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Despite the continuing advancement in both basic and clin-
ical research, malignant diseases in digestive system remain
a serious challenge to human health globally. Study on novel
molecular targets and corresponding interventions may help
improve the unsatisfactory outcome of digestive cancers.This
issue on novel molecular targets in malignant diseases of
digestive system consists of seven exciting papers covering
gastric cancer (GC), colorectal cancer, hepatocellular carci-
noma (HCC), pancreatic cancer, and cholangiocarcinoma.

Chemotherapy is a most frequently used treatment for
metastatic or unresectable GC.Unfortunately, the outcome of
advanced stage stomach cancer is disappointing. Options of
targeted therapy for GC are rather limited. M. Inokuchi
and colleagues reviewed the role of fibroblast growth factor
receptors (FGFRs) in GC with evidence from currently
available literature. The clinical relevance of FGFRs and GC
was summarized. Importantly, this review discussed the
potentiality of FGFRs as a therapeutic target molecule for GC
therapy. This paper will provide us with a comprehensive
knowledge on FGFRs and their roles in GC targeted therapy.

Q. Ni et al. presented their study on the association
between single nucleotide polymorphisms (SNPs) inmicroR-
NAs (miRNAs) and GC susceptibility.This systematic review
and meta-analysis synthesized evidence from 12 eligible
studies and found potential association between rs2910164 in

miR-146a and reduced GC risk. Interestingly, subgroup anal-
yses on rs11614913 in miR-196a3 revealed two-faced effects of
this SNP on diffuse and intestinal type GC.The data reported
in this study provide uswith new insights into the relationship
between SNPs in miRNA-coding gene and susceptibility of
GC.

N. Piton and colleagues studied the possibility of using
immunohistochemistry (IHC) as an alternative to molecular
biology methods for detecting KRAS and BRAFmutations in
colorectal cancer.This pathology-based study concluded that,
using mutation-specific antibody, IHC may also be a reliable
diagnosticmethod for BRAFV600Emutation detection. Due
to the lack of specific antibody, KRAS mutation could not be
examined efficiently by IHC.

Also by IHC analysis, K. K. Park et al. demonstrated
association between human epithelial growth factor receptor
2 (HER2) andmucins/p53 expressions in gastric cancer.Their
results indicated MUC2, MUC6, and p53 were significantly
correlated with HER2 positivity. HER2 overexpression also
independently associated with poor prognosis of gastric
cancer. This study will help us understand novel possible
mechanism by which HER2 influences the prognosis of GC.

In Q. Ye et al.’s study, the inhibitory effect of Endostar on
HCC-induced angiogenesis was reported. As an antiangio-
genesis protein drug, Endostar inhibited the migration, pro-
liferation, and tube formation of endothelial cells in response
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to HCC. Their results indicated that this restructured endo-
statin protein may help improve the outcome of HCC by
targeting angiogenesis, which represents a hallmark of this
fatal disease.

Another paper from L. Chen et al. also focused on HCC.
Their study demonstrated that the expression of toll-like
receptor 3 (TLR3) in HCC cells positively correlated with
hepatitis B virus (HBV) infection, interstitial immunoreac-
tive cells infiltration, and cancer cell apoptosis. Activation of
TLR3 inhibited the secretion of HBV antigens and induced
apoptosis of HCC cells. This manuscript provided initial
evidence of TLR3 signaling in HBV immune response in
HCC.

S. Bang and colleagues studied the signal transduction
pathways involved in antiproliferative effects of a paclitaxel-
eluting membrane (PEM) on pancreatic cancer and cholan-
giocarcinoma. Using nude mice xenograft model, they found
that paclitaxel from PEM reduced angiogenesis by inhibiting
mammalian target of rapamycin (mTOR) through the regula-
tion of hypoxia inducible factor-1 (HIF-1). PEM also induced
tumor cell apoptosis and inhibited tumor-stromal interac-
tion. This study shed light on potential molecular mech-
anisms underlying this novel drug-eluting membrane and
further investigation on this topicmay help improve the effect
of palliative therapy for inoperable biliary and pancreatic
cancers.

In summary, this special issue presents intriguing
achievements in the field of novel molecular targets in
digestive malignancies.
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Background. The purpose of this study was to evaluate the relationships between HER2 overexpression in the tumor and MUC2,
MUC5AC, MUC6, and p53 status and clinicopathological characteristics of gastric cancer patients. Methods. This retrospective
study included 282 consecutive patients with gastric cancer who underwent surgery at the Kosin University Gospel Hospital
between April 2011 and December 2012. All tumor samples were examined for HER2 expression by immunohistochemistry (IHC)
and MUC2, MUC5AC, MUC6, and p53 expression by staining. A retrospective review of the medical records was conducted to
determine the correlation between the presence ofHER2 overexpression and clinicopathological factors.Results.TheHER2-positive
rate was 18.1%. Although no association was found between HER2 expression andMUC5AC, the expression ofMUC2,MUC6, and
p53was significantly correlatedwithHER2 positivity, respectively (P = 0.004, 0.037, 0.002).Multivariate analysis revealed thatHER2
overexpression and nodal status were independent prognostic factors. Conclusions. HER2 overexpression in gastric carcinoma is
an independent poor prognostic factor.

1. Introduction

Gastric cancer is still one of themost common and aggressive
carcinomas throughout the world with a highmortality, espe-
cially in South Korea. At present, an HER2-based concept of
tumor biology has been established, and trastuzumab (Her-
ceptin, Genentech/Roche), a monoclonal humanized anti-
body directed against HER2, is a pivotal agent for the
management [1]. In gastric cancer also, many publications
have suggested a similar role of HER2 [2–7]. Although many
studies have previously evaluated HER2 status in gastric
cancer, the patient cohorts and scoring criteria have varied,
resulting in discrepancies inHER2 positivity that have ranged
from 8.2 to 53.4% [8]. The trastuzumab for gastric cancer
(ToGA) trial has assessed HER2-targeting agents for treating
advanced gastric cancer [9, 10]. HER2 evaluation becomes

an important approach for predicting patient response to
HER2-targeting agents. Regarding the clinicopathological
features of HER2-positive gastric cancer, HER2 expression
and intestinal histological type have shown a high correlation.

When focusing on the cellular origin or differentiation of
gastric adenocarcinoma, the expressions of different types of
mucins are used as epithelial differentiation markers. Mucins
are high molecular weight glycoproteins with oligosaccha-
rides attached to serine or threonine residues of the mucin
core protein backbone by O-glycosidic linkages. Mucins can
be classified into two categories: transmembrane mucins
(MUC1, MUC3, MUC4, MUC12, MUC13, MUC15, MUC16,
MUC17, MUC20, andMUC21) and secreted mucins (MUC2,
MUC5AC, MUC5B, MUC6, MUC7, and MUC19) [11–13].
The mucins are produced by various epithelial cells and
serve protective and lubricating roles. However, in damaged
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(a) (b) (c) (d)

Figure 1: Immunohistochemical analysis of human epidermal growth factor receptor 2 protein expression (a–d). (a) Immunostaining shows
no staining on tumor cell membrane. (b) Immunostaining shows positive reaction (1+). (c) Immunostaining shows positive reaction (2+).
(d) Immunostaining shows positive reaction (3+) with complete or basolateral membraneous staining.

epithelia or tumor cells, there is a loss of polarity that occurs
in association with the activation of a proliferation and sur-
vival program [14].Mucin gene expression is relatively organ-
specific, and deregulated expression of one or more types
of mucins occurs with malignancy [15, 16]. MUC5AC and
MUC6 aremarkers of gastric foveolar cells and antral/cardiac
mucous glandular cells, respectively, and they reflect gastric
phenotypes.MUC2 exhibit the typical intestinal epithelial cell
phenotype, decorating goblet cells and the brush border of
intestinal absorptive epithelial cells, [17]. However, the rela-
tionship between HER2-positive gastric cancer and mucins
was unclear.

The p53 tumor suppressor gene is the most commonly
mutated gene in human tumors [18]. Abnormalities of the p53
gene have been identified in many malignancies, including
gastric carcinomas [19]. The major functions of p53 protein
are regulation of the cell cycle and apoptosis and repair of
DNA damage. Functional abnormality of p53 is known to
be caused by mutation of the p53 gene, including loss of
heterozygosity (LOH) and DNAmethylation, [20] which can
affect the biological behavior of the tumor and therefore
prognosis.

Although some studies have shown a correlation between
HER2 expression and p53 nuclear staining, little is known
about the relationship between HER2 positivity and mucins
and p53 expression [19, 21]. The purpose of this study was
to evaluate the frequency of HER2-positive gastric cancer, by
applying the standard scoring criteria in patients with gastric
cancer and the relationships between HER2 expression and
prognosis, mucins, p53 overexpression, and other clinico-
pathological features.

2. Patients and Methods

From April 2011 to December 2012, a total of 298 consecutive
cases with gastric cancer treated by surgical resection without
any preoperative therapy were retrieved from the Depart-
ment of Surgery of KosinUniversity College ofMedicine.The
medical records and surgical specimens of these patients were
retrospectively evaluated after obtaining approval from the
Investigational Review Board of the Kosin University Gospel
Hospital. The disease stage was determined according to the
(AJCC)-TNM classification (seventh edition) [22]. 3 patients
who had gastric cancer recurrence and 13 patients with

synchronous multiple primary cancers (e.g., thyroid cancer,
colon cancer, and lung cancer) were excluded from the study.
The clinicopathological characteristics of each patient were
retrieved from hospital information systems, retrospectively.
Clinicopathological parameters, including age, gender, tumor
location, histological classification, pathological TNM stage,
neural invasion, lymphatic invasion, and vascular invasion
status, were retrieved from medical charts or pathology
reports. Histological classification was determined according
to Lauren’s classification and the World Health Organization
(WHO) classification [23].

2.1. Immunohistochemistry (IHC). Tumor tissues were fixed
in 10% formalin and embedded in paraffin. Immunohis-
tochemical staining was carried out using anti-HER-2/neu
(Dako, Glostrup, Denmark) as the primary antibody for c-
erbB-2. Aftermaking slices using amicrotome, tissue sections
(4 𝜇m) were immersed in xylene solution to remove residual
paraffin and hydrated in an alcohol series. Sections were
boiled for 5 minutes to retrieve antigenicity in citrate buffer
(pH 6.0) and left for 30 minutes at room temperature.
After exhausting endogenous peroxidase for 10 minutes with
H
2
O
2
in methyl alcohol, sections were washed thrice with

phosphate-buffered saline (PBS). Sections were blocked for
30 minutes with blocking solution (Histostain kit, Zymed
Company, San Francisco, CA, USA) at room temperature.
Sections were then incubated with anti-HER-2/neu (1 : 200,
Dako) at room temperature. After rinsing thrice with PBS,
sections were incubated with biotinylated anti-mouse IgG
(1 : 300; Zymed). After washing, sections were incubated with
avidin-alkaline phosphatase for 7 minutes at 40∘C. Sections
were visualized with red chromogen at 40∘C and counter-
stained using the Mayer hematoxylin method. Sections were
mounted and observed under light microscopy.

2.2. Assessment of HER2 Expression. The amended c-erbB-2
scoring system was applied according to location and degree
of completion of staining: 0 points: staining of ≤10% was
equivalent; 1 point: incomplete membrane staining of >10%;
2 points: weak-to-moderate complete staining of the mem-
brane; and 3 points: strong complete staining of the mem-
brane. An immunohistochemistry score of 3+ or immuno-
histochemistry score of 2+ was defined as overexpression of
HER2 (Figure 1).
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2.3. MUC2, MUC5AC, MUC6, and p53 Expression Profile
in Gastric Carcinoma. Mucin and p53 IHC staining was
performed by the tyramide signal amplification-avidin-biotin
complex method [24]. We used monoclonal antibodies
against MUC5AC (Novocastra, Newcastle-upon-Tyne, UK;
diluted 1 : 100) as a marker for gastric faveolar cells, MUC6
(Novocastra; 1 : 100) as a marker for gastric mucous neck
cells and pyloric glands, MUC2 (Novocastra; 1 : 100) as a
marker for intestinal goblet cells, and p53 (1 : 100, clone DO-
7; Dako). The expressions of MUC2, MUC5AC, and MUC6
were regarded as positive whenmore than 10% of the area was
positively stained [17]. Overexpression of p53 was regarded as
positive whenmore than 10% of tumor cells displayed nuclear
immunostaining [25].

2.4. Statistical Analysis. The statistical evaluation was per-
formedusing Spearman’s correlation test to analyze rank date.
Kaplan-Meier survival plots were generated and compar-
isons between survival curves were made with the log-rank
statistics. Cox’s proportional hazards model was used for the
multivariate analysis. SPSS 18.0 software (SPSS Inc., Chicago,
IL, USA) was applied to analyse all data and 𝑃 < 0.05 was
considered to indicate a statistically significant difference.

3. Results

3.1. Demographic Characteristics. The studied population
consisted of 187men and 95 women. In the 282 cases enrolled
in the study, the median age of the patients at diagnosis was
60 years (range 34–85 years) and all patientswereKorean.The
demographics and tumor-related factors are summarized in
Table 1. Tumor location in the stomachwas lower third in 164,
middle third in 71, and upper third in 45 cases, two of which
were located at the gastroesophageal junction. In accordance
with theWorldHealthOrganization’s classification standards,
167 patients (60.9%) had tubular adenocarcinoma and 106
patients (37.6%) had poorly cohesive carcinoma. According
to the pathological depth of tumor, 138 patients (48.9%) were
pT1a, 37 (13.1%) were pT1b, 15 (5.3%) were pT2, 55 (19.5%)
were pT3, 36 (12.8%) were pT4a, and 1 (0.4%) was pT4b.
Regarding the tumor stage, 158 (56.0%) were stage I, 63
(22.3%) stage II, 61 (15.2%) stage III.

3.2. HER2 Status and the Results of MUC2, MUC5AC,MUC6,
and p53. Immunohistochemical analysis was performed to
examine the expression of HER2 in all the cases. The
numbers of patients with an HER2 score of 0, 1+, 2+, and 3+
were 207 (73.4%), 24 (8.5%), 5 (1.8%), and 46 (16.3%). The
percent of positive stain for HER2 and p53 positive rate was
18.1% (51 of 282) and 71.9% (202/282). The positive rates of
MUC2, MUC5AC, and MUC6 were 18.5% (52/282), 71.9%
(202/282), and 23.6% (66/282). The expression of HER2,
MUC2,MUC5AC,MUC6, and p53 is summarized in Table 2.

3.3. Correlation of HER2 Status with Clinicopathological Fea-
tures. The correlation between HER2 status and the clinico-
pathological features is shown in Table 1. The frequency of
HER2 positivity correlated with WHO classification, Lauren

classification, depth of tumor, nodal stage, TNM stage,
and lymphatic invasion. According to Lauren’s classification,
HER2 overexpression was more often detected in the intesti-
nal histological type (24.0%) than in the diffuse type (14.0%),
indeterminate type (28.6%), or mixed type (2.6%). HER2
overexpression was more commonly observed in patients
with lymph node metastasis (N0 disease, 13.2%; N1 disease,
13.3%; N2 disease, 30.3%; N3 disease, 35.1%; 𝑃 = 0.003). And
differences in frequency of HER2 overexpression among the
T stages also were estimated to be significant (𝑃 = 0.036).
On TNM stage, HER2 overexpression was more commonly
observed in patients with advanced stage (𝑃 = 0.009). HER2-
positive tumors tended to present with lymphatic invasions
with statistical significance (𝑃 = 0.027). The presence of
HER2 overexpression in the tumor was not influenced by
tumor location or tumor size.

3.4. Correlation of HER2 Expression with MUC2, MUC5AC,
MUC6, and p53. The results of the analysis of the expression
of the three mucin markers based on mucin expression are
shown in Table 2. Of the three markers, MUC2 expression
and MUC6 expression were significantly correlated with
HER2 positivity (𝑃 = 0.004, 𝑃 = 0.043). There was no corre-
lation between the MUC5AC and HER2 overexpression.The
p53 overexpression was significantly correlated with HER2
positivity (𝑃 = 0.034).

3.5. Prognostic Significance of HER2, MUC2, MUC5AC,
MUC6, and p53 Expression in Gastric Carcinoma. Univariate
analysis of factors related to overall survival in gastric
carcinoma is summarized in Table 3. Patients with HER2
overexpression had significantly worse survival than those
without HER2 overexpression (𝑃 = 0.001) (Figure 2). Other
factors significantly correlated with survival were Lauren
classification, TNM stage, depth of invasion, nodal status,
and lymphatic invasion. There was no significant difference
in survival related to MUC2, MUC5AC, MUC6, and p53
expression. The five factors (HER2 overexpression, Lauren
classification, depth of invasion, nodal status, and lymphatic
invasion) selected from univariate analysis, based on a 𝑃
value < 0.05, were entered into the Cox proportional hazards
model. This multivariate analysis showed that HER2 expres-
sion (𝑃 = 0.024) and nodal status (𝑃 < 0.001) were significant
risk factors affecting the outcome (Table 3).

4. Discussion

The c-erbB-2 gene is a protooncogene located on chromo-
some 17. It expresses HER2/neu protein, one of the epithelial
growth factor receptor (EGFR) families, and has tyrosine
kinase (TK) activity, which mediates cancer proliferation
[26]. HER2 gene amplification and protein overexpression
have been suggested as the targets for a therapy with anti-
HER2 humanized monoclonal antibody (trastuzumab) in
various cancers; [27–35] in those studies, a very wide range
of HER2 expression has been described with controversial
data for most cancer types [34]. Recently, in an open-label
international phase 3 randomized controlled trial (ToGA
trial) undertaken in 122 centers in 24 countries, patients with
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Table 1: Correlation between HER2 overexpression and clinicopathologic parameters of gastric carcinoma.

Variables 𝑁 (%) HER2 positive
𝑃 value

Positive (%) (𝑛 = 56) Negative (%) (𝑛 = 266)
Agea 60.51 ± 10.86 59.70 ± 9.85 60.68 ± 11.07 0.540
Gender 0.546

Male 187 (66.3) 34 (18.2%) 153 (81.8%)
Female 95 (33.7) 17 (17.9%) 78 (82.1%)

Location 0.173
Upper 45 (16.0) 12 (26.7%) 33 (73.7%)
Middle 71 (25.2) 8 (11.3%) 63 (88.7%)
Lower 164 (58.2) 31 (18.9%) 133 (81.1%)
EGJb 4 (1.2) 1 (25.0%) 3 (75.0%)

WHO classification 0.022
Tubular 167 (60.9) 32 (19.2%) 135 (80.8%)
Mucinous 1 (0.4) 0 (0.0%) 1 (100.0%)
Poorly cohesive 106 (37.6) 15 (14.2%) 91 (85.8%)
Papillary 6 (2.1) 2 (33.3%) 4 (66.7%)

Lauren classification 0.010
Intestinal 150 (53.2) 36 (24.0%) 114 (76.0%)
Diffuse 86 (30.5) 12 (14.0%) 74 (86.0%)
Mixed 39 (13.8) 1 (2.6%) 38 (97.4%)
Indeterminate 7 (2.5) 2 (28.6%) 5 (71.4%)

Sizea 3.48 ± 3.06 3.87 ± 3.15 3.40 ± 3.04 0.293
Tumor size 0.176

5 cm < 61 (21.6) 14 (23.0%) 47 (77.0%)
5 cm ≥ 221 (78.4) 37 (16.7%) 184 (83.3%)

Depth of tumor (T stage) 0.036
T1a 138 (48.9) 20 (14.5%) 118 (85.5%)
T1b 37 (13.1) 9 (24.3%) 28 (75.7%)
T2 15 (5.3) 1 (6.7%) 14 (93.3%)
T3 55 (19.5) 9 (16.4%) 46 (83.6%)
T4a 36 (12.8) 11 (30.6%) 25 (69.4%)
T4b 1 (0.4) 1 (100.0) 0 (0.0)

Nodal stage (N) 0.003
N0 182 (64.5) 24 (13.2%) 158 (86.8%)
N1 30 (10.6) 4 (13.3%) 26 (86.7%)
N2 33 (11.7) 10 (30.3%) 23 (69.7%)
N3 37 (13.1) 13 (35.1%) 24 (64.9%)

Stage (TNM) 0.027
I 158 (56.0) 22 (13.9%) 136 (86.1%)
II 63 (22.3) 11 (17.5%) 52 (82.5%)
III 61 (21.7) 18 (29.5%) 43 (70.5%)

Neural invasion 0.345
Yes 56 (21.0) 8 (14.3%) 48 (85.7%)
No 211 (79.0) 43 (20.4%) 168 (79.6%)

Lymphatic invasion 0.011
Yes 83 (31.1) 24 (28.9%) 59 (71.1%)
No 184 (68.9) 27 (14.7%) 157 (85.3%)

Vascular invasion 0.105
Yes 14 (5.2) 5 (35.7%) 9 (64.3%)
No 253 (94.8) 46 (18.2%) 207 (81.8%)

Recurrence 0.005
Yes 31 (11.0) 12 (38.7%) 19 (61.3%)
No 251 (89.0) 39 (15.5%) 212 (84.5%)

aAge and size were reported as the mean ± SD.
bEsophagogastric junction.
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Table 2: Correlation of HER2 overexpression with MUC2,
MUC5AC, MUC6, and p53.

Variables 𝑁 (%)
HER2 positive

𝑃 valuePositive (%)
(𝑛 = 51)

Negative (%)
(𝑛 = 231)

p53 0.034
Positive 210 (74.5%) 44 (21.0%) 166 (79.0%)
Negative 72 (25.5%) 7 (9.7%) 65 (90.3%)

MUC2 0.004
Positive 52 (18.5%) 17 (32.7%) 35 (67.3%)
Negative 229 (81.5%) 33 (14.4%) 196 (85.6%)

MUC5AC 0.731
Positive 202 (71.9%) 39 (17.4%) 167 (82.7%)
Negative 79 (28.1%) 16 (16.7%) 64 (81.0%)

MUC6 0.043
Positive 64 (22.9%) 17 (26.6%) 47 (73.4%)
Negative 216 (77.1%) 33 (15.3%) 183 (84.7%)

Table 3: Univariate and multivariate analysis of clinicopathological
variables for the survival of the patients with gastric carcinoma.

Variables Relative risk (95% CI) 𝑃 value
Univariate
TNM stage 5.317 (2.936–9.630) 𝑃 < 0.001
Tumor size (5 cm <) 2.962 (1.051–8.345) 𝑃 = 0.040
Depth of invasion (T3-T4) 2.453 (1.649–3.647) 𝑃 < 0.001
Nodal status (N stage) 3.973 (2.375–6.647) 𝑃 < 0.001
p53 expression (+) 0.287 (0.080–1.024) 𝑃 = 0.054
MUC2 expression (+) 1.786 (0.565–5.640) 𝑃 = 0.323

MUC5AC expression (+) 1.728 (0.488–6.125) 𝑃 = 0.397

MUC6 expression (+) 1.257 (0.397–3.977) 𝑃 = 0.697

HER2 overexpression (+) 4.673 (1.690–12.922) 𝑃 = 0.003
Lauren classification 1.914 (1.099–3.337) 𝑃 = 0.022
Vascular invasion (+) 12.218 (4.143–36.029) 𝑃 < 0.001
Lymphatic invasion (+) 17.917 (4.033–79.610) 𝑃 < 0.001
Neural invasion (+) 5.049 (1.830–13.926) 𝑃 = 0.002

Multivariate: Cox regressional hazard model
HER2 overexpression (+) 3.394 (1.173–9.819) 𝑃 = 0.024
Nodal status (N stage) 3.840 (2.278–6.473) 𝑃 < 0.001

advanced gastric or gastroesophageal junction carcinomas
have been studied in order to verify if their tumors showed
overexpression of HER2 protein by immunohistochemistry
or gene amplification by fluorescence in situ hybridization
(FISH) [9]. In ToGA study, the HER2-positive ratio was
higher in tumors at the gastroesophageal junction than in
gastric cancer (33.2 versus 20.9%). However, it has been
shown that the addition of trastuzumab to chemother-
apy improved survival in patients with advanced gastric
or gastroesophageal junction carcinomas compared with
chemotherapy alone [9, 36–38].

Since the overexpression of HER2 in gastric cancer was
first published in 1986 [39], many studies have reported
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Figure 2: Kaplan-Meier survival curves according to the HER2
overexpression in patients with gastric carcinoma.

the frequency of HER2 positivity in gastric cancer patients
from various regions throughout the world. According to the
review by Jorgensen and Hersom [8], the positive rate ranged
from 4% to 53% by IHC alone and from 9% to 18% when ISH
(in situ hybridization) was included. But according to what
was reported by Sheng et al. [40], detected by both IHC and
ISH, the HER2-positive rate was 13%. In the present study,
the rate of HER2 positivity was estimated to be 18.1%. Of
the 51 HER2-positive tumors in the present study, 36 were
of intestinal type and 12 were of diffuse type according to
Lauren’s classification.These data are consistentwith previous
reports that the intestinal type showed a higher rate of HER2
positivity than the diffuse/mixed type [37, 41–47]. A strong
correlation between HER2 positivity and intestinal histologi-
cal type is also supported by our finding. Furthermore, HER2
overexpression was related to depth of invasion of tumor,
lymph nodemetastasis, pTNM stage, and lymphatic invasion
presenting aggressive features of the tumor (Table 2). Lymph
node metastasis was significantly more frequent in patients
with poorly differentiated tumor histology. Several previous
studies have reported the existence of a relationship between
the presence of lymph node metastasis and tumor HER2
overexpression [42, 48]. This finding suggests that tumor
biology in the subgroup of patients with tumor HER2 over-
expression predisposes to spread via the lymphatic system.
This finding suggests the potential clinical benefit of HER2-
targeted therapy in the adjuvant or neoadjuvant setting for
patients with node-positive gastric cancer.

In breast cancer, overexpression of the HER2 gene
was associated with poor outcomes, higher mortality, and
increased higher recurrence and metastasis [1, 49, 50]. It
has been generally reported that HER2 overexpression is
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correlated with aggressive biological behavior and poor prog-
nosis, despite some contradictory results in gastric carcinoma
[2, 5, 45, 51–60]. Our study confirmed that the HER2
positivity was associated with lymphatic invasion and lymph
node metastases (including pN stage) in agreement with
previous studies [53, 54, 56, 59, 61]. Our findings suggest
that HER2 overexpression is associated with a progression of
gastric cancer.

However, the association between HER2 status and prog-
nosis in gastric cancer remains controversial, and a corre-
lation between HER2 amplification or overexpression and
favorable survival has only been shown in a few studies [9, 62,
63]. Some studies have indicated that HER2 overexpression
is strongly associated with differentiated or intestinal type
gastric cancers, which generally have a better prognosis than
undifferentiated or diffuse type cancers. This may be the
major source of controversies surrounding the prognostic
value of HER2 overexpression. But most published studies
assessing this association have shown a poor prognosis in
HER2-positive gastric cancers. In our study, HER2 overex-
pression was correlated with poor prognosis.

The present study has examined the association between
the mucin markers and HER2 status of gastric cancer. Of the
three mucin markers that we examined, the expression of
MUC2 (goblet cells) and MUC6 (mucous neck cells, pyloric
glands) was significantly correlated with HER2 positivity.

BecauseMUC2was strongly correlatedwith the intestinal
histological type in our study (𝑃 = 0.004), it seems that the
correlation betweenMUC2 andHER2 expressionmay reflect
a linkage between the intestinal differentiation of cancer cells
and HER2 expression.

The p53 gene is also located on chromosome 17 like the
c-erbB-2 gene. It is a representative tumor suppressor gene,
and mutations of this gene are found out in most tumors
originating from the gastrointestinal system, urogenital sys-
tem, and skin [64]. The wild-type p53 gene is involved in the
differentiation, proliferation, and apoptosis of cells, whereas
the mutant type is considered to be the cause of atypical cell
growth [65]. Accumulation of p53 protein in the nuclei of
carcinoma cells is known to correlatewell with the presence of
mutations in the p53 gene [36, 38]. Our study demonstrated
a strong correlation between p53 overexpression and HER2
positivity, suggesting a possible role of p53 abnormality in the
development of HER2-positive gastric cancer. These findings
are consistent with previous studies, which have reported a
correlation between p53 nuclear staining andHER2 positivity
[19, 21]. Intriguingly, some studies also reported a linkage
between alterations of p53 and the intestinal histological type.
Consistently, our study confirmed that p53 overexpression
was more often found in the intestinal type of gastric cancer
[25, 53]. These results suggest that the intestinal differentia-
tion of cancer cells, as well as HER2 and MUC2 expression,
may also be linked to the expression of p53. The significance
of the expression of these molecules in regard to tumor
biology and prognosis needs to be determined by further
studies.

This study had some limitations. Even though we focused
on gastric cancer treated by curative resection, we could
not evaluate the effect of adjuvant chemotherapy. Most early

stage gastric cancer patients were not treated with adjuvant
chemotherapy, and patients with more advanced stages were
treated with heterogeneous adjuvant chemotherapy protocol.
The influence of tumor location was not analyzed due to
the small number of cardiac origin patients (0.6%) included
in this study There is a relatively low incidence of proximal
gastric cancer in Asian patients compared to the incidence
in Western countries. Therefore, there were too few patients
to evaluate differences in tumor location. And this study
includes the relatively short follow-up time, particularly
for maintenance of oncologic issues. A long term follow-
up is needed to determine the association between HER2
expression and the mucin markers and p53 of gastric cancer
prognosis.

5. Conclusion

In summary, we assessed the HER2 status in 282 samples
from consecutive surgical cases of gastric cancer. The total
HER2-positive rate was 18.1%. HER2 overexpression was
correlated with Lauren classification, TNM stage, depth of
invasion, nodal status, and lymphatic invasion. And MUC2
and MUC6 were significantly correlated with HER2 posi-
tivity. HER2 status was found to be associated with several
clinicopathological characteristics related to the invasive
behavior of gastric cancer, especially lymph node metastasis
and lymphatic invasion. This finding suggests the potential
clinical benefit of HER2-targeted therapy in the adjuvant or
neoadjuvant setting for patients with node-positive gastric
cancer.

And this study shows that HER2 overexpression is an
independent poor prognostic factor in gastric carcinoma.
Therefore, HER2 expression may be a useful marker to
predict the outcome of patients with surgically resected
gastric carcinoma.
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Chemotherapy has become the global standard treatment for patients with metastatic or unresectable gastric cancer (GC),
although outcomes remain unfavorable.Manymolecular-targeted therapies inhibiting signaling pathways of various tyrosine kinase
receptors have been developed, and monoclonal antibodies targeting human epidermal growth factor receptor 2 (HER2) have
become standard therapy for HER2-positive GC. An inhibitor of vascular endothelial growth factor receptor 2 or MET has also
produced promising results in patients with GC. Fibroblast growth factor receptors (FGFR) play key roles in tumor growth via
activated signaling pathways in GC. Genomic amplification of FGFR2 leads to the aberrant activation found in GC tumors and
is related to survival in patients with GC. This review discusses the clinical relevance of FGFR in GC and examines FGFR as a
potential therapeutic target in patients with GC. Preclinical studies in animal models suggest that multitargeted tyrosine kinase
inhibitors (TKIs), including FGFR inhibitor, suppress tumor cell proliferation and delay tumor progression. Several TKIs are now
being evaluated in clinical trials as treatment for metastatic or unresectable GC harboring FGFR2 amplification.

1. Introduction

Gastric cancer (GC) is the second leading cause of cancer-
related mortality, with 738,000 deaths per year [1]. Median
overall survival was only 10 to 13 months in patients with
metastatic or unresectable GCwho received combined chem-
otherapy with cytotoxic agents [2–4].

Aberrant or oncogenic activation of receptor tyrosine
kinase (RTK) is involved in carcinogenesis or tumor progres-
sion. Inhibition of signaling pathways of RTK is most inten-
sively pursued as an anticancer target. Trastuzumab, a mon-
oclonal antibody against human epidermal growth factor
receptor 2 (HER2/ERBB2), was the first RTK-targeting agent
approved for the indication of unresectable or metastatic
GC worldwide [5]. However, several agents targeting epi-
dermal growth factor receptor (EGFR) provided no addi-
tional benefits in clinical trials [6–8]. Bevacizumab, a mono-
clonal antibody targeting vascular endothelial growth factor-
(VEGF-) A, which activates VEGF receptor- (VEGFR-) 1

and VEGFR-2, provided significant benefits in terms of
progression-free survival (PFS), but not overall survival (OS)
[9]. Ramucirumab is a monoclonal antibody targeting the
extracellular domain of VEGFR-2. Ramucirumab as second-
line chemotherapy prolonged overall survival [10, 11] and
was recently approved for the indication of unresectable or
metastatic GC. Rilotumumab is a monoclonal antibody
designed to inhibit binding of HGF to c-MET. Its additive
effect was clinically significant in GC with high c-MET
expression [12].

Fibroblast growth factor receptors (FGFRs) are one of the
RTK families that belong to the immunoglobulin (Ig) super-
family [13]. Binding of fibroblast growth factors (FGFs)
with high-affinity to FGFR results in kinase activation of
downstream signaling pathways.The FGFR family consists of
5 receptors, named FGFR1 to FGFR5. The extracellular
regions of FGFRs comprise 3 extracellular Ig-like domains
(I–III), a single transmembrane domain, and the cytoplasmic
tyrosine kinase domains TK1 and TK2. However, FGFR5
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Table 1: FGFR protein expressions on immunohistochemical analysis and clinical outcomes in GC.

𝑛
Definition of
positivity

Positive
case %

Relation to
clinicopathological

factors
Relation to survival Reference

FGFR1 222 Scoring system of
intensity + extensity 29 T, N, M, stage Worse [19]

FGFR2

950 2+ or 3+, >50% 31 T, N, M, stage Worse [22]

222 Scoring system of
intensity + extensity 51 T, N, M, stage Worse [19]

136 Stronger than normal
epithelium 31

T, peritoneal
Dissemination,
diffuse type

Worse [20]

49 Stronger than normal
epithelium 41 Stage

Undifferentiated type Worse [21]

FGFR3 222 Scoring system of
intensity + extensity 64 NA NA [19]

FGFR4 222
Scoring system of
intensity + extensity

score
79 T, N, M, stage Worse [19]

94 3+, >10% 38 NA Worse [23]
T: tumor depth; N: lymph-node metastasis; M: distant metastasis; NA: not assisted.

lacks an intracellular tyrosine kinase domain. The extracel-
lular Ig-II and Ig-III domains are the FGF ligand-binding
sites. Alternative splicing of Ig-III occurs in FGFRs 1–3, creat-
ing IIIb and IIIc variants of the receptors with diverse ligand-
binding specificities that are expressed in a tissue-specific
manner [14–16]. Binding of FGFs to FGFRs induces recep-
tor dimerization, conformational changes within the FGFR
structure, and phosphorylation of tyrosines in the intracellu-
lar part of the receptor, including the kinase domain and the
C-terminus [17]. Subsequent downstream signaling is acti-
vated in twomain pathways via the intracellular receptor sub-
strates FGFR substrate 2 (FRS2) and phospholipase Cg, lead-
ing ultimately to upregulation of the Ras-dependentmitogen-
activated protein kinase (MAPK)/extracellular signal-regu-
lated kinase (ERK) andRas-independent phosphoinositide 3-
kinase (PI3K)/Akt signaling pathways [18]. The other signal-
ing pathway, dependent on signal transducer and activator of
transcription (STAT), is activated by FGFRs [14].

2. Clinical Analysis of Expression or
Genomic Alteration of FGFR in GC

The results of immunohistochemical analyses of FGFRs are
summarized in Table 1. We previously showed that protein
overexpression of FGFR1, FGFR2, and FGFR4 is significantly
associated with tumor depth, lymph-node metastasis, tumor
stage, and poorer survival in GC, while FGFR3 is not
[19]. Others have shown that overexpression of K-sam, a
FGFR2 homologue, is significantly related to pathologically
undifferentiated or diffuse-type GC [20, 21]. Nagatsuma
et al. reported that FGFR2 overexpression is significantly
associated with tumor depth, lymph-node metastasis, and
tumor stage in a larger analysis [22]. Moreover, patients with
FGFR2 overexpression had a significantly higher incidence of
peritoneal or lymph-node recurrence and a significantly

shorter survival than those without FGFR2 overexpression.
Ye et al. showed that FGFR4 is not associatedwith any clinico-
pathological factors or with survival, although patients with
far advancedGC and FGFR4 overexpression had significantly
worse survival [23].ThemRNA expression of FGFR1, FGFR2,
or FGFR4 was upregulated in GC as compared with that in
normal tissues, although FGFR3mRNAwas barely detectable
in normal as well as cancer tissue [24].

Studies of FGFR genomic alterations are summarized in
Table 2. FGFR2 amplification is a well-known phenomenon
inGC.The frequency of FGFR2 amplification on comparative
genomic hybridization had been reported to be 7% (2 of 30)
in GC in one study and 16% (3 of 19) in diffuse-type GC
in another [25, 26]. In a study using Southern blot analysis,
the frequency of FGFR2 amplification was 5% (3 of 57) [27].
Betts et al. reported that FGFR2 amplification was detected
on fluorescence in situ hybridization (FISH) analysis in 1.8%
(3 of 171) of GCs, and survival was very poor in three patients
who had tumorswith FGFR2-amplification [28]. In a study by
Jung et al.,FGFR2 amplificationwas detected onFISH in 4.5%
(14 of 313) of GCs and was significantly associated with the
depth of tumor invasion, lymph-node metastasis, distant
metastasis, tumor stage, and poorer survival [29]. In that
study, FGFR2 amplification was not detected in papillary
or well-differentiated subtypes of GC. Das et al. reported
that FGFR2 amplification was found in 7.3% (10 of 137) of
patients, while FGFR2 deletion was detected in 5.8% (8 of
137), and patients with FGFR2-amplified GC had worse sur-
vival than those with FGFR2-deleted GC [30]. Interestingly,
they showed that not only FGFR2 amplification but also
deletion was more common in undifferentiated type than in
differentiated type. In an international multicenter study
using FISH, the presence of FGFR2 amplification did not
differ appreciably among three countries: 7.4% (30 of 408) in
the UK, 4.6% (9 of 197) in China, and 4.2% (15 of 356) in
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Table 2: FGFR gene alterations in GC.

Method 𝑛
Positive expression

definition % Relation to
clinicopathological factors Relation to survival Reference

FGFR2
amplification

FISH 961
FGFR2/CEP-10 ratio ≥2
or FGFR2 gene clusters

in ≥10%
5.6 N Worse [31]

FISH 313 FGFR2/CEP-10 ratio ≥2
or FGFR2 gene clusters 4.5 T, N, M, stage Worse [29]

FISH 171 FGFR2/CEP-10 ratio ≥2 1.8 ND Worse [28]
FISH 137 FGFR2/CEP-10 ratio ≥2 7.3 Undifferentiated type Worse [30]

RT-PCR 267 FGFR2 >5 copies 4.1 NA worse [32]
SNP microarray 193 GISTIC algorithm 9.3 NA NA [33]
SNP microarray 100 GISTIC algorithm 3.0 ND Not investigated [34]

FGFR4 SNIP PCR-RFLP 103 Arg388 allele 57 NA Worse [36]
FGFR1mutation Whole-exome sequence 138 2.2 ND ND [37]
FISH: fluorescence in situ hybridization; RT-PCR: reverse-transcription polymerase chain reaction; SNP: single nucleotide polymorphism; PCR-RFLP:
polymerase chain reaction-restriction fragment length polymorphism analysis; CEP: chromosome enumeration probe; GISTIC: the genomic identification
of significant targets in cancer; T: tumor depth; N: lymph-node metastasis; M: distant metastasis; NA: not assisted; ND: not described.

Korea [31]. In each country, patients with FGFR2-amplified
GCshadworse survival than thosewith nonamplifiedGCs. In
addition, 24.1% of FGFR2-amplified GCs displayed intratu-
moral heterogeneity within multiple samples extracted from
the same tumors on tissue microarray analysis. In the FISH
studies mentioned above, FGFR2 gene amplification was
determined on the basis of the presence of tight signals of
FGFR2 clusters or a ratio of FGFR2 signals to chromosome
enumeration probe-10 signals of 2.0 or higher.

Matsumoto et al. reported that FGFR2 amplification on
copy number assay (more than 5 copies) was detected in
4.1% (11 of 267) of GCs, whereas amplification of other
FGFRs was not detected [32]. Patients with FGFR2-amplified
tumors had slightly but not significantly shorter survival than
those with nonamplified tumors. In a comprehensive survey
assessing genomic alterations of GCs by high-resolution
single nucleotide polymorphism arrays, FGFR2 amplification
was detected in 9.3% (18 of 193) of GCs, and coamplification
of FGFR2 with EGFR, ERBB2, KRAS, or MET was rarely
detected [33]. In that study, the overall survival of patients
with FGFR2 amplification did not differ from that of patients
with nonamplification, although the survival of patients with
high mRNA expression of FGFR2 was significantly worse
than that of patients with lowmRNA expression of FGFR2 in
the extended population. Wang et al. detected FGFR2 ampli-
fication in 3.0% (3 of 100) of GCs on single nucleotide
polymorphism (SNP) genotyping arrays [34]. In addition,
two mutations of FGFR2 were identified in GC: a missense
in exon IIIa and a splice site mutation in exon IIIc [35].

Among other FGFR genes, Ye et al. investigated the SNP
of FGFR4 (Gly388 to Arg388) in GC samples and showed that
45% (46 of 103) of patients were heterozygous and 13% (13 of
103) homozygous for Arg388 allele [36]. Patients with tumors
in which FGFR4 Arg388 allele was found had significantly
shorter survival, and the presence of FGFR4 Gly388Arg
allele was an independent prognostic factor. FGFR1 somatic

mutation on whole-exome sequencing was detected in 1.1% (1
of 87) of diffuse type GCs and in 3.9% (2 of 51) of intestinal
type GCs [37].

3. Preclinical Studies of FGFR Inhibition in
GC Cells

FGFR2-amplified GC cell lines have high expression of
FGFR2 protein or FGFR2mRNA [32, 38]. On the other hand,
the promoter region of FGFR2 gene is highly methylated,
and FGFR2mRNA expression is markedly reduced in several
GC cell lines (SNU-1, SNU-5, SNU-484, and SNU-638) [39].
FGFR2 mRNA expression was restorable by demethylation
using 5-aza-2-deoxycytidine in cell lines with methylation
of the promoter region of FGFR2, suggesting that aberrant
hypermethylation of FGFR2 genemight lead to loss of FGFR2
expression.

Zhao et al. generated two effectivemonoclonal antibodies
that recognize different epitopes on FGFR2: GAL-FR21,
binding to only IIIb isoform of FGFR2, and GAL-FR22,
binding to both IIIb and IIIc isoforms [40]. GAL-FR21 and
GAL-FR22 blocked the binding of FGFs to FGFR2 IIIb,
and GAL-FR21 inhibited FGF-induced phosphorylation of
FGFR2. Both antibodies downregulated FGFR2 expression
on SNU-16, an FGFR2-amplified GC cell line and effectively
inhibited the growth of SNU-16 xenograft tumors.

GP369 is an FGFR2-IIIb-specific antibody and blocked
phosphorylation of FGFR2, FRS2 tyrosine, and ERK in a GC
cell line (SNU-16) overexpressing FGFR2-IIIb [41]. GP369
treatment potently inhibited the growth of SNU-16 xenograft
tumors.

Small-molecule compounds fitting into the ATP-binding
pockets of RTKs have been developed as anticancer drugs.
PD173074 is a reversible inhibitor of FGFR and VEGFR.
PD173074 blocks FGF2-induced angiogenesis [42] and also
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blocks mitogenesis of tumor cells via G1-arrest mediated by
downregulation of cyclin D1 and cyclin D2 [43]. Treatment
with PD173074 selectively and potently inhibited growth
of FGFR2-amplified GC cell lines (KATOIII, SNU-16, and
OCUM-2M), leading to a strong decrease in tumor cells in
S phase accompanied by an increase in tumor cells in the
sub-G1 population [38]. In addition, prominent induction of
poly(ADP-ribose) polymerase, amarker of caspase activation
associated with apoptosis, was observed after treatment.
EGFR family kinases might have been downstream targets of
amplified FGFR2 in that study, because the increased expres-
sion of phosphorylated HER receptors was dependent on
FGFR2. PD173074wasmore effective inFGFR2-amplifiedGC
cell lines (SNU-16, TU-KATOIII, HSC-43, andHSC-39) than
in nonamplified cell lines (OCUM1, IM95, 58Aa1, and 44As3)
on growth inhibition assays [32].

Ki23057, a small-molecule-acting FGFR and VEGFR
autophosphorylation inhibitor, significantly suppressed the
proliferation of scirrhous cancer cells (OCUM-2MD3 and
OCUM-8), but not nonscirrhous cancer cells (MKN-7,MKN-
45, andMKN-74) [44]. Administration of Ki23057 prolonged
survival in a mouse model of peritoneal dissemination
prepared using OCUM-2MD3. Ki23057 mainly inhibited
the downstream RAS-ERK signaling pathway rather than
another PI3K-Akt pathway.

Cediranib (AZD2171) is also a broad-range tyrosine
kinase inhibitor (TKI) and inhibits FGFR, VEGFR, PDGFR,
and KIT, as well as VEGF-induced proliferation of human
endothelial cells [45]. Cediranib completely inhibited the
phosphorylation of FGFR2 and downstream targets, includ-
ing FRS2, Akt, and MAPK, in GC cell lines (KATO-III
and OCUM2M) that strongly expressed FGFR2-IIIb mRNA,
and then significantly and dose-dependently inhibited tumor
growth in KATO-III and OCUM2M tumor xenografts [46].

AZD4547 is a highly selective and potent ATP-competi-
tive TKI of FGFR1–3 and inhibited recombinant FGFR kinase
activity in vitro and suppressed FGFR signaling and growth
in tumor cell lines with deregulated FGFR expression [47].
After treatment of GC cell-lines (SNU-16 and KATO III) with
AZD4547, expression levels of phosphorylated FGFR2 and
its downstream signaling molecules, such as phospholipase
C-gamma, FRS2, ERK, and S6, were all reduced [48]. Fur-
thermore, treatment with AZD4547 also dose-dependently
increased the sub-G1 population ofGC cells. AZD4547 inhib-
ited tumor regression in FGFR2-amplified xenografts (SNU-
16) but not in nonamplified models (AZ521 and MGC803)
in that study. In addition, antitumor efficacy was enhanced
in vivo by combined chemotherapy with AZD4547 plus
chemotherapeutic agents as compared with monotherapy.

Ponatinib (AP24534) was designed with a carbon-carbon
triple bond to accommodate the T315I mutation in the ABL
kinase domain [49]. Ponatinib potently inhibits the kinase
activity of FGFR1–4 and had higher inhibitory activity in
GC cells with FGFR2 amplification than did other FGFR
inhibitors and inhibited the growth of SNU-16 xenograft
tumors [50]. In addition, ponatinib potently inhibited cell
proliferation and signaling in several cell lines of other
cancers with FGFR mutation.

S49076, a potent inhibitor of FGFR1–3, MET, and AXL,
inhibited the autophosphorylation of those receptors and the
phosphorylation of FRS2 [51]. S49076 inhibited viability in
SNU-16 cell lines and tumor growth in SNU-16 xenografts.
Combined treatment with S49076 and bevacizumab, a VEGF
inhibitor, enhanced the antitumor effect in other cancer
xenografts.

Dovitinib (TKI258) is an oral multitargeted TKI of
FGFR1–3, VEGFR, platelet-derived growth factor receptor
(PDGFR), FMS-like tyrosine kinase 3 (FLT-3), KIT, and
colony stimulating factor 1. The potent growth inhibitory
activity of dovitinib was specifically observed in FGFR2-
amplified GC cell lines (KATO-III and SNU-16) [33]. Dovi-
tinib treatment decreased phosphorylation of FGFR2, Akt,
and ERK and inhibited soft agar colony formation in FGFR2-
amplified GC cell lines, although additional factors might be
required to induce apoptosis by dovitinib treatment. Dovi-
tinib inhibited tumor growth in an FGFR2-amplified primary
human GC xenograft model [33].

Small interfering RNA (siRNA), the intermediate product
of the pathway of RNA interference, plays a key role in RNA
silencing treatment. Silencing of FGFR expression by treat-
ment with siRNA led to inhibition of proliferation and pro-
motion of apoptosis accompanied by a reduction in VEGFR
expression and a rise in caspase-3, an apoptosis-related
protein, in an in vitro study [52]. In experimental in vivo
studies usingGCcells (MGC80-3), siRNAalso suppressed the
expression of FGFR and enhanced tumor shrinkage [52].

MicroRNAs (miR) negatively regulate protein expression
by binding to protein-coding mRNAs and inhibiting trans-
lation. The 3UTR of FGFR1 mRNA contains two putative
binding sites of miR-133b [53]. Therefore, miR-133b reduced
the protein expression of FGFR1. Furthermore, upregulation
of FGFR1 expression was found to negatively correlate with
miR-133b expression in several GC lines and GC tissues.

4. Clinical Trials of FGFR-Targeted
Treatment in GC

Clinical trials of FGFR inhibitors for GC are summarized in
Table 3. Several phase II trials of FGFR inhibitors are ongoing
in GC. Dovitinib was evaluated in a phase I study of 35 solid
tumors including 2 GCs [54]. Enrolled patients were treated
in four intermittent (25–100mg/day) and three continuous
(100–175mg/day) dosing cohorts. Dose-limiting toxicities
were grade 3 hypertension in one patient in the 100mg con-
tinuous dosing cohort, grade 3 anorexia in a second patient
at 175mg, and grade 3 alkaline phosphatase elevation in a
third patient at 175mg. Unfortunately, neither patient with
GC had stable disease for more than 4 months in this study.
Nonetheless, three phase II studies of dovitinib are ongoing in
GC. Dovitinib is being assessed as salvage monotherapy after
failure of first- or second-line chemotherapy in patients with
advanced or metastatic scirrhous GC in one study [55] and in
patients with GC harboring FGFR2 amplification in another
study [56]. Dovitinib was administered orally at 500mg/day
on days 1 to 5 of 7-day repeated cycles in both studies. In the
third study, divided into phase I and phase II, dovitinib is
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Table 3: Clinical trials of FGFR-targeting agents in GC.

Agent Target Type of cancer Phase Combined regimen Status Reference

Dovitinib (TKI258) FGFR, VEGFR, PDGFR,
FLT-3, KIT, and CSF-1

Gastric (scirrhous type) II None Ongoing [55]
Gastric (FGFR2
amplification) II None Ongoing [56]

AZD4547 FGFR and VEGFR
Gastric II Docetaxel Ongoing [57]

Gastric (FGFR2
amplification) II Paclitaxel Ongoing [58]

Table 4: Phase III clinical trials of FGFR-targeting agents.

Agent Target Type of cancer Phase Combined regimen
(comparative arm) Status or result Reference

Cediranib
(AZD2171) FGFR and VEGFR

CRC III
FOLFOX or CAPOX

(FOLFOX or CAPOX +
placebo)

Negative on OS [59]

CRC III FOLFOX (FOLFOX +
bevacizumab) Negative on PFS [60]

NSLSC III
Carboplatin + paclitaxel
(carboplatin + paclitaxel

+ placebo)

Negative
on PFS/OS [61]

Brivanib
(BMS582664) FGFR and VEGFR

CRC (wild-type
KRAS) III Cetuximab (cetuximab +

placebo) Negative on OS [62]

HCC III None (sorafenib) Negative on OS [63]
HCC III None (placebo) Negative on OS [64]

Dovitinib
(TKI258)

FGFR, VEGFR, PDGFR,
FLT-3, KIT, and CSF-1 RCC III None (sorafenib) Negative on PFS [65]

Nintedanib
(BIBF1120)

FGFR, VEGFR, PDGFR,
FLT-3, and LCK NSCLC III Docetaxel (docetaxel +

placebo) Positive on PFS [66]

Lenvatinib
(E7080)

FGFR, VEGFR, and
PDGFR

HCC III None (sorafenib) Ongoing [68]
Thyroid III None (placebo) Ongoing [69]

Orantinib
(TSU68)

FGFR, VEGFR, and
PDGFR HCC III None (placebo) Suspended [70]

CRC: colorectal cancer; NSCLC: non-small-cell lung cancer; HCC: hepatocellular carcinoma; RCC: renal cell carcinoma; FOLFOX: 5-fluorouracil +
leucovorin + oxaliplatin; CAPOX: capecitabine + leucovorin + oxaliplatin; RFS: relapse-free survival; OS: overall survival.

being assessed in combination with docetaxel as second-line
chemotherapy in patients with GC [57].

A phase II study of AZD4547, an oral TKI of both FGFR
and VEGFR, is also ongoing to assess the efficacy and safety
of AZD4547 monotherapy versus paclitaxel in patients with
locally advanced or metastatic GC associated with FGFR2
polysomy or amplification [58]. AZD4547 was administered
orally at 160mg/patients on days 1 to 14 of a 21-day cycle.

5. Results of Clinical Trials of FGFR-Targeted
Treatment in Various Cancers

Phase III clinical trials in patients with other types of cancer
are shown in Table 4. Cediranib (AZD2171) is an oral TKI of
both FGFR and VEGFR. In one study of colorectal cancer,
the addition of cediranib to standard first-line chemotherapy
significantly prolonged PFS but not OS [59]. In the other
study, the noninferiority of cediranib did not reach the pre-
defined level of PFS as compared with bevacizumab [60]. No

synergistic effect of cediranib was found in patients with non-
small-cell lung carcinoma (NSCLC) [61]. Brivanib (BMS-
582664) is an oral TKI of both FGFR and VEGFR, and the
addition of brivanib increased toxicity and did not improve
OS as compared with cetuximab alone in patients with
colorectal cancer with wild-type KRAS [62]. In addition, no
significant effect of brivanib was found in unresectable hep-
atocellular carcinoma [63, 64]. Dovitinib (TKI258) is an oral
multitargeted TKI, including FGFR, and was not superior to
sorafenib in metastatic renal cell carcinoma [65]. Nintedanib
(BIBF1120) is an oral TKI of FGFR, VEGFR, PDGFR,
FLT-3, and lymphocyte-specific protein tyrosine kinase and
significantly prolonged PFS in combination with docetaxel in
patients with NSCLC [66].

6. Conclusions

Aberrant activation of FGFR signaling pathway, especially
FGFR2 amplification, is related to disease progression or poor
survival in GC; thus FGFR-targeted therapy is considered
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promising. Unfortunately, the superiority of multitargeted
TKIs, including those with FGFR inhibitory activity, to stan-
dard chemotherapy has not been demonstrated inmost phase
III clinical trials in other malignancies. However, TKIs were
evaluated as VEGFR inhibitors, but not FGFR inhibitors, in
those studies. FGFR inhibitors were shown to have higher
antitumor activity against FGFR2-amplified tumors than
against nonamplified tumors in preclinical studies [32, 33,
38, 40–42, 46, 48, 50, 51]. Therefore, ongoing clinical trials
of dovitinib or AZD4547 in patients with FGFR2-amplified
GC are expected to show positive results. Scirrhous gastric
cancer is known to be refractory to intensive treatment and
to carry a poor prognosis; however, FGFR2 amplification is
found in cell lines originating from scirrhous GC, such as
KATO-III, SNU-16, andOCUM-2M. FGFR inhibitorsmay be
a promising treatment for scirrhous GC and are now being
evaluated in clinical trials. On the other hand, intratumoral
heterogeneity of FGFR2 amplification has been found in
GC samples [32]. Intratumoral heterogeneity of HER2 was
also detected in GC, and the expression levels of primary
lesions may not be consistent with those of metastatic sites.
Intratumoral heterogeneity can be a critical issue for a single
molecular-targeted treatment [67].

Amplification of other FGFRs has not been found in
GC; however, overexpression of FGFR1 and FGFR4 or single
nucleotide polymorphism of FGFR4 appears to be associated
with tumor progression or survival [19, 23, 36]. Preclinical
studies evaluating other FGFRs in GC remain scant. FGFR2
amplification was detected in only 1.8% to 7.3% of patients
with GC, regardless of ethnic group; therefore, only a small
subgroup of patients with GC can potentially benefit from
FGFR2-targeted therapy alone. The development of FGFR
inhibitors against tumors with overexpression not only of
FGFR2 but also of FGFR1 or FGFR4 is likely to enhance
potential treatment benefits in patients with GC.
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Background. Single nucleotide polymorphisms (SNPs) in genes encoding microRNAs may play important role in the development
of gastric cancer. It has been reported that common SNPs rs2910164 in miR-146a and rs11614913 in miR-196a2 are associated with
susceptibility to gastric cancer. The published results remain inconclusive or even controversial. A meta-analysis was conducted
to quantitatively assess potential association between the two common SNPs and gastric cancer risk. Methods. A comprehensive
literature search was performed in multiple internet-based electronic databases. Data from 12 eligible studies were extracted to
estimate pooled odds ratios (ORs) and 95% confidence intervals (95% CI). Results. C allele of rs2910164 is associated with reduced
gastric cancer risk in heterozygote model and dominant model whereas rs11614913 indicates no significant association. Subgroup
analysis demonstrates that C allele of rs2910164 and rs11614913may decrease susceptibility to diffuse type gastric cancer in dominant
model and recessive model, respectively, while rs11614913 increased intestinal type gastric cancer in dominant model. Conclusion.
SNPs rs2910164 and rs11614913might have effect on gastric cancer risk in certain geneticmodels and specific types of cancer. Further
well-designed studies should be considered to validate the potential effect.

1. Introduction

Gastric cancer is among the leading causes of cancer-related
death worldwide. It is estimated that 989,600 new gastric
cancer cases were diagnosed in 2008 and caused 738,000
deaths in a single year. Gastric cancer accounts for 8% of
total cancer cases and 10% cancer-related death [1]. Despite
decreasing incidence of gastric cancer in developed countries,
gastric cancer remains a major health problem globally,
especially in Eastern Asia, Eastern Europe, and South Amer-
ica, which may be attributed to particular dietary pattern,
high prevalence of Helicobacter pylori infection, and limited
availability to proper food storage [2–4]. The mechanism
of gastric carcinogenesis remains elusive. Epidemiological
studies have shed light on risk factors of gastric cancer
including lifestyle factors, environmental carcinogens, and,
importantly, Helicobacter pylori infection [5, 6]. However,
these risk factors cannot fully explain the development of
gastric cancer since only a minority of exposed population

finally developed gastric cancer, indicating possible interplay
between risk factors and personal background including
genetic susceptibility [7].

In recent years, potential association between single
nucleotide polymorphisms (SNPs) and risk of gastric cancer
were reported [8]. Among the reported SNPs, correlation
between SNPs located in genes encoding microRNAs (miR-
NAs) or their binding sites is of great interest [9, 10]. miRNAs
are small noncoding, single-stranded RNA molecules com-
posed of around 22 nucleotides. miRNAs bind to comple-
mentary sequences in 3-untranslated regions of messenger
RNAs and negatively regulate their stability or translational
efficiency, therefore regulating posttranscriptional activity of
genes [11–13]. Aberrant function or expression of miRNAs
was reported to play important roles in gastric cancer. Since
a single miRNA may have numerous targets, even a slight
variation of a miRNA may lead to aberrance of a wide
spectrum of gene expression, including many oncogenes and
tumor-suppressor genes [7, 14]. SNPs in miRNA may also be
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Figure 1: Flow diagram of study search and selection.

involved in gastric cancer susceptibility through altering the
expression or function of miRNAs, subsequently leading to
aberrant expression of a set of genes [7, 15].

SNPs rs2910164 in miR-146a and rs11614913 in miR-196a2
have been reported as biomarkers of gastric cancer risk [16–
27]. However, the results of these studies are controversial
and inconclusive. Since the effects of SNPs in miRNAs on
gastric cancer susceptibility may be slight, sample size of
individual association study could be insufficient to detect
minor modifications of gastric cancer risk. In this study,
we performed a meta-analysis to systematically estimate
the potential association between rs2910164/rs11614913 and
susceptibility to gastric cancer with all available evidence.

2. Methods

2.1. Search Strategy. Asystematic literature searchwas carried
out using the combination of the following terms: “miR-146a,”
“miR-196a2,” “miR-196a-2,” “rs2910164,” “rs11614913,” “gastric
cancer,” “gastric carcinoma,” “gastric adenocarcinoma,” “stom-
ach cancer,” “stomach carcinoma,” and “stomach adenocarci-
noma” in multiple databases including PubMed, EMBASE,
ISI Web of Knowledge, the Cochrane Library, ScienceDi-
rect, Springer Link, Wiley Online Library, China National
Knowledge Infrastructure (CNKI), Wanfang Database, and
VIP Info database. Two investigators (Qing Ni and Anlai Ji)
independently performed the database search. Publication
language, date, and publication form (full-length article
or abstract/correspondence) were not restricted. All of the
search results were imported into Endnote X6 reference
managing software and duplicate records were removed.

The reference lists of potentially eligible studies were searched
manually. The two investigators crosschecked the search
results and reached consensus.

2.2. Literature Selection. We selected eligible studies based on
the following criteria: (1) case-control study; (2) investigated
associations between rs2910164 and/or rs11614913 and gastric
cancer susceptibility; (3) provided sufficient data of allele and
genotype frequencies of SNPs or required information could
be calculated; (4) if serial studies on the same population
were published, only the most recent study was included;
(5) proper methodology design. Quality of methodology
was evaluated by (1) comparable demographic characteristics
between patients and control population; (2) proper diag-
nosis of gastric cancer; (3) appropriate methods and quality
control for genotype determination; (4) Hardy-Weinberg
equilibrium that was reached in control group; (5) proper
statistical methods that were used. Two independent investi-
gators (Qing Ni and Anlai Ji) performed study selection and
reached final consensus. The details of literature search and
selection were shown in Figure 1 in standard PRISMA flow
diagram style.

2.3. Data Extraction. Data for meta-analysis were extracted
from eligible studies by two independent investigators (Qing
Ni and Anlai Ji). Authors of study, publish year, origin coun-
try, ethnicity of studied population, study design (hospital
based,HB, or population based, PB), genotypingmethod, and
allele/genotype frequencies were collected. Two investigators
crosschecked the results of data abstraction and discussed
them to reach mutual agreement by discussion.
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Table 1: Characteristics of included studies on rs2910164.

Author Year Country Ethnicity Study
design SNP Genotyping

methods HWE Case genotype Control genotype
GG GC CC GG GC CC

Ahn et al. [20] 2013 South Korea Asian HB rs2910164 PCR-RFLP 0.362 71 231 159 62 221 164
Dikeakos et al. [19] 2014 Greece Caucasian HB rs2910164 PCR-RFLP 0.289 13 45 105 24 149 307
Hishida et al. [21] 2011 Japan Asian HB rs2910164 PCR-CTPP 0.738 82 271 230 229 775 633

Kupcinskas et al. [25] 2014
Germany/
Lithuania/
Latvia

Caucasian HB rs2910164 TaqMan 0.531 252 94 16 223 108 16

Okubo et al. [17] 2010 Japan Asian HB rs2910164 PCR-RFLP 0.278 73 243 236 121 322 254
Parlayan et al. [16] 2014 Japan Asian HB rs2910164 TaqMan 0.640 20 79 61 71 237 216
Pu et al. [27] 2014 China Asian HB rs2910164 PCR-RFLP 0.080 36 96 65 96 274 143
Zeng et al. [22] 2010 China Asian HB rs2910164 PCR-RFLP 0.122 62 153 89 53 132 119

Zhou et al. [24] 2012 China Asian HB rs2910164 TaqMan 0.544 248 380 122 236 424 175
0.929 330 442 164 315 527 218

SNP, single nucleotide polymorphism; HB, hospital based; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; PCR-CTPP,
polymerase chain reaction with confronting two-pair primers; HWE, 𝑃 value for Hardy-Weinberg equilibrium test.

2.4. Statistical Analysis. Quantitative data synthesis was per-
formed by Review Manager 5.2.11 (Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration). Statistical
heterogeneity among studies was estimated by 𝜒2-based 𝑄
test. A 𝑃 value less than 0.1 for 𝑄 test indicated the existence
of significant statistical heterogeneity [28]. If no significant
heterogeneity was detected, the pooled odds ratios (ORs)
with corresponding 95% confidence interval (95% CI) were
estimated by the Mantel-Haenszel fixed-effects model [29].
Otherwise, the DerSimonian-Liard random-effects model
was used to calculate pooled ORs [30, 31]. The amount of
heterogeneity was measured by the 𝐼2 statistic [32]. 𝐼2 value
less than 25%, between 25% and 50%, greater than 50%
indicated low,moderate, and high heterogeneity, respectively.
The statistical significance of pooled ORs was determined by
𝑍 test. A 𝑃 value for 𝑍 test less than 0.05 was considered
statistically significant. Forest plots were provided generated
to summarize the results of meta-analysis. The strength of
associations between SNPs and the risk of gastric cancer
were determined under the following genetic models: (1)
allele frequency (C versus G for rs2910164 and C versus T
for rs11614913); (2) heterozygous model (GC versus GG for
rs2910164 and TC versus TT for rs11614913); (3) homozygous
model (CC versus GG for rs2910164 and CC versus TT
for rs11614913); (4) dominant model (GC + CC versus GG
for rs2910164 and TC + CC versus TT for rs11614913); (5)
recessive model (CC versus GG + GC for rs2910164 and CC
versus TT + TC for rs11614913).

Sensitivity analysis was conducted by excluding one
individual study in turn to observe whether the significance
of heterogeneity test and pooled ORs changed. Subgroup
analyses were performed by stratified analysis according to
Lauren’s histology classification of gastric cancer (intestinal
or diffuse), cardiac or noncardiac gastric cancer, and lymph
node status (N0 or N1) when sufficient data were available.

2.5. Publication Bias. Publication bias of the included studies
was assessed by funnel plots generated by Review Manager.

Begg’s test and Egger’s test were performed using STATA 11
software. A symmetrical plot suggested no obvious publica-
tion bias.

3. Results

3.1. Characteristics of Included Studies. A total of 582 papers
were retrieved after electronic search and duplicate removal.
As shown in Figure 1, after initial screening and review of
full-text, 12 studies were included in this meta-analysis [16–
27]. Characteristics of included studies were presented in
Tables 1 and 2. For rs2910164 inmiR-146a, 9 studies consisting
of 4468 cases and 6844 controls were analyzed [16, 17, 19–
22, 24, 25, 27]. For rs11614913, 9 studies involving 3992 cases
and 5418 controls were included [16–20, 23, 25–27]. The
genotyping methods in these studies include polymerase
chain reaction-restriction fragment length polymorphism
(PCR-RFLP), polymerase chain reaction with confronting
two-pair primers (PCR-CTPP), and TaqMan probe-based
genotyping.

3.2. Association between rs2910164 in miR-146a and Gastric
Cancer Susceptibility. The association between rs2910164 and
the risk of gastric cancer were analyzed based on data from
9 studies [16, 17, 19–22, 24, 25, 27]. The report from Zhou
et al. [24] is comprised of two independent populations. In
this meta-analysis, the two population groups were included
separately. Significant heterogeneity was detected in allele
frequency model, homozygote model, and recessive model
and random-effects model was employed to calculate pooled
ORs and 95% CIs in these comparisons. The results of the
meta-analyses on rs2910164 were summarized in Table 3.
HeterozygousC allele carrier showed decreased risk of gastric
cancer compared with GG genotype (OR = 0.89, 95%CI 0.81–
0.99, 𝑃 = 0.03, Figure 2(a)). Similarly, in dominant model,
GC and CC genotypes were associated with less susceptibility
to gastric cancer compared with GG carriers (OR = 0.88,
95% CI 0.80–0.97, 𝑃 = 0.009, Figure 2(b)). No significant
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Table 2: Characteristics of included studies on rs11614913.

Author Year Country Ethnicity Study
design SNP Genotyping

methods HWE Case genotype Control genotype
TT TC CC TT TC CC

Ahn et al. [20] 2013 South Korea Asian HB rs11614913 PCR-RFLP 0.322 119 242 100 128 232 87
Dikeakos et al. [19] 2014 Greece Caucasian HB rs11614913 PCR-RFLP 0.850 15 46 102 172 229 79

Kupcinskas et al. [25] 2014
Germany/
Lithuania/
Latvia

Caucasian HB rs11614913 TaqMan 0.161 35 184 144 46 145 159

Okubo et al. [17] 2010 Japan Asian HB rs11614913 PCR-RFLP 0.510 166 281 105 223 350 124
Parlayan et al. [16] 2014 Japan Asian HB rs11614913 TaqMan 0.410 44 72 44 146 270 108
Peng et al. [18] 2010 China Asian HB rs11614913 PCR-RFLP 0.936 43 94 76 50 107 56
Pu et al. [27] 2014 China Asian HB rs11614913 PCR-RFLP <0.01 25 95 39 86 324 101

Wang et al. [66] 2013 China Asian HB rs11614913 TaqMan 0.898 226 371 152 232 448 220
0.058 293 480 167 292 492 262

Yang et al. [26] 2013 China Asian PB rs11614913 TaqMan 0.100 21 109 102 42 136 72
SNP, single nucleotide polymorphism; HB, hospital based; PB, population based; PCR-RFLP, polymerase chain reaction-restriction fragment length
polymorphism; HWE, 𝑃 value for Hardy-Weinberg equilibrium test.

Table 3: Summary of pooled ORs in meta-analyses of rs2910164.

Genetic model Pooled OR [95% CI] 𝑃 𝑃hetero

C versus G 0.94 [0.85–1.04] 0.21 0.003
GC versus GG 0.89 [0.81–0.99] 0.03 0.43
CC versus GG 0.89 [0.72–1.08] 0.23 0.009
GC + CC versus GG 0.88 [0.80–0.97] 0.009 0.12
CC versus GC + GG 0.94 [0.81–1.08] 0.38 0.008
OR, odds ratio; 95% CI, 95% confidence interval; 𝑃hetero, 𝑃 value for hetero-
geneity test.

association was demonstrated in allele frequency model,
homozygote model, and recessive model. Interestingly, in
sensitivity analysis, after removal of Okubo et al.’s study, sta-
tistical heterogeneity in allele frequency model, homozygote
model, and recessive model all became nonsignificant and
the pooled ORs showed reduced risk of gastric cancer with
statistical significance. Therefore, the study from Okubo et
al. may represent an outlier among the included studies.
We next performed subgroup analyses stratified by Lauren’s
histology classification in dominant model and recessive
model (Table 5). The results indicated that, in dominant
model, GC and CC carriers had reduced risk of diffuse
type gastric cancer (OR = 0.86, 95% CI = 0.74–0.99, 𝑃 =
0.04, Figure 2(c)). No significant association was suggested in
other models and intestinal type gastric cancer.

3.3. Association between rs11614913 inmiR-196a2 andGastric Can-
cer Susceptibility. Potential association between rs11614913
and susceptibility to gastric cancer was evaluated using the
data reported in 9 studies [16–20, 23, 25–27]. Wang et
al.’s study [23] included two sets of independent cases and
controls which were analyzed as separate populations in this
meta-analysis. Heterogeneity test in all of the genetic models
showed statistical significance and random-effectsmodel was
used. The results of the comparisons were listed in Table 4.
To our surprise, rs11614913 in miR-196a2 demonstrated no

Table 4: Summary of pooled ORs in meta-analyses of rs11614913.

Genetic model Pooled OR [95% CI] 𝑃 𝑃hetero

C versus T 1.25 [0.97–1.60] 0.09 <0.00001
TC versus TT 1.09 [0.94–1.28] 0.25 0.06
CC versus TT 1.52 [0.96–2.39] 0.07 <0.00001
TC + CC versus TT 1.26 [0.98–1.63] 0.07 <0.00001
CC versus TC + TT 1.36 [0.90–2.05] 0.14 <0.00001
OR, odds ratio; 95% CI, 95% confidence interval; 𝑃hetero, 𝑃 value for hetero-
geneity test.

significant association with gastric cancer risk in any genetic
model tested. Although exclusion of the studies from
Dikeakos et al., Kupcinskas et al., and Wang et al., respec-
tively, diminished statistical heterogeneity in heterozygote
model (TC versus CC), pooled ORs remained nonsignificant.
In subgroup analyses (Table 5), rs11614913 was not associated
with either cardiac or noncardiac lesions. In recessive model,
this SNP also presented no association with lymph node
metastasis. Interestingly, CC genotype may correlate with a
decreased risk of diffuse gastric cancer in recessive model, as
suggested by a pooled OR = 0.83 (95% CI 0.71–0.97, 𝑃 = 0.02,
Figure 3(a)). TC and CC genotypes may predispose carrier to
intestinal type cancer in dominant model (OR = 1.27, 95% CI
1.03–1.55, 𝑃 = 0.02, Figure 3(b)).

3.4. Publication Bias. The distribution of studies in funnel
plots for analyses of rs2910164 was symmetrical, indicating
no evidence for significant publication bias. Begg’s test and
Egger’s test in meta-analyses demonstrating significant out-
come also suggested no statistically significant publication
bias in these comparisons (GC versus GG: Begg’s test 𝑃 =
0.474 and Egger’s test 𝑃 = 0.544; GC + CC versus GG: Begg’s
test 𝑃 = 0.474 and Egger’s test 𝑃 = 0.481). However, the
funnel plots for rs11614913 showed asymmetrical distribution.
Publication bias may exist in studies on potential association
between rs11614913 and gastric cancer susceptibility.
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Figure 2: Forest plots of meta-analyses on rs2910164 in miR-146a. (a) Meta-analysis comparing heterozygous GC with GG. (b) Meta-analysis
under dominant model (GC + CC versus GG). (c) Subgroup analysis in diffuse type gastric cancer using dominant model (GC + CC versus
GG). The blue squares and corresponding horizontal lines indicate odds ratio of individual study. The area of the squares reflects weight of
indicated study. The black filled diamond represents pooled odds ratio and 95% confidence interval.
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Table 5: Summary of pooled ORs in subgroup analyses.

SNP Number of studies Subgroup Genetic model Pooled OR [95% CI] 𝑃 𝑃hetero

rs2910164 4 Intestinal type GC + CC versus GG 0.95 [0.72–1.25] 0.7 0.04
rs2910165 4 Diffuse type GC + CC versus GG 0.86 [0.74–0.99] 0.04 0.11
rs2910164 3 Intestinal type CC versus GG + GC 0.91 [0.76–1.11] 0.36 0.33
rs2910165 3 Diffuse type CC versus GG + GC 0.88 [0.68–1.14] 0.33 0.26
rs11614913 3 Cardiac lesion CC versus TT + TC 0.91 [0.51–1.64] 0.76 0.04
rs11614913 3 Noncardiac lesion CC versus TT + TC 1.10 [0.63–1.89] 0.74 0.0002
rs11614913 3 Lymph node negative CC versus TT + TC 0.89 [0.74–1.07] 0.22 0.15
rs11614913 3 Lymph node positive CC versus TT + TC 1.54 [0.54–4.35] 0.42 <0.00001
rs11614913 3 Intestinal type TC + CC versus TT 1.27 [1.03–1.55] 0.02 0.23
rs11614913 3 Diffuse type TC + CC versus TT 1.01 [0.78–1.32] 0.92 0.55
rs11614913 4 Intestinal type CC versus TT + TC 0.91 [0.64–1.28] 0.58 0.003
rs11614913 4 Diffuse type CC versus TT + TC 0.83 [0.71–0.97] 0.02 0.4
OR, odds ratio; 95% CI, 95% confidence interval; 𝑃hetero, 𝑃 value for heterogeneity test.
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Figure 3: Forest plots of meta-analyses on rs11614913 in miR-196a2. (a) Subgroup analysis in diffuse type of gastric cancer using recessive
model (CC versus TT + TC). (b) Subgroup analysis in intestinal type of gastric cancer under dominant model (TC + CC versus TT).The blue
squares and corresponding horizontal lines indicate odds ratio of individual study. The area of the squares reflects weight of indicated study.
The black filled diamond represents pooled odds ratio and 95% confidence interval.

4. Discussion

Recent research on miRNAs has led to new insight into
molecular mechanisms of gastric cancer development [10, 33,
34]. Variations in miRNAs may have profound impact on
individual’s susceptibility to gastric cancer through regulating

a wide spectrum of oncogenes and tumor-suppressor genes.
SNPs in miRNA-coding genes and their influence on gastric
cancer risk have drawn much attention and related results
may help broaden our horizon of gastric cancer. Better
understanding of SNPs in miRNAs could improve current
management of this detrimental disease by early detection
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of gastric cancer in high risk populations [35]. Functional
SNPs rs2910164 in miR-146a and rs11614913 in miR-196a2 are
reported to have association with gastric cancer susceptibility
though the results are inconclusive or even controversial [16–
27]. In this present study, we conducted a meta-analysis by
quantitatively synthesizing available data from 12 published
papers to demonstrate potential effects of these two common
SNPs on gastric cancer susceptibility.

Located in the stem region opposite to mature miR-146a
sequence, rs2910164 G >C polymorphism changed G :U pair
to C :U mispair in the stem region of the precursor of miR-
146a. C allele of rs2910164 resulted in decreased production
of mature miR-146a and subsequently reduced the inhibition
of multiple target genes in thyroid cells and hepatocellular
carcinoma [36, 37]. In contrast, another two studies reported
that C allele of rs2910164 elevated the expression level of
miR-146a in breast cancer cells and cervical cancer tissues
[38, 39]. The different regulation of this SNP on mature
mir-146a may reflect complex gene background between
different tissues. The influenced genes by miR-146a include
IL-1 receptor-associated kinase 1 (IRAK1), TNF receptor-
associated factor 6 (TRAF6), and papillary thyroid carcinoma
1 (PTC1) [36]. Interestingly, IRAK1 and TRAF6 are involved
in the regulation of Toll-like receptor (TLR-4) pathway, which
has important role in innate immunity against Helicobacter
pylori [40, 41]. Hishida et al.’s indeed elucidated interaction
between miR-146a rs2910164 and TLR4 + 3725 polymor-
phisms. Their study found that GG genotype of rs2910164
and TLR4 + 3725 C allele increased the risk of severe gastric
atrophy in Helicobacter pylori-infected Japanese population
[21]. miR-146a itself also has important role in cancer cell
proliferation [37]. Association between rs2910164 and gastric
cancer susceptibility has been reported [17, 20, 22, 24];
however other studies demonstrated no correlation of this
SNP with gastric cancer risk [16, 19, 21, 25, 27].

In this meta-analysis, a total of 9 case-control studies
were systematically summarized to generate a comprehensive
evaluation of the association between rs2910164 in miR-146a
and gastric cancer susceptibility. Our result indicated that
rs2910164 GC genotype displayed reduced risk of gastric
cancer compared with GG carriers. In dominant model, GC
and CC genotype also showed decreased susceptibility to
gastric cancer with statistical significance. This association
was not found in other genetic models. However, the study
from Okubo et al. [17] had a significant influence on pooled
ORs. In sensitivity analyses, removal of this study not only
diminished statistical heterogeneity among included studies
but also changed pooled ORs towards significant reduced
risk of gastric cancer in allele frequency model (C versus
G), homozygote model (CC versus GG), and recessive model
(CC versus GC + GG). This study may be the source of
heterogeneity with potential bias and could cause a major
distortion on the analysis of association between rs2910164
and gastric cancer risk. The possible effect of rs2910164 on
gastric cancer susceptibility in allele frequency, homozygote
model, and recessive model should not be ruled out. In
subgroup analysis, our results demonstrated a significant
reduction of diffuse type cancer in dominant model. This
result is of considerable importance since diffused type

gastric cancer is correlated with poorer prognosis [42]. C
allele of rs2910164 may represent a protective factor against
diffused type cancer and could serve as a reference in the
screening among high risk population.

The other SNP investigated in this study is rs11614913 in
miR-196a2. It was initially reported as a prognostic factor
of non-small cell lung cancer [43]. The role of rs11614913
in esophageal cancer [44], hepatocellular carcinoma [45],
and head and neck cancer [46] was also demonstrated. C
allele of rs11614913 increased the expression of mature miR-
196a2 in HCC tissues [47] and may cause aberrant expres-
sion of downstream genes, including several carcinogenesis-
related genes such as homeobox (HOX) family, annexin A1
(ANXA1), and high mobility group AT-hook1 (HMGA1)
[48]. Aberrance in HOX family transcription factors plays a
significant role in gastric carcinogenesis and cancer stemness
[49]. Acting as a mediator of apoptosis and an inhibitor
of proliferation, ANXA1 participates in many pathological
processes of human disease [50–52]. Deregulation of ANXA1
was found in both precancerous gastric lesions and gastric
cancer [53, 54]. Similarly, HMGA1 was also reported to
maintain cell proliferation in gastric cancer [55]. Therefore,
SNP rs11614913 inmiR-196a2 could cause multiple expression
change of gastric cancer-related genes and contribute to
susceptibility of gastric cancer.

Our meta-analysis systematically summarized data from
9 studies involving 10 study populations and to our surprise,
rs11614913 in miR196a2 did not associate with gastric cancer
risk in any genetic model tested. Nevertheless, in subgroup
analyses, CC genotype of rs11614913 was found to reduce
the risk of diffuse type gastric cancer in recessive model
compared with TT and TC carriers. Interestingly, TC and
CC carriers showed higher risk of intestinal type cancer
in dominant model. These findings were not suggested in
comparisons in tumor location (cardiac or noncardiac lesion)
and lymph node status.

4.1. Comparison with OtherMeta-Analyses. Before this meta-
analysis, several papers from other authors have been pub-
lished on the effects of rs2910164 and rs11614913 on cancer risk
[56–68]. However, most of these studies did not distinguish
type of cancers and investigated overall effect of the SNPs
on all types of cancer [56–59, 62]. Some papers narrowed
the aim of study to digestive cancers or gastrointestinal
cancers but still included several cancers from different
tissues [60, 61, 64–66]. A major concern is that different
cancers from different tissue origins have distinctmechanism
of pathogenesis. The clinical heterogeneity brought by this
inherent difference could distort the result of meta-analysis.
Only one study fromHua et al. summarized potential effect of
these two common SNPs on gastric cancer by meta-analysis
[7]. Their study found no association between rs2910164 and
rs11614913 and gastric cancer susceptibility. Several additional
studies have been reported after they published their paper,
which is added to this updated meta-analysis. Therefore,
this present study included all available evidence up to date
and provided most comprehensive analysis regarding the
effect of these two common SNPs on gastric cancer risk.
Additionally, we also performed subgroup analyses to explore
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potential association between SNPs and cancer histological
types, tumor locations, and lymph node status. Our results
may expand our knowledge on rs2910164 and rs11614913 and
their role in altering the risk of gastric cancer.

4.2. Limitations. Of note, this meta-analysis has its limita-
tions and the results should be interpreted with caution.
First, although we carried out the comparisons in similar
backgrounds, significant heterogeneity still exists, especially
in the analyses of rs11614913. Okubo et al.’s study [17] brought
statistical heterogeneity with significance in the comparisons
of rs2910164.The heterogeneity may distort the results of this
meta-analysis and potential association between rs2910164
and susceptibility to gastric cancer should not be ruled out
in genetic models that did not derive statistical significance.
Second, due to limited number of studies, the subgroup anal-
yses should be interpreted cautiously even if they indicated
positive results.The role of these SNPs in different histological
types should be further explored. Third, publication bias
existed in studies on rs11614913, which implies the true effect
of rs11614913 may not be fully discovered or reported.

In summary, despite the limitations, this meta-analysis
suggests that rs2910164 in miR-146a and rs11614913 in miR-
196a2 might be associated with reduced gastric cancer risk
in certain genetic models and cancer histological types. More
future studies with good methodology design are warranted.
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Toll-like receptor 3 (TLR3) is a pattern-recognizing receptor that is involved in immune signaling and plays a crucial role in survival
by being able to recognize various viral components including double-stranded RNA (dsRNA). The role of TLR3 in hepatocellular
carcinoma (HCC) with hepatitis B virus (HBV) infections is not well understood. To investigate the ability of TLR3 in regulating
HBV replication inHCC, 80 cases of humanHCCwere collected and their tissuemicroarraywasmade. InHCC cells, the expression
and location of TLR3, hepatitis-associated virus, and interstitial immunoreactive cells were assayed with immunohistochemical
staining.The apoptosis of tumor cells was also detected by TUNEL stain. Correlations betweenTLR3 expression andHBV infection,
interstitial immunoreactive cells, and cells apoptosis in HCC were investigated. In addition, we explored whether TLR3 agonist
dsRNA can inhibit HepG2.2.15 cells secreting HBV.We found that the cytoplasmic expression of TLR3 in HCC is positively related
toHBsAg infection andHCCwith cirrhosis and promotes interstitial immunoreactive cells infiltration and cancer cells apoptosis. In
HepG2.2.15 cells, dsRNA inhibited the secretion of HBV and induced apoptosis. These results indicate that TLR3 signaling activity
may be involved in immune responses against HBV in HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is one of themost prevalent
malignant tumors and a leading cause of cancer-related
deaths globally [1, 2]. In recent studies conducted in Asia
and Northern America, the estimated risk of developing
HCC was observed to increase by 25–37-fold in hepatitis B
surface antigen (HBsAg) carriers compared with noninfected
patients [3, 4]. HBV frequently causes liver inflammation,
hepatic damage, and subsequent cirrhosis. The development
of liver cirrhosis is recognized as a major step in HCC
pathogenesis because it occurs in 80%–90% of HCC [5].
To further investigate the clinical features of HBV-infected
HCC and develop more effective therapeutic strategies,
considerable efforts have recently been exerted in exploring
the molecular mechanisms involved in the development
and progression of HBV-associated HCC. Previous studies
demonstrated that T cells, NK cells, and antigen-presenting
cells (APC) inhibit HBV replication when they are activated
by alpha-galactosylceramide, interleukin-12 (IL-12), IL-18,
and an agonistic anti-CD40 antibody injection, respectively

[6, 7]. Collectively, these results suggest that HBV replication
can be controlled by innate immune response if it is activated
in the liver.

TLR3 recognizes double-stranded RNA (dsRNA), mes-
senger RNA (mRNA), and the synthetic ligand polyinosinic:
polycytidylic acid [poly(IC)] [8, 9] andTLR3 is unique among
TLRs in the fact that it does not signal through MyD88, but
rather, it uses a distinct adaptor protein, TRIF (TIR domain-
containing adaptor-inducing IFN-𝛽). TLR3 signaling may
induce two downstream pathways, the inflammatory or the
apoptotic pathway. The inflammatory pathway is mediated
mainly by Rip1 and leads to NF-𝜅B activation. The apoptotic
pathway, on the other hand, was shown to be mediated by
Rip3 and results in caspase-8 activation [10, 11]. It has been
evidenced that the TLR3 detects intracellular viral dsRNA
and subsequently activates NF-𝜅B via the TRIF pathway [12].
Previous studies reported that TLR3-induced IFN response
was enhanced in hepatocytes isolated from patients with
HCV infection.This hyperresponsiveness could bemimicked
in native PHHs consistently stimulated with low dose of
poly I:C. The data suggested that durable activation of TLR3
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by low doses of viral replicative intermediates increases the
sensitivity to viral invasion [13].These findings shed new light
on the relevance of TLR3 in the pathogenesis ofHBV-infected
HCC. In this regard, exogenous activation of TLR3 represents
an attractive therapeutic strategy to combat chronic viral
pathogens such as HBV and HCV.

In the present study, we detected the expression of TLR3
in human HBV-associated HCC tissues and its relation to
HBV infection. Furthermore, we stimulated HepG2.2.15 cells
by dsRNA to determine the relative contributions of TLR3
to HBV replication and the possible antiviral mechanism of
activating TLR3 in HBV-associated HCC.

2. Materials and Methods

2.1. Patient Material. The study group included 68 males
and 12 females who were enrolled from the Third People’s
Hospital of Nantong and Haimen People’s Hospital between
January 2011 and December 2013, ranging in age from 34
to 76 years, with a mean age of 51.5 years. The patients
were selected according to the following criteria: (a) having
primary HCC and (b) being previously untreated and with
surgery as the first treatment. Therefore, analysis of the data
in this series would reflect actual impact of the tumor biology
on the clinical outcome. All patients were diagnosed and
histopathologically confirmed with HCC and had complete
clinical and pathological records including medical records,
chest roentgenograms, whole body computed tomography
films, and bone and brain scanning data.The surgery records
were reviewed and the confirmed pathological diagnosis,
tumor size, related hepatitis/liver cirrhosis, metastasis, and
serum alpha fetoprotein (AFP) values, and other relevant
data were analyzed. Negative controls were established from
matched adjacent nontumor liver tissues (ANT) which were
cut from the area 2–5 cm away fromHCCnodules.They were
derived from 80 cases of HCC. The study was approved by
the Ethics Committee of Third People’s Hospital of Nantong
and Haimen People’s Hospital, and all the patients signed
informed consent.

2.2. Tissue Microarrays. Tissue microarrays (TMA) were
constructed according to the method of E. Qun (Patent
number ZL 2008 1 0022 170.4). Briefly, all HCC tissues
were stained by H&E and reviewed by two histopathologists.
Representative areas free from necrotic and hemorrhagic
materials were marked in paraffin blocks. Two cylindrical
tissue cores (1.6mm diameter) were removed from the donor
blocks and transferred to the recipient paraffin blocks, and
their planar array positions were noted.Three different TMA
blocks were constructed. Each contained over 100 cylinders
and the final TMAs consisted of 80 cases of HCC and 80 cases
of ANT. Consecutive sections (4 𝜇m thick) were cut from the
array blocks and placed on adhesion microscope slides for
immunohistochemical staining.

2.3. Immunohistochemistry Staining. The Envision+/DAB
analysis method was performed on formalin-fixed, paraffin-
embedded 4 𝜇m sections from all patients for the detection

of TLR3, HBsAg, and HBcAg in cancer cells. Ten consec-
utive TMA sections were prepared from TMA block and
stained. The paraffin slides were dewaxed in xylene. For
antigen retrieval, slides were heated at 95∘C for 10min in
sodium citrate buffer (10mM sodium citrate monohydrate,
pH 6.0) in microwave. The slides were allowed to cool
for 20min at room temperature and then incubated in
Envision + peroxidase blocking solution (Dakocytomation,
Glostrup, Denmark) for 5min and rinsed with 0.05% Tris-
buffered saline (TBS)/Tween 20 buffer, pH 7.4. The slides
were then incubated with primary antibodies for 30min at
room temperature. Rabbit anti-TLR3 monoclonal antibodies
(diluted 1 : 100) were obtained from Abcam. Rabbit mono-
clonal antibodies against human HBsAg and HBcAg (diluted
1 : 100) andmousemonoclonal antibodies CD3, CD68, CD56,
and CD117 (diluted 1 : 100) were all purchased from Fuzhou
Maixin Biotech. Co., Ltd., China.The slides were washedwith
0.05% Tween 20 in TBS (pH 7.4). Detection was achieved
with theDAKOEnvision+/HRP system (DAKO, Carpinteria,
CA, USA). The color was developed by a 15min incubation
with a diaminobenzidine (DAB) solution (DAB kit IL1-9032)
(FuzhouMaixin Biotech. Co., Ltd., China), and sections were
slightly counterstained with hematoxylin. Positive controls
and negative controls (TBS was substituted for primary
antibody at the same concentration) were performed for each
immunohistochemical run.

TLR3 located on cytomembrane and cytoplasm of HCC
cells. HBsAg and and HBcAg located on cytoplasm and
nucleus of HCC cells. CD3, CD68, CD56, and CD117 located
on cytoplasm of interstitial immunoreactive cells, each sepa-
rately representing T cells, Kupffer cells, NK cells, and mast
cells.

2.4. Terminal Deoxynucleotidyl Transferase-Mediated dUTP
Nick End Labeling (TUNEL) Staining. TUNEL detection kit
(Promega, USA) was employed for the detection of neuronal
apoptosis. In brief, paraffin-embedded sections were deparaf-
finized and dehydrated. After washing in phosphate-buffered
saline (PBS), sections were treated with 20𝜇g/mL proteinase
K for 20min. After washing in PBS thrice (3min for each),
sections were rinsed with 0.3% Triton X-100 for 10min
followed by washing in PBS. These sections were incubated
with TUNEL reaction mixture at 37∘C for 1 h. Following
washing in PBS thrice (3min for each), sections were treated
withHRP conjugated streptavidin (1 : 200, Beijing Zhongshan
Biotech. Co., Ltd.) at 37∘C for 30min. After washing in PBS
thrice (3min for each), sections were treated with 0.04%
DAB and 0.03% H

2
O
2
at room temperature for visualization

for 8–12min. After washing in water, counterstaining was
done with hematoxylin followed by mounting with resin. In
the negative control, TUNEL reaction mixture was replaced
with PBS. The positive control sections were pretreated with
DNase I for 10min followed by TUNEL staining. Cells with
blue granules in the nucleus were regarded as positive for
TUNEL. We counted the TUNEL-positive cells in the RGC
layer of each sample in 10 HPF (400x). Positivity was graded
according to the percentage of tumor cells stained as negative
(0–5%), weak (6–30%), and strong (30–100%).
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Table 1: The primers used in the experiments.

Number Name Sequence (5 → 3)

Hs-HBsAg F TGGTTATCGCTGGATGTGTCTG
R CCGTGCTGGTGGTTGAGG

Hs-HBcAg F TGTGGTTATCCTGCGTTAATG
R GCGTCAGCAAACACTTGG

Hs-TLR3 F TCCCAGCCTTACAGAGAAGC
R CCTGTGAGTTCTTGCCCAAT

Hs-GAPDH F GAAGGTGAAGGTCGGAGTC
R GAAGATGGTGATGGGATTC

2.5. dsRNA Synthesized. dsRNA was designed based on cell
surface TLR3 sensitive viral sequences in human echovirus,
human poliovirus, enterovirus 70, and coxsackievirus from
GenBank. Furthermore, the viral sequences were submit-
ted for basic local alignment search tool (BLAST) analy-
sis (http://www.ncbi.nlm.nih.gov/blast/) to ensure that the
sequence was not homologous to human genes. The target
sequence of dsRNA was CCGGCCCCUGAAUGCGGC-
UAAUC (23 nt) [14] andwas synthesized byBiomics Biotech-
nologies Co., Ltd., Jiangsu, China.

2.6. Cell Culture. The human HCC cell line HepG2.2.15 with
secreting HBV was purchased from Ruijin Hospital (Shang-
hai, China). Cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM) (Gibco BRL, Grand Island, NY,
USA) supplemented with 20% fetal bovine serum (FBS),
2mM L-glutamine, and 100U/mL penicillin-streptomycin
mixture (Gibco BRL) at 37∘C and 5% CO

2
in a humidified

chamber.

2.7. qRT-PCR. HepG2.2.15 cells were seeded into the wells
of a 6-well culture plate and allowed to grow until 80%
confluence. Subsequently, these cells were treated with the
dsRNA (10 𝜇g/mL) and PBS (negative control), respectively.
After treatment at 37∘C for 24 hours, total RNA was isolated
from HepG2.2.15 cells using TRIzol (Invitrogen, Carlsbad,
CA). qRT-PCRwas performed for TLR3, HBsAg, andHBcAg
using an ABI 7700 Sequence Detection System (Applied
Biosystems). Cycling conditions for amplification were 95∘C
for 3min; 35 cycles at 95∘C for 45 sec, 60∘C for 45 sec, and
72∘C for 30 sec; and, finally, 72∘C for 7min. The primers are
listed inTable 1. Each human gene expressionwas normalized
to GAPDHmRNA copies from the same sample.

2.8. Western Blot. HepG2.2.15 cells were treated as described
by qRT-PCR analysis. Immunoprecipitation cell lysis buffer
was added to the wells, and the plate was put on ice for 30
minutes; then cells treated as described above were scraped,
and cell lysate was removed to 1.5mL EP tubes and spun for
15 minutes. The supernatant was taken for the experiment.
Protein concentrationswere determined by an optical density
(Eppendor, Hamburg, Germany). Proteins were separated by
10% polyacrylamide gel electrophoresis and then transferred
onto polyvinylidene fluoride (PVDF)membranes (Millipore,
USA) at 350mA for 2 h, which was later soaked for 2 h on

Table 2: TLR3 expression in HCC and ANT tissues.

Sample 𝑁 Positive 𝑛
𝑃

Expressing pattern∗
𝑃

+ % M P M/P
HCC 80 47 58.75

>0.05 8 25 14
>0.05

ANT 80 55 68.75 2 36 17
∗P, M, and M/P, respectively, represent the expressing pattern of cytoplasm,
cytomembrane, and cytoplasm/cytomembrane.

a blocking solution (Tris-buffered saline containing 5% non-
fat dry milk and 0.01% vol/vol Tween 20). Membranes were
incubated for 18 h at 4∘C with anti-TLR3 monoclonal anti-
bodies (diluted 1 : 1000, Abcam) and anti-human HBsAg and
HBcAg (diluted 1 : 500) antibodies (Fuzhou Maixin Biotech.
Co., Ltd., China). Anti-𝛽-actin mouse monoclonal antibody
(Sigma, USA) was used as internal control. After incuba-
tion, the membrane was washed 3 times, and peroxidase-
conjugated secondary antibodies (ICN Laboratories, Irvine,
CA; diluted 1 : 10,000) were added and incubated for an
additional one hour. Reaction was visualized by the ECL
chemiluminescence detection system (Pierce,USA) on radio-
graphic films (Koda, USA) on BIO-RAD ChemiDoc XRS
(Bio-Rad, USA). The results were analyzed using ImageJ
software.

2.9. Flow Cytometry Assay. Flow cytometry (Beckman Coul-
ter, Fullerton, CA, USA) was used to determine the apop-
totic rate. The HepG2.2.15 cells treated with dsRNA or
PBS were suspended in a 500 𝜇L binding buffer (Becton
Dickinson, USA), incubated with 5𝜇L Annexin V-FITC/PI
(Becton Dickinson, USA) and 5 𝜇L propidium iodide (PI)
(BectonDickinson, USA) for 15minutes. Phosphatidyl serine
translocation to the cell surface serves as an indicator of
early apoptotic cells; therefore, Annexin V-positive and PI-
negative cells were identified as apoptotic cells.The apoptotic
rate was determined using Cell Quest software (FCM, Becton
Dickinson).

2.10. Statistical Analysis. Statistical analysis was performed
using SPSS 17.0 for Windows. Differences between groups
were evaluated with 𝜒2, Fisher exact test, and Spearman
rank correlation analysis. A 𝑃 value <0.05 was considered
significant.

3. Results

3.1. TLR3 Expression and Location in HCC and ANT Tissues.
The expressions of TLR3 in HCC and ANT were examined
by immunohistochemical analysis, which were showed in
cytoplasm, cytomembrane, or cytoplasm/cytomembrane. No
significant difference was observed in positive rate and
expression pattern of TLR3 between HCC and ANT samples
(𝜒2 = 1.7309,𝑃 = 0.189, 𝜒2 = 5.512, and𝑃 = 0.064) (Figure 1
and Table 2).

3.2. Association of TLR3 Expression with Clinicopathologic
Features of HCC. In this paper, the ratio of HCC tissues
with HBsAg and HBcAg infection was 27.5% (22/80) and
15% (12/80), respectively (Figure 2). The correlation of TLR3
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(a) (b)

ANT

HCC

(c)

Figure 1: TLR3 expression and location in HCC and ANT tissues. TLR3 exhibited cytoplasm (a), cytomembrane staining (b), and
cytoplasm/cytomembrane (c), respectively, in HCC and ANT. (IHC magnification ×200).

expression with the clinicopathologic characteristics of HCC
was investigated (Table 3). Intratumoral TLR3 positive rate
was negatively related to the serum AFP levels (𝜒2 = 6.2411,
𝑃 = 0.012) and positively related to HBsAg infection (𝜒2 =
9.5477, 𝑃 = 0.002) and tumor with cirrhosis background
(𝜒2 = 26.5278, 𝑃 = 0.000). And yet TLR3 expressing pattern
was related to HBsAg infection (𝜒2 = 12.999, 𝑃 = 0.002).
However there were no correlations between TLR3 positive
rate and age, gender, HCC size, grates, and HBcAg infection
(𝑃 > 0.05).

3.3. Association of TLR3 Expression with Interstitial Immuno-
reactive Cells. Interstitial immunoreactive cells, T cells, Kupf-
fer cells, NK cells, and mast cells were, respectively, marked
CD3, CD68, CD56, and CD117 antibodies by immunohisto-
chemical staining (Figure 3). TLR3 expression was positively
correlated with interstitial infiltration of T cell (𝜒2 = 10.944,
𝑃 = 0.001 < 0.05; 𝑟 = 0.370, 𝑃 = 0.001 < 0.05), Kupffer cells
(𝜒2 = 7.230, 𝑃 = 0.007 < 0.05; 𝑟 = 0.301, 𝑃 = 0.007 < 0.05),
and NK cells (𝜒2 = 5.792, 𝑃 = 0.014 < 0.05; 𝑟 = 0.269,
𝑃 = 0.016 < 0.05). TLR3 membrane expression related to
interstitial infiltration of T cells (𝜒2 = 6.084, 𝑃 = 0.017 <
0.05; 𝑟 = 0.276, 𝑃 = 0.013 < 0.05) and NK cells (𝜒2 = 3.855,
𝑃 = 0.071 > 0.05; 𝑟 = 0.220, 𝑃 = 0.050) and TLR3 cytoplasm
expression related to Kupffer cells infiltration (𝜒2 = 8.727,
𝑃 = 0.003 < 0.05; 𝑟 = 0.330, 𝑃 = 0.003 < 0.05). But TLR3
positive rate and expressing patterns have no correlation with
mast cells (𝑃 > 0.05) (Table 4).

3.4. Association of TLR3 Expression with Tumor Apoptosis
in HCC. The results of TUNEL detection showed that the
apoptosis index in HCC tissues was 55% (44/80) (Figure 4).
The expression of TLR3 positively correlated with HCC
apoptosis (𝜒2 = 11.2517, 𝑃 < 0.001; 𝑟 = 0.3354, 𝑃 <
0.001). No significant difference was observed between HCC
apoptosis and TLR3 expression patterns in HCC (𝑃 > 0.05)
(Table 5).

3.5. Stimulation of TLR3 Inhibits HBV Secretion of HepG2.2.15
Cells. TLR3 is generally believed to play an important role in
the innate immune response against viral infection, including
viral hepatitis infection, although controversial results have
been reported [15]. The controversial reports on the role of
TLR3 in the antiviral defense may be due to the difference
in the type of viruses, the type of cells that are infected,
the viral load, its model of infection (endoplasmic versus
cytoplasmic), and stage of infection.We tested the expression
of HBsAg and HBcAg of HepG2.2.15 cells by using qRT-PCR
and western blot analysis after treatment with dsRNA. The
results showed that when the cells were treated with dsRNA,
the levels ofHBsAg andHBcAgwere greatly reduced (Figures
5(a) and 5(b)). These results showed that HBsAg and HBcAg
protein were less expressed in dsRNA treated HepG2.2.15
cells.

3.6. dsRNA Inducing Cell Apoptosis of HepG2.2.15 Cells.
Inhibition of cell growth could result from the induction
of apoptosis, cell growth arrest, and/or the inhibition of
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(a) (b)

Figure 2: HBsAg and HBcAg expression in HCC tissues. (a) HBsAg expression in the cytoplasm; (b) HBcAg expression in the cell nucleus.
IHC stain, magnification ×200.

(a) (b)

(c) (d)

Figure 3: Interstitial immunoreactive cells infiltration, T cells (a), Kupffer cells (b), NK cells (c), and mast cells (d) were, respectively, marked
CD3, CD68, CD56, and CD117 antibodies by immunohistochemical staining in HCC (IHC ×400).

growth. We investigated whether activation of the expression
of TLR3 induced apoptosis in HepG2.215 cells. The Annexin
V-FITC/PI double stainingwas used as indicator of apoptosis.
Activation of TLR3 increased the percentage of Annexin
V-positive/PI-negative cells (Figure 6). We found that cells
treated with dsRNA for 24 h resulted in decreased cell
viability and increased cell apoptosis.

4. Discussion

HBV as the main prevalent infectious agent plays important
roles in inducing severe liver diseases. Previous studies
demonstrated that, during prolonged forms of HBV infection
including chronic, asymptomatic, and occult forms, patients
are unable to eradicate HBV from hepatocytes completely
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Table 3: Correlation between TLR3 expression and clinicopatho-
logic characteristics in HCC.

Item 𝑁
Positive rate

𝑃
Expressing pattern

𝑃
+ % M P M/P

Age (year)
≤51.5 38 21 55.26

>0.05 4 10 7
>0.05

>51.5 42 26 61.90 4 15 7
Sex

Male 68 38 55.88
>0.05 6 20 12

>0.05
Female 12 9 75.00 2 5 2

AFP (ng/mL)
<400 64 42 65.63

<0.05 6 22 14
>0.05

≥400 16 5 31.25 2 3 0
Tumor size
<2 cm 6 4 66.67

>0.05
1 2 1

>0.052–5 cm 49 25 51.02 6 14 5
>5 cm 25 18 72.00 1 9 8

Grade
G1 8 6 75.00

>0.05
0 6 0

>0.05G2 33 21 63.64 4 10 7
G3 39 20 51.28

HBsAg
+ 22 19 86.36

<0.05 2 16 1
<0.05

− 58 28 48.28 6 9 13
HBcAg

+ 12 7 58.33
>0.05 1 3 3

>0.05
− 68 40 58.82 7 22 11

Cirrhosis
+ 42 36 85.71

<0.05 5 20 11
>0.05

− 38 11 28.95 3 5 3

Table 4: Association of TLR3 expression with interstitial immuno-
reactive cells.

TUNEL 𝑁
TLR3

𝑃
Expressing pattern

𝑃
+ % M P M/P

CD3
≥50/HPF 37 29 78.38

<0.05 7 13 9
<0.05

<50/HPF 43 18 41.86 1 12 5
CD68
≥5/HPF 48 34 70.83

<0.05 5 21 8
<0.05

<5/HPF 32 13 40.63 3 4 6
CD56
≥5/HPF 18 15 83.33

<0.05 4 7 4
<0.05

<5/HPF 62 32 51.61 4 18 10
CD117
≥10/HPF 25 15 60.00

>0.05 2 7 6
>0.05

<10/HPF 55 32 58.18 6 18 8

[16]. Several lines of evidences suggested that a synergistic
interaction between environmental carcinogens and HBV-
carcinogens may play a critical role in the carcinogenesis of

Table 5: Correlation between TUNEL expression and TLR3 expres-
sion in HCC.

TUNEL 𝑁 TLR3
𝑃

Expressing pattern
𝑃

− + M P M/P
− 36 27 9

<0.05 2 4 3
>0.05

+ 44 6 38 6 21 11

HCC [17, 18].Themain mechanisms responsible for develop-
ment of the forms of hepatitis B are yet to be identified.

It has been evidenced that TLRs are essential for the
recognition of invading pathogens and serve as an important
link between innate and adaptive immunity. TLR3 is an
endosomal receptor for dsRNA and is expressed in several
subsets of immune cells, including dendritic cells and natural
killer (NK) cells. TLR3 is also expressed by fibroblasts [19],
lung epithelial cells [20], hepatocytes [21], and several types
of tumor cells. TLR3 is involved in antiviral responses and the
production of type I interferons (IFNs) [22]. It is the only TLR
that signals exclusively through the MyD88-independent
pathway, which activates TRIF and IRF3 and results in
production of anti-inflammatory mediators such as IFN-𝛽,
IL-10, TGF-𝛽, and RANTES [23]. Previous studies found that
TLR3 is an important modulator of HCC progression and is
a potential target for novel immunotherapy [24].

In the present study, we investigated the significance and
relationship between TLR3 expression and HBV infection,
apoptosis, and interstitial immunoreactive cells infiltration in
HCC. We found that TLR3 was generally expressed in HCC
tissues (positive rate 58.75%) andANT (positive rate 68.75%),
located in the cytoplasm and cytomembrane of HCC cells.
These results are similar to those by Yoneda et al. [25]. In
this study, expression level of TLR3 was negatively correlated
with serumAFP levels. AFP is a protein that can be expressed
by HCC cells, with extremely complicated biologic activities.
Studies have shown that AFP plays double roles in both
inhibiting the immune system and promoting the growth
of cancer cells. These results indicate that the expression
level of TLR3 was positively correlated with HBsAg infection
and HCC with cirrhosis background, the higher levels and
cellular HBsAg infection, the higher positive rate of TLR3.
The results also indicate that the HCC with HBV infection
may upregulate the synthesis of dsRNA which were involved
in replication or transcription process and then activate
TLR3, which in turn promote interstitial immunoreactive
cells and induce inflammatory cytokine production. The
above process activate the body’s adaptive immune response
that will against viruses. This hypothesis had been confirmed
by detecting the relationship between TLR3 expression,
HBsAg expression, and cirrhosis background. Consequently,
high expression of TLR3 is based on high levels of HBV
infection. The results suggest the importance of TLR3 in
antiviral immunity in vivo. In addition, we also examined the
potential antiviral effect of TLR3 in vitro. dsRNA activation
of TLR3, which signals through a TRIF-dependent pathway,
induces expression of various protective mediators and anti-
inflammatory cytokines, such as poly I:C, a synthetic dsRNA
analog, in human astrocytes [26]. Here, we show that dsRNA
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(a) (b)

Figure 4: TUNEL detected apoptosis in HCC tissues. Apoptotic nuclei were stained in brownish yellow (indicated by arrow), while normal
nuclei were stained in blue (magnification ×400).
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Figure 5: dsRNA stimulated the expression of TLR3 and inhibited the expression of HBsAg andHBcAg inHepG2.2.15 cells. (a) By qRT-PCR.
(b) By western blotting (∗𝑃 < 0.05 versus control group).

can inhibit the secretion ofHBsAg andHBCAgofHepG2.2.15
cells. Preconditioning with 10𝜇g/mL dsRNA significantly
increasedTLR3 expression anddecreasedHBsAg andHBcAg
protein expression, which agrees with the experimental
results of Mcclary et al. [27]. The antiviral effects of TLR3

signaling on HCC with HBV infection are likely mediated
via stimulating of a variety of cells to produce type I IFN
that subsequently inhibits HCV or HBV replication [28–31].
These cells include parenchyma cells in HCC and interstitial
immunoreactive cells.
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Figure 6: Flow cytometry detection of apoptosis. dsRNA induced HepG2.2.15 cell apoptosis (∗𝑃 < 0.05 versus control group).

Apoptosis is one of the mechanisms leading to cell death
when cells have sustained damage to their DNA or cytoskele-
ton [32]. In this study, we found that the upregulation of
TLR3 can not only anti-HBV but also induce apoptosis of
HCC cells. We have shown that the expression of TLR3
has positive correlation with apoptosis by TUNEL staining.
The results of experiments in vitro were consistent with
it. After dsRNA treatment, HepG2.2.15 cell apoptosis was
enhanced and activity was decreased. Zorde-Khvalevsky et
al. [33] discovered that, during the initial regenerating phase
following partial hepatectomy, TLR3 signaling was induced
in hepatocytes, leading to activation of NF-𝜅B and caspase-
8 and an increase in Rip3 protein levels. Upon activation,
caspase-8 cleaves effector caspases, which leads to cell death
by initiating apoptotic program. We reasoned that the TLR3-
dependent activation of NF-𝜅B and caspase-8 in hepatocytes
could result in an increase in activated IL-1𝛽, subsequently
inhibiting hepatocyte proliferation and inducing HepG2.2.15
cell apoptosis. In short, the mechanism by which dsRNA
activates TLR3 is very complex and further studies will be
conducted.

In conclusion, the upregulation of TLR3 plays a crucial
role in the process of HBV cleaning and inducing HCC
apoptosis in HBV-associated HCC. It suggests that TLR3
activation could represent a powerful and novel therapeutic
strategy for the treatment of chronic HBV infection and
HBV-associated HCC. However, further studies are required
to confirm these findings and to provide better understanding
of the TLR3 signaling mechanism in the development of
HBV-associated HCC.
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KRAS genotyping ismandatory inmetastatic colorectal cancer treatment prior to undertaking antiepidermal growth factor receptor
(EGFR)monoclonal antibody therapy. BRAF V600Emutation is often present in colorectal carcinoma with CpG islandmethylator
phenotype and microsatellite instability. Currently, KRAS and BRAF evaluation is based on molecular biology techniques such
as SNaPshot or Sanger sequencing. As molecular testing is performed on formalin-fixed paraffin-embedded (FFPE) samples,
immunodetection would appear to be an attractive alternative for detectingmutations.Thus, our objective was to assess the validity
of KRAS andBRAF immunodetection ofmutations comparedwith the genotyping referencemethod in colorectal adenocarcinoma.
KRAS and BRAF genotyping was assessed by SNaPshot. A rabbit anti-human KRAS polyclonal antibody was tested on 33 FFPE
colorectal tumor samples with knownKRAS status. Additionally, amouse anti-human BRAFmonoclonal antibody was tested on 30
FFPE tumor samples with known BRAF status. KRAS immunostaining demonstrated both poor sensitivity (27%) and specificity
(64%) in detecting KRAS mutation. Conversely, BRAF immunohistochemistry showed perfect sensitivity (100%) and specificity
(100%) in detecting V600E mutation. Although molecular biology remains the reference method for detecting KRAS mutation,
immunohistochemistry could be an attractive method for detecting BRAF V600E mutation in colorectal cancer.

1. Introduction

Colorectal cancer is the secondmost common cause of cancer
death in theWesternworld, and its incidence is increasing [1].
Approximately 50% of colorectal cancer patients eventually
develop metastatic disease, for which systemic palliative
treatments are usually administered.

Treatment options for patients with metastatic colorectal
cancer (mCRC) have changed considerably in recent years
with the introduction of antiepidermal growth factor recep-
tor (EGFR) therapies targeting EGFR transduction cascade,
which is one of the leading oncogenic pathways used by
tumoral cells.

The Food and Drug Administration (FDA) and the Euro-
pean Medicines Agency (EMEA) have approved the use of

anti-EGFR monoclonal antibodies, cetuximab and panitu-
mumab, in patients with mCRC without KRAS (Kirsten
rat sarcoma viral oncogen homolog) mutation. The KRAS
protein, belonging to the large superfamily of guanine gua-
nosine-50-triphosphate (GTP) and guanine guanosine-50-
diphosphate (GDP) binding proteins, is a powerful down-
stream effector in the EGFR transduction cascade. Somatic
KRAS mutations are detected in about 40% of colorectal
cancer and lead to an abnormal affinity of KRAS for GTP
with permanent activation of the transduction cascade.KRAS
mutations have been identified as a reliably strong negative
predictive factor to anti-EGFR monoclonal antibody ther-
apies in mCRC patients [2–4]. KRAS mutation screening
has been mandatory in Europe since July 2008 and aims to
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restrict treatment of mCRC to cetuximab and panitumumab
in patients with wild-type KRAS tumors [5, 6].

BRAF (v-Raf murine sarcoma viral oncogene homolog
B1) is a member of the RAS/RAF family, encoding a serine-
threonine protein kinase that is involved in the MAPK
(mitogen-activated protein kinase) signaling cascade. BRAF
acts as a direct effector of RAS and promotes tumor growth
and survival through the activation of MEK (MAPK/ERK
kinase) [7]. Most frequent activating mutations of BRAF
found in colorectal cancer almost invariably result in valine
substituting glutamate at residue 600 (BRAF V600E) and
occur at a frequency of 10–15% [8]. In colorectal cancer,
BRAF mutations are tightly correlated with two molecular
features: CpG island methylator phenotype (CIMP) and
microsatellite instability (MSI). Approximately 11–76% of
MSI tumors harbor a BRAF mutation versus only 0–15%
of microsatellite stable (MSS) tumors [7]. BRAF mutations
are absent in Lynch syndrome, with defective germline
mutation in mismatch repair (MMR) system, but usually
present in sporadicMSI colorectal tumors. As a consequence,
BRAF V600E analysis is used to differentiate sporadic MSI
colorectal cancers from Lynch syndrome cases [9].

KRAS and BRAF status is evaluated using molecular
technologies after genomic tumoral DNA extraction such as
Sanger sequencing, SNaPshot, real-time PCR, or other val-
idated methods [10]. Despite molecular pathology being the
“natural evolution” of anatomical pathology, not all pathology
departments are currently equipped to perform such anal-
yses. Furthermore, financial issues due to the high cost of
equipment and reagents for molecular pathology could also
lead to a switch to an alternative method of detection. Since
molecular testing is mainly performed on formalin-fixed
paraffin-embedded (FFPE) tumor samples, which are stored
in the pathology department, immunodetection appears to
be an attractive alternative for such mutation detection.
Indeed, immunohistochemistry is an approved method for
discriminating which patients can benefit from specific can-
cer therapy, such as determination of HER2 expression in
breast or gastric cancer. Moreover, the pathologist could also
perform KRAS and BRAF mutation screening by immuno-
histochemistry at the same time as histopathology diagnosis,
resulting in considerable saving of time.

In order to validate this new approach, we evaluated
a rabbit anti-human KRAS polyclonal antibody, directed
against an internal region of human KRAS protein, and a
mouse anti-human BRAF monoclonal antibody. Then, we
correlated the results with mutation status obtained by DNA
sequence analysis in human colorectal carcinoma samples.

2. Materials and Methods

2.1. Molecular Analyses. Formalin-fixed paraffin-embedded
tumor specimens were obtained from Sapienza Univer-
sity Hospital (Rome, Italy) and Rouen University Hospital
(Rouen, France). A total of 63 samples were randomly
selected from metastatic colorectal cancer patients referred
to our laboratories between May 2009 and October 2012 for
KRAS genotyping.

Serial sections of primary colorectal tumors were cut
from each paraffin block and placed on glass slides: one 4 𝜇m
thick section was stained with hematoxylin & eosin (H&E)
for histopathological examination and another 4 𝜇m thick
section was used for immunohistochemical techniques. The
following five 10 𝜇m thick sections were processed for tumor
DNA preparation. The microtome razor blade was changed
between each FFPE tumor sample and the paraffin sections
were processed individually to avoid cross-contamination.

H&E preparation enabled tumor area delimitation and
visual estimation of tumor cell percentage. Tominimize non-
malignant tissue and stromal contaminating inflammatory
cells, tumor areas, previously highlighted by a pathologist on
H&E preparation, were macrodissected on each of the five
10 𝜇m thick sections placed on glass slides using a single-use
sterilized scalpel.

KRAS and BRAF genotyping was performed according to
protocols as previously reported [2, 11]. Briefly, for SNaPshot
analysis, after genomicDNAextraction using the “RecoverAll
Total Nucleic Acid Isolation Kit for FFPE Tissues” (Applied
Biosystems) as recommended by the supplier, KRAS exon
2 (codons 12 and 13) and BRAF exon 15 were ampli-
fied by PCR (Polymerase Chain Reaction) using specific
primers. SNaPshot primer extension reaction was performed
including ddNTPs (dideoxynucleotide triphosphate) labeled
with fluorochromes, specific SNaPshot primers, and 2𝜇L of
purified PCR products. After migration in an automated
sequencer (ABI PRISM 3130xl) the results were analyzed
using GeneMapper software version 4.0 (Applied Biosys-
tems). SNaPshot multiplex amplification products of KRAS
and BRAF allowed visualization of any mutations arising in
these specific positions: c.34G, c.34G, c.35G, c.37G, c.38G (for
KRAS), and c.1799T (for BRAF).

2.2. Sample Selection. For the KRAS study, the population
sample was composed of 33 patients including 11 cases with
cancers harboring themost frequentKRASmutations (G12A,
G12C, G12D, G12V, G13D, G12S, and G12R) without mutation
of BRAF and 22 cases with KRAS and BRAF wild-type status.
For the BRAF study, we selected 30 patients including 20
patients with a tumor harboring a c.1799T>A (V600E) BRAF
mutation without any KRAS mutation (10MSI tumors and
10MSS tumors) and 10 patients presenting with MSS tumor
without BRAF or KRASmutations.

2.3. Immunohistochemical Analysis. Immunohistochemical
staining was performed on 4 𝜇m sections of FFPE blocks.
Deparaffinization and rehydration were performed with
xylene and alcohol. After washing with distilled water, sec-
tions were preheated in a microwave oven for 30 minutes
at 99∘C at a 10mmol/L concentration of citrate buffer (pH
6). After rinsing in water, endogenous peroxidase activity
was blocked by immersion in 3% hydrogen peroxide for 5
minutes. Then, sections were incubated for 1 hour at room
temperature with a rabbit polyclonal antibody against KRAS
(Rabbit Anti-Human k-Ras Polyclonal Antibody, dilution
1 : 100; Spring Bioscience, California) or for 16minutes at 37∘C
with a mouse monoclonal antibody against BRAF V600E
protein (VE1 clone; Spring Bioscience, California).
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Immunoreactivity was revealed with the DAKO EnVi-
sion system using 3,3-diaminobenzidine tetrahydrochloride
(DAKO) chromogenwith hematoxylin counterstaining.Neg-
ative control staining was performed by omitting the primary
antibody.

Optimization of each antibody included samples of FFPE
prostate cancer tissue as indicated by the supplier and two
lines of colorectal cancer cells, namely, HCT116 and HT29,
which harbor, respectively,KRASmutation andBRAFV600E
mutation.

Each immunostained slide was examined and scored
independently by two pathologists (Jean-Christophe Sa-
bourin and Francesco Borrini) without prior knowledge of
any clinicopathological or molecular data. All sections for
which the two observers disagreedwere reevaluated and, after
discussion, final agreement was achieved.

Immunoreactivity was scored by taking into account the
percentage of positive tumor cells with no relation to signal
intensity: tumors were assessed as KRAS negative or BRAF
negative if 90% of the cancer cells were unstained (<10% of
positive cells) and as KRAS positive or BRAF positive if more
than 10% of cells were immunostained.

2.4. Statistical Analysis. Mutation status bymolecular biology
was considered as the gold standard technique for mutation
detection. For KRAS and BRAF immunostainings, sensitivity
and specificity were calculated using a contingency table
comprising positive cases (true or false) and negative cases
(true or false).

3. Results

TheKRAS study enrolled 11 patients with tumoral CRCKRAS
mutation status and 22 patients with wild-type KRAS status.
Patient characteristics, tumoral mutation data, and staining
status are listed in Table 1. Mean age was 63 years (standard
deviation = 10). There were 23 male patients with a mean age
of 64 years (standard deviation = 10) and 10 female patients
with a mean age of 61 years (standard deviation = 9). When
present, KRAS protein expression was principally located
in the cytoplasm, displaying a granular pattern, and only
occasionally in cytoplasm membrane (Figures 1, 2, and 3).
Distinct KRAS expression in neoplastic areas was observed
in 11 (33%) patients; in the remaining 22 cases, no KRAS
expression was observed. The sensitivity of immunostaining
in detecting aKRASmutation was calculated at 27%, whereas
the specificity of this method was calculated at 64% (Table 2).

The BRAF study enrolled 20 patients with tumoral CRC
BRAFmutation (comprising 10 patients with MSI tumor and
10 patients with MSS tumor) and 10 patients with tumoral
CRC BRAF wild type and MSS. Patient characteristics,
tumoral mutation data, and staining status are listed in
Table 3. The mean age of the sample population was 60 years
(standard deviation = 12). There were 19 male patients with a
mean age of 61 years (standard deviation = 13) and 11 female
patients with amean age of 59 years (standard deviation = 10).
When positive, BRAF staining was homogenous, marked, or
moderate. Distinct BRAF expression in neoplastic areas was

Figure 1: Immunohistochemical analysis ofKRASmutated colorec-
tal cancer with absence of staining, ×50 HPF.

Figure 2: Immunohistochemical analysis ofKRASmutated colorec-
tal cancer with positive staining, ×200 HPF.

Figure 3: Immunohistochemical analysis of KRAS wild-type col-
orectal cancer with positive staining, ×200 HPF.

observed in 20 (66%) patients; in the remaining 10 cases, no
BRAF expression was observed. As expected, BRAF protein
expression was located in the cytoplasm, with finely granular
cytoplasmic staining (Figures 4 and 5). Any nuclear staining
was ignored and not scored. Interestingly, one of the BRAF
mutated cancers was contiguous to a hyperplastic/serrated
area without areas of dysplasia. In this area, we observed
decreased intensity of cytoplasmic staining compared to the
invasive component of the tumor (Figures 4 and 5). By
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Table 1: KRAS, phenotype, and genotype.

Case Sex Age (years) KRAS staining Molecular status (protein effect)
1 M 75 Positive Mutated (G12D/G13D)
2 M 68 Positive Mutated (G12A)
3 F 65 Positive Mutated (G12C)
4 M 53 Negative Mutated (G12D)
5 M 72 Negative Mutated (G12V)
6 M 61 Negative Mutated (G13D)
7 M 72 Negative Mutated (G12S)
8 F 59 Negative Mutated (G12R)
9 F 61 Negative Mutated (G13D)
10 M 41 Negative Mutated (G12A)
11 F 66 Negative Mutated G12C)
12 M 69 Negative Wild type
13 F 52 Negative Wild type
14 M 38 Negative Wild type
15 M 69 Negative Wild type
16 M 68 Negative Wild type
17 M 68 Negative Wild type
18 M 55 Negative Wild type
19 F 72 Negative Wild type
20 M 59 Negative Wild type
21 M 67 Negative Wild type
22 M 62 Negative Wild type
23 M 57 Negative Wild type
24 M 79 Negative Wild type
25 M 75 Negative Wild type
26 M 63 Positive Wild type
27 M 72 Positive Wild type
28 F 58 Positive Wild type
29 M 53 Positive Wild type
30 F 60 Positive Wild type
31 F 42 Positive Wild type
32 M 67 Positive Wild type
33 F 70 Positive Wild type
F: female; M: male; MSI: microsatellite-instable; MSS: microsatellite-stable.

Table 2: Contingency table for determination of KRAS mutation
status using immunostaining.

KRASmutation status
Wild type Mutated Total

KRAS immunohistochemistry status
− 14 8 22
+ 8 3 11
Total 22 11 33

Sensitivity = 3/11 = 27%.
Specificity = 14/22 = 64%.

subgrouping these patients according to their tumoral BRAF
genotyping, we found that BRAF expression was present
in the 20 mutated patients, independently of microsatellite
status, and was absent in the 10 nonmutated cases. Thus,

both sensitivity and specificity of this technique were 100%
(Table 4).

4. Discussion

We are aware that molecular pathology is the natural evo-
lution of anatomical pathology. In contrast with immuno-
histochemistry which has not radically changed pathology
processing, molecular pathology requires more fundamental
technical adjustments and more expensive laboratory equip-
ment.

The economic implications of customizing anti-EGFR
therapy based on KRAS status were recently evaluated by
Shankaran et al. using estimated incidence rates for new
mCRC cases diagnosed in the United States. Based on an
annual incidence of 29,762 new cases of mCRC, the cost
of upfront KRAS molecular testing was calculated at $13
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Table 3: BRAF, phenotype, and genotype.

Case Sex Age (years) BRAF staining Molecular status
A F 55 Positive Mutated, MSI
B M 64 Positive Mutated, MSI
C M 72 Positive Mutated, MSI
D M 75 Positive Mutated, MSI
E M 71 Positive Mutated, MSI
F F 61 Positive Mutated, MSI
G F 81 Positive Mutated, MSI
H M 81 Positive Mutated, MSI
I M 65 Positive Mutated, MSI
J M 74 Positive Mutated, MSI
K M 54 Positive Mutated, MSS
L M 58 Positive Mutated, MSS
M M 23 Positive Mutated, MSS
N F 50 Positive Mutated, MSS
O M 50 Positive Mutated, MSS
P F 50 Positive Mutated, MSS
Q M 61 Positive Mutated, MSS
R M 62 Positive Mutated, MSS
S F 67 Positive Mutated, MSS
T M 56 Positive Mutated, MSS
U F 56 Negative Wild type, MSS
V M 63 Negative Wild type, MSS
W F 62 Negative Wild type, MSS
X F 42 Negative Wild type, MSS
Y M 56 Negative Wild type, MSS
Z F 64 Negative Wild type, MSS
AA F 61 Negative Wild type, MSS
AB M 60 Negative Wild type, MSS
AC M 52 Negative Wild type, MSS
AD M 54 Negative Wild type, MSS
F: female; M: male; MSI: microsatellite-instable; MSS: microsatellite-stable.

Figure 4: Expression of BRAF V600E in area of hyperplasia con-
tiguous to BRAFmutated cancer, with absence of staining in normal
mucosae ×50, 100 HPF.

million (i.e., $452 per patient) [12]. An immunohistochemical
approach is less expensive than molecular pathology, with an
average cost of $50 per antibody tested [13].

Figure 5: Immunohistochemical analysis ofBRAFmutated colorec-
tal cancer with positive staining, ×50 HPF.

This immunohistochemical approach, which is a valid
resource for identification of tumoral targets accessible for
therapy (i.e., CD117 in gastrointestinal stromal tumors [14] or
HER2 in breast and gastric cancer [15, 16]), has not yet found
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Table 4: Contingency table for determination of BRAF mutation
status using immunostaining.

BRAF mutation status
wt Mutated Total

BRAF immunohistochemistry
status
− 10 0 10
+ 0 20 20
Total 10 20 30

Sensitivity = 20/20 = 100%.
Specificity = 10/10 = 100%.

an application in colorectal cancer. Screening mCRC with
anti-EGFR antibodies has rapidly shown its limits in selecting
patients for anti-EGFR therapies [17]. In mCRC, the only
predictive marker (a negative marker of response to those
treatments) is the determination of somatic RAS mutation.
Thus, morphological detection using immunohistochemistry
appears to be an attractive alternative tomolecular screening.
Indeed, we postulated that the KRAS mutations occurring
in codons 12 and 13 of exon 2, by inducing a stabilization
of the protein in a constitutive activation state, could also
allow detection of this protein by immunohistochemistry. By
using an antibody directed at KRAS (but at a nonmutated
protein), we expected to visualize mutated KRAS protein in
tumor cells of mutated carcinomas (or at least to detect an
“overexpression” in mutated cases). Our data were unable to
support this hypothesis.

Recent publications have reported the possibility of
immunodetection of mutated protein as EGFR [18, 19] or
BRAF [20]. Yu et al. recently generated monoclonal antibod-
ies specific to the more frequently mutated EGFR protein
(exon 19 E746-A750 deletions and exon 21 L858R mutation)
[21]. They reported a 92% sensitivity of immunohistochem-
ical assays in 340 non-small-cell carcinomas of lung speci-
mens compared to 99% for classical DNA sequencing. The
same results were found using a specificmonoclonal antibody
directed against V600E BRAF mutation [20] which only
reacts with the protein product of the V600E mutant and not
with protein associated with other mutations of BRAF [22].
In this context, we decided to evaluate the utility of BRAF
V600E immunohistochemistry. The complete concordance
observed in our study is comparable to published data [23–
25].

These results strongly argue in favor of an immunohisto-
chemical approach to exclude Lynch syndrome inmicrosatel-
lite high (MSI-H) colorectal cancers, as suggested in a very
recent publication [25]. BRAF V600E mutation, which is vir-
tually absent in hereditary colorectal cancer, is often present
in sporadic CRC that has a CpG island hypermethylation
phenotype (CIMP-high), resulting in hypermethylation of
promoter regions. BRAF mutated CIMP-high CRC is fre-
quently MSI-H, as theMLH1 promoter has been methylated,
resulting in an MLH1-deficient tumor [26].

Immunodetection of BRAF V600E mutation could also
provide prognostic information. Recent data on adjuvant

studies in patients with stage II/III colon cancer [27] and in
metastatic disease [28] indicate that BRAF V600E mutation
is associated with worse clinical outcome.The predictive role
of BRAF mutation in colorectal cancer is currently debated,
but a recent meta-analysis indicated that BRAF mutation is
a predictive biomarker of poor prognosis in mCRC patients
treated by anti-EGFR monoclonal antibodies, especially in
KRAS wild-type patients [29].

In an era of personalized medicine for BRAF mutation
in metastatic melanomas, a targeted therapy has been inves-
tigated in advanced colorectal cancer harboring a mutation
of BRAF. The results of BRAF V600E inhibition in CRC are
disappointing, compared to expectations raised in preclinical
models and case reports [30, 31].

Morphological control of histological sections stained
by immunohistochemistry allows evaluation of tumor areas
with different phenotypic expressions. Recent studies have
given evidence that morphologically homogeneous tumors
may actually have very different genotypic characteristics
[32]. Many hopes were sustained by the idea that a single
biopsy could allow tumor characterization according to
molecular profile and thus effectively permit best treatment
for the patient. However, this tumoral heterogeneity may be
one cause of the failure of targeted therapeutics: the presence
of a nonsensitive subclone leads to its selection by the
treatment and then to the recurrence of the disease. Thus,
in clinical oncology, it seems important to take into account
this tumoral heterogeneity and so to develop new strategies
for molecular characterization. Immunohistochemistry is a
powerful tool and represents a valid morphological support
for phenotype characterization and especially detection of
heterogeneity within tumour cells. However, its validity relies
on the specificity of antibodies whichmust recognize only the
mutated protein.

Regarding time spent by the laboratory, immunohis-
tochemistry can easily be performed in one working day,
whereas molecular techniques require a minimum of two
working days.

Immunohistochemical evaluation could also be useful in
cases where the quality of the material is not suitable for
molecular investigation: it is possible to assess diagnosis of
malignant tumors only by the presence of scattered cells in
the specimen. On the contrary, molecular techniques require
at the very least 5% of tumoral cells in the tested sample.

To summarize, by using an antibody directed at KRAS
(but not specific to mutated protein), we failed to distin-
guish KRAS mutated tumors from KRAS wild-type tumors
in mCRC. Thus, development of a monoclonal antibody
designed against exon 2 codons 12 and 13 mutated KRAS
domain (which representmore than 90%ofKRASmutations)
could ultimately facilitate the screening of mCRC patients
for anti-EGFR therapies. Indeed, our data support the use of
immunohistochemistry in detecting BRAF V600E mutation
protein as an alternative to molecular testing in colorectal
cancer. Immunohistochemistry could become a promising
tool in prognostic and therapeutic decisions in the very near
future.
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To investigate the effect of endostar on specific angiogenesis induced by human hepatocellular carcinoma, this research
systematically elucidated the inhibitory effect on HepG2-induced angiogenesis by endostar from 50 ng/mL to 50000 ng/mL. We
employed fluorescence quantitative Boyden chamber analysis, wound-healing assay, flow cytometry examination using a coculture
system, quantitative analysis of tube formation, and in vivo Matrigel plug assay induced by HCC conditioned media (HCM)
and HepG2 compared with normal hepatocyte conditioned media (NCM) and L02. Then, we found that endostar as a tumor
angiogenesis inhibitor could potently inhibit human umbilical vein endothelial cell (HUVEC) migration in response to HCM
after four- to six-hour action, inhibit HCM-induced HUVEC migration to the lesion part in a dose-dependent manner between
50 ng/mL and 5000 ng/mL at 24 hours, and reduce HUVEC proliferation in a dose-dependent fashion. Endostar inhibited HepG2-
induced tube formation of HUVECs which peaked at 50 ng/mL. In vivoMatrigel plug formation was also significantly reduced by
endostar in HepG2 inducing system rather than in L02 inducing system. It could be concluded that, at cell level, endostar inhibited
the angiogenesis-related biological behaviors of HUVEC in response toHCC, includingmigration, adhesion proliferation, and tube
formation. At animal level, endostar inhibited the angiogenesis in response to HCC in Matrigel matrix.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
tumor in the world, which is difficult to be cured and easily
relapses. Surgical resection, liver transplantation, local inter-
ventional therapy, and general chemotherapy were conven-
tional treatments with limitations [1, 2]. It was imperative to
find a new systematic therapy for HCC. General chemother-
apeutics are aimed at tumor cells, while antiangiogenesis
therapeutics are aimed at vascular endothelial cells which
have become the second important target because of their
stable performance, specificity, and wide scope [3, 4]. HCC
is a hyper vascularized tumor, where during it growth cancer
cells induce angiogenesis through various pathways.

Abundant blood vessel was observed in HCC angiog-
raphy, and angiogenesis was closely connected to HCC

prognosis [5]. Immunological histological chemistry (IHC)
using specific labeled CD34 in vascular endothelial cell to
detect microvessel density of HCCwas an extensively applied
pathological indicator for HCC prognosis [6]. Successful
antiangiogenesis therapy in colorectal cancer [7] and lung
cancer [8, 9] provides new orientation for HCC antiangio-
genesis therapy.

Endothelial cells play important roles in angiogenesis.
Among multiple antiangiogenesis factors, endostatin was
satisfactory because it is endogenous and multitargeted.
Endostatin is the C-terminal amino fragment of type X VIII
collagen, which was firstly separated from angioblastoma
strains ofmouse. Endostatin specifically inhibits proliferation
of vascular endothelial cells and capillary growth [10]. It was
reported that endostatin could induce cell apoptosis and cell
cycle arrest of endothelial cells [11].
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Animal experiments showed that endostatin could signif-
icantly repress the proliferation of variousmurine and alloge-
neic transplantation tumors [12]. However, there were some
difficulties in the application of genetic engineering restruc-
turing human endostatin in clinic because restructured endo-
statin expressed inE. coliwas in formof inclusion bodywhich
was difficult to be purified and refolded [13]. Compared
to endostatin, endostar was a newly restructured human
vascular endothelial inhibitor with a His tag (MGGSHH-
HHH) added to its N-terminal which makes it to be purified
easily [14]. However, whether thismodification influences the
biological activity of Endostatin needs further verification.

Some reports and statistics showed that endostar has
potential effect on HCC therapy: (a) the density of microves-
sel in HCC lumps was a prognostic indicator of HCC
relapse after surgery [15] and (b) the low expression level
of endostatin in HCC and abundant angiogenesis were
related to tumor progression [16]. (c) Endostar combined
with navelbine and cisplatin in the therapy of another rich
vascular tumor, NSCLC, showed that they could improve
advanced stage therapy effect and prolong median time of
progress of tumors in phases I, II, and III trial [17]. (d) Endo-
statin containing plasmid showed a suppression inhibitory
effect towards human HCC cell line Bel-7402 and its hetero-
geneous transplantation tumor in nudemicemodel. (e)Novel
angiogenesis inhibitor Avastin combining chemotherapy was
in phase II clinic experiments which could prolong the pro-
gression free survival (PFS) of HCC patient for 6months [18].

In this research, we employed HUVEC as the cell model
and normal hepatocyte line L02. L02 was used as control with
an antiangiogenesis evaluating in vitro and in vivo experiment
system to study the effects of recombinant human endostatin
(endostar) on human HCC cell line HepG2-induced angio-
genesis-related biological behaviors ofHUVECs,which could
provide theoretical and experimental evidence for endostar
being used as an antiangiogenesis drug in HCC treatment.

2. Materials and Methods

2.1. Cell Culture. Experiments were performed using
HUVECs (ScienCell), HepG2 (from Shanghai Cell Institu-
tion), and L02 (from Shanghai Cell Institution). HUVECs
were cultured in endothelial cell medium (ECM; ScienCell)
supplemented with 1% endothelial cell growth supplement
(ECGS; ScienCell), 5% fetal bovine serum (FBS, Invitrogen
Corp.), 100U/mL penicillin (Invitrogen Corp.), and 100 𝜇g/
mL streptomycin (Invitrogen Corp.). HepG2 and L02 were
cultured in Dulbecco’s modified eagle medium (DMEM,
Invitrogen Corp.) supplemented with 10% FBS, 100U/mL
penicillin, and 100 𝜇g/mL streptomycin. All the cells were
maintained within the 5% CO

2
air atmosphere in a humidi-

fied incubator at 37∘C. 90% confluent cells were detached by
trypsin/EDTA (Invitrogen Corp.) and were subcultured at
proper split ratio.

2.2. Animals. BALB c/J-severe combined immunodeficient
(SCID) mice were obtained from Shanghai SLAC Laboratory
and were used for matrigel plug study.

2.3. Preparation of HCM fromHepG2 and NCM from L02. As
the method described by Moroz et al. [19], cells were allowed
to grow till 80% confluence. Following the replacement of the
culture medium with 15mL DMEM plus 0.2% bovine serum
albumin (BSA, InvitrogenCorp.), cells were placedwithin the
5% CO

2
air atmosphere in a humidified incubator at 37∘C

for 24 h. HCM or NCM were collected and centrifuged for
15min at 7,000 rpm to eliminate cell debris. The supernatants
were ultra-filtered by Amicon Ultra-15 (Millipore, MWCO
3KD) to obtain protein and were then resuspended in human
endothelial serum-freemedium (SFM; InvitrogenCorp.) plus
0.2% BSA. The suspension was collected and filtered. The
collected medium was stored at −80∘C.

2.4. Migration Assay. The HUVEC migration assays were
performed as described in the protocol using 24-well mod-
ified Boyden chambers containing polyethylene membranes
(Greiner Bio-One). HUVECs were starved overnight in SFM
with 0.2% BSA. The cells were trypsinized, resuspended in
SFM containing 0.2% BSA, and mixed with endostar (Sim-
cere Pharmaceutical Co., Ltd.) of different final concentra-
tions (0 ng/mL, 5 ng/mL, 50 ng/m, 500 ng/mL, 5,000 ng/mL,
and 50,000 ng/mL) for 30min before adding the mixture to
the upper chamber. HCM and NCM mixed with endostar
served as attractants that were placed in the lower wells. SFM
with 10% FBS and SFMwith 0.2%BSAwere employed as pos-
itive and negative controls, respectively.The cell culture plates
were incubated in a cell culture incubator at 37∘C and 5%
CO
2
for 6 h. Subsequently, all cells were fluorescently labeled

with 4 𝜇M calcein-AM (Sigma) for 45min and incubated
in prewarmed trypsin-EDTA for 10min, allowing migratory
cells to detach from the underside of the PET membrane.
Finally, the migratory cells were quantified in the TECAN
multifunctional reader at an excitation wavelength of 485 nm
and an emission wavelength of 520 nm.

2.5. Wound-Healing Assay. Wound-healing assay was per-
formed as previously described [20] with some improve-
ments. HUVECs (1.8 × 104 per well) were seeded in 24-
well plates and cultured in ECMmedium to 90% confluence.
HUVECs were starved for 4 h in SFM with 0.2% BSA. The
cell monolayer was scraped with a sterile tip to create a cell-
free zone and then photographed to determine the injury
baseline. Media were replaced by HCM containing endostar
of different concentration. SFM with 5% FBS and SFM with
0.2% BSA were used as controls. The migration of the cells
was recorded at 24 hours on an Olympus IX-71 inverted
microscope equipped with an Olympus camera. Data were
analyzed by Image-Pro Plus software.

2.6. Cell Adhesion Assay. Adhesion between tumor cells
and endothelial cells was measured as described with some
modifications [21]. HepG2 and L02 were seeded in 96-
well plate to 100% confluence before experiments. HUVECs
were stained with 4 𝜇M calcein-AM and trypsinized. Single
HUVEC suspension was pretreated with endostar of differ-
ent concentration for 30min. HUVECs were mixed with
HCM before being seeded in the HepG2 cell-coating plate
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(4 × 104 per well). Plates were incubated at 37∘C for 1 h. To
remove nonadherent cells, each well was carefully washed by
addition of prewarmed serum-free culturemedium, followed
by gentle swirling and inversion of the plate and blotting
of excess liquid onto filter paper or paper towels. This was
repeated four times, after which 1mL of prewarmed serum-
free culture medium was added to each well. Relative fluore-
scence units (RFU) were measured using TECANmultifunc-
tional reader at an excitation wavelength of 485 nm and an
emission wavelength of 520 nm. Adhesion rates were cal-
culated by the formula: Adhesion rate = (RFU100%control −
RFU0%control)/100 × (RFUsample − RFU0%control).

2.7. CFSE-Labeled Flow Cytometric Analysis. The coculture
system was established as previously described [22] with
some changes. Immediately before the assay, HUVECs and
HepG2 were stained with carboxyfluorescein succinimidyl
amino ester (CFSE) (Molecular Probes) and PKH-26 red
fluorescent cell linker (Sigma-Aldrich), respectively, as the
protocol. Parts of the labeled cells were fixed immediately
and used as positive control. HUVECs were plated in 12-well
plates (4.2 × 104 per well) alone or at ratio of 1 : 4 compared
to HepG2. After complete attachment, cells were starved
in SFM plus 0.2% BSA for 6 h and treated with endostar
for an additional 1 h. Media were replaced by mixture of
SFM plus 2% FBS together with endostar of corresponding
concentrations. 48 h later, HUVECs were harvested, fixed in
cell fixation liquid, and analyzed by flow cytometry.Datawere
analyzed by CELLQuest and ModFit to obtain proliferation
index. Positive control was employed as the first generation.
Inhibition rates were calculated by the following formula:
IR = (PInc − PIsample)/PINC × 100%.

2.8. Tube Formation Assay. Tube formation was evaluated
as previously described [20]. 50 𝜇L of diluted growth factor-
reducedMatrigel (BectonDickinson)was tiled on the bottom
of 96-well plates at 4∘C and left at 37∘C for gelification.
HUVECs were seeded at a density of 2.25 × 104 per well in
SFM, HCM, and NCM. For coculture experiments, mixtures
ofHUVECs andHepG2 at a 1 : 1 ratio were seeded onMatrigel
in HCM. Endostar of different concentrations was added. All
tube formation experiments were observed using Olympus
IX-71 inverted fluorescence microscopy and images were
digitally captured at 24 hours after plating. Tubule formation
was assessed by counting the number of tubule branches and
the total area covered by tubules in each field of view by
Image-Pro Plus software.

2.9. In Vivo Matrigel Plug Assay. Angiogenesis was analyzed
using the in vivoMatrigel plug assay as previously described
[23]. Briefly, GFR-Matrigel, HepG2/L02, and endostar at a
2 : 1 : 1 volume ratio were thoroughly mixed at 4∘C. Male
BALB/c SCID mice were anesthetized and injected with the
mixture of GFR-Matrigel and HepG2 subcutaneously (s.c.)
on the upper left dorsal. GFR-Matrigel and L02 cell mixture
was injected on the upper right part using a prechilled
tuberculin syringe (27-gauge needle). The mixture of GFR-
Matrigel and endostar was employed as blank control and
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Figure 1: Effect of endostar towards HUVEC chemotaxis induced
by HCM.

was injected on the bottom left dorsal. Starting from the
second day, 8mg/kg endostar was given to mice every day
by intraperitoneal injection. Seven days after implantation,
mice were sacrificed. Matrigel plugs with the surrounding
skin were removed and vascularity was photographed (37).
ThenMatrigel plugs were homogenized in 500𝜇L of radioim-
munoprecipitation (RIPA; Beyotime) buffer.Thehomogenate
was centrifuged at 1,000×g to collect the suspension. OD
values of Hemoglobin were measured at the absorbance
wavelength 420 nm using a TECAN multifunctional reader.
Results were analyzed by ANVOA test.

3. Result

3.1. The Effects of Endostar on HCC-Induced HUVEC Migra-
tion. Boyden chambers migration assay showed that when
using HCM as attractants, migration of HUVEC was obvi-
ously induced in 4–6 h which could be inhibited by endostar
with concentration of 5 ng/mL to 50,000 ng/mL. When the
concentration of endostar was 50 ng/mL and 500 ng/mL, the
suppression effect was most significant (𝑃 < 0.01) (Figure 1).

Wound-healing assay showed that HCM induced migra-
tion of HUVEC to wound area which could be suppressed
by endostar (Figure 2(a)). After 24 h, the suppression effect
of endostar was concentration-dependent from the concen-
tration of 50 ng/mL to 5,000 ng/mL (Figure 2(b)).

3.2. The Effects of Endostar on HCC-Induced HUVEC Adhe-
sion. In cell adhesion assay, adhesion rate and suppression
rate of each group were calculated by RFU as shown in
Figure 3. It was revealed that the cell number of HUVEC that
adhered to HepG2 was decreased by addition of endostar.
The suppression effect of endostar towards adhesion ability
of HUVEC to HepG2 increased as its concentration elevated
from 50 ng/mL to 5,000 ng/mL.

3.3. The Effects of Endostar on HCC-Induced HUVEC Prolif-
eration. The result of CFSE-labeled flow cytometric analysis
was analyzed by CELLQuest and ModFit and the PI value
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Figure 2: HCM induced migration of HUVEC to wound area was suppressed by endostar. (a) Endostar with different concentrations
suppressed HUVECmigration detected by microscopy. (b)The amount of HUVEC cells migration suppressed by different concentrations of
endostar.

of each sample was calculated and exhibited in Figure 4,
which suggested that endostar significantly suppressed the
proliferation of HUVEC in HepG2 cocultured system and
HCM culture system dose-dependently. Furthermore, the
suppression effect of endostar towards the proliferation of
HUVEC was more significant in coculture system than in
HCM system (𝑃 < 0.05).

3.4. The Effects of Endostar on HCC-Induced Tube Formation.
Tube formation assay showed that the HUVEC net tube
structure induced by HepG2 was significantly decreased by
addition of endostar with different concentrations (Figure
5(a)). Analysis with Image-Pro Plus showed that the length
(Figure 5(b)), area (Figure 5(c)), and amount (Figure 5(d))

of Matrigel net tube formed by HUVEC all decreased after
endostar administration. The suppression effect was most
significant when the concentration was 50 ng/mL.

3.5. The Effects of Endostar on HCC-Induced Angiogenesis
In Vivo. In vivo Matrigel plug assay showed that GFR-Mat-
rigel + HepG2, GFR-Matrigel + L02 could form plug con-
taining initial vessel in subcutaneous SCIDmouse.The num-
ber of initial vessels in the plug was decreased by endostar.
In Figure 6(a), when the concentration of endostar was
0 ng/mL, there were a large number of initial vessels in the
plug formed by GFR-Matrigel + HepG2 and the color of
the plug was dark red. When the concentration of endostar
was 50 ng/mL, the initial vessels were significantly decreased
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Figure 3: Adhesion rate and suppression rate effect by different endostar concentrations in cell adhesion assay.
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Figure 4: The effects of different concentrations of endostar on
HCC-induced HUVEC proliferation detected by CFSE-labeled flow
cytometric analysis.

except a huge initial vessel in the plug. When the concen-
tration of endostar was 500 ng/mL, there were some tiny
vessels left in the plug. When the concentration of endostar
was 5,000 ng/mL, the color of plug was pale. After homog-
enization, the homogenate OD values of endostar-treated
plugs decreased which suggested that endostar significantly
suppressed HepG2-induced angiogenesis (Figure 6(b)).

4. Discussion

The mechanism of HCC-induced endothelial cell migration
was generally considered to be related to various cytokines of
HCC cells such as vascular endothelial growth factor (VEGF)
family, fibroblast growth factors (FGF) family, Angiopoietin2,
Angiotropin, tumor necrosis factor (TNF)-𝛼, colony stim-
ulating factors (CSFs), CXC chemokines with ELR motif,
hepatocyte growth factor (HGF), platelet endothelial cell
adhesion molecule- (PECAM-) 1, and Integrins [24]. A
network was established by interaction of these cytokines;

however, the weight of each cytokines was unknown. In gen-
eral, endostar could inhibit chemotactic migration of endo-
thelial cells induced by the multiple cytokines secreted by
HCC cells. In fluorescence quantitative migration chamber
experiments, multiple cytokines induced chemotactic mig-
ration of endothelial cells, which was inhibited after endostar
was added.When endostar was added for 4 h to 6 h with con-
centrations from 5 ng/mL to 50,000 ng/mL, inhibitory effect
was expressed and it wasmost significant with concentrations
of 50 ng/mL and 500 ng/mL.

Similar results were detected in scratch experiment. After
scratch, HCM induced chemotactic migration of endothelial
cells to injured part. When endostar was added for 24 h,
with the concentrations from 5 ng/mL to 50,000 ng/mL, the
inhibition of chemotactic migration ability of endothelial
cells to injured part by HCM was concentration-dependent.
Although the two experiments suggested that endostar could
inhibit endothelial cell migration induced by HCM, the most
effective concentration was different, which was dependent
on different action time of endostar.

The adhesion mechanism of endothelial cell induced by
HCC cells was generally considered to be related to the secre-
tion of VEGF, FGF-2 by HCC cells, and integrins (𝛼1𝛽1 and
𝛼2𝛽1), VE-cadherin, and PECAM-1 upregulated in endothe-
lial cells, which could improve the adhesion effect of endothe-
lial cells to HCC cells [25]. Endostar can effectively suppress
the adhesion of endothelial cell induced by HCC, which
was detected by the experiment of fluorescent quantitative
adhesion. The number of HUVEC cells that were activated
by HCM and that adhered to HepG2 significantly decreased
when endostar was added. When the concentration of endo-
star was from 5 ng/mL to 50,000 ng/mL, the adhesion sup-
pression effect was concentration-dependent.

HCC cells induce the proliferation of vessel endothelial
cell via two approaches: one was secreting some cytokines
such as VEGF-family, FGF-family, angiopoietin-2, EGF,
CSFs, angiogenin, CXC chemokines with ELRmotif, insulin-
like growth factor- (IGF-) 1, erythropoietin, and interleukin-
(IL-) 8. Another was direct contact with vessel endothe-
lial through integrins and VE-cadherin [26]. Coculture
experiment showed that endostar significantly suppressed
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Figure 5: Tube formation of HUVEC induced by HCM was suppressed by endostar. (a) Endostar suppressed tube formation of HUVEC
induced by HCM detected by microscopy. (b) Endostar suppressed the length of formatted net tube. (c) Endostar suppressed the area of
formatted net tube. (d) Endostar suppressed the amount of formatted net tube.
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Figure 6: The suppression effect of endostar towards HCC-induced angiogenesis detected by in vivo Matrigel plug assay. (a) The Matrigel
plugs formatted in SCID mouse. (b) The quantity of homogenate in Matrigel plugs.

the proliferation of HUVEC cocultured with HepG2 and
cultured in HCM alone. The suppression effective was more
obvious in HUVEC cocultured with HepG2 than in HUVEC
cultured in HCM alone, which suggested that endostar
suppressed the proliferation of endothelial cell affected by
multiple factors and induced by HCC cells.

Similar results were detected in tube formation assay.
In one way, HCC cells improved the formation of tubes by
secreting active factors such as TGF-𝛽, TNF-𝛼, and angio-
tropin [27]. In another way, HCC cells improved the for-
mation of tubes via direct contact with PECAM-1 and VE-
cadherin [28].

In Matrigel, the net tube structure was obviously de-
creased by the addition of endostar. When the concentration
of endostar was between 50 ng/mL and 5000 ng/mL, the peak
point of suppressionwas 50 ng/mL,which suggested endostar

suppressed the tube structure formation of endothelial cell
affected by multiple factors and induced by HCC cells.

Multiple cytokines such as VEGF-family, TNF𝛼, EGF,
angiotropin, and HGF were closely related to in vivo angio-
genesis [29]. Our research results also showed that HCC
cells could induce more blood vessels, while endostar signifi-
cantly suppressed the induced angiogenesis. Detection of
hemoglobin quantity in plugs showed that during the concen-
trations from 50 ng/mL to 5000 ng/mL, endostar could sig-
nificantly suppress HCC induced angiogenesis dose depen-
dently.

In summary, our study using a series modified classical in
vitro experiments such as Boyden chambers migration array,
wound-healing assay, cell adhesion assay, CFSE-labeled flow
cytometric analysis, and tube formation assay analyzed the
suppression effect of endostar on HCC-induced endothelial
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cell migration, adhesion, proliferation, and tube formation,
which suggest that endostar could suppress the angiogenesis
of HCC in vitro. We also analyzed the suppression effect of
HCC-induced angiogenesis in vivo bymodifiedMatrigel plug
assay suppress, which showed that endostar could suppress
the angiogenesis of HCC in vivo.

Themolecularmechanism of endostar suppressingHCC-
induced angiogenesis still needs further elucidation. How-
ever, our research confirmed that endostar had suppression
effect towardsmultiple factor effect andHCC-induced angio-
genesis. The results provide theoretical and experimental
proofs for the role of endostar in antiangiogenesis therapy.
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Implantation of self-expanding metal stents (SEMS) is palliation for patients suffering from inoperable malignant obstructions
associated with biliary and pancreatic cancers. Chemotherapeutic agent-eluting stents have been developed because SEMS
are susceptible to occlusion by tumor in-growth. We reported recently that paclitaxel-eluting SEMS provide enhanced local
drug delivery in an animal model. However, little is known about the molecular mechanisms by which paclitaxel-eluting
stents attenuate tumor growth. We investigated the signal transduction pathways underlying the antiproliferative effects of
a paclitaxel-eluting membrane (PEM) implanted in pancreatic/cholangiocarcinoma tumor bearing nude mice. Molecular and
cellular alterations were analyzed in the PEM-implanted pancreatic/cholangiocarcinoma xenograft tumors by Western blot,
immunoprecipitation, and immunofluorescence. The quantities of paclitaxel released into the tumor and plasma were determined
by liquid chromatography-tandem mass spectroscopy. Paclitaxel from the PEM and its diffusion into the tumor inhibited
angiogenesis, which involved suppression of mammalian target of rapamycin (mTOR) through regulation of hypoxia inducible
factor (HIF-1) and increased apoptosis. Moreover, implantation of the PEM inhibited tumor-stromal interaction-related expression
of proteins such as CD44, SPARC, matrix metalloproteinase-2, and vimentin. Local delivery of paclitaxel from a PEM inhibited
growth of pancreatic/cholangiocarcinoma tumors in nude mice by suppressing angiogenesis via the mTOR and inducing apoptosis
signal pathway.

1. Introduction

Malignant biliary obstruction is associated with biliary can-
cer, pancreatic cancer, and other local cancers. Endoscopic
biliary drainage with self-expanding metal stents (SEMS) is
the treatment of choice for palliation in patients with an
unresectable biliary obstruction [1, 2]. A metallic stent cov-
eredwith a paclitaxel-incorporatedmembrane (MSCPM) has

been developed to promote the antitumor effect against extra-
hepatic cholangiocarcinoma, spreading along the bile duct
wall, and to sustain stent patency by inhibiting tumor in-
growth into the SEMS [3–7]. A double-layered MSCPM has
been developed, which has a bile resistant inner layer of poly-
tetrafluoroethylene and an outer layer of drug-containing
polyurethane with pluronic F-127, a surfactant for effective
drug delivery. We have reported that paclitaxel-eluting stents
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with 10% pluronic F-127 (MSCPM-II; TaewoongMedical Co.,
Gimpo, Korea) are safe and provide enhanced local drug
delivery (LDD) in an animal model [8]. MSCPM-II is cur-
rently awaiting human application.

The chemotherapeutic mechanism of paclitaxel is to sta-
bilize microtubules during mitosis and to arrest cell growth
[9, 10]. In addition, paclitaxel has antiangiogenic and anti-
metastatic properties [11, 12]. The clinical application of
paclitaxel in cancer treatment is considerably limited due
to its poor availability from systemic administration [13].
Therefore, many efforts have been made to develop an alter-
native paclitaxel delivery system to increase its availability
at tumor sites and to maximize therapeutic efficacy while
minimizing side effects [14]. Furthermore, paclitaxel is useful
for locoregional cancer therapy because it has good pharma-
cokinetic characteristics (e.g., lipophilic and rapid cellular
uptake) [15]. Paclitaxel-eluting covered metal stents, which
were introduced recently, may prevent occlusion from tumor
in-growth due to the antitumor effect of paclitaxel. The
diversemolecular signaling pathways generated by paclitaxel-
eluting stents that exert antiproliferative, proapoptotic, and
antiangiogenic effects in tumors have not been identified.

In the present study, we report a number of molecular
pathways and cellular mechanisms that are associated with
subtumoral implantation of a paclitaxel-eluting membrane
(PEM), which is of identical composition to the outer layer
of MSCPM-II that inhibits tumor growth. We analyzed the
protein profile by immunoblot/immunoprecipitation anal-
yses and validated the profile by immunofluorescence in
pancreatic and cholangiocarcinoma xenograft tumors. We
then explored the antiproliferative/apoptotic/antiangiogenic
effects of the PEM, a clinically relevant drug-eluting stent
identified in our study, to reveal its potential therapeutic
significance for inoperable malignant biliary obstructions.

2. Materials and Methods

2.1. Cell Lines and Antibodies. The human pancreatic cancer
cell lines PANC-1 and CFPAC-1 were cultured in Dulbecco’s
modified Eagle’s medium and the cholangiocarcinoma cell
linesHuCCT-1 and SCKwere cultured inRPMI-1640. PANC-
1 and CFPAC-1 cells were purchased from the ATCC (Manas-
sas, VA, USA). HuCCT-1 and SCK cells were procured from
the Health Science Research Resources Bank (Osaka, Japan)
and Dr. Dae-Ghon Kim of Chonbuk National University
Medical School and Hospital (Jeonju, Korea), respectively.
All cell lines were maintained in a humidified incubator at
37∘C with 5% CO

2
. Antibodies against S6K, phospho-S6K,

S6, phospho-S6, 4EBP1, phospho-4EBP1, cleaved caspase-3,
CHOP, Bax, Bim, BCl-2, cyclin B1, HIF-1𝛽, CD44, SPARC,
vimentin, and GAPDH were obtained from Cell Signaling
Technology. CD-31 and VEGF were purchased from Abcam
(Cambridge, MA, USA). HIF-1𝛼, VEFGR2/Flk-1, and MMP-
2 were obtained from Santa Cruz Biotechnology.

2.2. Tumor Xenograft and Treatment. Female 6–8-week-old
athymic nude mice were purchased fromOrient Bio (Kyung-
gido, Korea) for subcutaneous xenografts. To establish the

tumor xenograft model, 2 × 106 cells were suspended in
200𝜇L plain growth media (DMEM or RPMI-1640) and
injected subcutaneously into spaces under the dorsal skin.
Tumors were measured every other day using calipers, and
their volumes were calculated by the following formula: 0.5 ×
length × width2. The animal’s body weight was monitored
every other day. When tumor volume reached 100mm3, the
mice were anesthetized with a mixture of Zoletil (30mg/kg)
and Rompun (10mg/kg) i.p., and the PEMs were surgically
implanted underneath the tumors. All animal studies were
conducted in compliance with the policy of the animal
care and use committee of the Korean Research Institute of
Bioscience and Biotechnology.

2.3. Preparation of Paclitaxel-Eluting Membrane. PEMs were
fabricated using a mold. Briefly, 400mg of polymer was
dissolved in 10mL of tetrahydrofuran (THF). Pluronic F-127
(Plu; 40mg) and 1–10wt% paclitaxel (PTX, 4–40mg) were
dissolved inTHFand then added to the PU/THF solution and
mixed by vortex and sonication. A 200 𝜇L aliquot of the mix-
ture was poured into a dish-shape Teflon mold.The air-dried
paclitaxel-eluting dish-shaped membranes were carefully
peeled off the Teflon mold. Additionally, the PU membrane
without paclitaxel and Plu (control) or Plu alone (control +
Plu) was fabricated by the samemethod as the in vivo control.

2.4. Immunoprecipitation and Immunoblot Analyses. Tumors
were minced coarsely and homogenized with lysis buffer
containing 100mM Tris (pH 7.4), 150mM NaCl, 1% Triton
X-100, 15% glycerol, 1mM PMSF, phosphatase inhibitor
mixtures 2 and 3 (Sigma, St. Louis, MO, USA), and a
protease inhibitor mixture (Sigma). The homogenates were
centrifuged at 14,000 rpm and 4∘C, and the supernatants were
used. Protein concentration was estimated using the Bio-Rad
protein assay (Bio-Rad,Munich, Germany). For immunopre-
cipitation, tumor lysate protein (1mg) was incubated with
2 𝜇g of anti-Bax or anti-Raptor antibodies (Cell Signaling
Technology, Danvers, MA, USA) as indicated for 16 h at 4∘C
and precipitated with 50𝜇L of TrueBlot anti-rabbit Ig IP
beads (eBioscience, San Diego, CA, USA) for an additional
3 h.Then, the sampleswerewashedfive timeswith lysis buffer,
and SDS-loading sample buffer was added. Immunopre-
cipitates and total tumor lysates (30𝜇g) were separated on
NuPage 4–12% gradient Bis-Tris gels (Invitrogen, Grand
Island, NY, USA). Following sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, the proteins were trans-
ferred to nitrocellulose membranes (Bio-Rad). The blots
were blocked in TBS with 0.1% Tween-20 buffer (TBST)
containing 5% nonfat dry milk for 1 h at room temperature.
The membrane was incubated overnight at 4∘C with one of
the following primary antibodies. After repeated washings
with TBST, the membranes were incubated with goat anti-
mouse IgG-horse radish peroxidase (HRP) or goat anti-rabbit
IgG-HRP (Santa Cruz Biotechnology, Santa Cruz, CA, USA)
for 1 h at room temperature before washing again with TBST.
TrueBlot anti-rabbit Ig HRP-conjugated secondary antibody
(eBioscience) was used to detect coimmunoprecipitates
of Bim or hypoxia-inducible factor (HIF)-1𝛼 blots with
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a chemiluminescence reagent (Bio-Rad). GAPDH expression
levels were used to normalize protein loading. The sizes of
the molecular weight markers (in kilodaltons) are indicated
on the left. All critical blots and immunoprecipitation exper-
iments were repeated at least three times.

2.5. Immunofluorescence from Tumor Samples. Tumors were
immersed in OCT compound (Leica Biosystems, Richmond,
CA, USA) and frozen in liquid nitrogen. The sections (5 𝜇m)
were permeabilized, blocked with 10% goat antiserum and
0.25% Triton X-100 in PBS to avoid nonspecific binding for
60min, and subsequently incubated with rabbit anti-cleaved
caspase-3 (1 : 400), rabbit anti-CD31 (1 : 400), or mouse mon-
oclonal anti-vascular endothelial growth factor receptor-
2 (VEGFR2) (1 : 400) antibodies. Next, the sections were
washed and further incubated with the corresponding Alexa-
488-conjugated secondary antibodies (Invitrogen). Nuclei
were stained with DAPI (Invitrogen). Fluorescence images
were acquired using an Axiovert 135 microscope (Carl Zeiss,
Thornwood, NY, USA).

2.6. Immunohistochemistry. The tumors were removed and
fixed in 10% phosphate-buffered formaldehyde at room tem-
perature until sectioning. Briefly, all tumors were serially
sectioned and tissue sections (5𝜇m thick) obtained from
the paraffin blocks were stained with hematoxylin and eosin
(H&E) using standard histological techniques.

2.7. Measurement of Paclitaxel Content in Tumor Tissue by
Liquid Chromatography-TandemMass Spectrometry (LC-MS/
MS). Tumors and plasma samples were prepared and pacli-
taxel concentrations were analyzed by LC-MS/MS. Briefly,
the samples were extracted with 100% acetonitrile containing
carbamazepine as an internal standard, and chromatography
was conducted on an Xterra C18 column (50 × 2.1mm i.d.,
5 𝜇m, Waters, Milford, MA, USA) with a SecurityGuard C

18

guard column (2.0 × 4.0mm i.d., Phenomenex, Torrance,
CA, USA) maintained at room temperature. The mobile
phase was 95% v/v solvent A (deionized water containing
0.1% v/v formic acid)/5% v/v solvent B (acetonitrile contain-
ing 0.1% v/v formic acid) at a flow rate of 0.4mL/min. A linear
gradient of the two solvents was used: start at 95%A and hold
for 0.5min, ramp to 5% A to 0.6min, and hold until 4min.
The flow rate was 0.4mL/min throughout the gradient. The
retention times of paclitaxel and the internal standard (IS)
were 3.0 and 2.8min, respectively.The electrospray ionization
source was operated at 5500V and 550∘C. The samples were
analyzed via multiple reaction monitoring. The monitoring
ions were set asm/z 876 → 308 for paclitaxel andm/z 237 →
194 for the IS.The scandwell timewas 0.1 sec for each channel.
Acquisition and analysis of data were performed using the
Analyst software ver. 1.5.2 (Applied Biosystems, Foster City,
CA, USA).

2.8. Statistical Analysis. Data are presented as means ±
standard deviations. The statistical analysis was performed
using Student’s t-test when appropriate. Significance was

established when 𝑃 < .05. All experiments were performed
a minimum of three times.

3. Results

3.1. The PEM Reduces Growth of Pancreatic/Biliary Xenograft
Tumors in Nude Mice via Induction of Apoptosis and Endo-
plasmic Reticulum- (ER-) Stress in Tumors. We have demon-
strated previously that paclitaxel-eluting SEMS containing
10% pluronic acid F-127 (MSCPM-II) provide enhanced LDD
to the porcine bile duct [8]. Hence, we examined the molecu-
larmechanismunderlying the antiproliferative effects of PEM
implantation in tumor-bearing nudemice. Xenografted nude
mice were implantedwith pluronic acid alone (control + Plu),
5% and 10% paclitaxel and pluronic acid (PTX + Plu)-eluting
membrane (PEM), or a bare membrane (control) for 15–20
days. First, we determinedwhether PEM implantation caused
tumor shrinkage.Weobserved that the PEMwas clearly effec-
tive for reducing tumor growth, compared with the control
(bare membrane or Plu only) (Figure 1(a), Supplementary
Figures S1 and S2 in supplementary material available online
at http://dx.doi.org/10.1155/2015/568981). Moreover, no host
toxicity was observed (data not shown). The drug-release
study showed a 10-fold greater concentration of paclitaxel in
tumors proximal to the PEM than in those distal to the PEM
15 days after implantation, whereas plasma concentrations of
paclitaxel following membrane implantation remained less
than the lower limit of quantitation (Figure 1(b)). Paclitaxel
easily penetrated the cells of the tumor mass due to its
lipophilic properties, which led to chronic retention of the
drug in the tumor tissue. This result indicates that local
delivery of PTX to tumor tissue is effective for reducing tumor
growth without detectable systemic levels (Supplementary
Figure S3). The significance of PEM-induced inhibition of
tumor growth andwhether it is related to cellular apoptosis or
necrosis should be further investigated.TheH&E histological
analysis showed increased necrosis in the PEM-implanted
tumors compared with the control (Figure 1(c)). We exam-
ined the effect of the PEM on expression of apoptosis-related
proteins in tumor lysates to explore the link between tumor
regression and induction of apoptosis by the PEM. Because
the Bcl-2 family protein members are major regulators of the
mitochondrial apoptotic pathway, we examined the expres-
sion of Bcl-2 family proteins in response to PEM implantation
into tumors. As shown in Figure 1(d), expression of the
proapoptotic proteins Bax [16] and Bim [17] increased in
tumors implanted with the PEM. In contrast, the PEM
induced downregulation of Bcl-2 expression (Figure 1(d)). It
has been demonstrated that Bim initiates activation of Bax
through a direct interaction in vitro [16]. To confirm the in
vivo interaction between Bax and Bim, tumor lysates from
either control or PEM-treated CFPAC-1 xenograft tumors
were subjected to immunoprecipitation with Bax antibody,
and the bound Bim was detected by immunoblotting. We
found a dose-dependent increase in Bax/Bim binding in the
PEM-implanted tumor lysates (Figure 1(d)).Western blotting
revealed that the PEM induced expression of cleaved caspase-
3, a characteristic of apoptosis, in xenografted tumors
(Figure 1(e)). The immunofluorescence analysis confirmed
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Figure 1: The paclitaxel-eluting membrane (PEM) reduces tumor growth by inducing apoptosis and endoplasmic reticulum- (ER-) stress in
xenografted tumors. (a) The PEM (PTX 10% + Plu) was implanted once the SCK tumor reached 100mm3. Data are presented as means ±
standard deviation (SD). Tumor size wasmeasured at the indicated time points after PEM implantation. (b) Plasma and tumor concentrations
of paclitaxel in SCK tumor-bearing nude mice following PEM implantation for 15 days. Paclitaxel levels in plasma and tumor sections were
determined by LC-MS/MS. Each data point represents the average of five mice ± SD. P, proximal to the PEM; D, distal to the PEM; ∗, lowest
limit of quantification (LLOQ: 15.6 ng/mL). Raw data are shown in the inset. (c) Representative H&E stained PEM-implanted HuCCT-1
tumor. Arrowhead, necrotic tumor cells. (d) The PEM induced apoptosis in CFPAC-1 tumors. CFPAC-1 xenograft tumors were treated with
0, 1, and 5% PEM and implanted for 7 days. BCl-2, Bim, and Bax expression were detected in tumor lysates by Western blotting. Bax and
Bim were immunoprecipitated (IP) with Bax. (e) The PEM induced apoptosis and ER-stress in HuCCT-1, CFPAC-1, and PANC-1 tumors.
Cleaved caspase-3 and CHOP were detected in tumor lysates by Western blotting. (f) Immunofluorescence staining of cleaved caspase-3 in
SCK tumor tissue section from tumor treated with the PEM or control (+Plu). Green, cleaved caspase-3 and blue, nuclei stained with DAPI.
Original magnification, ×40. Scale bar: 50 𝜇m.
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that the PEM increased cleaved caspase-3 expression in
tumors (Figure 1(f)). Because paclitaxel induces mitochon-
drial apoptosis and excess ER stress [18], we examine whether
ER stress was involved in the PEM induced inhibition of
tumor growth. Although the complete mechanism associated
with ER stress-mediated apoptosis is unclear, downstream
ER stress signaling could be correlated with activation of the
c/EBP homology protein (CCAAT-enhancer-binding protein
homologous protein [CHOP], an ER stress marker) [19]. As
shown in Figure 1(e), expression levels of CHOP increased
markedly in tumors implanted with the PEM. These results
indicate that the PEM also inhibited tumor growth via
induction of ER stress in addition to apoptosis.

3.2. The PEM Reduces Growth of Xenografted Tumors in Nude
Mice by Suppressing mTORC1 Signaling and HIF-1 Regulation.
Because the mammalian target of rapamycin complex 1
(mTORC1) signaling pathway is involved in the regulation of
cell growth (e.g., amino acid translation, cell cycle, and angio-
genesis) and tumorigenesis [20–22], we speculated whether
the PEM inhibitedmTORC1 activation status in tumor tissue.
As expected, we found a decrease in phosphorylation of the
mTORC1 targets p70S6K, ribosome protein S6, and eIF4E-
binding protein 1 (4E-BP1) in tumor lysates from tumors
implanted with the PEM compared with those in control
tumors (Figures 2(a) and 2(b)). We also confirmed that total
p70S6K and S6 levels were similar in PEM-implanted and
control tumors (Figures 2(a) and 2(b)). As a result of the inhi-
bition of mTORC1 by the PEM, both HIF-1𝛼 andHIF-1𝛽 pro-
tein levels decreased in PEM-implanted tumors (Figure 2(c)).
Because activation ofHIF-1𝛼 bymTOR is regulated through a
direct interaction between HIF-1𝛼 and regulatory associated
protein of mTOR (Raptor) [23], we determined whether the
PEM blocked the interaction between Raptor and HIF-1𝛼 in
vivo. We performed endogenous immunoprecipitation with
anti-Raptor antibodies followed by the immunodetection
with anti-HIF-1𝛼. The results demonstrated that the PEM
disrupted the Raptor-HIF-1𝛼 interaction in tumors in a dose-
dependent manner (Figure 2(c)). As cyclin B1 is a regulatory
subunit of mitosis-phase promoting factor, and its proper
regulation is essential for the initiation of mitosis [24], we
wondered whether cyclin B1 expression would be reduced by
PEM implantation. As shown in Figure 2(d), cyclin B1 protein
levels were markedly reduced in tumor lysates from PEM-
implanted tumors. Downregulation of cyclin B1 might be
responsible for mitotic arrest and inhibition of tumor growth
by the PEM in the tumor-bearingmice.These results indicate
that the PEM regulates the mitotic phase of the cell cycle, in
part, by suppressing mTORC1 signaling.

3.3. The PEM Reduces CD31 and VEGFR2 Expression in
Tumors. Because the tumor vasculature in xenograft animals
is host-derived, we explored whether PEM implantation as a
method for LDD had any role in vascularization. The gross
assessment of tumors frommice treated with the PEM clearly
showed a pale appearance with reduced vascularization and
tumor volume. In contrast, control tumors appeared larger
and well vascularized (Figure 3(a)). Tumor size and weight

in animals treated with the PEM were significantly lower
(4-5-fold) than those in tumors from controls (data not
shown). To determine whether tumor shrinkage by the
PEM corresponded to inhibited angiogenesis, we assessed
microvascular density in the absence and presence of PEM-
treated tumors by detecting the microvascular marker CD31
[25]. Figures 3(a) and 3(b) show that the PEM downregulated
CD31 protein expression compared with that in control
tumors. To address the signal transduction pathways by
which angiogenesis was inhibited in the PEM-implanted
tumors, VEGF protein levels were measured in tumors
from control or PEM-treated mice by Western blotting.
VEGF protein levels decreased in tumor lysates from PEM-
implanted tumors (Figure 3(c)). Although VEGF protein lev-
els decreased slightly, PEM implantation induced downreg-
ulation of the VEGFR2 protein in a dose-dependent manner
in SCK tumors (Figure 3(c)). The immunofluorescence anal-
ysis confirmed that VEGFR2 protein expression decreased
significantly in tumors from PEM-implanted mice, which
was paralleled by reduced tumor vessel density (Figure 3(b)).
Angiogenesis within the tumor microenvironment is a com-
plex process regulated by pro- and antiangiogenic factors
produced by both tumor cells and the stromal compartment
[26].We wondered whether PEM-mediated antiangiogenesis
was caused by changes in VEGFR2 downstream signaling
molecules. We found that PEM-implanted tumors exhibited
decreased levels of matrix metalloproteinase 2 [27], an extra-
cellular matrix (ECM) degrading component, compared with
those in control tumors (Figure 3(e)). Expression of CD44
[28], which mediates cell-cell and cell-matrix interactions,
secreted protein acidic and rich in cysteine (SPARC) [29],
a stromal cell marker, and vimentin [30], a mesenchymal
marker, decreased in PEM-implanted tumors relative to those
in control tumors (Figure 3(e)). Taken together, these results
suggest that decreasing tumor vasculature can limit the
supply of nutrients and oxygen to tumor cells, thereby leading
to antitumor effects. These findings indicate that the PEM
inhibited angiogenesis by downregulating VEGF, VEGFR2,
vascularization, and tumor-stromal interaction-related pro-
tein expression.

4. Discussion

We investigated protein profiles in whole tumors from
pancreatic/cholangiocarcinoma xenografted tumor-bearing
mice after PEM implantation to investigate the molecular
mechanisms behind the paclitaxel-eluting stent for LDD and
attenuation of tumor growth in a malignant biliary obstruc-
tion. Drug-eluting stent might ideally be used to treat the
extrahepatic bile duct cancer that grows in the lining of the
bile ducts. Unlike biliary cancer, a malignant biliary obstruc-
tion with pancreatic cancer, which occurs from extrinsic
compression, lacks rationale for utilizing paclitaxel-eluting
stent implants. However, MSCPM-II could be expected to
have an antitumor effect by suppressing tumor in-growth
from a combination of systemic or radiation treatment. Inno-
vative strategies for local and prolonged delivery of approved
chemotherapeutic drugs (e.g., paclitaxel) fromMSCPM-II in
patients with inoperable malignant biliary obstruction are
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Figure 2: Paclitaxel-eluting membrane (PEM) implantation inhibits mTORC1 activation and hypoxia-inducible factor (HIF)-1 regulation
in xenografted tumors. (a) Western blotting of phospho-S6K, S6K, phospho-S6, S6, phospho-4EBP1, and 4EBP1 expression levels in tumor
lysates from HuCCT-1 tumors implanted with the PEM or control (+Plu) (left). Relative quantification of phosphoprotein expression levels
is shown in the control (gray bars) or PEM (black bars) implanted tumors. Values are corrected for corresponding total antibody protein
∗∗
𝑃 < 0.01; ∗∗∗𝑃 < 0.001 (right). (b) Western blotting of phospho-S6K and S6K expression levels in tumor lysates from indicated tumors

from the PEM-implanted or control groups (left) and relative quantification of phospho-S6K expression levels ∗∗∗𝑃 < 0.001 (right). (c)
Western blot of HIF-1𝛼 and HIF-1𝛽 in a protein extract from indicated tumors implanted with the PEM or control for 20 days (left). SCK
xenograft tumors were treated with 0, 5, and 10% PEM and implanted for 7 days. Tumor protein lysates were prepared and analyzed for Raptor
and HIF-1𝛼 protein expression. Immunoprecipitation and Western blotting were used to detect the endogenous Raptor-HIF-1𝛼 interaction
(right). (d)Western blotting analysis of cyclin B1 expression levels in tumor lysates from indicated tumors treated with various concentrations
of PEM (SCK, 0, 5, and 10%; CFPAC-1, 0, 1, and 5%).
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Figure 3: Paclitaxel-elutingmembrane (PEM) implantation attenuates angiogenesis in xenografted tumors. (a) Representative photographs of
the grossmorphology of SCK tumors from nudemice implanted with the PEMor control (+Plu)membrane for 7 days. ∗, tumor; arrow, PEM;
arrowhead, control (+Plu) membrane (upper). Western blot of CD31 expression in tumor lysates from indicated tumors implanted with the
PEM or control. (b) Representative immunofluorescence analysis for CD31 in SCK tumors implanted with the PEM or control. Graph shows
relative fluorescence intensity of CD31 (right). (c) PEM implantation decreased VEGF expression in tumor lysates from indicated tumors
(upper). VEGFR2 expression was evaluated in SCK tumor tissue after implantation with 0, 5, and 10% paclitaxel in a PEM by immunoblotting
(lower). (d) Representative immunofluorescence analysis for VEGFR2 in tissue from SCK tumors implanted with the PEM or control and
relative fluorescence intensity ofVEGFR2 (right). ((b), (d)) Positive protein staining is in green and nuclei are stained bluewithDAPI.Original
magnification, ×40. Scale bar: 50 𝜇m. Values are means ± standard deviation (SD). 𝑁 = 9 fields per group. ∗∗𝑃 < 0.01. (e) Effects of PEM
implantation on the expression of MMP-2, CD44, SPARC, and vimentin proteins in indicated tumors. Proteins were detected by Western
blotting using the indicated antibodies.
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currently under investigation. Local application of a chemo-
therapeutic agent in a stent can minimize the systemic side
effects of the agent whilemaximizing its concentrationwithin
the bile duct.Here, we show that the PEM is a LDDdevice that
supplies paclitaxel to tumors and inhibits their growth.

The hallmarks of cancers are deregulation of the cell
cycle machinery, self-sufficiency of growth signals, insen-
sitivity to growth inhibitory signals, evasion of apoptosis,
tissue invasion, metastasis, and sustained angiogenesis [31].
Tumor progression requires angiogenesis, which is generally
induced in response to hypoxia through a process known
as the angiogenic switch [32–35]. In this study, we showed
that the cancer signal transduction pathways were changed
by the PEM implanted in pancreatic/cholangiocarcinoma
xenografted tumors.

mTORC1 contains Raptor, which serves as a scaffolding
protein for recruiting substrates for phosphorylation by the
mTORC1kinase domain [36]. Activated mTORC1 regulates
protein synthesis by directly phosphorylating S6K and 4E-
BP1, which are translation-initiating factors important for
cap-dependent mRNA translation and to increase the level of
proteins needed for cell cycle progression, proliferation, and
angiogenesis [37–39]. Notably, PEM implantation induced
downregulation of mTORC1, dephosphorylated phospho-
S6K, phospho-S6, and phospho-4E-BP1 and inhibited the
protein synthesis required for angiogenesis and tumor
growth.

Because tumor growth and metastasis are highly depen-
dent on increased microvascular density, a reduction in the
number of blood vessels is critical for antitumor responses.
VEGF-VEGFR2 signal transduction leads to activation of
various downstream signaling molecules responsible for
endothelial cellmigration, proliferation, and survival [25, 40].
Among the many changes in protein function that occur
during tumor progression, alterations in cell-cell and cell-
matrix adhesion seem to play a central role in facilitating
tumor cell migration, invasion, and metastasis [41]. As
expected, PEM implantation prevented tumor growth by
affecting vascularization in both the pancreatic and cholan-
giocarcinoma models. We also observed that PEM implan-
tation into xenograft tumors inhibited tumor growth by dis-
rupting tumor invasion and metastatic behaviors, including
the epithelial-to-mesenchymal transition and breakdown of
the ECM. Therefore, the PEM induced inhibition of tumor
growth in the xenografted tumor models might be explained
by a combination of several mechanisms of action, such as
antiproliferative, proapoptotic, and antiangiogenic effects.

The limitations of this study should be discussed. Because
an orthotopic animal model of malignant biliary obstruction
is not available so far, we should have investigated the molec-
ular mechanism of the antitumor effect by the PEM as a LDD
in subcutaneous xenografted nude mice. Although several
strategies (e.g., fluorescent tagging and radioisotope labeling
methods) have been developed to evaluate the distribution,
penetration and distribution of a drug from a drug-eluting
membrane into tumors remain a major challenge in cancer
chemotherapy because distribution is impeded by several
factors related to the physicochemical characteristics of the
drug and the tumor tissue. Further investigations are needed

to determine the mode of drug distribution from a drug-
eluting membrane into tumors. Paclitaxel is suitable as a
chemotherapeutic agent in a drug-eluting stent due to its
lipophilic character and broad-spectrum anticancer effects,
but gemcitabine is clinically preferred for treating a malig-
nant biliary obstruction; thus, further improvements in
hydrophilic agents (e.g., gemcitabine) for use in drug-eluting
stents should be investigated.

5. Conclusion

We report that local delivery of paclitaxel from a PEM inhib-
ited growth of inoculated pancreatic cancer and cholangio-
carcinoma in nude mice by suppressing angiogenesis via the
mTORC1/inducing apoptosis signaling pathway. The under-
standing of the molecular mechanisms behind the paclitaxel-
eluting stent will change the paradigm for more successful
treatment of patients with malignant biliary obstructions.
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[24] J. Yuan, R. Yan, A. Krämer et al., “Cyclin B1 depletion inhibits
proliferation and induces apoptosis in human tumor cells,”
Oncogene, vol. 23, no. 34, pp. 5843–5852, 2004.

[25] D. R. Senger, K. P. Claffey, J. E. Benes, C. A. Perruzzi, A. P.
Sergiou, and M. Detmar, “Angiogenesis promoted by vascular
endothelial growth factor: regulation through a1𝛽1 and 𝛼2𝛽1
integrins,” Proceedings of the National Academy of Sciences of the
United States of America, vol. 94, no. 25, pp. 13612–13617, 1997.

[26] D. Hanahan and R. A.Weinberg, “Hallmarks of cancer: the next
generation,” Cell, vol. 144, no. 5, pp. 646–674, 2011.

[27] V. Ellenrieder, B. Alber, U. Lacher et al., “Role ofMT-MMPs and
MMP-2 in pancreatic cancer progression,” International Journal
of Cancer, vol. 85, no. 1, pp. 14–20, 2000.

[28] Y. He, G. D. Wu, T. Sadahiro et al., “Interaction of CD44
and hyaluronic acid enhances biliary epithelial proliferation
in cholestatic livers,” The American Journal of Physiology—
Gastrointestinal and Liver Physiology, vol. 295, no. 2, pp. G305–
G312, 2008.

[29] C. Neuzillet, A. Tijeras-Raballand, J. Cros, S. Faivre, P. Hammel,
and E. Raymond, “Stromal expression of SPARC in pancreatic
adenocarcinoma,” Cancer and Metastasis Reviews, vol. 32, no.
3-4, pp. 585–602, 2013.

[30] Y. Sato, K. Harada, K. Itatsu et al., “Epithelial-mesenchymal
transition induced by transforming growth factor-𝛽1/snail acti-
vation aggravates invasive growth of cholangiocarcinoma,”The
American Journal of Pathology, vol. 177, no. 1, pp. 141–152, 2010.

[31] D.Hanahan andR.A.Weinberg, “Thehallmarks of cancer,”Cell,
vol. 100, no. 1, pp. 57–70, 2000.

[32] A. Balsari, J. A. M. Maier, M. I. Colnaghi, and S. Ménard, “Cor-
relation between tumor vascularity, vascular endothelial growth
factor production by tumor cells, serum vascular endothelial
growth factor levels, and serum angiogenic activity in patients
with breast carcinoma,” Laboratory Investigation, vol. 79, no. 7,
pp. 897–902, 1999.

[33] G. Bergers and L. E. Benjamin, “Tumorigenesis and the angio-
genic switch,” Nature Reviews Cancer, vol. 3, no. 6, pp. 401–410,
2003.

[34] J. Folkman and Y. Shing, “Angiogenesis,” Journal of Biological
Chemistry, vol. 267, no. 16, pp. 10931–10934, 1992.

[35] D. S. Grant, M. C. Kibbey, J. L. Kinsella, M. C. Cid, and H. K.
Kleinman, “The role of basement membrane in angiogenesis
and tumor growth,” Pathology Research and Practice, vol. 190,
no. 9-10, pp. 854–863, 1994.



10 Gastroenterology Research and Practice

[36] K. Hara, Y. Maruki, X. Long et al., “Raptor, a binding partner of
target of rapamycin (TOR), mediates TOR action,” Cell, vol. 110,
no. 2, pp. 177–189, 2002.

[37] D. A. Guertin andD.M. Sabatini, “An expanding role formTOR
in cancer,” Trends in Molecular Medicine, vol. 11, no. 8, pp. 353–
361, 2005.

[38] A. Efeyan and D. M. Sabatini, “MTOR and cancer: many loops
in one pathway,” Current Opinion in Cell Biology, vol. 22, no. 2,
pp. 169–176, 2010.

[39] J. J. Gibbons, R. T. Abraham, and K. Yu, “Mammalian target of
rapamycin: discovery of rapamycin reveals a signaling pathway
important for normal and cancer cell growth,” Seminars in
Oncology, vol. 36, no. 3, pp. S3–S17, 2009.

[40] S.-Z. Lin, W.-T. Wei, H. Chen et al., “Antitumor activity of
emodin against pancreatic cancer depends on its dual role:
promotion of apoptosis and suppression of angiogenesis,” PLoS
ONE, vol. 7, no. 8, Article ID e42146, 2012.

[41] G. Christofori, “New signals from the invasive front,” Nature,
vol. 441, no. 7092, pp. 444–450, 2006.




