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Purpose
Fibroblast growth factor receptor 4 (FGFR4) plays an important role in cancer progression
during tumor proliferation, invasion, and metastasis. This study evaluated the prognostic
role of FGFR4 polymorphism in patients with resected colon cancer, including the underlying
mechanism.

Materials and Methods
FGFR4 polymorphism was characterized in patients who received curative resection for stage
III colon cancer. FGFR4-dependent signal pathways involving cell proliferation, invasion, and
migration according to genotypes were also evaluated in transfected colon cancer cell lines.

Results
Among a total of 273 patients, the GG of FGFR4 showed significantly better overall survival
than the AG or AA, regardless of adjuvant treatment. In the group of AG or AA, combination
of folinic acid, fluorouracil, and oxaliplatin (FOLFOX) resulted in better survival than fluo-
rouracil/leucovorin or no adjuvant chemotherapy. However, in GG, there was no difference
among treatment regimens. Using multivariate analyses, the Arg388 carriers, together with
age, N stage, poor differentiation, absence of a lymphocyte response, and no adjuvant
chemotherapy, had a significantly worse OS than patients with the Gly388 allele. In trans-
fected colon cancer cells, overexpression of Arg388 significantly increased cell proliferation
and changes in epithelial to mesenchymal transition markers compared with cells overex-
pressing the Gly388 allele. 

Conclusion
The Arg388 allele of FGFR4 may be a biomarker and a candidate target for adjuvant treat-
ment of patients with resected colon cancer.
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Introduction

Surgery is the main treatment for colon cancer, although
the recurrence rate is still high. The efficacy of adjuvant
chemotherapy treatments has remained constant since intro-
duction of a combination of oxaliplatin and fluorouracil 
(5-FU) to treat stage III colon cancer. Aside from pathological
findings, the lack of biomarkers has made it difficult to iden-
tify high risk patients. Furthermore, palliative chemotherapy

involving anti–epidermal growth factor or anti–vascular 
endothelial growth factor has failed to show a significant
benefit in clinical trials. Therefore, it is essential to better
characterize the molecular mechanisms of colon cancer to 
develop more effective treatment.

The tumor microenvironment provides the necessary sig-
nals for growth and survival of the primary tumor and 
enhance its invasion and dissemination to distant organs.
Targeting tumor cells and the tumor microenvironment is
thus crucial to the control and eradication of cancer. The 
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results of extensive studies have suggested that kinase 
inhibitors to multiple tyrosine residues that target rate-lim-
iting steps in the metabolic pathways of tumor cells may be
an effective treatment. Fibroblast growth factors constitute
one class of possible targeting agents. These factors bind to
four receptors (FGFR1-4) with tyrosine kinase activity 
involved in epithelial cell growth, migration/metastasis, and 
angiogenesis [1,2]. Among these receptors, FGFR4 has 
recently received a great deal of attention [1,3,4]. The over-
expression of FGFR4 has been associated with cancer metas-
tasis and poor survival outcome in gastric cancer, lung
cancer, breast adenocarcinoma, and rhabdomyosarcoma 
[5-7]. The role of FGFR4 in colon cancer has been associated
with enhancement of tumor cell proliferation, induction of
the epithelial-mesenchymal transition (EMT) and resistance
to chemotherapy [8-10]. A common polymorphism of FGFR4
involving conversion of guanine to adenine at position 1217
in exon 9 results in the substitution of arginine for glycine at
codon 388 (Arg388) in the transmembrane domain, and this
polymorphism has several clinical impacts on survival in
breast cancer, high grade soft tissue sarcoma, head and neck
cancer, and lung and colorectal cancer [10-13]. 

Thussbas et al. [6] reported poor disease-free survival
(DFS) for breast cancer patients with the Arg388 allele of
FGFR4 compared to patients with the Gly388 allele of FGFR4
who were treated with surgery followed by adjuvant
chemotherapy without a difference in adjuvant endocrine
therapy. Furthermore, our previous study reported that the
Arg388 allele of FGFR4 was associated with a poor prognosis
for esophageal cancer that was treated with chemoradiother-
apy during its early stages (stage I-II), but not during its 
advanced stages (stage III-IV) [14]. Taken together, these 
results suggest that FGFR4 could be a crucial component in
the early stages of cancer after curative resection or chemora-
diotherapy. 

Because of the increased need for effective colon cancer 
adjuvant treatments, we characterized the prognostic role of
FGFR4 polymorphism after curative resection in colon cancer
patients. The results suggested the molecular mechanism 
associated with the EMT, which is the rate-limiting step for
tissue invasion during colon cancer progression [15]. 

Materials and Methods

1. Patients and samples 

This investigation was conducted to determine the associ-
ation of genetic polymorphisms and treatment outcomes in
colon cancer. The study was approved by the Institutional

Review Board of Chonnam National University Hwasun
Hospital (CUNH IRB-2014-016). All patients in this study
were treated by curative resection for stage III colon adeno-
carcinoma (American Joint Committee on Cancer, sixth edi-
tion) for confirmed adenocarcinoma and gave informed
consent for research use of their tissue and blood. Patients
who died within 30 days after surgery with postoperative
complications were excluded from the study. After surgery,
patients received adjuvant chemotherapy based on their per-
formance status or willingness under the current consensus
guidelines. Data regarding a patient’s characteristics, history
of adjuvant chemotherapy, DFS, and overall survival (OS)
were obtained from medical records.

2. Genotyping of FGFR4 in peripheral blood 

Blood samples for genotyping were taken before surgery.
Genomic DNA was extracted from peripheral blood using a
QIAamp DNA Blood Mini Kit (Qiagen, Valencia, CA) fol-
lowing the manufacturer’s protocols. Genotyping of the
Gly388 allele of FGFR4 was performed by high resolution
melting (HRM) analysis using a Rotor Gene 6000 (Corbett
Research, Sydney, Australia). Polymerase chain reaction
(PCR) primers were as follows: forward 5'-GGAGAGCTTC-
TGCACAGTGG-3' and reverse 5'-CTTGGCTGTGSTCCT-
GCT-3'. The reaction mixture for HRM included 200 nM PCR
primers, 1 µM SYTO 9 fluorescent dye (Invitrogen, Carlsbad,
CA), 0.5 units f-Taq polymerase and 40 ng genomic DNA in
a 10 µL reaction volume. The cycling conditions included an
initial 5 minutes hold at 95°C, followed by 40 cycles of 95°C
for 5 seconds, 65°C for 30 seconds, and 72°C for 20 seconds,
with melting temperatures increasing from 78°C to 92°C at
0.1°C/sec. The genotyping results were validated by direct
sequencing (ABI PRISM 3100 Genetic Analyzer, Applied
Biosystems, Foster City, CA) of 16 samples (6%), and the 
results were 100% concordant. Appropriate positive/nega-
tive and internal controls were included. 

1) Microsatellite instability testing 

The pentaplex panel of mononucleotide repeats was used
for microsatellite instability analysis. This panel is composed
of five mononucleotide markers; BAT25, BAT26, NR21,
NR22, and NR24. One primer in each pair was labeled with
fluorescence (FAM, HEX) at the 5" end. PCR for all markers
was performed in 20 µL reaction volumes with 200 nM PCR
primer, 0.5 U f-Taq polymerase, and 50 ng of genomic DNA.
The PCR conditions were initial denaturation at 95°C for 5
minutes, followed by 40 cycles of 95°C for 30 seconds, 55°C
for 40 seconds and 72°C for 30 seconds, and then final exten-
sion at 72°C for 5 minutes. The mixed PCR products with
ROX standard were analyzed on an ABI 3130 xl Genetic 
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Analyzer using GeneScan Analysis software (Applied
Biosystems).

2) Cell culture and transfection

Human colorectal cell line HCT 116 was cultured in Dul-
becco's modified Eagle medium (HyClone, Logan, UT) sup-
plemented with 10% fetal bovine serum (Gibco BRL,
Rockville, MD) and 1% penicillin/streptomycin (Gibco BRL).
To generate an FGFR4 overexpressing plasmid, approxi-
mately 2.4 kb of a PCR fragment corresponding to the full-
length FGFR4 was amplified from HCT 116 cDNA using the
following primers: forward 5'-CCCAAGCTTGGAATGCG-
GCTGCTGCTGGCCCTGTTGG-3' and reverse 5'-CCGCTG-
G A G T G T C T G C A C C C C A G A C C C G A A G G G G A - 3 '
(underlined sequences are the HindIII and XhoI restriction
sites). A pcDNA6-FGFR4-Gly388 plasmid was constructed
by cloning the PCR fragment into a pcDNA6 mammalian 
expression vector, which was verified by restriction endonu-
clease treatment and DNA sequencing. A mutant FGFR4
cDNA coding for arginine instead of glycine 388, pcDNA6-
FGFR4-Arg388, was generated by PCR-mediated site-
directed mutagenesis using the pcDNA6-FGFR4-Gly388
plasmid as a template, two mutagenic primers, and a
QuikChange Site-directed Mutagenesis Kit (Agilent Tech-
nologies, Santa Clara, CA) according to the manufacturer’s
instructions. The mutagenic primers were as follows: for-
ward 5'-GCTGTGCTCCTGCTGCTGGCCAGGCTGTATCG-
3' and reverse 5'-GCGCCTGCCCTCGATACAGCCTGGCC-
AGCAGCAG-3'. The sequence of mutated FGFR4 was veri-
fied by DNA sequencing. Transfection was performed using
Lipofectamine 2000 (Invitrogen). At 48-hour post-transfec-
tion, 5 µg/mL blasticidin (Sigma-Aldrich, St. Louis, MO) was
added, and the live cells were selected as stably transfected
cells.

3) Cell viability analysis

The cell viability was monitored using a RealTime-Glo MT
cell Viability Assay kit (Promega, Madison, WI) following
the manufacturer’s instructions. 

4) Western blot analysis

Whole cell lysates were obtained with radioimmunopre-
cipitation assay buffer containing protease and phosphatase
inhibitors (Thermo Fisher Scientific, Waltham, MA). The pro-
tein concentrations were measured using a BCA Protein
Assay Kit (Pierce, Rockfold, IL). The following antibodies
were used: anti-FGFR4, anti-pFRS2", anti-pSTAT3, anti-
pAKT, anti-pERK, and anti-Snail from Cell Signaling Tech-
nology (Danvers, MA); anti–E-cadherin from BD Sciences

(San Jose, CA); anti-vimentin from Santa Cruz Biotechnology
(Santa Cruz, CA); anti–!-actin and anti-Twist from Abcam
(Cambridge, UK); anti-CD133 from Miltenyi Biotec (Bergisch
Gladbach, Germany); and anti-CD44 from R&D Systems
(Minneapolis, MN).

5) Invasion and migration assay

The cell invasion assay was performed using Transwell fil-
ter chambers that were coated with 1 µg/mL Matrigel in cul-
ture media for 6 hours, then dried at room temperature. The
cells were seeded at 2"105 cells in 150 µL medium with 1%
bovine serum albumin (BSA) into the upper chamber. Next,
600 µL of medium with 1% BSA and 20 µg/mL fibronectin
(Calbiochem, La Jolla, CA) was loaded into the lower cham-
ber. After 24 hours of incubation, cells that invaded to the
bottom surface of the Transwell were fixed with 70% ethanol,
stained with Diff-Quik solution (Sysmex, Kobe, Japan), and
counted in five selected fields. The cell migration was meas-
ured using Culture-Inserts (Ibidi, Regensburg, Germany).
Briefly, the Culture-Inserts were transferred into 6-well cul-
ture plates, after which cells were seeded at a density of 1"105

cell/100 µL in each well of the Culture-Inserts. After 24 hours
of incubation, the Culture-Inserts were removed, and cell-
free gaps were created. Images of the closed gap were cap-
tured at the indicated incubation times. 

6) Statistical analyses

Association analyses between genotypes and clinicopatho-
logical characteristics were performed using the chi-squared
test and Fisher exact test. Survival curves were calculated
using the Kaplan-Meier method, and curves were compared
using the log-rank test. The DFS time was calculated from
the time of diagnosis of disease to recurrence. The OS time
was calculated from the diagnosis of disease to death from
any cause, and patients who were alive at the last follow-up
were recorded at that time. Univariate analyses were per-
formed using the Kaplan-Meier method and the log-rank
test. All variables from univariate analyses with p-values of
< 0.1 were incorporated into the multivariate Cox hazard 
regression model with a stepwise forward procedure. All 
p-values were derived from a two-tailed statistical test with
a 95% confidence interval for evaluation of the statistical sig-
nificance between groups. All statistical analyses were per-
formed using SPSS statistical software for Windows ver. 21.0
(IBM Corp., Armonk, NY), and a p < 0.05 was considered to
indicate significance.
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Total   FGFR4-388 genotype
Patient demographics

(n=273) GG (n=92, 34%) AA/AG (n=181, 66%) p-value
Age (yr)

Median (range) 70 (34-85) 70 (40-84) 70 (34-85) 0.308
< 70 123 ( 39 (42) 84 (46)
! 70 150 ( 53 (58) 97 (54)

Sex
Male 152 (56) 57 (62) 95 (53) 0.087
Female 121 (44) 35 (38) 86 (47)

CEA (ng/mL)
< 5 170 (62) 60 (65) 110 (61) 0.768
! 5 97 (36) 30 (33) 67 (37)
NA 6 (2) 2 (2) 4 (2)

T stage
T1-2 25 (9) 9 (10) 16 (9) 0.479
T3-4 248 (91) 83 (90) 165 (91)

N stage
N1 193 (71) 65 (71) 128 (71) 0.549
N2 80 (29) 27 (29) 53 (29)

LVI
Yes 77 (28) 67 (73) 129 (71) 0.452
No 196 (72) 25 (27) 52 (29) 

PNI
Yes 121 (44) 47 (51) 105 (58) 0.169
No 152 (56) 45 (49) 76 (42)

Differentiation
Well to moderate 245 (90) 82 (89) 163 (90) 0.482
Poorly 28 (10) 10 (11) 18 (10)

Lymphocyte response 
Positive 267 (98) 89 (97) 178 (98) 0.326
Negative 6 (2) 3 (3) 3 (2)

Microsatellite status
MSS 248 (91) 162 (65) 86 (94) 0.198
MSI 25 (9) 19 (76) 6 (6)

Tumor locationa)

Right 112 (41) 40 (44) 72 (40) 0.323
Left 161 (59) 52 (56) 109 (60)

Adjuvant chemotherapy
Not done 23 (8) 9 (10) 14 (8) 0.807
5-FU/LV 127 (47) 41 (44) 86 (47)
FOLFOX 123 (45) 42 (46) 81 (45)

Table 1. Patient and clinicopatholgic characteristics

Values are presented as number (%). CEA, carcinoembryonic antigen; NA, not available; LVI, lymphovascular invasion; PNI,
perineural invasion; MSS, microsatellite stable; MSI, microsatellite instable; 5-FU, fluorouracil; LV, leucovorin;  FOLFOX, com-
bination of folinic acid, 5-FU, and oxaliplatin. a)Right side cancers include ascending and transverse colon cancer and left side
cancers include descending and sigmoid colon cancer.

Sang Hee Cho, FGFR4 Polymorphism in Stage III Colon Cancer
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Results

1. Study population 

A total of 324 consecutive patients resected for stage III
colon cancer between May 2004 and December 2011 were 
reviewed. Among the patients, 273 who met the inclusion
criteria were enrolled in this study. Their median age was 70
years (range, 34 to 85 years). After surgery, 127 (47%) patients
received 5-FU and leucovorin (FL) and 123 (45%) received a
combination of folinic acid, 5-FU, and oxaliplatin (FOLFOX)
as an adjuvant chemotherapy; 23 patients (8%) did not 
receive any adjuvant chemotherapy (Table 1). During follow-
up (median, 41 months), 66 patients experienced disease 
recurrence, while 41 died from colon cancer. The rates of the
3-year DFS and 5-year OS were 74.2% (95% confidence inter-
val [CI], 68.71 to 79.69) and 80.9% (95% CI, 75.22 to 85.58), 
respectively.

2. Incidence of FGFR4 Gly388Arg polymorphism

Out of 273 patients, 92 (34%) were homozygous for the
Gly388 allele (GG), 146 were heterozygous (GA, 53%), and
35 were homozygous (AA, 13%) for the Arg388 allele. The
percentage of patients with the Arg388 allele was higher than
in some previous reports (50%-60%) [8], but consistent with
another study reporting an incidence of 11.8% in colorectal
cancer patients [9]. No significant association was found 

between clinical or histopathological tumor characteristics
and the FGFR4 genotype (Table 1).

3. Treatment outcomes according to FGFR4 genotype 

There was no significant difference in the DFS between 
patients heterozygous for the Gly388 and Arg388 alleles
(p=0.500). However, the OS was significantly better in 
patients homozygous for the Gly388 allele than for heterozy-
gous patients or patients with the Arg388 allele (p=0.017).
Based on these results, further analyses were performed on
the two groups of patients with the Gly388 allele and the
Arg388 carrier patients (heterozygous and Arg388 allele)
(Fig. 1). Using univariate analyses, N stage, perineural inva-
sion (PNI), and tumor differentiation, the patients receiving
adjuvant chemotherapy were significantly associated with
the DFS. The OS, age, N stage, tumor differentiation, lym-
phocyte response, adjuvant chemotherapy and FGFR4 geno-
type were significantly associated with prognosis (Table 2).
Multivariate analyses showed that the N stage (N2 vs. N1),
presence of PNI, and absence of adjuvant chemotherapy
were significant independent factors for the DFS. In addition,
age (! 70 years), N stage (N2 vs. N1), poor differentiation,
absence of a lymphocyte response, absence of adjuvant
chemotherapy, and Arg388 carriers were significantly asso-
ciated with poor prognoses for the OS (Table 3).
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Fig. 1.  (A, B) Survival outcomes according to FGFR4 genotype.
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4. The Gly388 allele of FGFR4 was an indicator of a good
prognosis, regardless of adjuvant chemotherapy

As previously mentioned, the OS was significantly higher
in patients with the Gly388 allele of FGFR4 than with Arg388
carriers. To evaluate the effects of adjuvant regimen, we 
analyzed the OS according to genotype, stratified by adju-
vant chemotherapy. In the group without treatment, the 
5-year OS percentages in patients with the Gly388 allele and

Arg388 carriers were 88.9% and 30.0%, respectively (p=
0.025). However, the difference in the 5-year OS percentages
according to genotypes was attenuated in the FL-treated
group compared with the no treatment group (p=0.06), and
was comparable to the FOLFOX-treated group in patients
with the Gly388 allele and Arg388 carrier patients (p=0.174).
These results suggested that intensified adjuvant chemother-
apy could overcome the poor prognosis of patients with the
Arg388 allele in a similar manner to patients with the Gly388

Disease-free survival Overall survival
Variable

HR (95% CI) p-value HR (95% CI) p-value
Age (! 70 yr) 1.337 (0.818-2.185) 0.246 2.483 (1.244-4.956) 0.010
Sex (male) 1.079 (0.640-1.820) 0.770 1.072 (0.537-2.140) 0.844
CEA (! 5 ng/mL) 0.811 (0.190-3.459) 0.777 0.265 (0.652-2.455) 0.487
T stage (T3-4) 2.856 (0.663-12.300) 0.159 2.28 (0.560-12.329) 0.220
N stage (N2) 2.136 (1.249-3.651) 0.006 2.209 (1.101-4.432) 0.026
LVI (+) 1.005 (0.570-1.774) 0.985 1.033 (0.483-2.209) 0.933
PNI (+) 1.998 (1.222-3.266) 0.006 1.391 (0.752-2.570) 0.293
Differentiation (poorly) 2.067 (1.076-3.972) 0.029 2.317 (1.070-5.018) 0.033
Lymphocyte response (–) 1.746 (0.450-6.770) 0.420 5.637 (1.356-23.438) 0.017
Microsatellite status 1.541 (0.735-3.228) 0.278 1.909 (0.802-4.546) 0.176
Tumor site (right) 1.062 (0.648-1.741) 0.810 0.841 (0.455-1.554) 0.580
Adjuvant chemotherapy 

5-FU/LV 0.413 (0.203-0.840) 0.015 0.462 (0.215-0.994) 0.048
FOLFOX 0.312 (0.149-0.653) 0.002 0.160 (0.062-0.416) < 0.001

FGFR4 (AA or AG) 1.243 (0.735-2.102) 0.417 5.551 (2.158-14.278) < 0.001

Table 2. Univariate analysis for survival 

HR, hazard ratio; CI, confidence interval; CEA, carcinoembryonic antigen; LVI, lymphovascular invasion; PNI, perineural 
invasion; 5-FU, fluorouracil; LV, leucovorin;  FOLFOX, combination of folinic acid, 5-FU, and oxaliplatin; FGFR4, fibroblast
growth factor receptor 4.

Disease-free survival Overall survival
Variable

HR (95% CI) p-value HR (95% CI) p-value
Age (! 70 yr) 2.195 (1.031-4.671) 0.041
N stage (N2) 2.374 (1.444-3.903) 0.001 2.635 (1.359-5.109) 0.004
Differentiation (poorly) 1.845 (0.940-3.623) 0.075 2.767 (1.156-6.620) 0.022
PNI (+) 1.815 (1.100-2.996) 0.020
Lymphocyte response (+) 0.156 (0.041-0.592) 0.006
Adjuvant chemotherapy

5-FU/LV 0.431 (0.211-0.882) 0.021 0.414 (0.181-0.945) 0.036
FOLFOX 0.262 (0.139-0.608) 0.001 0.136 (0.046-0.402) < 0.001

FGFR4 (AA or AG) 5.161 (2.062-12.916) < 0.001

Table 3. Multivariate analysis for survival

HR, hazard ratio; CI, confidence interval; PNI, perineural invasion; 5-FU, fluorouracil; LV, leucovorin; FOLFOX, combination
of folinic acid, 5-FU, and oxaliplatin; FGFR4, fibroblast growth factor receptor 4.
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allele. DFS and OS were analyzed according to adjuvant
chemotherapy, stratified by the FGFR4 genotype, to deter-
mine the possible benefits of adjuvant chemotherapy for each
genotype. Regarding the DFS and OS for Arg388 carriers, the
FOLFOX-treated group had the most significant improve-
ments when compared to the group without treatment.
However, there was no significant difference in survival out-
comes from the adjuvant chemotherapy regimen for Gly388
carriers with a good prognosis (Fig. 2).  

5. The overexpression of the Arg388 and Gly388 alleles of
FGFR4 promoted colon cancer cell proliferation

To determine if the presence of the Arg388 allele was 
associated with colorectal cancer cell progression, we con-
ducted FGFR4 genotype analysis with cDNAs from eight col-
orectal cancer cell lines. The homozygous Gly388 allele was
present in HCT 116 and SW480 cells, the heterozygous
Gly388 allele was present in HT29, CaCo2, and KM12c cells,
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Fig. 2.  (A-D) Survival outcomes after adjuvant chemotherapy according to FGFR4 genotype. FGFR4, fibroblast growth factor
receptor 4; FL, fluorouracil and leucovorin; FOLFOX, combination of folinic acid, fluorouracil, and oxaliplatin.
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and the homozygous Arg388 allele was present in DLD1,
DKO1, and HCT15 cells. Because the heterozygous and
Arg388 alleles had poorer survival rates than the Gly388 
allele, we selected the HCT 116 cell line, which did not con-
tain the Arg388 polymorphism, to overexpress the Arg388
allele of FGFR4. The Arg388 and Gly388 stable expression
plasmids were constructed and transfected into HCT 116
cells. An empty vector was also transfected into control cells.
The overexpression of Arg388 and Gly388 of FGFR4 was con-
firmed by western blotting. 

To determine the effects of Arg388 and Gly388 overexpres-
sion on downstream signaling, we analyzed the expression
levels of FGFR4 downstream targets by western blotting.
Phosphorylation of the primary FGFR target, FRS2", was 
increased in overexpressed Arg388 and Gly388 cells com-
pared with control cells. Although FRS2" was increased in
both transfected cells, FRS2" was increased more in overex-
pressed Arg388 than in overexpressed Gly388 cells. Further-
more, the expression of downstream signals of FGFR4,
including of pSTAT3, pAKT, and pERK, was also further 
increased in overexpressed Arg388 than Gly388 cells 
(Fig. 3A). 

The 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyl tetrazolium
bromide (MTT) assay was performed to assess the cell pro-
liferation of overexpressed Arg388 and Gly388 cells. The cell
growth rates increased in overexpressed Gly388 and Arg388
cells when compared with the control cells, but the growth
rate of overexpressed Arg388 cells was similar to that of over-

expressed Gly388 cells. These results indicated that FGFR4
is associated with increasing cell proliferation, but that there
was no difference between cells overexpressing Gly388 and
Arg388 (Fig. 3B).

6. The Arg388 allele of FGFR4 induced EMT signals and
enhanced invasion and migration

The EMT involves profound changes in cell morphology
and behavior. This process plays a crucial role in the early
stages of cancer recurrence and metastasis. To study the role
of the genotype in the EMT, we assessed the roles of the
Arg388 allele compared with the Gly388 allele of FGFR4 dur-
ing induction of EMT changes in stably transfected cells.
Using western blot analyses, E-cadherin was significantly 
reduced in Arg388 overexpressed cells when compared with
Gly388 overexpressed and control cells. In addition, there
was increased expression of vimentin and Twist in Arg388
overexpressed cells compared with Gly388 overexpressed
and control cells. These results suggested that the Arg388 
allele of FGFR4 induces the EMT process (Fig. 4A). To inves-
tigate the functional properties of the EMT inducers, we con-
ducted cell invasion and migration studies of FGFR4
transfected cells. Stably transfected Arg388 Gly388 cells, 
including the control HCT 116 cell, were seeded in Transwell
filter chambers, and the cell motility towards human plasma
fibronectin was determined. When compared with control
cells, the Gly388- and Arg388-transfected cells showed sig-
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nificantly more cell invasion. Moreover, the Arg388-trans-
fected cells were more invasive than the Gly388-transfected
cells (Fig. 4B). Similar results were also seen using a wound
healing assay (Fig. 4C). Together, these results suggested that
both the Arg388-transfected and Gly388-transfected cells sig-
nificantly increased the migration and invasion in colorectal
cancer cells, but that overexpression of the Arg388 allele was
more robust.

Discussion

The percentage of patients with recurrent or metastatic
colon cancer who are cured is less than 10%; therefore, there
have been extensive studies conducted to improve these
prognoses. To improve adjuvant treatments, actual high-risk
patients must be identified and adjuvant chemotherapies tai-
lored to prevent recurrence developed. Therefore, the iden-
tification of biomarkers to select optimal patients and
druggable targets of colon cancer would increase the effica-
cies of current treatments greatly. 

Previous studies to define the functional role of FGFR4
have mainly characterized the overexpression of FGFR4 in
cancer model systems. Recently, FGFR4 polymorphisms
have been evaluated in several tumors, and the characteris-
tics of the Arg388 allele of FGFR4 have been compared with
the Gly388 allele, showing similar features of overexpression
of FGFR4 [16,17]. In addition to in vitro studies, the Arg388
allele of FGFR4 has been associated with a poor prognosis
after surgery in prostate and breast cancer patients [6,17]. It
has been suggested that FGFR4 polymorphism can be a sur-
rogate marker to reflect the abnormal FGFR4 pathway in 
tumors.

The results of the present study showed that the FGFR4
genotype has the highest odds ratio in the prediction of the
OS. Contrary to previous studies of FGFR4 polymorphism
using various tumor stages and treatment populations
[6,7,11], the present study only characterized stage III colon
cancer patients to clearly define the role of FGFR4 polymor-
phism in the OS after curative resection. Moreover, our 
results determined the role of adjuvant chemotherapy 
according to genotypes. Patients with the Gly388 allele of
FGFR4 had a good prognosis, regardless of adjuvant che-
motherapy. However, Arg388 allele carrier patients had a
poor prognosis, although their OS was improved by treat-
ment with an intensified chemotherapy regimen (FOLFOX
> FL > no treatment). Based on these results, the Arg388 car-
riers are candidates for adjuvant chemotherapy, while 
patients with the Gly388 allele of FGFR4 are not, even though
they have stage III colon cancer. Given the lack of effective

biomarkers for colon cancer in an adjuvant setting, our 
results suggest that the FGFR4 genotype can be used to iden-
tify optimal treatment strategies and develop new treatment
targets.

The FGFR4 genotype’s mechanism of action for aggressive
tumors behavior reportedly involves receptor stability rather
than a difference in protein expression [6,7]. In the prostatic
cancer model, the presence of the Arg388 allele of FGFR4
increased receptor stability and sustained receptor activation
following ligand binding when compared with the Gly388
allele. These changes were the result of increased activity of
the SRF, AP, and ERK pathways [12,17]. A recent study 
reported that functional changes in FGFR4 polymorphisms
originated from substitution of the conserved glycine 388
residue to a charged arginine residue that altered the trans-
membrane spanning segment and exposed a membrane
proximal STAT3 binding site [18]. These results explained
the functional changes resulting from the genetic polymor-
phism during cancer progression. Therefore, genetic studies
should characterize heterogeneous somatic mutations of 
tumors and genetic variation in patients to identify therapeu-
tic targets. 

To establish the biologic significance of FGFR4 polymor-
phism in colon cancer, we first evaluated protein expression
according to various genotypes in colon cancer cell lines 
derived from patients and human tumor samples. Overall,
the level of FGFR4 expression was not significantly different
in each genotype (unpublished data). These results are sim-
ilar to those of previous studies of breast and gastric cancers
that reported no significant correlation with FGFR4 genotype
and FGFR4 protein or mRNA expression [6,19]. Although the
association of FGFR4 genotype and protein expression was
not conclusive, gene polymorphism is an easier and more 
reproducible method than immunohistochemical staining
because of the variability in expression from tumor hetero-
geneity or staining methods. Therefore, FGFR4 polymor-
phism could be a useful surrogate biomarker of FGFR4
function in cancer patients. 

To validate the function of the FGFR4 genotype in the 
recurrence of cancer, its effects on the EMT were evaluated
in transfected cell lines. The EMT is an early event that facil-
itates infiltration of surrounding tissue, ultimately resulting
in metastasis to distant sites [20]. Several studies have 
reported that STAT3 may play an important role in establish-
ing cell polarity during directed cell migration, which is 
essential to EMT and carcinoma metastasis using the insulin
like growth factor-1 or the interleukin 1/STAT3 pathway
[21,22]. Therefore, the present study was conducted to char-
acterize induction of the EMT signal via STAT3 and pFRS2
activation according to the colon cancer genotype. Notably,
the Arg388 allele of FGFR4 resulted in a stronger activation
of pFRS2 and STAT3, which are known as downstream sig-
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nals for FGFR4, as well as in stronger activation of EMT-
associated proteins, such as vimentin, Twist, and the loss of
E-cadherin, when compared with the Gly388 allele of FGFR4.
We also showed that the Arg388 allele of FGFR4 had more
invasive and migratory activities than the Gly388 allele. To
date, few reports have associated the FGFR4 genotype with
the STAT3 and EMT pathway during tumorigenesis. Our 
results support the use of FGFR4 as a therapeutic target in
adjuvant treatment for colon cancer.

Small molecular inhibitors targeting the FGFR, especially
FGFR1-3, have recently been developed for cancer therapy,
including AZD4547, BGJ398, and dovitinib [23-25]. Although
pan-FGFR inhibitors have also been developed [26-28], the
exact mechanisms of action involving tumors are not fully
understood, and it is still difficult to select optimal patients
who can benefit from these agents. Furthermore, kinase 
inhibitors for multiple tyrosines can block many signal path-
ways and cause significant side effects involving their toxic-
ities. Pan-EGFR inhibitors can induce dose-limiting toxicities
in the clinic because of potent inhibition of FGFR1 and
FGFR3, resulting in soft tissue mineralization and hyper-
phosphatemia [29]. To circumvent these problems, a close
examination of the specific function of each type of FGFR is
necessary. BLU9931 is the first selective FGFR4 inhibitor that
achieved improvement of hepatocellular carcinoma progno-
sis [30]. In hepatocellular carcinoma, there is a well known
association of FGFR4 with its !-klotho co-receptor and 
expression of its ligand, FGF19. However, there has been no
report of a specific FGFR4 pathway inhibitor for colon cancer
patients. Accordingly, further studies to validate FGFR4
polymorphism as a biomarker are needed in a larger popu-
lation of colon cancer patients, including patients with stage
II colon cancer. In addition, future studies should be directed
toward the development of an effective FGFR4 pathway 
inhibitor or STAT3 inhibitor. 

Conclusion

The present study employed FGFR4 polymorphism to help
identify treatments for high risk patients with stage III colon
cancer. By inhibiting the EMT pathway, FGFR4 can also be
used as a new therapeutic target in adjuvant treatment.
Based on these findings, the targeted therapy should involve
both tumor-specific biology and the stage of the disease, and
FGFR4 inhibitors could be used in clinical investigations to
assess its efficacy on a subset of colon cancer patients accord-
ing to their FGFR4 polymorphisms.  
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