each
group showed that the number of cell invasions in mimic
group was lower than that of miR-NC group, but it was
higher in inhibitor group than in anti-NC group
(Figure 2(c)).*e results indicated that cell proliferation and
invasion ability of SW480 was markedly enhanced after
miR-22-3p expression was inhibited, while miR-22-3p
overexpression reduced SW480 cell proliferation and in-
vasion ability.

3.3. miR-22-3p Regulated RAP2B Expression. Considering
the effect of miR-22-3p on the behavior of CRC cells, we
further analyzed its possible target genes and potential
regulatory mechanisms. According to TargetScan online
software analysis, we found that RAP2B may be one of the
important target genes regulated by miR-22-3p. miR-22-3p
can complementarily bind to the 3’ UTR region of RAP2B
(Figure 3(a)). *e detection of luciferase activity revealed
that miR-22-3p overexpression obviously reduced luciferase
activity in the RAP2B-wt group but had no significant effect
on the RAP2B-mut group (Figure 3(b)). *is showed that
miR-22-3p could bind to RAP2B.

To confirm the regulatory relationship of miR-22-3p and
RAP2B, we detected the expression of RAP2B in SW480 cells
overexpressing or silencing miR-22-3p. QRT-PCR results
showed that the expression level of RAP2B was significantly
elevated in miR-22-3p inhibition cells but was reduced by
miR-22-3p overexpression (Figure 3(c)). *is indicated that
miR-22-3p may play a negative role in regulating RAP2B.
Furthermore, RAP2B was also upregulated in CRC tissues
(Figure 3(d)). More importantly, there was a negative cor-
relation between RAP2B and miR-22-3p expression in CRC
tissues (Figure 3(e)), suggesting that miR-22-3p may affect
the occurrence and development of CRC by regulating
RAP2B.

3.4. miR-22-3pModulated Cell Proliferation and Invasion via
RAP2B. Moreover, to verify whether miR-22-3p inhibited
cell proliferation and invasion by RAP2B, SW480 cells were
cotransfected with pc-RAP2B or pc-NC and miR-22-3p
mimic or miR-NC. RAP2B expression was enhanced by pc-

Table 1: Primer sequences for real-time fluorescence quantification
PCR.

Gene name Primer sequences (5′-3′)

GAPDH F ACGCTGCATGTGTCCTTAG
R GAGCCTCTTATAGCTGTTTG

U6 F CTCGCTTCGGCAGCACA
R AACGCTTCACGAATTTGCGT

miR-22-3p F AAGCTGCCAGTTGAAGAACTGTA
R GCTGTCAACGATACGCTACGTAAC

RAP2B F CTGCCCCTTCATGGAGACA
R TGCGAATAGCTCATCCACTGA
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RAP2B, but enhancement was abolished by the cotrans-
fection of pc-RAP2B and miR-22-3p inhibitor (Figures 4(a)
and 4(b)). Additionally, PI3K and p-AKTprotein levels were
obviously increased in pc-RAP2B group, while this was
reversed by miR-22-3p mimic cotransfection (Figure 4(b));
and there was no significant effect on AKT protein
(Figure 4(b)). CCK-8 assay showed that miR-22-3p mimic
abrogated the increasing cell proliferation caused by pc-
RAP2B (Figure 4(c)). Additionally, miR-22-3p mimic also
weakened the promotion of pc-RAP2B on cell invasion in
SW480 cells (Figure 4(d)). To sum up, our data supported
that miR-22-3p could contribute to CRC progression
through RAP2B/PI3K/AKT pathway.

3.5. Identification of hBMSCs-Exosomes. Exosomes were
extracted from the hBMSCs culture medium by the ul-
tracentrifugation. *e extracted exosomes were identified
through electron microscopy and Western blot. *e results
suggested that the observation of morphologies under the
transmission electron microscope showed a typical exo-
some structure, that is, a cup-shaped vesicle-like structure
with a complete double-layer lipid membrane coating
between 40 and 100 nm in diameter (Figure 5(a)). Western
blot detection showed that exosome surface markers CD63,
Hsp70, and CD9 were expressed higher in hBMSCs-exo
than in hBMSCs (Figure 5(b)). *e morphology and mo-
lecular level confirmed that the extracted vesicles were
exosomes.

Subsequently, we detected miR-22-3p expression in
hBMSCs and hBMSCs-exosomes. We found that miR-22-3p
expression was enhanced in hBMSCs-exosomes
(Figure 5(c)). To confirm whether hBMSCs-derived exo-
somes are rich in miR-22-3p, miR-22-3p expression was also
measured in transfected hBMSCs. miR-22-3p was obviously
upregulated in hBMSCs treated with miR-22-3p mimic,
while it was downregulated in miR-22-3p inhibitor treat-
ment hBMSCs (Figure 5(d)). In conclusion, exosomes de-
rived from hBMSCs which were transfected with miR-22-3p
mimics could effectively overexpress miR-22-3p, providing a
good basis for subsequent experiment.

3.6. miR-22-3p from hBMSCs-Exosomes Inhibited Cell Pro-
liferation and Invasion. To verify whether miR-22-3p from
hBMSCs-exosomes regulate CRC cell biological function,
CCK-8 and Transwell assays were conducted. Expression of
miR-22-3p was markedly enhanced and RAP2B expression
was notably reduced in SW480 cells treated with exo-mimic
(Figures 6(a) and 6(b)). However, the opposite trend of miR-
22-3p and RAP2B expression was observed in SW480 cells
treated with exo-inhibitor (Figures 6(a) and 6(b)). Moreover,
exo-mimic reduced RAP2B, PI3K, and p-AKTprotein levels,
all of which were opposite in exo-inhibitor group
(Figure 6(c)). Besides, the cell proliferation and invasion of
SW480 were observably decreased after exo-mimic treat-
ment, while exo-inhibitor could notably promote SW480 cell
proliferation and invasion (Figures 6(d) and 6(e)), sug-
gesting that miR-22-3p derived from hBMSCs exosome
repressed SW480 cell function.

4. Discussion

CRC is one of themost commonmalignant tumors in China,
and its incidence and mortality have increased year by year
[19]. CRC has high proliferative and antiapoptotic prop-
erties, and this is one of the main reasons for its poor
prognosis [20, 21]. Although the progression of CRC is a
multistage and multifactor participation process, gene
mutations and epigenetic changes are still the decisive
factors for starting and promoting the CRC progression [22].
*erefore, it has great significance to find effective diagnostic
molecular biomarkers and therapeutic targets for CRC.

In recent years, more and more evidence indicated that
MSCs play an important role in the development and
metastasis of certain tumors and that paracrine factors se-
creted by them may participate in these reactions [23].
Exosomes, as paracrine factors, carry a large number of
bioactive molecules and transfer their contents to adjacent
tumor cells, thereby inducing phenotypic modification of
the recipient cells [24, 25]. *e research of the interaction
between miRNAs from hBMSCs-exosomes and tumor has
become a hot topic. Some functional RNAs can be trans-
ferred into tumor cells by exosomes and play roles in some
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Figure 1: Expression of miR-22-3p was examined in CRC tissues and cells. (a) Expression of miR-22-3p was decreased in CRC tissues. (b)
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physiological and pathological processes, including miRNAs
[26]. Our current study explored the role of hBMSCs-
exosome-miR-22-3p in CRC.

Currently, there are few studies on miR-22-3p in CRC,
let alone its mechanism. Zhang et al. reported that miR-22
expression was reduced in CRC tissues, which was associated
with liver metastasis and poor overall survival [27]. Sha et al.
also found that miR-22-3p was downregulated in CRC and
that LINC00858 could directly target it to regulate its target
gene YWHAZ, thus promoting CRC progression [28]. Our
results showed that the expression of miR-22-3p in CRC was
decreased, which is in consistency with previous studies. In

order to explore the mechanisms of miR-22-3p in CRC,
RAP2B was predicted and confirmed as its target genes.
Besides, RAP2B was upregulated and negatively correlated
with miR-22-3p expression in CRC tissues. miR-22-3p
overexpression inhibited the expression of RAP2B, sug-
gesting that miR-22-3p targeted and negatively regulated
RAP2B.

RAP2B located on 3q25.2 is an oncogene that is highly
expressed in a variety of tumors and plays an important role
in promoting biological processes (such as tumor cell
proliferation, metastasis, etc.) [29, 30]. In this study, RAP2B
overexpression notably promoted CRC cell proliferation and

0

1

2

3

4
∗∗∗

##

Re
la

tiv
e m

iR
-2

2-
3p

 ex
pr

es
sio

n

miR-NC Mimic Anti-NC Inhibitor

(a)

0 1 2 3 4 5

miR-NC
Mimic

Anti-NC
Inhibitor

∗∗

∗

∗

##

#

#

Time (days)

O
D

 45
0 v

al
ue

1.0

0.5

0.0

1.5

(b)

miR-NC Mimic Anti-NC Inhibitor

miR-NC Mimic Anti-NC Inhibitor

0

50

100

150

200

∗

#

N
um

be
r o

f i
nv

as
iv

e c
el

ls

100μm 100μm 100μm 100μm

(c)

Figure 2: miR-22-3p regulated cell proliferation and invasion in CRC cells. (a) miR-22-3p expression in SW480 cells transfected with mimic
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invasion, and the facilitation was offset by miR-22-3p
overexpression. Besides, PI3K and p-AKT protein levels
were obviously increased by RAP2B overexpression, while
this was reversed by miR-22-3p overexpression. *us, we
suggested that miR-22-3p overexpression repressed cell

proliferation and invasion of CRC cells through RAP2B to
inactive PI3K/AKT pathways.

Furthermore, we found that the exosomes derived from
hBMSCs effectively expressed specific markers CD63,
Hsp70, and CD9 and contained abundant miR-22-3p after
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miR-22-3p mimic treatment. It was found that exosomes
from hBMSCs treated by miR-22-3p mimic enhanced miR-
22-3p and reduced RAP2B expression in CRC cells, while the
opposite trend was observed for exosomes from hBMSCs
treated with miR-22-3p inhibitor. Moreover, the cell pro-
liferation and invasion ability of CRC cells were observably
repressed by miR-22-3p derived from hBMSCs exosome.
Besides, p-AKTprotein level was also inhibited by hBMSCs-
exosome-miR-22-3p. All of above results were similar to
those in the transfection miR-22-3p mimic or inhibitor. *e
findings indicated that miR-22-3p carried by hBMSCs-
exosome played a suppressor role of CRC via RAP2B/PI3K/
AKT pathway.

Although our study verified that exosome-miR-22-3p
exerted a suppressor role in CRC, some shortcomings still
exist. If adequate clinical samples, in vivo animal experi-
ments, and other potential target genes or signaling path-
ways (key protein expression level in pathway, especially in
PI3K/AKT pathway) are added, the result could be more
credible. *us, there is still a need to conduct further clinical
verification and experiments.

5. Conclusions

Collectively, we demonstrated that exosome-miR-22-3p
derived from hBMSCs suppressed CRC cells proliferation

and invasion via suppressing RAP2B expression to inhibit
PI3K/AKT pathway, proposing that miR-22-3p might be-
come a potential marker for early diagnosis and treatment of
CRC patients.
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Background. Understanding the role of lncRNAs in the development of human malignancies is necessary for the targeted therapy
of malignant tumors, including esophageal cancer (EC). Nevertheless, the specific role and regulatory mechanism of lncRNA
WDFY3-AS2 in EC are still unclear. Here, we examined the functional role and regulatory mechanism of WDFY3-AS2 in EC.
Materials and Methods. RT-qPCR assay was applied to measure the expression of WDFY3-AS2 and miR-18a in EC samples and
cells. +e luciferase reporter and RIP assays were used to check the relationship between WDFY3-AS2, miR-18a, and PTEN.
Counting Clock Kit-8 (CCK-8) assay was carried out to detect cell viability, and transwell assays were used for measuring cell
migration and invasion. Results. Underexpression of WDFY3-AS2 was found in EC specimens and cells, which predicted a poor
prognosis of EC patients. Reexpression of WDFY3-AS2 repressed the progression of EC via inhibiting cell proliferation, mi-
gration, and invasion. Additionally, WDFY3-AS2 was negatively correlated with miR-18a and positively with PTEN. Fur-
thermore, we discovered that the expression of PTEN decreased by miR-18a mimic was rescued by WDFY3-AS2 overexpression.
Conclusions. WDFY3-AS2 modulates the expressional level of PTEN as a competitive endogenous RNA via sponging miR-18a in
EC, which suggests that the WDFY3-AS2/miR-18a/PTEN pathway might be involved in the progression of EC.

1. Introduction

Esophageal cancer (EC) is a malignant tumor with rapid
progression and poor prognosis and is one of the most
fatal diseases worldwide [1]. EC-related risk factors in-
clude consumption of foods containing amines nitrite
and fungal infection, as well as irritation from hot foods
and drinks [2]. Although significant progress has been
made in the treatment of EC, such as chemotherapy and
surgical resection, the prognosis of EC patients is still
poor, and the 5-year survival rate is low, only about 10%
[3, 4]. +us, it is essential to understand the pathogenesis
of EC and discover the possible therapeutic targets for
EC.

Long noncoding RNA (lncRNA) is a noncoding RNA
that cannot encode proteins, and its length exceeds 200 base
pairs [5]. Previous reports have discovered that LncRNAs
play essential roles in the occurrence and development of EC
[6]. In addition, there are enough pieces of evidence that
dysregulation of lncRNAs that modulate cancer-related
pathways could affect the progression of tumors, including
EC [7]. For instance, ZNF750 was involved in ESCC pro-
gression and emphasized its significance as a biomarker for
metastasis and prognosis [8]. Liang et al. discovered that
lnc01980 acted as an oncogenic lncRNA in modulating
ESCC proliferation, migration, and invasion [9]. Further-
more, Shen et al. verified that knockdown of AGAP2-AS1
showed suppressive effects on the migration and invasion of
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EC through miR-195-5p/FOSL1 pathway [10]. LncRNA
WDFY3-AS2 was first found to be increased in hepatocel-
lular carcinoma [11]. Moreover, WDFY3-AS2 was decreased
in triple-negative breast tumors and served as a potential
prognostic factor in TNBC development [12]. Li et al.
showed that overexpression of WDFY3-AS2 inhibited tu-
mor growth, cell migration, and invasion [13]. To our
knowledge, there are no reports on the role of WDFY3-AS2
in ESCC progression.

Previous literature demonstrated that miR-18a is sig-
nificantly increased in hepatocellular cancer [14] and glio-
mas [15]. Also, miR-18a was reported to involve in
nasopharyngeal carcinoma by suppressing SMG1 and ac-
tivating the mTOR pathway [16]. Nair et al. displayed that
miR-18a promoted the proliferative and migratory ability of
ER-positive breast cancer cells via activating Wnt signaling
[17]. In EC, miR-18a was highly expressed in plasma of EC
patients [18]. However, there are few reports about the role
of miR-18a in EC.

In the present study, we hypothesized that WDFY3-AS2
plays a critical role in regulating EC development with the
implication of miR-18a and PTEN.+us, we investigated the
regulatory mechanism of WDFY3-AS2 in the regulation of
EC cell proliferation, invasion, migration, and the rela-
tionships between WDFY3-AS2, miR-18a, and PTEN. Our
findings may provide new insights into the role of lncRNA-
miRNA-mRNA in EC.

2. Materials and Methods

2.1. Patients. +irty-six EC tissue samples and the corre-
sponding normal tissue samples were collected from EC
patients at Rizhao People’s Hospital, Rizhao, Shandong,
China. None of EC patients received preoperative radio-
therapy or chemotherapy before surgery. +e tissue samples
were stored at −80°C for further use. All patients provided
written informed consent and the study was approved by the
ethics committee of the Rizhao People’s Hospital, Rizhao,
Shandong, China (Approval no. 2018020078).

2.2. Cell Culture. Immortalized esophageal epithelial cell
SHEE and human esophageal cancer cell lines (ECA109,
YES2) were purchased from BeNa Culture Collection
(Beijing, China). +e cells were cultured in RPMI 1640
(Gibco, Invitrogen, Germany) medium containing 10% FBS
at 37°C 5% CO2. +e complete medium was updated reg-
ularly every 2-3 days. When the degree of fusion reached
80%, the cells were separated and passaged as usual.

2.3. Cell Transfection. +e siRNA for WDFY3-AS2 (si-
WDFY3-AS2) or PTEN (si-PTEN) was used to knock down
WDFY3-AS2 or PTEN. WDFY3-AS2 plasmid was subcl-
oned into the pcDNA3.1 vector to overexpress WDFY3-AS2
(pcDNA3.1-WDFY3-AS2). MiR-18a mimic, miR-18a in-
hibitor, and corresponding negative controls (NC-mimic
and NC-inhibitor) were purchased from GenePharma
Company (Shanghai, China). +e transfections were

performed using by Lipofectamine 2000 reagent (Invi-
trogen) following the instructions of the manufacturer.

2.4. RNA Isolation and Quantitative Real-Time RT-PCR
Assay. Total RNA was extracted using TRIzol kit (Invi-
trogen) following the instructions of the manufacturer.
cDNA was generated by Transcriptor First Strand cDNA
Synthesis Kit. GoTap®qPCRMasterMix (Promega) was used
to perform RT-PCR. GAPDH and U6 were employed as
endogenous controls by using the 2−ΔΔCt method.

2.5.Western Blot Analysis. RIPA lysis buffer was carried out
to extract total proteins following the instructions of the
manufacturer. BCA method was applied to determine the
protein concentration. After electrophoresed on 10% SDS-
PAGE gel and then transferred to PVDF membranes, the
proteins were blocked with 5% skim milk, followed by the
primary antibodies at 4°C overnight and secondary anti-
bodies for 1 h at 37°C. Finally, an ECL detection reagent was
used to visualize bands.

2.6. CCK-8Assay. ECA109 cells were suspended in a culture
medium containing 10% FBS and cultured for 24 h. +en,
they were seeded in a 96-well plate with 1× 103 per well.
After incubation for 24, 48, 72, and 96 h, CCK-8 reagents
were added and then incubated in a CO2 incubator for 2 h.
Finally, the optical density at 490 nm was measured.

2.7. Transwell Assays. 3×104 cells/well were added to the
upper chamber with a serum-free medium. +e lower
chamber was fixed with a fresh medium supplement with
10% FBS. For migration assay, ECA109 cells were incubated
at 37°C and 5% CO2 for 24 h. +e invasion test procedure
was the same except that the upper chamber was coated with
a matrix. After incubation for 48 h, the migration and in-
vasion cells were stained with 0.1% crystal violet. Finally, a
phase-contrast microscope was applied to observe EC cells.

2.8. RNA Immunoprecipitation (RIP) Assay. GFP antibody
and the Magna RIP™ RNA Binding Protein Immunopre-
cipitation Kit were carried out to perform RNA immuno-
precipitation (RIP) experiments following the
manufacturer’s instructions. +e expressional levels of
WDFY3-AS2 and miR-18a were measured by qRT-PCR
assay. IgG was used as a negative control.

2.9. Luciferase Reporter Assay. +e constructed pmirGLO-
WDFY3-AS2-WT, pmirGLO-WDFY3-AS2-Mut, pmir-
GLO-PTEN-WT, or pmirGLO-PTEN-MuT with miR-18a
mimic, miR-18a inhibitor, or negative control were
cotransfected into ECA109 cells using lipofectamine 2000.
After 48 h transfection, the firefly luciferase activity was
measured with Dual-Luciferase Reporter Assay System.
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2.10. Statistical Analysis. +e data were shown as mean± SD
and analyzed using SPSS 19.0 or GraphPad Prism 8.0. +e
statistical differences were assessed by Student’s t-test or
one-way ANOVA. P< 0.05 was considered as statistically
significant.

3. Results

3.1. Low Expression of WDFY3-AS2 in EC and Its Clinical
Significance. We first investigated WDFY3-AS2 expression
in EC tissue samples and cells by RT-qPCR. Downregulation
ofWDFY3-AS2 was found in EC tissue samples compared to
corresponding normal tissue samples (Figure 1(a)). More-
over, the expression level of WDFY3-AS2 in EC cells was
also higher than that in normal EC cells SHEE (Figure 1(b)).
36 EC patients were divided into a high expression group
and a low expression group according to the average of
WDFY3-AS2 expression. Results discovered that the higher
expression of WDFY3-AS2, the higher the survival time of
EC patients (Figure 1(c)). In addition, WDFY3-AS2 is
closely associated with tumor grading and TNM stage
(Table 1). All results indicate thatWDFY3-AS2 is involved in
the progress of EC.

3.2. Upregulation of WDFY3-AS2 Represses Proliferation,
Migration, and Invasion of EC Cells. Next, we investigated
the functional role of WDFY3-AS2 in EC cells.
pcDNA3.1-WDFY3-AS2 and sh-WDFY3-AS2 vectors
were adopted to overexpress and knockdown WDFY3-
AS2 in ECA109 cells. As shown in Figure 2(a), WDFY3-
AS2 expression was remarkably increased or decreased in
ECA109 cells after overexpression or knockdown of
WDFY3-AS2. +en, we detected the viability of EC cells
by CCK-8 assay. +e ECA109 cells transfected with
pcDAN3.1-WDFY3-AS2 displayed significantly de-
creased cell viability compared to ECA109 cells trans-
fected with pcDNA3.1-NC, while increased cell viability
in ECA109 cells transfected with sh-WDFY3-AS2
(Figure 2(b)). Transwell migration and invasion assays
displayed that overexpression of WDFY3-AS2 inhibited
the migration and invasion of ECA109 cells, whereas
knockdown of WDFY3-AS2 exerted the opposite effects
(Figures 2(c) and 2(d)).

3.3. WDFY3-AS2 Acted as a Sponge for miR-18a in EC.
To explore the molecular mechanism of WDFY3-AS2 in EC,
bioinformatic analysis was first carried out to predict the
possible binding site of WDFY3-AS2. miR-18a was obtained
as the candidate miRNA, and the predicted binding site of
miR-18a in WDFY3-AS2 is shown in Figure 3(a). +en,
miR-18a was chosen for the subsequent investigations.
Upregulation of WDFY3-AS2 decreased miR-18a expres-
sion and downregulation of WDFY3-AS2 increased the
expression of miR-18a (Figure 3(b)). Afterwards, luciferase
reporter assay and RIP assay were carried to verify the direct
binding ability of miR-18a and WDFY3-AS2. +e luciferase
assay results displayed that the luciferase activity was
inhibited or fortified by transfected with WDFY3-AS2-WT

and miR-18a mimic or inhibitor (Figure 3(c)). However,
there has no response to the alterations of miR-18a in
WDFY3-AS2-Mut (Figure 3(d)). RIP assay showed that the
expressions of WDFY3-AS2 and miR-18a were abundant in
Ago2 groups versus IgG groups (Figure 3(e)). +e results
demonstrated that WDFY3-AS2 could directly bind to miR-
18a in EC.

3.4. Overexpression of miR-18a Enhanced Proliferation, Mi-
gration, and Invasion of EC Cells. Next, we detected the
expressional level of miR-18a in EC specimens and results
found that miR-18a increased significantly in EC samples
compared to the normal samples (Figure 4(a)). Considering
the negative relationship between WDFY3-AS2 and miR-
18a in EC tissues (Figure 4(b)), we investigated the func-
tional role of miR-18a in EC proliferation, migration, and
invasion. As shown in Figure 4(c), ECA109 cells transfected
with miR-18a mimic displayed significantly increased cell
viability compared to ECA109 cells transfected with NC-
mimic, while decreased cell viability in ECA109 cells
transfected with miR-18a inhibitor. Transwell migration and
invasion assays displayed that overexpression of WDFY3-
AS2 inhibited the migration and invasion of ECA109 cells,
whereas knockdown of WDFY3-AS2 exerted the opposite
effects (Figures 4(d) and 4(e)).

3.5. PTEN Served as the Target of miR-18a. TargetScan da-
tabase was used to discover the target gene of miR-18a, and
PTEN was screened as the candidate gene (Figure 5(a)).
PTEN was reported to be highly expressed in diverse cancers
as an oncogene [19, 20]. We then tested PTEN expression in
EC tissue specimens. As shown in Figure 5(b), PTEN was
significantly increased in EC tissues. Moreover, we found
that miR-18a was negatively associated with PTEN in EC
tissues (Figure 5(c)). Overexpression of miR-18a decreased
the levels of PTEN in ECA109 cells, while knockdown of
miR-18a increased PTEN expression (Figures 5(d) and 5(e)).
+e luciferase assay results showed that the luciferase activity
was significantly inhibited or fortified by being transfected
with miR-18a mimic or inhibitor in the PTEN-WT group
(Figure 5(f )). +ese data suggested that PTEN was a direct
target of miR-18a.

3.6. WDFY3-AS2 Attenuated the Development of EC via
Modulating miR-18a/PTEN Axis. Next, rescue assays were
conducted to verify the role ofWDFY3-AS2/miR-18a/PTEN
in EC development. CCK-8 assay discovered that the de-
creased cell viability caused by overexpression of WDFY3-
AS2 was attenuated by upregulation of miR-18a or down-
regulation of PTEN (Figure 6(b)). Transwell migration and
invasion assays demonstrated that EC invasion and mi-
gration were repressed by increasing WDFY3-AS2 and re-
stored by upregulation of miR-18a or depletion of PTEN
(Figures 6(c) and 6(d)). +e results stated that WDFY3-AS2
might inhibit EC progression by regulating PTEN via miR-
18a.
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Figure 1: WDFY3-AS2 was decreased in EC. (a) Detection of WDFY3-AS2 expression in EC tissues by RT-PCR. (b) Detection of WDFY3-
AS2 expression in EC cell lines by RT-PCR. (c) +e overall survival of EC patients with high or low WDFY3-AS2 expression by the
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Table 1: Relationship between WDFY3-AS2 expression and clinical characteristics of EC patients.

Item Cases (n� 36)
WDFY3-AS2

P value
Low (n� 17) High (n� 19)

Age (years) 0.709
<60 16 7 9
≥60 20 10 10

Gender 0.194
Female 21 8 13
Male 15 9 6

Tumor location 0.342
Upper/middle 22 9 13
Lower 14 8 6

Tumor size 0.985
<4 cm 17 8 9
≥4 cm 19 9 10

Tumor grading 0.018 ∗
G1 12 9 3
G2/3 24 8 16

TNM stage 0.007 ∗
I-II 13 10 3
III-IV 23 7 16
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Figure 2: WDFY3-AS2 inhibited EC development. (a) +e transfection efficiency of WDFY3-AS2 in ECA109 cells after knockdown and
overexpression of WDFY3-AS2. (b) CCK-8 assay revealed WDFY3-AS2 effect on ECA109 cells proliferation. (c) Transwell migration assay
revealed WDFY3-AS2 effect on ECA109 cells migration. (d) Transwell invasion assay revealed the cell invasion of ECA109 cells after
overexpression or knockdown of WDFY3-AS2. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001.
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Figure 3: WDFY3-AS2 sponges for miR-18a. (a) +e speculated binding sites of miR-18a for WDFY3-AS2. (b) +e expressional level of
miR-18a affected by WDFY3-AS2 alterations. (c) +e luciferase activities of WDFY3-AS2 in response to miR-18a mimic or (d) miR-18a
inhibitor. (e) +e interplay between WDFY3-AS2 and miR-18a verified by RIP assay. ∗P< 0.05, ∗∗P< 0.01.
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4. Discussion

Esophageal cancer is a malignant tumor occurring in the
esophageal mucosa and is a common gastrointestinal tumor
in China [21]. Lack of potential biomarkers and unnoticed
early symptoms of potential EC patients often lead to
delayed diagnosis [22]. LncRNA has been reported to be
involved in the progression and prognosis of various human
tumors. In recent years, although lncRNAs have been
studied to assist in the clinical diagnosis of cancer as a
potential molecular biomarker, the effect is not evident in

EC. Previous studies have found that WDFY3-AS2 was
underexpressed in EC patients [23], which was consistent
with our findings that WDFY3-AS2 decreased in EC tissues
and cells. Moreover, we revealed that overexpression of
WDFY3-AS2 inhibited cell proliferation, invasion, and
migration, whereas inhibited WDFY3-AS2 showed the
opposite effect, suggesting the inhibitory role of WDFY3-
AS2 in EC progression.

Previous literature has highlighted the critical role of
lncRNAs and miRNAs in various biological processes of
cancers, including EC [24, 25]. In the current study, we
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Figure 6: WDFY3-AS2/miR-18a/PTEN axis attenuated EC development. ECA109 cells were transfected with pcDAN3.1-WDFY3-AS2
alone or cotransfected with pcDAN3.1-WDFY3-AS2 and miR-18a mimic or sh-PTEN (a) RT-PCR analysis of PTEN expression. (b) CCK-8
assay to detect ECA109 cells proliferation. (c) Transwell migration assay was performed to investigate ECA109 cells migration. (d) Transwell
invasion assay was performed to measure the cell invasion of ECA109 cells. ∗P< 0.05, ∗∗P< 0.01.
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demonstrated that miR-18a acted as a target of WDFY3-
AS2. Moreover,WDFY3-AS2 increased PTEN expression by
inhibiting miR-18a. +ese findings were consistent with the
previous study that WDFY3-AS2 binds to miR-18a and
WDFY3-AS2 negatively regulated miR-18a expression in
ovarian cancer cells. MiR-18a was upregulated in various
cancers, including EC [26]. However, its functional role in
EC has not been clarified. In this study, we discovered that
miR-18a was highly expressed in EC tissues and EC cells.
MiR-18a promoted EC cells proliferation, invasion, and
migration and WDFY3-AS2 attenuated the development of
EC via miR-18a/PTEN axis.

+e obtained results showed that PTEN was involved
in EC progression. PTEN has been reported to have an
oncogenic role in a variety of tumors. For instance, Xiang
et al. discovered that PTEN repressed cell proliferation
and inhibited apoptosis in lung cancer [27]. Besides,
PTEN served as a promoter in gliomagenesis by facili-
tating cell proliferation, tumor growth, and inhibiting
apoptosis [28]. Our study confirmed that the reexpression
of WDFY3-AS2 suppressed EC cell proliferation, inva-
sion, and migration by increasing PTEN expression via
miR-18a. However, our research is in the preclinical stage;
the mechanism of action involved is unclear. +erefore,
further evaluation of other relevant biomarkers is
recommended.

In conclusion, our study suggests that WDFY3-AS2 was
underexpressed in EC samples and cells. Low expression of
WDFY3-AS2 was associated with poor prognosis of EC
patients. Additionally, the reexpression of WDFY3-AS2
suppressed EC progression by miR-18a/PTEN axis.
WDFY3-AS2 may be a novel therapeutic and prognostic
target for EC.
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Objective. (e purpose of the study was to investigate the clinical effect of radiotherapy combined with capecitabine in rectal
cancer patients after neoadjuvant therapy.Methods. 80 rectal cancer patients who underwent neoadjuvant therapy in our hospital
from February 2016 to February 2018 were selected as the study subjects and divided into the control group (n� 40) and
experimental group (n� 40) according to the order of admission. Among them, the control group was treated with radiotherapy,
while the experimental group was treated with radiotherapy combined with capecitabine.(e therapeutic efficacy, CEA levels, the
incidence and recurrence rate of adverse reactions, as well as the progression-free survival and survival rate after 2-year treatment
were analyzed in the two groups. Results. (e effective rate of treatment in the experimental group of 87.5% (35/40) was
significantly higher than 50% (20/40) in the control group, with statistical significance (X2 �13.09, P< 0.001). After treatment, the
CEA levels in the two groups both decreased significantly, and the CEA level in the experimental group of 3.75± 1.76 ng/ml was
significantly lower than 7.35± 2.11 ng/ml in the control group, with statistical significance (T� 8.29, P< 0.001).(e incidence and
the recurrence rate of adverse reactions of 5% (2/40) and 10% (4/40), respectively, in the experimental group were significantly
lower than those of 40% (16/40) and 30% (12/40) in the control group, with statistical significance (X2 �14.05, 5.00, P< 0.001,
0.05). After the 2-year follow-up, it was found that the progression-free survival of 21.53± 6.23 months in the experimental group
was significantly longer than that of 18.18± 5.41 months in the control group, with statistical significance (T� 2.57, P< 0.05), and
the 2-year survival rate of 97.5% (39/40) in the experimental group was significantly higher than 80% (32/40) in the control group,
with statistical significance (T� 6.13, P< 0.05). Conclusion. Radiotherapy combined with capecitabine in rectal cancer patients
after neoadjuvant therapy can improve the therapeutic efficacy with fewer adverse reactions and longer patients’ survival, which is
worthy of popularization and application after neoadjuvant therapy for rectal cancer.

1. Introduction

Rectal cancer is a clinically common malignant tumor
disease [1]. (e location of rectal cancer is at the intersection
of rectosigmoid colon and dentate line, which makes the
anatomy more complex, with more difficulty in surgery. (e
majority of rectal cancer patients are middle-aged, and they
are gradually progressing towards a younger age [2–4]. At
present, the pathogenic factors of rectal cancer are still
unclear, but mainly might be related to diet, society, and
heredity. Because rectal cancer patients have no obvious
symptoms in the early stage, with the continuous progres-
sion of disease, patients will have diarrhea, bloody stools,

and other symptoms, which seriously threatens patients’
health [5, 6]. In recent years, neoadjuvant therapy has played
an active role in the clinical treatment of rectal cancer, but its
clinical effect for rectal cancer patients is not ideal. With the
continuous development of medical technology, radio-
therapy is still an essential part of neoadjuvant therapy for
rectal cancer, which can effectively inhibit tumor growth and
improve patients’ life quality. Capecitabine is an antimet-
abolic fluorouracil deoxynucleotide-based allophanate ester
that is converted into 5-FU in vivo [7], which can inhibit
protein synthesis and interfere with RNA and cell division.
Nowadays, it has been widely used in the clinical treatment
of breast cancer, gastric cancer, and rectal cancer [8]. (is
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study intended to investigate the clinical effect of radio-
therapy combined with capecitabine in rectal cancer patients
after neoadjuvant therapy and provide some references for
rectal cancer treatment.

2. Materials and Methods

2.1. General Information. (e patients with rectal cancer
who underwent neoadjuvant therapy in our hospital from
February 2016 to February 2018 were selected as the study
subjects and divided into the control group and experi-
mental group according to the order of admission. (ere
were no significant differences between the two groups in
general clinical data such as age and pathological classifi-
cation, with comparability (P> 0.05), as given in Table 1.

2.2. Inclusion/Exclusion Criteria

2.2.1. Inclusion Criteria

(1) Patients who met the WHO diagnostic criteria for
rectal cancer were clinically diagnosed as rectal
cancer in our hospital and received neoadjuvant
therapy

(2) Patients were or elder than 18 years old
(3) (is study has been approved by the hospital ethics

committee (no. 20160145)
(4) Patients and their family were informed of the whole

process of treatment and signed the informed
consent

2.2.2. Exclusion Criteria

(1) Patients had major organ diseases such as kidney,
liver, and heart diseases

(2) Patients had mental, cognitive, and behavioral
disorders

(3) Patients had the history of drug allergy
(4) Patients had inflammatory bowel disease and he-

reditary colorectal cancer

2.3. Methods. All patients were treated with radiation
therapy after neoadjuvant therapy.(e radiation instrument

Varian Clinac CX 10MV medical electronic linear acceler-
ator was adopted in this study. After simulated positioning,
CT enhanced scanning was performed, with the slice
thickness of 5mm. In the emphasized planning system,
coplanar multifield conformal irradiation was performed,
with the total dose of 60Gy∼66Gy (2Gy/d, 1 time/d, 5
times/week). On the basis of that, the experimental group
was treated with Xeloda capecitabine tablets (State Food and
Drug Administration approval number: H20073024; man-
ufacturer: Shanghai Roche Pharmaceutical Co., Ltd.), with a
total daily dose of 2500mg (1250mg/time, once 30 minutes
after breakfast and dinner by oral administration). After 14
days of continuous administration, the drug was dis-
continued for 7 days and 2 courses of treatment were carried
out in succession with each course lasting 21 days.

2.4. Evaluation Indexes

2.4.1. 1erapeutic Efficacy. (e therapeutic efficacy was
analyzed according to the response evaluation criteria in
solid tumors which were divided into complete remission,
partial remission, stable disease, and disease progression.
Complete remission refers to the disappearance of all tumor
lesions for 28 days. Partial remission refers to the reduction
of tumor lesion long diameter by more than 30% for 28 days.
Stable disease refers to the increase of tumor lesion long
diameter by less than or equal to 20% or the reduction by less
than or equal to 30%. Disease progression refers to the
increase of tumor lesion long diameter more than 20%. (e
effective rate of treatment� (complete remission + partial
remission)/total number of cases× 100%.

2.4.2. CEA Level. (e CEA (serum carcinoembryonic an-
tigen) levels before and after treatment were analyzed and
compared between the two groups.

2.4.3. Incidence of Adverse Reactions. Adverse reactions
such as nausea, vomiting, hand-foot syndrome, diarrhea,
myelosuppression, and mucocutaneous impairments were
analyzed and compared between the two groups.

2.4.4. Recurrence Rate. (e recurrence rate in the two
groups of patients was analyzed and compared.

Table 1: General clinical data of the two groups of patients.

Factors Control group (n� 40) Experimental group (n� 40) X2/T P

Gender Male 22 23 0.05 0.82Female 18 17
Average age — 55.32± 4.75 55.38± 4.26 0.06 0.95

Neoplasm staging Stage II 26 25 0.05 0.82Stage III 14 15

Pathological classification Mucinous carcinoma 3 4 0.16 0.69Adenocarcinoma 37 36

Differentiation
Poorly differentiated 11 12

0.22 0.90Moderately differentiated 15 13
Well differentiated 14 15
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2.4.5. Progression-Free Survival and Survival Rate.
Two-year follow-up was carried out for the two groups of
patients, and the progression-free survival and 2-year sur-
vival rate in the two groups were analyzed.

2.5. Statistical Treatment. (e data software SPSS18.0 was
adopted in this study to process and analyze the research
data. Measurement data were expressed by (x ± s) and
tested by the t-test. Enumeration data were expressed as (n
(%)) and tested by the X2 test. (e differences had statistical
significance when P< 0.05.

3. Results

3.1. Analysis of 1erapeutic Efficacy in the Two Groups of
Patients. (e effective rate of treatment in the experimental
group was significantly higher than that in the control group,
with statistical significance (X2 �13.09, P< 0.001), as given
in Table 2.

3.2. Analysis of CEA Levels in the Two Groups of Patients.
Before treatment, there were no significant differences in
CEA levels between the experimental group of
9.53± 3.96 ng/ml and the control group of 9.49± 3.86 ng/ml
(T� 0.05, P � 0.96), with no significant differences. After
treatment, CEA levels in the two groups both decreased
significantly, and the CEA level of 3.75± 1.76 ng/ml in the
experimental group was significantly lower than

7.35± 2.11 ng/ml in the control group, with statistical sig-
nificance (T� 8.29, P< 0.001), as shown in Figure 1.

3.3. Analysis of the Incidence of Adverse Reactions in the Two
Groups of Patients. (e incidence of adverse reactions in the
experimental group was significantly lower than that in the
control group, with statistical significance (X2 �14.05,
P< 0.001), as given in Table 3.

3.4. Analysis of Recurrence Rate in the TwoGroups of Patients.
(e recurrence rate of 10% (4/40) in the experimental group
was significantly lower than 30% (12/40) in the control
group, with statistical significance (X2 � 5.00, P< 0.05), as
shown in Figure 2.

3.5. Analysis of Progression-Free Survival and Survival Rate
after 2-Year Treatment in the Two Groups of Patients.
After two-year follow-up, it was found that the progression-
free survival of 21.53± 6.23 months in the experimental
group was significantly longer than 18.18± 5.41 months in
the control group, with statistical significance (T� 2.57,
P< 0.05). (e 2-year survival rate of 97.5% (39/40) in the
experimental group was significantly higher than 80% (32/
40) in the control group, with statistical significance
(T� 6.13, P< 0.05), as shown in Figures 3 and 4.

4. Discussion

Rectal cancer is a clinically common malignant tumor
disease, which commonly affects rectum [9–11]. Because
rectal cancer patients have no specific clinical symptoms in
the early stage, with the progression of disease, patients will
suffer from different degrees of constipation and diarrhea.
Nowadays, rectal cancer diseases are mostly detected by
proctoscope and digital rectal examination, and rectal cancer
masses are characterized by rapid growth, uneven surface,
and hard texture [12–14]. Surgical resection is currently one
of the most commonly used methods in the clinical treat-
ment of rectal cancer, but because most patients are diag-
nosed in the middle and late stage, the clinical efficacy of
surgical resection is not ideal, with high postoperative re-
currence rates. In recent years, with the continuous devel-
opment of medical level, neoadjuvant therapy has been
widely applied in clinical treatment. (e study of Bushati
et al. [15] has found that neoadjuvant therapy for patients
with advanced rectal cancer can improve their life quality. At
present, most scholars have pointed out that attention
should be paid to the following two aspects in the adjuvant
treatment of rectal cancer patients. One is that in the process

Table 2: (erapeutic efficacy in the two groups of patients.

Group Cases Complete remission Partial remission Stable disease Disease progression Effective rate of treatment
Control group 40 0 20 15 5 50% (20/40)
Experimental group 40 3 32 5 0 87.5% (35/40)
X2 — — — — — 13.09
P — — — — — P< 0.01
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Figure 1: CEA levels in two groups. Note: the abscissa from left to
right indicates before treatment and after treatment, while the
ordinate indicates the CEA level (unit: ng/ml). (e CEA level in the
experimental group is significantly lower than that in the control
group after treatment. ∗Statistical significance (T� 8.29, P< 0.001).
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of neoadjuvant treatment, individual differences of rectal
cancer patients should be paid much attention to, and
disease stages, physical fitness, and treatment compliance of
different patients should also be taken into consideration.
Another is that radiotherapy or chemotherapy alone is not as
effective as chemoradiotherapy because rectal cancer pa-
tients have distant metastases during the treatment.
(erefore, chemoradiotherapy should be adopted for

patients [16–18]. Although neoadjuvant therapy can im-
prove patients’ life quality, the recurrence rate after treat-
ment is still very high and the survival rate is not ideal.

Capecitabine is a new 5-FU prodrug. After oral ad-
ministration, patients convert fluoropyrimidine compounds
into 5-FU under the action of thymidine phosphorylase (TP)
in vivo. Due to the higher concentration of TP in tumor cells
and the lower concentration of TP in normal cells, the
activity of TP in tumor cells can be enhanced by radio-
therapy, and the effect of 5-FU can be further improved.
(erefore, radiotherapy combined with capecitabine in
rectal cancer patients after neoadjuvant therapy has great
advantages [19, 20]. In recent years, many scholars have
proposed that radiotherapy combined with capecitabine in
rectal cancer patients after neoadjuvant therapy can reduce
patients’ adverse reactions and has a positive effect on
improving patients’ survival rate [21, 22]. In this study, in
order to investigate the clinical effect of radiotherapy
combined with capecitabine in rectal cancer patients after
neoadjuvant therapy, the patients in the control group were
treated with radiotherapy, while the patients in the exper-
imental group were treated with radiotherapy combined
with capecitabine. (e results showed that the therapeutic
efficacy and CEA level in the experimental group were
significantly better than those in the control group, with
statistical significance (P< 0.05), indicating that the

Table 3: Incidence of adverse reactions in the two groups of patients.

Group Cases Nausea/
vomiting

Hand-foot
syndrome Diarrhea Myelosuppression Mucocutaneous

impairments
Incidence of adverse

reactions
Control group 40 4 2 5 2 3 40% (16/40)
Experimental
group 40 1 0 1 0 0 5% (2/40)

X2 — — — — — — 14.05
P — — — — — — P< 0.001
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Figure 2: Groups of patients with recurrence rate. Note: the
abscissa indicates the control group and experimental group, while
the ordinate indicates number of relapses (unit: case). (e number
of relapses in the experimental group is significantly less than that
in the control group. ∗Statistical significance (X2 � 5.00, P< 0.05).
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Figure 3: Progression-free survival of the two groups. Note: the
abscissa from left to right indicates the control group and ex-
perimental group, while the ordinate indicates progression-free
survival (unit: month). (e progression free survival in the ex-
perimental group was significantly longer than that in the control
group. ∗Statistical significance (T� 2.57, P< 0.01).
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Figure 4: 2-year survival rate of the two groups. Note: the abscissa
from left to right indicates the control group and experimental
group, while the ordinate indicates number of patients (unit: case).
(e 2-year survival rate in the experimental group was significantly
higher than that in the control group. ∗Statistical significance
(T� 6.13, P< 0.05).
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radiotherapy combined with capecitabine can reduce the
infiltration degree of tumor cells in patients.

Neoadjuvant therapy might increase adverse reactions,
decrease therapeutic tolerance, and increase the recurrence
rate in rectal cancer patients. (is study found that the
recurrence rate and the incidence of adverse reactions in the
experimental group were significantly lower than those in
the control group, with statistical significance (P< 0.05),
which was similar to the conclusion of Yu et al. [23] and
others. According to their study, radiotherapy combined
with capecitabine under the basis of neoadjuvant therapy
increased the safety of treatment and reduced the adverse
reactions as well as recurrence rate of patients, which fully
demonstrated that radiotherapy combined with capecitabine
can reduce adverse reactions.

According to Velenik et al. [24], radiotherapy combined
with capecitabine in patients after neoadjuvant treatment of
rectal cancer can improve the survival rate. In this study, it
was found that the progression-free survival and 2-year
survival rate in the experimental group were significantly
better than those in the control group, with statistical sig-
nificance (P< 0.05), which indicated that radiotherapy
combined with capecitabine can promote tumor regression,
thereby improving patients’ postoperative survival.

In conclusion, radiotherapy combined with capecitabine
in rectal cancer patients after neoadjuvant therapy can
improve the clinical efficacy with fewer adverse reactions
and longer patients’ survival, which is worthy of promotion
and application after neoadjuvant therapy for rectal cancer.

Data Availability

(e data used to support the findings of this study are
available from the corresponding author upon request.
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Background. Esophageal carcinoma (ESCA) is one of the malignant tumors with a high mortality rate worldwide, which seriously
affects people’s health. Calcium-activated chloride channel 4 (CLCA4) was reported to be a tumor inhibitor in hepatocellular
carcinoma. Nevertheless, the role of CLCA4 in ESCA is still unclear.Methods. RT-qPCR and western blot assay were used to test
the expression pattern of CLCA4 in ESCA tissues and cells. CCK-8 assay was performed to detect the effect of CLCA4 over-
expression on cell proliferation in ESCA cells. Transwell assay was used to measure the effect of CLCA4 upregulation onmigration
and invasion abilities of ESCA cells. Animal experiments were conducted to investigate the role of CLCA4 upregulation in tumor
growth in vivo. Results. CLCA4 was significantly reduced in ESCA tissues and correlated with T stage, differentiation, and lymph
node metastasis. CLCA4 overexpression was found to inhibit cell proliferation, migration, invasion, and EMT progression in
ESCA cells. Moreover, CLCA4 overexpression suppressed tumor growth in vivo. Conclusion. CLCA4 was suggested to act as a
tumor inhibitor in ESCA and might be a therapeutic target gene for the treatment of patients with ESCA.

1. Introduction

Esophageal carcinoma (ESCA) is one of the common di-
gestive tract tumors, mainly including esophageal squamous
cell carcinoma and esophageal adenocarcinoma [1]. -e in-
cidence of ESCA in China is high, accounting for 46.6% of the
world’s ESCA patients. According to research reports, the 5-
year survival rate of patients with ESCA is only 15∼ 25% [2],
which seriously affects people’s health and life safety [3]. -e
occurrence and development of ESCA is a complex process
including alcohol, smoking, dietary, multigene interaction
[4, 5], and environmental factors [6]. At present, the treat-
ment of ESCA mainly consists of surgery, radiotherapy, and
chemotherapy, but the treatment effect is still not ideal, and
themortality rate is still high.-erefore, in-depth study on the
pathogenesis of ESCA has become a hot topic, which provides
a basis for early diagnosis, timely and effective treatment, and
improving the survival rate of patients with ESCA.

-e calcium-activated chloride channel (CLCA) gene
family is located in the same region on chromosome p31-
p22. -e CLCA gene family has been reported to have a

variety of functions, including cell adhesion, tumor inhi-
bition, tumor promotion, and accessory molecules [7].-ere
are four kinds of CLCA regulatory proteins, namely, CLCA1,
CLCA2, CLCA3, and CLCA4 [8]. CLCA1 is the first CLCA
gene to be identified and cloned in human [9]. CLCA1 was
reported to be closely related to the regulation of cell me-
tastasis and immune invasion of colorectal cancer [10]. -e
CLCA2 gene can be used as a novel p53 inducible growth
inhibitor, and downregulation can promote the proliferation
of breast cancer cells [11]. CLCA3 may be involved in
regulating the pathogenesis of allergic rhinitis [12]. CLCA4
has a similar cellular structure to CLCA2, and it has been
found that CLCA4 plays a key role in EMT [13]. Yu et al.
showed that CLCA4 was less expressed in breast cancer cells
and CLCA4 downregulation promoted the proliferation of
breast cancer cells and induced epithelial-mesenchymal
transformation [13]. CLCA4 was found to repress cell mi-
grated and invasive abilities by inhibiting the EMT pathway
through the PI3K/AKT pathway in colorectal cancer [14].
-rough a literature search, the expression and function of
CLCA4 in esophageal cancer patients were not found.
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In this study, through bioinformatics analysis, it was
found that the expression of CLCA4 was low in esophageal
cancer tissues. Moreover, the low expression of CLCA4
promoted the cell progression of esophageal cancer cells in
vivo and in vitro. -is study provides a theoretical basis for
the development and prognosis of esophageal cancer.

2. Materials and Methods

2.1. Clinical Information. ESCA tissues and paracancerous
tissues were collected from 84 patients at Qingdao Hospital
of Traditional Chinese Medicine, Qingdao, Shandong,
China. Among the 84 patients with ESCA (age: 36–72 years,
mean: 54 years), 16 cases were female and 68 were male. All
ESCA patients were diagnosed pathologically and had not
received chemotherapy or radiotherapy before surgery. All
patients have signed informed consent before surgery. -is
study was approved by the ethics committee of the Qingdao
Hospital of Traditional Chines Medicine.

Inclusion criteria: ① all patients were diagnosed with
ESCA by pathological biopsy; ② all patients were
initially treated and had no family genetic history
Exclusion criteria: ① patients received radiotherapy,
chemotherapy, or other targeted treatment before
surgery; ② patients with other malignancies; and ③
patients with severe heart, liver, or renal insufficiency

2.2. Cell Culture and Cell Transfection. Esophageal epithelia
cells HEEC and ESCA cell lines TE-1, Eca-109, TE-10,
EC9706, and KYSE-150 were purchased from Shanghai
JingKang Bioengineering CO., LTD. (Shanghai, China). All
cells were cultured in the Roswell Park Memorial Institute
1640 (RPMI-1640) medium with 10% FBS at 37°C in a 5%
CO2 incubator.

Eca-109 cells and KYSE-150 cells were placed in a 6-
well plate and infected with pcDNA3.1 vector or
pcDNA3.1-CLCA4 vector. Cell transfection was performed
by Lipofectamine 2000 according to the manufacturer’s
instructions. After infection for 72 h, cells were collected to
detect the transfection efficiency by using RT-qPCR or for
other experiments.

2.3. RT-qPCR Analysis. RT-qPCR analysis was used to
detect the expression level of CLCA4 mRNA in ESCA
tissues and cells. Total RNA was extracted by adding Trizol
lysate. RNA concentration and purity were detected by
using an ultraviolet spectrophotometer, and the RNA was
stored in a −80°C refrigerator. -e reaction system was
configured according to the instructions of the reverse
transfection kit, and the cDNA was obtained by PCR
amplification. Subsequently, Ct values of each group were
detected by RT-qPCR. GAPDH was used as the internal
reference gene of CLCA4. -e 2−ΔΔCt method was carried
out to calculate the relative mRNA expression of CLCA4.
All primers were designed and synthesized by Shanghai
Sangon Biological Engineering Co., Ltd. (Shanghai, China).
-e primer sequences used in this study were GAPDH,

forward: 5′-TCCTCTGACTTCAACAGCGACAC-3′; re-
verse: 5′-TCTCTCTTCCTCTTGTGCTCTTGC-3′ and
CLCA4 forward: 5′-TTTGGGGCTCTTACATCAGG-3′;
reverse: 5′-GTGTCGTTCATCCAGGCATT-3′.

2.4. Western Blot Assay. Cells (1× 107 cells/mL) were lysed
with 100–150 μL lysate solution on ice for 1 h.-en, proteins
were collected by centrifugation at low temperature and high
speed. -e protein concentration was determined by BCA
protein quantitative assay. 30 μg protein wasmixed with SDS
buffer and boiled at 100°C for 5min for denaturation. After
10% Sodium Dodecyl Sulfate Polyacrylamide Gel Electro-
phoresis (SDS-PAGE), proteins were transferred to the
PVDF membrane. After blocked with 5% skim milk for 2 h,
the membrane was incubated with the primary antibody at
37°C for 2 h. After washed with TBST solution 3 times, the
membrane was incubated with the corresponding secondary
antibody for 1 h. After washing with TBST solution 3 times,
the protein expression of CLCA4 was detected by using the
luminescence image system.

2.5. Cell Counting Kit-8 (CCK-8) Assay. Cell proliferation
was measured by CCK-8 assay. 100 μL cells (1× 105 cells/mL)
were inoculated on a 96-well plate. 6 duplicate wells were set
in the same detection time group. -e plate was placed into
an incubator (37°C and 5% CO2). -en, 10 μL CCK-8 re-
agent was added to each group at 0, 24, 48, 72 h, respectively.
-e cells were cultured at 37°C for 1–4 h, until the color of
the medium changed. -e optical density of each well was
measured by using a microplate analyzer at 450 nm.

2.6. Transwell Assay. ESCA cell motility was detected by
Transwell assay. -e frozen Matrigel was liquefied and di-
luted (1mg/mL) and then added into the Transwell chamber.
After incubation at 37°C for 1 h, the chamber was washed
with the medium for 3 times. 100 μL cell suspensions
(2.5×104 cells/mL) was added into the upper chamber
previously uncoated withMatrigel (for the migration test) or
coated with Matrigel (for the invasion test), respectively.-e
lower chamber was added with normal Dulbecco’s Modified
Eagle’s Medium (DMEM) and cultured for 24 h (5% CO2
and 37°C). -e cells were absorbed, then fixed with para-
formaldehyde, and stained with crystal violet. After rinsed
with Phosphate Buffer Saline (PBS), the number of migrated
or invaded cells was counted under a light microscope. Five
fields were randomly selected to calculate the average value
of each well.

2.7. Animal Experiments. -e effect of CLCA4 on tumor
growth in vivo was detected by the tumor xenograft model.
Male BALB/C nudemice were obtained from Shanghai Slack
Laboratory Anima Co., Ltd. (Shanghai, China). Eca-109 cells
transfected with CLCA4 vector or vector were isolated by
0.25% trypsin and resuspended in phosphate buffered saline.
-en, the cell suspension was injected into the flank of mice
subcutaneously. -e transplanted tumors were weighed and
measured weekly. All mice were euthanized 5 weeks after
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inoculation. Animal experiments were carried out in ac-
cordance with the Animal Protection Law of the People’s
Republic of China-2009.

2.8. StatisticalAnalysis. Data were analyzed by SPSS20.0 and
GraphPad Prism 7.0 software. All data graphs were drawn by
GraphPad Prism 7.0 software. -e relationship between
CLCA4 expression and clinicopathological data in patients
with ESCA was determined by the rank-sum test. Differ-
ences between the two groups were detected by Student’s t-
test. p< 0.05 was considered statistically significant.

3. Results

3.1. CLCA4 Expression is Obviously Declined in ESCA. In
order to identify the role of CLCA4 in ESCA, the expression
level of CLCA4 was first tested in ESCA tissues and cells by
RT-qPCR and western blot assay. RT-qPCR results indicated
that CLCA4 expression was dramatically lower in ESCA
tissues than in nontumor tissues (Figure 1(a)). Likewise,
bioinformatics analysis displayed that CLCA4 was down-
regulated in ESCA tissues compared to the normal tissues
(Figure 1(b)). Western blot assay showed that CLCA4
protein expression was downregulated in 69.05% (58/84) of
ESCA samples (Figure 1(c)). As expected, we found that
CLCA4 expression was lower in TE-1, Eca-109, TE-10,
EC9706, and KYSE-150 cells than in esophageal epithelial
cells HEEC (Figure 1(d)).

To evaluate the effect of CLCA4 in ESCA patients, the
correlation between CLCA4 expression and clinicopatho-
logical factors in ESCA patients was analyzed. As shown in
Table 1, the expression of CLCA4 was closely correlated with
T stage (p � 0.024), differentiation (p � 0.039), and lymph
node metastasis (p � 0.048). Inversely, CLCA4 expression
was not significantly associated with tumor size (p � 0.575),
age (p � 0.513), and gender (p � 0.671). Furthermore,
univariate and multivariate logistic analyses were per-
formed. -e results displayed that CLCA4 expression was
significantly related to differentiation (Table 2). Hence, our
data indicated that CLCA4 was downregulated in ESCA and
might be a diagnostic marker of ESCA.

3.2. CLCA4 Overexpression Inhibits Cell Viability and EMT
Progression in ESCA Cells. Next, the biological function of
CLCA4 on the progression of ESCA was detected. We
transfected CLCA4 vector into KYSE-150 and Eca-109 cells.
-e transfection efficiency was detected by RT-qPCR assay.
We noticed that the expression of CLCA4 was obviously
elevated in KYSE-150 and Eca-109 cells after transfection
with CLCA4 vector (Figure 2(a)). -en, cell proliferation of
Eca-109 and KYSE-150 cells was explored by MTT assay.
Overall, ESCA cell proliferation was significantly inhibited
by overexpression of CLCA4 compared with the control
group (Figure 2(b)). To investigate the effect of CLCA4 on
EMT progression, western blot assay was carried out to
detect the relative expressions of EMT-related proteins (E-
cadherin, E-cadherin, and vimentin). Upregulation of
E-cadherin and downregulation of vimentin and N-cadherin

were detected in Eca-109 and KYSE-150 cells transfected
with CLCA4 overexpression (Figure 2(c)). -ese findings
indicated that CLCA4 might restrain cell viability and EMT
progression in ESCA cells.

3.3. CLCA4 Overexpression Inhibits Cell Migration and In-
vasion Capabilities in ESCA Cells. Furthermore, cell mi-
gration and invasion in ESCA cells were measured by
Transwell assay. In the migration experiment, after incu-
bation in a serum-free medium for 24 h, we found that the
number of migrated cells was remarkably reduced in KYSE-
150and Eca-109 cells with CLCA4 vector (Figure 3(a)).
Similarly, CLCA4 overexpression obviously decreased the
cell invasion ability of KYSE-150 and Eca-109 cells through
the basement membrane (Figure 3(b)). All data suggested
that overexpression of CLCA4might decrease the abilities of
cell migration and invasion in ESCA cells.

3.4. CLCA4 Overexpression Impairs Tumorigenicity of ESCA
Cells. To explore the function of CLCA4 on the tumori-
genicity of ESCA cells, the tumor xenograft experiment was
performed. Eca-109 cells transfected with CLCA4 vector or
vector were injected into the flank of nude mice. Every 7
days, the growth conditions of the tumors were recorded.
We noticed that the tumors with CLCA4 overexpression
(323.33± 25.17mm3) were dramatically smaller than the
control group (460.72± 36.06mm3) after 5 weeks
(Figure 4(a)). After 5 weeks, all mice were euthanized, and
the weight of CLCA4 vector tumors (0.68± 0.076 g) was
dramatically smaller than in the control group
(0.35± 0.095 g) (Figure 4(b)). -erefore, our results con-
firmed that the upregulation of CLCA4 inhibited tumori-
genicity in ESCA cells.

4. Discussion

ESCA is one of the common malignant tumors that en-
danger human health. -e incidence of ESCA is the tenth
most common cancer worldwide, and the mortality rate of
ESCA is the sixth in the world [15]. China is a region with a
high incidence of ESCA, accounting for 53.7% of the global
incidence of ESCA [16]. Although the incidence of ESCA has
declined in recent years, the death rate remains high. In
consequence, it is of great significance to further study the
mechanism for early diagnosis and survival rate improve-
ment of ESCA. Studying the pathogenesis of ESCA at the
genetic level can provide some theoretical basis for the di-
agnosis and treatment of ESCA.

Researchers have found that multiple genes are closely
related to the occurrence and development of human
cancers [17]. Wang et al. reported that SPINK5 acted as a
tumor suppressor by suppressing the Wnt/beta-catenin
pathway in ESCA [18]. Lan et al. proved that TRPM8 fa-
cilitated cell growth and immune evasion in ESCA cells [19].
RSRC2 was proved to be a tumor inhibitor and a prognostic
target gene inESCA [20]. In this article, we found that
CLCA4 was obviously downregulated in ESCA tissues and
cells. Simultaneously, CLCA4 expression was negatively
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correlated with T stage, differentiation, and lymph node
metastasis. Similar to our results, Hou et al. confirmed that
CLCA4 was at a low level in bladder cancer [21]. Moreover,
CLCA4 was reduced in colorectal cancer, and CLCA4 ex-
pression was associated with the overall survival rate of

patients with breast cancer, stomach cancer, colorectal
cancer, and head and neck cancer [22].

CLCA4 was reported to inhibited cell multiplication and
metastasis by inhibiting the PI3K/AKT signaling pathway in
bladder cancer [21]. CLCA4 was found to act as a tumor

Table 1: Association between CLCA4 expression and clinicopathological characteristics of patients with ESCA.

Number of cases
CLCA4 expression

p value
Low (n� 46) High (n� 38)

Age (years) 0.513
<60 30 15 15
≥60 54 31 23

Gender 0.671
Female 16 8 8
Male 68 38 30

Tumor size 0.757
<5 cm 56 30 26
≥5 cm 28 16 12

T stage 0.024∗
I-II 55 35 20
III-IV 29 11 18

Differentiation 0.039∗
Moderate/high 34 14 20
Low 50 32 18

Lymph node metastasis 0.048∗
Present 27 19 8
Absent 57 27 30

∗p< 0.05.
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Figure 1: CLCA4 expression is obviously declined in ESCA. (a) -e expression of CLCA4 in ESCA tissues was detected by RT-qPCR.
(b) -e GEPIA database displayed that the expression of CLCA4 was low in ESCA tissues. (c) -e protein expression of CLCA4 in 8 ESCA
tissues was detected by western blot. (d) -e protein expression of CLCA4 in ESCA cells. ∗∗p< 0.01.
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Figure 2: CLCA4 overexpression inhibits cell viability and EMTprogression in ESCA cells. (a) -e expression of CLCA4 in KYSE-150 and
Eca-109 cells with CLCA4 vector. (b) Cell proliferation in KYSE-150 and Eca-109 cells with CLCA4 vector was detected by CCK-8 assay.
(c) EMT progression in KYSE-150 and Eca-109 cells with CLCA4 vector was detected by western blot. ∗p< 0.05; ∗∗p< 0.01.

Table 2: Univariate and multivariate Cox regression models for estimating the overall survival.

Variable
Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value
Age (<60 vs. ≥60) 0.514 (0.347–1.647) 0.628 2.314 (1.345–3.547) 0.884
Tumor size (<5 vs. ≥5) 0.422 (0.214–0.847) 0.254 0.363 (0.094–0.921) 0.075
Gender (male vs. female) 0.647 (0.396–1.474) 0.341 0.421 (0.143–1.258) 0.069
T stage (I-II vs. III-IV) 1.671 (1.024–2.364) 0.044 0.694 (0.232–2.547) 0.055
Differentiation (moderate/high vs. low) 0.347 (0.127–0.843) 0.128 0.087 (0.029–0.647) 0.023∗
Lymph node metastasis (present vs. absent) 1.694 (1.235–2.684) 0.034∗ 0.987 (0.348–1.874) 0.058
CLCA4 (low vs. high) 1.549 (1.146–2.647) 0.024∗ 1.124 (0.654–2.367) 0.018∗

HR: hazard ratio; CI: confidence interval; ∗p< 0.05, ∗∗p< 0.01.
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suppressor gene in some cancers, but its role in ESCA is still
unclear. To investigate the role of CLCA4 in ESCA, the
functional experiments were performed by Eca-109 and
KYSE-150 cells. CCK-8 assay and Transwell assay were used
to explore the effect of CLCA4 on cell proliferation, mi-
gration, and invasion abilities. We found that CLCA4
overexpression obviously suppressed cell proliferation, cell
migration, cell invasion, and EMTprogression in ESCA cells.
-erefore, our findings confirmed that CLCA4 might block
tumor growth and motility in ESCA. In line with our
findings, CLCA4 was found to block cell migration and cell
invasion by inhibiting the EMT pathway through the PI3K/
ATK pathway in hepatocellular carcinoma [23]. CLCA4
overexpression was found to significantly decline the cell
proliferation and metastasis ability in head and neck
squamous cell carcinoma cells [24]. Furthermore, CLCA4
might be a target gene for primary colorectal cancer [25]. In
addition, the tumor xenograft experiment was performed to
detect the function of CLCA4 on the tumorigenicity in vivo.
We found that both the weight and volume of tumors were
significantly smaller than in the control group.

5. Conclusions

As far as we know, this is the first study to investigate the role
of CLCA4 in ESCA. Our study verified that CLCA4 ex-
pression was obviously declined in ESCA tissues. Besides,
the inhibitory effect of CLCA4 overexpression on cell
progression in vivo and in vitro had also confirmed it.
However, more studies are needed to confirm the specific
mechanism of CLCA4 in ESCA. Collectively, our study
confirmed that CLCA4 played a role as an antioncogene in
ESCA and could provide a basis for a potential treatment
approach for ESCA patients.

Data Availability

-e data used to support the findings of this study are
available from the corresponding author upon request.
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Background. Hepatocellular carcinoma (HCC) is a common malignant cancer worldwide. CXCL5 has a role in inhibiting cell
viability and metastasis in many tumors. In the present study, we investigated the role of CXCL5 in HCC and explored the
underlying mechanism. Material and Methods. RT-qPCR and western blot were performed to evaluate the mRNA and protein
levels of CXCL5. CCK-8 and transwell assay were applied to measure the proliferative and invasive abilities. Meanwhile, the
Kaplan–Meier method was used to assess the survival of HCC patients. Results. CXCL5 was upregulated in HCC tissues, which
predicted a shorter overall survival in HCC. CXCL5 was a target gene of miR-577, and its expression was mediated by miR-577 in
HCC. Knockdown of CXCL5 suppressed HuH-7 cell proliferation, invasion, and EMTand inhibited the NF-κB signaling pathway
in cells. Moreover, knockdown of CXCL5 inhibited the xenograft growth of HuH-7 cells. Conclusion. Overexpression of CXCL5
predicts poor prognosis in HCC patients. Knockdown of CXCL5 inhibits cell proliferation and invasion through the NF-κB
signaling pathway in HCC.*e newly identified role of the CXCL5/miR-577/NF-κB axis provides novel insights into the targeted
therapy of HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is a major cause of cancer
death, especially in Africa and Asia [1, 2]. Due to the
hepatitis C virus epidemic, the incidence of HCC is in-
creasing in Western countries [3]. *e current treatment for
HCC is limited to surgical resection, but resection results in a
recurrence rate of more than 70%within 5 years, while about
80% are not suitable for surgery [4]. *erefore, it is urgent to
explore potential biomarkers for the treatment.

C-X-C motif chemokine ligand 5 (CXCL5), known as
ENA-78 or SCYB5, is a member of the CXC subfamily of
chemokines; it binds the G-protein-coupled receptor che-
mokine (C-X-C motif) receptor-2 to recruit neutrophils, to
promote angiogenesis and to remodel connective tissues [5].
CXCL5 was thought to play roles in cell proliferation, mi-
gration, and invasion of cancer [6, 7]. CXCL5 citrullination
may exert inflammatory properties by recruiting monocytes

to inflamed joint tissue in a mouse model of inflammatory
arthritis [8]. CXCL5 acted as an important angiogenic factor
in idiopathic pulmonary fibrosis and non-small-cell lung
cancer [9, 10]. CXCL5 was involved in the interaction be-
tween cholangiocarcinoma cells and cancer-associated fi-
broblasts and inhibition of tumor-stromal interactions [7].
However, few studies have elucidated the roles of CXCL5 in
HCC. *us, the experiments were performed to explore the
vital functions of CXCL5 in HCC.

*e discovery of microRNAs (miRNAs) initiates a new
generation of cognition in HCC [11, 12]. miRNAs negatively
mediate gene expression through translational repression or
mRNA degradation to be involved in tumor development
[13]. According to a few reports, several miRNAs, including
miR-122, miR-325, miR-206, miR-122, and miR-224 played
crucial roles in HCC [14–17]. miR-577 acts as a tumor
suppressor to suppress tumor growth and enhances che-
mosensitivity in colorectal cancer [18]. According to a
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previous study, miR-577 regulated cell proliferation and
promoted G1-S phase transition in esophageal squamous
cell carcinoma [19]. Similarly, miR-577 inhibited pancreatic
β-cell function and survival in pediatric diabetes [20]. Wang
et al. reported that, in non-small-cell lung cancer, miR-577
suppressed cell growth and EMT in regulating WNT2B via
the Wnt/β-catenin pathway [21]. We observed that CXCL5
promoted HCC growth, cell invasion, the EMT, and the NF-
κB pathway in HCC.*e expression of CXCL5 was regulated
by miR-577 via directly targeting its 3’-UTR of mRNA.

2. Materials and Methods

2.1. Clinical Specimens. Pairs of HCC tissues and adjacent
tissues were collected from 48HCC patients at Shanghai East
Hospital affiliated to Tongji University School of Medicine,
Shanghai, China, from January 2016 to February 2021.
Specimens were immediately frozen in liquid nitrogen and
then stored at −80°C after surgery. All patients provided
written informed consent, and the ethics committee of
Shanghai East Hospital affiliated to Tongji University School
of Medicine approved this study.

2.2.CellCulture. HCC cells HuH-7 and a normal hepatocyte
cell L-02 were purchased from the American Type Culture
Collection (ATCC; Rockville, MD, USA). All cells were
incubated in the DMEMmedium (Invitrogen, Carlsbad, CA,
USA) with 10% FBS (Sigma-Aldrich, Louis, MO, USA) at
37°C in a humidified chamber with 5 % CO2.

2.3. Transfection. *e specific plasmids of shRNA-CXCL5
and their negative control were designed and synthesized at
Gene-Pharma (Shanghai, China). HuH-7 cells were trans-
fected and incubated in a 6-well plate. *e Lipofectamine
2000 Reagent (Invitrogen, USA) diluted using an Opti-
MEM/Reduced serum medium (*ermo Scientific, Shang-
hai, China) was used to perform the transfection. Geneticin
(G418; *ermo Scientific, Shanghai, China) was used to
select the stable transfection cells, while the transient
transfection cells were harvested after transfected for 48 h.

2.4. Quantitative Real-Time PCR. *e TRIzol Reagent
(Invitrogen) and miRNeasy Mini Kit (Qiagen, Hilden,
Germany) were employed to extract total mRNAs and
miRNAs from tissues or cells. *e Omniscript Reverse
Transcription Kit (Qiagen) and TaqMan miRNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA,
USA) were used for synthesizing the first cDNA chain; the
QuantiTect SYBR Green PCR Kit (Qiagen) and miRNA-
specific TaqMan miRNA Assay Kit (Applied Biosystems)
were used to carry out the qPCR in a Quantitect SYBR green
PCR system (Qiagen). *e relative levels of mRNA and
miRNA were derived using a 2−ΔΔCt method, and the
GAPDH and U6 small nuclear RNA were utilized for
normalization. *e primers used for RT-qPCR were as
follows: CXCL5 forward 5’-AGCTGCGTTGCGTTTGTT-
TAC-3’, reverse 5’-TGGCGAACACTTGCAGATTAC-3’;

GAPDH forward 5’-AAGGTGAAGGTCGGAGTCAA-3’,
reverse 5’-AATGAAGGGGTCATTGATGG-3’; miR-577
forward 5’-TGCGGTAGATAAAATATTGG-3’, reverse 5’-
GTGCAGGGTCCGAGGT-3’; and U6 forward
5’-GCTTCGGCAGCACATATACTAAAAT-3’, reverse 5’-
CGCTTCACGAATTTGCGTGTCAT-3’.

2.5. Western Blot Analysis. *e total proteins were lysed by
RIPA Lysis Buffer (Sigma, USA) containing 10% PMSF
(Sigma). SDS-PAGE was applied to separate the protein, and
then, the blots were electrotransferred to PVDF membranes
(Millipore, USA). After being blocked by 5% fat-free milk at
room temperature for 1 h, the membranes were incubated
with primary antibodies, such as CXCL5 (1 :1000; Abcam,
Cambridge, USA), E-cadherin (1 :1000; Abcam), N-cadherin
(1 :1000; Abcam), Vimentin (1 :1000; Abcam), p-P65 (1 :
1000, Abcam), and P65 (1 :1000, Abcam). Next, the blots
were incubated by a secondary anti-rabbit HRP-conjugated
antibody (Cell Signaling). *e protein signals were captured
using an Enhanced Chemiluminescence Detection Kit (ECL,
Pharmacia Biotech, Arlington, USA).

2.6. MTT Assay. *e HuH-7 cells were plated into 96-well
plates and cultivated for 24-, 48-, 72-, and 96 h. Total 20 μl of
MTT (5mg/ml, Sigma) was added into each well for 6 h of
incubation. Next, the supernatant was discarded and 100 μl
of DMSO (Sigma) was added to each well. After agitating for
10min, the absorbance at a wavelength of 570 nm was
evaluated using an ELISA reader (Bio-Rad, Hercules, CA,
USA).

2.7. Transwell Assay. *e transwell insert (8 μm membrane,
Corning, Cambridge, MA) was placed in a 24-well plate to
evaluate the cell invasive ability. *e HuH-7 cells were
suspended by the FBS-free RPMI-1640 medium and 200 μl
was added in the upper chamber, whereas the lower chamber
was filled with 500 μl medium containing 15% FBS, which
acted as an inducer. After the cells were incubated for 24 h at
37°C, the noninvasive cells on the upper surface were re-
moved by using cotton swabs. *e invasive cells were fixed
and stained using 4% paraformaldehyde and 10% crystal
violet, respectively, and the cells were counted under a
microscope (Olympus Corporation, Tokyo, Japan).

2.8. miRNA Target Prediction and Dual-Luciferase Reporter
Assay. TargetScan was used to perform the prediction of
target genes of miR-577, and we discovered that CXCL5 was
one of the potential target genes. *e binding sequence of
UUUAUCU and AAAUAGA was mutated to confirm that
miR-577 could not bind to the 3-UTR of CXCL5 mRNA in
HCC cells. *e wild type and the mutational 3’-UTR of
CXCL5 were inserted into the dual-luciferase reporter
vectors, which were namedWTor MUT.*e Lipofectamine
2000 Reagent (Invitrogen, USA) was used to cotransfect
miR-577 mimic and WT or MUT vector into HuH-7 cells.
Finally, the luciferase activity was measured using a dual-
luciferase reporter assay system (Promega, USA).
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2.9. Xenograft Assay in Nude Mice. All animal procedures
were performed in accordance with protocols approved by
the Institute Research Ethics Committee at Shanghai East
Hospital affiliated to Tongji University School of Medicine,
Shanghai, China. For the xenograft assay, 2×106 HuH-7
cells transfected with shRNA-CXCL5 or negative control
were subcutaneously injected into the left armpit of 5-week-
old BALB/C nude mice. Tumor volumes and body weights
were measured every 3 days, and tumor volumes were
calculated using the formula volume� 0.5× tumor length-
× tumor width2. After 26 days, CO2 was utilized for lethal
anesthesia in mice; then, the weights of tumor were
measured.

2.10. Statistical Analysis. All the statistical analyses were
performed using SPSS 16.0 software (IBM, Armonk, NY,
USA), and the data were presented as mean± SD. Student’s t
test was performed to compare the differences between two
groups; besides, one-way ANOVA was utilized to compare
the differences between three or more groups. *e associ-
ation between CXCL5 expression and the overall survival for
HCC patients was assessed by the Kaplan–Meier curve and
log-rank test. P< 0.05 was considered to be statistically
significant.

3. Results

3.1. Upregulation of CXCL5 Predicts Poor Prognosis of HCC
Patients. *e expression of CXCL5 in HCC tissues and
normal tissues was detected in the GEPIA database; although
the expression of CXCL5 has no significance in HCC tissues
than in normal tissues (Figure 1(a)), we observed that the
overexpression of CXCL5 in HCC patients predicted poor
prognosis (P< 0.05) (Figure 1(b)). In this study, the mRNA
level of CXCL5 was assessed in 48 pairs of HCC and adjacent
normal tissue, and we found that the expression of CXCL5
was overexpressed in HCC tissues as compared to adjacent
normal tissue (P< 0.05) (Figure 1(c)). *e Kaplan–Meier
method elucidated that the expression of CXCL5 was as-
sociated with poor overall survival of HCC patients
(P � 0.0208) (Figure 1(d)).

3.2. Knockdown of CXCL5 Inhibits Cell Invasion, the EMT,
and the NF-κB Signal Pathway in HuH-7 Cells. *e expres-
sions of CXCL5 were evaluated in HCC cells HuH-7 and a
hepatocyte cell L-02. Moreover, we found that the expression
of CXCL5 was lower in L-02 cells than that in HuH-7 cells
(P< 0.01) (Figure 2(a)). To assess the roles of CXCL5, shRNA-
CXCL5was employed to downregulate CXCL5 inHuH-7 cells,
and the transfection efficiency was calculated by RT-qPCR
(Figure 2(b)). Transwell assay was utilized to measure the
invasive ability after changing the expression of CXCL5 in
HuH-7 cells, andwe found that transfection of shRNA-CXCL5
enhanced the invasive ability (P< 0.05) (Figure 2(c)).

Moreover, the levels of EMT and pathway-associated
proteins were assessed by western blot in HuH-7 cells. We
found that knockdown of CXCL5 elevated the expression of
E-cadherin, while suppressing N-cadherin and Vimentin

expression in HuH-7 cells (Figure 2(d)), which suggested
that knockdown of the CXCL5 suppressed the EMT. In
addition, knockdown of CXCL5 inhibited the expression of
P65 and p-P65 in HuH-7 cells (Figure 2(e)), which proved
that knockdown of the CXCL5 inhibited the activation of the
NF-κB pathway. All the results revealed that knockdown of
CXCL5 inhibited cell invasion, the EMT, and the NF-κB
signaling pathway.

3.3. Knockdown of CXCL5 Suppresses the Growth of HCC In
Vitro and In Vivo. MTT assay was used to measure cell
proliferation after knocking downCXCL5 inHuH-7 cells, and
the results illuminated that transfection of shRNA-CXCL5
inhibited cell proliferative ability (P< 0.05) (Figure 3(a)). To
further explore the functions of CXCL5 in vivo, HuH-7 cells
transfected with shRNA-CXCL5 were used to perform tumor
formation in nude mice. *e HuH-7 cells that stably trans-
fected shRNA-CXCL5 or control plasmid were subcutane-
ously injected into the nude mice. *e volumes of xenograft
tumors were measured every 3 days, and the group of
transfecting shRNA-CXCL5 had a lower growth rate than the
control group, which indicated that silencing of CXCL5
inhibited the HCC growth in vivo (Figure 3(b)). After 26 days,
the nude mice were sacrificed. *e weights of xenograft were
calculated, and the tumor weights of the CXCL5 knockdown
group were lower than that of the control group (P< 0.05)
(Figure 3(c)), whereas the body weights were not significant
between the CXCL5 knockdown group and control group
(Figure 3(d)). *e morphology of the xenograft is shown in
Figure 3(e). All the findings indicated that silencing of CXCL5
inhibited the growth of HCC in vitro and in vivo.

3.4. CXCL5 Is a Target Gene of miR-577. CXCL5 was pre-
dicted to be a target gene of miR-577 using TargetScan, and
the binding site was located at 249 to 255 on the 3’-UTR of
CXCL5 mRNA. *e potential binding sites were mutated to
validate whether miR-577 directly binds to the potential
binding site of CXCL5 (Figure 4(a)). Furthermore, the lu-
ciferase reporter assay results proved that miR-577 reduced
the luciferase activity of HuH-7 cells that were transfected
with wild-type CXCL5 3’-UTR (P< 0.05); however, it makes
no difference on the luciferase activity of cells transfected with
mutated CXCL5 3’-UTR (P> 0.05) (Figure 4(b)). RT-qPCR
was employed to assess the expression of miR-577 in tissues
and cells. Moreover, we found that the expression of miR-577
in HCC tissues was lower than that in peritumoral normal
tissues (P< 0.05) (Figure 4(c)). Correlation analysis showed
that the expression of CXCL5 was negatively correlated with
miR-577 in tissues (Figure 4(d)). Similarly, miR-577 was less
expressed in the HCC cell line HuH-7 compared with the
hepatocyte cell line L-02 (P< 0.05) (Figure 4(e)). Moreover,
the mRNA levels of CXCL5 were evaluated after transfecting
miR-577 mimic in HuH-7 cells, and it showed that over-
expression of miR-577 inhibited the expression of CXCL5 in
HuH-7 cells (P< 0.05) (Figure 4(f)). All the results indicated
that miR-577 regulated the expression of CXCL5 via directly
targeting its 3’-UTR of mRNA in HCC cells HuH-7.
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Figure 1: Upregulation of CXCL5 predicts poor prognosis of HCC. (a) *e expression of CXCL5 in HCC tissues and normal tissues was
detected in the GEPIA database. T: tumor tissues; N: normal tissues. (b) *e GEPIA database showed that overexpression of CXCL5
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4. Discussion

HCC is one of the most common causes of cancer-related
deaths worldwide, with a lower 5-year survival rate [22, 23].
However, the molecular mechanisms involved in HCC re-
main poorly understood.

CXCL5 acts as an oncogene and enhances cell growth
and metastasis in several tumors, including bladder cancer,
pancreatic cancer, cervical cancer, and cutaneous melanoma
[24–27]. Previous studies reported that CXCL5 was over-
expressed in the intestinal epithelium in inflammatory bowel
disease and also in malignant pancreatic diseases [28, 29].
CXCL5 directly enhances tumor cell survival and prolifer-
ation in gastric cancer [30]. Consistent with the previous
studies, we observed that CXCL5 was upregulated in HCC
tissues compared to the normal tissues. Overexpression of
CXCL5 was associated with the poor prognosis of HCC
patients. Consistent with all the findings, we proposed that
CXCL5 was upregulated in the HCC cell line HuH-7
compared with the normal cell line L-02. Moreover,
knockdown of CXCL5 inhibited cell invasiveness and the
EMT abilities in the HCC line HuH-7. In colorectal cancer,
CXCL5 promoted tumor angiogenesis via the AKT/NF-κB
pathway [31]. We also revealed that knockdown of CXCL5
inhibited the NF-κB signaling pathway.

Numerous studies have shown that miRNAs were as-
sociated with translational repression and mRNA degra-
dation at the posttranscriptional level [32, 33]. Xue et al.
reported that miR-577 acted as a tumor suppressor to inhibit
cell proliferation, migration, and invasion in papillary
thyroid carcinoma [34]. Several reports showed that MiR-

577 suppressed metastasis and EMTof breast cancer [35]. In
addition, miR-577 suppressed tumor growth of HCC, which
was consistent with the findings in glioblastoma [36]. It is the
first time to propose that CXCL5 was a target gene of miR-
577 in HCC.

5. Conclusions

Overexpression of CXCL5 predicts poor prognosis in HCC
patients. Also, knockdown of CXCL5 impaired cell invasion
and EMT via the NF-κB signaling pathway in HuH-7 cells.
CXCL5 was a target gene of miR-577, and its expression was
regulated by miR-577 in HCC. *e newly identified role of
the CXCL5/miR-577/NF-κB axis provides novel insights
into the targeted therapy of HCC.

Data Availability

*e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

Acknowledgments

*e authors thank Dr. Lirui Tu and Dr. Jing Liu for helpful
conversations and Dr. Wei Li, Dr. Xiuguang Song, and Dr.
Hongwei Xu for assistance with the samples.

∗

L-02 HuH-7
0.0

0.5

1.0

1.5

Re
lat

iv
e e

xp
re

ss
io

n 
of

 m
iR

-5
77

∗

(e)

0.0

0.5

1.0

1.5

Re
lat

iv
e C

XC
L5

 m
RN

A
 ex

pr
es

sio
n 

le
ve

l

NC
miR-577 mimic

∗

HuH-7

(f )

Figure 4: CXCL5 is a target gene of miR-577. (a) CXCL5 was predicted to be a target gene of miR-577 using TargetScan. (b) *e luciferase
activity was calculated using the luciferase reporter assay vs. NC, ∗P< 0.05. (c) RT-qPCR was employed to assess the expression of miR-577
in tissues vs. HCC, ∗P< 0.05. (d) *e correlation analysis between CXCL5 and mir-577 in tissues. (e) *e expression of miR-577 was
measured in the HCC cell line HuH-7 and hepatocyte cell line L-02 vs. L-02, ∗P< 0.05. (f ) *e mRNA levels of CXCL5 were evaluated after
transfecting miR-577 mimic in HuH-7 cells vs. NC, ∗P< 0.05.

8 Journal of Oncology



References

[1] F. X. Bosch, J. Ribes, M. Dı́az, and R. Cléries, “Primary liver
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Objective. ,e purpose of the study was to investigate the therapeutic effect and nursing satisfaction of bedside nursing combined
with detail nursing in the gastroenterology department. Methods. 112 patients with gastrointestinal diseases admitted to our
hospital from November 2018 to November 2019 were selected as the study subjects and randomly divided into a research group
(n� 56) and reference group (n� 56).,e reference group received routine clinical nursing, while on this basis, the research group
received bedside nursing combined with detail nursing. After that, the clinical nursing effects of the two groups were compared.
Results. ,ere were no significant differences in sex ratio, age, BMI, smoking history, drinking history, marital status, and disease
types between the two groups (P> 0.05). ,e VAS scores in the two groups after intervention were significantly lower than those
before intervention (P< 0.01), and the VAS scores in the research group after intervention were significantly lower than those in
the reference group (P< 0.01). ,e nursing ability, nursing skills, and nursing responsibility in the research group were sig-
nificantly higher than those in the reference group (P< 0.01). ,ere were no significant differences between the two groups in the
number of patients who were satisfied and needed improvement (P> 0.05). Besides, the number of very satisfied cases in the
research group was significantly higher than that in the reference group (P< 0.05), and the number of unsatisfied cases was
significantly lower than that in the reference group (P< 0.05). ,e total incidence of clinical adverse events in the research group
was significantly lower than that in the reference group (P< 0.01). ,e gastrointestinal diseases related knowledge scores after
intervention were significantly higher than those before intervention (P< 0.01), and the gastrointestinal diseases related
knowledge scores after intervention in the research group were significantly higher than those in the reference group (P< 0.01).
,e GQOLI-74 scores after intervention in the two groups were significantly higher than those before intervention (P< 0.01), and
the GQOLI-74 scores after intervention in the research group were significantly higher than those in the reference group
(P< 0.01). Conclusion. ,e application of bedside nursing mode combined with detail nursing in gastrointestinal diseases can
effectively reduce patients’ pains, as well as the incidence of clinical adverse events, and improve patients’ life quality, with definite
curative effect, which is worthy of promotion and application.

1. Introduction

With the accelerating rhythm of people’s life, the number of
patients with digestive diseases has been increasing. Gas-
troenterology refers to the three-level clinical disciplines
with stomach, esophagus, large and small intestines,

gallbladder, and other diseases as the main contents, cov-
ering a wide range of diseases, and it has complex and
sophisticated clinical treatment and nursing operation [1–3].
At present, patients not only put forward higher require-
ments for clinical treatment effect but also have higher
requirements for daily nursing care. Due to the
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characteristics of high incidence and wide coverage, gas-
troenterology commonly occurs in all age groups; therefore,
with improved treatment effect, the quality and level of
clinical nursing care cannot be ignored [4–6]. Detail nursing
complies with this requirement, and its measures can ef-
fectively improve patients’ negative moods and make pa-
tients satisfied with the high-quality nursing services in
hospital. Detail nursing is the inheritance and innovation
based on the traditional clinical nursing, and it has been
recognized by the society through optimizing the nursing
process, changing the traditional doctor-patient commu-
nication mode, paying more attention to clinical details,
improving the satisfaction of clinical nursing, creating a
good nurse-patient relationship, and improving the overall
treatment level of the hospital [7–9]. Bedside nursing is a
brand-new nursing method that establishes responsibility
system groups and carries out level-to-level administration,
which can improve the responsibility consciousness of
nursing staff to a certain extent, reduce the incidence of
clinical adverse events, provide guarantee for clinical
treatment, make hospital nursing services closer to patients,
and establish a harmonious nurse-patient relationship.
Based on this, this study further explores the clinical effect of
bedside nursing combined with detail nursing in digestive
diseases, and now the summary reports are as follows.

2. Materials and Methods

2.1. General Information. ,is study was approved by the
Hospital Ethics Committee. 112 patients with gastrointes-
tinal diseases admitted to our hospital from November 2018
to November 2019 were selected as the study subjects and
randomly divided into a research group (n� 56) and control
group (n� 56).

2.2. InclusionCriteria. ① Patients met the diagnostic criteria
of digestive diseases.② Patients had complete clinical data.
③ ,e patients and their families were informed of the
purpose and process of this study and signed the informed
consent.

2.3. ExclusionCriteria. ① Patients had other organic lesions
in the brain, heart, kidney, and liver. ② Patients had cog-
nitive or communication disorders such as mental disorders.
③ Patients refused to cooperate with the study.

2.4. Methods. ,e clinical nursing was carried out in the
reference group through advising patients to take medicine
on time, keeping the ward environment clean and tidy,
implementing dietary intervention for patients, and moni-
toring various vital signs.

,e research group received bedside nursing combined
with detail nursing on the basis of routine clinical nursing.
Bedside nursing: ① primary nursing groups were estab-
lished, whose members were composed of a head nurse and
3 or 4 nurses. ,e head nurse, serving as the group leader,
arranged specific work according to the working ability of

each nurse. Besides, the primary nurses performed com-
prehensive nursing in clinical propaganda and education,
psychological counseling, medication guidance, and dietary
intervention. ② ,ree-level quality control was adopted.
,e first level referred to that nurses timely found existing
problems through self-inspection, self-evaluation, and other
ways and then took effective measures to solve them. ,e
second level referred to that the team leader timely checked
each team member’s nursing record sheets, patients’ med-
ication records, snd so forth, to supervise and correct their
work. ,e third level referred to that department leaders
developed specific work assessment mechanisms and guided
the daily work of each nurse.③Departments equipped each
group with a treatment vehicle and with the drugs and
instruments needed in the treatment process. Detail nursing:
① medical staff should actively communicate with patients,
eliminate their negative emotions, and explain the relevant
precautions during hospitalization. In addition, medical staff
should act gently with smiling when nursing patients so as to
establish a good doctor-patient relationship and make them
feel more love and care. ② Medical staff should pay at-
tention to appearance, face patients with a positive and
enthusiastic attitude, and leave a good mark for patients.③
Medical staff should pay attention to their own language
expression and tone of voice in clinical nursing to make
patients more acceptable.

2.5. Observation Indexes. ,e clinical data of the two groups
were compared and analyzed, which included gender, age,
body mass index (BMI), smoking history, drinking history,
marital status, and disease types.

,e pain degree before and after intervention was
evaluated by referring to the visual analogue scale (VAS)
[10], with the total score of 10 points, and higher scores
indicated higher pain degree.

,e Clinical Nursing Quality Scale made by the de-
partment was adopted to evaluate the clinical nursing quality
of the two groups, which included three items, such as
nursing ability, nursing skills, and nursing responsibility,
with each item totally scoring 50 points, and higher scores
indicated better nursing quality.

,e Patient Clinical Satisfaction Questionnaire prepared
by the hospital was used, and the patients were guided to fill
in it truthfully. According to the satisfaction level of clinical
nursing, the questionnaire can be classified as being very
satisfied, satisfied, needing improvement, and unsatisfied.

,e incidence of clinical adverse events during hospi-
talization was statistically compared between the two
groups.

,e Patient Disease Related Knowledge Scale prepared
by the department was adopted to evaluate the knowledge
mastery of gastrointestinal diseases in the two groups before
and after intervention, with the total score of 100 points, and
higher scores indicated better patients’ knowledge mastery
of gastrointestinal diseases.

Referring to Generic Quality of Life Inventory-74 [11]
(GQOLI-74), the life quality of the patients in the two groups
before and after intervention was evaluated. ,e scale was
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composed of four scoring factors, such as psychological
function, physical function, social function, and material life
state, with the total score of 100 points, and higher scores
indicated patients’ better life quality.

2.6. Statistical Methods. SPSS21.0 software was adopted to
statistically analyze and process the data in this study.
GraphPad Prism 6 (GraphPad Software, San Diego, USA)
was also used to draw pictures of the data. Measurement data
were expressed by (x± s) and tested by t-test. Enumeration
data were expressed as [n (%)] and tested by X2 test. ,e
differences had statistical significance when P< 0.05.

3. Results

3.1. Comparison of Clinical Data between the Two Groups.
,ere were no significant differences in sex ratio, age, BMI,
smoking history, drinking history, marital status, and dis-
ease types between the two groups (P> 0.05), as shown in
Table 1.

3.2. Comparison of VAS Scores between the TwoGroups before
and after Intervention. ,e VAS scores after intervention in
both groups were significantly lower than those before in-
tervention (P< 0.05), and the VAS scores after intervention
in the research group were significantly lower than those in
the reference group (P< 0.05), as shown in Figure 1.

3.3. Comparison of Clinical Nursing Quality between the Two
Groups. ,e nursing ability, nursing skills, and nursing
responsibility in the research group were significantly higher
than those in the reference group (P< 0.05), as shown in
Figure 2.

3.4. Comparison of Clinical Nursing Satisfaction between the
Two Groups. ,ere were no significant differences between
the two groups in the number of patients who were satisfied
and needed improvement (P> 0.05). ,e number of very
satisfied cases in the research group was significantly higher
than that in the reference group (P< 0.05), and the number
of unsatisfied cases was significantly lower than that in the
reference group (P< 0.05), as shown in Table 2.

3.5. Comparison of Clinical Adverse Events between the Two
Groups. ,e total incidence of clinical adverse events in the
research group was significantly lower than that in the
reference group (P< 0.05), as shown in Table 3.

3.6. Comparison of Gastrointestinal Disease Related Knowl-
edge Scores between the Two Groups before and after
Intervention. ,e gastrointestinal disease related knowledge
scores in the two groups after intervention were significantly
higher than those before intervention (P< 0.05), and the
gastrointestinal disease related knowledge scores in the
research group after intervention were significantly higher

than those in the reference group (P< 0.05), as shown in
Figure 3.

3.7.ComparisonofLifeQuality Scores between theTwoGroups
before and after Intervention. ,e GQOLI-74 scores in the
two groups after intervention were significantly higher than
those before intervention (P< 0.05), and the GQOLI-74
scores in the research group after intervention were sig-
nificantly higher than those in the reference group
(P< 0.05), as shown in Figure 4.

4. Discussion

,e gastroenterology department is one of the important
departments in the hospital which can treat a wide range of
diseases, with a high recurrence rate. ,erefore, while
treating gastrointestinal diseases, patients should be given
scientific and precise clinical nursing care [11–14]. Detail
nursing, as a patient-centered nursing concept and a nursing
standard, requires nurses to do their utmost to nurse pa-
tients and make patients feel more care from hospitals,
which can improve the clinical treatment effect and gain
acceptance from patients and their families on hospital
nursing work, thus promoting the improvement of hospital
nursing service quality [15, 16]. If the patients with digestive
system diseases are in critical conditions, there might be so
many risks in clinical nursing management; therefore, it is
particularly important to do a good job in basic nursing.
Traditional clinical nursing just simply divides nurses’ work
into different types, which results in confusion of respon-
sibilities, difficulty in adapting to the needs of clinical
nursing management, and irritation of nurse-patient con-
flicts, adversely affecting treatment [17]. In bedside nursing,
primary nursing teams are established and nurses are
assigned with different tasks according to their working
ability and patients’ needs so that each patient is nursed by a
primary nurse. In addition, the implementation of three-
level quality control and supervision system can effectively
improve the working ability of the nursing staff, and reduce
or avoid the occurrence of clinical adverse events, thereby
improving the nursing quality and ensuring the clinical
treatment effect [18, 19]. In this study, after the imple-
mentation of combined nursing intervention for patients
with gastrointestinal diseases, the VAS scores in the research
group were significantly lower than those in the reference
group. Pains would lead to adverse emotions which were
partly negative to the prognosis of the patients. Moreover,
the results of GQOLI-74 scores showed that the patients who
received combined nursing intervention express satisfactory
prognosis. ,e combined nursing intervention can relieve
the negative moods by communicating with the patients and
distracting patients’ attention to alleviate the pains.

In addition, bedside nursing and optimization of hier-
archical nursing management should also be implemented.
Primary nurses should not only take charge of patient care
and treatment but also promptly carry out self-examination
and self-correction. ,e team leaders need to supervise the
work of primary nurses to correct deficiencies. For the
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department leaders, they should supervise the daily work of
primary nursing, conduct a check-up system to compre-
hensively grasp the causes of clinical adverse events, analyze

the risk factors affecting the quality of care, and funda-
mentally ensure the smooth development of nursing services
[18, 20, 21]. ,is study showed that the incidence of clinical
adverse events in the research group was significantly lower
than that in the reference group, suggesting that the

Table 1: Comparison of clinical data between the two groups [n (%), (x± s)].

Types n Research group (n� 56) Reference group (n� 56) χ2/t P

Gender 0.146 0.703
Male 31 (55.36%) 33 (58.93%)
Female 25 (44.64%) 23 (41.07%)

Average age (years old) 40.73± 4.31 40.77± 4.35 0.049 0.961
BMI (kg/m2) 22.42± 1.65 22.46± 1.63 0.129 0.898
Smoking history 0.148 0.701
No 34 (60.71%) 32 (57.14%)
Yes 22 (39.29%) 24 (42.86%)

Drinking history 0.156 0.693
No 37 (66.07%) 35 (62.50%)
Yes 19 (33.93%) 21 (37.50%)

Marital status 0.373 0.541
Unmarried 49 (87.50%) 51 (91.07%)
Married 7 (12.50%) 5 (8.93%)

Disease types
Gastric polyps 16 (28.57%) 18 (32.14%) 0.169 0.681
Duodenal ulcer 19 (33.93%) 16 (28.57%) 0.374 0.541
Gastric ulcer 14 (25.00%) 17 (30.36%) 0.401 0.526
Esophagitis 7 (12.50%) 5 (8.93%) 0.373 0.541
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Figure 1: Comparison of VAS scores between the two groups
before and after intervention (x± s). Note: the abscissa indicates
before and after intervention, while the ordinate indicates the VAS
score. ,e VAS scores in the research group before and after in-
tervention were (6.03± 1.17) points and (3.27± 0.94) points, while
the VAS scores in the reference group before and after intervention
were (6.05± 1.12) points and (4.86± 0.83) points. ∗indicates that
there were significant differences in VAS scores in the research
group before and after intervention (t� 13.762, P< 0.001).
∗∗indicates that there were significant differences in VAS scores in
the reference group before and after intervention (t� 6.388,
P< 0.001). ∗∗∗indicates that there were significant differences in
VAS scores between the two groups before and after intervention
(t� 9.488, P< 0.001).

∗

∗∗

∗∗∗

Nursing abilityNursing skillsNursing responsibility
0

10

20

30

40

50

Cl
in

ic
al

 n
ur

sin
g 

qu
al

ity
 sc

or
e (

po
in

ts)

Research group
Reference group

Figure 2: Comparison of clinical nursing quality between the two
groups (x± s). Note: the abscissa indicates nursing responsibility,
nursing skills, and nursing ability, while the ordinate indicates
clinical nursing quality score (points). ,e scores of nursing re-
sponsibility, nursing skills, and nursing ability in the research
group were (34.94± 3.46), (30.28± 3.64), and (40.62± 3.25), re-
spectively. ,e scores of nursing responsibility, nursing skills, and
nursing ability in the reference group were (31.05± 3.53),
(23.74± 3.19), and (36.51± 3.21), respectively. ∗indicates that there
were significant differences in nursing responsibility between the
two groups (t� 5.889, P< 0.001). ∗∗indicates that there were sig-
nificant differences in nursing skills between the two groups
(t� 10.112, P< 0.001). ∗∗∗indicates that there were significant
differences in nursing ability between the two groups (t� 6.733,
P< 0.001).
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combined nursing intervention can effectively improve the
responsibility consciousness of nursing staff and reduce the
incidence of clinical adverse events. ,is study also revealed
that the combined nursing mode can significantly improve
patients’ clinical nursing satisfaction. Maddock et al. [22]
believed that digestive system diseases, due to the long

disease course, repeated medication, and high recurrence
rate, easily led to patients’ loss of confidence in treatment
and fear of their own diseases. With the application of
bedside nursing in patients with acute pancreatitis, it was
found that the number of patients who were very satisfied
with this nursing mode was 36, which was significantly
higher than 20 in the control group, and the number of

Table 2: Comparison of clinical nursing satisfaction between the two groups [n (%)].

Satisfaction Research group (n� 56) Reference group (n� 56) χ2 P

Very satisfied 33 (58.93%) 18 (32.14%) 8.1000 0.004
Satisfied 13 (23.21%) 15 (26.79%) 0.191 0.663
Needing improvement 7 (12.50%) 9 (16.07%) 0.292 0.589
Unsatisfied 3 (5.36%) 14 (25.00%) 8.391 0.004

Table 3: Comparison of clinical adverse events between the two groups [n (%)].

Group n Medication errors Aspiration Empyrosis Falling down Total incidence
Research group 56 0 (0.00%) 1 (1.79%) 0 (0.00%) 1 (1.79%) 3.57% (2/56)
Reference group 56 2 (3.57%) 3 (5.36%) 2 (3.57%) 1 (1.79%) 14.29% (8/56)
χ2 3.953
P 0.047
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Figure 3: Comparison of gastrointestinal disease related knowl-
edge scores between the two groups (x± s). Note: the abscissa
indicates before and after intervention, while the ordinate indicates
the gastrointestinal disease related knowledge scores. ,e gastro-
intestinal disease related knowledge scores in the research group
before and after intervention were (55.47± 4.36) points and
(93.23± 3.17) points, respectively. ,e gastrointestinal disease re-
lated knowledge scores in the reference group before and after
intervention were (55.51± 4.23) points and (68.35± 3.43) points,
respectively. ∗indicates that there were significant differences in the
gastrointestinal disease related knowledge scores in the research
group before and after intervention (t� 52.419, P< 0.01).
∗∗indicates that there were significant differences in the gastro-
intestinal disease related knowledge scores in the reference group
before and after intervention (t� 17.419, P< 0.001). ∗∗∗indicates
that there were significant differences in the gastrointestinal disease
related knowledge scores between the two groups after intervention
(t� 39.864, P< 0.001).
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Figure 4: Comparison of life quality scores between the two groups
before and after intervention (x± s). Note: the abscissa indicates
before and after intervention, while the ordinate indicates GQOLI-
74 score. ,e GQOLI-74 scores in the research group before and
after intervention were (56.54± 3.86) points and (83.47± 3.55)
points, respectively. ,e GQOLI-74 scores in the reference group
before and after intervention were (56.51± 3.90) points and
(74.53± 3.84) points, respectively. ∗indicates that there were sig-
nificant differences in GQOLI-74 scores in the research group
before and after intervention (t� 38.428, P< 0.01). ∗∗indicates that
there were significant differences in the GQOLI-74 scores in the
reference group before and after intervention (t� 24.638, P< 0.01).
∗∗∗indicates that there were significant differences in GQOLI-74
scores between the two groups after intervention (t� 12.793,
P< 0.01).
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patients who were unsatisfied was 4, which was significantly
lower than 18 in the control group, showing that the bedside
nursing could promote the establishment of a good nurse-
patient relationship and improve the patients’ nursing sat-
isfaction. In addition, the combined nursing intervention
can also improve the patients’ understanding of their own
diseases, improve their life quality, and increase the life
happiness index to a certain extent [23].

In conclusion, bedside nursing combined with detail
nursing can effectively reduce patients’ pains of gastroin-
testinal diseases, improve nursing quality and nursing sat-
isfaction, and reduce the incidence of clinical adverse events,
which is worthy of popularization and application. ,is
study investigated the effect of bedside nursing combined
with detail nursing in clinical nursing of the gastroenter-
ology department and provide some reference for nursing
improvement.
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Background. Hepatocellular carcinoma (HCC) has been regarded as the fifth most common cancer worldwide with a low
prognosis. miR-455 usually played the role of a tumor suppressor in multiple cancers. 'e aim of this study was to investigate the
roles of miR-455 in HCC. Materials and Methods. Cell viability and invasion were measured by CCK8 and Transwell assays.
Luciferase reporter assay was performed to verify that miR-455 directly binds to the 3′-noncoding region (UTR) of RAB18 mRNA
inHuh7 cells. Results.'e expression of miR-455 was lower in HCC tissues and cell lines than in nontumor tissues and normal cell
line, and downregulation of miR-455 was connected with worse outcome of HCC patients. miR-455 suppressed cell proliferation
in vitro and in vivo, and it inhibited the abilities of cell invasion and EMTin HCC. RAB18 was upregulated in HCC tissues and cell
lines, and the expression of RAB18 was regulated by miR-455. RAB18 reversed partial roles of miR-455 on cell viability and
invasion in HCC. Conclusion. miR-455 inhibited cell viability and invasion by directly targeting the 3′-UTR of RAB18 mRNA of
hepatocellular carcinoma.

1. Introduction

Hepatocellular carcinoma (HCC), the third major cause of
cancer-related death, is the fifth most common cancer
worldwide [1]. In recent years, the increase in the incidence
of HCC has been the result of a combination of factors,
especially the phenotype caused by hepatitis B or C virus
(HBV or HCV) infection [2, 3]. Despite significant advances
in treatment and diagnosis, surgery is the primary treatment
for patients with HCC. About half of HCC cases are ad-
vanced unresectable HCC, resulting in a poor prognosis [4].
'us, it is necessary to investigate the biomarkers for the
treatment and the pathogenesis of HCC.

MicroRNAs (miRNAs) are small noncoding endogenous
RNAs containing 19 to 25 nucleotides that promote post-
transcriptional control in regulating the expression of target

gene by binding to the 3′-UTR sequences of its mRNA [5].
Recently, increasing evidences elucidated that miRNAs was
involved in the cancer pathogenesis, including cell prolif-
eration, metastasis, and apoptosis [6]. Most reports found
that multiple miRNAs that include miR-548a, miR-1246,
miR-632, and miR-5692a played pivotal roles in HCC
[7–10]. miR-455 has been reported to act as a tumor sup-
pressor to inhibit cap-dependent translation and the pro-
liferation in prostate cancer [11]. Also, in gastric cancer,
miR-455 inhibited human cell proliferation and invasion
and promoted cell apoptosis [12]. In addition, miR-455
inhibited cell viability, while it induced cell apoptosis in
colorectal cancer [13]. However, miR-455 promoted cell
invasion and migration in triple-negative breast cancer [14].
'us, the pivotal roles of miR-455 in cell viability and
metastasis in HCC still needed to be explored.
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RAB18, a member of Ras-related small GTPases family,
belongs to members of the Ras oncogene superfamily of
small guanosine triphosphatases [15]. Accumulating evi-
dences have elucidated connection between the expression
of GTPases members and several diseases, including colo-
rectal cancer, lung cancer, and prostate cancer [16–18].
RAB18 regulates membrane trafficking in organelles and
transport vesicles, leading to a reduction in mature LDs and
lipid storage [19]. RAB18 binds to NS5A to improve the
interaction between sites of viral replication and lipid
droplets [20]. RAB18 is reduced in pituitary tumors,
resulting in acromegaly and restoration of excessive growth
hormone hypersecretion [21]. RAB18 was associated with
lipogenesis, lipolysis, and obesity in adipocytes [22]. How-
ever, the functions of RAB18 in HCC remain unclear; thus,
in the present study, we discovered that miR-455 inhibited
cell viability, invasion, and EMT by directly targeting to the
3′-UTR of RAB18 mRNA in hepatocellular carcinoma.

2. Materials and Methods

2.1. Patients andTissue Samples. A cohort of 98 patients who
underwent HCC were harvest from Yantaishan Hospital
during the period from January 2016 to November 2018.
None of the patients received preoperative treatment such as
chemotherapy and radiotherapy before surgery. All the fresh
tissues were snap-frozen in liquid nitrogen and stored at
−80°C until RNA extraction. 'e project protocol was
reviewed and approved by the Ethics Committee of
Zhangjiagang Hospital. All participants signed the written
informed consents before inclusion in this study.

2.2. Cell Culture. HCC cell lines HCC-LM3, Huh7, and Bel-
7402 and a normal liver cell L-O2 were obtained from
American Type Culture Collection (ATCC, Rockville, MD,
USA). All cells were cultured with Dulbecco’s modified
Eagle’s medium (DMEM, Invitrogen, CA, USA) supple-
mented with 10% FBS (Gibco, USA) at 37°C in a humidified
atmosphere containing 5% CO2.

2.3. Western Blot. Radioimmunoprecipitation assay (RIPA,
'ermo Fisher Scientific, Waltham, MA, USA) lysis buffer
containing PMSF was employed to separate total protein on
ice for 37°C. After centrifugation at 12,000× g for 20min at
4°C, the concentration of the protein was then quantified
using BCA Protein Assay Reagent Kit (Beyotime, Shanghai,
China). Equal amounts of protein for each sample were
loaded and separated on a 10% sodium dodecyl sulphate-
polyacrylamide gel (SDS-PAGE) before being transferred
onto a polyvinylidene difluoride (PVDF, Roche Diagnostics)
membrane. After blocking in 5% skim milk powder at room
temperature for 1 h, the membrane was incubated by pri-
mary antibodies overnight at 4°C. 'e primary antibodies
were RAB18 (1 :1000, Santa Cruz Biotechnology, Santa Cruz,
CA, USA), E-cadherin, N-cadherin, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH). Next, horseradish
peroxidase- (HRP-) conjugated secondary antibody (1 : 5000)
was conducted to incubate the membrane at room

temperature for 1 h. 'e Enhanced Chemiluminescence
(ECL) Kit (KeyGen Biotech, China) was applied to measure
the bands and imaged on a Tanon-5200 Chemiluminescent
Imaging System (Millipore, Bedford, MA, USA).

2.4. RNA Isolation and qRT-PCR. TRIzol reagent (Invi-
trogen, USA) was used to extract the total RNAs from tissues
and cell lines. 'e miRNA was reverse-transcribed using
miRNA first-strand complementary DNA (cDNA) synthesis
kit (Poly A Tailing; Sangon, China), while mRNA was re-
verse-transcribed using RevertAid First-Strand cDNA
Synthesis Kit ('ermo Fisher Scientific). Subsequently, qRT-
PCR was carried out using SYBR Premix Ex Taq kit (Takara)
on an ABI PRISM 7900 Sequence Detection System (Applied
Biosystems). 'e 2−ΔΔCq method was applied to analyze the
miRNA or mRNA expression with GAPDH or U6 was the
normalization. 'e primer pairs are shown in Table 1.

2.5. Cell Proliferation Assay. 'e cell proliferation was cal-
culated using cell counting kit-8 (CCK-8) assay (Dojindo
Laboratories, Kumamoto, Japan) in 96-well plates. After 24,
48, 72, or 96 h of culture, CCK-8 solution was added to each
well and cultivated for 3 h at 37°C. 'e plates were shook for
20min, followed by measuring the absorbance at 450 nm
using automatic multiwell spectrophotometer (Bio-Rad,
Richmond, CA, USA).

2.6. Invasion Assay. Invasive ability was evaluated using
Transwell insert (Corning Incorporated, Corning, New
York) covered with Matrigel (BD Biosciences). Briefly, the
cells were suspended in DMEM medium without FBS and
the cell suspension was placed in the upper well, while the
bottom well was filled with medium with 20% FBS that acted
as chemoattractant. After incubation at 37°C with 5% CO2
for 24 h, the cells that failed to pass through the membrane
were removed with cotton swabs. Meanwhile, the cells that
passed through the membrane were fixed with 100%
methanol for 15min and stained using 0.1% crystal violet
solution for 30min. Finally, a microscope (Olympus, Tokyo,
Japan) was utilized to count the invaded cells.

2.7. Cell Transfection. 'e miR-455 mimic, miR-455 in-
hibitor, and RAB18 overexpression plasmids, as well as
corresponding negative control, were obtained from Gen-
ePharma (Shanghai, China). Cells were placed in a 6-well
plate, and the transfections of special vectors were per-
formed using Lipofectamine 2000 Reagent (Invitrogen,
Carlsbad, CA, USA) following the manufacturer’s
instruction.

2.8. Dual-Luciferase Reporter Gene Assay. TargetScan pre-
dicted the miR-455 binding site at 3′-UTR of RAB18mRNA.
'e putative sequences of miR-455 on RAB18 mRNA were
mutated from GCACAUA to CGUGUAU. 'e wild type or
the mutated sequences of RAB18 mRNA were cloned into
pmiRGLO Vector, which were designated as pmiRGLO-
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RAB18-WT (WT) and pmiRGLO-RAB18-MUT (MUT),
respectively. 'e Huh7 cells were seeded and cotransfected
with pmiRGLO-RAB18-WT or pmiRGLO-RAB18-MUT
plasmid and miR-455 mimic or miR-455 NC using Lip-
ofectamine 2000 (Invitrogen, Carlsbad, CA, USA). Firefly
luciferase activity was assessed by dual-luciferase reporter
assay system (Promega, Madison, WI, USA), with Renilla
luciferase activity acting as normalization.

2.9. Construction of the Mice Xenograft Model.
Four-week-old nude mice were purchased from Vital River
Laboratory Animal Technology (Beijing, China). Huh7 cells
that transfected miR-455 mimic or control plasmids were
subcutaneously inoculated in the mice to build xenograft
tumor model. 'e volumes were calculated as
1/2× length×width2 of the tumor, which were measured
every 3 days. After cultivation for 26 days, the mice were
executed and the tumors dissected out.'e animal study was
also approved by the Research Ethics Committee of
Zhangjiagang Hospital.

2.10. Statistical Analysis. 'e data were indicated as
means± SD. 'e SPSS statistical software version 19.0 (IBM
Corp, Armonk, NY, USA) and GraphPad Prism 7.0
(GraphPad, San Diego, CA) were used to analyze all the data.
'e differences between two or more groups were compared
by Student’s t-test or one-way analysis of variance (ANOVA)
followed by the Student-Newman-Keuls post hoc test.
Values of P< 0.05 were considered to be statistically
significant.

3. Results

3.1. =e Expression of miR-455 in HCC. To investigate the
functions of miR-455 in HCC, qRT-PCR was conducted to
measure the expression of miR-455 in tissues or cell lines. As
a result, miR-455 had a low expression in HCC tissues versus
noncancerous tissues (P< 0.05) (Figure 1(a)). 'e expres-
sion of miR-455 was also evaluated in HCC cell lines HCC-
LM3, Huh7, and Bel-7402 and normal liver cell L-O2. As
expected, the expression of miR-455 was lower in HCC cell
lines HCC-LM3 (P< 0.05), Huh7 (P< 0.01), and Bel-7402
(P< 0.05) than in L-O2 cells (Figure 1(b)).

3.2. miR-455 Inhibits Cell Viability of HCC In Vitro and In
Vivo. To explore the roles of miR-455 in cell proliferation,

miR-455 mimic and miR-455 inhibitor were utilized to
upregulate (P< 0.01) or downregulate (P< 0.05) the ex-
pression of miR-455 in HCC cells Huh7, which was mea-
sured by RT-qPCR (Figure 2(a)). CCK8 assay showed
that the proliferative ability was decreased by transfecting
miR-455 mimic (P< 0.05) (Figure 2(b)). On the contrary,
miR-455 inhibitor increased the proliferative ability in
comparison with normal control (P< 0.05) (Figure 2(c)).

In addition, Huh7 cells stably transfected with miR-455
mimic had a slower growth rate in vivo (Figure 2(d)). After
26 days of cultivation, the nude mice were executed and the
volume of the xenograft tumor was calculated. Not unfor-
tunately, tumors of miR-455 overexpressed group had a
smaller volume than that of control group (P< 0.05)
(Figure 2(e)). All results elucidated that miR-455 suppressed
the growth of HCC in vitro and in vivo.

3.3.miR-455 Impairs Cell Invasion and the EMTinHCCCells.
Transwell assay was performed to calculate cell invasion in
Huh7 cells transfected with miR-455 mimic or miR-455
inhibitor. As expected, the invasive ability was reduced by
miR-455 mimic (P< 0.05), while it was improved by miR-
455 inhibitor in Huh7 cells (P< 0.05) (Figure 3(a)). Fur-
thermore, proteins associated with EMT markers, such as
E-cadherin and N-cadherin, were measured using western
blot. As a result, the expression of N-cadherin was inhibited,
while the expression of E-cadherin was improved by miR-
455 mimic. On the contrary, miR-455 inhibitor enhanced
the expression of N-cadherin, whereas it decreased the
expression of E-cadherin in Huh7 cells (Figure 3(b)).

3.4. miR-455 Directly Targets the 3′-UTR of RAB18 mRNA.
TargetScan predicted RAB18 was a potential target of miR-
455 at 96–102 on the 3′-UTR. To verify miR-455 binding to
the 3′-UTR of RAB18 mRNA, the putative binding se-
quences were mutated from GCACAUA to CGUGUAU, as
shown in Figure 4(a). 'e miR-455 mimic and the wild type
or the mutant 3′-UTR were cotransfected in Huh7 cells,
followed by calculating the luciferase ability. As expected,
miR-455 mimic reduced the luciferase ability of wild type
mRNA 3′-UTR (P< 0.05), whereas it did not alter the
mutant 3′-UTR (P> 0.05) (Figure 4(b)). Furthermore, the
expression of RAB18 was assessed after transfection with
miR-455 mimic or inhibitor. 'e expression of RAB18 was
decreased by miR-455 mimic (P< 0.05), while it was en-
hanced by miR-455 inhibitor in Huh7 cells (P< 0.05)
(Figure 4(c)).

3.5. RAB18 Restores Partial Functions of miR-455 on Cell
Viability and Invasion. To investigate the roles of RAB18 in
HCC, the expression of RAB18 was assessed in tissues and cell
lines by RT-qPCR. Not unfortunately, RAB18 was overex-
pressed in HCC tissues versus nontumor tissues (Figure 5(a)).
In cells, the expression of RAB18 was higher in HCC-LM3
(P< 0.05), Huh7 (P< 0.01), and Bel-7402 (P< 0.05) cells than
in L-O2 cells (Figure 5(b)). To investigate the inhibitory effect
of miR-455 on cell proliferation and invasion CCK8 and

Table 1: Primer sequences for RT-qPCR.

Gene Primer sequences

miR-455 Forward 5′-CGAGCTTCCTTCTGCAGGT-3′
Reverse 5′-CACCACTGCCATCCCACA-3′

U6 Forward 5′-TGCGGGTGCTCGCTTCGCAGC-3′
Reverse 5′-CCAGTGCAGGGTCCGAGGT-3′

RAB18 Forward 5′-CAGGGAAGAAGGCCAAGGAG-3′
Reverse 5′-CCCGGGGTCGATGGAGT-3′

GAPDH Forward 5′-GAAGGTGAAGGTCGGAGTC-3′
Reverse 5′-GAAGATGGTGATGGGATTTC-3′
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Figure 1: 'e expression of miR-455 in HCC. (a) 'e expression of miR-455 was low in HCC tissues versus noncancerous tissues vs NT,
∗P < 0.05. (b) 'e expression of miR-455 was lower in HCC cells than in normal cells vs L-O2, ∗P < 0.05; ∗∗P < 0.01.
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Transwell assays were performed in miR-455 mimic-trans-
fected Huh7 cells. RAB18 overexpressed plasmid was
transfected in miR-455 mimic-transfected cells and the effi-
ciency was calculated by RT-qPCR (Figure 5(c)). CCK8 result
revealed that cotransfection with RAB18 overexpressed
plasmid and miR-455 mimic increased cell proliferation
versus only transfected miR-455 mimic (P< 0.05)
(Figure 5(d)). Moreover, Transwell assay elucidated that
overexpressing RAB18 improved cell invasive ability in miR-
455 mimic-transfected cells (P< 0.05) (Figure 5(e)). All re-
sults validated that RAB18 reversed partial functions of miR-
455 on cell viability and invasion in HCC cells.

4. Discussion

Although treatment with HCC has improved, recurrence
and metastasis often occur, and the 5-year overall survival
rate remains low [23, 24]. 'erefore, it is important to
identify growth and metastasis mechanisms and develop
biomarkers that improve patient outcomes.

Increasing evidence indicates that miRNAs have a major
impact on cancer growth and metastasis and are associated
with tumor development and progression [25, 26]. A pre-
vious study showed that miR-455 functioned as a tumor
suppressor to inhibit cell proliferation and migration in
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Figure 2: miR-455 inhibits cell viability of HCC in vitro and in vivo. (a) miR-455 mimic and miR-455 inhibitor were used to upregulate or
downregulate the expression of miR-455 vs mimic NC or inhibitor NC, ∗P< 0.05, ∗∗P< 0.01. (b)'e proliferative ability was decreased after
transfection with miR-455 mimic vs mimic NC, ∗P< 0.05. (c) miR-455 inhibitor increased proliferative ability in comparison with normal
control vs inhibitor NC, ∗P< 0.05. (d) miR-455 suppressed the growth of HCC in vivo vs inhibitor NC, ∗P < 0.05; ∗∗P< 0.01. (e) Tumors of
miR-455 overexpressed group had a smaller volume than that of control group vs inhibitor NC, ∗P< 0.05.
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colorectal cancer [27]. Methods were referred to previous
studies [28]. Consistent with the findings in colorectal
cancer, we discovered that the expression of miR-455 was
low in HCC tissues and cell lines versus the nontumor
tissues and normal cells. What is more, our results were
consistent with the findings in esophageal squamous cell
carcinoma, miR-455 acted as a prognostic marker, and
downregulation of miR-455 was connected with worse
outcome of HCC patients [29]. miR-455 suppressed cell

proliferation of HCC in vitro and in vivo, which was con-
sistent with the findings in breast cancer [30]. What is more,
miR-455 impaired cell proliferation and invasion in colorectal
cancer [31]. We also found that miR-455 suppressed cell
invasive ability in HCC. In addition, miR-455 suppressed the
EMT phenomenon of HCC by downregulating N-cadherin
expression but upregulating E-cadherin.

RAB18 promoted cell viability, invasion, and migration
and impaired cell apoptosis in gastric cancer [32]. In addition,
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Figure 3: miR-455 impairs cell metastasis of HCC cells. (a) miR-455 mimic reduced the invasive ability, while miR-455 inhibitor improved
that in Huh7 cells vs mimic NC, ∗P < 0.05. (b) miR-455 inhibited the EMT ability in Huh7 cells.
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interference of RAB18 suppressed cell viability of non-small-
cell lung cancer [33]. In this study, the expression of RAB18
was significantly mediated by miR-455, which was consistent
with the findings in gastric cancer where miR-455 targeted

RAB18 through directly binding to the 3′-UTR of RAB18
mRNA [34]. What is more, we discovered that RAB18 was
overexpressed in HCC tissues and cell lines. RAB18 reversed
partial roles of miR-455 on cell viability and invasion in HCC.

3′UTR WT 5′-...GGGACCUUGCAGUUUGCACAUAA...3′

hsa-miR-455 3′-...GCUACAUCAGGUUUCCGUGUAU...5′

3′UTR MUT 5′-...GGGACCUUGCAGUUUCGUGUAUA...3′

Site: 96–102 of RAB18
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5. Conclusion

'e expression of miR-455 was low in HCC tissues and cell
lines, and downregulation of miR-455 was connected with
worse outcome of HCC patients. miR-455 suppressed cell
growth in vitro and in vivo and suppressed the abilities of
cell invasion and EMT in HCC. miR-455 regulated cell
viability and invasion by directly targeting the 3′-UTR of
RAB18 mRNA. RAB18 reversed partial roles of miR-455 on
cell viability and invasion in HCC.
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,e functions of long noncoding RNAs (lncRNAs) have been widely investigated in human cancers, including gastric cancer
(GC). ,e purpose of this study was to elucidate the role of lncRNA HCG11 in GC. In this study, mRNA and protein expressions
were detected by quantitative real-time polymerase chain reaction assays (RT-qPCR) andWestern blot analysis. ,e proliferation
ability of GC cells was examined by (3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyl Tetrazolium Bromide) MTTassays. ,e invasion
andmigration abilities of GC cells were evaluated by Transwell assays.,e binding sites betweenmiR-942-5p and HCG11/BRMS1
were confirmed by dual-luciferase reporter assays. Results showed that LncRNA HCG11 was downregulated in GC cells.
Functionally, overexpression of HCG11 inhibited GC cell proliferation, migration, and invasion. In addition, lncRNAHCG11 was
found to act as a molecular sponge of miR-942-5p. Furthermore, miR-942-5p promoted GC progression by suppressing lncRNA
HCG11 expression. Besides that, BRMS1 was confirmed as a direct target of miR-942-5p. More importantly, breast cancer
metastasis suppressor 1 (BRMS1) inhibited GC progression by upregulating lncRNAHCG11 and downregulating miR-942-5p. In
conclusion, LncRNA HCG11 inhibited cell proliferation, migration, and invasion in GC by sponging miR-942-5p and
upregulating BRMS1.

1. Introduction

Gastric cancer (GC) is a malignant tumor originating from
the gastric mucosal epithelium, and its incidence has been
increasing in recent years. Moreover, GC not only causes
damage to the digestive system but also may cause me-
tastasis, affecting liver, kidney, and respiratory function [1].
Previous studies have shown that the tumorigenesis of GC
may be related to smoking, high salt intake, viral infection,
and heredity [2]. Although the current medical technology
has made significant progress, the five-year overall survival
rate of GC patients in China is still not optimistic,
maintaining around 30% [3]. Recently, targeted therapy has

become a hot spot for the treatment of cancer, including
GC. ,erefore, finding effective therapeutic targets is of
great significance for improving the survival rate of GC
patients.

As widely recognized targets, long noncoding RNAs
(lncRNAs) have been reported to act as tumor suppressors
and oncogenes in human cancers [4]. In addition, the
functions of lncRNAs have been identified in GC [5]. For
example, upregulation of lncRNA AWPPH inhibited pro-
liferation and invasion of GC cells via miR-203a/DKK2 axis
[6]. On the contrary, lncRNA SNHG8 promoted prolifer-
ation and invasion of GC cells by targeting the miR-491/
PDGFRA axis [7]. Recently, the specific roles of lncRNA
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HCG11 in other cancers caught our attention. Low ex-
pression of lncRNA HCG11 has been found in glioma and
prostate cancer. Furthermore, lncRNAHCG11 inhibited the
progression of glioma and prostate cancer [8, 9]. However,
the dysregulation of HCG11 in GC remains unrevealed and
needs to be illuminated. To further explore the regulatory
mechanism of HCG11 in GC, miR-942-5p was predicted to
be a downstream regulator of HCG11.

Previous studies have reported that miR-942-5p can be
involved in the pathogenesis of human cancers. Upregu-
lation of miR-942-5p has been detected in Huntington’s
disease and Kaposi’s sarcoma and metastatic renal cell
carcinoma [10, 11]. Functionally, miR-942-5p has been
reported to promote proliferation and metastasis of he-
patocellular carcinoma cells by inhibiting RRM2B [12].
More importantly, lncRNA Linc00675 suppressed cell
proliferation and metastasis in colorectal cancer via tar-
geting miR-942 [13]. ,ese findings suggest that miR-942-
5p acts as a tumor promoter in cancers. However, little is
known about the regulatory mechanism of lncRNA
HCG11/miR-942-5p in GC. Besides that, it is well known
that miRNAs regulate human cancers by interacting with
target genes. In this study, breast cancer metastasis sup-
pressor 1 (BRMS1) was found to have a binding site with
miR-942-5p.

BRMS1 was initially identified in breast carcinoma and
suppressed breast cancer metastasis [14]. Recently, the
function of BRMS1 has been identified in other cancers. For
example, BRMS1 can suppress metastasis and correlate with
improved patient survival in non-small cell lung cancer [15].
Besides, BRMS1 can coordinately regulate miRNA expres-
sion to participate in tumorigenesis [16]. For example, Guo
et al. reported that miR-346 promoted hepatocellular car-
cinoma progression by suppressing BRMS1 expression [17].
In particular, downregulation of BRMS1 has been found in
GC tissues [18]. Nevertheless, the function of BRMS1 in GC
remains largely unknown.

,erefore, we explored the role of BRMS1 as well as its
interaction with lncRNA HCG11/miR-942-5p in GC. Si-
multaneously, the regulatory mechanism of lncRNA
HCG11/miR-942-5p was also investigated in GC. ,is study
will provide a novel regulatory network in GC.

2. Materials and Methods

2.1. Cell Culture. Normal human gastric epithelium cell line
GES-1 and GC cell line AGS and HGC-27 were purchased
from BeNa Culture Collection (BNCC, Beijing, China).
,ese cells were seeded in RPMI-1640 medium with 10%
FBS and incubated in a humid atmosphere with 5% CO2 at
37°C.

2.2. Cell Transfection. ,e pcDNA3.1 vector containing
HCG11 complementary DNA, HCG11 siRNA, BRMS1
siRNA, miR-942-5p mimic, and miR-942-5p inhibitor were
purchased from GenePharma (Shanghai, China). Next, they
were transfected into AGS cells using Lipofectamine 2000
(Invitrogen/,ermo Fisher Scientific).

2.3. RT-qPCR. Total RNA extraction was performed using
TRIzol reagent (Invitrogen, USA). ,e cDNA solution was
synthesized using a PrimeScript RT reagent kit (Takara,
Dalian, China). RT-qPCR assay was performed on ABI 7300
real-time PCR system (Applied Biosystems, Waltham, MA)
using SYBRGreenMasterMix II (Takara). HCG11 andmiR-
942-5p expression were normalized to U6, while BRMS1 was
normalized to GAPDH. ,eir expressions were quantified
with the 2−△△cq method. ,e primers used were as follows:
HCG11 forward 5′-AGG AGT GGT TGC ATT TGG GA-
3′′; HCG11 reverse 5′′-CCC ACC ACG CAG TGA ATA
GT-3′; miR-942-5p forward: 5′-GCC AGA TCT TGA TTG
ACT TAC AGC CCA GTT-3′ and reverse, 5′-GCC GAA
TTC CAC CTG TCT TTA TTC CAC CC-3′; U6-forward:
5′-GCT TCG GCA GCA CAT ATA CTA AAA T-3′ and
reverse, 5′-CGC TTC ACG AAT TTG CGT GTC AT-3′;
BRMS1 forward: 5′-CAG CCT CCA AGC AAA GAC AC-3′
and reverse, 5′-GCG GCG TCG CTC ATA GTC-3′;
GAPDH forward: 5′-ACA ACT TTG GTA TCG TGG AAG
G-3′, and reverse, 5′-GCC ATC ACG CCA CAG TTT C-3′.

2.4. MTT Assay. Transfected AGS cells (3×103 cells/well)
were incubated in RPMI-1640 medium containing 10% FBS
for 24, 48, 72, or 96 h. ,en, AGS cells were incubated with
20 μl of MTT for 4 h. Next, 150 μl of dimethyl sulfoxide was
added to themedium. After 10minutes, we evaluated the cell
viability using a spectrophotometer (Olympus Corp., Tokyo,
Japan) to determine the optical density at 490 nm.

2.5. Transwell Assay. Cell invasion was detected in the upper
chamber with Matrigel. Cell migration experiment was
performed without Matrigel. Next, AGS cells (3×103 cells/
well) were added to Transwell upper chamber. RPMI-1640
medium with 10% FBS was added to the lower chamber.
After 24 h, the moving cells were fixed and stained for
30mins. Observation and photographing were performed by
a light microscope.

2.6.WesternBlotAnalysis. ,e protein was lysed using RIPA
lysis buffer (Beyotime, Shanghai, China). Next, the protein
was electrophoresed by 10% SDS-PAGE. Protein samples
were blocked with 5% nonfat milk and transferred into
PVDF membranes. Protein samples were then incubated
with E-cadherin, N-cadherin, Bcl-2, Bax, and GAPDH
primary antibodies (Abcam, Shanghai, China) overnight at
4°C. Secondary antibodies were added to incubate the
protein for 1 h. Finally, the protein was examined using an
ECL kit (Beyotime).

2.7. Dual-Luciferase Reporter Assay. ,e 3′-UTR of wild-
type and mutant HCG11 (wt-HCG11 and mut-HCG11) or
BRMS1 (wt-BRMS1 and mut-BRMS1) was inserted into
pmiR-GLO vector (Promega Beijing Biotech Co., Beijing,
China). Next, the above reporter plasmids or miR-942-5p
mimics were transfected into AGS cells. After 48 h, luciferase
activities were determined by a dual-luciferase reporter assay
system (Promega, USA).
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2.8. Statistical Analysis. Data are shown as mean± SD and
analyzed using Student’s t-test or one-way ANOVA in SPSS
19.0 or Graphpad Prism 6. P< 0.05 was defined as a sta-
tistical difference.

3. Results

3.1. LncRNA HCG11 Inhibits Cell Proliferation, Migration,
and Invasion in GC. First, the expression of HCG11 was
detected in GES-1, AGS, and HGC-27 cells. RT-qPCR
showed that HCG11 was downregulated in AGS and HGC-
27 GC cells compared to GES-1 cells (Figure 1(a)). Fur-
thermore, the expression of HCG11 is significantly de-
creased in AGS cells compared to HGC-27 cells. ,us, AGS
cells were used to explore the role of HCG11 in GC. Next,
HCG11 vector or siRNA was transfected into AGS cells,
respectively. We found that HCG11 expression was
inhibited by HCG11 siRNA and promoted by HCG11 vector
(Figure 1(b)). MTT assay indicated that overexpression of
HCG11 inhibited cell proliferation, while knockdown of
HCG11 promoted cell proliferation in AGS cells
(Figure 1(c)). Additionally, HCG11 vector promoted
E-cadherin and Bax expression and inhibited N-cadherin
and Bcl-2 expressions, while HCG11 siRNA showed an
opposite effect on these genes in AGS cells (Figure 1(d)).
Next, the Transwell assay showed that cell migration and
invasion were restrained by HCG11 overexpression and
promoted by HCG11 siRNA (Figures 1(e) and 1(f)). ,ese
results imply that lncRNAHCG11 inhibits cell proliferation,
migration, and invasion in GC.

3.2. LncRNA HCG11 Acts as a Molecular Sponge of miR-942-
5p. Next, starBase version 2.0 (http://starbase.sysu.edu.cn/)
predicts that lncRNA HCG11 has a binding site with miR-
942-5p (Figure 2(a)). Besides, the dual-luciferase reporter
suggested that miR-942-5p mimics reduced the luciferase
activity of wt-HCG11 but had little effect on mut-HCG11
luciferase activity in AGS cells (Figure 2(b)). Next, miR-942-
5p expression was examined in AGS cells with HCG11
siRNA and vector. We found that HCG11 overexpression
decreased miR-942-5p expression, while HCG11 down-
regulation promoted miR-942-5p expression in AGS cells
(Figure 2(c)). Meanwhile, HCG11 expression was detected
in AGS cells with miR-942-5p mimics or inhibitors. HCG11
expression was found to be reduced by miR-942-5p mimics
and enhanced by a miR-942-5p inhibitor (Figure 2(d)).
Based on these results, lncRNA HCG11 was considered to
act as a molecular sponge of miR-942-5p.

3.3. MiR-942-5p Is Involved in GC Progression by Mediating
lncRNA HCG11. ,e expression of miR-942-5p was de-
tected in GC cells. We found that miR-942-5p was upre-
gulated in AGS and HGC-27 GC cells compared to GES-
1cells (Figure 3(a)). To explore the interaction between miR-
942-5p and lncRNAHCG11, miR-942-5p mimics, miR-942-
5p inhibitor, or HCG11 siRNA was transfected into AGS
cells. RT-qPCR showed that miR-942-5p mimics enhanced
its expression, whereas miR-942-5p inhibitor decreased its

expression in AGS cells. However, HCG11 siRNA recovered
the decreased expression of miR-942-5p induced by its
inhibitor (Figure 3(b)). Additionally, miR-942-5p mimics
were found to promote N-cadherin and Bcl-2 expressions
and suppress E-cadherin and Bax expression, while miR-
942-5p inhibitor exerted the opposite effect on these genes.
HCG11 siRNA exerted a reverse effect on the expression of
these genes regulated by miR-942-5p inhibitor in AGS cells
(Figure 3(c)). Functionally, cell proliferation, migration, and
invasion were promoted by miR-942-5p overexpression and
inhibited by miR-942-5p downregulation. Furthermore, the
reverse effect of HCG11 siRNA on cell proliferation, mi-
gration, and invasion was also found in AGS cells with miR-
942-5p inhibitor (Figures 3(d)–3(f)). Collectively, miR-942-
5p promotes cell proliferation, migration, and invasion by
downregulating lncRNA HCG11.

3.4. BRMS1 is a Direct Target of miR-942-5p. Further, Tar-
getScan (http://www.targetscan.org) predicts that miR-942-
5p has a binding site on the 3′-UTR of BRMS1 (Figure 4(a)).
Luciferase reporter assay indicated that miR-942-5p mimics
reduced the luciferase activity of wt-BRMS1 but had no
effect on mut-BRMS1 luciferase activity (Figure 4(b)). In
addition, BRMS1 expression was found to be reduced by
miR-942-5p mimics and promoted by miR-942-5p inhibitor
in AGS cells (Figure 4(c)). On the contrary, the expression
level of BRMS1 was enhanced by upregulation of HCG11
and decreased by downregulation of HCG11 in AGS cells
(Figure 4(d)). ,ese results demonstrate that BRMS1 is a
direct target of miR-942-5p and can be regulated by lncRNA
HCG11 in GC.

3.5. BRMS1 Is Involved inGCProgression byAffecting lncRNA
HCG11/miR-942-5pAxis. To further explore the interaction
between lncRNA HCG11/miR-942-5p axis and BRMS1,
HCG11 vector or miR-942-5p inhibitor was transfected into
AGS cells with BRMS1 siRNA. First, we found that BRMS1
expression was lower in AGS and HGC-27 GC cells than
GES-1 cells (Figure 5(a)). After transfection of BRMS1
siRNA, BRMS1 expression was decreased in AGS cells.
However, HCG11 vector or miR-942-5p inhibitor recovered
the decreased expression of BRMS1 (Figure 5(b)). Moreover,
BRMS1 downregulation promoted N-cadherin and Bcl-2
expressions and restrained E-cadherin and Bax expression in
AGS cells. HCG11 vector or miR-942-5p inhibitor reversely
regulated the effect of BRMS1 siRNA on these genes
(Figure 5(c)). Besides, knockdown of BRMS1 was found to
promote cell proliferation, migration, and invasion in AGS
cells. Similarly, HCG11 vector or miR-942-5p inhibitor
abolished the promoting effect of BRMS1 siRNA on AGS cell
proliferation, migration, and invasion (Figures 5(d)–5(f )).
Taken together, BRMS1 is involved in GC progression by
affecting lncRNA HCG11/miR-942-5p axis.

4. Discussion

Recently, various lncRNAs have been demonstrated to
regulate tumorigenesis of GC. For example, lncRNA
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Figure 1: LncRNA HCG11 inhibits cell proliferation, migration, and invasion in GC. (a) ,e expression of HCG11 was detected in GES-1,
AGS, and HGC-27 cells. (b) LncRNA HCG11 expression in AGS cells with its vector or siRNA. (c) Cell proliferation in AGS cells with
HCG11 vector or siRNA. (d),e protein expressions of E-cadherin, N-cadherin, Bax, and Bcl-2 in AGS cells with HCG11 vector or siRNA.
(e, f ) Cell migration and invasion in AGS cells with HCG11 vector or siRNA. ∗P< 0.05, ∗∗P< 0.01.
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LUCAT1 was upregulated in GC and promoted GC cell
proliferation and invasion [19]. In addition, lncRNAMEG-3
was downregulated in GC. Overexpression of MEG-3

suppressed GC cell growth, invasion, and migration [20].
,ese findings suggest that lncRNAs are important regu-
lators in GC progression. ,is study aimed to investigate the
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Figure 3: MiR-942-5p is involved in GC progression by mediating lncRNAHCG11. (a),e expression of miR-942-5p was detected in GES-
1, AGS, and HGC-27 cells. (b) MiR-942-5p expression in AGS cells with miR-942-5p mimics, miR-942-5p inhibitor, or HCG11 siRNA. (c)
,e protein expressions of E-cadherin, N-cadherin, Bax, and Bcl-2 in AGS cells with miR-942-5p mimics, miR-942-5p inhibitor, or HCG11
siRNA. (d, e, f ) Cell proliferation, migration, and invasion in AGS cells with miR-942-5p mimics, miR-942-5p inhibitor, or HCG11 siRNA.
∗P< 0.05, ∗∗P< 0.01.
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regulatory mechanism of lncRNA HCG11 in GC. We found
that the downregulation of HCG11 expression was de-
creased in GC cells. Furthermore, HCG11 overexpression
inhibited cell proliferation, migration, and invasion in GC.
Consistent with our results, downregulation of HCG11 has
been identified in prostate cancer and predicted a poor
prognosis [21]. Additionally, HCG11 has been proposed to
suppress the growth of glioma through cooperating with
miR-4425/MTA3 axis [22]. Here, HCG11 was found to
inhibit GC progression by interacting with miR-942-5p/
BRMS1 axis.

It is widely recognized that lncRNAs can interact
with miRNAs, thereby regulating the downstream genes.
In the present study, we found that lncRNA HCG11
directly targets miR-942-5p and acts as a molecular
sponge of miR-942-5p. At the same time, the role of miR-
942-5p was also explored in GC. In contrast to HCG11,
miR-942-5p was upregulated in GC cells. Upregulation
of miR-942-5p promoted cell proliferation, migration,

and invasion in GC. Similarly, Ge et al. found that miR-
942-5p expression was also increased in esophageal
squamous cell carcinoma and promoted cancer stem cell-
like traits [23]. ,ese findings demonstrate that miR-
942-5p acts as a tumor promoter in GC. Meanwhile, we
found that lncRNA HCG11 could interact with miR-942-
5p in GC cells. Furthermore, HCG11 can exert a reverse
effect on cell proliferation, migration, and invasion
regulated by miR-942-5p in GC cells, which has not been
reported in previous studies. Further, miR-942-5p was
confirmed to target BRMS1 directly. Furthermore,
lncRNA HCG11 can positively regulate BRMS1 ex-
pression in GC cells.

In this study, we found that BRMS1 expression was
increased in GC cells. Knockdown of BRMS1 promoted
cell proliferation, migration, and invasion in GC cells. In
addition, BRMS1 has been found to upregulate miR-146
and suppress breast cancer metastasis [24]. Based on these
results, we consider that BRMS1 plays an inhibitory effect
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Figure 5: BRMS1 is involved in GC progression by affecting lncRNA HCG11/miR-942-5p axis. (a) ,e expression of BRMS1 was detected
in GES-1, AGS, and HGC-27 cells. (b) BRMS1 expression in AGS cells with BRMS1 siRNA, BRMS1 siRNA+miR-942-5p inhibitor, or
BRMS1 siRNA+HCG11 vector. (c) ,e protein expressions of E-cadherin, N-cadherin, Bax, and Bcl-2 in AGS cells with BRMS1 siRNA,
BRMS1 siRNA+miR-942-5p inhibitor, or BRMS1 siRNA+HCG11 vector. (d, e, f ) Cell proliferation, migration, and invasion in AGS cells
with BRMS1 siRNA, BRMS1 siRNA+miR-942-5p inhibitor, or BRMS1 siRNA+HCG11 vector. ∗P< 0.05, ∗∗P< 0.01.
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on GC progression. Besides that, miR-346 has been
demonstrated to promote migration and invasion of
nasopharyngeal carcinoma cells via targeting BRMS1 [25].
Here, miR-942-5p was also found to promote GC pro-
gression by targeting BRMS1. At the same time, we also
found that BRMS1 competed with HCG11 to bind with
miR-942-5p, which is firstly proposed. Rescue assays
showed that HCG11 inhibited GC progression by upre-
gulating BRMS1. Collectively, lncRNA HCG11 acts as a
ceRNA to regulate GC progression by mediating the miR-
942-5p/BRMS1 axis. ,is study firstly reveals the potential
involvement of HCG11 in the pathogenesis of GC and
investigates its correlation with miR-942-5p/BRMS1
hitherto unreported in GC.

5. Conclusion

To conclude, lncRNA HCG11 inhibited cell proliferation,
migration, and invasion in GC by downregulating miR-942-
5p and upregulating BRMS1. Our study reveals that lncRNA
HCG11 may be a potential target for GC treatments. Al-
though the regulatory mechanism of lncRNA HCG11 has
been initially elucidated in this study, the further functional
mechanism of HCG11 still needs to be investigated in GC by
independent cohorts and prospective trials, such as EMTand
the in vivo study.
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Background. LncRNAMSC-AS1 has been reported to be a tumor promoter in hepatocellular carcinoma. However, the function of
MSC-AS1 in colorectal cancer (CRC) has not been elucidated. It is designed to study the expression level of MSC-AS1 and
investigate its biological effect on the progression of CRC.Methods. 'e expression patterns of MSC-AS1, miR-325, and TRIM14
were explored by RT-qPCR in CRC tissues and cells. 'e protein expression of TRIM14 was tested by Western blot assay. 'e
association between MSC-AS1 expression and clinicopathological data was analyzed by chi-squared test. CCK-8 assay, colony
formation, and Transwell assay were used to investigate the effect of MSC-AS1 on cell growth, invasion, and migration in CRC
cells. 'e correlations among MSC-AS1, miR-325, and TRIM14 were analyzed by Pearson’s correlation coefficient analysis.
Results. We found that MSC-AS1 and TRIM14 were upregulated in CRC tissues, while miR-325 was downregulated in CRC
tissues. Functional experiments demonstrated that MSC-AS1 knockdown inhibited cell proliferation, migration, and invasion
abilities in CRC cells. Additionally, miR-325 was proved to be a target miRNA of MSC-AS1, and TRIM14 might be a downstream
gene of miR-325. Besides that, MSC-AS1 counteracted the inhibitory effect of miR-325 on the cell progression and TRIM14
expression. Conclusion. Our results indicated that MSC-AS1 facilitated CRC progression by sponging miR-325 to upregulate
TRIM14 expression. We suggested that MSC-AS1 might be a potential lncRNA-target for CRC therapy.

1. Introduction

Colorectal cancer (CRC) is one of the most common gas-
trointestinal malignancies, which seriously threatens human
health. 'e incidence of CRC has been on the rise world-
wide. In 2020, about 1.9 million patients were diagnosed
with CRC worldwide, and more than 935,000 patients died
directly or indirectly from CRC [1]. A large number of
studies have shown that dietary habits (alcohol consump-
tion, red meat, processed meat, and refined grains, etc.),
lifestyle (low physical labor, smoking, etc.), obesity, diabetes,
and genetic factors are the most important causes of CRC
[2, 3]. 'e treatment of CRC is generally based on surgery,
followed by radiotherapy, chemotherapy, or other treat-
ments [4]. Although the survival rate of CRC has been
improved in recent years, the economic burden of CRC

ranks first among malignancies. In recent years, molecular
targeted therapy has become a hot spot in tumor therapy.

'ese non-protein-coding RNAs are called noncoding
RNAs, including long noncoding RNAs (lncRNAs) with a
length of more than 200 nucleotides. Although themode and
regulatory mechanism of lncRNAs in tumors have not been
thoroughly studied, lncRNAs are verified to play a vital role
in the occurrence and development of human cancers [5]. At
present, it has been found that related lncRNAs are involved
in the occurrence, metastasis and invasion, early diagnosis,
prognosis evaluation, and radiotherapy and chemotherapy
efficacy of CRC [6, 7]. LncNEAT1 was reported to promote
CRC progression by suppressing miR-486-5p expression
and regulating NR4A1/Wnt/β-catenin pathway [8]. Lnc-
HSD17B11-1:1 acted as a tumor enhancing factor by reg-
ulating miR-338-3p and MACC1 in CRC [9]. In addition,
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lncGNAT1-1 acted as a tumor inhibitor in CRC by mod-
ulating RKIP-NF-kappaB-Snail pathway [10]. LncRNAMSC
antisense RNA 1 (MSC-AS1) has been reported to accelerate
osteogenic differentiation by regulating miR-140e-5p and
BMP2 [11]. Moreover, MSC-AS1 promoted tumor pro-
gression in kidney renal clear cell carcinoma [12]. Never-
theless, the role of MSC-AS1 in CRC remains unclear.

Plentiful reports have confirmed that lncRNAs act as
miRNA sponges to upregulate downstream genes to affect
tumor progression. For example, lncRNA UCA1 was found
to promote CRC cell proliferation and 5-FU resistance by
suppressing miR-204-5p [13]. KCNQ1OT1 was reported to
facilitate CRC cell progression by inhibiting miR216b-5p to
increase ZNF146 expression [14]. Zhang et al. found that
LINC00152 was downregulated in CRC and induced cell
apoptosis in CRC cells by regulating miR-376c-3p [15]. miR-
325 was found to inhibit cell growth and metastasis by
targeting MT3 in bladder cancer [16]. In the current work,
bioinformatics analysis confirmed that miR-325 might be a
target miRNA of MSC-AS1.

In this article, we explored the expression ofMSC-AS1 in
CRC tissues. In the meantime, the function of MSC-AS1
knockdown on cell proliferation, migration, and invasion
was also detected. Most importantly, we demonstrated that
MSC-AS1 influenced the tumor progression by regulating
miR-325/TRIM14 axis in CRC.

2. Materials and Methods

2.1. Clinical Specimens. 46 tissues from patients with CRC
were obtained from Yantaishan Hospital. 'e CRC tissues
and paracancerous tissues were surgically collected and
stored in liquid nitrogen. All patients did not receive any
preoperative treatment (radiotherapy or chemotherapy).
Before surgery, the purpose and significance of this study
were introduced to all patients or their family members; and
we have obtained the informed consents signed by all pa-
tients or their family members. 'is study was approved by
the Ethics Committee of Yantaishan Hospital.

2.2. Cell Culture and Cell Transfection. CRC cell lines HT29,
SW620, HCT116, and SW480 and normal human epithelial
cells NCM460 were obtained from TongPai (Shanghai)
Biotechnology Co., LTD (Shanghai, China). 'e frozen CRC
cells were placed in a 37°C water bath until they were
completely dissolved. Cells were resuspended with DMEM
containing 10% PBS. 'en, CRC cells were cultured in an
incubator at 37°C and 5% CO2. Cell passage was carried out
when the cell confluence reached 70–80%.

CRC cells (2×105 cells/well) in logarithmic growth phase
were cultured into 6-well plate. MSC-AS1 siRNA, negative
control (si-NC), pcDNA3.1-MSC-AS1 (MSC-AS1 vector),
miR-325 mimic, and NC mimic were transfected into cells
by Lipofectamine 2000. After culturing at 37°C and 5% CO2
for 48 h, follow-up experiments were carried out.

2.3.QuantitativeReal-TimePolymeraseChainReaction (qRT-
PCR). TRIzol reagent was performed to extract total RNA

from CRC tissues and cells. 'en, the concentration of RNA
was determined by ultraviolet spectrophotometer. Accord-
ing to the instructions of PrimeScript RT reagent kit, the
cDNA was synthesized by reverse transcription. RT-qPCR
was performed according to the instructions of SYBR
Premix Ex TaqTM.'e ABI software was used to analyze and
process the data to obtain the Ct value. Finally, 2-△△Ct

method was used to calculate the relative expression of target
gene.

2.4. Dual-Luciferase Reporter Assay. StarBase (http://
starbase.sysu.edu.cn/) was performed to seek the potential
binding miRNAs of MSC-AS1. TargetScan (http://www.
targetscan.org/vert_72/) was used to explore the potential
downstream genes of miR-325. 'e mutant and wild se-
quence fragments of MSC-AS1 and TRIM14 were cloned
and combined with the Promega vector. MSC-AS1-Mut and
MSC-AS1-Wt and TRIM14-Mut and TRIM14-Wt were
transfected into cells with miR-325 mimic or NC mimic,
respectively. After transfection for 48 h, the relative lucif-
erase activity of target gene was detected by dual-luciferase
reporter assay kit.

2.5. MTT Assay. 'e cells in logarithmic phase were
resuspended. 100 μl cell suspension (1× 104 cells/ml) was
inoculated in 96-well plate at 37°C and 5% CO2. After in-
cubation for 24, 48, 72, and 96 h, the plates were added with
20 μl MTT solution (5mg/ml, Sigma) and incubated for
another 4 h.'en, 200 μl DMSOwas added and shook on the
shaker for 10min. 'e absorbance value was measured by
using a microplate analyzer at 490 nm. According to the
experimental data, the growth curve was plotted.

2.6. Transwell Assay. For cell migration, after transfection
for 48 h, cells were digested with trypsin and resuspended
with 400 μl serum-free medium. Cell suspension (1× 105
cells/ml) was seeded in a 24-well plate. Cells in each group
were added to the upper chamber of Transwell chamber, and
600 μL DMEM with 10% FBS was added to the lower
chamber of Transwell chamber. Cells were cultured in a
constant temperature incubator containing 5% CO2 at 37°C
for 24 h. 'en, the chamber was fixed with 4% formaldehyde
for 15min and stained with crystal violet for 20min. 'e
migratory cells were observed and photographed under a
light microscope. 5 high-power visual fields were randomly
selected to count the number of migratory cells.

For cell invasion, 50 μl Matrigel blue was diluted and
spread in the upper chamber of Transwell chamber. 'e
remaining steps were the same as those in the cell migration
experiment. 'e invaded cells were observed under a light
microscope and photographed. 5 high-power fields were
randomly selected to count the number of invaded cells.

2.7. Western Blot Assay. Total protein was extracted from
CRC cells by TRIzol. 'e protein samples (30 μg) were
boiled at 100°C for 5min. After SDS-PAGE gel electro-
phoresis, the protein samples were transferred to the PVDF
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membranes. After blocking with 5% skim milk for 2 hours,
the membranes were incubated with antibodies overnight at
4°C. After incubation with secondary antibodies for another
1 h, the protein signal of CLCA4 was detected by ECL
reagent.

2.8. Statistical Analysis. All data were expressed as
mean± SD and analyzed by using SPSS 22.0 and GraphPad
Prism 6.0. 'e differences between the two groups were
detected by Student’s t-test. 'e differences among multiple
groups were detected by one-way ANOVA.'e correlations
between MSC-AS, miR-325, and TRIM14 were detected by
Pearson’s correlation analysis. p< 0.05 was considered
statistically significant.

3. Results

3.1. MSC-AS1 OverexpressionWas Discovered in CRC Tissues
andCells. First, GEPIA database showed that MSC-AS1 was
upregulated in colon adenocarcinoma (COAD)
(Figure 1(a)). Next, RT-qPCR assay was used to detect the
expression pattern of MSC-AS1 in 46 CRC tissues from
Yantaishan Hospital. It is noted that there was an upward
trend of MSC-AS in CRC tissues compared with control
tissues (Figure 1(b)). Next, we measured the expression level
of MSC-AS1 in CRC cells (HT29, SW620, HCT116, and
SW480) and normal human epithelial cells NCM460. As
expected, the expression of MSC-AS1 was obviously higher
in CRC cells than in NCM460 cells (Figure 1(c)). Further-
more, MSC-AS1 was closely associated with lymph node
metastasis (p � 0.014) and TNM stage (p � 0.040) (Table 1).
Our data indicated that MSC-AS1 was involved in the
progression of CRC andmight be a potential diagnosis target
in patient with CRC.

3.2. MSC-AS1 Might Be a Carcinogen in CRC Cells. In order
to investigate the function of MSC-AS1 in CRC, MSC-AS1
siRNA was transfected into HCT116 cells (Figure 2(a)).
'en, CCK-8 assay and Transwell assay were performed.
CCK-8 results displayed that MSC-AS1 downregulation
weakened cell proliferative ability in HCT116 cells
(Figure 2(b)). Moreover, Transwell assay displayed that cell
migration was obviously inhibited by MSC-AS1 knockdown
in HCT116 cells (Figure 2(c)). Similarly, cell invasion ability
of CRC cells was blocked by MSC-AS1 knockout
(Figure 2(d)). Altogether, our results indicated that MSC-
AS1 silencing blocked cell progression in CRC cells.

3.3. MSC-AS1 Acted as a Sponge of miR-325 in CRC. In our
study, StarBase database was performed to seek the potential
miRNAs of MSC-AS1. As shown in Figure 3(a), there were
special binding sites between MSC-AS1 and miR-325.
Dual-luciferase reporter assay and RT-qPCR assay were
performed. We found that the luciferase activity of MSC-
AS1-WTwas obviously reduced when cells were transfected
with miR-325 mimic. However, the luciferase activity of
MSC-AS1-MUTwas not significantly changed inmimic cells

(Figure 3(b)). Next, the expression level of miR-325 in CRC
tissues and cells was detected. Results indicated that miR-
325 was significantly downregulated in CRC tissues and cells
compared with normal groups (Figures 3(c) and 3(d)).
Additionally, the expression of miR-325 was increased in
HCT116 cells with MSC-AS1 knockdown (Figure 3(e)).
Nevertheless, RT-qPCR results indicated that the expression
of MSC-AS1 was reduced in CRC cells with miR-325 mimic
(Figure 3(f )). Besides, Pearson’s correlation analysis was
used to detect the relationship between MSC-AS and miR-
325 in CRC tissues. 'e results showed that MSC-AS1 ex-
pression was inversely related with miR-325 expression in
CRC (Figure 3(g)). In sum, our findings suggested that
MSC-AS1 might be a sponge of miR-325.

3.4. TRIM14 Might Be a Target Gene of miR-325.
Subsequently, we seek out downstream target gene of miR-
325. 'e StarBase software showed that TRIM14 might be a
potential target gene of miR-325 (Figure 4(a)). Dual-lucif-
erase reporter results displayed that miR-325 mimic led to
decrease in TRIM14-Wt but not TRIM14-Mut (Figure 4(b)).
'en, the mRNA expression of TRIM14 in CRC tissues and
cells was detected. We found that TRIM14 was obviously
upregulated in CRC tissues compared with nontumor tissues
(Figure 4(c)). Furthermore, the expression of TRIM14 was
reduced in HT29 and HCT116 cells (Figure 4(d)). Fur-
thermore, there was a negative correlation between miR-325
and TRIM14 in CRC tissues (Figure 4(e)). Our results
confirmed that TRIM14 might be a target gene of miR-325.

3.5. MSC-AS1 Regulated CRC Progression by Inhibiting miR-
325 Expression. To investigate the mechanism of MSC-AS1/
miR-325, MSC-AS1 vector was transfected into CRC cells
with miR-325 mimic. RT-qPCR results displayed that the
expression of miR-325 was significantly increased in cells
when they are transfected with miR-325 mimic, while it
declined when mimic cells were transfected with MSC-AS1
vector (Figure 5(a)). Next, CCK-8 assay and Transwell assay
were used to measure the function of MSC-AS1/miR-325 in
CRC cells. We found that cell proliferative ability was
dramatically declined in cells with miR-325 mimic. How-
ever, MSC-AS1 overexpression weakened the inhibitory
effect of miR-325 mimic on cell proliferation (Figure 5(b)).
Furthermore, Transwell results indicated that miR-325
mimic reduced cell migration capability in HCT116 and
SW480 cells, while MSC-AS1 transfection reversed the effect
of miR-325 (Figure 5(c)). Likewise, MSC-AS1 upregulation
destroyed the inhibitory effect of miR-325 mimic on cell
invasion ability (Figure 5(d)). 'erefore, our data suggested
that MSC-AS1 regulated CRC progression by restraining
miR-325 expression.

3.6. MSC-AS1 Accelerated TRIM14 Expression by Sponging
miR-325 in CRC Cells. Next, we explored how MSC-AS1
regulated the TRIM14 expression by targeting miR-325. As
shown in Figure 6(a), the mRNA expression of TRIM14 was
significantly reduced by miR-325 mimic, while the
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Figure 1: MSC-AS1 expression in CRC tissues and cells. (a) 'e expression level of MSC-AS1 in GEPIA database. (b) 'e expression of
MSC-AS1 in 46 CRC tissues from Yantaishan Hospital. (c)'e expression of MSC-AS1 in CRC cells (HT29, SW620, HCT116, and SW480).
∗∗p< 0.01.

Table 1: Correlation between the expression level of MSC-AS1 and clinical characteristics of CRC patients (n� 46).

Clinical characteristics Number of cases n� 46
MSC-AS1 expression

p value
Low (n� 22) High (n� 24)

Age (years) 0.619
≤60 12 5 7
>60 34 17 17
Gender 0.351
Male 26 14 12
Female 20 8 12
Tumor size 0.382
≤5 cm 24 10 14
>5 cm 22 12 10
Location 0.229
Proximal 11 7 4
Distal 35 15 20
TNM stage 0.040∗
I-II 18 12 6
III-IV 28 10 18
Lymph node metastasis 0.014∗
Absent 27 17 10
Present 19 5 14
∗ p< 0.05: the difference is significant.
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Figure 2: Continued.
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Figure 2: MSC-AS1 might be a carcinogen in CRC cells. (a) 'e expression of MSC-AS1 was reduced by MSC-AS1 siRNAs. (b) MSC-AS1
knockdown obviously suppressed cell proliferation in HCT116 cells. ((c) and (d)) MSC-AS1 knockdown inhibited cell migration and
invasion abilities in HCT116 cells. ∗∗p< 0.01.
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Figure 3: MSC-AS1 acted as a sponge of miR-325 in CRC cells. (a) StarBase showed that there were special binding sites betweenMSC-AS1
and miR-325. (b)'e relative luciferase activity of MSC-AS1-Wt andMSC-AS1-Mut. (c)'e expression of miR-325 in CRC tissues. (d)'e
expression of miR-325 in CRC cells. (e)'e expression of miR-325 was increased by MSC-AS1 knockdown. (f )'e expression of MSC-AS1
was reduced by miR-325 mimic. (g) Correlation analysis between MSC-AS1 and miR-325 expression in 46 CRC tissues. ∗∗p< 0.01.
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suppression effect of miR-325 mimic on TRIM14 expression
was counteracted by MSC-AS1 vector. In addition, MSC-
AS1 vector impaired the inhibitory effect of miR-325 on the
protein expression of TRIM14 (Figure 6(b)). 'erefore, our
data suggested that MSC-AS1 regulated TRIM14 expression
by restraining miR-325 expression.

4. Discussion

Recently, the mortality and incidence of CRC have been on
the rise worldwide, posing a serious threat to human health.
Due to the lack of effective CRC prevention and low rate of
early diagnosis, most patients are already in the mid and late
stages when they are diagnosed. 'e IARC estimates that, by
2025, there will be more than 20 million new cases of CRC
worldwide. In order to find out the effective treatment, it is
urgent to study the mechanism of CRC by using molecular
biology technology.

At present, the role of lncRNAs in tumor progression has
become a research hotspot. Studies have found abnormal
expression of lncRNAs in various human cancers, which
play a key role in tumor development, metastasis, early
diagnosis, prognosis evaluation, radiotherapy and chemo-
therapy efficacy, etc. Alaiyan et al. reported that CCAT1 was
gradually upregulated during the progression of CRC and
was associated with tumor metastasis [17]. HAGLR was
proved to promote cell growth, migration, and invasion
viabilities and inhibit cell apoptosis in CRC [18]. LncRNA
MSC-AS1 is a new lncRNA that has been discovered in

recent years, which is first found to be overexpressed in
hepatocellular carcinoma tissues [19]. Cao et al. confirmed
that MSC-AS1 played a carcinogenic lncRNA role in he-
patocellular carcinoma by increasing PGK1 expression [20].
As we have mentioned, MSC-AS1 expression was increased
in CRC; and we discovered that depletion of MSC-AS1
suppressed tumor progression in CRC. 'erefore, our re-
sults indicated that MSC-AS1 might be carcinogenic
lncRNA in CRC.

Accumulating studies have manifested that lncRNAs can
act as ceRNAs to sponge miRNAs and thus upregulate target
genes. MSC-AS1 was found to regulate the tumor pro-
gression by inhibiting miR-124 expression to increase CDK6
expression in osteosarcoma [21]. Moreover, MSC-AS1 acted
as a role of carcinogenic factor in glioma by sponging miR-
373-3p and upregulating CPEB4 [22]. Li et al. reported that
the expression of miR-325 was reduced in CRC [23].
Similarly, the low expression of miR-325 in CRC was dis-
covered in our study. Additionally, we confirmed that MSC-
AS1 might act as a sponge of miR-325 in CRC. Functionally,
MSC-AS1 promoted cell proliferation, invasion, and mi-
gration in CRC cells by sponging miR-325.

Tripartite motif containing 14 (TRIM14) is a member of
the TRIM family. Studies have found that TRIM14 was
involved in a variety of biological functions, including cell
proliferation, cell apoptosis, inflammatory response, cell
metastasis, and immune response [24–26]. TRIM14 was
confirmed to facilitate cell proliferation, migration, and
invasion and block cell apoptosis in CRC cells [27, 28].
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Figure 4: TRIM14 might be a target gene of miR-325. (a)'ere were special binding sites between miR-325 and TRIM14. (b)'e luciferase
activity of TRIM14-Wt and TRIM14-Mut. (c) 'e expression of TRIM14 in CRC tissues. (d) 'e expression of TRIM14 in CRC cells. (e)
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'erefore, TRIM14 was confirmed to play a role as an
oncogene in CRC. In the current work, we confirmed that
TRIM14 might be a downstream target gene of miR-325.
Most importantly, our findings demonstrated that MSC-AS1
regulated TRIM14 expression by restraining miR-325
expression.

Above all, we demonstrated that MSC-AS1 promoted
tumor progression by sponging miR-325 to increase
TRIM14 expression in CRC. Our results provided a basis for
further understanding of CRC progression and supported
the potential role of MSC-AS1 as a target for CRC treatment.
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'e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

'e authors declare that they have no conflicts of interest.

References

[1] H. Sung, J. Ferlay, R. L Siegel et al., “Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries,” CA: A Cancer
Journal for Clinicians, vol. 71, no. 3, pp. 209–249, 2021.

[2] G. Breau and U. Ellis, “Risk factors associated with young-
onset colorectal adenomas and cancer: a systematic review
and meta-analysis of observational research,” Cancer Control
: Journal of the Moffitt Cancer Center, vol. 27, no. 1, Article ID
1073274820976670, 2020.

[3] K. Leong, J. Hartley, and S. Karandikar, “Association of
coloproctology of great britain & Ireland (ACPGBI): guide-
lines for the management of cancer of the colon, rectum and
anus (2017) - follow up, lifestyle and survivorship,” Colorectal
Disease, vol. 19, pp. 67–70, 2017.

[4] C. Carvalho and R. Glynne-Jones, “Challenges behind proving
efficacy of adjuvant chemotherapy after preoperative che-
moradiation for rectal cancer,” Ce Lancet Oncology, vol. 18,
no. 6, pp. e354–e363, 2017.

NC

Re
la

tiv
e e

xp
re

ss
io

n 
of

 T
RI

M
14

0.0

0.5

1.5

2.0

1.0

miR-325
mimic

MSC-AS1 vector
+ miR-325 mimic

∗∗

∗∗

(a)

miR-NC

TRIM14

GAPDH

miR-149-5p
mimic

MSC-AS1 vector
+ miR-325 mimic

(b)

Figure 6: MSC-AS1 accelerated TRIM14 expression by sponging miR-325 in CRC cells. (a) miR-325 mimic reduced the mRNA expression
of TRIM14, while MMSC-AS1 impaired the inhibitory effect of miR-325. (b) miR-325 mimic reduced the protein expression of TRIM14,
while MMSC-AS1 impaired the inhibitory effect of miR-325. ∗∗p< 0.01.

miR-NC
miR-325 mimic
MSC-AS1 vector + miR-325 mimic

HCT116

∗∗

∗∗

Th
e n

um
be

r o
f i

nv
as

io
n 

ce
lls

0

50

100

150

200
HCT116

miR-NC miR-325 mimic MSC-AS1 vector
+miR-325 mimic

(d)

Figure 5: MSC-AS1 regulated CRC progression by inhibiting miR-325 expression. (a) 'e expression of miR-325 in HCT116 cells
transfected with miR-325 mimic or MSC-AS1 vector. (b) miR-325 mimic suppressed cell proliferation, while MMSC-AS1 impaired the
inhibitory effect of miR-325. (c, d) miR-325 mimic suppressed cell migration and invasion, while MMSC-AS1 impaired the inhibitory effect
of miR-325. ∗∗p< 0.01.

Journal of Oncology 9



[5] A. Nandwani, S. Rathore, and M. Datta, “LncRNAs in cancer:
regulatory and therapeutic implications,” Cancer Letters,
vol. 501, pp. 162–171, 2021.

[6] M. Bermudez, M. Aguilar-Medina, E. Lizarraga-Verdugo
et al., “LncRNAs as regulators of autophagy and drug resis-
tance in colorectal cancer,” Frontiers in Oncology, vol. 9,
p. 1008, 2019.

[7] N. Dastmalchi, R. Safaralizadeh, and M. M. Nargesi,
“LncRNAs: potential novel prognostic and diagnostic bio-
markers in colorectal cancer,” Current Medicinal Chemistry,
vol. 27, no. 30, pp. 5067–5077, 2020.

[8] Z. Liu, Y. Gu, X. Cheng et al., “Upregulation Lnc-NEAT1
contributes to colorectal cancer progression through
Sponging miR-486-5p and Activating NR4A1/Wnt/beta-
Catenin pathway,” Cancer Biomarkers, vol. 30, 2020.

[9] W. Zhang, B. Wang, Q. Wang et al., “Lnc-HSD17B11-1:1
functions as a competing endogenous RNA to promote co-
lorectal cancer progression by sponging miR-338-3p to
upregulate MACC1,” Frontiers in Genetics, vol. 11, p. 628,
2020.

[10] C. Ye, Z. Shen, B. Wang et al., “A novel long non-coding RNA
lnc-GNAT1-1 is low expressed in colorectal cancer and acts as
a tumor suppressor through regulating RKIP-NF-kappaB-
Snail circuit,” Journal of Experimental & Clinical Cancer
Research : CR, vol. 35, no. 1, p. 187, 2016.

[11] N. Zhang, X. Hu, S. He et al., “LncRNA MSC-AS1 promotes
osteogenic differentiation and alleviates osteoporosis through
sponging microRNA-140-5p to upregulate BMP2,” Bio-
chemical and Biophysical Research Communications, vol. 519,
no. 4, pp. 790–796, 2019.

[12] Z. Hu, L. Li, P. Cheng et al., “lncRNA MSC-AS1 activates
Wnt/β-catenin signaling pathway to modulate cell prolifer-
ation and migration in kidney renal clear cell carcinoma via
miR-3924/WNT5A,” Journal of Cellular Biochemistry,
vol. 121, no. 10, pp. 4085–4093, 2020.

[13] Z. Bian, L. Jin, J. Zhang et al., “LncRNA-UCA1 enhances cell
proliferation and 5-fluorouracil resistance in colorectal cancer
by inhibitingmiR-204-5p,” Scientific Reports, vol. 6, Article ID
23892, 2016.

[14] S. Zhu, C. Y. Chen, and Y. Hao, “LncRNAKCNQ1OT1 acts as
miR-216b-5p sponge to promote colorectal cancer progres-
sion via up-regulating ZNF146,” Journal of Molecular His-
tology, 2021.

[15] Y. H. Zhang, J. Fu, Z. J. Zhang, C. C. Ge, and Y. Yi, “LncRNA-
LINC00152 down-regulated by miR-376c-3p restricts viability
and promotes apoptosis of colorectal cancer cells,” American
Journal of Translational Research, vol. 8, no. 12, pp. 5286–
5297, 2016.

[16] S. Sun, F. Liu, S. Xian, and D. Cai, “miR-325-3p over-
expression inhibits proliferation and metastasis of bladder
cancer cells by regulating MT3,” Medical Science Monitor
: International Medical Journal of Experimental and Clinical
Research, vol. 26, Article ID e920331, 2020.

[17] B. Alaiyan, N. Ilyayev, A. Stojadinovic et al., “Differential
expression of colon cancer associated transcript1 (CCAT1)
along the colonic adenoma-carcinoma sequence,” BMC
Cancer, vol. 13, p. 196, 2013.

[18] W. Sun, W. Nie, Z. Wang, H. Zhang, Y. Li, and X. Fang, “Lnc
HAGLR promotes colon cancer progression through
sponging miR-185-5p and activating CDK4 and CDK6 in
vitro and in vivo,” OncoTargets and Cerapy, vol. 13,
pp. 5913–5925, 2020.

[19] J.-X. Gu, X. Zhang, R.-C. Miao et al., “Six-long non-coding
RNA signature predicts recurrence-free survival in

hepatocellular carcinoma,”World Journal of Gastroenterology,
vol. 25, no. 2, pp. 220–232, 2019.

[20] C. Cao, Q. Zhong, L. Lu et al., “Long noncoding RNA MSC-
AS1 promotes hepatocellular carcinoma oncogenesis via in-
ducing the expression of phosphoglycerate kinase 1,” Cancer
Medicine, vol. 9, no. 14, pp. 5174–5184, 2020.

[21] L. Zhang, G. Zhao, S. Ji, Q. Yuan, and H. Zhou, “Down-
regulated long non-coding RNA MSC-AS1 inhibits osteo-
sarcoma progression and increases sensitivity to cisplatin by
binding to MicroRNA-142,” Medical Science Monitor
: International Medical Journal of Experimental and Clinical
Research, vol. 26, Article ID e921594, 2020.

[22] C. Li, S. Feng, and L. Chen, “MSC-AS1 knockdown inhibits
cell growth and temozolomide resistance by regulating miR-
373-3p/CPEB4 axis in glioma through PI3K/Akt pathway,”
Molecular and Cellular Biochemistry, vol. 476, no. 2,
pp. 699–713, 2021.

[23] L. Zhang, H. Chen, Y. Song et al., “MiR-325 promotes oxa-
liplatin-induced cytotoxicity against colorectal cancer
through the HSPA12B/PI3K/AKT/Bcl-2 pathway,” Digestive
diseases and sciences, vol. 66, 2020.

[24] M. Chen, Q. Meng, Y. Qin et al., “TRIM14 inhibits cGAS
degradation mediated by selective autophagy receptor p62 to
promote innate immune responses,” Molecular Cell, vol. 64,
no. 1, pp. 105–119, 2016.

[25] Z. Tan, L. Song, W. Wu et al., “TRIM14 promotes chemo-
resistance in gliomas by activating Wnt/β-catenin signaling
via stabilizing Dvl2,”Oncogene, vol. 37, no. 40, pp. 5403–5415,
2018.

[26] J. Hai, C. Q. Zhu, T. Wang, S. L. Organ, F. A. Shepherd, and
M. S. Tsao, “TRIM14 is a putative tumor suppressor and
regulator of innate immune response in non-small cell lung
cancer,” Scientific Reports, vol. 7, p. 39692, 2017.

[27] Z. Jin, H. Li, X. Hong et al., “TRIM14 promotes colorectal
cancer cell migration and invasion through the SPHK1/
STAT3 pathway,” Cancer Cell International, vol. 18, p. 202,
2018.

[28] W. Shen, Z. Jin, X. Tong et al., “TRIM14 promotes cell
proliferation and inhibits apoptosis by suppressing PTEN in
colorectal cancer,” Cancer Management and Research, vol. 11,
pp. 5725–5735, 2019.

10 Journal of Oncology



Research Article
KnockdownofNOLC1InhibitsPI3K-AKTPathway to Improve the
Poor Prognosis of Esophageal Carcinoma

FanguoKong ,1YanshengShang ,1XingyuanDiao ,1 JiaguoHuang ,1 andHuiLiu 2

1Department of Gastroenterology, Jinan City People’s Hospital,
Jinan People’s Hospital Affiliated to Shandong First Medical University, Jinan 271199, China
2Department of Gastroenterology, Shandong Provincial Hospital Affiliated to Shandong First Medical University,
Jinan 271199, China

Correspondence should be addressed to Hui Liu; liuhui@sdphospital.cn

Received 18 March 2021; Accepted 30 April 2021; Published 10 May 2021

Academic Editor: Muhammad Wasim Khan

Copyright © 2021 Fanguo Kong et al. (is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. Esophageal carcinoma (ESCA) is a common malignant gastrointestinal tumor. (e abnormal expression of NOLC1 is
involved in the tumorigenesis of various human tumors, whereas the function and mechanism of NOLC1 in ESCA remain
unclear. In this study, we explored the relationship between NOLC1 and poor prognosis of ESCA, and its role and mechanism in
the occurrence of ESCA. Methods. (e NOLC1 expression in ESCA tissues and cell lines was determined by qRT-PCR, im-
munohistochemistry, or western blot. (e Kaplan–Meier method was conducted to estimate the overall survival. Cox regression
analysis was carried out to examine the association between patient characteristics and prognosis. A recombined lentiviral vector
containing NOLC1 was applied for transfecting ESCA cells (Eca109 and TE-13) and established a stable cell line with low NOLC1
expression or high NOLC1 expression, in the absence or presence of PI3K inhibitor (LY294002) treatment. Cell proliferation,
apoptosis rate, invasion ability, migration ability, and PI3K/AKTpathway were detected by CCK8 assay, flow cytometry, Transwell
assay, wound-healing assay, and western blot. Results. NOLC1 overexpression was observed in ESCA tissues and ESCA cell lines
(EC9706, Eca109, TE-13, Kyse170, T.TN) compared with adjacent normal tissues and normal esophageal cell line HEEC. NOLC1
overexpression was markedly associated with bigger tumor size, lymph node metastasis, and advanced TNM stage. Patients with
NOLC1 overexpression have shorter overall survival than that of those with low NOLC1 expression. NOLC1 overexpression was
considered to be an independent poor prognostic factor affecting overall survival. NOLC1 knockdown inhibited proliferation,
migration, invasion, and cyclin B1 expression and promoted the apoptosis and cleaved-caspase-3 expression of Eca109 and TE-13
cells. NOLC1 overexpression accelerated proliferation, migration, invasion, and cyclin B1 expression and inhibited the apoptosis
and cleaved-caspase-3 expression of ESCA cells via activating PI3K/AKT pathway. Rescue experiments showed that PI3K in-
hibitor (LY294002) could reverse the phenomenon caused by NOLC1 overexpression. Conclusion. NOLC1 may be a marker for
poor prognosis. It can participate in the occurrence and development of ESCA via the PI3K/AKT pathway.

1. Introduction

Esophageal carcinoma (ESCA) is a common malignant gas-
trointestinal tumor, which is the sixth leading cause of mor-
tality among all kinds of tumors worldwide. Because the
incidence of ESCA is relatively insidious and the early clinical
symptoms are not typical, themajority of patients are already in
the middle and advanced stages of treatment [1, 2]. Although
resection operation is currently the main therapeutic schedule,
comprehensive treatment including chemotherapy and

radiotherapy is difficult to provide a survival benefit and im-
proved quality of life. (e 5-year survival rate of patients with
ESCA remain poor,<20%, and the recurrence rate ismore than
40% [3]. (e cause of death is tumor recurrence or metastasis
in patients with ESCA. However, the etiology and pathogenesis
of ESCA remain ambiguous, which may be mediated by the
cumulative effect of multiple genes [4, 5]. (erefore, it is ur-
gently required to develop effective biomarkers for diagnosing,
and new treatment strategies, such as targeted therapy, for
preventing malignancy in patients with ESCA.
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Nucleolar and coiled-body phosphoprotein 1
(NOLC1), a phosphoprotein, consists of a unique central
repeat domain, and C-terminal and N-terminal domains
[6–8]. Huang et al. reported that NOLC1 was positively
correlated with the tumorigenesis of non-small cell lung
cancer (NSCLC) and might be utilized as biomarkers for
the early diagnosis of NSCLC [9]. Additionally, Hwang
et al. showed that NOLC1 cooperates with TP53 syner-
gistically to activate a cellular proto-oncogene MDM2,
leading to cell growth and impediment of apoptosis in
nasopharyngeal carcinoma [7, 10], whereas the function
and mechanism of NOLC1 in the occurrence of ESCA
remain unknown.

In the current study, we analyzed the gene expression
profiling interactive analysis (GEPIA) database and dis-
covered that, compared with normal esophageal epithelial
tissues, ESCA tissues tend to have a relatively higher of
NOLC1 expression. (us, we measured NOLC1 expression
in ESCA tissues and investigated the clinical and prognostic
significance of NOLC1 expression in patients with ESCA,
and a transfected recombinant lentiviral vector containing
NOLC1 into ESCA cell lines with or without PI3K inhibitor
(LY294002), to further investigate the function and mech-
anism of NOLC1 expression in ESCA.

2. Methods

2.1. Clinical Specimens. In this study, a total of 45 patients
with ESCA who underwent surgical resection were
recruited between January 2010 and December 2015 from
Jinan City People’s Hospital, Jinan People's Hospital
Affiliated to Shandong First Medical University, Jinan
City, Shandong Province, China. And 19 adjacent normal
tissue specimens 3 cm away from the edge of the primary
tumor were excised as control. In all cases, the diagnosis
of each clinical specimen was verified by two pathologists
at Jinan City People’s Hospital. International Union
Against Cancer (UICC) guidance was utilized for tumor
staging. Gene expression profiling of interactive analysis
website was carried out to analyze NOLC1 expression in
ESCA tissues and normal tissues. (e clinical parameters
from the patients’ medical records are analyzed in Table 1.
All patients signed informed consent, and the ethics
committee of Jinan City People’s Hospital approved this
study.

2.2. QRT-PCR. Total RNA was obtained from tissue
specimens and cells using TRIzol ((ermo Fisher,
Shanghai, China). (e purity and concentration of RNA
samples were determined using spectrophotometry (Bio-
Tek, Vermont, USA). Subsequently, 300 ng RNA samples
were reverse-transcribed into cDNAs and amplificated by
using a One Step SuperRT-PCR Mix Kit (Solarbo,
Shanghai, China). GAPDH was utilized as an expression
control. NOLC1 mRNA levels were analyzed with the
2−ΔΔCt method. Fold changes were calculated for Ct values
of amplified NOLC1 mRNA compared with those of
GAPDH.

(1) NOLC1 primer: F 5′-AGCTGGCCTGACGGTATG-
3′, R 5′-TTGGTCTGGCTGAGTACCG-3′

(2) GAPDH primer: F 5′-TCACCAGGGCTGCTTTTA-
3′, R 5′-TTCACACCCATGACGAACA-3′

2.3. Immunohistochemical Staining. Routine immunohis-
tochemical staining of esophageal cancer biopsy specimens
was performed using an anti-NOLC1 monoclonal antibody.
Specimens embedded in paraffin wax were cut onto slides.
Subsequently, slides were dewaxed, hydrated, and stained
with the 3,3′-diaminobenzidine (DAB). Additionally, slides
were counterstained with hematoxylin. (e number of
NOLC1-positive and the number of NOLC1-negative ESCA
cells were counted at a magnification of ×400 under a light
microscope. Cells on the section with brown nucleoli were
considered positive for NOLC1. Positive scores were divided
into 4 groups: “0” (no expression), “1+” (weak staining, only
one nucleolus staining), “2+” (moderate staining, multiple
nucleolar staining), and “3+” (strong staining, cell nuclei and
nucleoli staining).

2.4. Western Blot. Tissues and cells were lysed in RIPA lysis
buffer to isolate protein (Beyotime, Shanghai, China).
Subsequently, samples were separated using 10% SDS-
PAGE, transferred to PVDF membranes, and blocked in 5%
BSA for 1 h. Membranes were incubated with primary an-
tibodies, including rabbit monoclonal antibody NOLC1 (1 :
1000, Abcam, CA, USA), cleaved-caspase-3 (1 :1000,
Abcam), cyclin B1 (1 :1000, Abcam), AKT (1 :1000, Abcam),
PI3K (1 :1000, Abcam), p-PI3K (1 :1000, Cell Signaling
Technology, Shanghai, China), p-AKT (1 :1000, Abcam),
and rabbit polyclonal antibody GAPDH (1 :10000, Abcam)
overnight at 4°C. Membranes were washed 3 times and
labeled with the HRP conjugated secondary antibodies (1 :
2000, Abcam) at room temperature for 1 h. Protein bands
were visualized using an ECL system (Tannon, Beijing,
China).

2.5.CellCultureandLentivirus Infection. Normal esophageal
cell line HEEC and five esophageal cancer cell lines (EC9706,
Eca109, TE-13, Kyse170, T.TN) were obtained from Cell
Resource Center, Shanghai Institute for Biological Sciences,
Chinese Academy of Sciences. All cells were cultured in
RPMI-1640 medium (Gibco, Rockville, USA) containing
10% FBS (Gibco, Rockville, USA) at 37°C and 5% CO2
incubator. (e NOLC1 overexpression and knockdown
lentiviral vector were purchased from GenePharma
(Shanghai, China). (e cells were transduced with lentiviral
vectors at a multiplicity of infection (MOI) of 10 in a serum-
free medium for 12 h. Subsequently, the cells were harvested
and cultured with a complete medium for further study.

2.6. CCK8 (Cell Counting Kit-8) Assay. CCK8 assay was
carried out to examine the cell viability. After lentivirus
infection, Eca109 and TE-13 cells (2×103 cells/well) with or
without PI3K inhibitor (LY294002) were resuspended and
plated in 96-well plates for 0-, 24-, 48-, and 72 h incubation.

2 Journal of Oncology



Subsequently, 10 μL of CCK8 solution (Beyotime, Shanghai,
China) was added, dropwise, into each well and incubated
for 2 h. (e absorbance at a wavelength of 450 nm was
measured using a microplate reader (BioTek, Vermont,
USA).

2.7. Flow Cytometry. After lentivirus infection, Eca109 and
TE-13 cells with or without LY294002 were harvested and
stained with Annexin V-FITC/PI (BD Biosciences, Bedford,
USA) in the dark for 15min. Cell apoptosis was analyzed
using flow cytometry.

2.8. Invasion Assay. Transwell chamber was applied to
measure the cell invasion ability. Matrigel matrix (Becton,
Dickinson and Company, Bedford, USA) was diluted with
serum-free medium at a ratio of 1 :10. (en, Matrigel was
evenly added to the upper chamber. After lentivirus infec-
tion, 5×104 Eca109 and TE-13 cells with or without
LY294002 in 200 μL of serum-free medium were added to
the apical chamber, and 600 μL of medium containing 15%
FBS was supplied to the bottom chamber for 48 h. Cells in
apical chamber were wiped off, fixed with 5% paraformal-
dehyde, and then stained with 0.1% crystal violet solution for
15minutes. Finally, cell invasion was evaluated by counting
under the microscope field (Olympus, Tokyo, Japan).

2.9. Wound-Healing Assay. Wound-healing assay was car-
ried out to detect cell migration. After lentivirus infection,
Eca109 and TE-13 cells (5×105 cells) with or without
LY294002 were resuspended and seeded in six-well plates.
(e cells were cultured until confluent, and the monolayer in
each was scratched using a 200 μL pipette tip. (e detached
cells were washed using PBS. Cells were cultured with 2mL
medium at 37°C and 5% CO2. Photos for wounded cells were
taken at 0 and 48 h under an optical microscope, and the gap
distance was measured by Image J software.

2.10. Statistical Analysis. All data were expressed as the
mean± SD. All statistical analyses were carried out by SPSS
Statistics 21.0. Student’s t-test was applied for comparisons
between two groups, while ANOVA was utilized to analyze
the significant differences among multiple groups. Com-
parisons between NOLC1 subgroup (low vs. high) in patient
survival were analyzed using the Kaplan–Meier method and
assessed using the Cox regression analysis. p value< 0.05
was indicative of statistical significance.

3. Results

3.1. =e Overexpression of NOLC1 in ESCA Tissues and Cells.
Gene expression profiling interactive analysis (GEPIA)
database was conducted to analyze the expression pattern of
NOLC1 in ESCA tissues and normal esophageal epithelial
tissues. (e data revealed that ESCA tissues have a trend of
relatively higher levels of NOLC1 expression compared with
normal esophageal epithelial tissues (Figure 1(a)). In order
to verify whether it was consistent with the database, the
expression of NOLC1 was detected in 45 cases of ESCC
tissues and 19 cases of adjacent normal tissues by QRT-PCR
and immunohistochemical staining. (e QRT-PCR results
showed that NOLC1 mRNA was overexpressed in ESCA
tissues than that in adjacent normal tissues (Figure 1(b),
p< 0.05). (e immunoreactivity of NOLC1 was observed in
the brown nucleus. High NOLC1 expression was observed in
ESCA tissues (55.6%) compared with normal tissues. (e
immunoreactivity of the low NOLC1 expression and high
NOLC1 expression is shown in Figure 1(c). For further
analysis, ESCA tissues were divided into 2 group on the basis
of the immunohistochemical score: low NOLC1 expression
group (“0” and “1+” expression of NOLC1) and high
NOLC1 expression group (”2+” and “3+” expression of
NOLC1). We further measured the expression of NOLC1 in
five esophageal cancer cell lines (EC9706, Eca109, TE-13,
Kyse170, T.TN) and normal esophageal cell line HEEC by
QRT-PCR and western blot assay. QRT-PCR results showed
that NOLC1 mRNA expression in five ESCA cell lines was

Table 1: Relationship between the expression of NOLC1 and the clinicopathological variables of ESCC patients.

Variables Case number (n� 45)
NOLC1 expression

p-value
Low (n� 20) High (n� 25)

Sex
0.601Male 8 12

Female 12 13
Age (years)

0.743<60 9 10
≥60 11 15

Tumor size (cm)
0.027<3 13 8

≥3 7 17
TNM stage

0.033I + II 11 6
III + Iv 9 19

Lymph node metastasis
0.018Yes 15 10

No 5 15

Journal of Oncology 3
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Figure 1: (e NOLC1 expression in ESCA tissues and cell lines. (a) (e expression pattern of NOLC1 in ESCA tissues and normal
esophageal epithelial tissues was analyzed by GEPIA database. (b) (e NOLC1 mRNA in ESCC tissues and adjacent normal tissues was
measured by QRT-PCR. (c)(e NOLC1 expression in ESCC tissues was evaluated by immunohistochemical staining: (1) No expression, (2)
high expression. (d) (e NOLC1 expression in five esophageal cancer cell lines (EC9706, Eca109, TE-13, Kyse170, T.TN) and normal
esophageal cell line HEEC was detected by QRT-PCR. vs si-NC group, ∗p< 0.05, ∗∗p< 0.01. (e) (e NOLC1 expression in five esophageal
cancer cell lines (EC9706, Eca109, TE-13, Kyse170, T.TN) and normal esophageal cell line HEEC was detected by western blot.

4 Journal of Oncology



predominantly higher than that of HEEC cells (Figure 1(d)).
Consistently, western blot results indicated that NOLC1
protein levels in ESCC cell lines (Eca109 and TE-13) were
notably higher than those of HEEC cells (Figure 1(e)).
NOLC1 expression in Eca109 and TE-13 cells was more
dramatic than that in other ESCA cell lines, so that Eca109
and TE-13 cells were utilized in subsequent experiments.
(ese results revealed that NOLC1 was overexpressed in
ESCA tissues and cell lines.

3.2. NOLC1 Overexpression Is Associated with Poor Prognosis
of ESCA. (e relationship between the NOLC1 over-
expression and the clinical parameters of the patients with
ESCA is listed in Table 1. (ere was statistically significant
correlation between the overexpression of NOLC1 and
bigger tumor size (p � 0.027), lymph node metastasis
(p � 0.018), and advanced TNM stage (p � 0.033), while
there was no significant correlation between NOLC1
overexpression and patients’ gender and age. Kaplan–Meier
analysis revealed that patients with NOLC1 overexpression
have shorter survival time compared with those with low
NOLC1 expression (Figure 2, p< 0.01). (e 5-year survival
rate of ESCA patients with low NOLC1 expression was
70.0% (14/20), while that of patients with high NOLC1
expression was 32% (8/25). Univariate COX regression
analysis suggested that NOLC1 was negatively correlated
with overall survival (p � 0.029, Table 2). Otherwise, mul-
tivariate COX regression analysis demonstrated that the
expression level of NOLC1 was a significant independent
prognostic factor for the overall survival of ESCA patients
(p � 0.032, Table 2).

3.3. NOLC1 Knockdown Inhibits the Proliferation, Migration,
and Invasion and Promotes the Apoptosis of ESCA Cells.
In order to explore whether NOLC1 affects the development
of ESCA, Eca109 and TE-13 cells were transduced with
lentiviral vectors to knock down NOLC1 expression. (e
western blot displayed that NOLC1 expression in the sh-
NOLC1-1 group and sh-NOLC1-2 group was declined
compared to that in the sh-NC group (p< 0.05), and NOLC1
expression in the sh-NOLC1-1 group was the lowest
(Figure 3(a)). (erefore, the lentiviral vectors of sh-NOLC1-
1 group were selected to knock down NOLC1 in the sub-
sequent experiments and it was named sh-NOLC1. CCK8
assays revealed that NOLC1 knockdown abrogated the
proliferation of Eca109 and TE-13 cells compared to sh-NC
group in a time-dependent manner (Figure 3(b), p< 0.05).
Consistent with the impediment proliferation rate, NOLC1
knockdown encouraged the apoptotic rate of Eca109 and
TE-1 cells compared to that of the sh-NC group (Figure 3(c),
p< 0.05). Additionally, NOLC1 knockdown of Eca109 and
TE-13 cells resulted in a significant impediment in invasion
compared to that of sh-NC group (Figure 3(d), p< 0.05).
Consistently, wound-healing assay revealed that the scratch
in NOLC1 knockdown group of Eca109 and TE-13 cells was
remarkably larger than that of the sh-NC group at 48h
(Figure 3(e)). Moreover, NOLC1 knockdown depleted
cyclin B1 protein level while NOLC1 knockdown elevated

cleaved-caspase-3 expression. Overall, our data indicated
that depletion of NOLC1 inhibits the proliferation, invasion,
and migration and promotes the apoptosis of ESCA cells
(Figure 3(f )).

3.4. NOLC1 Overexpression Promotes Oncogenesis and Pro-
gression of ESCA via Activating PI3K/AKT Pathway. To
further investigate the mechanism by which NOLC1
exerted function on ESCA cells, we first focused on the
PI3K/AKT signaling pathway, which is considered to be
involved in tumorigenesis and metastasis [11, 12]. Eca109
and TE-13 cells were transduced with lentiviral vectors to
overexpress NOLC1. (e western blot displayed that
NOLC1 overexpression elevated AKT and PI3K phos-
phorylation, whereas the total PI3K and AKT level
remained unchanged in both Eca109 and TE-13 cells
(Figure 4(a)). In order to further explore the association
between NOLC1 and AKT, after NOLC1 overexpression
lentivirus infection, the PI3K inhibitor LY294002 (25 μmol/
L) was utilized to treat Eca109 and TE-13 cells. NOLC1
overexpression significantly promoted the cell proliferation
rate compared with vector group, while LY294002 deeply
blocked cell proliferation mediated by NOLC1 over-
expression (Figure 4(b), p< 0.01). Likewise, NOLC1
overexpression notably restrained the apoptosis rate of
Eca109 and TE-13 cells compared with vector group, while
LY294002 treatment attenuated the impediment effects on
apoptosis rate caused by NOLC1 overexpression
(Figure 4(c)). Additionally, NOLC1 overexpression
accelerated the invasion ability of Eca109 and TE-13 cells
compared with vector group, while LY294002 treatment
abrogated invasion ability caused by NOLC1 over-
expression (Figure 4(d)). Consistently, NOLC1 over-
expression encouraged the migration ability compared
with vector group in Eca109 and TE-13 cells, while
LY294002 abolished the promotion effects on migration
ability induced by NOLC1 overexpression (Figure 4(e)).
Moreover, NOLC1 overexpression elevated cyclin B1
protein level while it depleted cleaved-caspase-3
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Figure 2: (e association between NOLC1 expression and overall
survival.
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Table 2: Univariate and multivariate analysis of survival associated factors.

Parameters
Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value
Sex (male vs. female) 2.011 (0.777–5.204) 0.150
Age (<60 vs. ≥60 years) 2.333 (0.776–7.017) 0.132
Tumor size (<3 vs. ≥3 cm) 2.239 (0.745–6.735) 0.151
TNM stage (I + II vs. III + IV) 1.351 (0.438–4.168) 0.601
Lymph node metastasis (yes vs. no) 2.351 (0.919–6.011) 0.074
NOLC1 expression (low vs. high) 3.078 (1.125–8.423) 0.029 3.522 (1.114–11.141) 0.032
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Figure 3: NOLC1 overexpression promotes oncogenesis and progression of ESCC. (a) (e NOLC1 expression of Eca109 and TE-13 cells
after NOLC1 knockdown. (b) (e proliferation rate of Eca109 and TE-13 cells after NOLC1 knockdown vs. si-NC group, ∗p< 0.05,
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expression. However, this phenomenon could be reversed
by LY294002 (Figure 4(f )). Collectively, these bodies of
evidence indicated that NOLC1 overexpression promotes
oncogenesis and progression of ESCA through activating
the PI3K/AKT signaling pathway.

4. Discussion

Deregulation of NOLC1 has been observed in various cancer
types, which is associated with poor prognosis in patients
with nasopharyngeal carcinoma or lung cancer. In this
study, our data provided further evidence that NOLC1
expression levels were overexpressed in ESCC tissues
compared to normal adjacent tumor and correlated with
poor prognosis. Additionally, NOLC1 knockdown inhibited
proliferation, migration, invasion, and protein expression,
such as cyclin B1, and promoted the apoptosis and cleaved-
caspase-3 expression of Eca109 and TE-13 cells. NOLC1
overexpression accelerated proliferation, migration, inva-
sion, and cyclin B1 expression and inhibited the apoptosis
and cleaved-caspase-3 expression of ESCA cells via acti-
vating PI3K/AKT pathway. Rescue experiments show that
PI3K inhibitor (LY294002) could reverse the phenomenon
caused by NOLC1 overexpression.

Targeted therapy and molecular targeted therapy are the
basis of sophisticated basic medicine, leading to the im-
proved prognosis of patients with ESCC and also leading to
resurgent research interest in the research of targeted agents
in ESCA. NOLC1 exerts multiple functions, such as cell
differentiation regulation [13] and rRNA transcription [6].
Few pieces of research have demonstrated that it has a
function correlated with tumorigenesis [14]. For example,
Hwang YC et al. showed that NOLC1 is more highly
expressed in nasopharyngeal carcinoma compared with
normal tissues and participates in tumorigenesis together
with TP53 [7]. Krastev DB et al. have further confirmed that

NOLC1 can be suppressed by p53 and contributed to
molecular pathways of tumor suppressor genes [15]. In
addition, Huaping Huang et al. showed that NOLC1
knockdown can enhance the drug sensitivity of NSCLC
chemotherapy-resistant (A549/MDR) cells to multidrug
response by inhibiting cell viability and accelerating cell
apoptosis [9]. However, the exact functions of NOLC1 on
tumorigenesis in ESCA remain elusive. Consistent with
these facts, through GEPIA database, we found high ex-
pression of NOLC1 in ESCA tissues, but the expression was
comparatively weak in normal adjacent tissues. Subse-
quently, we detected the NOLC1 expression in ESCA tissues
and cell lines.(e results confirmed that NOLC1mRNA and
protein levels were abundant in both ESCA tissue specimens
and cell lines. (e mRNA expression of NOLC1 in cancer
cells, Kyse170, ECA9706, and T.TN is different from the
protein expression, which may be due to post-transcriptional
regulatory mechanisms such as translation and post-
translational modifications. (ese data by themselves are
certainly not enough to explain the exact mechanism of
regulation, but they do provide a direction for us to conduct
more targeted experiments. Moreover, NOLC1 over-
expression was associated with bigger tumor size, lymph
node metastasis, and advanced TNM stage in ESCA patients.
Additionally, ESCA patients with NOLC1 overexpression
have shorter overall survival than that of those with low
NOLC1 expression. Moreover, NOLC1 overexpression was
considered as an independent poor prognostic factor af-
fecting overall survival. Based on these pieces of evidence, it
was speculated that the NOLC1 overexpression might be
involved in the tumorigenesis of ESCA. To verify this hy-
pothesis, we conducted a loss of function experiment in
vitro. Results showed that NOLC1 knockdown inhibited
proliferation, migration, invasion, and protein expression,
such as cyclin B1, and promoted the apoptosis and cleaved-
caspase-3 expression of Eca109 and TE-13 cells. Collectively,
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Figure 4: NOLC1 overexpression promotes oncogenesis and progression of ESCC via activating PI3K/AKTpathway. (a) (e activation of
PI3K/AKTpathway in Eca109 and TE-13 cells. (b) PI3K inhibitor LY294002 blocked cell proliferation mediated by NOLC1 overexpression
vs. oe-NOLC1 group, ∗p< 0.05. (c) LY294002 impeded apoptosis rate caused by NOLC1 overexpression. (d) LY294002 abrogated invasion
ability caused by NOLC1 overexpression. (e) LY294002 abolished migration ability induced by NOLC1 overexpression. (f ) LY294002
reversed the expression of cyclin B1 and cleaved-caspase-3 induced by NOLC1 overexpression.
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our research indicated that NOLC1 may serve as an on-
cogene by accelerating the proliferation, metastasis, and
invasion of ESCA cells.

(e specific mechanism by which NOLC1 contributed to
tumorigenesis remains unclear. Intriguingly, it was recently
reported that lncRNAs (TROLL-2 and TROLL-3) could
counteract the interaction between WDR26 and NOLC1,
while promoting the combination of WDR26 and AKT to
activate the PI3K/AKTpathway in lung cancer cells, human
breast carcinoma cells, and human melanoma cell lines [16].
PI3K/AKT pathway is dysregulated in various cancer cells.
(e PI3K/AKT pathway plays an important role in the in-
ternalization of membrane tyrosine kinases and external
growth factors. Membrane kinases including epidermal
growth factor receptor (EGFR) are activated by external
growth factors, which initiate receptor dimerization and
subsequent events to activate these intracellular pathways.
AKT has multiple targets to modulate a variety of prolif-
erative and antiproliferative signaling processes, such as
survival, apoptosis, angiogenesis, cell cycle, cell-cycle energy,
and DNA repair [17–22]. Additionally, Lianghai Wang et al.
showed that the elevation of SOX9 inhibits the transcription
of miR-203a by binding to the miR-203a promoter, thereby
abolishing miR-203a-mediated impediment of PI3K/AKT/
mTOR pathway [23]. Furthermore, Konstantia E. Tasioudi
et al. reported that 90.5% of esophagus cancer (EC) patients
expressed p-AKTmainly in the nucleus. Even in the absence
of mutations in PIK3CA and Akt1, the expression of PI3K/
AKT/mTOR pathway components is also expressed in EC
and is associated with tumor grade, tumor stage, and
clinicopathologic feature [24]. Consistent with previous
research, in this study, NOLC1 overexpression elevated
PI3K and AKTphosphorylation, which suggested that PI3K/
AKTmay be the downstream pathway of NOLC1. To verify
this hypothesis, we conducted a series of rescue experiments.
NOLC1 overexpression accelerated proliferation, migration,
invasion, and cyclin B1 expression and inhibited the apo-
ptosis and cleaved-caspase-3 expression in ESCA cells.
Rescue experiments show that PI3K inhibitor (LY294002)
could reverse the phenomenon caused by NOLC1 over-
expression. (us, NOLC1 can participate in the occurrence
and development of ESCA via the PI3K/AKT pathway.

Although our research has further deepened our un-
derstanding of the function of NOLC1, this study also has
some limitations that have not been clarified. However, the
detailed interaction mechanism between NOLC and AKT
pathway still needs to be explored, and the biological
functions and mechanisms of NOLC and downstream
pathways in the occurrence and development of ESCA still
need further experimental exploration.

In conclusion, inhibition of NOLC1 expression may play
an important role in regulating the occurrence and devel-
opment of ESCA by inhibiting the proliferation, invasion,
and migration, promoting the apoptosis, and regulating
drug resistance-related molecules, which will provide a new
perspective for the development of targeted drugs for the
treatment of ESCA.

Data Availability

(e data used to support the findings of this study are
available from the corresponding author upon request.
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.e specific function of microRNA-552 (miR-552) has been investigated in several malignancies, except gastric cancer (GC).

.erefore, this study was performed to determine the role of miR-552 in GC.GC tissues and adjacent non-tumor tissues were
collected to determine the expressions of miR-552. Quantitative real-time polymerase chain reaction assays (RT-qPCR) and
Western blot analysis were carried out to measure expression levels. .e regulatory mechanism of miR-552 was explored by (3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) MTT Assay, and Transwell assays. .e binding site between miR-
552 and FOXO1 was verified by dual-luciferase reporter assays. Upregulation of miR-552 expression was detected and associated
with worse clinical outcomes in GC. Furthermore, high miR-552 expression predicted poor prognosis in GC patients. Func-
tionally, upregulation of miR-552 promoted cell viability, metastasis, epithelial-mesenchymal transition (EMT), and phos-
phatidylinositol 3-kinase and protein kinase B (PI3K/AKT) pathway in GC. In addition, miR-552 was confirmed to target
forkhead box O1 (FOXO1) directly and inversely regulate its expression in GC. Upregulation of FOXO1 reversed the carci-
nogenesis of miR-552 in GC. In conclusion, miR-552 serves as a tumor promoter in GC through targeting FOXO1 and regulating
EMT and PI3K/AKT pathway.

1. Introduction

Gastric cancer (GC) is the second largest cancer, second only
to lung cancer. Most patients with GC are over 50 years old,
and men are twice as likely to have GC as women [1]. GC is
more common in Japan and China, mainly due to dietary
reasons. Moreover, the development of GC is extremely fast,
and the current treatment can only control the spread of GC
[2]. .e therapeutic effect of GC is related to the onset, the
pathological type, the thoroughness of surgical radicaliza-
tion, and the comprehensive treatments [3]. Early GC has
the best therapeutic effect, but there is a risk of recurrence.
Nearly two-thirds of recurrence will lead to distant metas-
tasis of GC, and distant metastasis is the biggest cause of
death in GC patients [4]. .erefore, it is of great significance
to explore potential molecular markers for the early diag-
nosis and treatment of GC.

MicroRNAs (miRNAs) are well-known to be involved in
human diseases and cancers [5]. Moreover, many miRNAs

have been reported to regulate biological activities in GC.
For example, miR-423-5p was upregulated in GC and
promoted cancer growth and metastasis [6]. An et al.
proposed that miR-1236-3p was downregulated in GC and
inhibited invasion and metastasis [7]. Now, the dysregula-
tion of miR-552 caught our attention, which has not been
investigated in GC. Miao et al. reported that miR-552
suppressed both transcription and translation of cytochrome
P450 2E1 [8]. In addition, miR-552 can distinguish primary
lung adenocarcinoma and colorectal cancer metastases [9].
MiR-552 was upregulated in osteosarcoma and hepatocel-
lular carcinoma and promoted cell viability and metastasis
[10, 11]. Besides that, increased expression of miR-552 was
found to act as a potential predictor biomarker for poor
prognosis of colorectal cancer [12]. Previous studies indicate
that miR-552 participates in the pathogenesis of human
cancers.

As a forkhead box transcription factor, forkhead box O1
(FOXO1) has been found to participate in cancer
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development [13]. For example, the expression of FOXO1
predicted disease-free survival in breast cancer [14]. Xie et al.
found that FOXO1 was a tumor suppressor in classical
Hodgkin lymphoma [15]. Moreover, FOXO1 controlled
thyroid cell proliferation and was involved in thyroid tu-
morigenesis [16, 17]. In the meantime, the interaction
between FOXO1 and miRNAs has been detected in some
malignancies, such as bladder cancer and breast cancers
[17, 18]. FOXO1 has been proposed to play an essential role
in PI3K/AKT signaling and regulate many biological ac-
tivities in cancers [19]. It was reported that miR-132 played
an oncogenic role in laryngeal squamous cell carcinoma by
targeting FOXO1 and activating the PI3K/AKT pathway
[20]. However, the regulatory mechanism of miR-552/
FOXO1/PI3K/AKT remains unclear in GC. .erefore, the
dysregulation of miR-552 and its regulatory mechanism in
GC were evaluated in this study. .ese findings could
provide new insights into GC treatment.

2. Materials and Methods

2.1. Sample Collection. In this study, GC specimens and
normal specimens were obtained from 84 patients at .e
First People’s Hospital of Chenzhou, Chenzhou, Hunan,
China. Before the experiment, written informed consent was
provided by all GC patients. .e participants did not receive
any treatment except for surgery. .is study was approved
by the Institutional Ethics Committee of .e First People’s
Hospital of Chenzhou.

2.2. Cell Lines and Transfection. Normal gastric cell GES-1
and MKN-45, MGC-803 GC cell lines (BNCC, Beijing,
China) were seeded in RPMI-1640 medium containing 10%
fetal bovine serum (FBS)..ese cells were cultured at 37°C in
5% CO2.

MiR-552 mimics or inhibitor, FOXO1 vector (RiboBio,
Guangzhou, China) were severally transferred into MKN-45
cells using Lipofectamine 2000 (Invitrogen, Carlsbad, USA).
Untreated MKN-45 cells were set as the control.

2.3. RT-qPCR. .e extraction of total RNA was performed
using TRIzol reagent (Invitrogen, Carlsbad, USA). .e
cDNA was synthesized by PrimeScript RT reagent (Takara,
Dalian, China). We conducted RT-qPCR using SYBR Green
Master Mix II (Takara) based on the manufacturer’s in-
structions. MiR-552 or FOXO1 was normalized by U6 or
GAPDH as the internal reference. .eir expression levels
were calculated using the 2−△△ct method. .e primers used
in our work were as follows: miR-552, forward primer: 5′-
GTT TAA CCT TTT GCC TGT TGG-3′, reverse primer: 5′-
CGA ACG CTT CAC GAA TTT G-3’; U6, forward primer:
5′-CTCGCTTCGGCAGCACA-3′, reverse primer: 5′-AAC
GCT TCA CGA ATT TGC GT-3’; FOXO1 forward primer:
5′-AGG GTT AGT GAG CAG GTT ACA C-3′, reverse
primer: 5′-TGC TGC CAA GTC TGA CGA AA-3’; GAPDH
forward, 5′-ACA TCG CTC AGA CAC CAT G-3′, reverse,
5′-TGT AGT TGA GGT CAA TGA AGG G-3’.

2.4. MTT Assay. Transfected MKN-45 cells (4×103 cells/
well) were seeded in RPMI-1640 with 10% FBS for 24, 48, 72
or 96 h. Next, the suspension of MKN-45 cells was added
with 20 μl of MTTfor 4 h. .en, 150 μl of dimethyl sulfoxide
was added to themedium. After 10minutes, cell viability was
assessed using a microplate reader (Olympus Corp., Tokyo,
Japan) to determine the optical density at 490 nm.

2.5. Transwell Assay. Transwell assay was used to assess cell
migration and invasion abilities. Next, upper chamber was
added with Matrigel (BD Biosciences, Franklin Lakes, NJ,
USA) to detect MKN-45 cell invasion. .e transfected cells
(5×103 cells/well) were put in the upper chamber, and lower
chamber filled with 10% FBS. .e migrated or invaded cells
were fixed withmethanol and stained with 0.1% crystal violet
for 30mins. Finally, migrated or invaded cells were exam-
ined under a light microscope (Olympus Corporation,
Tokyo, Japan). Cell migration assay was performed without
Matrigel, and other process was the same as cell invasion
assay.

2.6. Western Blot Analysis. First, the protein sample was
lysed using RIPA buffer (Beyotime, Shanghai, China). .en,
the supernatant was collected as the total protein. .e
protein was electrophoresed by 10% SDS-PAGE..e protein
was blocked by 5% non-fat milk for 1 h. After incubating the
protein with the following primary antibodies (Bax, Bcl-2,
E-cadherin, N-cadherin, PI3K, AKTand GAPDH) overnight
at 4°C, the diluted secondary antibodies were added to in-
cubate protein for another 1 h. Finally, the protein was
examined by an ECL reagent (Millipore, MA, USA).

2.7. LuciferaseReporterAssay. Dual-luciferase reporter assay
(Promega, Madison, WI, USA) was performed to verify the
relationships between miR-552 and FOXO1..e 3′-UTR of
wild or mutant FOXO1 was inserted into pcDNA3.1 plasmid
vector (Promega, Madison, USA) to construct the luciferase
reporter vectors of Wt-FOXO1 and Mut-FOXO1..e above
vectors were then severally transfected into MKN-45 cells
with miR-552 mimics or NC-mimics using Lipofectamine
2000 (Invitrogen) to execute the dual-luciferase reporter
assay. After incubation of 48 h, a dual-luciferase assay system
(Promega, USA) was used to detect luciferase activities.

2.8. Statistical Analysis. Data are shown as mean± SD,
which were analyzed using SPSS 17.0 or Graphpad Prism 6.
Chi-squared test, one-way analysis of variance with Tukey’s
post hoc test, and univariate Kaplan–Meier method with the
log-rank test were applied to calculate differences between
groups. Differences were considered as significant at
p< 0.05.

3. Results

3.1. �e Expression of miR-552 Was Increased in GC Tissues.
.e alternation of miR-552 expression was initially detected
in GC tissues. RT-qPCR showed that miR-552 expression
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was increased in GC tissues compared to normal tissues
(p< 0.01, Figure 1(a)). Similarly, miR-552 was higher in
MKN-45 and MGC-803 cells than in GES-1 cells (p< 0.01,
Figure 1(b)). MKN-45 cells were selected for the functional
assay due to the significant difference in miR-552 expression.
In addition, we analyzed the correlation between abnormal
miR-552 expression and clinical features in GC patients. GC
patients were assigned into high and low miR-552 groups
based on the median miR-552 expression level. As shown in
Table 1, the dysregulation of miR-552 was associated with
differentiation (p< 0.01), TNM stage (p< 0.05), and lymph
node metastasis (p< 0.05). Furthermore, GC patients with
high miR-552 expression showed a shorter overall survival,
indicating that upregulating of miR-552 predicted poor
prognosis in GC patients (p< 0.01, Figure 1(c)). .ese re-
sults indicated that miR-552 might function as an important
regulator in the pathogenesis of GC.

3.2. Upregulation of miR-552 Promoted Cell Viability and
Metastasis in GC. Next, miR-552 mimics or inhibitor was
transfected into MKN-45 cells to perform a gain-loss ex-
periment. MiR-552 expression was promoted by its mimics
and inhibited by its inhibitor in MKN-45 cells (p< 0.01,
Figure 2(a)). MTT assay revealed that overexpression of

miR-552 promoted cell proliferation, whereas down-
regulation of miR-552 restrained MKN-45 cell proliferat-
ion (p< 0.05, Figure 2(b)). Transwell assay displayed that
cell migration was accelerated by miR-552 mimics and
repressed by miR-552 inhibitor in MKN-45 cells (p< 0.01,
Figure 2(c)). Similarly, upregulation of miR-552 facilitated
cell invasion, while downregulation of miR-552 inhibited
cell invasion in MKN-45 cells (p< 0.01, Figure 2(d)). Taken
together, miR-552 promoted the viability and metastasis of
GC cells.

3.3. MiR-552 Activated EMTand PI3K/AKT Pathway in GC.
In addition, the effect of miR-552 on the EMT and PI3K/
AKT pathway was investigated to further illuminate its role
in GC. As for EMT, miR-552 mimics were found to promote
N-cadherin expression and inhibit the expression of
E-cadherin. However, miR-552 inhibitor reduced N-cad-
herin expression and facilitated E-cadherin expression in
MKN-45 cells (Figure 3). Next, expressions of apoptosis-
associated proteins (Bcl-2/Bax) were measured in MKN-45
cells with miR-552 mimics or inhibitor. .e results showed
that miR-552 mimics declined Bax expression and promoted
survival gene Bcl-2 expression. Furthermore, miR-552 in-
hibitor promoted Bax expression and reduced Bcl-2
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Figure 1: .e expression of miR-552 was increased in GC tissues. (a) MiR-552 expressions in GC tissues. (b) .e miR-552 expression in
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Journal of Oncology 3



Table 1: Relationship between miR-552 expression and their clinic-pathological characteristics in GC patients.

Characteristics Cases
miR-552

p-value
High Low

Age (years) 0.08
≥60 38 20 18
<60 46 30 16

Gender 0.15
Male 58 32 26
Female 26 18 8

Tumor size (mm) 0.21
≤5.0 31 19 12
>5.0 53 31 22

Differentiation 0.009∗
Well/moderate 24 18 6
Poor 60 32 28

Lymph node metastasis 0.04∗
Yes 62 42 20
No 22 8 14

TNM stage 0.02∗
I-II 28 18 10
III-IV 56 32 24

Statistical analyses were performed by the χ2 test. ∗ p< 0.05 was considered significant.
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expression (Figure 3). Besides that, expressions of p-PI3K
and p-AKT were found to be promoted by the upregulation
of miR-552 and suppressed by the downregulation of miR-
552. However, expressions of PI3K and AKT were not af-
fected by miR-552 in MKN-45 cells (Figure 3). Combining
all these results, miR-552 was considered to serve as a
cancerogenic factor in GC progression.

3.4. FOXO1 Is a Direct Target of miR-552. .e downstream
target of miR-552 was searched in TargetScan (http://www.
targetscan.org/) databases to explain its regulatory mecha-
nism in GC. It predicts that miR-552 has binding sites with
the 3′-UTR of FOXO1 (Figure 4(a)). Luciferase reporter
assay was designed to confirm this prediction.We found that
miR-552 mimics decreased Wt-FOXO1 luciferase activity
but had no effect on Mut-FOXO1 luciferase activity in
MKN-45 cells (p< 0.01, Figure 4(b)). Furthermore, miR-552
has a negative correlation with FOXO1 expression in GC
tissues (p< 0.0001, R2 � 0.7298; Figure 4(c)). In addition, the
expression level of FOXO1 was reduced by upregulation of
miR-552 and enhanced by downregulation of miR-552 in

MKN-45 cells (p< 0.01, Figures 4(d) and 4(e)). Briefly, miR-
552 directly targets FOXO1 and has negative association
with FOXO1 expression in GC.

3.5. Upregulation of FOXO1 Reversed the Carcinogenesis of
miR-552 in GC. Finally, the interaction between miR-552
and FOXO1 was investigated in MKN-45 cells with miR-552
mimics and FOXO1 vector. RT-qPCR displayed that the
FOXO1 vector restored its decreased expression induced by
miR-552 mimics (Figure 5(a)). Functionally, upregulation of
FOXO1 impaired the promoted effect of miR-552 on cell
proliferation (Figure 5(b)). Similarly, the promoted effect of
miR-552 on cell migration and invasion was also abolished
by the FOXO1 vector (Figures 5(c) and 5(d)). In addition,
the reverse effect of FOXO1 on EMTand PI3K/AKTpathway
was also identified in MKN-45 cells (Figure 5(e)). Collec-
tively, upregulation of FOXO1 weakened the carcinogenesis
of miR-552 in GC.

4. Discussion

Recently, various miRNAs have been found to participate
in tumorigenesis of GC. For example, miR-208a was
upregulated and acted as a tumor promoter in GC [21]. In
the current study, the expression of miR-552 was in-
creased in GC tissues, which was related to worse clinical
outcomes. Furthermore, high miR-552 expression pre-
dicted poor prognosis in GC patients. Functionally,
upregulation of miR-552 promoted cell viability and
metastasis in GC. Moreover, miR-552 activated EMT and
enhanced p-PI3K and p-AKT expression in GC. In ad-
dition, miR-552 overexpression was found to reduce Bax
expression and promote survival gene Bcl-2 expression in
GC cells. Briefly, miR-552 plays a carcinogenic role in the
progression of GC.

Consistent with our results, upregulation of miR-552
had been examined in colorectal cancer and osteosarcoma
[10, 22]. In addition, increased expression of miR-552 was
associated with a poor prognosis of colorectal cancer [12],
which is the same as our results. Functionally, miR-552 was
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reported to promote the proliferation and EMT of hepa-
tocellular carcinoma cells [23]. Wang et al. demonstrated
that miR-552 enhanced the metastatic capacity of colorectal
cancer cells [24]. Here, the acceleration of proliferation,
migration, and invasion of GC cells as well as EMTwas also
induced by miR-552. In addition, we also found that miR-
552 regulated apoptosis-associated proteins (Bcl-2/Bax) and
PI3K/AKTpathway to be involved in GC progression, which
has not been reported in previous studies. Besides that, miR-
552 was confirmed to target FOXO1 directly and inversely
regulated its expression in GC.

FOXO1, as a target gene, is regulated by some
miRNAs in human cancers, such as miR-9 and miR-135a
[25, 26]. In particular, miR-132 upregulation was found
to promote GC cell growth through suppression of

FOXO1 translation [27]. In this study, the upregulation
of FOXO1 reversed the carcinogenesis induced by miR-
552 in GC. Furthermore, miR-552 overexpression sup-
pressed FOXO1 expression in GC. It indicated that
upregulation of miR-552 accelerated GC progression by
downregulation of FOXO1. Besides that, FOXO1 has
been shown to function as a tumor inhibitor in many
cancers, including GC [28, 29]. .ese results also indi-
cated that miR-552 served as a tumor promoter in GC by
inhibiting FOXO1 expression. In addition, previous
studies showed that miR-96 played an oncogenic role in
papillary thyroid carcinoma by regulating AKT/FOXO1
pathway [30]. In our study, miR-552 also accelerated the
progression of GC by regulating the FOXO1/PI3K/AKT
pathway.

NC miR-552 miR-552 + FOXO1

0

50

100

150

�
e n

um
be

r o
f m

ig
ra

te
d

ce
lls

C666-1

NC
miR-552 mimic
miR-552 + FOXO1

M
ig

ra
tio

n

∗∗

(c)

NC miR-552 miR-552 + FOXO1

0

50

100

150

�
e n

um
be

r o
f i

nv
as

iv
e

ce
lls

MKN-45

NC
miR-552 mimic
miR-552 + FOXO1

In
va

sio
n

∗∗

(d)

NC miR-552 miR-552
+ FOXO1

E-cadherin

N-cadherin

Bax

Bcl-2

p-AKT

p-PI3K

GADPH

(e)

Figure 5: Upregulation of FOXO1 reversed the carcinogenesis of miR-552 in GC. (a) FOXO1 expression in MKN-45 cells with miR-552
mimics and FOXO1 vector. (b–d) Cell proliferation, migration, and invasion in MKN-45 cells with miR-552 mimics and FOXO1 vector. (e)
Expressions of E-cadherin, N-cadherin, Bax, Bcl-2, PI3K, and AKT in MKN-45 cells with miR-552 mimics and FOXO1 vector. ∗p< 0.05,
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5. Conclusion

In summary, this study proposed the upregulation of miR-
552 in GC, which was related to poor prognosis in GC
patients. Functionally, miR-552 promoted cell viability and
metastasis and activated EMT and I3K/AKT in GC via
targeting FOXO1. Although we have preliminarily evaluated
the regulatory mechanism of miR-552, a more in-depth
study of miR-552 in GC is still essential.
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suppressor in classical Hodgkin lymphoma,” Blood, vol. 119,
no. 15, pp. 3503–3511, 2012.

[16] M. A. Zaballos and P. Santisteban, “FOXO1 controls thyroid
cell proliferation in response to TSH and IGF-I and is in-
volved in thyroid tumorigenesis,” Molecular Endocrinology,
vol. 27, no. 1, pp. 50–62, 2013.

[17] I. K. Guttilla and B. A. White, “Coordinate regulation of
FOXO1 by miR-27a, miR-96, and miR-182 in breast cancer
cells,” Journal of Biological Chemistry, vol. 284, no. 35,
pp. 23204–23216, 2009.

[18] Y. Guo, H. Liu, H. Zhang, C. Shang, and Y. Song, “miR-96
regulates FOXO1-mediated cell apoptosis in bladder cancer,”
Oncology Letters, vol. 4, no. 3, pp. 561–565, 2012.

[19] B. M. T. Burgering and R. H. Medema, “Decisions on life and
death: FOXO Forkhead transcription factors are in command
when PKB/Akt is off duty,” Journal of Leukocyte Biology,
vol. 73, no. 6, pp. 689–701, 2003.

[20] R. Lian, B. Lu, L. Jiao et al., “MiR-132 plays an oncogenic role
in laryngeal squamous cell carcinoma by targeting FOXO1
and activating the PI3K/AKT pathway,” European Journal of
Pharmacology, vol. 792, pp. 1–6, 2016.

[21] H.-B. Cui, H.-E. Ge, Y.-S. Wang, and X.-Y. Bai, “MiR-208a
enhances cell proliferation and invasion of gastric cancer by
targeting SFRP1 and negatively regulating MEG3,” �e In-
ternational Journal of Biochemistry & Cell Biology, vol. 102,
pp. 31–39, 2018.

[22] B. Kwak, D. U. Kim, T. O. Kim, H. S. Kim, and S. W. Kim,
“MicroRNA-552 linksWnt signaling to p53 tumor suppressor
in colorectal cancer,” International Journal of Oncology,
vol. 53, no. 4, pp. 1800–1808, 2018.

[23] W. Qu, X. Wen, K. Su, and W. Gou, “MiR-552 promotes the
proliferation, migration and EMTof hepatocellular carcinoma
cells by inhibiting AJAP1 expression,” Journal of Cellular and
Molecular Medicine, vol. 23, no. 2, pp. 1541–1552, 2019.

[24] J. Wang, H. Li, Y. Wang et al., “MicroRNA-552 enhances
metastatic capacity of colorectal cancer cells by targeting a

8 Journal of Oncology



disintegrin and metalloprotease 28,”Oncotarget, vol. 7, no. 43,
pp. 70194–70210, 2016.

[25] D.-Z. Liu, B. Chang, X.-D. Li, Q.-H. Zhang, and Y.-H. Zou,
“MicroRNA-9 promotes the proliferation, migration, and
invasion of breast cancer cells via down-regulating FOXO1,”
Clinical and Translational Oncology, vol. 19, no. 9,
pp. 1133–1140, 2017.

[26] Y. B. Zeng, X. H. Liang, G. X. Zhang et al., “miRNA-135a
promotes hepatocellular carcinoma cell migration and in-
vasion by targeting forkhead box O1,” Cancer Cell Interna-
tional, vol. 16, p. 63, 2016.

[27] W. Li, J. Zhang, T. Chen, P. Yin, J. Yang, and Y. Cao, “miR-
132 upregulation promotes gastric cancer cell growth through
suppression of FoxO1 translation,” Tumor Biology, vol. 37,
pp. 15551–15557, 2015.

[28] Y. Zang, T. Wang, J. Pan, and F. Gao, “miR-215 promotes cell
migration and invasion of gastric cancer cell lines by targeting
FOXO1,” Neoplasma, vol. 64, no. 4, pp. 579–587, 2017.

[29] X. W. Yang, G. Z. Shen, L. Q. Cao et al., “MicroRNA-1269
promotes proliferation in human hepatocellular carcinoma
via downregulation of FOXO1,” BMC Cancer, vol. 14, p. 909,
2014.

[30] H. M. Song, Y. Luo, D. F. Li et al., “MicroRNA-96 plays an
oncogenic role by targeting FOXO1 and regulating AKT/
FOXO1/Bim pathway in papillary thyroid carcinoma cells,”
International Journal of Clinical and Experimental Pathology,
vol. 8, no. 9, pp. 9889–9900, 2015.

Journal of Oncology 9


