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Background. Te incidence of cancer-related fatigue (CRF) is increasing, but its lack of clear pathogenesis makes its
prevention and treatment difcult. Terefore, it is of great signifcance to clarify the pathogenesis of CRF and fnd efective
methods to treat it.Methods. Te CRF model was established by intraperitoneal injection of LLC cells in ICR mice to explore
the pathogenesis of CRF and verify the therapeutic efect of the Yifei-Sanjie pill (YFSJ). Te active components of YFSJ were
found by LC/MS, the in vitro infammatory infltration model of skeletal muscle was constructed by TNF-α and C2C12
myoblasts, and the results of in vivo experiments were verifed by this model. Results. Behavioral analysis results showed that
YFSJ alleviated CRF; histological examination results showed that YFSJ could reverse the tumor microenvironment leading
to skeletal muscle injury; ELISA and RNA-seq results showed that the occurrence of CRF and the therapeutic efect of YFSJ
were closely related to the tumor infammatory microenvironment; IHC and WB results showed that the occurrence of CRF
and the therapeutic efect of YFSJ were closely related to the Stat3-related signaling pathway and autophagy. Conclusions.
YFSJ can reduce the level of infammation in the tumor microenvironment in vivo, inhibit the abnormal activation of the
Stat3/HIF-1α/BNIP3 signaling pathway induced by tumor-related infammation, thereby inhibiting the overactivation of
mitophagy in skeletal muscle, and fnally alleviate CRF. Quercetin, one of the components of YFSJ, plays an important role in
inhibiting the phosphorylation activation of Stat3.

1. Introduction

With the development of society and the improvement of
medical level, people’s life expectancy is getting longer and
longer [1]. Cancer, as a disease closely related to the aging of
the body, is accompanied by an increase in life expectancy,
and the incidence of cancer is increasingly high [2, 3]. Al-
though the lesions of cancer are mostly confned to one or
more places, in the process of their occurrence and devel-
opment, they have an obvious infuence on the whole body.

In the process of cancer development, there are a variety of
unpleasant symptoms, such as fatigue, weight loss, and pain.
Te incidence of cancer-related fatigue (CRF) has been
reported to be as high as 82% in cancer patients, and tumor
burden contributes to varying degrees of fatigue with or
without chemotherapy [4]. Unfortunately, the pathogenesis
of CRF is not fully understood, and there is no standard
treatment.

Previous studies have found that the mechanism of CRF is
closely related to tumor-induced overactivation of mitophagy
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in skeletal muscle [4]. Tere are many reasons for excessive
mitophagy, such as activation of infammatory factors, oxi-
dative stress, and energy metabolism disorders [5–7]. Tumor
burden will also lead to changes in the body’s internal envi-
ronment, such as changes in the immune microenvironment
and energy metabolism level [8, 9]. However, the mechanism
by which tumor burden leads to mitophagy and fatigue re-
mains unclear.

Te Yifei-Sanjie pill (YFSJ), a traditional Chinese patent
medicine, can be used to alleviate CRF in clinical practice
[10–12]. Te mechanism may be to alleviate CRF by re-
ducing skeletal muscle damage [4, 13]. However, the specifc
molecular mechanism by which YFSJ attenuates skeletal
muscle injury in the tumor microenvironment has not been
revealed. Terefore, it is of great signifcance to clarify the
relationship between the occurrence of CRF and mitophagy
and to reveal the molecular mechanism of YFSJ in the
treatment of CRF. In addition, meta-analysis and network
pharmacology predicted that quercetin may play an im-
portant role in alleviating CRF, but its specifc molecular
mechanism has not been revealed [14]. Terefore, we will
further study the pathogenesis and treatment of CRF.

In this study, we demonstrated that the tumor in-
fammatory microenvironment leads to the abnormal acti-
vation of the Stat/HIF-1α/BNIP3 signaling pathway in
skeletal muscle cells, which induces excessive mitophagy in
skeletal muscle and ultimately leads to fatigue. Several
miRNAs have previously been reported to regulate these
pathways, but the mechanisms are unclear [15]. At the
same time, we confrmed that YFSJ could reduce tumor-
induced elevated levels of infammation in vivo, thereby
inhibiting excessive mitophagy in skeletal muscle and
ultimately alleviating CRF. Meanwhile, we also found that
quercetin, a major component in YFSJ, can specifcally
inhibit the phosphorylation activation of Stat3, thereby
inhibiting TNF-α-induced mitophagy, which provides
a new paradigm for the modern development and ap-
plication of traditional drugs.

2. Materials and Methods

2.1. Animal Ethics Statement. Female ICR mice weighing
between 20 and 22 g and aged 4weeks (Charles River
Laboratories, Zhejiang, China) were used in this in-
vestigation. All experiments were conducted according to
the relevant laws and institutional guidelines. Mice were
individually housed in independent ventilated cages at 24°C
to 26°C under constant humidity with a 12 h light/dark cycle.
Based on clinical practice, the mice were divided into 4
groups (n� 10), namely, control, CRF, low, and high groups,
in a random order. Permission for the experimental scheme
from the Laboratory Animal Ethics Committee of Jinan
University was granted (Approval No. 20220301-15).

2.2. YFSJ Preparation. YFSJ (Cat. #Z20190015000) was
purchased from the First Afliated Hospital of Guangzhou
University of Chinese Medicine (Guangdong, China). Each
packet of YFSJ was 8 g, which was equivalent to 16.4 g of

herbal medicine. Te dosage of the subsequent experiments
was the amount of herbal medicine.

2.3. Antibodies. Primary antibodies against Stat3 (Cat.
#9139T), Phospho-Stat3 (P-Stat3, Cat. #9145T), HIF-1α
(Cat. #36169T), Atg7 (Cat. #8558T), LC3A/B (Cat. #12741S),
CD68 (Cat. #97778S), CD206 (Cat. #24595T), GAPDH (Cat.
#5174S), rabbit (Cat. #7074P2), or mouse (Cat. #7076P2) and
secondary antibodies were purchased from Cell Signaling
Technology (Danvers, MA, USA). Primary antibodies
against BNIP3 (Cat. #68091-1-Ig), Beclin 1 (Cat. #11306-1-
AP), and p62 (Cat. #18420-1-AP), and COX IV (Cat.
#66110-1-Ig) were purchased from Proteintech (Wuhan,
China).

2.4. Cell Culture. Lewis lung cancer (LLC) cells were ac-
quired from the Guangzhou University of Chinese Medicine
(Guangzhou, China). C2C12 myoblasts were purchased
from Fuheng BioLogy (Shanghai, China). Dulbecco’s
modifed Eagle’s medium, high glucose, L-glutamine, phenol
red (DMEM, Cat. #11965092), fetal bovine serum (FBS, Cat.
#10270106), penicillin/streptomycin (Cat. #10378016),
trypsin-EDTA, and 0.05% phenol red (Cat. #25200072) were
purchased by Gibco (NY, USA). All cells were identifed by
short tandem repeat (STR). Cells were cultured in DMEM
supplemented with 10% FBS, 100U/mL penicillin, and
100 μg/mL streptomycin. Cells are placed in a three gas
incubator (Termo Fisher Scientifc, Waltham, MA, USA)
containing 5% CO2, 37°C constant temperature, and damp
environment for culture. Te medium was changed every
72 hours, and the cells were routinely subcultured when they
reached 90% confuence. Logarithmic growth phase LLC and
C2C12 cells were used to conduct the experiments. In order
to maintain the stability of HIF-1α protein in vitro,
C2C12 cells were supplemented with 0.1 μM DMOG (Cat.
#D3695, Sigma-Aldrich, Darmstadt, Germany) in an in vitro
experiment.

2.5. In Vivo Infammatory CRF Model. We induced an in-
fammatory CRF model in mice via intraperitoneal injection
of LLC cells following the published protocols [16]. After
acclimation for 7 days, mice in groups CRF, Low, and High
were intraperitoneally injected with 1× 107 LLC cells/100 μL
each mouse. Te experimental protocol is shown in
Figure 1(a). Tree days after LLC cell inoculation, treatment
was initiated, and the dose of YFSJ was referred to in our
previous report [4]. Te control and CRF groups were given
normal saline intragastric administration (0.2ml/d) for
28 days. Low group was given 2 g/kg/d YFSJ by gavage,
0.2ml, for 28 days. High group was given 4 g/kg/d YFSJ by
gavage, 0.2ml, for 28 days.

2.6. Behavioral Tests

2.6.1. Forelimb Grip Strength Test (FGST). Te muscle
strength of mice was measured by FGST according to the
published protocol [17]. In short, we frst attached a grid to
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a force transducer, then let the mouse grasp the grid tightly
with both forepaws, and then pulled the mouse away from
the grid, breaking its grasp. Te transducer records the
maximum force applied by the mouse on the grid during the
pull. Let the mouse pull the grid three times in a row, and
take the average of the three pulls.

2.6.2. Weight-Loaded Exhaustive Swimming Test (WEST).
Te muscle exercise endurance of mice was measured by
WESTaccording to the published protocol [18]. In short, the
mice were individually loaded with a lead (7% of body
weight) on their tail root and placed in the swimming pool
(diameter 30 cm× height 50 cm) flled with 30 cm deep water
(maintained at 25± 1°C).Te exhaustive swimming time was
recorded as described in the previous study [19]. Consid-
ering that the mice could not fully recover their physical
strength before the test in a short time, the test was not
repeated for each mouse in a single test.

2.6.3. Open Field Test (OFT). Te locomotor willingness
and ability of mice were measured by OFTaccording to the
published protocol [20]. In short, the OFT was conducted in

an arena made of plexiglass (100 ×100 × 50 cm3). Each
mouse was placed in the center of the apparatus and
analyzed for 10min in a quiet room. Te total movement
distance and movement speed were calculated and ana-
lyzed using the EthoVision XT 14 software (Noldus In-
formation Technology Co., Ltd., Beijing, China). In
consideration of the adaptation of mice to the experi-
mental environment, the test was not repeated for each
mouse in a single test.

2.7. Mouse Euthanasia and Sample Collection. According to
the corresponding experimental plan, the mice were
anesthetized with pentobarbital (150 mg/kg, i.p.) after all
the corresponding behavioral tests were completed (four
mice at 14 days and six at 28 days). In order to maintain
a sufcient number of mice for behavioral analysis, only 4
mice from each group were sampled at 14 days. Te
plasma was collected, the mice were euthanized by cer-
vical dislocation, and the lung, liver, spleen, and gas-
trocnemius muscle tissues were removed for subsequent
experiments. Te plasma and tissues collected will be
pretreated diferently depending on the subsequent
experiments.
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Figure 1: YFSJ attenuates tumor-induced fatigue. (a)Te in vivo experimental protocol. (b) Body weight was measured every 7 days. (c)Te
FGSTforce. (d) WEST; (i) schematic diagram of WEST; (ii) theWEST time. (e) OFT; (i) schematic diagram of OFT; (ii) the OFT track map;
(iii) the OFT movement distance; (iv) the OFT movement speed. Te data are presented as means± SD; ns∗p> 0.05, ∗∗p< 0.01, and
∗∗∗p< 0.001 compared with the control group; ##p< 0.01 and ###p< 0.001 compared with the CRF group; ns&p> 0.05 and &&p< 0.01
compared with the low group; 0, 7, and 14 days, n� 10; 21 and 28 day, n� 6.
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2.8. Histological Analysis

2.8.1. Hematoxylin and Eosin (HE) Staining. HE-stained
sections of lung, liver, and kidney were prepared accord-
ing to previously reported methods [21]. Te stained slices
were observed and photographed under a light microscope
at 100× or 40× magnifcation (NIKON Eclipse ci, Japan). For
quantifcation of immunostaining intensities, Image J
software (National Institutes of Health, Bethesda, MD, USA)
was used, as stated by Sysel et al. [22]. Te inverse mean
density was determined, as reported by Vis et al. [23], in 1
randomly chosen feld from various sections of 3 mice in
each group.

2.8.2. Transmission Electron Microscope (TEM). TEM sec-
tions of gastrocnemius muscle were prepared according to
previously reported methods [4]. Te slices were observed
and photographed under an electron microscope (HITA-
CHI HT7700, Japan).

2.8.3. Immunohistochemical (IHC) Staining. IHC-stained
sections of gastrocnemius muscle were prepared accord-
ing to previously reported methods [21]. Primary antibodies
include Beclin 1 (1 :100), LC3 (1 : 500), p62 (1 :1000), CD68
(1 : 300), and CD206 (1 : 400). Images were captured under
a light microscope (Leica, Germany).

2.9. Enzyme-Linked Immunosorbent Assay (ELISA).
Mouse IL-6 ELISA kit (Cat. #EK206/3-48) and mouse TNF-
α ELISA kit (Cat. #EK282/4-48) were purchased from
Multisciences (Zhejiang, China).Te serum IL-6 and TNF-α
contents of mice were measured according to the in-
structions of the kit.

2.10. RNA-Seq. Te mouse gastrocnemius muscle
RNA-seq assay was performed as previously reported
[21]. Te diferential expression analysis and diferent-
ial gene enrichment analysis (Gene Ontology, GO,
and Kyoto Encyclopedia of Genes and Genomes,
KEGG), and visualized, were performed on the Novo
Magic (URL: https://magic.novogene.com) of Beijing
Novogene Biotechnology Co., LTD.; n � 3. Datasets for
RNA-seq can be obtained from the Sequence Read Ar-
chive at the NCBI (URL: https://www.ncbi.nlm.nih.gov/
sra/PRJNA874361).

2.11. Western Blotting (WB). WB analysis of gastrocnemius
muscles was performed as previously reported [21]. If mi-
tochondrial protein isolation is required, it is done using the
mitochondrial protein extraction kit (BB-3171, Best Bio,
Shanghai, China). Primary antibodies include Stat3 (1 :
1000), P-Stat3 (1 :1000), HIF-1α (1 :1000), BNIP3 (1 : 5000),
Beclin 1 (1 :1000), Atg7 (1 :1000), LC3A/B (1 :1000), p62 (1 :
1000), GAPDH (1 : 2500), and COX IV (1 : 2000). After the
primary antibody protocol was completed, the corre-
sponding secondary antibody (1 : 5000) was added according
to the protocol. Te density values of the bands were

captured and documented through a gel image analysis
system (ChemiDox™, Bio-Rad, USA) and normalized to
GAPDH or COX IV; n� 3.

2.12. Q-Orbitrap High Resolution Liquid/Mass Spectrometry
(LC/MS). As previously reported [4], we identifed the
components contained in YFSJ by LC/MS. Tis part was
completed by Wuhan Servicebio Company (Hubei, China).

2.13. Access to Active Ingredients and Molecular Docking.
LC/MS results were used in conjunction with previously
reported methods [24] to obtain the active components in
YFSJ. Using the TCM Network Pharmacology Analysis
System (TCMNPAS, URL: https://54.223.75.62:3838/),
quercetin was used as ligands and Stat3 as receptors for
molecular docking, and their binding sites and binding
afnity were analyzed. Protein docking pocket parameters
were obtained from ligands, and the lower the value of
“afnity” (the greater the absolute value), the stronger the
binding force. Finally, all the docking results were analyzed
by “RMSD,” and an RMSD value less than 2 was considered
reliable.

2.14. MTT Colorimetric Assay. Cell viability was measured
by the MTT colorimetric assay according to the published
protocol [21]. Tiazolyl blue tetrazolium bromide (MTT,
Cat. #V13154) was supplied by Gibco (NY, USA). If the
experimental process needs to be treated with the autophagy
inhibitor 3-MA (Cat. #M9281, Sigma-Aldrich, Darmstadt,
Germany), the use method is pretreatment for 4 hours. All
other factors were treated for 48 hours. IL-6, Mouse (Cat.
#CZ52157-EA) and TNF-α, Mouse (Cat. #CZ52347-EA)
were purchased from Shanghai Yingxin Laboratory
Equipment Co., Ltd. (Shanghai, China). Quercetin (Cat.
#S25567) was purchased from Shanghai Yuanye Bio-
Technology Co., Ltd. (Shanghai, China). n� 6.

2.15. MDC Staining Assay. Cell autophagy was measured by
the MDC staining assay according to the manufacturer’s
instructions. Autophagy staining assay kit with MDC (Cat.
#C3018S) was supplied by Beyotime Biotechnology
(Shanghai, China). Te fuorescence intensities were mea-
sured at an emission wavelength of 512 nm and an excitation
wavelength of 335 nm using a fuorescence microplate
reader (BioTek, Vermont, USA). Te data are expressed as
the percentage of the fuorescence intensity relative to that of
the control group, n� 6.

2.16. Statistical Analysis. Te experimental data were ana-
lyzed using Student–Newman–Keuls (S-N-K) in ANOVA
with SPSS version 13.0 software (SPSS Inc., IL, USA) and
GraphPad Prism 9 (GraphPad Software, LLC, California,
USA) to graph the data. Te results are presented as the
mean values± standard deviation (SD). A p value <0.05 was
considered statistically signifcant.
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3. Results

3.1. YFSJ Improves the Exercise Ability of CRF Mice. Te
in vivo experiment protocol is shown in Figure 1(a). In order
to explore the dynamic changes of biochemical indexes
in vivo during tumor development, mice were sampled at
two time points in this experiment. At the end of the ex-
periment, there was no signifcant diference in body weight
between the groups (Figure 1(b)). Te results of FGST,
refecting exercise intensity; WEST, refecting exercise en-
durance; and OFT, refecting exercise willingness and ability,
showed that all aspects of the exercise level indexes in the
CRF group were signifcantly lower than those in the control
group (Figures 1(c)–1(e)). At the beginning or after the
beginning of the treatment, each fatigue index of mice
gradually showed the fatigue state of mice. After the YFSJ
treatment, all the indexes refecting exercise were signif-
cantly improved. However, there was no signifcant difer-
ence in the efect of low-dose YFSJ and high-dose YFSJ, and
only the total locomotion distance of the high group was
higher than that of the low group in the OFT. Tese be-
havioral exercise indicators are important indicators to
evaluate fatigue in various aspects. Terefore, our data show
that the CRFmodel is successfully constructed, and YFSJ can
efectively alleviate CRF.

3.2. YFSJ Reversed Cancer-InducedMitochondrial Damage in
SkeletalMuscle and Infammation Levels. In order to explore
the causes of CRF and the therapeutic efects of YFSJ, we
analyzed the samples taken from mice, and the photos of
mice before sampling are shown in Figure 2(a). HE staining
showed tumor lesions in the lungs and liver of mice after
intraperitoneal injection of LLC cells. In addition, LLC cell
injection resulted in spleen enlargement and structural
disorders (such as germinal center structural changes).
High-dose YFSJ treatment could reverse spleen enlarge-
ment, but YFSJ has no obvious efect on the reversal of
spleen substructural changes (Figure 2(b)). TEM showed
that the structure of skeletal muscle fbers was disordered,
the sarcoplasmic reticulum was dilated, and the number of
mitophagosomes increased signifcantly in the CRF group.
In the CRF group, muscle fber arrangement was more
disordered and structure was more loose at 28 days com-
pared with 14 days. After YFSJ treatment, the number of
mitophagosomes in skeletal muscle was signifcantly re-
duced, and themorphology of muscle fbers was signifcantly
improved (Figure 2(c)). ELISA results showed that the se-
rum levels of proinfammatory factors, such as IL-6 and
TNF-α, were signifcantly increased in the CRF group, and
the level of TNF-α in the CRF group was signifcantly higher
at 28 days than at 14 days. YFSJ could signifcantly reverse
the increase in proinfammatory factor level caused by the
tumor, and the reverse efect was more obvious in the high
group than in the low group (Figures 2(d) and 2(e)). Based
on these results, we suggested that the occurrence of CRF
and the therapeutic efect of YFSJ are highly correlated with
the tumor infammatory microenvironment and skeletal
muscle mitophagy.

3.3. Te Cause of CRF and the Mechanism by Which YFSJ
Alleviates CRF Are Closely Related to Infammation,
Mitophagy, and Stat/HIF-1 Signaling Pathway. To explore
the potential mechanism of YFSJ in alleviating CRF, RNA-
seq was performed to identify the diferentially expressed
transcripts (DETs) in skeletal muscle tissues among diferent
groups. As shown in Figures 3(a) (i) and 3(a) (ii) (left
panels), the CRF group signifcantly upregulated the ex-
pression of 461 transcripts and downregulated the expres-
sion of 612 transcripts in skeletal muscle tissues of mice,
compared to the control group, while YFSJ treatment sig-
nifcantly upregulated the expression of 776 transcripts and
downregulated the expression of 1074 transcripts, compared
with the CRF group (Figures 3(b) (i) and 3(b) (ii), right
panel).

GO enrichment analysis based on the DETs between
control, CRF, and high groups revealed multiple predicted
potential functions. As shown in Figure 3(a) (iii), biological
process (BP) analysis showed that DETs were mainly as-
sociated with intracellular signal transduction, programmed
cell death, and cellular immunity. Cellular component (CC)
analysis indicated that DETs were mainly involved in the
structure of mitochondria. In the molecular function (MF)
category, DETs were signifcantly enriched in signaling re-
ceptor binding, cytokine and hydrolase activity, and so on.
As shown in Figure 3(b) (iii), BP analysis showed that DETs
were associated with intracellular signal transduction,
programmed cell death, proteolysis, and immune response.
As to CC, DETs were signifcantly enriched in the mito-
chondrial membrane part. Te MF analysis for these DETs
includes lyase and cytokine activity, antioxidant activity, and
signal transducer activity.

KEGG pathway analysis based on the DETs between the
control and CRF groups revealed multiple enriched sig-
naling pathways, including phagosome, mitophagy, oxida-
tive phosphorylation, TNF signaling pathway, JAK-STAT
signaling pathway, andHIF-1 signaling pathway (Figure 3(a)
(iv)). Moreover, KEGG pathway analysis based on the DETs
between the CRF and YFSJ groups demonstrated multiple
enriched signaling pathways, including lysosome, mitoph-
agy, oxidative phosphorylation, TNF signaling pathway,
cytokine-cytokine receptor interaction, JAK-STATsignaling
pathway, and HIF-1 signaling pathway (Figure 3(b) (iv)).
Te integrative analysis between the two comparisons
(control vs. CRF and CRF vs. high) demonstrated that
multiple signaling pathways were enriched in both com-
parisons. Notably, we fnd that both cytokine-cytokine re-
ceptor interaction, oxidative phosphorylation, and
phagosome were signifcantly enriched in both comparisons,
which encouraged us to further explore the regulatory efects
of YFSJ on infammatory cytokines, mitophagy, and acti-
vation of the Stat/HIF-1/mitochondria signaling pathway in
skeletal muscle tissues of CRF mice.

3.4. In Vivo, YFSJ Alleviates CRF by Inhibiting Mitophagy
Induced by the Stat3/HIF-1α/BNIP3 Signaling Pathway
Overactivation in Skeletal Muscle. Further verifcation of
YFSJ treatment on autophagy and infammatory infltration
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of skeletal muscle tissues by performing IHC staining
revealed an increase in the percentage of positively stained
Beclin 1, LC3, CD68, and CD206 cells and a decrease in the

percentage of positively stained p62 cells in the skeletal
muscle tissues of CRF mice, while YFSJ treatment signif-
cantly reversed the percentage of positively stained cells
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Figure 2: YFSJ reversed cancer-induced mitochondrial damage in skeletal muscle and infammation levels. (a) Pictures of 28 day mice
before sample collection. (b) Representative HE staining slice images of lung, liver, and spleen from 28 day mice; lung and liver, scale
bars� 200 μm; spleen, scale bars� 500 μm; MT means metastasis; gece means germinal center. (c) Representative TEM slices images of
skeletal muscle; scale bars� 5 μm or 2 μm; MP means mitophagosome; Spr means sarcoplasmic reticulum; M means mitochondrion; Z
means Z disk;HmeansH band. (d) and (e) IL-6 and TNF-α concentrations inmice serum; data were presented as mean± SD; ∗∗p< 0.01 and
∗∗∗p< 0.001 compared with the control group; #p< 0.05, ##p< 0.01, ###p< 0.001 compared with the CRF group; &p< 0.05 and &&p< 0.01
compared with the low group; ns@p> 0.05 and @@p< 0.01 compared with the 14 day group; n� 4.
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Figure 3: YFSJ treatment on gene expression profling of skeletal muscle tissues in CRF mice. RNA-seq was performed to determine the
DETs in skeletal muscle tissues from each group. (a) Comparison of control group with CRF group. (b) Comparison of CRF group with high
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(Figure 4(a)). To further confrm the increased level of
autophagy in skeletal muscle mitochondria in the CRF group
and the efective reversal of excessive mitophagy by YFSJ,
total protein and mitochondrial protein were extracted from
skeletal muscle tissues for analysis. WB analysis of total
protein of skeletal muscle tissue indicated that P-Stat3 and
HIF-1α protein expression levels were increased in the CRF
group, and YFSJ treatment signifcantly reversed these
changes, and the reversal efect in the high group was more
obvious than that in the low group. Moreover, WB analysis
of mitochondrial proteins in skeletal muscle tissue indicated
that HIF-1α, BNIP3, Beclin 1, Atg7, and LC3B protein
expression levels were increased, while p62 protein ex-
pression levels were decreased in the CRF group. Similarly,
YFSJ treatment reversed these changes in the CRF group,
and the efect was more pronounced in the high group than
in the low group (except for p62) (Figures 4(b)–4(d)).
Terefore, these results indicated that YFSJ can attenuate
tumor-induced infammatory infltration and overactivation
of mitophagy in skeletal muscle tissue.

3.5. Quercetin Is an Active Component of YFSJ Acting on the
Stat3-Related SignalingPathway. Te LC/MS results of YFSJ
are shown in Figure 5(a). By comparing the LC/MS results
with the database, we obtained quercetin, one of the active
components of YFSJ (Figure 5(b)). We used TCMNPAS to
perform molecular docking between quercetin and Stat3
protein and verifed the docking results, which were visu-
alized using software PMV-1.5.7 (DeLano Scientifc LLC).
Te 3D structures of quercetin and Stat3 protein and its
phosphorylation sites are shown in Figures 5(c) and 5(d).
Molecular docking results show that the binding site of
quercetin to Stat3 is highly coincident with the phosphor-
ylation site of Stat3, and the “absolute value of afnity” is
relatively large, indicating that the binding of the two is
relatively stable. We conducted RMSD verifcation on the
predicted molecular docking modes of quercetin and Stat3,
and the results showed that the RMSD values of all the
predicted docking modes are less than 2. Tis suggests that
the binding of quercetin to the phosphorylation site of Stat3
is feasible at the level of molecular interaction. In summary,
we predict that quercetin, an active component in YFSJ, can
efectively and specifcally inhibit Stat3 phosphorylation,
thereby inhibiting the overactivation of the Stat3/HIF-1α/
BNIP3 signaling pathway caused by abnormal phosphory-
lation of Stat3, and ultimately inhibiting excessive
mitophagy.

3.6. Quercetin Can Reverse TNF-α-Induced Mitophagy in
C2C12 Myoblasts. In order to determine which in-
fammatory factors activate mitophagy and whether quer-
cetin can inhibit mitophagic cell death in skeletal muscle
induced by infammatory factors, we used C2C12 myoblasts
to establish an in vitro skeletal muscle model. MTT color-
imetric results showed that TNF-α inhibited the viability of
C2C12 myoblasts much more than IL-6 (Figures 6(a) and
6(b)). Terefore, TNF-α was selected for subsequent in vitro
experiments. Although both YFSJ and quercetin alone had

efects on the viability of C2C12 myoblasts, their efects were
minor (Figures 6(c) and 6(d)). Our results showed that YFSJ,
quercetin, and 3-MA could reverse the inhibitory efect of
TNF-α on C2C12 myoblasts to a large extent (Figure 6(e)).
3-MAwas used here as a positive control for the inhibition of
autophagy. MDC autophagy staining showed that TNF-α
could signifcantly induce autophagy in C2C12 myoblasts,
which could be reversed by YFSJ, quercetin, and 3-MA
(Figure 6(f)). Te results of MDC autophagy staining would
be even more signifcant if considering the decrease in cell
number caused by TNF-α inhibition of C2C12 myoblast
proliferation.

To further confrm that TNF-α can induce mitophagy in
C2C12 myoblasts, thereby inhibiting the proliferation of
C2C12 myoblasts. We used WB to analyze the total protein
and mitochondrial protein of C2C12 myoblasts treated with
each factor. WB results showed that the expressions of P-
Stat3 and HIF-1α in total proteins increased signifcantly
after TNF-α treatment, which was reversed by YFSJ and
quercetin treatment, but not by 3-MA treatment. Moreover,
TNF-α treatment increased the protein expression of HIF-
1α, BNIP3, Beclin1, Atg7, and LC3B and decreased the
protein content of p62 in mitochondria. YFSJ and quercetin
treatment signifcantly reversed these changes, and 3-MA
also reversed these changes (except HIF-1α and BNIP3)
(Figures 6(g)–6(i)). Tese evidence suggest that TNF-α can
efectively induce mitophagy in C2C12 myoblasts, thereby
inhibiting the proliferation of C2C12 myoblasts, while YFSJ
and quercetin can restore the viability of C2C12 myoblasts
by reversing TNF-α induced mitophagy.

4. Discussion

CRF is an uncomfortable symptom associated with the
occurrence and development of cancer, which seriously
afects the quality of life of cancer patients [25]. Because the
mechanism of CRF is not completely clear, it brings dif-
culties in the clinical prevention and treatment of the dis-
ease. So far, there is no accepted treatment method for CRF.
Ethnomedicine, represented by traditional Chinese medi-
cine (TCM), is considered a potential treatment for CRF
because TCM has many prescriptions for fatigue [26, 27].
According to our study, we demonstrated that Chinese
medicine YFSJ can efectively alleviate CRF. Meanwhile, the
pathogenesis of CRF, the efect target, and the underlying
molecular mechanism of YFSJ were revealed.

In the process of tumor growth, the body will produce
a lot of proinfammatory factors [28], making the body of
cancer patients always in a state of high infammation level
[29]. Tis result was consistent with our studies. Our in vivo
results demonstrated that the growth of tumor cells leads to
an increase in the level of proinfammatory cytokines in
serum, which in turn increases the level of infammatory
infltration of muscle cells. YFSJ treatment can efectively
reduce the level of proinfammatory factors in serum,
thereby reducing the degree of infammatory infltration of
muscle cells. At the same time, the size of the spleen can also
refect the level of infammation in vivo to a certain extent
[30]. We also found that the spleen of mice was signifcantly

10 Journal of Oncology



Beclin 1 LC3A/B p62 CD68 CD206

Control

CRF

Low

High

Beclin1 LC3A/B p62 CD68 CD206

Po
sit

iv
e r

at
e (

%
)

***

## ns&

###

**

## ns&

##

**

##

&
###

##

**

&
##

*

## ns&

#

Control
CRF
Low
High

0

15

30

45

60

(A, C-D)

(a)
Figure 4: Continued.

Journal of Oncology 11



Total Protein

Mitochondrial protein

P-Stat3

Stat3

GAPDH

86 KD
79 KD

86 KD
79 KD

HIF-1α

HIF-1α

BNIP3

Beclin 1

Atg7

LC3A/B

p62

COX IV

Group

120 KD

37 KD

120 KD

62 KD

17 KD

27 KD

60 KD

78 KD

16 KD
14 KD

Co
nt

ro
l

CR
F

Lo
w

H
ig

h

(b)

Stat3 P-Stat3 HIF-1α

Re
la

tiv
e p

ro
te

in
 le

ve
l (

%
)

ns* ns#
ns&

ns#

**

## &
##

***

##

&&
###

Control
CRF
Low
High

0
50

100
150
200
250

480
540
600
660
720

(A, C-D)

(c)
Figure 4: Continued.

12 Journal of Oncology



HIF-1α BNIP3 Beclin 1 Atg7 LC3B p62

Re
la

tiv
e p

ro
te

in
 le

ve
l (

%
) **

###&
###

***

###&
###

**

##&&
###

***

###

**

###&&
###

***
###

ns&

###

Control
CRF
Low
High

0
100
200
300
400
500
600
700

&&
###

(A, C-D)

(d)

Figure 4: YFSJ alleviates CRF by inhibiting mitophagy induced by the Stat3/HIF-1α/BNIP3 signaling pathway overactivation in skeletal
muscle. (a) Te IHC staining and their relative expression levels were performed to observe proteins associated with autophagy and
infammation in skeletal muscle tissues of mice from each group. (b) WB analysis was performed to determine the protein expression of the
Stat3/HIF-1α/BNIP3 signaling pathway and mitophagy-related proteins and (c, d) their relative expression levels. GAPDH or COX IV was
used as the internal control. Data were presented as mean± SD; ns∗p> 0.05, ∗p< 0.05, ∗∗ < 0.01, and ∗∗∗p< 0.001 compared to the control
group; ns#p> 0.05, #p< 0.05, ##p< 0.01, and ###p< 0.001 compared to the CRF group; ns&p> 0.05, &p< 0.05, and &&p< 0.01 compared to the
low group; n� 3.
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Molecular docking results of Quercetin and Stat3
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Figure 5: Quercetin is an active component of YFSJ acting on the Stat3-related signaling pathway. (a) Total ion current profles for
identifcation of natural products in samples (black is the total ion current diagram in negative ion mode and red is the total ion current
diagram in positive ion mode). (b) Te information of the compound (quercetin) obtained by matching the LC/MS map with the database.
(c)Te 3D structure of quercetin. (d)Te 3D structure and phosphorylation site of Stat3 protein. (e) Molecular docking mode prediction of
quercetin and Stat3 and its “afnity” and “RMSD.”
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enlarged after tumor cell inoculation and decreased after
high-dose YFSJ treatment compared with the CRF group.

Mitochondria are important places for energy pro-
duction in the body. Te low mitochondrial function will
lead to a lack of enough energy in the body, resulting in
decreased exercise ability and a sense of fatigue [31]. We
observed that the number of mitophagosomes was positively
correlated with the degree of fatigue in mice. Our data
confrmed that after the injection of tumor cells, all aspects
of the motor indexes of mice showed varying degrees of
decline, which directly indicated that the growth of tumor
cells would cause fatigue in the host body. Fortunately, after
YFSJ treatment, all exercise indexes refecting fatigue degree
were improved to a great extent, which indicated that YFSJ
could efectively alleviate CRF.

High levels of infammation in the body lead to
mitophagy in skeletal muscle [32]. Our previous studies also
confrmed that the occurrence of CRF is closely related to the
damage of skeletal muscle [4]. Studies have shown that the
tumor infammatory microenvironment can continuously
activate STAT3-related signaling pathways [33]. Terefore,
we linked infammation, Stat3 molecular-related signaling
pathways, and mitophagy with the occurrence of CRF and
the therapeutic efect of YFSJ. Activation by Stat3 phos-
phorylation promotes HIF-1α expression in the cytoplasm
[34], and the HIF-1α in the cytoplasm binds to the mito-
chondrial membrane [35], further promoting the expression
of BNIP3 in the mitochondria [36]. Te BH3 domain of
BNIP3 competes with Beclin 1 to bind Bcl-2 or Bcl-xL,
resulting in the formation of complexes between Beclin 1
and Class III PI3K, which activates mitophagy. At the
mature stage of the autophagosome, BNIP3 can recruit the
autophagy-related protein LC3 to the mitochondria. It
promotes the formation of autophagosomes and actively
participates in the clearance of damaged mitochondria [37].
Atg7 is a key component involved in autophagosome

formation [38], and p62 is a marker of autophagic lyso-
somes. When autophagy occurs, lysosomes are degraded,
and the expression of p62 will decrease [39]. Our data
confrm that the tumor infammatory microenvironment
in vivo abnormally activates the Stat3/HIF-1α/BNIP3 sig-
naling pathway in skeletal muscle, leading to excessive
mitophagy, which disrupts the body’s energy balance and
ultimately leads to fatigue.

To further validate the in vivo results and simplify the
experimental model, we treated C2C12myoblasts with TNF-
α to mimic the infammatory infltration of skeletal muscle
in vitro. Consistent with our in vivo results, TNF-α sig-
nifcantly induced mitophagy and inhibited cell viability in
C2C12myoblasts. YFSJ and quercetin, the active component
of YFSJ, signifcantly reversed TNF-α-induced mitophagy
and cell viability inhibition in C2C12 myoblasts. 3-MA is an
inhibitor of PI3K. It is widely used as an inhibitor of
autophagy by inhibiting class III PI3K [40]. Terefore, it is
able to prevent BNIP3 from further activating Beclin1, ul-
timately inhibiting the occurrence of autophagy. Data
showed that 3-MA reversed TNF-α-induced autophagy in
C2C12 myoblasts. Tese evidence further confrmed that
TNF-α plays an important role in activating mitophagy,
leading to CRF, and quercetin plays an important role in
YFSJ treatment of CRF.

In summary, YFSJ acts as a traditional Chinese medicine
compound, which may alleviate CRF through the action of
multiple targets (Figure 7). Firstly, it reduces the level of
proinfammatory factors in the body, thereby reducing the
degree of infammatory infltration of skeletal muscle cells.
Secondly, it inhibits the overphosphorylation of Stat3 pro-
tein (quercetin, an active ingredient in YFSJ, may be at work
here), thereby inhibiting the overactivation of the Stat3/HIF-
1α/BNIP3 signaling pathway. Finally, it inhibits excessive
mitophagy and alleviates CRF under the action of multiple
targets. Our results not only confrm that YFSJ is an efective
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regimen for the treatment of CRF but also reveal the
pathogenesis of the disease and, at the same time, provide
new clues for the development of drugs with natural
compounds from ethnomedicine.

5. Conclusions

YFSJ and its component quercetin can inhibit the over-
activation of skeletal muscle mitophagy mediated by the
abnormal activation of the Stat3/HIF-1α/BNIP3 signaling
pathway induced by the tumor infammatory microenvi-
ronment, thereby alleviating CRF.
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Background. Te emergence of dexamethasone (Dex) resistance limits its efcacy. Side population (SP) cells in MM have strong
tumorigenicity. Nevertheless, the detailed efect by which SP cells regulate Dex resistance in MP cells has not been completely
verifed and needs to be further investigated.Methods. SP and MP cells were sorted from RPMI-8226. mRNA expression and cell
viability were analyzed using quantitative real-time PCR (qRT-PCR) and MTS assays, respectively. Te presence of exosomal
lncRNA SNHG16 was verifed by transmission electron microscopy, diferential ultracentrifugation, and qRT-PCR. Protein
expression levels were measured using western blotting. Gain or loss function analyses were performed to demonstrate the role of
SNHG16 in the Dex resistance of MP cells. Results. Dex resistance of SP cells was remarkably stronger than that of MP cells.
Compared with MP cells, the survival rate and Dex resistance of MP cells cotreated with SP cell-derived exosomes were increased.
SNHG16 expression was signifcantly enhanced in SP cell-derived exosomes compared to MP cell-derived exosomes. SNHG16
expression was remarkably increased in MP cells transfected with OE-SNHG16 vectors, and Dex resistance of MP cells was
enhanced. When SNHG16 was silenced in SP cells, the SNHG16 expression was downregulated in both SP cells and SP cell-
derived exosomes. SNHG16 expression and Dex resistance were both remarkably downregulated in MP cells treated with SP-si-
SNHG16-exosomes compared to MP cells treated with SP-si-NC-exosomes. Conclusion. MM SP cells promote Dex resistance in
MP cells through exosome metastasis of SNHG16.

1. Introduction

Multiple myeloma (MM) is one of the most common he-
matological malignancies in adults worldwide [1]. Despite
considerable progress being made in treatment strategies for
MM, the 5-year survival rate ofMMpatients is less than 40%,
which is mainly attributed to drug resistance and recurrence
[2]. Terefore, there is an urgent need to investigate the
potential drug resistance and relapse mechanisms
underlying MM.

Cancer stem cells (CSCs) are a small group of tumor cells
with self-renewal ability that can drive the formation and
growth of tumors and may be the root source of tumor
production, metastasis, recurrence, and drug resistance [3].
Side population (SP) cells, which have similar characteristics
to those of CSC, have the ability to diferentiate into MP cells

and exhibit strong tumorigenicity [4, 5]. SP cells are also
resistant to dexamethasone (Dex), a conventional chemo-
therapeutic agent used to treatMM [6]. However, it is vital to
understand the role of SP cells in the Dex resistance of
MM cells.

Exosomes are membrane-derived vesicles derived from
endosomal multivesicular vesicles with a size range of
30–150 nm [7]. Studies have found that exosomes contain
various bioactive molecules such as nucleic acids, proteins,
and lipids, which can be transferred from donor cells to
recipient cells to realize intracellular information trans-
mission [8, 9]. Abnormal expression of long noncoding
RNAs (lncRNAs) is markedly related to the Dex resistance of
MM [10]. Recent studies have shown that lncRNAs such as
NEAT1, CRNDE, and HOTAIR are key regulators of Dex
resistance in MM [11–13]. However, whether SP cells

Hindawi
Journal of Oncology
Volume 2023, Article ID 5135445, 10 pages
https://doi.org/10.1155/2023/5135445

https://orcid.org/0000-0002-9155-3596
mailto:hongliu_xy@sina.com
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2023/5135445


promote Dex resistance in MP cells via exosomal lncRNAs
remains unknown.

Our previous studies have found that the lncRNA
SNHG16 plays a crucial role in MM proliferation [14]. In the
current study, SP and MP cells were sorted from the MM
RPMI-8226 cells, and the efects of SNHG16 on SP cells and
MP cells on Dex resistance were investigated. Subsequently,
exosomes were isolated from SP and MP cells, SNHG16
expression in exosomes was measured, coculture of exo-
somes and MP cells were performed, and the efects of
SNHG16 on MP cell Dex resistance were investigated.

2. Materials and Methods

2.1. Cell Culture and Transfection. Human MM cells
RPMI-8226 (Cell Bank of the Chinese Academy of Sciences,
Shanghai, China) were cultured in RPMI-1640 (Gibco,
Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum at 37°C in a humidifed atmosphere of 5% CO2.
Overexpression of SNHG16 (OE-SNHG16) and negative
control (OE-NC) vectors, siRNAs to SNHG16 (si-SNHG16),
and si-NC were purchased from GeneChem (Shanghai,
China). All transfections were carried out using Lipofect-
amine 2000 (Invitrogen, Waltham, MA, USA) in accordance
with the manufacturer’s instructions.

2.2. SP andMPCell Separation. SP and MP cells were sorted
from the MM RPMI-8226 cells using Hoechst 33342-
labeledfuorescence-activated cell sorting, as previously
described [15].

2.3. Cell Viability Assays. Cell proliferation was evaluated
using the CellTiter 96® AQueous One Solution Cell Pro-
liferation Assay (MTS assay; Promega, Madison, WI, USA)
according to the manufacturer’s instructions. Te cells were
added to 96-well plates at concentrations of 0, 2, 5, 10, 20, 50,
100, and 200 μMDex (Sigma Aldrich) and/or incubated with
40 μg exosome/well for 48 h. MTS reagent was added to the
wells and incubated for 2 h. Te optical density at 490 nm
was measured using a microplate reader (Bio-Rad, Hercules,
CA, USA). Te half-maximal inhibitory concentration
(IC50) and the survival rate were calculated.

2.4.QuantitativeReal-TimePCR (qRT-PCR). TRIzol reagent
(Invitrogen) was used to extract total RNA from the cells or
exosomes. Te PrimeScript™ II 1st Strand cDNA Synthesis
Kit (TaKaRa Bio, Dalian, China) was used to reverse tran-
scribe the frst-strand cDNA to total RNA. PCR was per-
formed using an ABI 7500 RT-PCR system (Applied
Biosystems, Foster City, CA, USA) with a SYBR® Premix Ex
Taq™ Kit (TaKaRa). PCR primers were obtained from
GenePharma (Shanghai, China) with the following se-
quences: SNHG16 forward, 5′-CCTCTAGTAGCCACG
GTGTG-3′, and reverse 5′-GGCT GTGCTGATCCCATCT
G-3′; aldehyde dehydrogenase 1 (ALDH1) forward, 5′-TCA
CAGGATCAACAGAGGTTGG-3′, and reverse 5′-
GCCCTGGTGGTAGAA TACCC-3′; sex-determining

region Y (SRY)-box2 (Sox2) forward, 5′-TACAGCATG
ATGCAGGACCA-3′, and reverse 5′-CTCGGACTTGAC
CACCGAAC-3′; 18S rRNA forward, 5′-CCTGGATACCGC
AGCTAGGA-3′, and reverse 5′-GCGGCGCAATACG
AATGCCCC-3′; 18S rRNA served as endogenous con-
trols for SNHG16 expression. Te fold-change in the ex-
pression was computed using the 2−ΔΔCT method [16].

2.5. Exosome Isolation, Transmission Electron Microscopy,
and Nanoparticle Tracking Analysis. ExoQuick-TC pre-
cipitation solution (System Biosciences, Mountain View,
CA, UAS) was used to isolate exosomes from the culture
medium according to the manufacturer’s instructions. A
BCA kit (Beyotime, Shanghai, China) was used to measure
the concentration of exosomes. To ensure the isolation of
exosomes, the protein expression of TSG101 and CD63 was
assessed by western blotting. Transmission electron mi-
croscopy (TEM; Tokyo, Japan) was used to identify the size
and shape of the exosomes. Te particle size of the exosomes
was determined using nanoparticle tracking analysis (NTA;
Zetaview, Particle Metrix Inc., Bavaria, Germany).

2.6. Western Blotting. First, total protein samples from the
cells or exosomes were extracted and separated by sodium
dodecyl sulfate polyacrylamide gel electrophoresis. After
blocking, the membrane was incubated overnight at 4°C with
diluted primary antibodies: anti-P-glycoprotein (P-gp)
(ab261736, 1/1000), antimultidrug resistance-associated
protein 1 (MRP1) (ab260038, 1/1000), anti-hsp70
(ab2787, 1/1000), anti-CD63 (ab134045, 1/1000), and
GAPDH (ab181602, 1/10000). After incubation with the
primary antibody, the PVDF membranes were rinsed and
incubated with horseradish peroxidase (HRP)-labeled sec-
ondary antibody (ab205718, 1/2000) for 2 h at 25°C and then
washed. Finally, the proteins were quantifed using enhanced
chemiluminescence (Keygentec, Nanjing, China) and
a ChemiDoc™ XRS system (Bio-Rad).

2.7. Statistical Analysis. Data analyses were performed using
SPSS 19.0 (IBM Inc., Chicago, IL, USA). All data are
expressed as the mean± standard deviation (SD), according
to the data of three independent replicates. Diferences
between two groups were assessed using the t-test, while
diferences between more than two groups were assessed
using one-way analysis of variance. Statistical signifcance
was set at P< 0.05.

3. Results

3.1. SP Cells Had Remarkable Dex Resistance. To investigate
the relationship between SP and MP cells in MM, SP, and
MP cells were isolated from MM (Figure 1(a)). To further
prove that the isolated cells were SP and MP cells, qRT-PCR
was used to assess ALDH1 and Sox2 expression. ALDH1 and
Sox2 mRNA expression levels were remarkably upregulated
in SP cells compared with those in MP cells (Figure 1(b)),
suggesting that SP and MP cells were resoundingly sorted
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fromMM cells. To distinguish between the Dex resistance of
SP and MP cells, cell viability was measured using MTS
assays. Te IC50 of SP cells (165.4) was remarkably higher
than that of MP cells (5.454) (Figure 1(c)).

3.2. Isolation and Characterization of SP or MP Cell-Derived
Exosomes. To investigate the relationship between exosomes
and SP or MP cells, the exosomes in SP and MP cells were
isolated, and the identifcation results of TEM and NTA
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Figure 1: Isolation of SP andMP cells in MM cells and their Dex resistance. (a) SP cells andMP cells were isolated in RPMI-8226 cells using
the Hoechst 33342 fuorescence staining method with fuorescence-activated cell sorting. (b) mRNA expression of ALDH1 and sox2 (SP
markers) in SP cells and MP cells were assessed by qRT-PCR. (c) Te cell viability to Dex of SP and MP cells was measured by MTS assay
(∗P< 0.05).
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experiments revealed that exosomes derived from SP and
MP cells had a typical dish-shapeddouble-layer membrane
structure, with a diameter of 50–150 nm, suggesting that the
exosomes were successfully extracted (Figures 2(a) and
2(b)). Western blotting results showed that the exosome
markers HSP70 and CD63 were highly expressed in the
extracted exosome samples (Figure 2(c)).

3.3. SPCell-Derived Exosomes IncreasedDexResistance inMP
Cells. To investigate the efect of SP cells on the Dex re-
sistance of MP cells, MP cells were treated with 5 μM Dex
and then incubated with 40 μg SP cell-derived exosomes.
Compared with MP cells (blank group), the survival rate of
MP cells cotreated with Dex + SP cell-derived exosomes (SP-
exosome group) increased (Figure 3(a)). Te Dex IC50
concentration (118.4) of SP-exosome group cells was re-
markably higher than that (5.452) of the blank group cells
(Figures 3(b) and 3(c)). Te protein expression of the drug
resistance markers P-gp and MRP1 was assessed by western
blotting. P-gp and MRP1 protein expression levels were
remarkably increased in SP-exosome group cells compared
to those in the blank group cells (Figure 3(d)). Tese results
suggested that MP cells acquire Dex resistance by absorbing
SP cell-derived exosomes.

3.4. SP Cell-Derived Exosomes Could Transfer SNHG16.
SNHG16 expression in SP- and MP-derived exosomes was
measured by qRT-PCR. SNHG16 expression was re-
markably upregulated in SP cell-derived exosomes com-
pared to that in MP cell-derived exosomes (Figure 4(a)).
Ten, SNHG16 expression in MP cells and MP cells in-
cubated with SP cell-derived exosomes was measured. Te
results showed that SNHG16 expression was remarkably
upregulated in MP cells incubated with SP cell-derived
exosomes compared to that in MP cells (Figure 4(b)).
Tese results suggested that SP cell-derived exosomes can
transmit the expression of SNHG16 into MP cells.

3.5. Overexpression of SNHG16 Promoted MP Cell Dex
Resistance. To determine the efect of SNHG16 on Dex
resistance in MP cells, SNHG16 was overexpressed in MP
cells by transfection with OE-SNHG16 vectors. SNHG16
expression levels in MP cells and MP cells transfected with
OE-NC and OE-SNHG16 vectors were measured by qRT-
PCR. Te results showed that SNHG16 expression was re-
markably upregulated in MP cells transfected with OE-
SNHG16 vectors compared to that in MP cells and MP cells
transfected with OE-NC vectors (Figure 5(a)). Te cell vi-
ability to Dex assay showed that the Dex IC50 concentration
of MP cells transfected with OE-SNHG16 vectors (120.0)
was remarkably higher than that of MP cells (5.268) and MP
cells transfected with OE-NC vectors (5.433) (Figures 5(b)–
5(d)). Te western blot results showed that P-gp and MRP1
protein expression levels were remarkably upregulated in
MP cells transfected with OE-SNHG16 vectors compared to
those in MP cells and MP cells transfected with OE-NC
vectors (Figure 5(e)).

3.6. Silencing SNHG16 inSPCellsHardlyAfectedMPCellDex
Resistance. To demonstrate whether MP cells conferred Dex
resistance via incorporation into SNHG16 in SP cell-derived
exosomes, the expression of SNHG16 in SP cells was
knocked down by transfection with si-SNHG16
(Figure 6(a)). Consistently, the expression of SNHG16 in
SP cell-derived exosomes was also knocked down
(Figure 6(b)). MP cells were then cocultured with SP-si-
SNHG16-exosomes, and SNHG16 expression was re-
markably downregulated in MP cells treated with SP-si-
SNHG16-exosomes compared with that in MP cells treated
with SP-si-NC-exosomes and SP-blank-exosomes
(Figure 6(c)). Moreover, the IC50 concentration of Dex in
MP cells treated with SP-si-SNHG16-exosomes (20.77) was
remarkably lower than that in SP cells treated with SP-si-
NC-exosomes (119.8) and SP-blank-exosomes (120.0)
(Figures 6(d)–6(f )). Te western blot results showed that P-
gp and MRP1 protein expression levels were remarkably
downregulated in MP cells treated with SP-si-SNHG16-
exosomes compared to those in SP cells treated with SP-si-
NC-exosomes and SP-blank-exosomes (Figure 6(g)). Tese
results suggest that MP cells could acquire drug resistance by
absorbing SNHG16 in SP cell-derived exosomes.

4. Discussion

MM is still considered incurable and seriously threatens the
health of people. Dex is the most conventional chemo-
therapeutic drug used for the treatment of MM, and its
innate or achieved drug resistance is widely associated with
a poor prognosis in MM [17]. Te mechanisms of Dex
resistance in MM have been studied previously [18].
However, the mechanism by which they acquire resistance
remains unclear. In this study, we successfully isolated SP
and MP cells from MM cells. In addition, we found that SP
cells were more resistant to Dex than to MP cells. Tis is
consistent with previous studies [19]. Exosomes mediate
intercellular communication by transferring information
from donors to target cells [20]. Tumor cells and tumor-
associated stromal cells can release and receive exosomes
and are widely involved in MM progression [21]. In this
study, exosomes were successfully isolated from SP and MP
cells. Moreover, the survival rate and Dex resistance of MP
cells cotreated with Dex + SP cell-derived exosomes were
enhanced, suggesting that MP cells could acquire Dex re-
sistance by absorbing SP cell-derived exosomes.

Recently, increasing evidence has demonstrated that
exosomes serve as a medium for information exchange
between diferent cell types through the transmission of
constituents [22]. Te efects of exosomal lncRNAs on drug
resistance have also been previously demonstrated. Exoso-
mal H19 promotes Dex resistance in breast cancer, and
exosomal SNHG7 promotes docetaxel resistance in lung
adenocarcinoma [23, 24]. However, the functions of exo-
somal lncRNAs in MM remain unclear. To elucidate the
functional mechanism and resistance to Dex in MM, we
focused on lncRNAs, which have been demonstrated to play
a vital role in cancer chemoresistance [25]. SNHG16 has
oncogenic efects [26]. In our previous study, SNHG16 was
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upregulated in MM and promoted MM cell proliferation by
sponging miR-342-3p [14]. Here, SNHG16 expression was
remarkably enhanced in SP cell-derived exosomes compared
to MP cell-derived exosomes. In addition, SNHG16 was
transferred from SP cells to MP cells, which was frst found
in exosomes. Some studies have shown that SNHG16
contributes to chemotherapy resistance in cancer. For ex-
ample, knockdown of SNHG16 inhibited cell function and
sorafenib resistance in Hep3B and HepG2 cell lines [27], and
SNHG16 silencing weakened cisplatin resistance in neuro-
blastoma cells [28]. Te detailed mechanisms of SNHG16 in
MM have not yet been elucidated. Here, overexpression of
SNHG16 remarkably enhanced Dex resistance in MP cells.
However, when si-SNHG16 downregulated the expression
of SNHG16 in SP cell-derived exosomes, SNHG16 expres-
sion and Dex resistance were not remarkably enhanced in

MP cells treated with SP-si-SNHG16-exosomes. Tese
fndings indicate that silencing of SNHG16 in SP cell-
derived exosomes prevented MP cells from acquiring
SNHG16 and thus failed to enhance Dex resistance.

Tis study has three main limitations. First, the regu-
latory mechanism of exosomal SNHG16 in MP remains
unclear, the mechanism by which SNHG16 in SP cells is
secreted into exosomes also remains unclear, and lastly the
role of exosome-derived SNHG16 must be confrmed by in
vivo experiments.

Taken together, the present fndings suggest that MM
SP cells promote Dex resistance in MP cells through
exosome metastasis of SNHG16 (Figure 7). Te functional
role of lncRNAs in SP cell-derived exosomes will help
discover new and more efcient strategies to reverse drug
resistance.
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TSG101 and CD63 was assessed using western blot.
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Colorectal cancer (CRC) is the most common tumor of the digestive system and the third most common tumor worldwide. To
date, the prognosis of CRC patients remains poor. It is urgent to identify new therapeutic targets for CRC. As a tumor suppresser,
microRNA (miRNA) miR-502-5p is downregulated in CRC tissues. Nevertheless, the role of miR-502-3p in CRC is largely
unclear. Besides, the transcript factor forkhead box protein O1 (FOXO1) could suppress the CRC cell growth. However, the efect
of FOXO1 on miR-502-3p in CRC remains unknown. By contrast, cyclin-dependent kinases 6 (CDK6) promotes the CRC cell
growth. Yet the regulatory efect of miR-502-3p on CDK6 in CRC has not been reported. Tus, the primary aim of this study was
to investigate whether FOXO1 enhanced miR-502-3p expression to suppress the CRC cell growth by targeting CDK6. Here, RNA
level and protein level were detected by quantitative reverse transcription-PCR (qRT-PCR) and western blot (WB), respectively.
Besides, the cell growth was detected by Cell Counting Kit 8 (CCK8) assay. Moreover, the regulatory efect of FOXO1 onmiR-502-
3p or miR-502-3p on CDK6 was determined using dual-luciferase reporter gene (DLR) assay. Results revealed that miR-502-3p
and FOXO1 were downregulated in CRC cells. Besides, miR-502-3p suppressed the CRC cell growth. Moreover, FOXO1 could
increase the miR-502-3p level through facilitatingMIR502 transcription in CRC cells. In addition, miR-502-3p could suppress the
CRC cell growth by targeting CDK6. Tese fndings indicated that FOXO1 induced miR-502-3p expression to suppress the CRC
cell growth through targeting CDK6, which might provide new therapeutic targets for CRC.

1. Introduction

CRC is the most common tumor of the digestive system and
the third most common tumor worldwide [1–3]. In China,
55.5 thousand new CRC cases are reported and 28.6
thousand CRC patients die annually [4–6]. More note-
worthy is that the incidence rate of CRC is still growing
rapidly [4, 7]. What is worse is that the prognosis of CRC
patients remains poor due to postoperative recurrence and
metastasis, and the 5-year survival of stage IV patients with
CRC is only 10% [8, 9]. Tus, it is urgent to seek new
therapeutic targets for CRC to improve the prognosis of
patients with CRC.

Numerous studies have revealed that miRNAs play
critical roles in CRC. For instance, miR-17-5p facilitates
tumorigenesis and metastasis of CRC through suppressing

B-cell linker [10]. By contrast, miR-31 reduces serine/
threonine kinase 40 (STK40) expression to improve ra-
diosensitivity of CRC cells [11]. A previous study has in-
dicated that miR-502-3p is downregulated in CRC tissues
[12]. Besides, several studies have shown that miR-502-3p
exerts an anticarcinogenic efect on gallbladder cancer,
gastric cancer, and invasive pituitary adenoma. For example,
long noncoding RNA (lncRNA) highly expressed in GBC
(HGBC) promotes gallbladder cancer progression via
sponging miR-502-3p [13]. Moreover, circular RNA ribo-
somal protein L15 (circ-RPL15) facilitates gastric cancer
progression through inhibiting miR-502-3p [14]. In addi-
tion, lncRNA LINC00473 stimulates pituitary adenoma cell
proliferation served as a competing endogenous RNA
(ceRNA) of miR-502-3p [15]. However, the efect of miR-
502-3p on CRC is largely unknown.
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As a known transcription factor, FOXO1 is down-
regulated in CRC cells and prohibits the CRC cell growth
[16–18]. Besides, FOXO1 could regulate miRNA expression.
For example, FOXO1 enhances MIR148A transcription to
increase miR-148a expression in hepatocytes [19]. More-
over, unacetylated FOXO1 translocates to the nucleus and
promotes MIR449A transcription to elevate the miR-449a
level [20]. Nevertheless, the regulatory efect of FOXO1 on
miR-502-3p in CRC remains unclear.

CDK6 is a recognized cell cycle kinase facilitating cancer
cell proliferation to promote cancer progression [21]. Be-
sides, CDK6 is upregulated in CRC cells [22]. Moreover,
CDK6 promotes CRC progression. A recent study has
revealed that miR-500a-3p suppresses CRC progression
through inhibiting aerobic glycolysis by targeting CDK6
[22]. By contrast, lncRNA CASC21 enhances the CRC cell
growth by inducing CDK6 expression [23]. Yet the role of
miR-502-3p in CDK6 expression in CRC has not been
reported.

Terefore, the primary aim of the current study was to
investigate whether FOXO1 enhanced miR-502-3p expres-
sion to suppress the CRC cell growth by targeting CDK6.

2. Methods and Materials

2.1. Cell Culture. Normal colonic mucosa cell line FHC cells
and CRC cell line HT29 cells were obtained from the Cell
Bank at the Chinese Academy of Sciences (Shanghai, China).
Ten, FHC and HT29 cells were cultured with Dulbecco’s
modifed eagle’s medium (DMEM) and 10% fetal bovine
serum (FBS) (Gibco BRL, Grand Island, NY, USA) in
a humidifed incubator supplemented with 95% O2 and 5%
CO2 at 37°C.

2.2. Cell Transfection. In this study, miRNA mimic, in-
hibitor, and vectors were transfected into HT29 cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, Calif, USA).
Ten, HT29 cells were collected and used for subsequent
experiments at 48 hours post-transfection.

2.3. QRT-PCR. First, total RNA from HT29 cells were
isolated using Trizol (Invitrogen). For mRNA detection, 1 μg
RNA was reverse transcribed by PrimeScript RT reagent Kit
(Takara, Dalian, Liaoning, China). For miRNA detection,
TaqMan miRNA assays (Applied Biosystems, Forest City,
CA, USA) was utilized to reverse transcript 1 μg RNA. Ten
qRT-qPCR analysis was carried out by the ABI 7500 fast
real-time PCR system (Applied Biosystems) using SYBR
Premix Ex Taq II ((Tli RNaseH Plus)) (Takara). Sub-
sequently, the amount of target RNA was normalized to that
of internal control (18 s or U6) and then the data were given
by 2−△△Ct relative to that of the control group. Te primers
used for qRT-PCR were listed as follows: miR-502-3p:
forward: 5′-ACACTCCAGCTGGGAATGCACCTGGGC
AAGGA-3′, reverse: 5′-CTCAACTGGTGTCGTGGA-3′;
U6 forward: 5′-CTCGCTTCGGCAGCACA-3′, reverse:
5′-AACGCTTCACGAATTTGCGT-3′; FOXO1 forward:
5′-GGCAGCCAGGCATCTCATAA-3′, reverse: 5′-TTG

GGTCAGGCGGTTCATAC-3′; 18 s forward: 5′-CCTGGA
TACCGCAGCTAGGA-3′, reverse: 5′-GCGGCGCAATAC
GAATGCCCC-3′.

2.4. CCK8 Assay. First, 1× 104 HT29 cells were collected in
a well of the 96-well plate. Ten, 10 μL CCK8 solution
(#C0038, Beyotime Biotechnology, Shanghai, China) was
added into each well at a 1/10 dilution to incubate HT29 cells
for 2 hours at 37°C. Next, Multiscan MK3 (Termo Fisher
Scientifc, Waltham, MA, USA) was used to read the ab-
sorbance at 450 nm. Finally, the rate of HT29 cell pro-
liferation was calculated based on themean of optical density
(OD) at 450 nm.

2.5. WB. First, total proteins were extracted from HT29
cells by RIPA lysis bufer (#P0013D, Beyotime Bio-
technology). Ten, 30 μg protein was separated by SDS-
polyacrylamide gel electrophoresis followed by the transfer
onto a PVDF membrane (Millipore, Bedford, MA, USA).
Next, 5% nonfat milk was used to block the membrane at
room temperature (RT) for 1 hour and subsequently in-
cubated with primary antibodies at 4°C overnight. Sub-
sequently, Tris-bufered saline (TBS) supplemented with
0.1% Tween20 was utilized to wash the membrane three
times followed by the incubation with second antibody at
RT for 1.5 hour. Finally, the signals of target proteins were
determined by the enhanced chemiluminescent (ECL)
detection. Te primary antibodies used for WB included
FOXO1 antibody (1 : 1000, #ab52857, Abcam, Cambridge,
UK), CDK6 antibody (1 : 1000, #ab179450, Abcam), and
GAPDH antibody (1 : 15000, #KC-5G5, Aksomicks,
Shanghai, China).

2.6. Bioinformatics Analysis. HumanTFDB database
(https://bioinfo.life.hust.edu.cn/HumanTFDB#!/) was used
to analysis potential FOXO1 binding sites on the promoter
of MIR502. Besides, to mine targets of miR-502-3p,
crosslinking-immunoprecipitation and high-throughput
sequencing data of ENCORI database (https://starbase.
sysu.edu.cn/index.php) were utilized.

2.7. Expression Vector Construction. To construct FOXO1
expression vector, the open reading frame (ORF) of FOXO1
was cloned into the pcDNA 3.1 vector obtained from
TaKaRa.

2.8. DLR Assay. Te promoter of MIR502, wildtype (WT)
CDK6 mRNA 3′UTR or mutant (MUT) CDK6 mRNA
3′UTR containing mutated miR-502-3p binding site was
cloned into the luciferase reporter gene vector pGL3-basic.
After cotransfection with pGL3-basic vectors and FOXO1
expression vector, with mimic NC or miR-502-3p mimic,
respectively, luciferase activity of HT29 cells was detected by
the Dual Luciferase Reporter Assay System (Promega,
Madison, WI, USA).
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2.9. Statistical Analysis. Data in the present study were
present as mean± standard deviation (SD). Besides, statis-
tical diferences were analyzed utilizing SPSS 20 software
(SPSS Inc., Chicago, IL, USA). Briefy, the comparation
between two groups was identifed by the unpaired Student’s
t-test, while one way ANOVA was used for statistics among
multiple groups. P< 0.05 was considered statistically
signifcant.

3. Results

3.1.MiR-502-3p IsDownregulated inCRCCell Line. First, the
miR-502-3p level in HT29 cells was identifed. Results of
qRT-PCR showed that the level of miR-502-3p was reduced
in HT29 cells compared to that in FHC cells (Figure 1),
suggesting that miR-502-3p was downregulated in the CRC
cell line. Tese results were consistent with those found in
CRC tissues.

3.2.MiR-502-3pSuppressesCRCCellGrowth. Next, the efect
of miR-502-3p on CRC cells was determined, and miR-502-
3pmimic was used to overexpress miR-502-3p inHT29 cells.
Results of CCK8 assay revealed that miR-502-3p over-
expression dramatically decreased the HT29 cell growth rate
compared to that of control HT29 cells (Figure 2). Besides,
mimic NC had no efect on the HT29 cell growth rate
(Figure 2). Abovementioned data suggested that miR-502-
3p suppressed the CRC cell growth.

3.3. FOXO1 Elevates miR-502-3p Level through Facilitating
MIR502 Transcription in CRC Cells. Te pri-miR-502 is
a transcript from MIR502. Moreover, potential FOXO1
binding site was found on the promoter of MIR502 by
bioinformatics analysis (Figure 3(a)). Consistent with the
miR-502-3p level, the protein level of FOXO1 was also
reduced in HT29 cells compared to that in FHC cells
(Figure 3(b)). Tese results suggested that FOXO1 might
regulate the miR-502-3p level in HT29 cells.

Next, results of qRT-PCR confrmed that FOXO1
overexpression by transfection of FOXO1 expression vector
upregulated the miR-502-3p level in HT29 cells
(Figure 3(c)). Besides, results of DLR assay indicated that the
luciferase activity of HT29 cells transfected with pGL3-basic
vectors containing the promoter ofMIR502was increased by
transfection of FOXO1 expression vector, while the blank
expression vector had no efect on the luciferase activity of
HT29 cells (Figure 3(d)). Tus, these data suggested that
FOXO1 could elevate the miR-502-3p level through facili-
tating MIR502 transcription in CRC cells.

3.4. MiR-502-3p Targets CDK6 in CRC Cells.
Bioinformatics analysis showed that CDK6 should be the
target of miR-502-3p (Figure 4(a)). Next, results of WB
confrmed that miR-502-3p overexpression dramatically
reduced the CDK6 protein level in HT29 cells (Figure 4(b)).
Besides, mimic NC had no efect on the CDK6 protein level
in HT29 cells (Figure 4(b)).

To further identify the regulatory efect of miR-502-3p
on CDK6, DLR assay was performed. Results showed that
the luciferase activity of HT29 cells transfected with pGL3-
basic vector containing the WT CDK6 mRNA 3′ UTR was
reduced by miR-502-3p mimic whereas elevated by miR-
502-3p inhibitor (Figure 4(c)). However, the luciferase ac-
tivity of HT29 cells transfected with pGL3-basic vector
containing the MUT CDK6 mRNA 3′ UTR with mutated
miR-502-3p binding site was not regulated by miR-502-3p
mimic or inhibitor (Figure 4(c)). Moreover, the luciferase
activity of HT29 cells transfected with pGL3-basic vector was
not afected by mimic NC and inhibitor NC (Figure 4(c)). As
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CDK6 could promote the CRC cell growth [23], these results
together suggested that miR-502-3p should suppress the
CRC cell growth through targeting CDK6.

4. Discussion

Tis study revealed the mechanism of miR-502-3p regu-
lating the CRC cell growth. First, miR-502-3p was down-
regulated in CRC cells and suppressed the CRC cell growth.
Second, FOXO1 could elevate the miR-502-3p level through
facilitating MIR502 transcription in CRC cells. Tird, miR-
502-3p should suppress the CRC cell growth by
targeting CDK6.

Numerous studies have demonstrated the anticarcino-
genic efect of miR-502-3p. For instance, lncRNA-HGBC
facilitates gallbladder cancer progression through sponging
miR-502-3p [13]. Besides, circ-RPL15 promotes gastric
cancer progression by suppressing miR-502-3p [14]. Simi-
larly, circDLST activates NRAS/MEK1/ERK1/2 pathway to
aggravate gastric cancer progression via sponging miR-502-
3p [24]. Moreover, lncRNA LINC00473 enhances pituitary
adenoma cell proliferation serving as a ceRNA of miR-502-
3p [15]. However, the role of miR-502-3p in CRC has not
been explored. Terefore, this study for the frst time
revealed the anticarcinogenic efect of miR-502-3p in CRC,
which is consistent with the role of miR-502-3p in other
cancers.

Te current study had indicated that the FOXO1 protein
level was downregulated in CRC cells. Nevertheless, the
mechanism regulating the FOXO1 protein level in CRC re-
mains unclear. Several studies have revealed that FOXO1
protein expression is reduced by miRNAs in CRC. For

example, miR-544 facilitates CRC progression through de-
creasing FOXO1 protein expression [25]. Besides, miR-135b
decreases sensitiveness of oxaliplatin by reducing the FOXO1
protein level in CRC cells [17]. Moreover, miR-183-5p
stimulates angiogenesis through suppressing FOXO1 protein
expression in CRC [26]. In addition, miR-96 promotes CRC
cell proliferation via downregulating the FOXO1 protein level
[27]. Tus, the FOXO1 protein level might be reduced by
miRNAs in CRC cells.

CDK6 could be regulated by miRNAs in various cancers.
A previous study has revealed that miR-204 suppresses
nonsmall cell lung cancer (NSCLC) progression through
downregulating the CDK6 level [28]. Similarly, a recent
study has indicated that miR-370-3p restrains the pro-
gression of ovarian cancer by reducing CDK6 expression
[29]. Moreover, miR-576 represses CDK6 expression to
promote bladder cancer cell proliferation [30]. In addition,
miR-186 decreases the CDK6 level to inhibit the prostate
cancer cell growth [31]. In CRC, both miR-539-5p and miR-
500a-3p depress CRC progression via targeting CDK6
[22, 23]. Nevertheless, the efect of miR-502-3p on CDK6 is
largely unknown. Terefore, this study for the frst time
revealed the inhibitory role of miR-502-3p in CDK6 during
CRC progression.

However, there are still some limitations in the current
study. For example, the association between FOXO1 and
MIR502 promoter should be further identifed by chromatin
immunoprecipitation (ChIP), while the interaction of miR-
502-3p and CDK6 mRNA should be further determined
using miRNA pulldown. In addition, the efect of miR-502-
3p on the CRC cell growth should be confrmed by in vivo
study performed in nude mice.
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5. Conclusion

In summary, the current study revealed that downregulated
miR-502-3p suppressed the CRC cell growth. Besides,
FOXO1 could increase the miR-502-3p level through fa-
cilitating MIR502 transcription in CRC cells. Moreover,
miR-502-3p should suppress the CRC cell growth by tar-
geting CDK6. Tese fndings indicated that FOXO1 induced
miR-502-3p expression to suppress the CRC cell growth
through targeting CDK6, which might provide novel ther-
apeutic targets for CRC.
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To explore the function and mechanism of lncRNA HOXA-AS2 in cancer-associated fibroblasts (CAFs)-derived exosomes in
gallbladder cancer metastasis, and provide new research targets for the treatment of gallbladder cancer. At the same time, in order
to clarify the early predictive value of lncRNA HOXA-AS2 for gallbladder cancer metastasis, and to provide a theoretical basis for
clinical individualized treatment of gallbladder cancer. Methods. In our previous work, we used TCGA database analysis to find
that lncRNA HOXA-AS2 was highly expressed in gallbladder cancer tissues compared with normal tissues. In this study, the
expression levels of HOXA-AS2 in gallbladder cancer cell lines and control cells were first verified by QPCR and Western blot
methods. Then, lentiviral tools were used to construct knockdown vectors (RNAi#1, RNAi#2) and negative control vectors
targeting two different sites of HOXA-AS2, and the vectors were transfected into NOZ and OCUG-1 cells, respectively. Real-time
PCR was used to detect knockdown efficiency. Then, the effects of silencing HOXA-AS2 on the proliferation, cell viability, cell
migration, and invasion ability of gallbladder cancer cells were detected by MTT, plate cloning assay, Transwell migration chamber
assay, and Transwell invasion chamber assay. Finally, the interaction between HOXA-AS2 and miR-6867 and the 3′UTR of YAP1
protein was detected by luciferase reporter gene. The results showed that the expression level of HOXA-AS2 in gallbladder cancer
cell lines was higher than that in control cells. The expression of HOXA-AS2 in gallbladder carcinoma tissues was significantly
higher than that in adjacent tissues (p < 0:05). After successful knockout of HOXA-AS2 by lentiviral transfection, the expression of
HOXA-AS2 in gallbladder cancer cell lines was significantly decreased. Through cell proliferation and plate clone detection, it was
found that silencing HOXA-AS2 inhibited cell proliferation and invasion. Through software prediction and fluorescein reporter
gene detection, it was found that HOXA-AS2 has a binding site with miR-6867, and the two are negatively correlated, that is, the
expression of miR-6867 is enhanced after the expression of HOXA-AS2 is downregulated. And the 3′UTR of YAP1 protein in the
Hippo signaling pathway binds to miR-6867. Therefore, HOXA-AS2 may affect the expression of YAP1 protein by regulating miR-
6867, thereby inhibiting the Hippo signaling pathway and promoting the proliferation and metastasis of gallbladder cancer cells.
HOXA-AS2 is abnormally expressed in gallbladder cancer cells. HOXA-AS2 may promote the migration and invasion of
gallbladder cancer cells by regulating the Hippo signaling pathway through miR-6867. HOXA-AS2 may serve as a potential
diagnostic and therapeutic target for gallbladder cancer in clinic.

1. Introduction

Clinically, gallbladder cancer (GBC), as one of the nauseat-
ing tumors, has a very high mortality rate despite its low
incidence [1], usually found in the biliary system [2, 3].

However, due to the limited potential for curative resection
and its resistance to chemotherapeutic agents, gallbladder
carcinoma is an aggressive malignancy with high mortality
[4]. Finding therapeutic targets for gallbladder cancer is an
important process to prolong the survival of patients with
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gallbladder cancer. Local invasion and distant metastasis are
important biological features of gallbladder cancer. The devel-
opment of effective molecular targets plays an important role
in inhibiting the metastasis of gallbladder cancer. Many previ-
ous studies have found that miRNAs are involved in the
metastatic process of gallbladder cancer. Bao et al. found that
miR-101 inhibits the metastasis of gallbladder cancer [5].
MicroRNA-135a [6] and miR-20 [7] have been shown to be
closely related to gallbladder cancer metastasis.

In the field of oncology research, a number of studies in
recent years have demonstrated that lncRNAs are involved
in the formation and development of tumors [8–10]. lncRNAs
in the invasion of gallbladder cancer has so far been unclear.
On the basis of previous studies, screening gallbladder cancer
cell lines with different metastatic characteristics and search-
ing for differentially expressed genes/lncRNAs by sequencing
is a more effective research method. Through this experimen-
tal method, Wang et al. successfully demonstrated that CLIC1
promotes the migration and invasion of gallbladder cancer
cells [11]. Related studies have shown that lnc-H19 promotes
gallbladder cancer metastasis by regulating EMT [12]. lnc-
CCAT1 promotes gallbladder cancer metastasis by negatively
regulating miR-218-5p [13]. Therefore, it is necessary to
screen lncRNAs related to gallbladder cancer metastasis by
lncRNA chip. In our previous work, we collected tumor tissues
from patients with gallbladder cancer, isolated CAFs-derived
exosomes, and used lncRNA microarray chip and TargetScan
software to analyze the differential lncRNAs related to metas-
tasis. Finally, an lncRNA with significant differential expres-
sion was screened out, namely, lncRNA HOXA-AS2. The
lncRNA HOXA-AS2 is an unknown lncRNA, and its biologi-
cal function and mechanism of action are unclear. Therefore,
lncRNA HOXA-AS2-specific siRNAs targeting different tar-
gets which were selected for a series of experimental studies
to study their effects invasion of gallbladder cancer cells at
the cellular level and to explore new targets for molecular tar-
geted therapy of gallbladder cancer.

2. Materials and Methods

2.1. Cells, Tissue Samples, and Clinicopathological Data.
Human gallbladder cancer cell lines: GEC, SGC-996, EH-
GB, NOZ, GBC-SD, and OCUG-1. Clinical tissue samples
from 15 patients with gallbladder cancer who underwent
cholecystectomy for gallbladder cancer in the Second
Affliated Hospital of Guangzhou Medical University and
Zhujiang Hospital of Southern Medical University from
May 2019 to March 2021 were collected, including cancer
tissues and normal paracancerous tissues of different TNM
stages. Collected clinical tissue samples were kept in liquid
nitrogen until total RNA extraction.

2.2. Real-Time PCR. For the extraction of total RNA from
gallbladder cancer cell lines and clinical gallbladder cancer tis-
sue samples, the specific steps refer to previous studies [14].
The extracted total RNA was synthesized into cDNA using a
reverse transcription system kit (Thermo Fisher Scientific) as
a reaction template for real-time fluorescence quantitative
PCR. The content of lncRNA HOXA-AS2 was detected using

a fluorescence quantitative PCR kit (Applied Biosystems,
USA). Refer to previous studies for specific steps [15].

2.3. Cell MTT Assay. The NOZ cells and OCUG-1 cells in
logarithmic growth phase in which the HOXA-AS2 gene
was knocked out were collected and counted. Select an
appropriate cell density for passage in a 96-well plate (about
5,000 cells per well), set 3 parallel wells, and take out a well
every 48 hours. Add preprepared MTT solution (Aladdin,
Shanghai) and DESO solution.

2.4. Cell Clone-Formation Assay. The gallbladder cancer cell
lines before and after the knockout of the HOXA-AS2 gene
were selected for cell clone formation experiments, including,
trypsinizing and counting cells in logarithmic growth phase,
and inoculating cells with appropriate density in 6-well plates
(each well). Seed about 500-2000 cells, mix well, and set 3 par-
allel wells. Finally, observe under an inverted microscope,
count and take pictures, and make statistics of the results.

2.5. Cell Transwell Migration and Invasion Assay. Select
NOZ and OCUG-1 cells successfully transfected with
RNAi#1, RNAi#2, and NC (and the cells are in logarithmic
growth phase), and use serum-free cell culture medium to
culture the cells overnight before the experiment to reduce
the effect of serum on the experiment. Cells were then trypsi-
nized, washed 3 times with serum-free medium, counted, and
made into suspension. Add the cell suspension to the Trans-
well chamber and incubate the cells with serum-free medium.
PBS solution was used to wash the cells that did not invade the
upper layer and were observed, photographed, and counted
under a microscope (Zeiss, Germany). Data processing and
result analysis are then carried out. The specific steps of related
experiments refer to previous studies [16].

2.6. Preparation of Gallbladder Cancer Cell Lines with
Reduced HOXA-AS2 Expression Mediated by Lentivirus
Infection. Select freshly grown 30% monolayer cells as trans-
fected cells for future use. The transfection groups are as fol-
lows: blank group NOZ cells, OCUG-1 cells (without any
treatment); negative control NC (transfected with Scramble
siRNA); and experimental group: against specific valid
sequences of lncRNA HOXA-AS2 targeting two different
target sites and GV112 lentiviral integration plasmids
(RNAi#1, RNAi#2). Change the cell culture medium to
serum-free medium before infection, and add HOXA-AS2
to interfere with lentivirus sh-RNAi#1, sh-RNAi#2, and neg-
ative control lentivirus sh-Ctrl according to 10MOI (multi-
plicity of infection). To infect cells, add a certain amount
of polybrene solution to the cell culture medium to improve
the efficiency of virus infection. Normal cell passaging was
performed after cells were confluent. On the 4th day after
infection, the virus infection of cells was checked with an
inverted fluorescence microscope, and finally NOZ and
OCUG-1 cells with knockdown of HOXA-AS2 were
obtained and analyzed by qRT-PCR. Interference efficiency
at different sites in HOXA-AS2 was obtained.

2.7. Western Blot. The total protein extraction kit (Teyebio,
Shanghai, China) was used to lyse and extract tissue proteins
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and cellular proteins. The specific experimental operation
can refer to the previous research [17]. The protein concen-
tration was subsequently determined using the BCA method
(Teyebio, Shanghai, China). After the denatured protein was
separated by gel running, the resultant was blotted onto a
polyvinylidene fluoride membrane. The entire transfer sys-
tem was placed in an ice-water mixture, and the membrane
was transferred for about an hour under the conditions of
100V, 400mA. This was followed by overnight incubation
with 5% nonfat dry milk in blocking solution. Use the
desired antibody as the primary antibody to incubate the
blocked PVDF membrane according to the instructions,
and add an appropriate amount of secondary antibody
and incubate with shaking at room temperature. A devel-
opment kit (Teyebio, Shanghai, China) visualized the
bands. The antibodies used are as follows: CyclinD1, p21,
MMP9, snail, YAP1, p-YAP, TAZ, p-TAZ, GAPDH anti-
bodies (1 : 2000, Abcam), and HRP labeled IgG antibody
(1 : 10000, Cell Signaling Technology).

2.8. Luciferase Reporter Gene Assay. Wild and mutant
HOXA-AS2/YAP1 was cotransfected with miR-6867-5p
mimic/NC into HEK-293 T cells. Then luciferase activity

was measured on a luciferase reporter system (Promega) using
a dual-luciferase reporter gene detection kit (Beyotime,
Shanghai, China).

2.9. Statistical Analysis. Statistical software SPSS22.0 was
used for data analysis. All data were repeated at least 3 times.
The two-tailed student’s t-test was used to assess the differ-
ence between the two groups, and the level of statistical dif-
ference was expressed as p value: ∗, p value <0.05.

3. Results

3.1. HOXA-AS2 Expression Pattern in Gallbladder
Carcinoma. In the TCGA database, the expression of
HOXA-AS2 was analyzed in normal tissues and gallbladder
cancer tissues, and it was found that HOXA-AS2 was abnor-
mally expressed in gallbladder cancer tissues (Figure 1(a)).
Analyze the level of lncRNA HOXA-AS2 in clinical tissue
samples of different stages of gallbladder cancer. The expres-
sion of HOXA-AS2 in the clinical tissues of different stages
of gallbladder cancer was higher than that in the corre-
sponding normal tissues (Figure 1(b)). In addition, we fur-
ther detected the expression of lncRNA HOXA-AS2 in
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Figure 1: Expression of HOXA-AS2 in clinical tissue samples and cell lines of patients with gallbladder cancer. (a) Shows the high
expression of HOXA-AS2 in gallbladder cancer tissues and low expression in normal tissues from the analysis of TCGA database. (b, c)
The expression of HOXA-AS2 in clinical tissues and cell line samples of gallbladder cancer, respectively.
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Figure 2: Continued.
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hepatoma cells. As shown in Figure 1(c), the level of HOXA-
AS2 in normal gallbladder cell GECs was used as a reference.
HOXA-AS2 was highly expressed in multiple gallbladder
cancer cell lines.

3.2. Effects of Knockdown of HOXA-AS2 on Viability,
Proliferation, Migration, and Invasion of Gallbladder
Cancer Cells. NOZ and OCUG-1 cells were transfected with
specific shRNAs (RNAi#1, RNAi#2) targeting two different
sites of lncRNA HOXA-AS2 carried by lentiviral tools, 96
hours after transfection, the expression level of RNAi#2
was only 2.6% of the Lv-shCon (NC) group (Figure 2(a)).
The above results suggested that Lv-shHOXA-AS2 specifi-
cally knocked down HOXA-AS2 in NOZ and OCUG-1 cells.
MTT cell viability assays and cell colony formation experi-
ments were performed. As shown in Figure 2(b), we found
that the absorbance at 490nm of NOZ and OCUG-1 cells
infected with sh-HOXA-AS2 lentivirus was significantly
lower than that of cells infected with sh-Ctrl lentivirus, indi-
cating that knockdown of SNHG16 inhibited viability of
NOZ and OCUG-1 cells. Clonogenic assays showed
decreased cell growth in NOZ and OCUG-1 cells knocked
down HOXA-AS2 (Figure 2(c)). The results of in vitro pro-
liferation experiments showed that the level of HOXA-AS2
was downregulated in NOZ and OCUG-1 cells and inhibited
cell proliferation. In addition, in the Transwell migration
and invasion experiments, we found that under the premise
of maintaining the same initial cell number, after 48 hours of
cell culture, the NOZ and OCUG-1 cells in the HOXA-AS2
expression-decreased group showed reduced migration and
invasion cells (Figure 2(d)), suggesting that the mutation of
HOXA-AS2 inhibits the migration and invasion of cancer
cells in vitro.

3.3. Knockdown of lnc-HOXA-AS2 Reduces the Expression of
Transcription Factors Associated with Proliferation and
Metastasis in NOZ and OCUG-1 Cells. The expression of

key cell cycle-related regulators CyclinD1 and P21 proteins
was detected by real-time PCR and Western blot
(Figures 3(a) and 3(b)). The expression of CyclinD1 protein
was found to be decreased in the RNAi#1 and RNAi#2
groups. The levels of MMP9 and Snail, which affect cell
migration and invasion were subsequently detected, and
the levels of MMP9 and Snail were significantly reduced
after silencing lnc-HOXA-AS2 (Figures 3(a) and 3(b)).

3.4. miR-6867-5p Is a Downstream Target of lncRNA HOXA-
AS2. RNA from clinical tissue samples of gallbladder carci-
noma was detected using RT-PCR, and the expression of
HOXA-AS2 was found to be inversely correlated with
MiR-6867-5p (Figure 4(a)). Subsequently, the results were
analyzed by TargetScan software, and it was found that
HOXA-AS2 and miR-6867 have the same binding site
(Figure 4(b)). MiR-6867-5p was significantly increased in
NOZ and OCUG-1 cells in RNAi#1 and RNAi#2 group
which HOXA-AS2 was knocked down (Figure 4(c)).
HOXA-AS2 expression was decreased after overexpression
of miR-6867 in NOZ and OCUG-1 cells and increased upon
addition of miR-6867 inhibitor (Figure 4(d)). These experi-
mental results indicated that HOXA-AS2 was inversely cor-
related with the expression of miR-6867-5p in related cell
lines. These further support the idea that miR-6867-5p is
the target of lncRNA HOXA-AS2.

3.5. lncRNA HOXA-AS2 Affects the Occurrence and
Development of Gallbladder Cancer Cells by Regulating
miR-6867-5p/YAP1. We performed analysis using TargetS-
can prediction software and found that YAP1 was a target
of miR-6867-5p (Figure 5(a)). Subsequently, by RT-qPCR
and Western blot detection, the level of YAP1 was increased
in the RNAi#1/RNAi#2 group and miR-6867-5p overexpres-
sion group. RNAi#1/RNAi#2 group and miR-6867-5p sig-
nificantly decreased in the inhibitor group (Figures 5(b)
and 5(c)). As lncRNA HOXA-AS2 was not silenced resulting
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Figure 2: Effects of HOXA-AS2 knockout on proliferation, migration, and invasion of gallbladder cancer cells. (a) Real-time PCR results
show that the expression of HOXA-AS2 in the knockdown group is significantly decreased. (b) MTT detects the change of cell viability
after silencing HOXA-AS2 cells. (c) Clone formation detects the silence of HOXA-AS2 cells. Cell proliferation ability after AS2. (d)
Transwell migration and invasion assay to detect changes in cell migration and invasion ability after HOXA-AS2 silencing.
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in upregulation of miR-6867-5p, this may further upregulate
YAP1 levels. Furthermore, we found that the luciferase
activity was significantly reduced in the HOXA-AS2-miR-
6867-5p group at two specific sites (Figure 5(d)). All the
results demonstrate a consistent axis of regulatory relation-
ship between lncRNA HOXA-AS2-miR-6867-5p–YAP1.

The transcriptional coactivator YAP/TAZ in the Hippo
signaling pathway loses its transcriptional activity when
phosphorylated, and YAP/TAZ itself is a transcriptional
coactivator that cannot bind DNA, so it needs to be com-
bined with other transcription factors such as TEAD1-4,
coinitiated the transcription of downstream genes. There-
fore, we detected the phosphorylation and activation of
YAP and TAZ after HOXA-AS2 knockdown by Western
blot. The phosphorylation of YAP was significantly reduced
in RNAi#1\RNAi#2 gallbladder cancer cells (Figure 6(a)). At
the same time, the results of luciferase activity detection

showed that the activities of TEAD1-4 transcription factors
that interacted with YAP also decreased correspondingly
(Figure 6(b)), indicate that silencing of HOXA-AS2 affects
the expression of Hippo signaling pathway-related regula-
tors. In addition, adding an agonist of the Hippo signaling
pathway to HOXA-AS2 knockdown gallbladder cancer cells,
and through cell cloning and invasion experiments found
that the increased expression of Hippo signaling pathway-
related regulators inhibited the proliferation and invasion
of gallbladder cancer cells (Figures 6(c) and 6(d)).

4. Discussion

Gallbladder cancer is a pathogenic malignancy, affecting 2.5
per 100,000 people [18, 19]. lncRNA HOXA-AS2 has been
found to be aberrantly expressed in a variety of human
tumor tissues and cells (Supplementary Figure 1). HOXA-
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AS2 was highly expressed in gallbladder tumor tissues and
cells. The molecular occurrence and progression of tumors
is an extremely complex problem, in which cell cycle
disturbance and epithelial-mesenchymal transition are
common features of many types of human malignant
tumor cells. Cell cycle disorders lead to uncontrolled cell

proliferation, which greatly enhances the ability of cells to
proliferate, while epithelial-mesenchymal transition makes
cells lose contact inhibition and can move around [20, 21].
Epithelial-mesenchymal transition (EMT) also plays a
significant role in the migration of gallbladder cancer cells.
On the basis of this study, whether EMT is involved in the
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regulation of AS2 on the migration of gallbladder cancer
cells can be further explored in the future. Our study
confirmed that reducing HOXA-AS2 expression attenuated
tumor cell proliferation in gallbladder cancer cell lines by
the results of MTT assay and clone formation assay. The
results of in vitro cell function experiments showed that
interfering with the expression of HOXA-AS2 could inhibit
the speed of in vitro migration of gallbladder cancer cells
and the ability to invade other cells. At the same time,
Western blot analysis of the expression of regulatory
factors related to cell cycle and metastasis further
confirmed that downregulation of HOXA-AS2 inhibited
the migration of gallbladder cancer cells, but P21 protein
and CyclinD1 protein were related to cell cycle. This may
be related to the antiapoptotic effect of P21 protein
[22–24]. Therefore, in this study, we explored the effect of
HOXA-AS2 on cell cycle by detecting the expression of
P21 protein and CyclinD1 protein.

Usually, lncRNAs and microRNAs (miRNAs) work
together to regulate each other. We found that miR-6867-
5p may be targeted by lncRNA HOXA-AS2 through bioin-

formatics tools. miR-6867-5p is a newly discovered miRNA
with less research in the field of cancer. miR-6867-5p was
found to be important in promoting angiogenesis under
hypoxic conditions [25]. In this study, the expression of
lncRNA HOXA-AS2 and miR-6867-5p strongly proves that
lncRNA HOXA-AS2 and miR-6867-5p interact in the devel-
opment of gallbladder cancer.

According to the prediction of the related software,
YAP1 was predicted to be the target of miR-6867-5p,
which was also confirmed by the detection of the lucifer-
ase reporter gene. The core components of signal trans-
duction, Lats1/2, and Mst1/2, are often downregulated in
some tumors due to the hypermethylation of their pro-
moters, thereby promoting the malignant transformation
of tumors [26]. Yes-associated proteins (YAPs) typically
regulate signal transduction and gene transcription in cells
[27, 28]. YAP is generally highly expressed in many
tumors, and its nuclear activity is significantly enhanced,
thereby inducing tumor progression [29–31]. lncRNA
GAS5 interacts with YAP1 phosphorylation and degrada-
tion to inhibit rectal cancer progression [32]. However,
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Figure 5: YAP1-related regulatory effects of HOXA-AS2 and miR-6867-5p. (a) Targets can software analyze the prediction of YAP1 3’UTR
binding to miR-6867-5p targets. (b) RT-qPCR detects HOXA-AS2 and miR-6867 regulates the expression of YAP. (c) Western blot
detection of HOXA-AS2 and miR-6867 regulate the expression of YAP. (d) Luciferase activity detection of HOXA-AS2 and miR-6867
regulation of YAP 3’UTR luciferase activity changes.
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how the Hippo-Yap signaling pathway plays its regulatory
role in gallbladder cancer remains to be further clarified.
The effect of lncRNA HOXA-AS2 on gallbladder cancer
cells may affect the downregulation of miR-6867-5p and
further affect the role of YAP1. In our study, YAP1 was
first investigated in HOXA-AS2-knockdown gallbladder
cancer cells. We found that YAP1 was downregulated in
miR-6867-5p inhibitor and lncRNA HOXA-AS2 unsi-
lenced groups, and upregulated in HOXA-AS2 knockout
cells, indicating a regulatory relationship between lncRNA
HOXA-AS2-miR-6867-5p-YAP1. In addition, unpho-
sphorylated YAP is an active form, but YAP itself is a
transcriptional coactivator that cannot bind DNA, so it
needs to combine with other transcription factors such
as TEAD1-4 to jointly initiate the transcription of
downstream genes [33, 34]. Studies have shown that the
downregulation of lncRNA HOXA-AS2 inhibits the phos-
phorylation of Yap/TAZ coactivator and its cytoplasmic
retention, promotes its nuclear translocation, and pro-
motes its function as a transcriptional coactivator, thereby

promoting the expression of TEAD1-4 transcription fac-
tors. Activation. luciferase gene activity assay solution
proves this. Our study also confirmed that after adding a
Hippo pathway agonist, the invasive ability of gallbladder
cancer cells with knockout of HOXA-AS2 were still lower.
It is further proved that the Hippo signaling pathway-
related regulates.

5. Conclusion

In conclusion, HOXA-AS2 may further regulate the occur-
rence and development of gallbladder cancer by regulating
the miR-6867-5p-Yap pathway. HOXA-AS2 has important
research significance in the study of potential diagnostic
and therapeutic targets for gallbladder cancer. Due to the
abnormal expression of HOXA-AS2 in hepatocellular carci-
noma and other malignant tumors, the conclusion of this
study may also be applicable to other tumor tissues. Subse-
quent experiments could also use the genes in this study to
explore more cancer treatments.
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Figure 6: HOXA-AS2 affects the proliferation and invasion of gallbladder cancer cells through the regulation of YAP1 on the Hippo
pathway. (a) Western blot detection of YAP and TAZ phosphorylation activation in Hippo signaling pathway after HOXA-AS2
silencing. (b) Luciferase activity detection of TEAD transcription factor activation after HOXA-AS2 downregulation (c). Clonal
formation assay to detect Hippo pathway agonist-stimulation cell proliferation ability. (d) Transwell assay to detect cell invasion ability
after Hippo pathway agonist stimulation.
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Purpose. This study was aimed at identifying hub genes and ceRNA regulatory networks linked to prognosis in hepatocellular
carcinoma (HCC) and to identify possible therapeutic targets. Methods. Differential expression analyses were performed to
detect the differentially expressed genes (DEGs) in the four datasets (GSE76427, GSE6764, GSE62232, and TCGA). The
intersected DEmRNAs were identified to explore biological significance by enrichment analysis. We built a competitive
endogenous RNA (ceRNA) network of lncRNA-miRNA-mRNA. The mRNAs of the ceRNA network were used to perform
Cox and Kaplan-Meier analyses to obtain prognosis-related genes, followed by the selection of genes with an area under the
curve >0.8 to generate the random survival forest model and obtain feature genes. Furthermore, the feature genes were
subjected to least absolute shrinkage and selection operator (LASSO) and univariate Cox analyses were used to identify the hub
genes. Finally, the infiltration status of immune cells in the HCC samples was determined. Results. A total of 1923 intersected
DEmRNAs were identified in four datasets and involved in cell cycle and carbon metabolism. ceRNA network was created
using 10 lncRNAs, 67 miRNAs, and 1,923 mRNAs. LASSO regression model was performed to identify seven hub genes,
SOCS2, MYOM2, FTCD, ADAMTSL2, TMEM106C, LARS, and KPNA2. Among them, TMEM106C, LARS, and KPNA2 had
a poor prognosis. KPNA2 was considered a key gene base on LASSO and Cox analyses and involved in the ceRNA network. T
helper 2 cells and T helper cells showed a higher degree of infiltration in HCC. Conclusion. The findings revealed seven hub
genes implicated in HCC prognosis and immune infiltration. A corresponding ceRNA network may help reveal their potential
regulatory mechanism.

1. Introduction

According to 2018 estimates provided by Bray about the
incidence of cancer, liver cancer was responsible for
841,080 new cancer cases globally [1] and the incidence rates
are expected to increase remarkably by the year 2030 [2].
Hepatocellular carcinoma (HCC) is the most prevalent form
of liver cancer, representing 75-85% of all liver cancer cases

[3]. Previous studies confirmed that the main pathogenic
factors of HCC are the chronic hepatitis B virus (HBV) or
hepatitis C virus (HCV) infection, alcoholic liver disease,
and nonalcoholic fatty liver disease [4]. Statistics indicate
that 30%-40% of HCC patients are diagnosed in the early
stage [5]. Only a few methods for the prognosis and treat-
ment of HCC, these methods have been limited because
most HCC patients are diagnosed in advanced stages and
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surgically unresectable. Additionally, the methods depend
mainly on the tumor stage [6] to reflect the development
of tumor cells [7]. Therefore, identifying a sound risk strati-
fication system can effectively treat and improve outcomes.

Competing endogenous RNA (ceRNA), including long
noncoding RNA (lncRNA) and circle RNA (circRNA), can
combine competitive microRNA (miRNA) and interfere
with miRNA binding to messenger RNA (mRNA) to regu-
late gene expression and play important roles [8]. It has been
shown that microRNAs, by virtue of their capacity to inter-
act with many target genes, affect a wide variety of crucial
biological processes, including growth, proliferation, and
apoptosis of cells [9]. High expression of YKT6 [10] and
MTFR2 [11] associated with progression and poor prognosis
of HCC. Furthermore, EPHX2 was identified as an indepen-
dent prognostic biomarker for overall survival of patients
with HCC [12]. In summary, ceRNA is a factor that influ-
ences the incidence of HCC as well as its progression [13,
14]. The ceRNA was used to understand the interactions of
complex genes and identified the potential biomarkers for
diagnosing and treating HCC.

In this research, we mainly used the expression patterns of
the databases in the Gene Expression Omnibus (GEO)
(https://www.ncbi.nlm.nih.gov/geo/) and the Cancer Genome
Atlas (TCGA) (https://portal.gdc.cancer.gov/) between HCC
and normal samples to perform bioinformatics analysis. The
purpose of this study is to construct a potentially competitive
endogenous RNA (ceRNA) network to identify the underlying
biological mechanisms of HCC. Furthermore, the model
classifier and the risk score model were utilized to more
precisely identify possible markers associated with prognosis
in HCC patients.

2. Material and Methods

2.1. Data Preprocessing. There were a total of 600 HCC and
122 normal samples included within four different datasets
(GSE76427, GSE6764, GSE62232, and TCGA datasets).
RNA sequencing (RNA-seq) data, microRNA sequencing
data, and the corresponding survival data of liver hepatocel-
lular carcinoma (LIHC) patients were obtained from the
TCGA database [15]. RNA-seq data and microRNA
sequencing data of TCGA contained 369 primary HCC
and 50 normal tissues as well as 370 primary HCC and 50
normal tissues, respectively. Corresponding clinicopatholo-
gical features (age, sex, tumor differentiation degree, TNM
stage, survival time, and status) were also obtained from
the TCGA database are publicly available. Among these
samples, one formalin sample and one relapse sample were
excluded. Gene expression data of GSE76427, GSE6764,
and GSE62232 were available from the GEO database.
GSE76427 comprised 52 adjoining nontumor tissues as nor-
mal control and 115 tumor tissues with HCC. HCC patients
included in this dataset had a mean age of 63:45 ± 12:63
years, and 93 male and 22 female [16], conducted by
GPL10558 platform (Illumina HumanHT-12 V4.0 expres-
sion beadchip). GSE6764 was conducted by the GPL570
platform (Affymetrix Human Genome U133 Plus 2.0 Array)
and comprised 35 HCC tissues and 10 adjoining nontumor

tissues. HCV infection cases observed in 13 samples from
cirrhotic tissues and 17 samples from dysplastic nodules
were excluded [17]. GSE62232 containing 81 solid HCC
and 10 nontumor liver samples was acquired on the basis
of the GPL570 platform (Affymetrix Human Genome
U133 Plus 2.0 Array). The individuals of HCC included in
this dataset had a mean age of 60:6 ± 13:49 years, and 67
male and 14 female [18]. The “varianceStabilizingTransfor-
mation” function of the DESeq2 package [19] was utilized
for normalizing the expression patterns of RNA sequencing
data and microRNA sequencing from the TCGA dataset.
Furthermore, expression profiles of GSE6764 and
GSE62232 were normalized using the “RMA” function in
the Affy package. The expression profile of GSE76427 was
used to normalize by the “lumiExpresso” function in the
Lumi R package.

2.2. Identification of Differentially Expressed Genes. By
employing the limma package in R, differential expression
analysis was carried out for gene expression to find the
DEGs between HCC tumor tissues and nontumor liver tis-
sues in GSE76427, GSE6764, and GSE62232 [20]. We also
utilized the DESeq2 package [19] to identify the DEGs of
TCGA. DEGs of all the four datasets (GSE76427, GSE6764,
GSE62232, and TCGA) were deemed to have statistical sig-
nificance if the adjusted P value was <0.05. Subsequently,
the intersected DEGs of four datasets were identified using
the Venn diagrams to obtain consistent expression, includ-
ing upregulated and downregulated DEGs.

2.3. Gene Ontology (GO) and Pathway Enrichment Analysis.
Cellular components (CCs), Biological processes (BPs), and
molecular functions (MFs) of intersected DEGs were used
to explore the biological significance by performing a GO
analysis. Kyoto Encyclopedia of Genes and Genomes
(KEGG) was utilized to explore significantly altered path-
ways enriched in the gene list. GO and KEGG pathways
were executed with the help of the clusterProfile package
[21]. Gene enrichment in the GO and KEGG pathway with
P value <0.05 were judged as significant.

2.4. Gene Set Enrichment Analysis (GSEA). GSEA is a com-
putational approach that enables gene sets to identify
genomes excessively increasing or decreasing between bio-
logical phenotypes [22]. GSEA analysis was carried out to
ascertain the functions premised on the expressed profiles
of TCGA using the GSEA software (Version 4.1.0).

2.5. ceRNA Network Analysis. We examined the regulated
miRNAs using up/downregulated lncRNAs in four datasets
by Starbase databases (http://starbase.sysu.edu.cn/index
.php) while retaining the opposite expression direction of
lncRNAs and miRNAs. Among them, we extracted the
intersection of the regulated miRNAs of TCGA for the next
analysis. Meanwhile, we screened for miRNA-regulated
mRNAs on the Targetscan databases (https://www
.targetscan.org/vert_72/) while retaining the same expres-
sion direction of lncRNAs and mRNAs. Subsequently, we
generated the lncRNA-miRNA-mRNA regulatory network
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by downloading the binding sites of mRNA, miRNA, and
lncRNA using the Starbase and Targetscan databases.

2.6. Establishment of Random Survival Forest Model and
Least Absolute Shrinkage and Selection Operator (LASSO)
Regression Model. The mRNAs of the ceRNA regulatory net-
work were used to perform Cox and Kaplan-Meier analyses
in TCGA to obtain prognosis-related genes. We selected the
prognosis-related genes for the area under the curve (AUC)
analysis by pROC package. Next, we used prognosis-related
genes with an AUC >0.8 to construct the random survival
forest model with the help of the RandomSurvivalForest R
package. It was determined that genes with a relative impor-
tance >0.4 were the ultimate feature genes by examining the
link between the error rate and the number of classification
trees. Moreover, the feature genes were used to construct

the LASSO model and the hub genes were obtained using
“cv.glmnet” function in glmnet R package [23]. Subse-
quently, a univariate Cox analysis was carried out on the
hub genes to determine the prognostic significance utilizing
the forestplot R package. The hub genes with a hazard ratio
>1 were considered to lead to a poor prognosis.

2.7. Seven Hub Gene-Risk Scores Based on Cox Regression
Analysis. After performing a multivariate Cox regression
analysis premised on the outcomes of seven hub genes, risk
scores were then computed. Following the construction of
the risk score model premised on the median risk score,
the HCC patients of the TCGA dataset were further classi-
fied into high- and low-risk groups, and their overall survival
(OS) rates were compared. Furthermore, to determine the
impact that hub genes have on the HCC patients’ prognoses,
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Figure 1: The detailed flow chart for this research AUC, area under the curve; DElncRNA, differentially expressed long noncoding RNA;
DEG, differentially expressed genes; DEmRNA, differentially expressed messenger RNA; Gene Set Enrichment Analysis; LASSO, least
absolute shrinkage, and selection operator; K-M curve, Kaplan-Meier curve; TCGA, The Cancer Genome Atlas; ssGSEA, single sample
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a nomogram was developed with the use of the rms package
of the R program. With the help of the ggstatsplot package,
correlations between hub genes and risk scores were derived.

2.8. Identification of Key Gene. To further illustrate the
expression of hub genes between HCC and control samples
in the TCGA dataset, we created a heat map and a violin
plot. Above all, time-dependent receiver operating charac-
teristic curve (ROC) analysis was conducted using the “sur-
vivalROC” R package to evaluate the prediction accuracy of
the 1-, 3-, 5- year of the key gene. The Kaplan–Meier sur-
vival curve was utilized to make a comparison between the
high- and low-risk groups for the survival of the key gene.
Furthermore, P adjust value <0.05 was selected as the crite-
rion for determining differentially expressed miRNAs
(DEmiRs), after which we plotted the associated ceRNA reg-
ulatory network of key genes.

2.9. Immune Infiltration Analysis. Single-sample gene set
enrichment analysis (ssGSEA) calculated the degree of
immune cell infiltration in the HCC patients of 24 immune
cell types using marker gene sets [24]. Using the limma R
program, variations in the types of immune cells seen
between HCC and control samples were computed Radar
and scatter plots show correlation plots of risk score of
immune cells and hub gene. Second, we adopted the Pearson
correlation to determine the link between the seven hub
genes and the immune cell types. Additionally, The CIBER-
SORT algorithm was utilized to execute an analysis of the
infiltration levels of 22 different types of immune cells in
HCC samples taken from the TCGA dataset.

2.10. Statistical Analysis. The analyses of the present study
were conducted utilizing the Bioinforcloud platform
(http://www.bioinforcloud.org.cn).

3. Results

Workflow of the present study (Figure 1).

3.1. Biological Function of DEGs between HCC and Controls.
To obtain dysfunctional genes associated with HCC, we
identified DEGs between HCC and controls (Figure 2(a)).
In total, 9,366 DEGs were identified in GSE62232, 11405
DEGs in GSE76427, 4995 DEGs in GSE7696, and 14,038
DEGs in TCGA. A total of 1,933 intersected DEmRNAs
were detected in four datasets, including 10 lncRNA and
1,923 mRNA. Among them, 1,104 were upregulated and
829 downregulated DEGs in HCC and controls
(Figure 2(b)). Intersected DEGs were involved in the cell
cycle and carbon metabolism (Figure 2(c)). Additionally,
intersected DEGs were involved in 1,584 BP, 210 CC, and
213 MF (Figure 2(d)). GSEA showed that genes of the
TCGA dataset were positively linked to DNA replication
and the cell cycle (Figure 2(e)) and were inversely linked to
the ERBB signaling pathway and HIF-1 signaling pathway
(Figure 2(f)).

3.2. Identification of Hub Genes Related to Prognosis. The
ceRNA regulatory network was constructed using the 366
prognosis-related mRNAs that were obtained from Kaplan-
Meier and Cox survival analyses (Table S1). Based on AUC
analysis, 366 prognosis-related mRNAs were analyzed to
determine their possible involvement in the GSE76427 and
TCGA datasets. As depicted in Figure 3(a), 211 genes with
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Figure 2: Enrichment analysis of differentially expressed genes (DEGs). (a) DEGs of GSE62232, GSE6764, GSE76427, and TCGA datasets
between HCC and controls. Red denotes upmodulated DEGs, whereas blue denotes downmodulated DEGs. (b) DEGs in the same direction
across all four datasets are shown by a Venn diagram. (c) Intersected DEGs of four datasets were involved in pathways by enrichment
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Figure 3: Identification of hub genes by least absolute shrinkage and selection operator (LASSO) and univariate Cox models. (a) The top 14
genes are shown with AUC>0.80 in TCGA and GSE76427. Genes that have been upregulated are shown in red, whereas genes that have
been downregulated are shown in blue. (b) The correlation between the number of trees and the error rate. (c) A random forest model
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an AUC of <0.80 were found in both datasets. Figures 3(b)
and 3(c) provide an orderly representation of the
association between the error rate for the data, the number
of classification trees, and the importance of the 14 genes.
LASSO regression model was performed to identify 7 hub
genes, SOCS2, MYOM2, FTCD, ADAMTSL2,
TMEM106C, LARS, and KPNA2 (Figures 3(e) and 3(f)).
In univariate Cox regression analysis, TMEM106C, LARS,
and KPNA2 had a poor prognosis (Figure 3(f)).

3.3. Construction of Hub Genes and Calculation of Risk Score
in HCC. The distributions of the risk scores, RFS and hub
gene expression of the 369 patients in the TCGA dataset
are shown in Figure 4(a). The hub genes were incorporated
into a nomogram model to predict the HCC patients’ prog-
noses (Figure 4(b)). The calibration curve demonstrated
excellent agreement between the observed and predicted
OS over 1 and 3 years in the TCGA cohort (Figure 4(c)).
The AUC analysis of seven hub genes as illustrated in
Figure 4(d) and the relevant findings illustrated that the
seven hub genes had a better diagnostic power in the prog-
nostic model. We additionally examined the link between
hub genes and risk scores and found that KPNA2, LARS,
and TMEM106C had a positive link to risk scores, whereas
an inverse correlation was observed between ADAMTSL2,
MYOM2, FTCD, SOCS2, and risk scores (Figure 4(e)).

3.4. KPNA2 as a Key Gene in Prognosis for HCC. In four
datasets (GSE76427, GSE6764, GSE62232, and TCGA), the
results suggested that hub genes of AUCs value, adjusted P
value, and fold change were depicted in Figure 5(a). A heat
map showed the expression level of hub genes, stage, gender,
event, and groups in TCGA (Figure 5(b)). In comparison
with controls, ADAMTSL2, FTCD, KPNA2, LARS, and

TMEM106C were found to be expressed at a high level in
HCC (Figure 5(c)). Time-dependent ROC survival analysis
was employed to examine the prognosis of KPNA2 and the
findings illustrated that the AUCs values over 1, 3, and 5
years were all greater than 0.66 (Figure 5(d)). Moreover,
the predicted 1-year survival time for HCC patients indi-
cated that KPNA2 had considerably improved OS
(Figure 5(e)). The volcano plot showed a total of 901
DEmiRs, comprising 730 upmodulated miRNAs and 171
downmodulated miRNAs (Figure 5(f)). Ultimately,
Figure 5(g) depicts the obtained binding sites within the
lncRNA HCP5-KPNA2-miR-214-3p as ceRNA regulatory
network. Above all, KPNA2 performs an essential function
in the ceRNA regulatory network, making it a key gene in
the prognosis and fundamental biological processes involv-
ing HCC.

3.5. Estimation of Infiltrating Immune Cells in HCC. T
helper (Th) 2 cells, T helper cells, and plasmacytoid den-
dritic cells (pDCs) all have higher degrees of infiltration
between HCC and controls in four datasets (Figure 6(a)).
Figure 6(b) depicts the association between the median
risk score and the types of immune cells. Among them,
CD8 T cells, Th17 cells, and DC exhibited a substantially
positive correlation, whereas Th2 cells exhibited a signifi-
cantly negative correlation (Figure 6(c)). By determining
the Pearson correlation between the hub genes and the
24 different types of immune cells, we observed that
KPNA2 and Th2 cells had a considerably high association
in HCC samples (Figure 6(d)). To further evaluate the
proportion of immune cells for TCGA, the findings indi-
cated that HCC samples were extensively infiltrated by
Macrophages M2 (Figure 6(e)).
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4. Discussion

HCC is a malignancy with a high death rate and an unfavor-
able prognosis, necessitating novel diagnostic and therapeu-
tic markers [25]. In this research, we determined the seven
hub genes of HCC prognosis as vital biomarkers, which
can be used to improve outcomes of patients with HCC.
We constructed a ceRNA regulatory network to explore
the biological mechanism, including lncRNA HCP5-hsa-
miR-214-3p-KPNA2. Furthermore, we also found a high
degree of immune cell infiltration with seven hub genes.

Intersected DEGs of four datasets were involved in the
cell cycle and carbon metabolism. Previous research has
shown that cell cycle regulation inhibits the proliferative
ability of HCC cells [26]. Importantly, GSEA showed that
genes of the TCGA dataset were enriched in the cell cycle
and carbon metabolism. Studies have shown that tumor cells
often regulate the genes of the cell cycle producing damage
and inactivation of this pathway may be involved in tumor
development [27]. Furthermore, high expression of miR-
452-5p performs an integral function in the progression of
HCC through carbon metabolism [28].

Seven hub genes (SOCS2, MYOM2, FTCD, ADAMTSL2,
TMEM106C, LARS, and KPNA2) involved in the process of
the HCC prognosis were identified. SOCS2 was associated
with distinct stages that indicated poor survival outcomes for
patients with HCC [29]. Previous studies have shown that
FTCD is a protective factor in HCC development and progno-
sis [30]. Overexpression of TMEM106C [31] and KPNA2 [32]
predicted an unsatisfactory prognosis in HCC patients. Down-
regulated MYOM2 was observed in a majority of clinical cases
of breast cancer [33], however, the role of MYOM2,
ADAMTSL2, and LARS in HCC development and prognosis
remains unclear.

In this present research, in the TCGA liver cancer
cohorts, a high level of KPNA2 expression accurately pre-
dicted the 1-, 3-, and 5-year survival times, with AUCs of
0.742, 0.697, and 0.663, correspondingly. A risk score and
nomogram model also indicated that high-expressed
KPNA2 led to an unfavorable prognosis. There was also a
strong association between the risk score and KPNA2, which
suggests that KPNA2 could be a crucial biological marker in
determining the prognosis of patients with HCC. Recently,
an increasing number of studies have demonstrated that
lncRNA and miRNA primarily mediated posttranscriptional
regulation, and that dysregulation of this process has been
linked to many malignancies [34]. Interestingly, through tar-
geting KPNA2, the lncRNA HCP5 served as a ceRNA, which
had the effect of adversely modulating the expression of
miR-214-3p. Downmodulation of lncRNA HCP5 in HCC
tissues, when contrasted to normal samples, could affect
the proliferation, metastatic and invasive, while the relevant
mechanism of HCC still needs to be elucidated [35]. miR-
214-3p is shown to modulate cell growth, metastasis, and
apoptosis in HCC cells, endometrial cancer cells, and retino-
blastoma cells by directly targeting certain genes linc00665
[36], ATWIST1 [37], BCB1, and XIAP [38]. In general, this
ceRNA regulatory network further helps us understand the
regulatory mechanisms of these genes in HCC.

ssGSEA indicated that Th2 cells and plasmacytoid den-
dritic cells (pDCs) all exhibited a higher degree of infiltration
between HCC and controls. An intratumoral infiltration of
pDCs is predictive of an unfavorable prognosis among
patients who undergo curative resection for HCC; pDCs
exist in numerous primary as well as metastatic human neo-
plasms [39]. Furthermore, the significantly positive correla-
tion between Th2 cells and KPNA2 that Th2 cells were
linked to HCC patient survival [40]. Th17 cells, dendritic
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Figure 5: Expression of hub genes and construction of ceRNA regulated network. (a) The log-fold change, AUC, and adjusted P value of
seven genes in TCGA, GSE76427, GSE62232, and GSE6764. (b) Stage, gender, event, and expressed levels were shown in HCC and control
in HCC. (c) Violin plots illustrated the expression of seven hub genes. The thick black bar in the middle indicates the interquartile range, and
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Figure 6: Continued.
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cells (DCs), and CD8 T cells were positively linked to the
risk score of prognosis. The levels of Th17 cells were sub-
stantially elevated in tumors of patients with HCC [41].
DCs and CD8+ T cells have increased infiltration levels
and are associated with relapse, compared with primary
HCC [42]. The seven hub genes were defined as biomarkers
for OS and we constructed a high immune cell infiltration
model to predict the HCC patients’ prognoses.

Despite the new findings at the level of bioinformatics
analysis, understanding of the prognosis and immune-
related biomarkers are still limited. Firstly, the markers asso-
ciated with HCC currently lack sufficient sensitivity and
specificity. Secondly, molecular and animal experiments are
needed to verify the biomarkers and apply the biomarkers
from preclinical studies in clinical practice.

5. Conclusion

SOCS2, MYOM2, FTCD, ADAMTSL2, TMEM106C, LARS,
and KPNA2 are vital biomarkers and involved in the process
of the HCC prognosis and immune infiltration.
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­e development of multidrug resistance in cancer chemotherapy is a major obstacle to the e�ective treatment of human
malignant tumors. Several epidemiological studies have demonstrated that in�ammation is closely related to cancer and plays
a key role in the development of both solid and liquid tumors.­erefore, targeting in�ammation and themolecules involved in the
in�ammatory process may be a good strategy for treating drug-resistant tumors. In this review, we discuss the molecular
mechanisms underlying in�ammation in regulating anticancer drug resistance by modulating drug action and drug-mediated cell
death pathways. In�ammation alters the e�ectiveness of drugs through modulation of the expression of multidrug e�ux
transporters (e.g., ABCG2, ABCB1, and ABCC1) and drug-metabolizing enzymes (e.g., CYP1A2 and CYP3A4). In addition,
in�ammation can protect cancer cells from drug-mediated cell death by regulating DNA damage repair, downstream adaptive
response (e.g., apoptosis, autophagy, and oncogenic bypass signaling), and tumor microenvironment. Intriguingly, manipulating
in�ammation may a�ect drug resistance through various molecular mechanisms validated by in vitro/in vivo models. In this
review, we aim to summarize the underlying molecular mechanisms that in�ammation participates in cancer drug resistance and
discuss the potential clinical strategies targeting in�ammation to overcome drug resistance.

1. Introduction

Current cancer treatments (e.g., surgery, chemotherapy,
radiotherapy, targeted therapy, and immune therapy)
bene�t an increasing number of patients who su�er from
cancer [1]. Still, the e�ectiveness of these strategies is limited
by drug resistance, which remains a primary obstacle to the
curative treatment of various cancers [2]. Resistance to
anticancer drugs can be divided into two categories: intrinsic
and acquired drug resistance [3, 4]. Intrinsic resistance
indicates that resistance regulators are present in a large
number of tumor cells prior to chemotherapy, rendering
treatment ine�ective. Acquired resistance may develop
during treatment as a result of nongenetic changes, which
enhance tumor cell survival [5, 6]. ­e anticancer drug
resistance mechanism involves many aspects, such as

deregulated drug transport, altered target proteins/re-
ceptors, and abnormal regulation of cellular metabolic
pathways [7, 8]. Of note, several new cancer treatment
strategies have been applied to the clinic in response to the
above mechanisms.

In�ammation is an immune response to bodily injury
that can �ght infection and trauma by removing harmful
factors and damaged tissue, thereby repairing the tissue and
returning it to normal [9]. In detail, in the early or acute
phase of in�ammation, pathogen-associated molecular
patterns (PAMPs) are recognized by tissue macrophages or
mast cells, which in turn activate the secretion of in-
�ammatory cytokines, chemokines, vasoactive amines, and
other substances, thereby enhancing the immune response
around the blood vessels [10, 11]. Activated in�ammatory
cells produce anti-in�ammatory cytokines as well as pro-
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inflammatory cytokines [12, 13].,e former mainly includes
IL-4, IL-13, IL-10, and TGF-β, and the latter mainly includes
TNF-α, IL-1β, IL-2, IL-6, IL-8, IL-17, and IFN-c. Pro-
inflammatory and anti-inflammatory cytokines interact to
form a complex network whose dynamic balance determines
the development and outcome of inflammation [14]. Studies
have shown that multiple pathways are involved in the initial
regulation of the inflammatory response, such as Jak/Stat
signaling [15], NF-kB signaling [16], Wnt signaling [17], and
Toll-like receptor signaling [18, 19]. Many similarities have
been found between inflammatory response and tumor
development in regulating signaling pathways and gene
expression [20, 21]. For instance, NF-κB is a transcription
factor that can be activated by a variety of cytokines and
plays a key role in inflammatory processes. In cancer, it is
usually kept active and can regulate the cell cycle and ap-
optosis process by activating genes encoding related pro-
teins, thereby inducing survival and promoting cancer
progression [22].

As one of the hallmarks of cancer, multiline evidence
indicates that inflammation contributes to tumorigenesis,
tumor progression, metastasis, and resistance, yet its specific
mechanism in most tumors remains unclear [23]. If the
inflammatory response persists for too long, it may turn into
chronic inflammation, which has many carcinogenic
mechanisms, including inducing gene mutation, promoting
angiogenesis, changing gene status, promoting cell pro-
liferation and malignant transformation, etc [24]. It proved
that inflammation plays a promoting role in the occurrence
and development of tumors [25]. Nevertheless, there are few
studies on the effect of inflammation on tumor drug re-
sistance. In the current review, we suspect that inflammation
plays a certain role in tumor drug resistance and focus on
several aspects underlying inflammation-mediated drug
resistance (Figure 1).

2. Inflammation-Mediated Changes in Drug
Transport and Metabolism

Abnormal activation of drug efflux is one of the important
reasons for tumor chemotherapy resistance. Meanwhile, the
metabolic pathways are also major routes of drug resistance
due to their drug-clearing and activation functions, par-
ticularly for anti-infectives and cancer drugs [26]. Abnormal
activation of tumor efflux and excessive drug metabolism
will cause the drug concentration in tumor cells to be lower
than the killing concentration during tumor chemotherapy,
resulting in tumor cell survival [27].,erefore, exploring the
activation level of drug efflux and drug metabolism in the
inflammatory state is helpful to deeply understand the
molecular mechanism of drug resistance under an in-
flammatory state. Here we attempt to explore the effects of
inflammation on drug transport and metabolism.

2.1. Inflammation and Drug Efflux Transporters. ,ere exist
48 ATP-binding cassette (ABC) transporters that can be
subdivided into seven distinct subfamilies A-G [28, 29].
,ese drug efflux transporters reduce the intracellular drug

concentration and inhibit drug efficacy [30]. Sufficient ex-
perimental results suggest that ABC transporter family
proteins are associated with drug resistance, especially
multidrug resistance protein 1 (MDR1; also known as P-
glycoprotein and ABCB1), MDR-associated protein 1
(MRP1; also known as ABCC1), and breast cancer resistance
protein (BCRP; also known as ABCG2) [31]. Some research
has found that inflammation directly or indirectly impacts
drug transporters. For example, peripheral inflammatory
pain changes paracellular permeability and increases the
expression and activity of P-glycoprotein (P-gp) at the
blood-brain barrier, leading to arduous drug uptake by the
brain [32]. MDR1 expression in immune cells has been
studied in recent years. ,e inflammatory environment can
cause upregulation of MDR1 in some cells involved in innate
immunity [33]. Furthermore, the expression of BCRP was
significantly reduced by IL-1, IL-6, and TNF-α during acute
inflammation, and IL-2 can stimulate JAK3 activation, thus
phosphorylating tyrosine residues in BCRP promote their
drug efflux function [34]. Endotoxin-induced systemic in-
flammation in rats is correlated with the apparent changes in
the placental expression of several drug transporters; with
the increased level of pro-inflammatory cytokines IL-6 and
TNF-α, the mRNA expression of Abcc3 increased, while the
expression of transporters such as Abcb1a and Abcc2 de-
creased [35]. Researchers found that gene polymorphisms of
ABCG2 potentially affect the serum levels of pro-
inflammatory markers by drug efflux in some chronic in-
flammatory arterial diseases, implying an interaction be-
tween inflammation and drug transporters [36]. Several
endogenous compounds related to inflammation develop-
ment, such as cAMP and PGs, are also substrates of MRPs,
which could provide new targets for the treatment of in-
flammatory diseases [37]. Together, inflammatory cytokines
have different effects on drug transporters. Several cytokines
(e.g., IL-6, TNF-α, and IL-1) inhibit drug efflux, while IL-2
increases drug efflux. ,e dual roles of cytokines indicate
that the effect of inflammation on tumor cell drug resistance
is the result of a multifactorial interaction, which is affected
by the inflammatory microenvironment, the stage of in-
flammation induction, and the type of inflammation. Sys-
tematic studies on tumor resistance will help continue to
elucidate the molecular events of inflammation-induced
drug efflux and drug metabolism.

2.2. InflammationandDrugMetabolism. In addition to drug
efflux, activation or inactivation of drugs conducted by
cytochrome P450 enzymes (CYPs) have been assumed to be
important molecular mechanisms underlying cancer drug
resistance [38]. ,e effects of cancer-induced inflammation
on the hepatic metabolism of anticancer drugs have been
noticed in recent years. Several inflammatory states were
associated with decreased expression of some hepatic CYP
enzymes such as 1A, 2A, 2C, 2E, and 3A subfamilies op-
erated by pro-inflammatory cytokines at the transcriptional
level [39]. Studies have shown that IL-6-mediated pathways,
especially the MAPK/ERK and PI3K/AKT signaling path-
ways, are critical for the downregulation of CYP enzymes
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during inflammation [40], whereas IL-6 inhibitor tocilizu-
mab can upregulate the expression of CYP3A4 mRNA [41].
Furthermore, JAK inhibitor has been found to reverse the
IL-6-mediated downregulated CYP1A2 and CYP3A4
mRNA levels in HepaRG and PHHS cells, suggesting
a prominent role of the JAK/STATpathway mediated by IL-
6 in CYP downregulation [42]. It is noteworthy that CYP
enzyme activity is differentially affected by the presence of
tumor-associated inflammation. For instance, increased
activity of CYP2E1 was associated with raised serum levels of
IL-6, IL-8, and TNF-α [43]. Beyond this exception, IL-6
predominantly reduces CYP expression and thus attenuates
the biotransformation of some drugs that are metabolized
through CYP enzymes. Furthermore, studies found that
after the TNF-α treatment for 24 h, the induction of CYP3A4
mRNA downregulation is not the same as protein down-
regulation. ,e latter is not obvious, suggesting that post-
transcriptional mechanisms are involved in the down-
regulation of CYP protein levels or enzyme activity by TNF-
α [44, 45]. As mentioned above, the same cytokines (e.g., IL-
6 and TNF-α) had opposite effects on different P450 en-
zymes. Since different drug-metabolizing enzymes are se-
lective for specific drugs, the characteristics of inflammation
in patients during clinical drug treatment can indicate the
activation or inhibition of specific drug enzymes, thereby
assessing the risk of clinical drug resistance.

3. DNA Damage Response

,e DNA damage response (DDR) is a protective mecha-
nism under physiological conditions involved in DNA re-
pair, checkpoint activation, and transcription regulation

[46, 47]. On the other hand, it can help tumor cells survive
the distractions of drug treatment [48–50]. Cancer treatment
usually consists of some chemotherapy drugs that rely on the
induction of DNA damage. ,us, the DNA damage repair
capacity of cancer cells significantly influences the efficiency
of DNA-damaging medications [51]. Recent studies indicate
a positive correlation between IL-17 expression and the
DDR in mice after cigarette smoke exposure, and excessive
damage responses, in turn, lead to increased DNA mutation
rates, which contribute to the genetic instability of cancer
[52]. Meanwhile, by measuring DDR markers like activation
of ataxia-telangiectasia mutated kinase (ATM), researchers
found that inflammation in the gastric cardia mucosa may
cause accumulated DNA damage, leading to mutagenesis
and chromosomal rearrangements [53]. After treating li-
popolysaccharides (LPS), the increased mRNA transcription
of some DNA repair enzymes like AP endonuclease and
DNA glycosylase excising εA can be detected in rat in-
testines, which implies stimulation of the repair of oxidative
DNA damage. ,us, inflammation may cause an imbalance
in genome instability, more generally, to cancer develop-
ment and drug resistance [54].

,e DNA damage incurred during the inflammatory
response triggers the activation of DNA repair pathways by
stimulating a cascade of pro-inflammatory signals required
for cell survival [55, 56]. Many DNA repair pathways are
involved in regulating the transcription of molecules im-
portant for infection control, which implies a link between
DDR and the inflammatory system [57, 58]. However, when
DNA repair is not sufficient to deal with increasing DNA
damage, the genes in the cells often mutate. Some cell
mutations (e.g., BRAF V600E and EGFR T790M) can drive
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the development of tumors, causing tumor resistance.
Among them, the occurrence of inflammation will accelerate
this process [59]. For example, a recent study indicated the
synergic effect between bacterial-driven inflammation and
a mutant BRAF V600E to promote colon tumorigenesis in
an enterotoxigenic Bacteroides fragilis (ETBF) murine model
[60]. Similarly, the pro-inflammatory STAT3 pathway was
found to be an important mechanism for EGFR T790M
mutation-mediated drug resistance in NSCLC [61]. In-
flammation can promote DNA repair in tumor cells, leading
to tumor chemotherapy resistance. Blocking the in-
flammatory response is expected to act as an adjuvant
therapy strategy for tumor-resistant treatment.

4. Downstream Adaptive Responses

In addition to the intake and elimination of drugs, tumor
cells can also obtain drug resistance through downstream
adaptive responses [62, 63]. Currently, commonly used
tumor therapy drugs are chemotherapeutic drugs and tar-
geted therapeutic agents. Chemotherapy drugs ultimately
lead to tumor cell apoptosis by injuring biomolecules within
cells, while targeted therapies suppress tumor progression by
inhibiting key regulators in tumor survival-maintaining
mechanisms [64–66]. Tumor cells can escape death
through various pathways, and these mechanisms are also
important reasons for tumor drug resistance, where in-
flammation plays an essential role (Figure 2).

4.1. Evade from Apoptosis. Cancer cells can regulate the
expression of some apoptosis-related proteins, such as B-cell
lymphoma 2 (Bcl-2) and inhibitors of apoptosis proteins
(IAPs), thus reducing their sensitivity to anticancer drugs
that induce cell apoptosis and surviving the treatment
[67, 68]. Bcl-2-related proteins are a large family that
maintains the normal life state of cells by regulating apo-
ptosis, which can be influenced by various cytokines asso-
ciated with inflammation factors. For example, IL-13 has
been found to induce Bcl-2 expression in airway epithelial
cells [69, 70]. Results showed that the Bcl-2 level was in-
creased after adding IL-6 in lymphoblast cells [71]. In ad-
dition, IL-22 activates the expression of the antiapoptotic
protein Bcl-2 in renal cortex tissues [72]. Meanwhile, IL-10
has a role in protecting cells from apoptosis through
upregulating Bcl-2 expression, especially in breast tumors
[73]. It has worth noting that the effect of inflammation on
apoptosis is not unilateral. By targeting the overexpressed
Bcl-2 protein with the nanoparticle Bcl-2 inhibitor ABT-199,
apoptosis of inflammatory cells and the reduction of IL-4
and IL-5 levels were observed [74]. Moreover, given that
TNFα is one of the key mediators of cancer-related in-
flammation, at the same time, cIAP1 and cIAP2 function as
key mediators of TNFα-induced the activation of NF-κB and
then allow the cell to survive against external interference,
which indicates the interaction between inflammation and
IAPs [75, 76]. Inflammation often accompanies the whole
process of tumor occurrence and development and plays
a key role in the process of tumor drug resistance [10].

Targeting tumor inflammation may act as a potential
strategy to promote tumor apoptosis.

4.2. Autophagy. Autophagy is an evolutionarily conserved
mechanism that disposes of excessive or potentially dan-
gerous cytosolic entities through lysosomal degradation to
maintain cellular biosynthesis and viability during stress
conditions [77, 78]. ,erefore, this process may result in the
survival of cancer cells that are undergoing anticancer drug
treatment. Inflammatory cytokines, including IFN-c, TNF-
α, IL-17, and the IL-1 family, are closely related to autophagy
in tumors [79]. In human melanoma cells, blocking the IL-1
pathway by IL-1α or IL-1β treatment increases autophagy-
related components such as LC3-I and LC3-II, indicating an
increase of autophagy [80]. ,e overexpression of IFN-c
upregulated Beclin-1mRNA expression and protein levels in
the stomachs of mice, indicating that IFN-c induces auto-
phagy in part through upregulation of Beclin-1 [81].
However, inflammatory cytokines also play a role in
inhibiting autophagy. For example, IL-6 overexpression was
sufficient to block autophagy by supporting Beclin-1/Mcl-1
interaction and promoting arsenic-induced cell trans-
formation in lung carcinoma cell lines [82]. Autophagy may
also modulate inflammatory cytokine release and secretion
through different mechanisms such as secretion of media-
tors of inflammation, regulation of inflammasomes, and
p62/SQSTM1 proteins [83]. Since autophagy plays a dual
role in tumor survival, the regulation of autophagy by in-
flammation is also context dependent. Further research is
critically needed to understand the crosstalk between
autophagic processes and inflammation as well as the un-
derlying molecular mechanism.

4.3. Oncogenic Bypass Pathway. Activating the oncogenic
bypass signaling pathways (e.g., MAPK, c-MET, or PI3K/
AKT signaling) is crucial in tumor drug resistance. Studies
have found that inflammation can directly or indirectly
affect signal transduction in these pathways [84, 85]. For
example, the JNK and p38 MAPK signaling pathways can be
activated by pro-inflammatory cytokines such as TNF-α and
IL-1β, associated with anticancer drug resistance in colon
and liver cancer [86]. Studies have shown that the pro-
inflammatory cytokine IL-22 can downregulate Cx43 gene
transcription and promote keratinocyte proliferation and
migration through the JNK-dependent pathway [87].
IL-17A stimulation leads to upregulation of Plet1 expres-
sion, which contributes to tissue regeneration and colonic
tumorigenesis via regulating ERK [88]. IL-33 can activate the
classical MyD88/IRAK/TRAF6 module, which activates
three subfamily pathways of MAPK, including ERK, p38,
and JNK [89]. Interestingly, activation of the JNK pathway
can promote inflammatory actions such as directly activated
NF-κB by promoting IκBα degradation, which indicates
a positive feedback regulation of inflammation on the JNK
pathway [90]. As for cholangiocarcinoma, inflammatory
mediators such as IL-6 and TNF-α activate several pathways
such as JAK-STAT, p38 MAPK, and Akt, resulting in in-
creased cell growth and survival and proliferation [91].
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Moreover, the expression of three major inflammatory cy-
tokine genes, IL-1β, IL-8, and CXCL1, was positively cor-
related with c-MET expression in patients with brain
metastases. In addition, the MAPK pathway is the central
downstream transducer between c-Met and IL-1β [92].

Furthermore, under the chronic inflammation state,
multiple inflammatory factors are associated with the PI3K/
Akt pathway, which plays an important role in the initiation
and development of downstream inflammatory pathways.
For example, studies have shown that NF-κB is triggered by
PI3K/Akt by activating protein kinase C, which confirms the
link between inflammation and oncogenic pathways [93]. In
summary, inflammation promotes the activation of onco-
genic bypass pathways in tumor cells, which may lead to
targeted drug resistance. ,erefore, the level of in-
flammation in the tumor microenvironment should be
considered during clinical treatment, and combination with
anti-inflammatory drugs may improve the efficacy.

5. Inflammatory Tumor Microenvironment

5.1.Oxidative Stress. Oxidative stress refers to the imbalance
between the generation of free oxygen radicals and their
elimination through the antioxidant defense system after
being stimulated [94, 95]. As a by-product of normal
metabolic processes, reactive oxygen species (ROS) are in-
dispensable for various biological processes in normal and
cancer cells [96]. Recent evidence suggests that ROS is
closely related to tumor cell proliferation, heterogeneity,
dormancy, and stemness, which are considered the critical
requirements for tumor progression [97, 98]. However, the
effects of excess ROS on tumor cells can be quite different in
its anticancer properties, such as inducing apoptosis.

Although most current chemotherapeutic agents increase
ROS to cytotoxic levels when targeting cancer cells, exposure
to ROS inevitably reduces the efficacy of chemotherapy in
the long term, resulting in cancer drug resistance [99].

During inflammation, mast cells and white blood cells
are recruited to the site of injury, resulting in increased
release and accumulation of ROS at the site of injury due to
increased oxygen uptake, leading to oxidative stress [100].
ROS promotes cancer growth and progression via different
signaling pathways (PI3/Akt/mTOR, MAPK, etc.) when
accumulating to a particular concentration [95]. Studies
have shown that ROS-mediated drug resistance in cancer
cells may be due to the activation of redox-sensitive tran-
scription factors such as NF-κB, Nrf2, c-Jun, and HIF-1α
30471641. Nrf2, a transcription factor involved in cellular
homeostasis, is responsible for targeting genes related to
cellular defense and plays a crucial role in regulating REDOX
homeostasis [101]. Under oxidative stress, the specific cys-
teine residues of KEAP1 in the KEAP1-CUL3-RBX1 com-
plex are destroyed, thus interfering with the ubiquitination
process of Nrf2, which may ultimately lead to cancer drug
tolerance [102]. Inhibition of Nrf2 gene expression has been
found to reverse the resistance of head and neck tumors to
iron death inducers [103].

Studies have found that oxidative stress and in-
flammation are interdependent and interrelated processes in
the inflammatory RA joint, where inflammatory cells release
large amounts of ROS, leading to excessive oxidative
damage. In addition, many ROS and oxidative stress
products enhance the pro-inflammatory response [104].

Exposure of phagocytes to pro-inflammatory cytokines
such as TNF, IFN-c, and/or IL-1β induces the formation of
the NOX2 complex, which significantly increases
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intracellular ROS levels [105]. What’s more, as a pro-
inflammatory factor, TNF mainly acts through multiple
TNF receptor-mediated signaling pathways, such as NF-KB
and MAPKs, to regulate inflammatory responses. It is now
clear that ROS/RNS are an integral part of TNF signaling
because they are closely involved in numerous feedback
loops, which are part of TNFR’s downstream signaling
pathways. Furthermore, ROS production also creates
a positive feedback loop through autocrine TNF-α-mediated
inflammatory cytokine/chemokine expression, which con-
tributes to tumor progression [106, 107]. ,ese findings
suggest that inflammation may play a role in tumor re-
sistance by stimulating the production of ROS.

5.2. Immune Response. ,e immune system has a crucial
role in cancer development and treatment [108, 109]. De-
regulation of the immune response may cause cancer cells to
evade immunogenic cancer cell death; however, the un-
derlying molecular mechanisms involved in resistance to
immunotherapy need further elucidation [109]. ,ere is
increasing evidence that immune response and systemic
inflammation play an important role in tumor progression,
and there is a complex interaction between them [110].
Researchers have found that tumor regulates the in-
flammatory environment by secreting soluble growth factors
and chemokines so that inflammatory cells inhibit the an-
ticancer T-cell response [111]. In the chronic inflammatory
state, pro-inflammatory cytokines recruit immune cells such
as M2, N2, and MDSCs, which are associated with sup-
pressing immune surveillance and maintaining depleted T-
cell phenotypes [112]. As a major pro-inflammatory cyto-
kine, IL-6 plays an immunosuppressive role by inhibiting
IFN-c production and ,1 differentiation through SOCS1
induction, making CD8+Tcells helpless. Studies have shown
that upregulation of IL-6 activates STAT3, thereby inhib-
iting CD8 T-cell infiltration in non-small cell lung cancer
and pancreatic cancer [113, 114]. While IL-10 has different
effects on most immune cells and can inhibit the activation
and effector functions of T cells, monocytes, and macro-
phages, it can also stimulate CD8+Tcells and inhibit tumors
to a certain extent [115]. ,e activation of MAPK signaling
leads to increased VEGF and IL-8 expression, which then
restrains T-cell recruitment and function [116]. Under the
condition of inflammation, the metabolism of the stimulated
immune cells may be disturbed, thus causing the abnormal
function of the immune system [117]. Neutrophils under
inflammatory conditions can affect other immune cells like
T cells by producing chemokines and secreting granule
contents and then promote immune paralysis of the adaptive
immune system [118]. To avoid continuous inflammation,
the cytokine IL-27 promotes Treg expression of T-bet and
CXCR3 and triggers Tr1 cells. It has also been linked to
increased expression of inhibitory receptors by T cells, an-
tagonizing the development of ,2 and ,17 cell subsets. In
addition, the observation that IL-27 induces PD-L1 and PD-
1 suggests that IL-27 may be an important molecule in
controlling cancer-related immune checkpoint mechanisms
[119]. In summary, the relationship between tumor-

associated inflammation and immune response still needs
to be elucidated in many experiments. Furthermore, in-
depth knowledge of the molecular mechanism of
inflammation-influenced immune response could be ben-
eficial to overcoming immunotherapy failure (Figure 3).

6. Targeting Inflammation to Overcome Drug
Resistance

As mentioned in the previous discussion, inflammation can
affect tumor development and drug resistance in multiple
ways (Table 1). Of note, evidence increasingly suggests that
drugs with anti-inflammatory properties have been shown to
resist cancer. However, anti-inflammatory drugs are still in
the early stages of clinical use in treating cancer due to drug
risk. Here we summarize some of the current clinical ad-
vances that support the use of anti-inflammatory approaches
for treating tumors (Table 2).

Conventional anti-inflammatory drugs like NSAIDs
(aspirin) have been identified as a broad-spectrum anti-
cancer agent based on data from epidemiological studies
[129–131]. Aspirin can inhibit the nuclear translocation of
NF-κB, thereby inhibiting the PI3 kinase/Akt-mediated cell
survival pathway and promoting cell apoptosis. In multiple
myeloma cells, aspirin inhibited tumor cell proliferation and
induced apoptosis by upregulating Bax and downregulating
Bcl-2, changing the ratio of Bax/Bcl-2 [132]. Based on this,
aspirin has been combined with other drugs in clinical trials
treating drug-resistantnon-small cell cancers.

Several studies have shown that corticosteroids have
significant anticancer effects both alone or in combination.
As a selective COX-2 inhibitor and a nonsteroidal anti-
inflammatory drug that inhibits prostaglandin production,
celecoxib can induce apoptosis by activating transcriptional
regulators of ER stress in hepatoma cells [133]. Dexa-
methasone can induce cell death in multiple myeloma
mediated by miR-125b expression [134]. Other glucocorti-
coids, such as prednisone, its inhibition of prostate cancer
growth may be due to inhibition of tumor-associated an-
giogenesis by reducing VEGF and IL-8 production [135].

As some infectious diseases that cause chronic in-
flammation have been linked to the development of cancer,
anti-infective agents including antiviral, antibacterial, and
antifungal drugs may play a role in cancer treatment
[136–138]. Statins, which inhibit HMG-CoA reductase, also
have anti-inflammatory properties andmay have a beneficial
effect on HCC caused by hepatitis [139].

Tumor immunotherapy is very effective in some patients,
but resistance to which can also develop due to the im-
munosuppressive tumor microenvironment. ,erefore,
anti-inflammatory drugs that target immunosuppressive
cells or cytokines may make tumor cells more sensitive to
immunotherapy drugs and thus avoid resistance [115].
Studies found that monotherapy with COX-2 inhibitors or
prostaglandin 2 (PGE2) receptor antagonists activate IFN-
c-driven transcriptional remodeling and synergy with im-
mune checkpoint inhibitors to enhance effector T-cell ac-
cumulation in tumors [140].
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Table 1: Summary of cytokine-mediated effects on drug resistance.

Cytokines Downstream effector Resistance mechanism Role References Potential targeted
drugs

IL-6

BCRP Reducing drug efflux Anti-resistant [34]

Tocilizumab, sarilumab, clazakizumab,
siltuximab [120]

P-gp Reducing drug efflux Anti-resistant [35]
CYP1A2 and CYP3A4 Inhibiting drug metabolism Pro-resistant [42]

CYP2E1 Promoting drug metabolism Anti-resistant [43]
Beclin-1/Mcl-1
interaction Inhibiting autophagy Anti-resistant [82]

Bcl-2 Inhibiting apoptosis Pro-resistant [71]
JAK-STAT, p38
MAPK, Akt

Mediating survival signaling
pathways Pro-resistant [91]

TNF-α

BCRP Reducing drug efflux Anti-resistant [34]

Adalimumab [121]

P-gp Reducing drug efflux Anti-resistant [35]
CYP2E1 Promoting drug metabolism Anti-resistant [43]
CYP3A4 Inhibiting drug metabolism Pro-resistant [44]

Beclin-1, LC3 Increasing autophagy Pro-resistant [79]
IAPs Inhibiting apoptosis Pro-resistant [75]

JAK-STAT, p38
MAPK, Akt

Mediating survival signaling
pathways Pro-resistant [91]

IL-1

BCRP Inhibiting drug efflux Anti-resistant [34]

Anakinra, canakinumab [122]LC3-I, LC3-II Increasing autophagy Pro-resistant [80]
JNK, p38 MAPK,

c-MET
Mediating survival signaling

pathways Pro-resistant [86, 92]

IL-22
Bcl-2 Inhibiting apoptosis Pro-resistant [72]

IL-22BP [123]JNK Mediating survival signaling
pathways Pro-resistant [87]

IL-8
CYP2E1 Promoting drug metabolism Anti-resistant [43]

Tocilizumab [124]c-MET Mediating survival signaling
pathways Pro-resistant [92]

IL-17
DDR Inhibiting DNA damage Pro-resistant [52] Secukinumab, ixekizumab, brodalumab

[125]ERK Mediating survival signaling
pathways Pro-resistant [88]
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As inflammatory mediators, cytokines and chemokines
also mediate the tumor’s response to external disturbances,
which provides new targets for tumor drug therapy. For
example, siltuximab and tocilizumab were used for ovarian
cancer treatment as IL-6 antibodies [141]. MABp1 was used
for colorectal cancer treatment as an anti-IL-1α antibody
[142]. Blockade of inflammatory pathways such as TGFβ
signaling by galunisertib, which inhibits the TGFβR1 kinase,
has been used to treat many types of cancer [143]. Due to the
inflammation network within the tumor microenvironment
being complex, inhibiting one molecule can cause a cascade
effect, so the safety of the targeted drugs still needs to be
tested in more trials.

Finally, some natural anti-inflammatory supplements
might also help control cancer and they have the advantage
of fewer side effects and greater safety. Berberine, which is
a plant-derived alkaloid, may have the potential to improve
colorectal adenomas [144]. Likewise, vitamin C has been
extensively explored for potential anticancer effects [145].

Vitamin C’s anti-inflammatory and antioxidant abilities
can be attributed to its ability to regulate the DNA-binding
activity of NF-κB and reduce the production of inflammatory
factors [146]. Dietary supplementation of vitamin C was
found to result in a significant decrease in the mRNA ex-
pression of pro-inflammatory cytokines (e.g., IL-1β, IL-6, and
IFN-c) [147]. Cancer cells depend primarily on the gene
expression of KRAS or BRAF to survive. Vitamin C gets
inside these cancer cells and disrupts the expression of KRAS
or BRAF genes. Once vitamin C has an effect, the mutation
probability of cancer cells will also be greatly reduced, which
reduces the resistance of targeted drugs [148].

,e idea of targeting inflammation to treat drug-
resistant tumors is innovative, but the molecular mecha-
nisms behind the drugs still need extensive research and
clinical trials to ensure the efficacy and safety of treatment
regiments.

7. Conclusions

In this review, we summarize the recent studies on in-
flammation in influencing cancer drug resistance from
several aspects including drug transport and metabolism,
DNA damage response, downstream adaptive responses,
oncogenic bypass signaling, and tumor microenvironment.

,e activity of drug transporters and CYP enzymes
changes in the inflammatory state [39]. Of note, different
inflammatory cytokines have different effects on diverse
drug transporters and CYP enzymes. Except for CYP2E1,
the expression level of most liver drug enzymes is reduced in
the inflammatory state, which inhibits the drug metabolism
of tumors. In this regard, the mechanism of drug resistance
to tumors remains to be studied. As DNA repair determines
the potential of tumor cells to resist DNA-damaging drugs,
the distinct roles of inflammatory cytokines in DDR em-
phasize the necessity to clarify the molecular mechanisms
underlying the inflammation-related drug resistance. ,e
role of multiple pro-inflammatory factors including IFN-c,
TNF-α, IL-17, and the IL-1 family in promoting drug re-
sistance through autophagy has been confirmed by detecting
the expression of autophagy-related molecules like LC3 and
Beclin-1. It has also been suggested that IL-6, IL-22, and
IL-10 can influence tumor drug resistance by regulating
apoptosis-related proteins like BCL-2 and IAPs. Moreover, it
is noteworthy that autophagy and apoptosis can also regulate
inflammatory signaling pathways, thus forming a feedback
regulatory pathway. We also summarized the regulatory role
of some inflammatory factors in activating the oncogenic
bypass signaling pathway, especially the cross-connections
between NF-κB and three typical pathways including
MAPK, c-MET, and PI3K/AKT signaling. In the tumor
microenvironment, the production of ROS is closely related
to the failure of anticancer drugs. Some targets of the oxi-
dative stress pathway are involved in the conduction of the

Table 1: Continued.

Cytokines Downstream effector Resistance mechanism Role References Potential targeted
drugs

IL-2 BCRP Increasing drug efflux Pro-resistant [34] Ro26-4550 [126]
IFN-c Beclin-1 Increasing autophagy Pro-resistant [81] Emapalumab
IL-10 Bcl-2 Inhibiting apoptosis Pro-resistant [73] AS101 [127]

IL-33 JNK, p38 MAPK, ERK Mediating survival signaling
pathways Pro-resistant [89] N.A.

IL-13 Bcl-2 Inhibiting apoptosis Pro-resistant [69] Suplatast tosilate [128]

Table 2: Summary of clinical trials of anti-inflammation drugs treating drug-resistant tumors.

Agent Tolerated drug Drug-resistant tumor
type Mechanism Phase Clinical trial

number

Celecoxib Platinum Ovarian cancer/primary peritoneal cavity
cancer Stops the growth II NCT00084448

Dexamethasone Platinum Ovarian cancer Stops the growth II NCT00003449
Aspirin Osimertinib “Non-small cell lung cancer” Promotes cells apoptosis I NCT03532698
Prednisone Hormone-resistant Prostate cancer Stops the growth III NCT00110214
Aspirin EGFR-TKI NSCLC Promotes cells apoptosis I NCT03543683
Dexamethasone Most MM drugs Multiple myeloma Inhibits tumor metastasis II NCT02626481
Dexamethasone Chemotherapy Recurrent plasma cell myeloma Inhibits tumor metastasis II NCT03457142
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inflammatory pathways, and some pro-inflammatory factors
such as TNFα, IFN-c, and IL-1β can promote the production
of ROS. Although some studies have found that the function
of some immune cells is suppressed under chronic in-
flammation, the specific mechanism of inflammatory
components on cancer immune escape remains to be further
elucidated due to the complexity of the immune system. At
last, we summarize some anti-inflammatory applications in
tumor therapy and propose some hypotheses for targeting
inflammation against tumor resistance. ,erefore, further
studies on the molecular mechanism at multiple levels be-
hind inflammation and cancer are required to overcome
cancer drug resistance.

Data Availability

No data were used to support this study.

Conflicts of Interest

,e authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as potential conflicts of interest.

Authors’ Contributions

Shuaijun Lu and Yang Li contributed equally to this article.

Acknowledgments

,e authors thank BioRender for helping in creating figures.

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] R. A. Ward, S. Fawell, N. Floc’h, V. Flemington,
D. McKerrecher, and P. D. Smith, “Challenges and oppor-
tunities in cancer drug resistance,” Chem Rev, vol. 121, no. 6,
pp. 3297–3351, 2021.

[3] A. S. Nam, R. Chaligne, and D. A. Landau, “Integrating
genetic and non-genetic determinants of cancer evolution by
single-cellmulti-omics,” Nat Rev Genet, vol. 22, no. 1,
pp. 3–18, 2021.

[4] R. Brown, E. Curry, L. Magnani, C. S. Wilhelm-Benartzi, and
J. Borley, “Poised epigenetic states and acquired drug re-
sistance in cancer,” Nature Reviews. Cancer, vol. 14, no. 11,
pp. 747–753, 2014.

[5] N. Chatterjee and T. G. Bivona, “Polytherapy and targeted
cancer drug resistance,” Trends in Cancer, vol. 5, no. 3,
pp. 170–182, 2019.

[6] B. Li, J. Jiang, Y. G. Assaraf, H. Xiao, Z. S. Chen, and
C. Huang, “Surmounting cancer drug resistance: new in-
sights from the perspective of N(6)-methyladenosine RNA
modification,” Drug Resistance Updates, vol. 53, Article ID
100720, 2020.

[7] S. Boumahdi and F. J. de Sauvage, “,e great escape: tumour
cell plasticity in resistance to targeted therapy,” Nature
Reviews Drug Discovery, vol. 19, no. 1, pp. 39–56, 2020.

[8] Y. G. Assaraf, A. Brozovic, A. C. Gonçalves et al., “,emulti-
factorial nature of clinical multidrug resistance in cancer,”
Drug Resistance Updates, vol. 46, Article ID 100645, 2019.

[9] V. A. K. Rathinam and F. K. M. Chan, “Inflammasome,
inflammation, and tissue homeostasis,” Trends in Molecular
Medicine, vol. 24, no. 3, pp. 304–318, 2018.

[10] H. Zhao, L. Wu, G. Yan et al., “Inflammation and tumor
progression: signaling pathways and targeted intervention,”
Signal Transduction and Targeted �erapy, vol. 6, no. 1,
p. 263, 2021.

[11] J. Zindel and P. Kubes, “DAMPs, PAMPs, and LAMPs in
immunity and sterile inflammation,” Annual Review of
Pathology: Mechanisms of Disease, vol. 15, no. 1, pp. 493–518,
2020.

[12] C. Dong, “Cytokine regulation and function in Tcells,”Annu
Rev Immunol, vol. 39, no. 1, pp. 51–76, 2021.

[13] D. C. Fajgenbaum, C. H. June, and C. H. Cytokine, “Cytokine
s,” N Engl J Med, vol. 383, no. 23, pp. 2255–2273, 2020.

[14] F. Balkwill, “Tumour necrosis factor and cancer,” Nature
Reviews. Cancer, vol. 9, no. 5, pp. 361–371, 2009.

[15] A. V. Villarino, Y. Kanno, and J. J. O’Shea, “Mechanisms and
consequences of Jak-STATsignaling in the immune system,”
Nat Immunol, vol. 18, no. 4, pp. 374–384, 2017.

[16] K. Taniguchi and M. N. F.-κB. Karin, “NF-κB, inflammation,
immunity and cancer: coming of age,” Nature Reviews.
Immunology, vol. 18, no. 5, pp. 309–324, 2018.

[17] X. Li, Y. Xiang, F. Li, C. Yin, B. Li, and X. Ke, “WNT/
β-Catenin signaling pathway regulating T cell-inflammation
in the tumor microenvironment,” Front Immunol, vol. 10,
p. 2293, 2019.

[18] Y. T. Yeung, F. Aziz, A. Guerrero-Castilla, and S. Arguelles,
“Signaling pathways in inflammation and anti-inflammatory
therapies,” Current Pharmaceutical Design, vol. 24, no. 14,
pp. 1449–1484, 2018.

[19] K. A. Fitzgerald and J. C. Kagan, “Toll-like receptors and the
control of immunity,” Cell, vol. 180, no. 6, pp. 1044–1066,
2020.

[20] G. Andrejeva and J. C. Rathmell, “Similarities and distinc-
tions of cancer and immune metabolism in inflammation
and tumors,” Cell Metabolism, vol. 26, no. 1, pp. 49–70, 2017.

[21] D. C. McFarland, D. R. Jutagir, A. H. Miller, W. Breitbart,
C. Nelson, and B. Rosenfeld, “Tumor mutation burden and
depression in lung cancer: association with inflammation,”
Journal of the National Comprehensive Cancer Network,
vol. 18, no. 4, pp. 434–442, 2020.

[22] P. Viatour, M. P. Merville, V. Bours, and A. Chariot,
“Phosphorylation of NF-κB and IκB proteins: implications in
cancer and inflammation,” Trends in Biochemical Sciences,
vol. 30, no. 1, pp. 43–52, 2005.

[23] F. R. Greten and S. I. Grivennikov, “Inflammation and
cancer: triggers, mechanisms, and consequences,” Immunity,
vol. 51, no. 1, pp. 27–41, 2019.

[24] R. Khandia and A. Munjal, “Interplay between inflammation
and cancer,” Advances in Protein Chemistry and Structural
Biology, vol. 119, pp. 199–245, 2020.

[25] N. Singh, D. Baby, J. P. Rajguru, P. B. Patil,
S. S. ,akkannavar, and V. B. Pujari, “Inflammation and
cancer,” Ann Afr Med, vol. 18, no. 3, pp. 121–126, 2019.
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CAG is an essential procession of the transformation from gastritis into gastric cancer. A series of timely moves of diagnosis,
treatment, and monitoring towards CAG to anticipate the potential population at risk of gastric cancer is an e�ective means to
prevent gastric cancer occurrence. �e main active monomer in Fuzheng Huowei Decoction is Curcumol, which is an in-
dispensable ingredient in the treatment to CAG and gastric cancer. In this study, the CAG model, in vitro cultured gastric cancer
cells, and participating nude mice were treated with Curcumol, and alterations in SDF-1α/CXCR4/VEGF expression were
estimated using the assays of immunohistochemistry and Western blot. MTT, �ow cytometry, transwell, HE staining, and tumor
volume determination were applied for the veri�cation of the regulatory e�ects of Curcumol on CAG and gastric cancer cells. �e
results showed that the expressions of VEGF, SDF-1α, CXCR4, and CD34 decreased in our CAGmodel with Curcumol treatment.
Curcumol is in procession of an inhibitory e�ect toward the activity, migration, and invasion of gastric cancer cells, and it would
also result in gastric cancer cells’ apoptosis. We subsequently added SDF-1α overexpressing lentivirus to the Curcumol-treated
group and found that the expressions of SDF-1α, CXCR4, and VEGF protein increased, and the inhibitory e�ect of Curcumol on
gastric cancer cells was withdrawn. Our nudemouse experiment showed that Curcumol + SDF-1α group ended up with the largest
tumor volume, while Fuzheng Huowei +NC group was with the smallest tumor volume. In conclusion, Curcumol is able to
e�ectively protect the gastric tissue and suppress gastric cancer cells’ viability. Curcumol functions as a therapeutic factor in
chronic atrophic gastritis and gastric cancer by downregulating SDF-1α/CXCR4/VEGF expression.

1. Introduction

Gastric cancer is a malignant tumor caused by gastric ep-
ithelial lesions, with its second largest cancerous prevalence
in the world. China is a country of high gastric cancer
occurrence. �e main task of gastric cancer research is to
�nd and develop e�ective remedies. �e occurrence of
gastric cancer is a gradual process, which begins with the
transformation of the normal gastric mucosa into gastric
mucosa epithelial abnormalities or diseases. It is known as
pregastric cancer, and eventually, it ends up as gastric cancer

[1, 2]. CAG is a stage of precancerous disorder, characterized
by the abnormal di�erentiation and proliferation of the
gastric intrinsic gland or the intestinal metaplasia in the
process of decay and proliferation. CAG is a process in
which the gastric epithelial cells su�er repeated damage. It is
caused by the long-term action of pathogenic factors on
gastric mucosa, resulting in the reduction of inherent glands
in gastric mucosa, accompanying with or without intestinal
metaplasia and/or pseudopyloric metaplasia [3–5]. CAG is
the junction amid chronic super�cial gastritis and gastric
cancer and is a key stage of gastric mucosa malignant
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transformation. Any timely attempt of the intervention of
CAG stage is the key to reverse the occurrence of gastric
cancer.

In view of the fact that there is currently no specific
treatment for CAG clinically, this study aims to explore safe
and effective drugs for CAG. +e theory of traditional
Chinese medicine points out that most patients with chronic
atrophic gastritis have a long course of disease, which will
ultimately lead to a certain degree of discord between chi and
blood, causing blood stasis. Contextually, spleen deficiency
with collateral stasis, decreasing gastric mucus secretion, and
mucous membrane loss is gradually leading to gastric at-
rophy [6–8]. A moderate amount of the traditional Chinese
medicine in CAG prescription is able to accelerate blood
circulation and remove blood stasis, which effectively re-
stores gastric mucous secretion and eliminates gastric
atrophy.

Zedoary turmeric is a warm-property traditional Chi-
nese medicine, tasting spicy and bitter, endowed with
a strong affinity to the liver and spleen, holding the efficiency
of dredging chi to break congestion, eliminating accumu-
lation, and relieving pain. Modern phytochemical studies
show that the main chemical constituents of Zedoary are
volatile oil, curcumin, polysaccharides, sterols, phenolic
acids, and alkaloids [9]. Of all these components, Curcumol
is the main player with the highest content in the volatile oil
of curcuma zedoaria. Curcumol has potential anticancer and
anti-inflammatory properties, and it is involved in the
regulation of angiogenesis and analgesia, promoting wound
healing and antioxidant ability. Pharmacologically speaking,
Curcumol has low toxicity to human body, and its high
efficiency and low toxicity in the treatment of tumor is
impressive [10, 11]. Curcumol is able to induce tumor cell
apoptosis through different signaling pathways and effec-
tively inhibit gastric cancer cell lines’ proliferative activity,
which has also been verified by animal studies. Currently, the
therapeutic effect of Curcumol on CAG, also known as the
precancerous lesion of gastric cancer, remains vacant.

Studies have shown that Curcumol promotes wound
healing in a manner of eliciting the expression of VEGF in
hyperglycemia rats. Besides, Curcumol represents a thera-
peutic effect on liver fibrosis. According to the theory of
traditional Chinese medicine, gastric collateral stasis is one
of the most important pathological factors of CAG, which is
closely related to pathological changes, such as gastric ep-
ithelium and glandular atrophy, fibromuscular hyperplasia,
intestinal metaplasia, and atypical hyperplasia, and it is also
a key step in the development and malignant transformation
of CAG. +is study is committed to explore the therapeutic
effects of Curcumol in the cell experiments with CAG and
gastric cancer in vivo and in vitro.

2. Materials and Methods

2.1. Establishment of the CAG Animal Model. SD rats were
fed adaptively for one week. +e chronic atrophic gastritis
model of rats was established as follows: 20mmol/L of
deoxycholate sodium solution (pH 7 to 7.8) was freely
consumed, and 60% ethanol (2mL/mouse) was gavaged

every 10 days. 30% ethanol and 10mmol/L were given al-
ternately every 7 days from the 31st day. After 12 weeks,
gastric tissues were collected for examination. Animal ex-
periments were authorized by the Animal Ethics Committee
of Wuxi Hospital of Traditional Chinese Medicine
(SWJWDW2021042601).

After modeling, the rats were split up into three groups
(treatment group, model group, and control group), with 6
rats in each group. +e rats in the treatment group were
given 20mg/kg of intragastric administration every day,
while those rats in the model group and control group were
administrated with the tantamount amount of normal saline
in consecutive 28 days.

Model +Curcumol/Fuzheng Huowei decoction + SDF-
1α overexpression AAV group was given with the simul-
taneous administration of the formulae of Curcumol/Fuz-
heng Huowei decoction on the same day after modeling.
SDF-1α overexpressed AAV treatment was followed by tail
vein injection (model + Zedoary turmeric enol/Fuzheng
Huowei decoction +AAV control group injection of control
virus, others are the same). All rats were sacrificed after
4 weeks of virus injection and were sampled.

2.2. Nude Mouse Tumorigenicity Assay. +irty nude mice
were injected with SGC7901 cells to establish the trans-
planted tumor. +e tumor size and body weight of all mice
were evaluated twice a week. After the tumor grew to about
0.5 cm in length, all mice were split up into 5 groups, with 6
mice in each group. +ey were the model control group,
Curcumol treatment group, Curcumol + SDF-1α over-
expression AAV group, Fuzheng Huowei decoction treat-
ment group, and Fuzheng Huowei decoction + SDF-1α
overexpression AAV group. Curcumol and Fuzheng Huo-
wei formulae were administrated in the way of gastric in-
stillation, while AAV was given by injection. Tumor growth
curve was drawn in accordance with the parameters of
tumor volume. On day 28, the mice were sacrificed and
weighed for tumor detection.

+e establishment of the gastric cancer cells sub-
cutaneous transplanted tumor nude mice model: gastric
cancer cells at logarithmic growth stage were prepared into
a cell suspension with a concentration of 1× 107/mL, and
170 μL of the suspension was inoculated subcutaneously into
the right axillary region of nude mice. When the length of
the tumor reached about 0.5 cm, the mice were grouped.
+ey were the model control group, Curcumol treatment
group, Curcumol + SDF-1α overexpression AAV group,
Fuzheng Huowei decoction treatment group, and Fuzheng
Huowei decoction + SDF-1α overexpression AAV group.
Moreover, Curcumol and Fuzheng Huowei decoction were
administered in the way of gastric perfusion, while AAV was
given by injection.

2.3. HE Staining. After fetching, the samples were rinsed
with PBS and fixed with 4% paraformaldehyde. +e HE
staining kit was the product of BEYOTIME Company,
and the test was carried out according to the kit
instructions.
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2.4. Immunohistochemical Analysis. Paraffin sample sec-
tions were dewaxed by xylene and gradient ethanol. +e
samples were then immersed in 0.01mol/L citrate buffer
(pH 6.0) for antigen repairing. +e slices were then im-
mersed in 3% hydrogen peroxide to block endogenous
catalase and sealed with 5% goat serum in a wet box at room
temperature. +e samples were then added and incubated
with primary antibody at 4°C overnight. After being washed
by PBS for 3 times, the second antibody was added and
incubated with it at 37°C for 1 h.+e slices were then washed
and restained with hematoxylin, dehydrated, and sealed.

2.5.MTTDetection onCellularViability. SGC7901 cells were
provided by the Chinese Academy of Sciences, cultured with

the complete medium containing 10% FBS and 1%
penicillin-streptomycin. +e cells were grown in 96-well
plates with 200 μL per well, and 3 separate wells were set
for each group. After incubation for 6 h, 24 h, and 48 h, the
96-well plates were taken out of the incubator, and 20 μL of
5mg/mL MTT solution was added to each well. +e culture
plate was incubated in the incubator for 4 h, and then the
culture was terminated. +e culture medium was removed
from the culture wells, and 150 μL of dimethyl sulfoxide was
added to each well, and the crystals were fully dissolved by
shaking on a shaker at low speed for 10min. +e absorbance
value of each well was measured at OD490 nm of ELISA.

Cell viability(%) �
[A(experimental group) − a(blank group)]

[A(control group) − A(blank group)]
× 100%,

Cell inhibition rate �
[A(control group) − a(experimental group)]

A(control group)
� 1 − cell viability.

(1)

2.6. Flow Cytometry Detection on Apoptosis. SGC7901 cells
were divided as follows: control group, Curcumol treatment
group 100mg/L (48 h), and Fuzheng Huowei decoction
treatment group 100mg/L (48 h). +e apoptosis of
SGC7901 cells was evaluated via flow cytometry. After the
cells were harvested, the cells were centrifuged at 300 g for
5min, and the supernatant was discarded. +e cells were
then rinsed once with PBS, and the supernatant was dis-
carded after centrifugation. +e supernatant was suspended
with 100 μL of diluted 1×Annexin V Binding Buffer. 2.5 μL
Annexin V-APC and 2.5 μL DAPI staining solution were
added to the cell suspension. +e cells were incubated at
room temperature and kept in dark for 15min. 400 μL of
Annexin V Binding Buffer was added, and the samples were
mixed and tested immediately.

2.7.TranswellAssayDetectiononCellMigrationand Invasion.
Cell migration experiment: 1mL trypsin containing EDTA
was added to digest SGC7901 cells. After the digestion was
complete, culture medium containing serum was added to
terminate digestion. +e culture medium was removed by
centrifugation, the cells were rinsed with PBS once or twice
and suspended with serum-free culture to adjust the cell
density to 5×105/mL. 100 μL cell suspension was added to
each well and stimulated with drugs. 500 μL complete me-
dium containing 20% FBS was added to the lower chamber,
and the cells were incubated at 37°C for 24 h. Transwell
chambers were removed, the culture medium in the well was
discarded, and the cells were washed twice with calcium-free
PBS. +e cells were fixed with 4% paraformaldehyde for
20min. After washing with PBS, the cells were stained with
0.1% crystal violet for 20min. Cells in the middle and
surrounding 5 fields were counted under a 100-fold mi-
croscope, and their average values were taken.

Cell invasion assay: 300 μL serum-free medium was
taken, 60 μL Matrigel was added to the medium and mixed,
and 100 μL was added to the upper chamber and incubated
in a 37°C incubator for 5 h. 1mL of trypsin, containing
EDTA, was added into the cell wells to digest the SGC7901
cells. After digestion, the cell density was adjusted to 5×105/
mL. Matrigel was washed once in serum-free medium,
100 μL cell suspension was added to each well, and 500 μL of
the complete medium containing 20% FBS was added into
the lower chamber, which was incubated at 37°C for 24 h.
+e transwell chamber was taken out, and the culture
medium in the well was removed. It was rinsed twice with
calcium-free PBS, fixed with 4% paraformaldehyde for
20min, stained with 0.1% crystal violet for 20min after PBS
cleaning, and the unmigrating cells in the upper layer of the
chamber were gently wiped with wet cotton ball and cleaned
with PBS for 3 times. Five fields of the cells in the middle and
surrounding areas were counted under a 100-fold micro-
scope and their average values were taken.

2.8. Western Blot Detection on Protein Expression. RIPA
lysate was added to the sample, which was shaken on the
vortex for 1min and placed on ice for 10min. It was then
centrifuged at 13,000 rpm at 4°C for 20min. 500 μg of total
protein from each sample was mixed with 5× SDS loading
buffer. +e concentrated glue was run with 80V, and then
the voltage was converted to 120V, until bromophenollan
was just transferred to the bottom of the glue plate. +e
PVDFmembrane was cleaned with TBSTfor 1min and then
sealed with 5% skimmilk sealer at room temperature for 1 h.
+e primary antibody was diluted at 1 :1000, with the pri-
mary antibody diluent and incubated with the sealed PVDF
membrane at 4°C overnight. +e secondary antibody was
diluted into a certain concentration (1 : 2000) with the
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blocking solution, and then kept with the PVDF membrane
at room temperature for 1 h.+e ECL exposure solution was
added on the whole membrane. After 1-min reaction with
PVDF membrane, the ECL exposure solution was put into
the exposure instrument for exposure detection.

3. Results

3.1. Curcumol Inhibited VEGF, SDF-1α, CXCR4, and CD34
Expressions in the CAG Model. In this study, the animal
model of CAG was firstly prepared using ethanol feeding,
and then the tissue structure andmarker protein expressions
of model animals were detected via HE staining and im-
munohistochemistry. +en, we found that the gastric tissues
of the animals in the CAG model group was disordered and
irregular, and there was obvious inflammatory cell in-
filtration. Immunohistochemical assay revealed that the
VEGF, SDF-1α, CXCR4, and CD34 expressions in the CAG
model group were signally elevated versus control groups
(Figure 1).

Subsequently, Curcumol and Fuzheng Huowei de-
coction were, respectively, administrated to the model
group. +en, immunohistochemistry detection on the ex-
pressions of the related proteins was carried out. +e results
showed that when compared to the model group, either the
VEGF, SDF-1α, CXCR4, and CD34 expressions in Curcu-
mol or positive drug groups were decreased (Figure 2).

3.2. Curcumol Inhibits theActivity,Migration, and Invasion of
Gastric Cancer Cells. In this section, we demonstrated
curcumin’s regulatory function in the gastric cancer cells
cultured in vitro. Cells were given 25mg/L, 50mg/L, and
100mg/L Curcumol/Fuzheng Huowei decoction.+e results
of MTT assay reflected that the inhibition rate of 100mg/L
Fuzheng Huowei decoction for 48 h was the highest, and the
subsequent was 100mg/L Curcumol for 48 h (Figure 3).
According to this finding, we chose Curcumol treatment
group 100mg/L (48 h) and Fuzheng Huowei decoction
treatment group 100mg/L (48 h) to carry out our the ex-
periments further.

+e apoptosis rate of gastric cancer cells in the control
group, Curcumol treatment group, and Fuzheng Huowei
decoction treatment group were 17.32%, 36.92%, and
39.99% in several. Curcumol and Fuzheng Huowei de-
coction significantly induced the apoptosis of gastric cancer
cells (Figure 4(a)). Gastric cancer cells’ migratory and in-
vasive abilities were evaluated via the transwell assay, and it
turned out that the number of migratory and invasive cells in
the cells treated with Curcumol and Fuzheng Huowei de-
coction decreased significantly (Figure 4(b)). In-depth de-
tection on SDF-1α, CXCR4, and VEGF protein expressions
showed that the SDF-1α, CXCR4, and VEGF protein levels
in gastric cancer cells were greatly retarded after the
treatment with Curcumol and positive drug Fuzheng
Huowei decoction (Figure 4(c)).

3.3. SDF-1α Reverses the Inhibition fromCurcumol on Gastric
Cancer Cells. In this section, we first treated gastric cancer

cells with SDF-1α overexpressed lentivirus and Curcumol,
and then Curcumol’s regulatory effect on SDF-1α/CXCR4
axis was verified. Afterwards, our results indicated that high
levels of SDF-1α elevated SDF-1α, CXCR4, and VEGF
protein levels in gastric cancer cells (Figure 5(a)). +e assay
of MTT unveiled that the inhibition from Curcumol or
Fuzheng Huowei decoction on the gastric cancer cells
withdrew after the overexpression of SDF-1α (Figure 5(b)).
Flow cytometry also revealed that when compared with
Curcumol + empty virus group, the apoptosis rate of SDF-1α
overexpressed +Curcumol group was significantly reduced
(Figure 5(c)). Moreover, the number of migratory and in-
vasive gastric cancer cells was signally increased
(Figure 5(d)).

Finally, we further verified the regulation of SDF-1α on
gastric cancer cells with the tumor-forming assay in nude
mice. It turned out that there was no notable change in the
weight of nude mice in the control group, Curcumol +NC
group, Curcumol + SDF-1α group, Fuzheng Huowei
decoction +NC group, and Fuzheng Huowei
decoction + SDF-1α group during the test (Figure 6(a)).
However, there were significant differences in tumor volume
among all groups, which were that Curcumol + SDF-1α
group had the largest tumor volume and Fuzheng Huowei
decoction +NC group had the smallest tumor volume
(Figure 6(b)). TUNEL and immunohistochemistry were
applied for the detection onto the apoptosis and expression
of marker proteins in each group after treatment. It was
found that SDF-1α, CXCR4, and VEGF protein levels in the
overexpressed SDF-1α group were raised, and the apoptosis
rate was lower than that in the corresponding empty virus
treatment (Figure 7).

4. Discussion

CAG is a necessary process from gastritis to gastric cancer.
+e diagnosis, treatment, and monitoring of CAG would
effectively prevent the occurrence of gastric cancer [12, 13].
Compared with synthetic compounds, this traditional
Chinese medicine component has the characteristics of less
toxicity and more effects. In the preliminary clinical study,
Fuzheng Huowei decoction has been proved to be effective
in alleviating the clinical symptoms of CAG patients,
boasting the effects of improving histological lesions and
promoting mucosal repairing. Curcumol is an important
monomer component of Fuzheng Huowei decoction,
however, its regulatory mechanism on CAG and gastric
cancer is still unknown. +is study showed that Curcumol
represses the VEGF, SDF-1α, and CXCR4 expressions in
both CAG model and gastric cancer cells, and it also sup-
presses the activity, migration, and invasion of gastric cancer
cells, inducing the apoptosis of gastric cancer cells.

Relevant studies have pointed out that the activation of
SDF-1α/CXCR4 axis in either human breast cancer cell lines
or prostate cancer cell lines promotes VEGF secretion to
participate in tumor angiogenesis [14, 15]. In addition, it has
been reported that peritoneal metastasis in gastric cancer
proves to be related to the interaction between VEGF,
CXCR4, and CXCL12. CXCR4 is a specific receptor of
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Figure 1: CAG model establishment and relevant detection. Tissue structures and marker protein expressions of CAG model animals were
tested by HE staining and immunohistochemistry. N� 3, Scale bar: 50 μm.
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Figure 2: Regulations of Curcumol on relevant protein expressions in CAG model. +e expression levels of VEGF, SDF-1α, CXCR4, and
CD34 in CAG model were assessed by immunohistochemistry. N� 3, Scale bar: 50 μm.
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chemokine stromal cell derived factor (SDF-1α), which is
involved in tumor growth, invasion, and metastasis. An-
giogenesis mediated by SDF-1 binding to CXCR4 promotes
tumor growth. It was found in the clinical sample studies of

gastric cancer that positive SDF-1 and CXCR4 expression
rates gradually increases along with gastric cancer pro-
gression, which was basically synchronous with the ex-
pression trend of VEGF in gastric cancer progression
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Figure 4: Inhibitory effects of Curcumol on apoptosis, migration, and invasion of gastric cancer cells. (a) Flow cytometry determination on
cell apoptosis. (b) Determination of Transwell assay on gastric cancer cell migration and invasion. (c) Determination of Western blot on the
protein expression levels of SDF-1α, CXCR4, and VEGF in gastric cancer cells. N� 3, Scale bar: 50 μm.
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Figure 5: Continued.
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Figure 5: Reversed effect of SDF-1α toward Curcumol’s inhibition on gastric cancer cells. (a) Western blot detection on the protein
expression levels of SDF-1α, CXCR4, and VEGF. (b) MTTdetection on cell viability. (c) Flow cytometry detection on cellular apoptosis rate.
(d) Detection of gastric cancer cell migration and invasion by Transwell test. N� 3, Scale bar: 50 μm.
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[16–18]. Our study shared a consistence with these findings
above. We demonstrated that Curcumol would simulta-
neously reduce VEGF, SDF-1α, and CXCR4 protein levels in
the CAG animal model, and the relevant outcomes from in
vivo and in vitro experiments of gastric cancer were alike.

ATP-sensitive K+ channels couple intracellular meta-
bolism with membrane excitability. +ese channels are
inhibited by ATP. Hence, they open in low metabolic states
and close in high metabolic states, resulting in membrane
depolarization and triggering responses, such as insulin se-
cretion, the modulation of vascular smooth muscle, and
cardioprotection.+e channel comprises four Kir6.x subunits
and four regulatory sulphonylurea receptors (SUR). Different
mechanisms have been proposed for the pathophysiology of
gastric ulceration, including changes in the submucosal blood
flow of the stomach, gastric motility, and acidity. It seems
probable that adenosine 5′-triphosphate (ATP)-dependent
potassium channels (K(ATP)) have a regulatory effect on the
above factors [19]. Sulfonylurea receptor 1 (SUR1) is the
regulatory subunit of ATP-sensitive potassium channels
(KATP channels) and the receptor of antidiabetic drugs, such
as glibenclamide, which induce insulin secretion in pancreatic
β cells.

Targeting SUR1 with glibenclamide suppressed cell
growth, cell-cycle progression, epithelial-mesenchymal
transition (EMT), and cell migration. Moreover, SUR1 di-
rectly interacted with p70S6K and upregulated p70S6K
phosphorylation and activity. In addition, glibenclamide
inhibited p70S6K, and the overexpression of p70S6K par-
tially reversed the growth-inhibiting effect of glibenclamide.
Furthermore, glibenclamide upregulated the expression of
the tumor suppressor Krüppel-like factor 4 (KLF4), and
silencing KLF4 partially reversed the inhibitory effect of
glibenclamide on cell growth, EMT, and migration [20].

Curcumol, a sesquiterpene isolated from Curcuma
zedoaria, is known to possess a variety of health and
medicinal values, which includes neuroprotection, anti-
inflammatory, antitumor, and hepatoprotective activities.
It inhibits NF-κB activation by suppressing the nuclear
translocation of the NF-κB p65 subunit and blocking IκBα
phosphorylation and degradation. Taken together, the
combination of Curcuma zedoary and kelp could inhibit the
proliferation and metastasis of liver cancer cells in vivo and
in vitro by inhibiting endogenous H2S production and
downregulating the pSTAT3/BCL-2 and VEGF pathway,
which provides strong evidence for the application of
Curcuma zedoary and kelp in the treatments of liver cancer
[21]. Curcumol inhibits the proliferative ability of SKOV3
cells, and the mechanism may be in association with the
phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(Akt) pathway. Curcumol naturally suppresses the pro-
liferation, migration, and invasion of SKOV3 cells and
induces apoptosis. MTOR is a downstream factor beneath
the PI3K/Akt pathway and has a regulatory effect on cell
proliferation. In this study, we found that Curcumol sig-
nificantly reduces the SDF-1α/CXCR4/VEGF protein levels
in gastric cancer cells. Furthermore, the overexpression of
SDF-1α brought about an upregulation in SDF-1α, CXCR4,
and VEGF protein levels, and Curcumol’s inhibitory effect
on gastric cancer cells was withdrawn. In this study, we
proved that Curcumol has therapeutic effects on CAG and
that it reverses gastric cancer progression by manipulating
the angiogenic activity mediated by the SDF-1/CXCR4 axis.
It is the first study on the molecular mechanism of Cur-
cumol regulating CAG and gastric cancer. It has laid a good
research foundation for the clinical application of Cur-
cumol. However, this study also has certain limitations. We
have not been able to demonstrate the direct regulatory
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Figure 6: Results of body weight and tumor volume in tumorigenesis test on nude mice. (a) Weight measurement results of nude mice.
(b) Tumor volume detection results of nude mice. N� 6.
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target of Curcumol and lack a more in-depth mechanism of
exploration. +is is our future research direction.

5. Conclusion

In this paper, we disclosed the fact that Curcumol functions
as an inhibitor for gastric cancer cells by inhibiting gastric
cancer cells’ activity, migration, and invasion and inducing
their apoptosis. Moreover, the expression levels of VEGF,
SDF-1α, and CXCR4 decreased after Curcumol treatment.
Our nude mouse experiment showed that Curcumol + SDF-
1α group had the largest tumor volume, while Fuzheng
Huowei +NC group ended up with the smallest. In con-
clusion, Curcumol effectively protects the gastric tissue and
inhibits gastric cancer cell viability. Curcumol treats chronic

atrophic gastritis and gastric cancer by decreasing SDF-1α/
CXCR4/VEGF expression.
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Gastric cancers (GCs) that express human erb-b2 receptor tyrosine kinase 2 (ERBB2, also known as HER2) account for 7.3%–
20.2% of GCs. �e pathological and prognostic factors associated with lymph node metastasis of such tumors are still unclear.
�erefore, we aimed to identify the risk factors for lymph node metastasis and prognostic factors of patients with ERBB2-positive
GC. We conducted a retrospective analysis of pathological specimens after D2 radical surgery for locally advanced GC and D1+
surgery performed for early GC in our hospital from January 2015 to December 2018. Patients with ERBB2-positive GC were
selected and the potential risk factors for lymph node metastasis and potential factors a�ecting prognosis were evaluated. Among
1,124 GC patients, 122 diagnosed with ERBB2-positive GC were included in the study. We found that risk factors for lymph node
metastasis included tumor size (hazard ratio (HR)- 6.213, 95% con�dence interval (CI)- 2.097–18.407, p � 0.001), neural invasion
(HR- 2.876, 95% CI - 1.011–8.184, p � 0.048), and vascular invasion (HR- 16.881, 95% CI - 5.207–54.727, p< 0.001). T stage (HR-
4.615, 95% CI - 2.182–9.759, p< 0.001) and vascular invasion (HR- 3.036, 95% CI - 1.369–6.736, p � 0.006) were signi�cant
prognostic variables. �ese �ndings shed new light on the pathology and prognosis of patients with ERBB2-positive GC.

1. Introduction

Gastric cancer (GC) is a highly fatal disease that has attracted
extensive public attention. GC is the �fth most commonly
occurring cancer, with more than 1.08 million new cases in
2020 worldwide. In China, the incidence of GC (∼47/
100,000) is much higher than in any other region (North
America, Northern Europe, and so on) [1, 2]. With the
advancement in integrated treatment strategies, the survival
rate of patients with GC has improved. Nevertheless, GC is
the fourth most common cause of tumor-related deaths [1].
Despite signi�cant progress in early cancer screening, sur-
gical techniques, and postoperative adjuvant chemotherapy,
the 5-year survival rate of patients with advanced GC is
10–30% [3, 4]. Since targeted therapy has shown good ef-
�cacy in ERBB2-positive breast cancer, scientists have
conducted several studies to determine whether targeted
therapy has similar e§cacy in GC [5–7]. According to the
To-GA clinical trial report, targeted therapy can improve the

prognosis of ERBB2-positive GC patients [6]. �ese �ndings
highlight the importance of evaluating the signi�cance of
erb-b2 receptor tyrosine kinase 2 (ERBB2, also known as
HER2). �e consensus criteria for diagnosing ERBB2-
positive GC involve the detection of ERBB2 using immu-
nohistochemistry (IHC) scored as IHC grade 3+ or IHC
grade 2+ combined with the detection of ERBB2 ampli�-
cation using ¨uorescence in situ hybridization (FISH) [7].
Notably, patients with these unique phenotypic subtypes,
accounting for 7.3–20.2% of GC, require di�erent treatment
strategies [8, 9]. Most studies demonstrate a poor prognosis
for ERBB2-positive GC patients, particularly patients with
associated clinical features such as serosa invasion, lymph
node metastasis, and distant metastasis [10–12]. Contra-
dictorily, some studies have shown no signi�cant correlation
between the ERBB2 status and prognosis [13, 14]. Other
studies have reported ERBB2-positivity was associated with
a poor prognosis in patients with stage-I GC but not with
advanced GC [15, 16]. To our knowledge, the risk factors for
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lymph node metastasis and prognostic factors of ERBB2-
positive patients with GC are still not completely un-
derstood. *erefore, we aim to investigate the clinical sig-
nificance of these aspects of ERBB2-positive GC in detail.

2. Materials and Methods

2.1. Patients. Records of patients with GC who underwent
surgery at the Yijishan Hospital of Wannan Medical College
from January 2015 to December 2018 were retrospectively
analyzed. Patients’ data were included in the study based on
the following inclusion criteria: (1) postoperative patho-
logically confirmed gastric adenocarcinoma; (2) post-
operative tumor tissues were analyzed to detect ERBB2
expression (IHC3+, IHC2+, and FISH+; see next section);
(3) availability of complete medical records; and (4) avail-
ability of complete and valid follow-up information. *e
exclusion criteria were as follows: (1) age <18 years or> 85
years; (2) synchronous malignancies (secondary excluded);
(3) previous gastric malignancies; (4) administration of
chemotherapy or radiotherapy before surgery; and (5) death
within 3 months after surgery caused by postoperative
complications. Patients’ baseline and clinicopathological
characteristics were obtained through a review of medical
records. *e disease stage was assigned according to the
guidelines of the American Joint Committee on Cancer
(AJCC) Tumor-Node-Metastasis (TNM), 7th edition [17].
*e inclusion strategy of patients was presented in Figure 1.
Patients’ data included the following variables: age, gender,
histological types of gastric adenocarcinomas, tumor size,
tumor location, T stage, N stage, presence or absence of
neural invasion, vascular invasion, Lauren type, tumor de-
posits, surgical procedures, and postoperative adjuvant
therapy. All patients provided informed consent before
undergoing gastroscopy, surgery, or chemotherapy. *e
study was reviewed and approved by the Ethics Committee
of the Yijishan Hospital of Wannan Medical College (ap-
proval number: 2021–083).

2.2. Immunohistochemistry (IHC) and Fluorescence In Situ
Hybridization (FISH). *e guidelines for ERBB2 detection
in GC recommend adopting a detection strategy combining
IHC and FISH [18]. Postoperative GC specimens were
embedded in paraffin, and conventional 4 µm consecutive
sections were stained with hematoxylin-eosin (HE). IHC
and FISH were performed using sections not stained with
HE. Anti-HER2/neu (4B5, Roche) monoclonal primary
antibody was used to stain ERBB2 using an automated
Roche Benchmark GX IHC/ISH system. *is antibody was
detected at the cell membrane of tumor cells. IHC staining
was graded as 0, 1+, 2+, and 3+. IHC0 indicated undetectable
or <10% staining of the tumor cell membrane. IHC1+
corresponded to ≥10% of tumor cells exhibiting weak or
partially visible membrane staining. IHC2+ corresponded to
≥10% weak to moderate membrane staining of ≥10% of
tumor cells. IHC3+ corresponded to strong staining of the
basal lateral membrane, lateral membrane, or entire
membrane of ≥10% of tumor cells. Furthermore, FISH was

also performed on samples with IHC grade 2+. FISH was
performed using a Vysis LSI IGH/MAF DF FISH Probe Kit
(Abbott Molecular Inc., Des Plaines, IL, USA) using an
ERBB2 probe and the hybrid probe for chromosome 17
(CEP17) [19]. After hybridization, the signal counts of
ERBB2 and CEP17 were calculated separately and a ratio
between them was taken. *e FISH results were represented
as the intensity ratio between ERBB2 and the chromosome
17 centromere (CEP17) in tumor cells in the highest region
of gene amplification and ≥20 consecutive tumor nuclei. A
score of more than 2.2 was considered positive. Cases with
IHC 3+ or IHC 2+/FISH+ (Figures 2 and 3) were considered
ERBB2-positive, while IHC0, 1+, or IHC 2+/FISH–were
considered ERBB2-negative [7].

2.3. Follow-Up. Patients were followed up through phone or
outpatient consultations every three months for a year, every
six months for two years after that, and then yearly until
death. Overall survival (OS) was defined as the interval
between the date of the surgery and the date of the last
follow-up. Outpatient examinations include physical ex-
aminations, laboratory tests (routine blood tests, blood
biochemistry, and analyses of tumor markers such as CEA
and CA199) every three months; CTscans every six months,
and annual gastroscopy. *e median duration of follow-up
was 28 months (8–54 months). *e last follow-up was
conducted on October 31, 2021.

2.4. Statistical Analysis. Statistical analyses were performed
using SPSS 20.0, and p< 0.05 were considered a significant
difference between the datasets. Mean± standard deviation
or median± interquartile range was used to represent the
continuous variables, and frequency (%) was used to rep-
resent the categorical variables. *e Chi-squared or Fisher’s
exact test was used to compare categorical variables. OS
curves were generated using the Kaplan–Meier method, and
the log-rank test assessed the differences between the sur-
vival curves.*e relevant factors for OS were identified using
univariate analysis. Variables with p< 0.05 in the univariate
test were entered into the multivariate Cox regression model
to verify the independent risk factors.

3. Results

3.1. Patients’ Characteristics. We identified 122 ERBB2-
positive GC patients using the patient-selection strategy).
To identify risk factors for lymph node metastasis, the in-
cluded cases were classified as lymph node-positive (n= 82)
or lymph node-negative (n= 40).

Patients’ detailed basic information, pathological data,
and relevant clinical data are presented in Table 1. 98 out of
122 patients examined were men. *e median age of the
patients taken for the study was 69 years (range 33–85 years)
with a median tumor size of 4 cm (range 1.2–10 cm). Of the
N stage, 40 (32.8%) were classified as pN0, 28 (23.0%) as
pN1, 17 (13.9%) as pN2, and 37 (30.3%) as pN3. Of the T
stage, 15 (12.3%) were classified as pT1, 9 (7.4%) as pT2, 57
(46.7%) as pT3, and 41 (33.6%) as pT4. Primary tumors were
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classified as moderately differentiated (n� 58), moderate to
poorly differentiated (n� 55), or poorly differentiated
(n� 10). Patients’ tumors were histologically classified as
adenocarcinoma (n� 101), mucinous adenocarcinoma

(n� 10), papillary carcinoma (n� 4), signet-ring cell carci-
noma (n� 6), and adenosquamous carcinoma (n� 1). Tu-
mors were located in the upper (n� 41), middle (n� 10),
lower (n� 58), or entire (n� 13) stomach. Gastrectomy

Patients received for gastric cancer
surgery (N=1124)

Lymph node
negative group

(n=40)

Lymph node
positive group

(n=82)

Excluded (n=799)

Other reasons (n=8)

Her2 IHC not performed or incopletely
recorded (n=32)

Her2 IHC test 0, 1+OR IHC 2+/FISH- (n=714)

Postoperative pathological specimen with less then
16 lymph nodes (n=45)

Excluded (n=203)
Palliative surgery (n=18)
Endoscopic surgery (n=86)
Age>85 years or <18 years (n=12)
Combined with other malignancies (n=16)
Patient had received chemotherapy or radiotherapy
before operation (n=56)
Patient died within 3 months a�er surgery due to
post-operstive complications (n=15)

Patients were received radical
surgery (n=921)

Patients with her2 positive were
included in the study (n=122)

Figure 1: *e patient selection strategy.

(a) (b)

(c) (d)

Figure 2: IHC analysis of the ERBB2 expression in GC cells. (a) IHC (0), (b) IHC (1+), (c) IHC (2+), and (d) IHC (3+). Magnification ×200;
red arrow indicates ERBB+.
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approaches included proximal (n� 20), distal (n� 58), and
total (n� 44). Most patients were postoperatively adminis-
tered chemotherapy (n� 105). Lauren types were intestinal
(n� 108), diffuse (n� 7), and mixed (n� 7). Tumor deposits
were present in 21 patients.

3.2.RiskFactors forLymphNodeMetastasis inERBB2-Positive
GCPatients. Univariate analyses revealed that tumor size, T
stage, vascular invasion, neural invasion, and tumor deposits
were risk factors for developing nodal metastases (Table 2).

(a) (b)

Figure 3: FISH analysis of the ERBB2 amplification. (a) FISH (−) and (b) FISH (+) Magnification ×1,000.

Table 1: Patients’ characteristics.

Variable N (%)
Gender
Male 98 (80.3%)
Female 24 (19.7%)

Age (years)
≤60 20 (16.4%)
>60 102 (83.6%)

Tumor size
≤4 cm 64 (52.5%)
>4 cm 58 (47.5%)

AJCC T stage
PT1 15 (12.3%)
PT2 9 (7.4%)
PT3 57 (46.7%)
PT4a/PT4b 41 (33.6%)

AJCC N stage
PN0 40 (32.8%)
PN1 28 (23.0%)
PN2 17 (13.9%)
PN3 37 (30.3%)

AJCC stage
I 17 (13.9%)
II 48 (39.3%)
III 55 (45.1%)
IV 2 (1.6%)

Histologic classification
Moderately differentiated 58 (47.5%)
Moderately poorly differentiated 54 (44.3%)
Poorly differentiated 10 (8.2%)

Histology
Conventional AD 101 (82.8%)
Mucinous AD 10 (8.2%)
Papillary AD 4 (3.3%)
Signet-ring cell carcinoma 6 (4.9%)
Adenosquamous carcinoma 1 (0.8%)

Tumor location
Upper 1/3 41 (33.6%)
Middle 1/3 10 (8.2%)
Lower 1/3 58 (47.5%)

Mix 13 (10.7%)

Table 1: Continued.

Variable N (%)

Vascular invasion
(−) 59 (48.4%)
(+) 63 (51.6%)

Neural invasion
(−) 62 (50.8%)
(+) 60 (49.2%)

Type of gastrectomy
Proximal subtotal gastrectomy 20 (16.4%)
Distal gastrectomy 58 (47.5%)
Total gastrectomy 44 (36.1%)

Postoperative chemotherapy
Yes 105 (86.1%)
No 17 (13.9%)

Chemotherapy approach
S-1 36 (29.5%)
CapeOX/SOX 69 (56.6%)

Lauren type
I (intestinal type) 108 (88.5%)
D (diffuse type) 7 (5.7%)
M (mixed type) 7 (5.7%)

Tumor deposit
Yes 21 (17.2%)
No 101 (82.3%)

Abbreviations: CapeOX-capecitabine and oxaliplatin, SOX-S-1 plus
oxaliplatin, AD-adenocarcinoma.
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Table 2: Univariate analyses of risk factors for lymph node metastasis.

Variable Nodal-positive group Nodal-negative group χ2 p value
Gender 0.301 0.583
Male 67 31
Female 15 9

Age (years) 0.084 0.772
≤60 14 6
>60 68 34

Tumor size 7.342 0.007
≤4 cm 36 28
>4 cm 46 12

Depth of invasion 22.987 <0.001
PT1 2 13
PT2 6 3
PT3 41 16
PT4a/PT4b 33 8

Histologic classification 0.606 0.436
Moderately differentiated 41 17
Moderately poorly differentiated 32 22
Poorly differentiated 9 1

Histology 2.173 0.140
Conventional AD 65 36
Mucinous AD 7 3
Papillary AD 4 0
Signet-ring cell carcinoma 6 0
Adenosquamous carcinoma 0 1

Tumor location 3.334 0.343
Upper 1/3 27 14
Middle 1/3 5 5
Lower 1/3 39 19
Mix 11 2

Vascular invasion 31.991 <0.001
(−) 25 34
(+) 57 6

Neural invasion 13.922 <0.001
(−) 32 30
(+) 50 10

Lauren type 1.600 0.206
I (intestinal type) 70 38
D (diffuse type) 5 2
M (mixed type) 7 0

Tumor deposit 3.940 0.047
Yes 18 3
No 64 37

Abbreviations: AD-adenocarcinoma.

Table 3: Multivariate analyses of risk factors for lymph node metastasis.

Variables Hazard
ratio (95% CI) p-value

Tumor size (≤4 cm/>4 cm) 6.213 (2.097–18.407) 0.001
Neural invasion (No/Yes) 2.876 (1.011–8.184) 0.048
Vascular invasion (No/Yes) 16.881 (5.207–54.727) <0.001
Tumor deposit (No/Yes) 3.147 (0.543–18.235) 0.201
AJCC T stage (T1−3/t4) 0.800 (0.221–2.898) 0.734
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Figure 4: Analysis of overall survival. (a) Overall survival (OS) according to the T stage (T1-3/T4). (b) OS of patients according to lymph
node metastasis (no/yes). (c) OS according to neural invasion (negative/positive). (d) OS according to vascular invasion (negative/positive).
(e) OS according to Lauren type (I/D–M). (f ) OS according to tumor deposit (absent/present).
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Multivariate analyses revealed that a tumor size >4 cm,
vascular invasion, and neural invasion were independent
factors for lymph node metastasis (Table 3).

3.3. Survival Analysis of ERBB2-Positive Gastric Cancer.
*e 3-year survival rate of patients with ERBB2-positive
lymph node metastasis was 48.2%, compared with 86.0% for
those without lymph node metastasis (p< 0.001). Univariate

analysis revealed that Tstage, lymph node metastasis, neural
invasion, vascular invasion, Lauren type, and tumor deposits
were significantly associated with prognosis (Figure 4(a)–
4(f )). Multivariate Cox proportional hazards analysis
identified T stage (HR- 4.615, 95% CI - 2.182–9.759,
p< 0.001) and vascular invasion (HR- 3.036, 95% CI -
1.369–6.736, p � 0.006) as independent prognostic factors
(Table 4).

Table 4: Cox regression analysis of prognostic factors for overall survival.

Variable
Univariate analyses Multivariable analyses

Number (n) 3-OS (%) χ2 p value Hazard ratio
(95% CI) p value

Age (years) 0.031 0.861
≤60 20 54.5
>60 102 59.1

Gender 1.404 0.236
Male 98 61.7
Female 24 44.7

Tumor size (cm) 3.699 0.054
≤4 cm 64 66.3
>4 cm 58 49.7

Depth of invasion 35.969 <0.001 4.615 (2.182–9.759) <0.001
PT1-3 81 79.8
PT4 41 7.8

Lymph node metastasis 17.360 <0.001 2.718 (0.863–8.564) 0.088
No 40 86.0
Yes 82 44.0

Histologic classification 2.003 0.367
Middle-differentiated 58 64.2
Middle-poor differentiated 54 55.5
Poor-differentiated 10 45.0
Histology 0.061 0.805
Conventional AD 101 60.6
Other 21 44.0

Type of gastrectomy 0.418 0.811
Proximal subtotal gastrectomy 20 48.3
Distal gastrectomy 28 56.4
Total gastrectomy 44 65.5

Type of surgery 0.170 0.680
Open surgery 56 60.7
Laparoscopic surgery 66 55.7

Neural invasion 18.978 <0.001 1.566 (0.732–3.354) 0.248
(−) 62 75.8
(+) 60 39.7

Vascular invasion 28.518 <0.001 3.036 (1.369–6.736) 0.006
(−) 59 78.8
(+) 63 35.3

Lauren type 8.825 0.003 2.175 (0.963–4.915) 0.062
I (intestinal type) 108 61.3
D-M (diffuse-mix type) 14 41.7

Tumor deposit 7.847 0.005 0.849 (0.413–1.747) 0.849
Yes 21 13.5
No 101 66.5

Subgroup analysis (AJCC stage II–IV)
Chemotherapy approach 3.511 0.061
S-1 36 39.3
CapeOX/SOX 69 56.3
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4. Discussion

*is study analyzed the clinicopathological characteristics
and prognosis of patients with ERBB2-positive GC. We
found that tumor size, neural invasion, and vascular in-
vasion were risk factors for lymph node metastasis. Further
analysis showed that T stage and vascular invasion were
factors significantly associated with the prognosis of these
patients.

*e analysis of the ERBB2 expression in GC is utilized
for patients with advanced GC. Patients with ERBB2-
positive GC benefit from trastuzumab treatment com-
pared with conventional chemotherapy alone [6]. Multiple
studies have analyzed the relationship between ERBB2
positivity and clinicopathological factors in GC and explored
the relationship between the ERBB2 status and prognosis
[9, 13, 14, 16]. However, there is no consensus regarding the
significance of the ERBB2 expression in predicting the
prognosis of GC. To our knowledge, the clinicopathological
characteristics and prognostic risks of ERBB2-positive GC
patients are still unclear.

We analyzed 122 patients with ERBB2-positive GC.*e
male-to-female ratio was 4.08 : 1, similar to that of GC in
Asia [1]. Studies have reported a lower incidence of GC in
women than men, which might be related to estrogen in
female patients [20, 21]. Research on the factors of lymph
node metastasis in GC has been a hot topic [22–24].
However, the factors associated with lymph node metas-
tasis in ERBB2-positive GC patients are unknown. To
address this gap in our knowledge, we compared the
characteristics of such patients with or without nodal
metastasis. We found that a tumor size >4 cm, vascular
invasion, and neural invasion were more common in
patients with nodal metastases. *ese findings suggest that
patients with one of these risk factors should be considered
candidates for lymph node dissection. In clinical practice,
the lymph node metastasis of GC plays a crucial role in
choosing subsequent treatment, especially for patients with
early GC. ERBB-2 positivity has been shown as a high-risk
factor for lymph node metastasis in patients with early GC
[25]. In this study, the rate of lymph node metastasis in
ERBB-2 positive patients was 67.2% (82/122), which is
significantly higher than that in ERBB-2 negative patients,
which was 48.4% (346/714). Lymph node metastasis was
associated with a poor prognosis with univariate analysis
but not with multivariate analysis. However, in our ex-
perience, the latter finding does not reflect clinical out-
comes and might result from a small sample size. *us,
further studies are required to resolve this apparent
discrepancy.

Most patients with GC harbor advanced tumors at the
time of diagnosis and show a poor prognosis. Our study
population (n� 122) included 17 patients with stage-I GC
and 105 with stages II-IV GC. Survival analysis identified T4
stage, lymph node metastasis, neural invasion, vascular
invasion, Lauren type (diffuse-mixed), and tumor deposits
as variables significantly associated with a poor prognosis. T
stage accurately predicts patients’ prognoses with different
histological subsets of GC [17]. Here, we found that the 3-

year OS of patients with stage T4 (7.8%) was significantly
poorer than those with stage T1-3 (79.8%). Furthermore,
multivariate analysis showed that the T4 stage was an in-
dependent risk factor for the prognosis of this subgroup of
patients. Previous studies have shown that GC patients with
combined neural and vascular invasion have a poor prog-
nosis [26–28]. *is study’s univariate analysis suggested that
neural invasion and vascular invasion were significant risk
factors affecting the prognosis, although multivariate anal-
ysis identified only vascular invasion as significant. Never-
theless, these findings indicate that neural and vascular
invasion contribute to a poor prognosis. *erefore, in
clinical practice, close attention should be paid to the neural
and vascular status to help predict outcomes and manage
treatment.

*e Lauren type is related to the prognosis of patients
with GC. For example, evidence indicates that high levels of
the ERBB2 expression are associated with the intestinal type,
and such patients have a better prognosis than those with the
mixed type [13]. Furthermore, according to the ERBB2
status and Lauren classification, the prognosis of patients
with GC shows that ERBB2-negative patients with the in-
testinal type have a better prognosis than those with the
ERBB2-positive diffuse type [16]. *ese findings are con-
sistent with the present study’s demonstration that 3-year
OS rates were 61.3% and 41.7% of patients with the intestinal
or diffuse-mixed types, respectively.

Tumor deposits are associated with the prognosis of
patients with GC. Previous studies show that tumor deposits
in patients with GC indicate an aggressive malignant phe-
notype with a poorer prognosis [29, 30]. Our findings
suggest that patients with tumor deposits experienced
a significantly shorter survival than those without, although
tumor deposits were not identified as an independent risk
factor for prognosis.

Data indicating that tumor size influences the prognosis
of GC is controversial [31–33]. Our present study shows that
3-year OS rates were 66.3% and 49.7% of patients with
tumors ≤4 cm and >4 cm, respectively, although the dif-
ference is not statistically significant. We believe that as the
tumor grows and becomes larger, the later the tumor staging,
the worse the patient’s prognosis, leading to inconsistent
results, which might be related to the tumor size defining the
grouping.

Chemotherapy is an effective treatment for advanced
GC, which prolongs survival and improves the quality of life
[34, 35]. A recent study shows that SOX plus trastuzumab is
safe and effective for treating advanced ERBB2-positive GC
[36]. Our present study shows that patients in the CapeOX/
SOX group experienced higher 3-year survival rates than
patients in the S-1 group, although the difference was not
statistically significant. *is finding may explain the in-
consistent staging of the baseline pathology of the two
groups. Unfortunately, only six patients who developed
recurrence after surgery underwent trastuzumab therapy.
Subgroup analysis was not possible because of the low
number of eligible patients and their inconsistent baseline
characteristics. *erefore, further research is required to
confirm and extend these findings.
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*e limitations of the present study are as follows: 1.
ERBB2-positive GC is rare, and therefore, the number of
patients included here was relatively small. 2. Selection bias is
inherent in retrospective studies such as this. 3. Data on
postoperative targeted therapy were incomplete, mainly be-
cause most patients could not afford trastuzumab treatment.

5. Conclusions

Our study demonstrates that tumor size, neural invasion,
and vascular invasion were significantly associated with
node metastases in ERBB2-positive GC patients. Fur-
thermore, T stage and vascular invasion served as in-
dependent prognostic variables. *ese new findings might
contribute toward optimizing treatment and guide efforts
to identify novel therapeutic targets for this deadly sub-
type of GC.
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