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Purpose
Fibroblast growth factor receptor 4 (FGFR4) plays a critical role in cancer progression involv-
ing in tumor proliferation, invasion, and metastasis. This study clarified the role of FGFR4-
Arg388 variant in gastric cancer (GC), and more importantly highlighted the possibility of 
this single nucleotide polymorphism (SNP) as potential therapeutic targets.  

Materials and Methods
FGFR4 polymorphism was characterized in advanced GC patients to perform statistical 
analysis. FGFR4-dependent signal pathways involving cell proliferation, invasion, migration, 
and resistance to oxaliplatin (OXA) in accordance with the SNP were also assessed in trans-
fected GC cell lines.   

Results
Among 102 GC patients, the FGFR4-Arg388 patients showed significantly higher tumor 
stage (p=0.047) and worse overall survival (p=0.033) than the Gly388 patients. Immuno-
histochemical results showed that FGFR4-Arg388 patients were more likely to have higher 
vimentin (p=0.025) and p-STAT3 (p=0.009) expression compared with FGFR4-Gly388  
patients. In transfected GC cells, the overexpression of FGFR4-Arg388 variant increased 
proliferation and invasion of GC cells, increasing resistance of GC cells to OXA compared 
with cells overexpressing the Gly388 allele. 

Conclusion
The exploration mechanism may be through FGFR4-Arg388/STAT3/epithelial to mesenchy-
mal transition axis regulating pivotal oncogenic properties of GC cells. The FGFR4-Arg388 
variant may be a biomarker and a candidate target for adjuvant treatment of GC.    
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Introduction

The U.S. Food and Drug Administration (FDA) approved 
herceptin and ramucirumab for the treatment of advanced 
gastric cancer (GC), while the overall effect was not satisfac-
tory. Therefore, whether there are new molecular markers to 
be pivotal in the occurrence and development of GC, as well 
as further targeted drugs worthy of research and develop-
ment, will become a further breakthrough in the field of GC 
research.

In recent years, a mass of molecular changes having an  
important role in the pathogenesis and prognosis of tumor 
patients have been confirmed. The fibroblast growth factor 
receptor 4 (FGFR4) has been proven therapeutic potential in  
a variety of cancer types [1], which has been connected with 
process and prognosis in several kinds of cancer, invol- 
ving GC [2-4]. FGFR-Arg388 variant (rs351855 at the geno-
type level), contains an amino acid rep-lacement of an argi- 
nine for a glycine at codon 388. FGFR4-Arg388 variant plays  
a role in susceptibility to oral squamous cell carcinoma,  
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pituitary tumors, and neuroblastoma [5-7]. FGFR4-Arg388  
variant was a new independent prognostic factor and corre-
lated with tumor poorer prognosis in various tumors [8-10].  
FGFR4-Arg388 variant also affects the tumor biological beha-
vior. For example, FGFR4-Gly388 tumors express incremental 
prolactin and less growth hormone, whereas tumors holding 
the polymorphic variant of FGFR4-Arg388 express enhancive 
growth hormone with respect to prolactin [11]. 

The FGFR4-Arg388 variant has been declared to be associat-
ed with multiple signaling pathways. Ulaganathan and Ullrich  
[12] believe FGFR4-Arg388 variant might expose a proximal 
STAT3 binding site and have confirmed that FGFR4-Arg388 
variant could induce enhanced STAT3 signal. The FGFR4-
Arg388 allele produces a receptor variant that preferentially 
promotes STAT3/5 signaling, transcriptionally inducing Grb-
14 in pancreatic endocrine cells to promote insulin secretion 
[13]. Moreover, FGFR4-Arg388 variant has been related to 
epithelial to mesenchymal transition (EMT), inducing expres-
sion of EMT-associated proteins [14,15]. The FGFR4 variant 
induces STAT3 activation and the expression of EMT-related 
genes, thereby causing pro-oncogenic effects in lung cancer 
in vitro and in vivo [16]. In the current research, we aimed to  
explore the potential effect of the FGFR4-Arg388 variant on 
GC biological behavior, its resistance to oxaliplatin (OXA), 
its impact on patients’ pathological features and prognosis in 
this setting, whether it was caused by EMT and STAT3 path-
ways, with exploration of the relationship creatively.

Materials and Methods

1. Patients
Collection of 102 consecutive primary GC tissue samples 

was in the First Affiliated Hospital of Zhengzhou Univer-
sity (Zhengzhou, China). All patients were diagnosed and 
treated at this hospital. All GC patients without any chemo-
therapy, radiotherapy, and other therapies prior to radical 
gastrectomy. All cases were pathologically recorded and 
approved by the hospital ethics committee to record per-
sonal files for clinical data. Staging must be based on the 
American Joint Committee on Cancer (AJCC) tumor, lymph 
node metastasis system (TNM) staging for GC staging (7th 
edition, 2010) [17]. Follow-up data were acquired by tele-
phone, letter acquisition, and outpatient clinical database. 
The survival time was calculated based on the date from the 
completion of the surgery to the date of death or the date of 
the last follow-up. Follow-up time was from January 2010 to 
December 2017. 

2. Immunohistochemical staining
The expression of FGFR4, E-cadherin (E-cad), vimentin 

(Vim), STAT3, and p-STAT3 in paraffin-embedded tumor 
specimens of all selected patients was detected by immuno-

histochemistry. The concentrations of antibodies and posi-
tive sites were as follows: anti-FGFR4, dilution 1:500, posi-
tive site was cytoplasm; anti–E-cad, dilution 1:200, positive 
site was cell membrane; anti-Vim, dilution 1:500, positive 
site was cytoplasm; anti-STAT3, dilution of 1:100, the posi-
tive sites were the nucleus and cytoplasm; anti–p-STAT3,  
dilution of 1:200, the positive sites were the nucleus and 
cytoplasm; the negative control (NC) was achieved by  
incubating the parallel slides to omit the accordingly pri-
mary antibody.

3. Immunohistochemical staining scoring
Slides were semi-quantitatively evaluated by two inde-

pendent pathologists who were blinded to the patient’s 
clinical data when scoring the immunohistochemical results 
of the archival tissue samples. Cytoplasmic FGFR4 immu-
nostaining was scored (quaternary system): negative (–), 
low (+), intermediate (++), and high expression (+++) [18]. 
Finally, the percentage of positive staining cells was scored 
according to the intensity score of each part: Vim of positive 
tumor cells dispersed throughout the section, constituting 
at least 10% [19]; When > 10% of tumor membranes were 
stained, E-cad expression was positive [20]. Overexpression 
of STAT3 and p-STAT3 were defined as nuclear staining of 
more than 30% of tumor cells in GC [21].

4. Genotyping
Genomic DNA was removed from the 102 tumor tissue 

stored in 4% paraformaldehyde. A 120-bp fragment possess-
ing the Gly388Arg polymorphism was polymerase chain  
reaction (PCR) amplified using polymerized forward prim-
er, 5’-CAGTACCTGTCGGGCCAGAG-3’; reverse, 5’-CTTG-
GCTGTGCTCCTGCTG-3’. One microliter of PCR products 
were labeled with the BigDye sequencing kit (Applied Bio-
systems, Foster City, CA) and the recommended operating 
conditions were on the basis of the manufacturer’s instruc-
tions. The sequence data were interpreted with the DNSstar 
software (Fig. 1A).

5. Cell lines and cell culture
Human GC cell lines AGS, NCI-N87, MGC803, and MKN-

45 were obtained from the American Type Culture Collec-
tion. The BGC803 and SGC7901 cell lines were purchased 
from the Chinese Academy of Sciences, Science Bank of the 
typical Culture Collection (CBTCCCAS, Shanghai, China). 
Cell lines were cultured in RPMI-1640 medium (Gibco, 
Grand Island, NY) supplemented with 10% fetal bovine 
serum (FBS; Gibco), 100 U/mL penicillin and 100 μg/mL  
streptomycin (Caisson Labs, North Logan, UT) with a  
humidified atmosphere containing 5% CO2 at 37°C.

6. Antibodies and reagents
Rabbit monoclonal anti–E-cad (#3195), anti-Vim (#5741), 
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anti–p-STAT3 (#9145), anti–caspase-3 (#14220), and anti–
cleaved caspase-3 (#9664) as well as mouse monoclonal 
anti–β-actin (#3700) and anti-STAT3 (#9139) were all bought 
in Cell Signaling Technology (Beverly, MA). The anti-FGFR4 
antibody was purchased by Proteintech (#11098-1-AP) (Wu-
han, China). Secondary horseradish peroxidase-conjugated 
antibodies were goat anti-mouse and goat anti-rabbit from 
Sigma-Aldrich Corp. (St. Louis, MO). AG490 was bought 
from Sigma-Aldrich Corporation (Shanghai, China). In addi- 
tion, OXA came from our clinical trial group at the research 
center.

7. Lentiviral overexpression vector construction and trans-
fection

Lentiviral overexpression vector construction and transfec-
tion (pHBLV-CMV-MCS-3flag-EF1-puro, including FGFR4- 

Gly388, FGFR4-Arg388, and NC) were completed by Hanbio 
(Shanghai, China). The primer sequences of FGFR4-Gly388 
were as follows: 5’-ggatctattccggtGaattcGCCACCATGCG-
GCTGCTGCTGGCCCTGTT-3’ and 5’-CTTAAGCTTGGTA- 
CCGAggatccTGTCTGCACCCCAGACCCGAA-3’. The pri- 
mer sequences of FGFR4-Arg388 were as follows: 5’-ggatc-
tatttccggtGaattcGCCACCATGCGGCTGCTGCTGGCCCT-
GTT-3’ and 5’-CTTAAGCTTGGTACCGAggatccTGTCTGC- 
ACCCCAGACCCGAA-3’. GC cells were seeded in a 24-
well plate at a density of 5×105 cells per well for 24 hours, 
then infected by adding the prepared virus according to the 
manufacturer’s instructions. After the virus control group 
completely died under the action of puromycin, the cells of 
the experimental group were considered to be completely 
screened.

Fig. 1.  (A) Gene sequencing including three specific fibroblast growth factor receptor 4 (FGFR4) Gly388Arg polymorphic genotype  
(including Gly/Gly, Gly/Arg, and Arg/Arg). (B) Significant difference was observed between patients with FGFR4-Gly388 allele and  
FGFR4-Arg388 variant among 102 gastric cancer (GC) patients after stratified Kaplan-Meier survival analysis. (C) Strong positive expres- 
sions of immunohistochemical markers in GC tissue were demonstrated. All H&E staining and immunohistochemical pictures were  
amplified 200-fold (upper) and 400-fold (lower). 
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8. Reverse transcription PCR and quantitative real-time 
PCR 

Total RNA was collected from GC cell lines using TRIzol 
reagent. DNA synthesis kit (MBI, Fermentas, Canada) was 
reversely transcribed into cDNA of each RNA sample. Prim-
ers were: FGFR4, 5’-agatactcaaagacaacgcct-3’ and 5’-cgcactc-
cacgatcacgta-3’; β-actin, 5’-cacgatggaggggccggactcatc-3’ and 
5’-taaagacctctatgccaacacacagt-3’. Two Taq PCR MasterMix 
(Takara, Tokyo, Japan) was used for PCR amplification.  
FGFR4 annealing temperature for 57℃. PCR products were 
electrophoresis with 2% agarose gel and stained with ethyl 
bromide. According to the instructions of Takara, the mRNA 
expression of FGFR4 in six GC cell lines was detected by 
quantitative real-time PCR (q-PCR). Repeat the experiment 
three times. Relative differences were calculated according 
to the comparative Ct method.

9. Protein extraction and western blot
Whole cell lysates were prepared using protein extraction 

reagents (Merck, Darmstadt, Germany). Protein samples 
boiled for 10 minutes (30 μg per protein) were added to a 
10% sodium dodecyl sulfate polyacrylamide gel for elec-
trophoretic separation and transferred to a polyvinylidene 
difluoride (PVDF) membrane. The PVDF membrane was 
blocked in phosphate buffered saline (PBS) containing 0.05% 
Tween-20 and 5% skim milk powder for 1 hour at room tem-
perature, and incubated with primary antibody overnight 
at 4℃. Then wash the PVDF membrane three times with 
PBS containing 0.05% Tween-20 and 1% skim milk powder. 
The PVDF membrane was then incubated with the second-
ary antibody for 1 hour at room temperature. The protein 
imprint was detected by an ECL detection system (Image-
Quant LAS 3000, General Electric Co., Fairfield, CT). At least 
all samples were performed on three independent western 
blot analyses.

10. Apoptosis assay
GC cells, including mock, NC, and FGFR4-Gly388 and  

FGFR4-Arg388 overexpression groups were dealt with 
OXA at proper concentration (average value of IC50 of mock 
group and NC group) for 24 hours. Annexin V and pro-
pidium iodide (PI) were used for cell apoptosis detection by 
flow cytometry and fluorescence microscope (Nikon, Tokyo,  
Japan). Then cells were combined in 500 μL annexin V bind-
ing buffer and incubated with 5 μL Annexin V–PI in the dark 
and at room temperature for 15 minutes. After that, all sam-
ples were analyzed by FACS Calibur flow cytometry with 
CellQuest software (Thermo Fisher Scientific, Waltham, MA)  
and photographed under a fluorescence microscope.

11. Cell proliferation assays
Cell viability was assessed using Cell Counting Kit-8 

(CCK-8) reagent (Dojindo Laboratories, Kumamoto, Japan) 

and EdU reagent (Ribobio, Guangzhou, China). 

1) CCK-8 proliferation assay
One hundred microliters of cell medium containing 2,000 

cells was seeded into each well of 96-well plates. After 1, 2, 
3, 4, and 5 days of culture respectively, the supernatant was 
removed. The absorbance at 450 nm was measured using a 
microplate reader.

2) Gradient concentration CCK-8 assays
After culturing for 24 hours, cells were dealt with OXA at 

different concentrations ladder (0, 1, 2, 4, 8, 16, 32, 64, 128, 
and 256 μg). After 72 hours of culture, the supernatant was 
removed. The absorbance was measured at 450 nm with a 
microplate reader. Cell viability and IC50 were calculated for 
subsequent experiments.

3) EdU proliferation assay
Cells were seeded in 24-well plates at 4×105 cells/well in 

1 mL of culture medium. Each hole was incubated at room 
temperature for 30 minutes with 300-400 μL cell stationary 
fluids (PBS containing 4% paraformaldehyde). Two hun-
dred microliters of 1× Apollo staining reaction solution was 
added to each well to mark EdU. Each well was incubated 
with 200 μL 1× Hoechst 33342 reaction solutions at room 
temperature and decolorize shaker for 30 minutes for DNA 
staining. Under ultraviolet light, the cell nuclei were all 
stained blue, and the proliferating nuclei were stained red 
under a green light.

12. Matrigel invasion and invasion assay
The polycarbonate filter (8-μm pore size) was covered with 

Matrigel gel (BD Biosciences, Franklin Lakes, NJ) at a concen-
tration of 1 μg/mL and placed in a 24-well cell culture plate. 
Each well was inoculated 1×105 cells of 100 μL of FBS-free  
medium in the upper part of the chamber, while the lower 
part of the chamber was filled with medium containing 20% 
FBS as a control. After incubation at 37℃ for 72 hours, cells 
invaded with Matrigel membrane were fixed with 4% formal-
dehyde and stained with hematoxylin and eosin (H&E) rea-
gent. Wipe off the non-migrating cells on the upper side of the 
filter. Calculate at least 10 locations per filter. For cell scratch  
assays, SGC7901 and BGC803 cells (mock, NC, FGFR4-Gly388,  
and FGFR4-Arg388) in 6-well plates were scored with well-
defined scratches and cultured for 24 hours. Obtain images 
under the fluorescence microscope at the same interval for 
8 hours. The migration distance is quantified by Image-Pro 
Plus software (Media Cybemetics, Rockville, MD).

13. Statistical analysis
The connection between FGFR4 expression and clinico-

pathological factors as well as other immunohistochemical 
markers was assessed by chi-square test. Survival curves 
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Table 1.  Association analysis of the FGFR4 Gly388Arg polymorphism and clinicopathological parameters in gastric cancer patients

Variable
 Total GG GA+AA Pearson’s 

p-value
 (n=102) (n=45) (n=57) χ2 value

Age (yr)    
    < 60 52 23 29 0.001 > 0.99
    ≥ 60 50 22 28  
Sex    
    Male 74 35 39 1.105 0.373
    Female 28 10 18  
Tumor size (cm)    
    < 4  67 30 37 0.004 > 0.99
    ≥ 4 34 15 19  
Differentiation    
    G1+G2 44 16 28 1.887 0.227
    G3+G4 58 29 29  
T category    
    T1+T2 43 24 19 4.125 0.047
    T3+T4 59 21 38  
N category    
    N0 47 29 28 0.607 0.436
    N1+N2+N3 54 26 28  
M category    
    M0 95 41 51 2.713 0.130
    M1 7 1 6  
Borrmann type     
    Local type (early GC+Ⅰ+Ⅱ) 50 15 35 3.494 0.071
    Infiltrating type (Ⅲ+Ⅳ) 52 25 27  
Lauren type    
    Intestinal type 45 17 28 0.070 0.840
    Diffuse infiltration type 57 23 34  
WHO type    
    Tubular adenocarcinoma 42 17 25 3.264 0.515
    Papillary adenocarcinoma 3 0 3  
    Mucous adenocarcinoma 3 2 1  
    Signet ring cell carcinoma 18 8 10  
    Poorly differentiated adenocarcinoma 36 13 23  
FGFR4 status    
    Low expression 33 17 16 1.083 0.394
    High expression 69 28 41  
STAT3 status    
    Negative 37 14 23 0.929 0.408
    Positive 65 31 34  
p-STAT3 status    
    Negative 46 27 19 7.222 0.009
    Positive 56 18 38  
Vimentin status    
    Negative 41 24 17 5.781 0.025
    Positive 61 21 40  
E-cadherin status    
    Negative 35 12 23 2.089 0.208
    Positive 67 33 34  

FGFR4, fibroblast growth factor receptor 4; GC, gastric cancer; WHO, World Health Organization.
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were calculated by Kaplan-Meier method, and differences 
between survival curves were examined with the log-rank 
test. All the statistical tests were bilateral, with a significance 
at the 0.05 level. SPSS ver. 17.0 statistical software (SPSS 
Inc., Chicago, IL) was used for statistical analysis and graph 
drawing, which was used to collect and classify patients’ 
clinical pathology and follow-up data, covering sex, age,  
tumor size, differentiation, tumor stage, lymph node status, 
distant metastases, Borrmann type (divided into local type 
including early GC, uplift type [I], ulcer type [II] and infil-
trating type including infiltrating ulcer type [III] and diffuse 

infiltrating type [IV]), Lauren type, World Health Organiza-
tion type (WHO), and expression of relevant tumor markers.

14. Ethical statement  
The study was approved by the Institutional Review 

Board of The First Affiliated Hospital of Zhengzhou Uni-
versity (IRB No. YB M-05-02) and performed in accordance 
with the principles of the Declaration of Helsinki. Written 
informed consents were obtained.

Fig. 2.  The expressions of fibroblast growth factor receptor 4 (FGFR4) mRNA and protein were illustrated in various gastric cancer (GC) 
cell lines and transfected cells. (A) Expressions of FGFR4 protein in different GC cell lines by western blot. (B) Expressions of FGFR4 
mRNA in different GC cells by reverse transcription polymerase chain reaction (RT-PCR). (C) Expressions of FGFR4 mRNA in different 
GC cells by quantitative real-time polymerase chain reaction (q-PCR).  Expressions of FGFR4 mRNA in SGC7901 (D) and BGC803 (E) cells 
(mock, negative control [NC], Gly388-transfected, and Arg388-transfected) by RT-PCR. Expressions of FGFR4 mRNA in SGC7901 (F) and 
BGC803 (G) cells (mock, NC, Gly388-transfected, and Arg388-transfected) by q-PCR. β-Actin was served as loading control. At least three 
independent detecting were performed. *p < 0.05.
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Results

1. Correlation of FGFR4 Gly388Arg single nucleotide pol-
ymorphism with clinicopathological characteristics and 
prognosis of GC patients

The relationship between pathological parameters and 
related protein expression in 102 GC patients and FGFG4 
polymorphism was summarized in Table 1. We then strati-
fied FGFR4-Gly388 and FGFR4-Arg388 patients according 
to FGFR4 single nucleotide polymorphism (SNP). FGFR4-
Arg388 variant was observed in GC patients with higher  
tumor stage (T3+T4) (p=0.047), while no correlation with sex 
(p=0.373), age (p > 0.99), tumor size (p > 0.99), differentiation 
(p=0.227), lymph node status (p=0.436), distant metastases 
(p=0.130), Borrmann type (p=0.071), Lauren type (p=0.840), 
and WHO type (p=0.515). It was worth mentioning that 
Borrmann type (p=0.071) may be statistically significant if 
the sample size was increased. A significant correlation was  
observed between FGFR4-Arg388 variant and the expression 
of Vim (p=0.025) as well as p-STAT3 (p=0.009) expression 
in GC, while no correlation with the expression of FGFR4 
(p=0.394), STAT3 (p=0.408), and E-cad (p=0.208). Moreover, 
Kaplan-Meier survival analysis showed that FGFR4-Arg388 
variant in GC patients were significantly correlated with a 
poorer prognosis in terms of cumulative survival compared 
with FGFR4-Gly388 allele (p=0.033) (Fig. 1B). Typical immu-
nohistochemical positive expression of the five related mol-
ecules and H&E staining for morphological features of GC 
can be seen in Fig. 1C.

2. FGFR4 expression differed in various GC cell lines
FGFR4 was expressed in GC lines at mRNA and protein 

levels using q-PCR, reverse transcription PCR (RT-PCR), 
and western blot analysis. As Fig. 2A displayed, the protein 
expression of FGFR4 was more obvious in MKN45 and AGS, 
while weaker in MGC803, SGC7901, and BGC803. RT-PCR 
results showed that mRNA expression of FGFR4 was dis-
tinctly stronger in MKN45 and AGS than in the other four 
GC cell lines (Fig. 2B). As showed in Fig. 2C, the quantitative 
analysis results by q-PCR verified that the mRNA expres-
sion of FGFR4 in SGC7901 and BGC803 was weaker than 
the other GC cell lines. Hence, the SGC7901 and BGC803 cell 
lines which were utilized to construct different FGFR4 gene-
tic phenotype were chosen to conduct subsequent assays.

3. FGFR4-Gly388 allele and FGFR4-Arg388 allele were veri-
fied to be over-expressed

The stable overexpression of FGFR4-Gly388 and FGFR4-
Arg388 in GC cells were conducted by transfection of lenti-
viral overexpression vector (pHBLV-CMV-MCS-3flag-EF1-
puro) for the following functional assays. The efficiency of 
transfection of vector was checked by RT-PCR and q-PCR. As 
Fig. 2D and E shown, the expression of FGFR4-Gly388 and 

FGFR4-Arg388 mRNA was remarkably increased in SGC7901 
and BGC803 (vector transfection groups) compare with mock 
and NC groups. As shown in Fig. 2F and G, the quantitative 
analysis results by q-PCR also verified that FGFR4 mRNA  
expression in SGC7901 and BGC803 vector transfection 
groups was significantly higher. Actually, all tests had proved 
effective in increasing FGFR4 mRNA expression, as measured 
by RT-PCR and q-PCR.

4. FGFR4-Arg388 allele enhanced proliferation, invasion, 
and migration

Compared with mock and NC cells, the proliferation of 
Gly388-transfected and Arg388-transfected cells was conside- 
rably enhanced. Results of CCK-8 proliferation assay showed 
that the absorbency was higher in FGFR4-Arg388 groups 
than that in FGFR4-Gly388 groups, particularly after 3, 4, 
and 5 days of culture (Student’s t test, p < 0.05) (Fig. 3A). 
Similarly, proliferation of BGC803 Arg388-tranfected cells 
obviously increased in comparison to the other three groups  
(p < 0.05) (Fig. 3B). The same results were achieved for EdU 
proliferation assay. The proportion of Arg388-transfected 
cells proliferation were higher compared to the other three 
groups in SGC7901 (Students t test, p < 0.05) (Fig. 3C and E) 
and BGC803 (Student’s t test, p < 0.05) (Fig. 3D and F). When 
compared with mock and NC groups, Gly388-transfected 
and Arg388-transfected cells showed significantly more cell 
invasion. As shown in Fig. 3G, the number of SGC7901 cells  
invading the Matrigel-coated membrane in the FGFR4-Arg- 
388 group was much higher than that in the FGFR4-Gly388 
group (p < 0.05) (Fig. 3I). Similarly, the number of BGC803 
cells in the FGFR4-Arg388 group was significantly higher  
than that in the FGFR4-Gly388 group (Fig. 3H), and the dif-
ference was statistically significant (p < 0.05) (Fig. 3J). Similar  
results were also observed using a cell scratch assay in SGC-
7901 (Fig. 3K and M) and BGC803 (p < 0.05) (Fig. 3L and N). 
Together, these results indicated that both the Arg388-trans-
fected and Gly388-transfected cells evidently increased the 
proliferation, migration, and invasion in GC cells, whereas 
that overexpression of the FGFR4-Arg388 variant was strong-
er than Gly388 allele.

5. FGFR4-Arg388 variant can increase the resistance of 
OXA

To assess the effect of OXA on the growth of SGC7901 and 
BGC803 cells at different concentrations, we used CCK-8 pro-
liferation assay to observe cell viability. Fig. 4A and B show 
the cell viability of SGC7901 and BGC803 cells at different 
concentrations of OXA, and the IC50 in Arg388-transfected, 
Gly388-transfected, mock and NC were 12.83, 10.46, 5.77, 
and 5.12 μg, respectively (Fig. 4A and B). When OXA was 
treated BGC803 cells, the cell viability also decreased with  
increasing concentration. The IC50 in Arg388-transfected, Gly- 
388-transfected, mock, and NC were 11.67, 6.86, 1.96, and 
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Fig. 3.  Effect of fibroblast growth factor receptor 4 (FGFR4) genotype on proliferation, invasion, and migration. (A, B) Compared with 
mock and negative control (NC) cells, the proliferation of Gly388- and Arg388-transfected cells was significantly enhanced. In addition, 
Arg388-transfected cells have a faster proliferation than Gly388-transfected cells. In addition, Arg388-transfected cells have a faster prolif-
eration than Gly388-transfected cells. Similar results were also observed in the EdU fluorescence staining test (C-F), Transwell chambers 
invasion assay (G-J), and cell scratch assay (K-N). *p < 0.05. (Continued to the next page)
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2.27 μg, respectively (Fig. 4C and D). Based on the above 
results, the appropriate concentration of OXA for later apo-
ptosis experiments was 5 μg in SGC7901 cells and 2 μg in 
BGC803 cells, respectively (average value of IC50 for mock 
and NC group).

In cell apoptosis flow cytometry assay, when compared 
to mock and NC group, the Gly388- and Arg388-transfect-
ed group distinctly reduced the apoptosis rate of SGC7901 
cells (Student’s t test, p < 0.05) (Fig. 4E and G) and BGC803 

cells (Student’s t test, p < 0.05) (Fig. 4F and H). Moreover, the  
apoptosis rate of Arg388-transfected group was less than that 
of Gly388-transfected group in both of these GC cells. Fur-
thermore, similar results could be shown in fluorescent stain-
ing for apoptosis (Fig. 4I-L), which suggested that FGFR4 
overexpression can weaken the chemotherapy effect of OXA, 
and it was important to note that the FGFR4-Arg388 vari-
ant was superior to the FGFR4-Gly388 allele to increase the 
resistance of OXA. 

Fig. 3.   (Continued from the previous page) Similar results were also observed in the EdU fluorescence staining test (C-F), Transwell chambers 
invasion assay (G-J), and cell scratch assay (K-N). *p < 0.05. 
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After 24 hours of OXA culture, expressions of caspase-3 and 
cleaved caspase-3 increased substantially in SGC7901 cells. 
Compared with mock, NC, and Gly388-transfected groups, 
the Arg388-transfected group decreased the expressions 
of caspase-3 and cleaved caspase-3, whether adding OXA 
or not, which confirmed that the apoptosis rate of FGFR4-
Arg388 variant group was lower than the other three groups 
(Fig. 4M). Moreover, similar results could be observed in 
BGC803 cells (Fig. 4N).

6. FGFR4-Arg388 variant affects the EMT process and 
STAT3 signaling pathway, and inhibition of the STAT3 
pathway reduces Arg388 variant induced EMT

To investigate the mechanism of how FGFR4-Arg388 
variant affected the proliferation, invasion, and apoptosis 
of GC cells, we observed the expression change of associ-
ated molecules through western blot. Compared with mock 
and NC groups, the expression of FGFR4 in the Gly388- and 
Arg388-transfected SGC7901 cells were equally increased, 
which were actually shown to be effective in increasing 
FGFR4 protein expression in transfected GC cells. When the 
relationship between FGFR4 genotype and STAT3 signaling 
pathway was studied, the expression of STAT3 was obvi-
ously increased in Gly388- and Arg388-transfected SGC7901 

cells. The expression of p-STAT3 was substantially increased 
in Arg388-transfected SGC7901 cells when compared with 
other three groups. This indicates that the FGFR4-Arg388 
variant affects STAT3 signaling pathway. To study the role of 
the FGFR4 genotype in the EMT, we assessed the roles of the  
FGFR4-Arg388 variant compared with the FGFR4-Gly388  
allele during induction of EMT changes in stably transfected 
GC cells. Western blot analyses showed there was an increa- 
sed expression of Vim in Arg388-transfected SGC7901 cells 
compared with Gly388-transfected and control cells. While 
E-cad was significantly reduced in Arg388-transfected SGC-
7901 cells when compared with other three groups. These 
results implied that the FGFR4-Arg388 variant promotes the 
EMT process (Fig. 5A). Similar results were also found in 
BGC803 cells (Fig. 5B).

To explore if FGFR4-Arg388 induced EMT could be  
decreased by inhibition of STAT3 activation, we cultivated 
the GC cells with the Jak2 inhibitor AG490 to block STAT3 
activation and reduced expression of STAT3 protein. STAT3 
and p-STAT3 have the same molecular weight, the expres-
sion of two proteins cannot be displayed in one PVDF mem-
brane, that is why we used two internal reference proteins 
as a control for loading. STAT3 pathway inhibition was 
followed by growth of E-cad and reduction of Vim both 

Fig. 4.  The relationship between fibroblast growth factor receptor 4 (FGFR4) genotype and oxaliplatin (OXA) resistance. (A-D) Effects of 
different OXA concentrations on the activity of SGC7901 and BGC803 cells. NC, normal control. (Continued to the next page)
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Fig. 4.  (Continued from the previous page) (E-H) Flow cytometry: apoptosis rate of gastric cancer (GC) cells with different FGFR4 genotypes 
after OXA addition for 24 hours. (Continued to the next page)
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Fig. 4.  (Continued from the previous page) (I-L) Fluorescent staining for apoptosis of GC cells with different FGFR4 genotypes (green rep-
resents early apoptosis and red represents apoptosis death). PI, propidium iodide. (M, N) Western bolt was used to detect the changes of 
apoptosis molecules in GC cells with different FGFR4 genotypes before and after OXA addition. *p < 0.05.
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in Gly388- and Arg388-transfected cells, while the effect of  
inhibiting EMT on Arg388 variant was significantly stronger 
than that of Gly388 allele (Fig. 5C). Notably, similar results 
were shown in BGC803 cells (Fig. 4D). These results con-
firmed that FGFR4-Arg388 induced EMT could be reduced 
by STAT3 pathway obstruction.

Discussion

The presence of the FGFR4-Arg388 variant correlated with 
higher tumor stage (T3+T4) in clinical GC samples (p=0.047). 
The results indicated that the FGFR4-Arg388 variant might 
accelerate the progression of GC. Serra  et al. [22] discovered 
that FGFR4-Arg388 variant promoted tumor progression by 
increasing peritoneal spread and the growth of metastatic  
lesions in the liver in the pancreatic endocrine tumor mouse 
model transfected with FGFR4-Gly388 or Arg388. This may be 
one of the reasons that the FGFR4-Arg388 variant influenced 
the progression of GC. Our research found that the overall 
survival (OS) of GC patients with FGFR4-Arg388 variant was 

worse than that of FGFR4-Gly388 patients (p=0.033). Quinta-
nal-Villalonga et al. [16,23]. indicated that the presence of the 
FGFR4-Arg388 variant is associated with poorer prognosis in 
clinical non-small cell lung cancer samples and lung squamous 
cell carcinoma samples. Multivariate analysis supported the  
independent prognostic role of the FGFR4-Arg388 variant in 
OS [16,23]. Similar results were found FGFR4-Arg388 variant 
had a predictive role in the response of esophageal cancer  
patients to chemoradiotherapy with a worse trend for OS 
than Gly388 in the early stages [24]. Immunohistochemis-
try results demonstrated that the expression of Vim, STAT3, 
and p-STAT3 in FGFR4-Arg388 group was significantly 
higher than that in Gly388 allele, suggesting that the bio-
logical behavior was more aggressively in GC patients with 
high expression of FGFR4-Arg388, who might be suitable to  
undergo the chemotherapy after surgery. This may be an  
explanation that tumor stage was higher and OS was low-
er in GC patients with FGFR4-Arg388 comparing to that in 
Gly388 group. 

Our previous studies have found that overexpression of 
FGFR4 continued to increase the infiltration and prolifera-

Fig. 5.  The mechanism of fibroblast growth factor receptor 4 (FGFR4)-Arg388 influencing the oncogenic properties of gastric cancer cells. 
(A, B) Western blot detection of the expression of related molecules including FGFR4, signal pathway (STAT3), and epithelial to mesen-
chymal transition (E-cadherin and vimentin) in SGC7901 and BGC803 cells with different FGFR4 genotypes (mock, normal control [NC], 
Gly388, and Arg388). (C, D) The changes of related molecules between overexpression Gly388- and Arg388-transfected cells were detected, 
when cells were incubated with the Jak2 inhibitor AG490 to block STAT3 activation.
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tion capacity of GC cells [2]. More importantly, in the present 
study we focus on comparing the differences in tumor carci-
nogenic behavior between the two types of overexpression 
FGFR4 genotypes. Our function assays in vitro revealed that 
the proliferation, invasion and migration abilities of SGC7901 
and BGC803 cells with FGFR4-Arg388 were much stronger 
than those in FGFR4-Gly388 cells, indicating that the FGFR4 
might increase the malignancy of GC cells, which confirmed 
once again the previous findings. FGFR4 gene could acceler-
ate progression of GC [2]. Similar results were discovered in 
colorectal cancer by Cho et al. [15]. 

The proliferation ability of SGC7901 and BGC803 cells 
with FGFR4-Gly388, Arg388, mock, and NC was significant-
ly weakened when dealt with by different concentration of 
OXA. Transfection groups had significantly higher IC50 than 
the mock and NC groups, and the Arg388-transfected group 
had a higher IC50 than Gly388-transfected group, which sug-
gested that overexpression of FGFR4 was resistant to OXA, 
whereas FGFR4-Arg388 variant was more effective. This con- 
clusion was confirmed by the apoptosis assay that the apo-
ptosis rates of Arg388-transfected group were markedly  
decreased in SGC7901 and BGC803 cells treated with the sin-
gle concentration of OXA compared with others. In molecu-
lar level, the expression of caspase-3 and cleaved caspase-3 
obviously weakened in Arg388 group treated with OXA, 
which supported the results of apoptosis assay. Our former 
studies have found that FGFR4 overexpression can weaken 
the effects of 5-fluorouracil, BGJ398 (an inhibitor of FGFR4), 
and PD173074 (an inhibitor of FGFR4) [2,3]. This study  
reconfirms the role of FGFR4 to weaken the effects of OXA, 
a novel clinical chemotherapy drug. Gao et al. [25] showed 
that inhibition of FGFR4 signaling significantly overcomes 
sorafenib resistance in hepatocellular carcinoma. Serra et al.  
[22] showed that unlike FGFR4-Gly388, FGFR4-Arg388  
tumors exhibited diminished responsiveness to everolimus 
(an inhibitor of mammalian target of rapamycin signal). 
Few studies have been conducted on resistance of FGFR4  
Gly388Arg polymorphisms to chemotherapeutic drugs, whi-
le we found that FGFR4-Arg388 variant was indeed resistant 
to OXA compared with Gly388 allele. 

Studies have revealed that the FGFR4-Arg388 variant can 
induce EMT [15,16], activating the STAT3 signaling pathway 
by promoting phosphorylation of STAT3 [13]. Therefore, we 
explored the correlation between FGFR4 Gly388Arg poly-
morphism and EMT as well as STAT3 signaling pathways 
in GC. The results of western blot showed the expression of 
STAT3 was obviously increased in Gly388- and Arg388-trans-
fected cells. The expression of p-STAT3 was substantially  
increased in Arg388-transfected cells when compared with 
other three groups, while there was no difference in expres-
sion of STAT3 between Gly388- and Arg388-transfected gro- 
ups. Immunohistochemical results showed that the expres-
sions of p-STAT3 were relatively higher in Arg388 GC pati-

ents, which were in accordance with western bolt results. 
This suggests that the FGFR4-Arg388 variant affects the 
STAT3 signaling pathway, possibly increasing the phospho-
rylation of STAT3. Ezzat et al. [6] showed that FGFR4-Arg388 
pituitary cells have higher mitochondrial STAT3 serine pho-
sphorylation driving basal and maximal oxygen consump-
tion rate than ones expressing the more common FGFR4-
Gly388 allele. This phenomenon may be ascribed to that 
FGFR4-Arg388 can expose a proximal STAT3 binding site 
[12]. A large number of studies have found STAT3 activation 
was involved in regulating expression of apoptosis genes, 
yet continuous activation of STAT3 signaling would grant 
resistance to apoptosis in breast cancer cells [26,27]. FGFR4-
Arg388 variant could activate STAT3 signal, which may be 
the reason why Arg388 had the least apoptosis of GC cells 
treated with OXA. 

Western bolt showed there was a higher expression of 
Vim and lower expression of E-cad in FGFR4-Arg388 group, 
which suggested that Arg388 variant may induce EMT.  
Elevated Vim protein levels and reduced E-cad protein lev-
els are usually associated with cancer cell metastasis and the 
EMT process. Cho et al. [15] had similar findings in colorectal 
cancer that FGFR4-Arg388 could induce EMT. Quintanal-Vil-
lalonga et al. [16] found that the poorer prognostic role of this 
FGFR4-Arg388 variant in lung cancer may be mediated by 
the induction of N-cadherin expression (an EMT molecular). 
The relationship between FGFR4-Arg388 and E-cad showed 
differences in immunohistochemistry and western blot  
results, possibly due to the small number of clinical cases 
leading to false positive or negative results in immunohis-
tochemistry. 

Plenty of studies have found that constitutive STAT3  
expression promoted and sustained the EMT phenotype  
[28-30]. Meanwhile, we found that FGFR4-Arg388 was sub-
stantially correlated with the molecules of EMT and STAT3 
signal. Thus, we proposed a hypothesis that FGFR4-Arg388, 
STAT3, and EMT make up a functional signal axis that regu-
lates carcinogenesis of GC and inhibition of FGFR4-Arg388/
STAT3/EMT signal axis was possible to reverse the EMT. 
After final verification, the activation of STAT3 inhibited by 
AG490 increased the expression of E-cad and decreased the 
expression of Vim, indicating that the inhibition of STAT3  
attenuated the process of EMT. Finally, it can be understood 
that blocking this signal axis can reverse the EMT process. We 
also found AG490 inhibits overexpression of FGFR4-Arg388 
variant induced EMT more significantly than Gly388 allele, 
which could be due to FGFR4-Arg388 promotes STAT3 phos-
phorylation more effectively [6,12]. It is worth further exp-
lore the exact mechanisms involved FGFR4-Arg388/STAT3 
/EMT regulating the biological function of tumor cells. 

Collectively, this study elucidated the role of FGFR4-
Arg388 variant in GC, and emphasized the probability of this 
SNP as potential therapeutic targets. FGFR4-Arg388 variant 
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was linked to poor prognosis of GC patients. FGFR4-Arg388 
variant increased proliferation and invasion GC cells, weak-
ening the effects of OXA. The exploration mechanism may be 
through FGFR4-Arg388/STAT3/EMT axis regulating pivotal 
oncogenic properties of GC cells. 
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