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Expression of Fibroblast Growth Factor 10 Is Correlated with
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Fibroblast growth factor receptor 2 (FGFR2) has been proved to be a significant prognostic factor and a
potential therapeutic target in several types of cancer, including gastric cancer. FGFR2 consists two
isoforms: FGFR2-Illb and FGFR2-lllc, which can be stimulated by different ligands and trigger different
downstream signaling pathways. As a specific ligand to FGFR2-IlIb, fibroblast growth factor 10 (FGF10) is
expressed in the gastric mesenchyme cell and is involved in stomach development and morphogenesis,
but its expression and clinical significance is not well elucidated in gastric cancer. We analyzed FGF10
expression by immunohistochemistry in 178 samples of gastric adenocarcinoma (134 male and 44 female
patients, with the average age of 63.2 years old and the average follow-up of 21.6 months). Using the
arbitrarily scoring method based on positive cell percentage and staining intensity, we sub-divided the
patients into FGF10 high-expression group (58 patients) and low-expression group (120 patients). We thus
found that FGF10 expression is significantly associated with lymph node invasion (P = 0.004) and distant
metastasis (P = 0.032). Importantly, FGF10 expression is an independent unfavorable prognostic factor (P
= 0.042). Moreover, FGF10 knockdown significantly decreased the migration of cultured gastric
adenocarcinoma cells, suggesting that FGF10 could promote the invasion of gastric adenocarcinoma. In
conclusion, FGF10 expression was identified as a poor prognostic biomarker in gastric adenocarcinoma,
and FGF10 could promote the invasion of gastric cancer cells. We suggest that FGF10 could be a potential
and promising drug target in gastric adenocarcinoma.
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Introduction

Gastric cancer is one of the most common malignan-
cies with increasing incidence worldwide (Torre et al.
2015). It accounts for about 8% of the total cases of cancer
and 10% of total deaths, second only to lung cancer (Jemal
et al. 2011). Gastric cancer is characterized of silent clini-
cal features in early stage, although the rate of early diagno-
sis is elevating along with the development of endoscopy
and radiography, which results in that many patients were
diagnosed in advanced stage and lose surgical opportunity.
In recent years, the finding of several biomarkers such as
vascular endothelial growth factor (VEGF) and human epi-
dermal growth factor receptor-2 (HER2) in gastric cancer
immediately lead to the use of monoclonal antibodies tar-
geted on gastric cancer and the increase of overall survival
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rate (Duff et al. 2003; Yasui et al. 2005; Stern 2012).
However, the 5-year overall survival rate of gastric cancer
in stage II is 30% to 50%, and in stage III is only 10% to
25% (Wohrer et al. 2004), which could be ascribed to the
silent clinical features, early lymph metastasis and easy
recurrence. Therefore, there are urgent requirements for
predictive, prognostic and therapeutic biomarker in gastric
cancer. Gastric adenocarcinoma is the most dominant his-
tological type in gastric cancer, accounting for more than
90% (Macdonald 2006; Ma et al. 2010). It is generally
accepted that different histological types usually have dif-
ferent pathogenesis and prognosis. Therefore, the research
of new predictive, diagnostic or prognostic biomarkers for
gastric cancer should be focused on gastric adenocarci-
noma.

Fibroblast growth factor receptor 2 (FGFR2) is one of
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the fibroblast growth factor family, which consist of
FGFRI, 2, 3, and 4. In FGFR family, it is generally
acknowledged that FGFR2 is an effective biomarker and
also a potential molecular target in gastric cancer (Kunii et
al. 2008). Both FGFR2 gene amplification and protein
overexpression have been demonstrated to be associated
with poorer prognosis in gastric cancer (Hong et al. 2013;
Su et al. 2014). Moreover, FGFR?2 is considered as a thera-
peutic target in gastric cancer and monoclonal antibodies to
FGFR2 have been demonstrated to inhibit gastric tumor
growth in vivo (Zhao et al. 2010). More precisely, the
pharmacological function of antibody to FGFR2-IIIb iso-
form was demonstrated by experiments in vitro with gastric
cancer cell lines (Bai et al. 2010).

As generally acknowledged, FGFRs induce the down-
stream signaling pathway after interacting with their
ligands, mostly FGFs, by which they play an essential role
in basic cellular process like proliferation, migration or dif-
ferentiation. In human beings, there were 22 FGFs discov-
ered till now. Interestingly, the two isoforms of FGFR2,
FGFR2-IIIb and FGFR2-IIlc, have different affinity to dif-
ferent FGFs (Hong et al. 2013). FGFR2-IIIb binds to
FGF1, 3, 7, 10 and 22 more specifically, while FGFR2-IIIc
has higher affinity to FGF1, 2, 4, 6, 8,9, 17 and 18. Thus,
FGF1 is a ligand to both FGFR2-IIIb and FGFR2-IIIc.
Among these FGFs, FGF10 is generally considered as the
specific ligand to FGFR2-IIIb (Dell and Williams 1992).
Moreover, FGF10 was proved to be essential in the stomach
development and morphogenesis. A previous study demon-
strated that FGF10 is expressed in normal stomach mesen-
chyme cells just beneath the gastric glands, suggesting it
may be involved in mesenchymal-to-epithelial signaling
(Speer et al. 2012), but the pathologic role of FGF10 in gas-
tric cancer was not elucidated. We thus suspected FGF10
as a potential biomarker in gastric adenocarcinoma and per-
formed experiments to verify this hypothesis.

FGFR2 has attracted much attention in the study of
gastric cancer, and the antibody to FGFR2-IIIb exhibited
anti-tumor activity in gastric cell lines (Bai et al. 2010).
However, the prognostic value of FGF10, the specific
FGFR2-IIIb ligand, is still blank till now. In our study, we
detected the expression of FGF10 in 178 cases of gastric
adenocarcinoma, and analyzed the correlation between
FGF10 and clinicopathologic parameters by Chi-square
test. The prognostic value of FGF10 was evaluated with
univariate and multivariate analyses, respectively. In addi-
tion, the expression levels of FGF10 were compared in dif-
ferent gastric adenocarcinoma cell lines using Western blot-
ting analysis.

Patients and Methods

Patents and follow-up

Total of 225 patients were diagnosed as gastric adenocarcinoma
and underwent surgical operation and in Qilu Hospital and Yishui
Central Hospital from 2004 to 2010. These 225 patients comprised
the primary cohort, from where the validation cohort was selected

according to the criteria: (1) available tissue samples and medical
records, (2) available follow-up, and (3) no severe perioperative com-
plications. The validation cohort consisted of 178 patients, 134 males
and 44 females, with the average age of 63.2 years old and the aver-
age follow-up of 21.6 months. All the tissue specimens were obtained
with prior patient consent and approval of the Institutional Clinical
Ethics Review Board of both Qilu Hospital and Yishui Central
Hospital. The diagnosis of gastric adenocarcinoma was confirmed by
two senior pathologists, and the tumor TNM stage was defined
according to the guideline of 7th American Joint Committee on
Cancer/Union for International Cancer Control.

Human cell lines and reagents

A gastric adenocarcinoma cell line, SNU1, was purchased from
Cell Bank of the Chinese Academy of Sciences (Shanghai, China). A
gastric adenocarcinoma cell line, SNU16, was from American Type
Culture Collection (ATCC) (Manassas, USA). Gastric adenocarci-
noma cell lines, MKN-7 and MKN-28, were purchased from RIKEN
Bioresource Center (Tsukuba, Japan). All cell lines were cultured in
RPMI-1640 medium (HyClone, USA) supplemented with 10% fetal
bovine serum and 100 U/ml penicillin and 100 ug/ml streptomycin
(HyClone, USA) in 5% CO, resuscitation. All antibodies were pur-
chased without special instruction from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). All reagents without special instruction was
purchased from Sigma-Aldrich Corporation.

Immunohistochemistry and evaluation

The immunohistochemistry (IHC) was performed as described
previously (Liu et al. 2015). Briefly, samples were first formalin-
fixed and paraffin-embedded, then deparaffinized for 20 minutes and
rehydrated in graded ethanol. The endogenous peroxidase activity
was blocked by 3% hydrogen peroxide and antigen retrieval was
achieved by heating in citrate buffer (pH = 6.0) with a microwave
oven. Primary antibody dilution was used to incubate samples at 4°C
overnight, followed by incubation in biotin-labeled secondary anti-
body (Beyotime Institute of Biotechnology, Shanghai, China). The
samples were finally visualized with 3,3’-diaminobenzidine substrate
and counterstained with hematoxylin. The negative control was incu-
bated with phosphate-buffered saline instead of primary antibody,
with other procedures all the same, while positive control was placen-
tal tissue sections that express FGF10. Each stained section was
evaluated by two senior pathologists unaware of the clinical informa-
tion, with conflicting cases adjudicated by a third pathologist. Five
sights were selected randomly and observed with a light microscope
for the immunohistochemistry. The score of positive cell percentage
were as follows: 0, less than 10% positive cells; 1, 10%-30% positive
cells; 2, 30-50% positive cells; and 3, > 50% positive cells. The score
of staining intensity was defined as: 0 for negative staining, 1 for
weak staining, 2 for moderate staining, and 3 for strong staining. THC
total score was calculated as the product of positive cells multiplied
by staining intensity, which ranged from 0 to 9. The cut-off was arbi-
trarily defined as: score >4 is high FGF10 expression and score <4 is
low FGF10 expression.

Matrigel invasion assay

Cell invasion was detected with transwell assay in 8-um-core
matrigel-precoated transwell chamber (BD Biosciences Company,
Franklin Lakes, NJ, USA). Cells were first transfected with FGF10
siRNA first, with control group only transfected with lipofectamine
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2000 and without siRNA. Forty-eight hours after transfection, 10°
cells were seeded into per well within DMEM containing 1% fetal
bovine serum and incubated for 24 hours, with DMEM containing
10% fetal bovine serum as a chemoattractant in lower compartment.
The invading cells of the lower surface were stained with crystal vio-
let after cells of upper compartment swabbed. The wells were
observed and invaded cell number was counted from at least eight
fields per assay. Cell number without FGF10 knockdown was set as
the baseline and the invasion index of siFGF10 group was calculated
by the ratio of baseline. Data are presented as averages of triplicate
experiments.

FGF10 knockdown and transfection

FGF10 knockdown siRNA and scrambled siRNA were pur-
chased from Santa Cruz Company (sc-39462) according to previous
report (Abolhassani et al. 2014). Transfection of siRNA into gastric
cancer cells was performed with reagent RNAIMAX (Invitrogen
Company, USA) according to the manual. Validation of successful
FGF10 knockdown was performed by immunoblotting analysis.

Immunoblotting analysis

Gastric cancer cells were first lysed with RIPA lysis buffer
(Beyotime Biotechnology, Shanghai, China), and then centrifuged at
10,000 x g for 15 minutes at 4°C. The superior was regarded as total
cellular protein sample, and the concentration was quantified with
Bradford detection kit. Equal amount protein (about 10 ug) was elec-
trophoresed in SDS-PAGE gel, transferred to PVDF membrane
(PALL Company, USA) and incubated in primary antibody (1:1,000)
overnight in 4°C. After washed by Tris-buffered saline (TBS) for 3
times, the membrane was incubated in secondary antibody for 2 hours
at 37°C and subsequently visualized by ECL (Millipore Corporation,
Billerica, MA, USA).

Statistical analysis

All data were analyzed with software SPSS 13.0 (IBM
Corporation, USA). Chi-square test was used to analyze the relation
between FGF10 expression and other clinicopathologic parameters.
Kaplan-Meier method was used to evaluate the correlation between
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Fig. 1. FGF10 expression in gastric adenocarcinoma.

FGF10 and overall survival rate. Cox proportional hazards regression
model was used to analyze the independent prognostic factors. P
value less than 0.05 was considered as statistically significant.

Results

Expression of FGF10 in gastric adenocarcinoma

In our experiment, FGF10 was mainly expressed in
cytoplasm, which is consistent with the fact that it is a
secreted growth factor (Fig. 1). According to the criteria
described in Patients and Methods, the score of staining
intensity was considered as 0, 1, 2 or 3, while score of posi-
tive cells also varied from 0 to 3. The total score was cal-
culated by score of staining intensity x score of positive cell
percentage, which ranged from 0 to 9. The cut-off of total
score was set as 4, dividing the validation cohort into
FGF10 high-expression group (mean + SD: 5.26 + 1.82)
and low-expression group (mean + SD: 1.30 £ 1.11). In the
validation cohort, the percentage of FGF10 high-expression
group is 32.5% (58/178).

Correlation between FGF10 expression and clinicopatho-
logic parameters

To search for the parameters affecting FGF10-involved
processes of gastric adenocarcinoma, we further analyzed
the correlations between FGF10 expression and other clini-
copathologic factors with Chi-square test (Table 1).

Patients with FGF10 high expression were turned out
to have higher risk of positive lymphatic invasion (P =
0.004) and distant metastasis (P = 0.032), indicating that
FGF10 high expression may promote the invasion of gastric
adenocarcinoma. Moreover, FGF10 expression tended to
be related with TNM stage, but the tendency is not statisti-
cally significant (P = 0.078), which also could be explained
as a subsequent consequence of the association with lym-
phatic invasion and distant metastasis.

B Higher FGF10 staining

(A) Representative lower FGF10 staining. In this case, the score of staining intensity is 1 and the score of positive cell
percentage is 1. Thus, the total score is 1 (calculated by score of staining intensity % the score of positive cell percent-
age) and defined as FGF10 low-expression. (B) Higher FGF10 staining. The score of staining intensity is 3 and the
score of positive cell percentage is 3. Total score is 9 and defined as FGF10 high-expression. Arrows show the strong

IHC staining. Scale bar: 50 um.
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Table 1. Correlation between FGF10 expression and clinicopathologic factors.

FGF10
Characters Number Percentage p*
Low High

Gender

Male 134 75.30% 91 43

Female 44 24.70% 29 15 0.806
Age

<60 76 42.70% 49 27

>60 102 57.30% 71 31 0.470
Tumor diameter (cm)

<5 73 49.50% 50 23

>5 105 50.50% 70 35 0.798
Differentiation

Poor 98 44.90% 63 35

Well + Moderate 80 55.10% 57 23 0.323
Tumor invasion

T1 12 6.7% 8 4

T2 17 9.6% 13 4

T3 65 36.5% 45 20 0767

T4 84 47.2% 54 30
Lymph node invasion

No (N0) 48 27.5% 40 8

Yes (N1/2/3) 130 72.5% 80 50 0.004
Distant metastasis

MO 140 78.7% 100 40

M1 38 21.3% 20 18 0.032
TNM stage

1 26 14.6% 20 6

11 41 23.0% 31 10

11 62 34.8% 43 19 0.078

v 49 27.5% 26 23

*P value was generated by comparing all subgroups and analyzed by Chi-square test. P < 0.05 was considered as statisti-

cally significant.

Prognostic value of FGF10

To evaluate the prognostic value of FGF10 in gastric
adenocarcinoma, we further calculated the prognostic sig-
nificance of FGF10 by univariate with Kaplan-Meier
method and by multivariate analysis by Cox-regression
model. The univariate analysis was first performed to
examine the correlation between overall survival rate and
clinicopathologic factors including FGF10 expression
(Table 2). With Kaplan-Meier method, FGF10 high expres-
sion was proved to be associated with poorer prognosis of
gastric adenocarcinoma (Fig. 2). Moreover, lymph node
invasion, distant metastasis, differentiation and TNM stage
were also identified as prognostic factors of gastric adeno-
carcinoma (P = 0.003, P < 0.001, P = 0.047 and 0.007,
respectively). Furthermore, multivariate analysis was per-
formed with Cox-regression model to confirm the indepen-
dent prognostic factor. In multivariate analysis, FGF10
high expression was identified as an independent prognostic

factor in gastric adenocarcinoma (P = 0.042), with hazard
ratio as 1.90 (Table 3). Besides, the independent prognostic
factors included lymph node invasion, distant metastasis
and differentiation (P = 0.007, P < 0.001 and P = 0.011,
respectively).

FGF10 promotes invasion of gastric cancer cell lines

In the previous clinical analysis, we have observed that
FGF10 high expression was significantly associated with
lymphatic invasion and distant metastasis, pointing out the
possibility that FGF10 may induce the invasion of gastric
adenocarcinoma. So we performed experiments with gas-
tric adenocarcinoma cell lines to examine it. Firstly, the
expression of FGF10 and its specific ligand FGFR2 in dif-
ferent gastric cancer cell lines was first detected. These cell
lines included SNU1, SNU16, MKN28 and MKN7. SNUI
was originated from a poorly differentiated primary carci-
noma of the stomach. SNU16 was derived from metastatic
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Table 2. Correlation between overall survival rate and clinicopathologic factors.

survival time

5-year

Characters (months) survival rate P
Gender
Male 53.1 41.4 0.252
Female 49.2 43.0
Age
<60 54.2 43.6 0.324
>60 50.6 41.0
Tumor diameter (cm)
<5 50.9 36.2 0.439
>5 51.5 50.4
Tumor invasion
T1 52.2 61.1 0.776
T2 45.4 50.5
T3 61.0 54.2
T4 48.0 344
Lymph node invasion
No (NO) 65.2 56.3 0.003
Yes (N1/2/3) 45.0 322
Distant metastasis
MO 58.8 47.9 <0.001
Ml 16.5 22.4
TNM stage
I 51.0 67.0 0.007
I 48.7 57.1
11 37.5 41.9
v 36.8 22.5
Differentiation
Poor 39.5 35.6 0.047
Well + Moderate 60.1 50.7
FGF10
low 59.1 47.5 0.013
high 38.3 41.0

*P value was generated by comparing all subgroups and analyzed by Log-rank test. P < 0.05 was

considered as statistically significant.
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Fig. 2. FGF10 expression is associated with lower post-opera-
tional 5-year overall survival rate.
The correlation between FGF10 expression and overall
survival rate was analyzed with Kaplan-Meier method.
The patients with FGF10 high-expression (58/178) had a
significantly poorer overall survival rate than the corre-
sponding control group (120/178) (P = 0.013, 59.1
months vs. 38.3 months).

site of gastric cancer. MKN28 and MKN7 were originated
from a moderately differentiated gastric tubular adenocarci-
noma. Interestingly, expression of FGF10 and FGFR2 var-
ied much in different cell lines (Fig. 3A). SNU16 cells had
the highest expression of FGF10 and FGFR2. This is inter-
estingly consistent with the fact that SNU16 cells were
derived from metastatic site of gastric cancer, suggesting
that invaded tumor had higher expressive level of FGF10
and FGFR2 (Park et al. 1998). We observed that FGF10
expression is highly associated with lymphatic invasion and
distant metastasis, so we hypothesized that FGF10 may
play an important role in gastric cancer cell invasion. To
verify this hypothesis, we conducted FGF10 RNA knock-
down and confirm successful knockdown in SNU16 cells
with immunoblotting analysis (Fig. 3B). Subsequently, we
compared the invasive ability of SNU16 cells with or with-
out FGF10 knockdown (Fig. 3C). As expected, the inva-
sion of SNU16 cells was impaired after FGF10 knockdown,
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Table 3. Multivariate analysis.

Characters HR 95% CI p*

Gender

Male 1

Female 1.60 0.88-2.92 0.122
Age

<60 1

>60 1.36 0.76-2.43 0.302
Tumor diameter (cm)

<5 1

>5 0.66 0.37-1.73 0.157
Tumor invasion

Tl 1

T2 0.81 0.16-3.96 0.795

T3 0.69 0.18-2.60 0.586

T4 0.79 0.22-2.82 0.717
Lymph node invasion

No (NO) 1

Yes (N1/2/3) 2.48 1.28-4.82 0.007
Distant metastasis

MO 1

Ml 4.73 2.52-8.87 <0.001
Differentiation

Well + Moderate 1

Poor 2.22 1.20-4.10 0.011
FGF10

low 1

high 1.90 1.02-3.54 0.042

HR, hazard ratio; CI, confidence interval; FGF10, fibroblast growth factor 10.

*Cox proportional hazards regression.

demonstrating that FGF10 could promote the invasion of
gastric adenocarcinoma cells. The role of FGF10 in gastric
cancer invasion indicated that FGF10 may function in the
FGF10-FGFR2 paracrine pathway and suggested the thera-
peutic value of FGF10 as a potential drug target.

Discussion

In our study, we detected the expression of FGF10 and
analyzed the correlation between it and overall survival rate
for the first time. As the specific ligand of FGFR2, the
acknowledged prognostic biomarker in gastric cancer,
FGF10 was identified as an independent prognostic factor
in gastric adenocarcinoma. Moreover, we demonstrated
that FGF10 could promote the invasion of gastric adenocar-
cinoma cell lines with experiments in vitro, indicating that
FGF10 may play the oncogenic role in a FGF10-FGFR2
paracrine pathway and that FGF10 could be considered as a
potential drug target in gastric adenocarcinoma.

FGF family were broadly involved in cellular physio-
logical and pathological processes including embryonic
development, cell growth, morphogenesis, tissue repair,
tumor growth and invasion (Turner et al. 2012). As a spe-

cific ligand of FGFR2 and one of FGF family, FGF10 had
been proved to be associated with the progression and prog-
nosis in many kinds of cancers, including breast cancer,
lung cancer, and bladder cancer (Chung and Koh 2013;
Abolhassani et al. 2014; Suzuki et al. 2015). Moreover, the
oncogenic role of FGF10 paracrine signaling pathway has
been revealed (Itoh and Ohta 2014). FGF10 exhibited
mitogenic activity of epidermal cells instead of fibroblasts
(Beer et al. 2005). A study of FGF10 homolog in the mouse
has shown that FGF10 is a primary factor in the process of
embryonic epidermal morphogenesis and wound healing
(Ye et al. 2005), which supports the possible role of FGF10
in cancer invasion.

In our previous study, we demonstrated that FGF1
expression was significantly associated with poorer pro-
gression in gastric adenocarcinoma (Liu et al. 2015).
However, FGF1 is a potent ligand to both FGFR2-IIIb and
FGFR2-IIIc. Thus, it remains unclear whether the FGF1-
triggered signaling pathway was mediated by FGFR2-IIIb
or FGFR2-IIIc. The role of different isoforms of FGFR2 in
gastric cancer is still controversy. Previous study pointed
that monoclonal antibody to FGFR2-IIIb exhibited anti-
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Fig. 3. Intrinsic FGF10 could promote the invasion of SNU16 and MKN7 cells.
(A) Expression of FGF10 and FGFR2 varied in different gastric adenocarcinoma cell lines. (B) Validation of successful
FGF10 knockdown by siRNA in SNU16 and MKN7 cells. (C) Left: Representative figure of invading cells in transwell
assay with or without FGF10 knockdown in SNU16 cells. Right: Cell number in transwell assay was counted and cal-
culated. Cell number with scramble RNA transfection was set as the baseline and the invasion index of siFGF10 group
was calculated by the ratio of baseline. Data are presented as averages of triplicate experiments. ***P < 0.001. (D)
Left: transwell assay was performed to evaluate the invasive ability of MKN7 cells. Right: MKN7 cell number in tran-
swell assay was counted and calculated. Cell number with scramble RNA transfection was set as the baseline and the
invasion index of siFGF10 group was calculated by the ratio of baseline. Data are presented as averages of triplicate

experiments. ***P < (.001.

tumor function in gastric cancer cell lines, suggesting the
oncogenic role of FGFR2-IIIb. However, the evidence
exploring the biased signaling pathway of FGFR2 different
isoforms is still very little. Our results supported the onco-
genic role of FGFR2-IIIb in gastric cancer indirectly and
more profound studies should be performed to further con-

firm that.

The features of FGFR family are the presence of mul-
tiple isoforms and their crosstalk in signaling pathways.
Different kinds of FGFs, FGFRs and their isoforms dramat-
ically increase the redundancy complexity of FGFR signal-
ing pathway. Besides FGF10, there are still more FGFR2
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ligands to research and more mysteries to reveal, which
needs more experiments to verify. The FGFR2 signaling in
gastric cancer may be much complicated than only FGF1-
FGFR2 and FGF10-FGFR2IIIb. We hope our series study
of FGFR2 paracrine signaling pathway in gastric cancer can
trigger more interest on FGFR2 signaling conduction and
help developed effective therapeutic targeted drug and
improve the survival time of patients suffering with gastric
adenocarcinoma.

In conclusion, we detected the expression of FGF10
in gastric adenocarcinoma and analyzed the correlation
between FGF10 and clinicopathologic features as well as
overall survival rate. As a result, we found that FGF10
expression is significantly associated with lymphatic inva-
sion, distant metastasis and poorer prognosis. With func-
tion assays, we demonstrated that FGF10 could induce the
invasion of gastric cancer cells, suggesting the potential
therapeutic role of FGF10 as a promising and potential drug
target.
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