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Abstract. The aim of this study was to explore the effects 
of single agent treatments and combination of Blu9931 
and 5-fluorouracil (5-FU) on the biological characteristics 
of colorectal cancer cells and its mechanism. Blu9931 is 
the first selective small molecule inhibitor of the fibroblast 
growth factor receptor 4 (FGFR4) and exquisitely selective 
for FGFR4 versus other FGFR family members and all other 
kinases. The colorectal cancer cells HCT116 and SW620 
with high expression of FGFR4 were selected for a series 
of functional tests including cell viability, cell proliferation, 
apoptosis and cell cycle detection. Western blotting was used 
to detect the expression of related molecules including signal 
pathway (STAT3), apoptosis (cleaved caspase‑3), cell cycle 
(cyclin D1 and P27kip1) and epithelial-mesenchymal transition 
(E-cadherin and vimentin) in HCT116 and SW620 cells used 
as single and combination treatments of 5‑FU and Blu9931. 
The cell viability gradually decreased when the concentration 
of 5‑FU and Blu9931 increased. Blu9931 can inhibit FGFR4 
protein expression while 5‑FU cannot, as assessed by western 
blot analysis. The single agent treatment and combinations of 
5‑FU and Blu9931 arrest cell cycle (P<0.05), increased p27kip1 
expression and reduced cyclin D1 expression. The single agent 

treatment and combinations of 5‑FU and Blu9931 inhibited 
EMT. Furthermore, the combination of 5‑FU and Blu9931 
has a synergistic effect in reducing colorectal cancer cell 
proliferation and preventing cell cycle. Taken together, this 
study provides the first evidence that Blu9931 functions as a 
FGFR4-selective inhibitor in colorectal cancer (CRC) cells, 
and Blu9931 may be a new targeted drug.

Introduction

Colorectal cancer (CRC) is the second most common cause 
of cancer death in the Western world (1), and the incidence of 
colorectal cancer in the Asia-Pacific region is increasing (2). 
Surgical resection of primary tumors and adjuvant chemo-
therapy improved patient survival, but nearly half of the 
patients eventually died of local recurrence and metastasis (3). 
At present, targeted therapy has become an important treatment 
for various malignant tumors (including CRC). Bevacizumab 
(targeted to VEGF) and cetuximab (targeted to EGFR) are two 
drugs approved for use in the treatment of progressive and/or 
metastatic colorectal cancer. Molecular targeted therapy also 
has the problem of multi-target combination therapy.

Now, exploring new therapeutic targets in colorectal 
cancer has become an essential goal. The fibroblast growth 
factor receptor (FGFRs) is a polygene family, an immuno-
globulin gene superfamily member, which is distributed in a 
variety of cells on the membrane protein. FGFR4 is a class of 
transmembrane tyrosine kinase receptors with autophosphory-
lation activity that plays a very important role in embryonic 
development, tissue repair and angiogenesis (4). Hagel et al 
discovered Blu9931, which is a novel irreversible kinase 
inhibitor that specifically targets FGFR4 and is also the first 
FGFR4-selective molecule for the treatment of patients with 
hepatocellular carcinoma (5).

Our previous studies have shown that the expression of 
FGFR4 mRNA is significantly increased in gastric cancer 
tissue when compared with that of the corresponding normal 
tissue (6). The knockdown of FGFR4 expression resulted in 
a decrease in the proliferation of MKN45 and SGC7901 GC 
cell lines and an increase in apoptosis. Western blot analysis 
showed that the expression of caspase‑3 was increased and 
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the expression of Bcl-xL in MKN45 and SGC7901 cells was 
decreased after FGFR4-siRNA transfection (7). The apoptosis 
rates were obviously increased in GC cells treated with the 
single and combination of 5‑FU and PD173074 (an inhibitor 
of FGFR) (8). Nonetheless we have not yet studied the role of 
FGFR4 in colorectal cancer.

In order to investigate the clinical value of FGFR4 expres-
sion in CRC and explore new targeted drugs, Blu9931 as a 
specific inhibitor of FGFR4 was introduced in this study. We 
selected two colorectal cancer cell lines, HCT116 and SW620, 
that overexpress FGFR4. A series of functional tests were then 
performed to study the effects of single agent treatment and 
combinations of 5‑FU and Blu9931 on the biological behavior 
of the above two cell lines, including proliferation assay, 
apoptosis detection, cell cycle distribution assessment and 
the expression of related molecules by western blot analysis. 
Epithelial-mesenchymal transition (EMT) is considered a key 
event in metastasis and plays a critical role in the progression 
of colorectal cancer. Ectopic FGF19 expression promotes 
EMT and invasion in epithelial-like HCC cells by inhibiting 
of E-cadherin expression (9). FGF19 interacts with FGFR4 
and promotes FGFR4 expression. We found that FGFR4 and 
E-cadherin expression are negatively correlated in colorectal 
cancer cells. Through these functional tests, our aim is to 
elucidate the mechanism of Blu9931 and 5‑FU on colorectal 
cancer cells. We believe that FGFR4 is a potential therapeutic 
target for colorectal cancer and that Blu9931 may be used in 
the treatment of colorectal cancer patients.

Materials and methods

Cell lines and cell culture. Human colorectal cancer cell lines 
LS47 and SW620 were purchased from the American Type 
Culture collection. DLD1, SW116 and HCT116 cell lines were 
purchased from the Chinese Academy of Sciences, the Science 
Cell Bank of the Type Culture Collection (CBTCCCAS, 
Shanghai, China). Cell lines were cultivated in Dulbecco's 
modified Eagle's medium (DMEM, Sweden) supplemented 
with 10% fetal bovine serum (FBS; Gibco, USA),100 U/ml 
of penicillin and 100 µg/ml of streptomycin (Caisson Labs, 
UT, USA) at 37˚C in a humidified atmosphere containing 
5% CO2.

Antibodies and reagents. Rabbit monoclonal anti-FGFR4 
antibody, anti-E-cadherin, anti-vimentin, anti-cleaved 
caspase-3, anti-STAT3, anti-cyclin D1, anti-p27kip1 and anti-
β-actin antibody as well as mouse monoclonal anti-PCNA 
antibody were all purchased from Cell Signaling Technology 
(Beverly, MA, USA). Secondary horseradish peroxidase-
conjugated antibodies were goat anti-mouse and goat 
anti-rabbit from Sigma-Aldrich Corp. (St. Louis, MO, USA). 
Blu9931 (HY-12823) was purchased from Shanghai Haoyuan 
Chemexpress (Shanghai, China). 5‑FU was from the clinical 
trial group in our research center.

Reverse transcription PCR and quantitative real‑time PCR. 
According to the protocol, TRIzol reagents are used to collect 
total RNA from colorectal cancer cell lines. The first strand 
cDNA synthesis kit (MBI, Fermentas, Canada) was reverse 
transcribed into cDNA for each RNA sample. The primers 

were: FGFR-4, 5'-agatgctcaaagacaacgcct-3' and 
5'-cgcactccacgatcacgta-3'; β-actin, 5'-CACGAT 
GGAGGGGCCGGACTCATC-3' and 5'-TAAAGACCTCTA 
TGCCAACACAGT -3 '. The 2X Taq PCR MasterMix (Tiangen 
Biotech, China) was used for PCR. The FGFR4 annealing 
temperature was 57˚C. The PCR product was subjected to 
2% agarose gel electrophoresis and stained with ethidium 
bromide. Gene-specific primers of FGFR4 and GAPDH were 
the same as the reverse transcriptase PCR in our study. Five 
colorectal cancer cell lines were examined by real-time PCR 
according to the specification by Takara (Japan). The experi-
ment was carried out in duplicate. Relative differences (-fold) 
were calculated according to the comparative Ct method.

Protein extraction and western blotting. Whole-cell lysates 
were prepared using the Mammalian Protein Extraction 
reagent (Merck, Darmstadt, Germany) in accordance with 
the manufacturer's instructions. Protein concentrations 
of the samples were determined by the bicinchoninic acid 
(BCA) protein assay (Pierce, Rockford, IL, USA). Protein 
samples (30 µg of each protein) boiled for 5 min were sepa-
rated on 10% SDS-polyacrylamide gels and transferred onto 
PVDF membranes. The membranes were blocked for 1 h 
at room temperature with phosphate-buffered saline (PBS) 
containing 0.05% Tween-20 and 5% non-fat dried milk, 
and incubated overnight at 4˚C with the primary antibodies 
following the manufacturer's instructions. Immunoblots were 
washed three times with PBS containing 0.05% Tween-20 
and 1% non-fat milk. Then PVDF membranes incubated 
with secondary antibodies conjugated with horseradish 
peroxidase against mouse IgG or rabbit IgG for 1 h at room 
temperature. Immunoreactive proteins were using the ECL 
detection system (ImageQuant LAS 3000; General Electric 
Co., Fairfeld, CT, USA). Three independent western blot 
assays were performed for all samples.

Cell viability assay. HCT116 cells and SW620 cells in loga-
rithmic growth phase were harvested, and cell density was 
adjusted to 3x105/ml. Then, these cells were seeded into 
96-well plates (100 µl/well) and there were 4 wells in each 
group. After 24-h incubation, the cells were treated with single 
and combination of Blu9931 and 5‑FU at different concentra-
tions. According to Blu9931 (0, 1.875, 3.75, 7.5,15 and 30 µM) 
and 5‑FU (0, 3.125, 6.25, 12.5, 25 and 50 µM) were studied. 
Cells were incubated at 37˚C in an environment of 5% CO2 for 
72 h. After addition of 5 mg/ml MTT (10 µl/well), cells were 
incubated for 4 h and the supernatant was removed. DMSO 
(100 µl/well) was added to each well and cells were further 
incubated for 10 min with constant shaking to resolve purple 
crystals. The absorbance was measured at 490 nm using a 
microplate reader. The cell viability and IC50 were calculated 
and analyzed.

Proliferation assay. HCT116 cells and SW620 cells in loga-
rithmic growth phase were harvested, and cell density was 
adjusted to 2x105/ml. Then, these cells were seeded into 
96-well plates (100 µl/well) and there were 4 wells in each 
group. After 24-h incubation, the cells were treated with 
single and combination of Blu9931 and 5‑FU at IC50. After 
culturing for 1, 2, 3, 4 and 5 days, cells were incubated for 
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4 h with 5 mg/ml MTT (10 µl/well) and the supernatant was 
removed. DMSO (100 µl/well) was added to each well and 
cells were further incubated for 10 min with constant shaking 
to resolve purple crystals. The absorbance was measured at 
490 nm using a microplate reader.

Apoptosis rate detection. HCT116 cells and SW620 cells were 
treated with single and combination of Blu9931 and 5‑FU 
at each proper concentration for 72 h. Then the cells were 
harvested. Annexin V and APC were used to detect apop-
tosis by flow cytometry. Cells were suspended in 500 µl of 
Annexin V binding buffer and the cells were incubated with 
5 µl of Annexin V for 15 min in the dark and at room tempera-
ture. Then 5 µl of propidium iodide was added. Thereafter, 
all samples were analyzed by a FACSCalibur (BD Bioscience) 
flow cytometer with CellQuest software.

Cell cycle analysis. HCT116 cells and SW620 cells were treated 
with single and combination of Blu9931 and 5‑FU at each 
proper concentration for 72 h. The cells were then collected 
and centrifuged at 1,000 rpm for 5 min. The supernatant was 
discarded and the pre-cooled PBS was added to wash the cells 
twice. Then 70% pre-cooled ethanol was added, overnight 

at 4˚C. The ethanol-immobilized cells were centrifuged, the 
supernatant was discarded and cells washed three times with 
precooled PBS. The cells were resuspended using 1 ml of PI/
Triton X-100 staining solution (20 µg PI/0.1% Triton X-100) 
containing 0.2 mg RNase A and stained at 37˚C for 15 min. 
Samples were placed on ice and immediately analysed on 
Beckman Coulter to separate G0/G1, S, G2/M and hypodiploid 
nuclei. All assays were carried out in triplicate.

Statistical analysis. Statistical analysis was carried out with 
SPSS 13.0 software (USA). Data were showed by means ± SD 
and three individual experiments were performed. Student's 
t-test was used to compare data between two groups. One-way 
ANOVA and Tukey's test were applied to compare data 
between three or more groups. P<0.05 was considered statisti-
cally significant.

Results

FGFR4 expression is different in various colorectal cell lines. 
FGFR4 was expressed in colorectal cancer cell lines at mRNA 
and protein levels using reverse transcription PCR, real-time 
PCR and western blot analysis. As Fig. 1A illustrates, FGFR4 

Figure 1. The expression of FGFR4 mRNA and protein in five colorectal cancer cell lines. (A) Expression of FGFR4 protein in various colorectal cancer 
cell lines by western blotting. (B) Expression of FGFR4 mRNA in various colorectal cancer cell lines by RT-PCR. (C andD) Expression of FGFR4 mRNA 
in various colorectal cancer cell lines by quantitative real-time PCR. β-actin s served as loading control. The expression of FGFR4 mRNA and protein in 
HCT116 cells and SW620 cells was higher than that in the other three colorectal cancer cell lines. At least three independent evaluations were performed.
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protein expression was stronger in HCT116 and SW620, 
while weaker in LS47, DLD1 and SW116. Reverse transcrip-
tion PCR results showed that FGFR4 mRNA expression was 
significantly higher in HCT116 and SW620 than in the other 
three colorectal cancer cell lines (Fig. 1B), which was veri-
fied by quantitative real-time PCR (2-∆∆ct) through at least 
three independent detectors (Fig. 1C). As shown in Fig. 1D, 
the quantitative analysis results by real-time PCR confirmed 
that FGFR4 mRNA expression in HCT116 and SW620 were 
much higher than the other colorectal cancer lines. Therefore, 
the HCT116 and SW620 cell lines were chosen to undergo 
subsequent assays.

5‑FU and Blu9931 have an effect on the cell viability of 
HCT116 and SW620 cells. In order to evaluate the growth 
effect of different reagents on HCT116 and SW620 cells, MTT 
assays were used to detect the cell viability using a microplate 
reader. Fig. 2A and B showed that the concentration of 5‑FU 
and Blu9931 increased, the cell viability of HCT116 cells 
progressively decreased, the IC50 of 5‑FU and Blu9931 were 
8.72 and 7.21  µM, respectively. When 5‑FU and Blu9931 
acted on SW620 cells, the cell viability also decreased with 
increasing concentration, and IC50 of 5‑FU and Blu9931 were 
22.55 and 8.19 µM, respectively (Fig. 2C and D). For subse-
quent analysis, the appropriate concentration of each agent is 
selected in the linear region. According to the above results, 
in HCT116 cells, the appropriate concentration of 5‑FU and 
Blu9931 is 10 µM. In SW620 cells, the appropriate concentra-
tions of 5‑FU and Blu9931 are 20 µM and 10 µM, respectively.

Single agent treatments and the combination of 5‑FU and 
Blu9931 affect the proliferation of HCT116 and SW620 cells. 

In order to explore whether FGFR4 is a therapeutic target 
for colorectal cancer, we have introduced FGFR4-specific 
inhibitor Blu9931 and 5‑FU to intervene in HCT116 and 
SW620 cells. MTT assay was used to detected cell absorbance 
to evaluate cell proliferation.

The single and combination of 5‑FU and Blu9931 obvi-
ously weakened the proliferative ability of HCT116 and 
SW620 cells when compared with its corresponding Mock 
group (Fig. 3A and B; one-way ANOVA; P<0.05). As shown 
in Fig. 3C, the proliferative ability of the Blu9931 group was 
slightly stronger than that of the 5‑FU group on days 1,  3 
and 5 in HCT116 cells (Student's t-test; P<0.05). However, 
the proliferation ability had no significant difference between 
the 5‑FU group and Blu9931 group SW620 cells (Fig. 3D; 
Student's t-test; P<0.05). Compared with Blu9931 group, the 
proliferation ability in HCT116 cells treated with the combina-
tion of 5‑FU and Blu9931 significantly decreased from day 2 
to day 5 while it significantly decreased in SW620 cells from 
day 3 to day 5 after MTT assay (Fig. 3E and  F; Student's t-test; 
P<0.05). Compared with 5‑FU group, the proliferation ability 
significantly decreased in HCT116 and SW620 cells treated 
with the combination of 5‑FU and Blu9931 from day 1 to day 5 
after MTT assay (Fig. 3G and H; Student's t-test; P<0.05).

Single agent treatment and the combination of 5-FU and 
Blu9931 affect the apoptosis rate of HCT116 and SW620 
cells. To study whether the different reagents affect apoptosis 
of the colorectal cancer cells, the apoptotic rate of HCT116 
and SW620 cells was detected by flow cytometry and treated 
with the single agent treatment and the combination of 5‑FU 
and Blu9931 for 72  h. In both HCT116 cells and SW620 
cells, the apoptotic rate of each treatment group increased, 

Figure 2. Effects on the cell viability of HCT116 and SW620 cells of the different reagents using MTT. With the increase of concentration of 5‑FU (A) and 
Blu9931 (B), the cell viability of HCT116 cells decreased. Similarly, with the increase in the concentration of the two reagents, SW620 cell viability also 
decreased (C and D).
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the difference was statistically significant (Fig. 4; one-way 
ANOVA; P<0.05). However, in HCT116 cells, the apoptosis 
rate of 5‑FU plus Blu9931 was higher than that in the single 
of 5‑FU and Blu9931 (one-way ANOVA; P<0.05). However, 
there was no statistically significant difference among 5‑FU, 
Blu9931 and 5‑FU plus Blu9931 in SW620 cells (one-way 
ANOVA; P<0.05).

Single agent treatment and the combination of 5‑FU and 
Blu9931 affect cell cycle distribution of HCT116 and SW620 
cells. The distribution of cell cycle was evaluated by flow 
cytometry in HCT116 and SW620 cells with the single and 
combined treatment of Blu9931 and 5‑FU. As Fig.  5A-E 
shows, the HCT116 cells treated with the single and combined 
Blu9931 and 5‑FU in S stage evidently increased while those 
in G0/G1 stage remarkably decreased compared to the mock 
group (one-way ANOVA; P<0.05). However, in SW620 cells, 
the G2/M stage cells in the three treatment groups were much 

less than those in the mock group. The SW620 cells treated 
with the single Blu9931 in S stage significantly increased 
while 5‑FU group and 5‑FU plus Blu9931 group remark-
ably increased in G0/G1 stage (Fig. 5F-J; one-way ANOVA; 
P<0.05).

Single agent treatment and the combination of 5‑FU and 
Blu9931 suppress EMT in HCT116 and SW620 cells. The 
epithelial-mesenchymal transition (EMT) plays an important 
role in tumor invasion and metastasis. In the EMT process, 
the cell phenotype transforms from epithelial into mesen-
chymal, and cell markers also change (10). The expression of 
E-cadherin was decreased and the expression of vimentin was 
increased. To investigate whether the different reagents affect 
EMT in the colorectal cancer cells, we detected the expression 
of E-cadherin and vimentin by western blotting. In HCT116 
cells, expression of E-cadherin was increased in the single 
and combination of 5‑FU and Blu9931 compared with control 

Figure 3. Influence of single and combination of 5‑FU and Blu9931 on the proliferation of colorectal cancer cell lines as detected by MTT. Cell absorbance 
was consecutively measured at 5 days. (A and B) The single and combination of 5‑FU and Blu9931 obviously weakened the proliferative ability of HCT116 
and SW620 cells. (C and D) There was no significant difference between the Blu9931 group and 5‑FU group (one-way ANOVA; *P<0.05). (E and F) The 
combination of 5‑FU and Blu9931 obviously weakened the proliferative ability of HCT116 and SW620 cells when compared with the Blu9931 group (Student's 
t-test, *P<0.05). (G and H) The combination of 5‑FU and Blu9931 obviously weakened the proliferative ability of HCT116 and SW620 cells when compared 
with the 5‑FU group (Student's t-test, *P<0.05).
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group while vimentin expression was weakened. The same 
result was seen in SW620 cells. The above results show that 
Blu9931 and 5‑FU can suppress EMT (Fig. 6A and B).

Single agent treatment and the combination of 5‑FU and 
Blu9931 affect the expression of related molecules in HCT116 
and SW620 cells. Western blotting was used to detect the 
expression of related molecules including signal pathway 
(STAT3), apoptosis (cleaved caspase‑3), and cell cycle 
(cyclin D1 and P27kip1) in HCT116 and SW620 cells when 
treated by the single and combination of 5‑FU and Blu9931. 
As shown in Fig. 6C and D, expression of FGFR4 in HCT116 

and SW620 cells was decreased in the single Blu9931 group 
and the combination of 5‑FU and Blu9931 group while no 
significant difference was noted in the single 5‑FU group when 
compared with the control group. When compared with the 
control group, expression of STAT3 was markedly increased 
in the single agent 5‑FU group. Compared to the control 
group, cleaved caspase‑3 expression in HCT116 and SW620 
cells was obviously increased in the single and combination of 
5‑FU and Blu9931. In other words, the single and combination 
of 5‑FU and Blu9931 had an effect on promoting apoptosis, 
but 5‑FU plus Blu9931 group was no significant difference in 
the single agent 5‑FU and single Blu9931 treatment groups. 

Figure 4. The effects of single and combined treatment of Blu9931 and 5‑FU on the apoptosis rate of HCT116 and SW620 cells were evaluated by flow 
cytometry. (A-D) Apoptosis of HCT116 treated with control. (A) Mock group; (B) 5‑FU group; (C) Blu9931 group; (D) 5‑FU plus Blu9931. (E) In HCT116 
cells, the apoptosis rate of single and combination of 5‑FU and Blu9931 was significantly higher than that in the control group (one-way ANOVA; P<0.05). 
(F-I) Apoptosis of SW620 treated with control. (F) Mock group; (G) 5‑FU group; (H) Blu9931 group; (I) 5‑FU plus Blu9931. (J) In SW620 cells, the apoptosis 
rate of single and combination of 5‑FU and Blu9931 was significantly higher than that in the control group (one-way ANOVA; P<0.05).
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When compared to the control group, P27kip1 expression was 
obviously increased in the single and combination of 5‑FU 
and Blu9931 while cyclin D1 expression was prominently 
weakened.

Discussion

With the development of tumor molecular biology, the study of 
tumor molecular targeted therapy has become the current hot 

spot. Molecular targeted drugs have also made some progress 
in the application of colorectal cancer. A number of phase II 
clinical studies have shown that cetuximab (anti-EGFR) has a 
high efficacy (11,12) in the treatment of advanced colorectal 
cancer. However, the curative effect was not satisfactory. So 
exploring new therapeutic targets in CRC has become an 
essential goal. Katoh (13) suggested that the FGFR family may 
be important in clinical cancer diagnostics and therapeutics. 
FGFR4 plays a very important role in embryonic develop-

Figure 5. The distribution of cell cycle was evaluated by flow cytometry in HCT116 and SW620 cells with the single and combined treatment of Blu9931 and 
5‑FU. (A-E) Cell cycle distribution of HCT116 cells with different treatments. (A) Mock group; (B) Blu9931 group; (C) 5‑FU group; (D) Blu9931 plus 5‑FU 
group. (E) The S stage cells in the three treatment groups were significantly higher than those in mock group (one-way ANOVA; P<0.05). (F-J) Cell cycle 
distribution of SW620 cells with different treatments. (F) Mock group; (G) Blu9931 group; (H) 5‑FU group; (I) Blu9931 plus 5‑FU group. (J) The G2/M stage 
cells in the three treatment groups were much less than those in mock group (one-way ANOVA; P<0.05). All data shown are representative of at least three 
independent experiments.
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ment, tissue repair and angiogenesis and has become a popular 
research molecule in a variety of tumors. However, the effect 
of FGFR4 in CRC has rarely been studied.

There are only two reports associated with Blu9931, both of 
which are not associated with colorectal cancer. Furthermore, 
5‑FU is a cell cycle-specific chemotherapeutic agent that is 
primarily resistant to cells in the S phase. In this study, we 
reported that the treatment of Blu9931 significantly reduced 
cell viability and increased cell apoptosis rates when compared 
with the negative control group. The effects of the combination 
treatment of 5‑FU and Blu9931 in proliferation and arresting 
cell cycle were superior to that of the single agent treatments.

As shown in Fig. 1, in five common colorectal cancer cell 
lines, the expression of FGFR4 at mRNA and protein levels 
in HCT116 and SW620 cells was significantly higher than 
the other three cells. Thus, HCT116 and SW620 cells were 
chosen for the subsequent assays. With the concentration of 
5‑FU and Blu9931 increasing, the cell viability of HCT116 
and SW620 cells gradually decreased after administration as 
single agents. This finding shows that both Blu9931 and 5‑FU 
can significantly reduce the viability of colorectal cancer cells. 
Hagel et al showed Blu9931 markedly inhibited the viability of 
hepatocellular cancer cells (EC50<1 µM) (5).

The single and combination of 5‑FU and Blu9931 obviously 
weakened the proliferative ability of HCT116 and SW620 cells 
when compared with its corresponding Mock group (Fig. 3). 
Moreover, proliferation ability of the combination treatment 
of 5‑FU and Blu9931 was significantly less than that in the 
single agent treatments. It suggests that the combination of 
5‑FU and Blu9931 had synergistic effects on the inhibition of 

proliferation rates in CRC cells. As shown in Fig.6, expression 
of FGFR4 in the HCT116 and SW620 cells was decreased in 
the single Blu9931 group and the combination of 5‑FU and 
Blu9931 group while no significant difference was noted in 
the single 5‑FU group when compared with the control group. 
Therefore, Blu9931 mainly reduced the proliferation of CRC 
cells by inhibiting the activity of FGFR4, whereas 5-FU was 
not. Bai et al (14) indicated that FGFR4 inhibitor PD173074 
obviously suppressed colon cancer cell proliferation and 
neovascularization. Also, in embryonal rhabdomyosarcoma, 
inhibition of FGFR4 expression reduces cell proliferation 
in vitro and xenograft formation in vivo (15).

In both HCT116 and SW620 cells, the apoptosis rate of 
single agent treatment and combinations of 5-FU and Blu9931 
increased when compared with the control group. Only in 
HCT116 cells, the apoptosis rate of 5‑FU plus Blu9931 was 
higher than that in the single of 5‑FU and Blu9931. Also, 
western blot analysis showed that the single and combination 
of 5‑FU and Blu9931 obviously increased cleaved caspase‑3 
expression, and 5‑FU plus Blu9931 group had no significant 
difference in the single agent 5‑FU and single Blu9931 treat-
ment groups in HCT116 and SW620 cells. In other words, 
the single agent treatment 5‑FU and Blu9931 can induce 
colorectal cancer cell apoptosis, but Blu9931 plus 5‑FU does 
not seem to make the apoptosis rate higher. Blu9931-induced 
apoptosis may be mediated by decreasing FGFR4 expres-
sion. Our previous studies have shown that silencing FGFR4 
can increase tumor cell apoptosis rates (7). Zaid et al (16) 
indicated that the downregulation of FGFR4 significantly 
prevented the WNT pathway, suggesting that WNT may be 

Figure 6. Western blot detection of the expression of related molecules including signal pathway (STAT3), apoptosis (cleaved caspase‑3), cell cycle (cyclin D1 
and P27kip1) and epithelial-mesenchymal transition (E-cadherin and vimentin) in HCT116 and SW620 cells when treated by the single and combination of 5‑FU 
and Blu9931. (A and C) Expression of related molecules in HCT116 cells when treated by control, 5‑FU, Blu9931 and 5‑FU plus Blu9931. (B and D) Expression 
of related molecules in SW620 cells when treated by control, 5‑FU, Blu9931 and 5‑FU plus Blu9931.
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one of the signaling pathways that affect apoptosis. Only in the 
single agent treatment 5‑FU, stat3 expression was significantly 
elevated relative to the negative control group and the other 
two treatment groups. This result is very interesting, because 
usually high expression of stat3 promotes cell growth and 
reduces the rate of apoptosis. We hypothesized that 5‑FU may 
induce STAT3 expression, whereas STAT3 is essential for 
lysosomal pathways that induce cell death (17).

Our study also investigated the effects of different treat-
ments on cell cycle distribution in HCT116 and SW620 cells 
by flow cytometry. HCT116 cells treated with the single and 
combined of Blu9931 and 5‑FU in S stage evidently increased 
while those in G0/G1 stage remarkably decreased compared to 
mock group, which indicated that cell cycle was blocked in the 
S phase. SW620 cells treated with the single Blu9931 arrested 
in the S stage while 5‑FU group and 5‑FU plus Blu9931 group 
arrested in the G0/G1 stage. The antitumor effect of 5‑FU 
is mainly mediated by inhibition of thymidylate synthase 
(TS) and its incorporation metabolites into RNA and DNA 
(18). Twenty-four-hour exposure to 5‑FU produced S-phase 
accumulation in MCF-7 breast cancer cells (19). However, 
Chong et al showed that 5‑FU-induced cell cycle arrested at 
the G0/G1 phases in SW480 and HT29 cells (20). Now, we are 
not particularly aware of the mechanism of 5‑FU on the cell 
cycle. However, we can see that 5‑FU has different effects on 
human tumor cell cycle. The western blot results also demon-
strated that the cell cycle was inhibited. When the P27 protein 
expression increased, the most critical cell cycle protein 
E-CDK2 complex activity was inhibited, and cell cycle stag-
nated in G1 phase (21,22). Cyclin D1 plays an important role in 
the development of tumor as an important positive regulator of 
the cell cycle (23-25). In this study, P27kip1 expression remark-
ably strengthened in the three treatment groups compared to 
the negative control while cyclin D1 observably weakened in 
the HCT116 and SW620 cells. Moreover, the P27kip1 expression 
following the combination treatment of 5‑FU and Blu9931 
was stronger than that in the single agent treatments which 
suggesting that the combination of 5‑FU and Blu9931 had 
synergistic effects on the inhibition of the cell cycle.

EMT plays a key role in the development, progression, 
invasion and metastasis of malignant tumors. There are EMT 
phenomena in the process of malignancy and invasion of 
peripheral tissues (26). Brabletz et al (27) found that inhibi-
tion of E-cadherin expression, induced β-catenin nuclear 
translocation can enhance the ability of colorectal cancer cell 
invasion, and low expression of E-cadherin is associated with 
distant metastasis of colorectal cancer. Zhao et al (28) showed 
that FGFR4 overexpression inhibited E-cadherin expression by 
activation of GSK3β/β-catenin pathway and knocked it down 
to produce an opposite effect in hepatocellular carcinoma cells. 
Our findings suggest that Blu9931 as a specific inhibitor of 
FGFR4 can inhibit EMT in colorectal cancer cells. Inhibition 
of FGFR4 expression can promote the expression of E-cadherin 
and reduce the expression of vimentin.

In conclusion, this study explored the effects of single 
agent treatments and combination of Blu9931 and 5‑FU on 
the biological characteristics of colorectal cancer cells and its 
mechanism. Inhibiting the activity of FGFR4 may be one of the 
principal mechanisms of Blu9931 to inhibit the proliferation 
of colorectal cancer cells, increase the apoptosis rate, prevent 

the cell cycle and inhibit EMT. The combination of 5‑FU and 
Blu9931 has a synergistic effect in reducing colorectal cancer 
cell proliferation and preventing the cell cycle. The results of 
this study further demonstrate that the first specific inhibitor of 
FGFR4, Blu9931, can be a novel target drug for the treatment 
of colorectal cancer. Obviously, our results should be validated 
by further studies in vitro and in vivo.
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