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Background: The clinical significance of fibroblast growth factor 1 (FGF1) has been revealed
in several cancers, including ovarian cancer, breast cancer, and bladder cancer. However, the
clinical significance of FGF1 in gastric adenocarcinoma has not been explored.

Patients and methods: In our experiments, we systematically evaluated FGF1 expression in
178 cases of gastric adenocarcinoma with immunohistochemistry, and subsequently analyzed
the correlation between FGF1 expression and clinicopathologic features. Moreover, FGF1
expression in tumor tissue and corresponding adjacent tissue was detected and compared by
real-time polymerase chain reaction. The Kaplan—-Meier method and the Cox-regression model
were used with univariate and multivariate analysis, respectively, to evaluate the prognostic
value of FGF1 in gastric adenocarcinoma.

Results: Higher FGF1 expression rate is 56.7% (101/178) in gastric adenocarcinoma. FGF1
expression in gastric adenocarcinoma was significantly higher than adjacent tissue (P<<0.0001).
Expression of FGF1 is significantly associated with lymph node invasion (P<<0.001), distant
metastasis (P=0.013), and differentiation (P=0.015). Moreover, FGF1 overexpression was
closely related to unfavorable overall survival rate (P=0.021), and can be identified to be an
independent unfavorable prognostic factor (P=0.004).

Conclusion: FGF1 is an independent prognostic factor, indicating that FGF1 could be a potential
molecular drug target in gastric adenocarcinoma.

Keywords: fibroblast growth factor 1, gastric adenocarcinoma, prognosis, biomarker, lymph
node, gene fusion

Introduction

The incidence of gastric cancer is the fourth highest in men and the fifth highest in
women globally.' It constitutes about 8% of all cancer cases worldwide, but accounts
for over 10% of all cancer deaths because of its high mortality.? The high mortality
of gastric cancer results partly from its silent clinical features, early lymph metastasis
and easy recurrence. In gastric cancer, gastric adenocarcinoma is the most common
histological type and makes up more than 90% of gastric cancer.>* Thanks to decades of
research, many genetic alterations and many kinds of biomarkers have been observed,’
which have directly resulted in chemotherapy drugs used for gastric cancer, such as
Herceptin. This translational medicine of biomarker discovery enormously increases
the survival time and life quantity of patients. However, gastric cancer is still a major
health burden worldwide. More effective diagnostic and prognostic biomarkers should
be researched and unearthed.

In human beings, the fibroblast growth factor (FGF) family comprises 22 members,
and the fibroblast growth factor receptor (FGFR) family consists of four members.
These FGFs trigger a complex signaling network by interacting with different FGFRs
and initiate a signaling cascade, which is essential in many cellular processes such as
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cell proliferation, migration, and differentiation.® In the four
members of the FGFR family, it is generally acknowledged
that FGFR2 is an effective biomarker and also a potential
molecular target in gastric cancer.” FGFR2 has been dem-
onstrated to promote progression of gastric cancer in both
in vivo and in vitro studies. The correlation of FGFR2 with
gastric cancer progression can be explained by factors includ-
ing FGFR2 abnormal amplification,” FGFR2 gene fusion,®
and FGF10/FGFR2 ectopic stimulation.” FGFR2 has been
proved in in vitro studies to interact with FGF1, FGF2, FGF3,
FGF4, FGFe6, FGF7, FGFS, FGF9, FGF10, FGF17, FGF18,
and FGF22. The binding of FGFR2 with FGF1 and FGF2 is
more predominant than other ligands.'® Additionally, FGF1
ectopic overexpression has been found to be correlated with
progression or prognosis of several cancers, including ovar-
ian cancer, bladder cancer, and breast cancer.'""'* However,
as the most potent ligand for FGFR2, the value of FGF1 on
diagnosis, prediction, and prognosis in gastric cancer has
not been studied.

In our study, we retrospectively analyzed FGF1 expres-
sion in 178 gastric adenocarcinoma samples and compared
the FGF1 mRNA levels from gastric cancer tissues and adja-
cent tissues. Moreover, we assessed the correlation between
FGF1 and clinicopathologic parameters by the chi-square
test. Moreover, we evaluated the prognostic value of FGF1
with univariate and multivariate analysis and finally identi-
fied FGF1 as an independent prognostic factor in gastric
adenocarcinoma.

Patients and methods

Patients and follow-up

From 2004 to 2010, 225 patients underwent surgical opera-
tion and were diagnosed as gastric adenocarcinoma in Qilu
Hospital and Yishui Central Hospital, which consisted of
the primary cohort. The validation cohort, composed of
178 patients, was selected from the primary cohort on the
basis of the following criteria: 1) available tissue samples
and medical records, 2) available follow-up, and 3) no severe
perioperative complications. In the validation cohort, there
were 134 males and 44 females, with an average follow-up
of 21.6 months. Moreover, 33 patients who underwent gastric
adenocarcinoma surgery from 2011 to 2013 were enrolled in
a prospective cohort. In this cohort, tumor tissue and adjacent
tissue were preserved in liquid nitrogen immediately after
tumor resection, and used for FGF1 mRNA extraction later.
All the samples were obtained after obtaining prior patient
consent and approval of the Institutional Clinical Ethics
Review Board. The diagnosis of the validation cohort was

reconfirmed by two senior pathologists. The tumor TNM
stage was identified according to the guidelines of seventh
American Joint Committee on Cancer/Union for International
Cancer Control.

Immunohistochemistry

The tissue specimens were first formalin (10%) fixed and
paraffin-embedded. After that, the slides were deparaf-
finized at 55°C for 20 minutes followed by three washes
with xylene, and then rehydrated with graded ethanol with
concentrations at 100%, 95%, and 80%. The endogenous
peroxidase activity was blocked by 3% hydrogen peroxide,
and antigen retrieval was achieved by heating in citrate
buffer (pH=6.0) in a microwave oven for 10 minutes. After
being incubated in primary antibody dilution (1:100) at 4°C
overnight, the slides were then incubated for 30 minutes each
in a biotin-labeled secondary antibody (Beyotime Institute
of Biotechnology, Shanghai, People’s Republic of China),
followed by incubation in streptavidin-peroxidase (Beyotime
Institute of Biotechnology). The visualization of slides was
achieved with a 3,3’-diaminobenzidine substrate. Finally, the
sections were counterstained with hematoxylin, dehydrated,
and mounted. In the IHC test, the negative control was the
sample with phosphate buffered saline (PBS) incubation
instead of primary antibody, with all the other procedures
remaining the same, while positive control was placental
tissue sections, which had high FGF1 expression.!*!

Immunohistochemistry score

and evaluation

Each stained section was blindly evaluated by two senior
pathologists who were unaware of the clinical information.
All conflicting cases on scoring were adjudicated by a third
individual. Five sights were selected randomly and observed
with a light microscope. The score of FGF1 was obtained as
the product of positive cells multiplied by staining intensity.
The scoring system for positive cell percentages was as fol-
lows: 0, less than 10% positive cells; 1, 10%—-30% positive
cells; 2, 30%—-50% positive cells; 3, >50% positive cells.
The score system for staining intensity was defined as: 0 for
negative staining, 1 for weak staining, 2 for moderate stain-
ing, 3 for strong staining. The cut-off was arbitrarily defined
as: score =4 is high FGF1 expression and score <4 is low
FGF1 expression.

RNA extraction and real-time PCR
The mRNA of tumor and corresponding tissue was extracted
with Trizol (Life Technologies, Paisley, UK) and quantified
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by a Nanodrop spectrophotometer. The total amount of
500 ng mRNA was used for cDNA synthesis and quantita-
tive PCR by the StepOnePlus real-time PCR system (Applied
Biosystems, CA, USA) according to the manual. GAPDH
(glyceraldehyde 3-phosphate dehydrogenase) was considered
as an internal control. The sequences of primers used for
real-time PCR experiments are designed following previous
study and shown below.!'¢

Human FGF1 forward ACACCGACGGGCTT
TTATACG.

Human FGFI reverse CCCATTCTTCTTGAGG
CCAAC.

Statistical analysis
All data were analyzed with software SPSS 13.0 (IBM Cor-
poration, Armonk, NY, USA). The correlation between FGF1
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expression and other clinicopathologic parameters were
evaluated by the chi-square test. The relationship between
FGF1 and the overall survival rate was analyzed by univari-
ate analysis using the Kaplan—Meier method. Independent
prognostic factors were identified by the Cox proportional
hazards regression model. P<<0.05 was considered statisti-
cally significant.

Results

FGFI| expression in gastric cancer

In our experiments, FGF1 was observed mainly in the
cytoplasm of gastric cancer cells. The patients with FGF1
expression were divided into a high-expression group and
a low-expression group according to the score of immuno-
histochemistry, which was the product of staining intensity
multiplied by positive cell percentage. Figure 1A, B, C,

Strdng staining

E
6, u
P<0.0001 ]
<3
Z O 4 3
¥ c ]
[= g Spmgum
E .g 2 o0 "’iﬂ—
] M TX0bt ll..ll'
e i EEggm
o.o'

Adjacent tissue

T
Tumor tissue

Figure | Representative immunohistochemical staining of FGFI in gastric adenocarcinoma.
Notes: (A) Negative FGF| staining; (B) weak FGFI staining; (C) moderate FGFI staining; (D) strong FGF| staining; scale bar: 50 um. (E) The mRNA of FGFI from tumor

tissue and corresponding adjacent tissue was detected by qPCR.

Abbreviations: FGFI, fibroblast growth factor |; qPCR, quantitative polymerase chain reaction.
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and D represent the negative, weak, moderate, and strong
staining intensity, respectively. By detecting the mRNA
level of FGF1 from tumor tissue and adjacent tissue, we
proved that FGF1 was remarkably overexpressed in tumor
tissue compared with the corresponding adjacent tissue
(P<<0.0001), indicating that FGF1 may play an impor-
tant role in gastric cancer tumorigenesis or progression
(Figure 1E).

Correlation between FGFI

and clinicopathologic features

In the validation cohort, the percentage of high FGF1 is
56.7% (101/178) (Table 1). In the validation cohort, N stage
1/2/3 makes up 72.5% of all cases, indicating that lymph
invasion is the most early and dominating metastatic way
of gastric adenocarcinoma. Moreover, more males appeared
to be suffering from gastric adenocarcinoma than females,
which corresponded with the results of previous studies.!*!?
We further evaluated FGF1 association with other clinico-
pathologic parameters using the chi-square test (Table 1).
High FGF1 expression was significantly associated with eas-
ier lymph node metastasis (P<<0.001) and distant metastasis

Table | Correlation between FGFI and clinicopathologic para-

meters
Characters Number FGFI P*
Low High

Sex
Male 134 52 82 0.053
Female 44 25 19

Age (years)
<60 76 29 47 0.285
=60 102 48 54

Tumor diameter (cm)
=5 73 36 37 0.219
>5 105 41 64

Tumor invasion
TI+T2 29 15 14 0413
T3+T4 149 62 87

Lymph node metastasis
No (NO) 48 32 16 <0.001
Yes (N1/2/3) 130 45 85

Distant metastasis
MO 140 67 73 0.013
MI 38 10 28

TNM stage
1=l 67 34 33 0.122
-1V 1 43 68

Differentiation
Poor 98 34 64 0.015
Well + moderate 80 43 37

(P=0.013), indicating that FGF1 may be involved in tumor
invasion and metastasis. Moreover, the group of high FGF1
expression had more cases of poor tumor differentiation,
which was statistically significant (P=0.015) and strongly
suggested that FGF1 may promote gastric cancer progres-
sion by epithelial-mesenchymal transition (EMT) or other
differentiation-related progression.

FGFI prognostic significance in gastric

cancer

The prognostic value of FGF1 was evaluated by univariate
analysis and multivariate analysis. Kaplan—Meier survival
curves were made to analyze overall 5-year cumulative
survival rate differences between FGF1 high and low expres-
sions (Table 2). With the Kaplan—Meier method, we demon-
strated that FGF1 was significantly associated with 5-year
overall survival rate in gastric cancer (P=0.021). In addition,
differentiation (P=0.047), lymph node invasion (P=0.003),
distant metastasis (P<<0.001), and TNM stage (P=0.005)

Table 2 Univariate analysis of FGFI and clinicopathologic para-

meters
Characters Survival 5-year P*
time (mo) survival rate

Sex
Male 53.1 4] .4 0.252
Female 49.2 43.0

Age (years)
<60 542 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
TI+T2 50.6 51.9 0.843
T3+T4 54.7 41.2

Lymph node metastasis
No (NO) 65.2 56.3 0.003
Yes (N1/2/3) 45.0 322

Distant metastasis
MO 58.8 47.9 <0.001
MI 16.5 22.4

TNM stage
(S]] 63.5 535 0.005
-1V 385 322

Differentiation
Poor 395 35.6 0.047
Well + moderate 60.1 50.7

FGFI
Low 59.1 47.5 0.021
High 383 41.0

Note: *Chi-square test.
Abbreviations: FGFI, fibroblast growth factor |; TNM, tumor, node, metastasis.

Note: *Log-rank test.
Abbreviations: FGFI, fibroblast growth factor |; TNM, tumor, node, metastasis.

submit your manuscript

618

Dove

OncoTargets and Therapy 2015:8


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

FGF1 as prognostic biomarker in gastric adenocarcinoma

A
Differentiation
= 100+ —— Well + moderately
> -L- Poorly
S 80
7 60
% 404 [T}
S
2 20
(@]
O T T T T 1
0 20 40 60 80 100
Months
C
N stage
< 1001 —=NO
2 g "ﬁ,m -L-N1+N2+N3
S I P=0.003
7 60
T 40
{
2 20,
(@]
0 T T T T 1
0 20 40 60 80 100
Months
E
TNM stage
— 100/ —
©
S Y]
S 80 u"'""l,m P=0.005
7 60
T 40
}
g 20
© 0
0 20 40 60 80 100

Months

Figure 2 Correlation between overall survival rate and clinicopathologic parameters.
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Notes: Survival curves were stratified by differentiation (A), T stage (B), N stage (C), M stage (D), TNM stage (E), and FGF| expression (F) with the Kaplan—Meier
method. Patients with higher FGFR4 expression (P=0.021), poorer differentiation (P=0.047), advanced N stage (P=0.003), M stage (P<<0.001), and TNM stage (P=0.005) had

a significantly poorer overall survival rate than the corresponding control group.

Abbreviations: FGFI, fibroblast growth factor |; FGFR4, fibroblast growth factor receptor 4; TNM, tumor, node, metastasis.

were also found to be closely related to poor prognosis of
gastric cancer (Figure 2).

Multivariate analysis was further performed to identify
the independent prognostic factors (Table 3). Clincopatho-
logic parameters were enrolled in the Cox-Regression
model, including sex, age, tumor diameter, T stage, N stage,
M stage, differentiation, and FGF1 expression. FGF1 over-
expression was proved to be an independent unfavorable
prognostic factor in gastric adenocarcinoma (P=0.004).
Besides FGF1, lymph node invasion (P=0.007), distant
metastasis (P<<0.001), and differentiation (P=0.003) were
also confirmed as independent unfavorable prognostic factors
in gastric adenocarcinoma.

Discussion

In our study, we investigated the expression of FGF1, the
most predominant ligand of FGFR2, and evaluated the
prognostic value of FGF1 in gastric adenocarcinoma in a
large cohort. Consequently, we found that the rate of FGF1
overexpression was very high (56.7%) in gastric adeno-
carcinoma, and that FGF1 expression in tumor tissue was
significantly higher than in adjacent tissue. Moreover, we
demonstrated that high FGF1 expression is significantly
associated with a poorer overall survival rate (P=0.021) with
univariate analysis. Additionally, we identified FGF1 as an
independent prognostic biomarker in gastric adenocarcinoma
with multivariate analysis (P=0.004).
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Table 3 Multivariate analysis of FGFI and clinicopathologic
parameters

Characters HR 95% CI P*

Sex
Male |
Female 1.12 0.54-1.85 0.385
Age (years)
<60 |
=60 1.37
Tumor diameter (cm)
=5 |
>5 0.6
Tumor invasion
TI4+T2 |
T3+T4
Lymph node metastasis
No (NO) |
Yes (N1/2/3)
Distant metastasis
MO |
MI 5.12

Differentiation

0.77-2.44 0.274

0.34-1.01 0.082

0.36—1.94 0.677

1.23-5.05 0.007

2.75-9.75 <0.001

Well + moderate |

Poor 1.35-4.53 0.003

FGFI

Low |

High 2.45
Note: *Cox proportional hazards regression.

Abbreviations: FGFI, fibroblast growth factor |; HR, hazard ratio; Cl, confidence
interval.

1.34-4.50 0.004

Tumor cells can secrete several kinds of proteins by
themselves, especially growth factors like VEGF, to fulfill
the growth demand. This kind of autocrine and paracrine
is an important way of tumor cell progression.'” Our study
demonstrated that FGF1 overexpression could result in
unfavorable prognosis in gastric cancer, which may provide
a new insight into the study of autocrine and paracrine of
gastric cancer.

As a growth factor receptor, lots of previous proofs
demonstrated that FGFR2 was a prognostic biomarker in
gastric cancer,*'® and FGF10-FGFR2 signaling is required
in gastric development.® Considering that FGF1 is the most
predominant ligand of FGFR2, this finding may supply
a profound mechanism of pathologic stimulation of the
FGF1-FGFR?2 signaling pathway. FGFR2 was proved to
promote gastric cancer progression and correlate with poor
prognosis by inducing EMT of gastric cancer. In previous
studies, FGF1 was proved to stimulate FGFR2 by interaction
and subsequently induce the downstream signaling cascade
including RAS, MAPK/ERK signaling pathway in several
cancers.'"'%? Fortunately, inhibitors targeting FGFR2 have

the antigastric cancer activity in both in vivo and in vitro
studies,?!*> which enlighten us that inhibitors blocking the
FGF1-FGFR2 signaling pathway could be a potential thera-
peutic drug target. On the basis of the clinical data and sta-
tistical analysis of our experiments, we boldly hypothesized
that FGF1 overexpression in gastric adenocarcinoma may
cause ectopic activation of FGFR2 and subsequently result
in unfavorable prognosis.

More experiments are needed to reveal the deeper
molecular mechanisms and details, such as how FGF1 is
secreted into the intracellular space and how FGF1 triggers
the oncogenic pathway finally. Moreover, four FGFRs
and 21 FGFs form a complicated signaling network. One
FGFR can be activated by different FGFs, and one FGF may
stimulate different FGFRs. Even FGFR2, the well-known
prognostic biomarker in gastric cancer, has three distinct
isoforms that have different affinities for different FGFs
and may result in different outcomes of cancer. We hope
our study may trigger more interest in the oncogenic role
of FGF1 and help find a new and effective drug target of
gastric cancer.

The value of FGF1 as a tumor biomarker has been
revealed in several kinds of tumors in previous studies, such
as in colorectal cancer and ovarian adenocarcinomas.??*
Additionally, many fundamental researches have dem-
onstrated that FGF1 can promote cancer progression and
anti-FGF1 therapy can reduce cancer growth.?2 However,
there is still no available inhibitor targeting at FGF1. On
the basis of our research, we suspected that an inhibitor
that mimics FGF1 and inhibits FGFR2 competitively is a
potential and very promising drug in gastric cancer treat-
ment. In addition, we hope our new finding can help find a
new molecular target and develop a new chemotherapeutic
agent of gastric cancer.

In conclusion, we systematically analyzed the expres-
sion of FGF1 in 178 cases of gastric cancer, and identified
FGF1 as an independent prognostic biomarker in gastric
adenocarcinoma with univariate and multivariate analysis.
Moreover, FGF1 expression was proved to be significantly
associated with lymph invasion, distant metastasis, and dif-
ferentiation. Furthermore, we suspected that ectopic FGF1
overexpression may stimulate FGFR2 continuously, and
expected FGF1 to be a promising molecular drug target in
gastric adenocarcinoma.
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