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Background: Fibroblast growth factor receptor 4 (FGFR4) has been proved to be correlated 

with progression and prognosis in many cancers. However, the significance of FGFR4 in non-

small-cell lung cancer (NSCLC) is still not well elucidated.

Methods: In our experiment, we detected FGFR4 expression in 237 samples of NSCLC 

with immunohistochemistry, and further analyzed the correlation between FGFR4 and 

clinicopathologic features of NSCLC with chi-square test. Moreover, we evaluated the prognostic 

value of FGFR4 by Kaplan–Meier survival curve and Cox regression model. By regulating the 

expression of FGFR4 by overexpression or knockdown, we assessed the role of FGFR4 on 

NSCLC cell proliferation.

Results: FGFR4 expression was high in NSCLC (46.8%, 111/237). FGFR4 expression 

was significantly associated with tumor diameter (P=0.039). With univariate (P=0.009) and 

multivariate (P=0.002) analysis, FGFR4 was identified as an independent prognostic factor in 

NSCLC (P=0.009). Moreover, FGFR4 can promote the proliferation of NSCLC cell lines.

Conclusion: FGFR4 is an independent prognostic biomarker in NSCLC. FGFR4 can accelerate 

the proliferation of NSCLC cell lines, indicating FGFR4 could be a potential drug target of 

NSCLC.
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Introduction
Lung cancer is the most frequent cancer type, which leads to the most cases of cancer-

related mortality in the world.1 The mortality and morbidity of lung cancer is still rising 

worldwide, especially in developing countries, partly because of the air pollution.2 

Based on the clinical and histologic proof, lung cancer can be divided into small-cell 

lung cancer and non-small-cell lung cancer (NSCLC). NSCLC accounts for 85% of 

the primary bronchogenic carcinomas and has the highest mortality rate of malignant 

tumors in the world.3 NSCLC was traditionally considered as a single entity, with tumor 

stage regarded as the primary factor determining proper treatment. However, NSCLC 

consists of multiple and diverse histologic types and subtypes, with adenocarcinoma 

and squamous cell lung cancer. The molecular carcinogenesis of NSCLC features with 

multiple alterations of gene expression, which result in ectopic signaling pathways and 

biological behaviors.4–6 Although several biomarkers have been proved to be related 

with NSCLC angiogenesis, progression, or prognosis,7,8 there is still no effective 

predictive or prognostic biomarker clinically used, partly because most patients who 

are clinically diagnosed are in a middle or advanced stage. Consequently, the 5-year 

survival rate of NSCLC is as low as approximately 11%.9

Fibroblast growth factor receptors (FGFRs) consist of a family of four members, 

FGFR1, 2, 3, and 4, which have been demonstrated to be involved in the progression 
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and prognosis of many kinds of cancers.10 They can activate 

downstream signaling pathways via binding with their 

ligands, which mostly are FGFs. Interestingly, FGFRs have 

diverse functions and downstream signaling pathways, 

which depend on binding different FGF ligands and alterna-

tive splicing. In the FGFR family, FGFR4 is distinguished 

because of its feature of high expression in liver.11 FGFR4 

overexpression or mutation was demonstrated to be sig-

nificantly associated with poor prognosis in many kinds of 

cancers, including hepatocellular carcinoma, prostate, breast, 

pancreatic, gynecologic gastric cancers, cholangiocarcinoma, 

and rhabdomyosarcomas.12–15 However, the significance of 

FGFR4 in lung cancer is still not well elucidated.

In our experiments, we detected the expression of FGFR4 

in 237 cases of NSCLC with immunohistochemistry (IHC), 

and analyzed the correlation between FGFR4 and the clini-

copathologic features in NSCLC. Furthermore, we identified 

the independent prognostic value of FGFR4 by univariate 

and multivariate analysis. After confirmation of FGFR4 as 

an independent prognostic factor, we performed cell function 

assays such as proliferation to evaluate the significance of 

FGFR4 in NSCLC progression.

Materials and methods
Patients and follow-up
Samples of NSCLC were obtained from the Pathological 

Department of Linyi Hospital and Yishui Central Hospital  

with prior approval of the patients and the Ethical 

Committees of these two hospitals. Three hundred and six 

patients were diagnosed with NSCLC and had undergone 

pulmonary lobectomy plus regional lymph node dissection 

from 2003 to 2007, and these patients made up the primary 

cohort. From the primary cohort, the validation cohort of 

237 patients was selected with the following criteria: 1) 

available follow-up data; 2) available and enough samples; 

3) R0 resection. Two senior pathologists confirmed the 

pathological diagnosis and selected proper sections for 

IHC. The paper was organized according to the REMARK 

instruction. Pathologic tumor-node-metastasis (pTNM) 

classification was based on the 7th International Union 

Against Cancer (2009).

ihc and evaluation
All NSCLC specimens were fixed by 10% formalin and 

embedded in paraffin, followed by cutting as serial sections 

deparaffinized with xylene. Slides were incubated in citrate 

buffer (pH =6.0) in a microwave oven for 30 minutes to 

achieve antigen retrieval. After that, specimens were incubated 

in 3% H
2
O

2
 in methanol for 20 minutes for endogenous 

peroxidase enzyme blocking. Primary antibody with dilution 

at 1:100 was used to incubate the tissue at 4°C overnight and 

then corresponding biotinylated secondary antibody and 

streptavidin–peroxidase complex was used to incubate at 

37°C for 30 minutes. Finally, 3,3′-diaminobenzidine solution 

was used to make staining visible and hematoxylin was used 

for counterstaining. In the IHC test, the negative control was 

sampled with phosphate-buffered saline incubation instead of 

primary antibody, with other procedures all the same, while 

positive control was hepatocarcinoma sections, which had 

high FGFR4 expression.

The criterion of IHC evaluation was the combination of 

staining intensity and positive cell percentage. The percent-

age scores of immunoreactive cells were defined as follows: 

0 for 10% positive cells; 1 for 10%–30% positive cells; 2 for 

30%–50% cells; and 3 for 50% or more cells. The staining 

intensity can be described as follows: 0 for negative staining; 

1 for weak staining; 2 for moderate staining; and 3 for strong 

staining. The final IHC score was defined as the multiplica-

tion of the staining intensity score and the positive cell score. 

The criteria for high FGFR4 expression and low FGFR4 

expression were arbitrarily defined as 4 for high FGFR4 

expression and 4 for low FGFR4 expression. 

cell culture and reagents
Two kinds of NSCLC adenocarcinoma cell lines (A549 

and H1299) and two squamous carcinoma cell lines (SK-

MES-1 and H520), as well as HepG2 and HEK293 cells, 

were purchased from the Institute of Biochemistry and Cell 

Biology of the Chinese Academy of Sciences (Shanghai, 

People’s Republic of China). A549, H1299, and H520 cells 

were cultured in RPMI-1640, while SK-MES-1, HepG2, 

and HEK293 were cultured in Dulbecco’s Modified Eagle’s 

Medium (DMEM), supplemented with 10% fetal bovine 

serum, 100 U/mL penicillin, and 100 mg/mL streptomycin. 

RPMI-1640, DMEM, penicillin, streptomycin, fetal bovine 

serum, and trypsin were purchased from Thermo Fisher 

Scientific (Waltham, MA, USA). Anti-FGFR4 and anti-

β-actin primary antibody were obtained from Santa Cruz 

Biotechnology Inc. (Dallas, TX, USA). 3-(4,5-dimethyl-2-

thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) kit 

was from Sangon Company (Shanghai, People’s Republic 

of China).

Immunoblotting
Immunoblotting was used to detect the protein expression 

in NSCLC cells. Briefly, cells were lysed with RIPA lysis 
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buffer on ice, then scraped and transferred into an Eppendorf 

tube. After centrifugation at 10,000× g at 4°C for 30 minutes, 

the supernatant was transferred into another tube and protein 

concentration was tested by Bradford method, followed by 

mixing with 2× loading buffer and boiling for 10 minutes for 

protein denaturation. After electrophoresis with 10 μg total 

protein, the protein was transferred to a nitrocellulose filter 

membrane (PALL Corporation) and subsequently blocked 

with 5% defatted milk. The nitrocellulose membrane was 

then incubated in primary antibody diluted in 5% bovine 

serum albumin at 4°C overnight. The nitrocellulose mem-

brane was finally incubated in corresponding HRP-tagged 

secondary antibody, and then visualized by addition of ECL 

reagent (EMD Millipore, Billerica, MA, USA). The semi-

quantitation of the immunoblotting result was achieved using 

the software ImageJ (National Institutes of Health [NIH], 

Bethesda, MD, USA).

FGFR4 knockdown, overexpression, 
and transfection
FGFR4 small interfering RNA (Thermo Fisher Scientific) 

was used for FGFR4 knockdown. The siRNA sequences 

were designed referring to a previous study.15 The 

s e n s e  s e q u e n c e  w a s  5 ′ - G C C G A C  A C A A G A -

ACAUCAUTT-3′, and the antisense sequence was 

5′-AUGAUGUUCUUGUGUCGGCTT-3′. As for the 

scrambled oligonucleotide RNA, the sense sequence was 

5′-UUCUCCGAACGUGUCACGUTT-3′ and the anti-sense 

sequence was 5′-ACGUGACACGUUCGGAGAATT-3′.
Plasmid of pFLAG-CMV-2 vector or pFLAG-CMV-2-

FGFR4 was purchased from Genephama Company (Shanghai, 

People’s Republic of China). Transfection of siRNA or plas-

mid was accomplished using Lipofectamine 2000 (Thermo 

Fisher Scientific), according to the transfection manual. 

RNA extraction and real-time 
polymerase chain reaction analysis
Total RNA was purified from cancer tissue with TRIzol 

reagent after tissue grind and homogenation. Synthesis of 

cDNA was synthesized, and quantitative polymerase chain 

reaction (PCR) was realized by the StepOnePlus real-time 

PCR system (Thermo Fisher Scientific) using the SYBR Green 

method according to the manual. GAPDH (glyceraldehyde 

3-phosphate dehydrogenase) was applied as an internal control. 

The sequences of primers used for real-time PCR experiments 

were designed following previous study and shown below:

•	 FGFR4 forward: 5′-CTGTGGCCGTCAAGATGCT 

CAA-3′

•	 FGFR4 reverse: 5′-ATGTTCTTGTGTCGGCCG  

ATCA-3′
•	 GAPDH forward: 5′-GGGAAGGTGAAGGTCGGA 

GTC-3′
•	 GAPDH reverse: 5′-CCATGGGTGGAATCATATT 

GGAA-3′.

MTT assay
MTT assay was used to evaluate cell proliferation. Cells at 

logarithmic phase were trypsinized and passaged into 96-well 

plate at a density of 4,000 cells per well. After complete 

adhesion, cells were starved in serum-free medium and then 

incubated in normal medium with 10% fetal bovine serum, 

from which time was recorded. After incubation in normal 

medium for 0–72 hours, 10 μL MTT was added to the cells 

at concentration 10 mg/mL, followed by incubation at 37°C 

for 4–6 hours. The supernatant was discarded carefully and 

the crystals at the bottom were dissolved in 100 μL dim-

ethyl sulfoxide. Absorbance at 490 nm was measured with 

a microplate reader (Molecular Devices LLC, Sunnyvale, 

CA, USA). Absorbance at 490 nm at the 0 time point was 

set as the baseline and the optical density at 490 nm of other 

groups was standardized with the ratio to baseline.

statistical analysis
All statistical data were analyzed with SPSS 17.0 software 

(SPSS Inc., Chicago, IL, USA). The correlation between 

FGFR4 expression and the clinicopathologic features were 

analyzed with chi-square test. The univariate analysis was 

performed with the Kaplan–Meier survival curve method, 

and statistical differences were compared with a log-rank 

test. The multivariate analysis was carried out with Cox 

regression model. In experiments in vitro, the difference of 

the mean value between different groups was analyzed with 

Student’s t-test. P0.05 was considered to be statistically 

significant.

Results
Patient characteristics and FgFr4 
expression
The validation cohort consisted of 237 NSCLC patients. The 

age of patients ranged from 33 to 78 years old, with median 

age 60 years (Table 1). Most patients (65%) were male in the 

validation cohort. The clinicopathologic parameters, includ-

ing tumor size, lymph node metastasis, histological type, 

differentiation, and smoking, were according to hospital and 

surgical records. The cohort was divided into FGFR4 high-

expression and low-expression groups according to the IHC 

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


OncoTargets and Therapy 2015:8submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

1160

huang et al

criteria described in “Materials and methods”. In our study, 

FGFR4 expression was mainly observed in both cytoplasm 

and membrane (Figure 1A–D). Statistically, the rate of higher 

FGFR4 expression was 46.8% (111/237) in NSCLC. To com-

pare the FGFR4 expression in tumor tissue or adjacent normal 

tissue, we detected the FGFR4 mRNA level from 12 pairs of 

frozen samples of NSCLC with quantitative PCR. It turned 

out that FGFR4 mRNA in tumor tissues was significantly 

higher than mRNA in normal tissues (Figure 1E).

Correlation between FGFR4 and 
clinicopathologic factors in NSCLC
To screen suspicious factors correlated to FGFR4 expres-

sion, we analyzed FGFR4 association with clinicopathologic 

factors in NSCLC with the chi-square method (Table 2). 

Consequently, we found the FGFR4 higher-expression 

group had more cases of larger tumor diameter (P=0.039), 

indicating that FGFR4 may play important role in NSCLC 

cell proliferation. However, no other significant correlations 

between FGFR4 and other factors were observed in our 

experiments except the tumor diameter.

Prognostic value of FGFR4 in NSCLC 
To evaluate the prognostic value of FGFR4 in NSCLC, we 

first analyzed the correlation between FGFR4 expression 

and the 5-year overall survival rate with univariate analysis 

(Table 3). With the Kaplan–Meier method, we demonstrated 

that FGFR4 higher expression was correlated to poorer prog-

nosis in NSCLC (P=0.009). In the FGFR4 higher-expression 

group, the 5-year overall survival rate was 17.4% with aver-

age survival time 39.8 months, while in the lower-expression 

group, the 5-year overall survival rate was 54.8% with aver-

age survival time 62.1 months (Figure 2A). In addition, stage 

of lymph node metastasis was also defined as a prognostic 

factor in NSCLC (P=0.003). Positive lymphatic invasion had 

a poorer prognosis than negative lymphatic invasion (42.7% 

vs 52.7% survival rate) (Figure 2B).

Moreover, we further performed multivariate analysis 

with Cox regression model to detect whether FGFR4 was an 

independent prognostic factor in NSCLC (Table 4). Almost 

all clinicopathologic features were collected into the model, 

including sex, age, tumor size, differentiation, lymph node 

metastasis, smoking, and FGFR4 expression. With multi-

variate analysis, we confirmed FGFR4 as an independent 

prognostic factor (P=0.002), with 95% confidence interval 

1.35–3.71 and hazard ratio 2.24. Additionally, stage of lymph 

node invasion was also defined as an independent prognostic 

factor (P=0.001), with 95% confidence interval 1.38–3.79 

and hazard ratio 2.23. No other clinicopathological parameter 

was identified as an independent prognostic factor in the Cox 

regression model in NSCLC.

FgFr4 promotes nsclc cell line 
proliferation
We demonstrated that FGFR4 expression was correlated with 

tumor diameter from analyzing clinical data with chi-square 

test, which indicated that FGFR4 may play an essential role 

in NSCLC proliferation. To confirm the result from clinical 

study with experiments in vitro, we performed MTT assay to 

evaluate the FGFR4 value in NSCLC cell line proliferation. 

We first detected FGFR4 expression in NSCLC cell lines to 

select proper cell models for FGFR4 regulation (Figure 3A). 

Four NSCLC cell lines were collected and used for FGFR4 

detection, including adenocarcinoma cell lines A549 and 

H1299 and two squamous carcinomas cell lines, SK-MES-1 

Table 1 Characteristics of patients

Characteristics Number Percentage

sex
Male 154 65.00
Female 83 35.00

age (years)

60 95 40.10

60 142 59.90
Tumor diameter (cm)

3 72 30.40

3 165 69.60
Histological subtype

squamous cell carcinoma 97 40.90
adenocarcinoma 131 55.30
Others 9 3.80

Differentiated
Poorly 111 46.80
Moderately 84 35.40
Well 42 17.70

lymph node metastasis
no 124 52.30
Yes 113 47.70

TNM stage
i 114 48.10
ii 79 33.30
iii–iV 44 18.60

smoking
no 95 40.10
Yes 142 59.90

FgFr4 expression
low 126 53.20
high 111 46.80

Abbreviations: FGFR4, fibroblast growth factor receptor 4; TNM, tumor-node-
metastasis.
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Figure 1 FGFR4 expression in non-small-cell lung cancer.
Notes: (A) lower FgFr4 expression in lung adenocarcinoma. (B) higher FgFr4 expression in lung adenocarcinoma. (C) lower FgFr4 expression in squamous cell 
carcinoma. (D) Higher FGFR4 expression in squamous cell carcinoma. Scale bar: 50 μm. (E) FgFr4 mrna level in tumor tissue and adjacent normal tissue (n=12).
Abbreviation: FGFR4, fibroblast growth factor receptor 4.

and H520, with HEK293 cells as negative control and 

HepG2 cells as positive control, which had high levels of 

FGFR4 expression. Among all the four cell lines, SK-MES-1 

and H520 had similar FGFR4 expression, while A549 had 

the highest and H1299 had the lowest FGFR4 expression 

(Figure 3B). Moreover, we used MTT assay to access the 

regulation of FGFR4 in NSCLC proliferation. SK-MES-1 

and A549 cells were transfected by scrambled RNA or siRNA 

to achieve FGFR4 knockdown and transfected by FLAG-

FGFR4 or control p-FLAG-CMV2 to accomplish FGFR4 

overexpression. After successful transfection, cells were 

starved overnight and then continued to be cultured in normal 

medium for 48 or 72 hours. The optical density of the control 

group at 490 nm was set as the baseline and optical density at 

490 nm of other groups was measured by ratio with baseline. 

In both SK-MES-1 (Figure 3C) and A549 (Figure 3D), the 

overexpression of FGFR4 can enhance the proliferation, and 

the knockdown of FGFR4 can reduce the proliferation, which 

demonstrated that FGFR4 plays an important role in NSCLC 

and explains why the high-FGFR4 group had more cases of 

tumor diameter larger than 3 cm in the chi-square test.

Discussion
In our study, we systemically investigated the expression 

of FGFR4 in 237 cases of NSCLC for the first time and 

found that FGFR4 was associated with tumor diameter by 

chi-square test. With univariate and multivariate analysis, 

we identified FGFR4 as an independent prognostic factor 

of NSCLC. Furthermore, we proved that FGFR4 can pro-

mote NSCLC cell line proliferation, indicating that FGFR4 

could be a potential molecular drug target of NSCLC 

chemotherapy.

In NSCLC, the FGFR family has been proved to be sig-

nificantly associated with NSCLC progression. Amplification 

of FGFR1 can lead to poorer prognosis in early NSCLC,16 

and several FGFR1 inhibitors have been demonstrated 

to suppress the growth of NSCLC cells overexpressing 

FGFR1 in NSCLC xenograft models.17,18 These inhibitors 

are mostly small-molecular inhibitors such as AZD4547, 

ponatinib (AP24534), and nintedanib (BIBF 1120). As a 

distinguishing feature, FGFR1/3 gene fusions are reported 

to define a molecular subset of NSCLC with distinct clinical 

characteristics.19 This kind of FGFR diversity and redundancy 
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Table 2 Correlation between FGFR4 and clinicopathologic 
parameters

Characteristics FGFR4 expression

Number Low High P*

sex
Male 154 83 71 0.759
Female 83 43 40

age (years)
60 95 56 39 0.144

60 142 70 72
Tumor diameter (cm)

3 72 41 31 0.039

3 165 70 95
Histological subtype

squamous cell carcinoma 97 54 43 0.429
adenocarcinoma 131 69 62
Others 9 3 6

Differentiated
Poorly 111 57 54 0.811
Moderately 84 45 39
Well 42 24 18

lymph node metastasis
no 124 69 55 0.348
Yes 113 56 57

TNM stage
i 114 53 61 0.662
ii 79 32 47
iii–iV 44 18 26

smoking
no 95 55 40 0.232
Yes 142 71 71

Note: *Chi-square test.
Abbreviations: FGFR4, fibroblast growth factor receptor 4; TNM, tumor-node-
metastasis.

Table 3 Univariate analysis of non-small-cell lung cancer 

Characteristics Survival time  
(months)

5-year  
survival rate

P*

sex
Male 55.8 46.8 0.309
Female 52.8 46.6

age (years)
60 56.3 42.5 0.646

60 54.3 49.6
Tumor diameter (cm)

3 53.1 36.1 0.510

3 58.7 54.8
Differentiated

Poorly 52.5 39.9 0.942
Moderately 57.8 53.1
Well 54.0 47.3

lymph node metastasis
no 60.7 50.7 0.003
Yes 50.9 42.7

TNM stage
i 56.2 50.2 0.013
ii 50.2 45.3
iii–iV 44.6 35.6

smoking
no 54.8 48.8 0.612
Yes 57.0 44.8

FgFr4 expression
low 62.1 54.8 0.009
high 39.8 17.4

Note: *Log-rank test.
Abbreviations: FGFR4, fibroblast growth factor receptor 4; TNM, tumor-node-
metastasis.

enormously increases the complexity and possibility of FGFR 

signaling pathway and the outcome it regulates. 

FGFR4 is attracting more and more attention as a poten-

tial oncogene. FGFR4 gene amplification or protein overex-

pression is observed in several kinds of cancers. Different 

from FGFR1, the function and role of FGFR4 in NSCLC 

has not been well elucidated. Our study is the first research 

on FGFR4 effects on prognosis of NSCLC. We hope this 

study can trigger more interest in FGFR function and targeted 

therapy in NSCLC. Unfortunately, this research focused on 

clinical study of the correlation between FGFR4 and NSCLC 

prognosis, and did not determine the underlying molecular 
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Figure 2 Correlations between overall survival rate and FGFR4 expression and lymph invasion status. 
Notes: higher FgFr4 expression (A) and positive lymphatic invasion (B) can predict unfavorable prognosis of serous ovarian cancer.
Abbreviation: FGFR4, fibroblast growth factor receptor 4.
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Table 4 Multivariate analysis of non-small-cell lung cancer

Characteristics HR 95% CI P*

sex
Male 1
Female 1.41 0.83–2.32 0.182

age (years)
60 1

60 1.1 0.66–1.83 0.73
Tumor diameter (cm)

3 1

3 1.28 0.78–2.08 0.33
Differentiated

Well 1
Moderately 0.64 0.21–1.13 0.22
Poorly 0.7 0.33–1.46 0.34

lymphatic metastasis
no 1
Yes 2.23 1.38–3.79 0.001

smoking
no 1
Yes 1.13 0.69–1.82 0.636

FgFr4 expression
low 1
high 2.24 1.35–3.71 0.002

Note: *cox proportional hazards regression.
Abbreviations: CI, confidence interval; FGFR4, fibroblast growth factor receptor 4;  
HR, hazard ratio.

β

Figure 3 Role of FGFR4 in non-small-cell lung cancer cell line proliferation.
Notes: (A) FGFR4 expression in adenocarcinoma cell lines A549 and H1299 and squamous carcinomas cell lines SK-MES-1 and H520, with hepatocellular carcinoma HepG2 
cells as positive control and HEK 293 cells as negative control. (B) Semi-quantitative analysis of signals from (A) using ImageJ software. (C and D) With FgFr4 knockdown 
or overexpression, FGFR4 was proved to be able to promote cell proliferation in cell line SK-MES-1 (C) or A549 (D). *P0.05; *P0.01.
Abbreviation: FGFR4, fibroblast growth factor receptor 4.

in cancer progression. We hope that our results in vitro can 

trigger further investigation of the role of FGFR4 in IHCC 

in vivo. Moreover, an important feature of FGFR4 is its 

polymorphism at the 388 site. Previous study indicates that 

the single nucleotide polymorphism of Arg388 is associated 

with prognosis in Japanese patients with NSCLC.20 Similar 

study of Arg388 allele function in the People’s Republic of 

China or other regions is also worthy of further experiments. 

The FGFR4 role in NSCLC in mouse models is not well 

known. Chemotherapy is an essential treatment for NSCLC, 

including preoperational chemotherapy and postoperational 

adjuvant chemotherapy. Currently used targeted chemical 

drugs are usually targeted at EGFR (gefitinib, erlotinib, or 

cetuximab) and VEGF (bevacizumab, ZD6474, or cediranib). 

Since the FGFR1 oncogenic role in NSCLC has been gradu-

ally revealed in recent years, chemical drugs targeting FGFR1 

are more and more intriguing, and several FGFR1 inhibitors 

are in clinical trial. Our finding that FGFR4 is correlated to 

poor prognosis may bring new insight into NSCLC chemo-

therapeutic treatment. 

Conclusion
We find that FGFR4 expression is significantly associated 

with tumor size and prognosis, and we identify FGFR4 as an 

independent prognostic factor in NSCLC. Moreover, FGFR4 

can promote NSCLC cell proliferation in vitro. We hope our 

study can help with finding new chemotherapeutic drugs 

mechanism. More experiments are needed to elucidate down-

stream signaling pathways initiated by FGFR4 as well as the 

entire signaling network of FGFR4. In addition, the animal 

model is an essential tool for studying the role of biomarkers 
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and increase the survival time and quality of life for patients 

with NSCLC.
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