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Abstract: Target: The study aimed to investigate the role of epidermal growth factor receptor (EGFR) rs6965469 and 
rs763317 polymorphisms in the occurrence and development of lung cancer. Methods: We used polymerase chain 
reaction-ligation detection reaction (PCR-LDR) method to detect the genotypes of EGFR rs6965469 and rs763317 
polymorphisms and the data were analyzed by GeneMapper software. Odds ratios (ORs) with 95% confidence in-
tervals (CIs) was calculated by χ2 test to estimate the significance difference of genotype and allele frequencies 
in case and control groups. ORs and 95% CIs were adjusted by logistic regression analysis with age, gender, drink-
ing and smoking. The genotypes distributions of control group were tested by Hardy-Weinberg equilibrium (HWE). 
Results: The genotypes frequencies of controls for rs6965469 and rs763317 polymorphims were consistent with 
HWE. The distribution of rs6965469 TT genotype in two groups was significantly different (P<0.05) and TT genotype 
was associated with an increased risk of lung cancer (OR=6.92, 95% CI=1.33-36.00). AA genotype and A allele of 
rs763317 were also the susceptible factors of lung cancer. Individuals with AA genotype or A allele were more likely 
to suffer lung cancer (AA vs. GG: OR=7.20, 95% CI=1.33-39.07; A vs. G: OR=2.61, 95% CI=1.04-6.59). Conclusions: 
The EGFR rs6965469 and rs763317 polymorphisms may be risk factors for lung cancer.
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Introduction

Lung cancer is one of malignancies that has 
the largest number of patients all over the 
world. Its global incidence is rising year by year 
and it has become one of the cancers with high 
morbidity and mortality [1]. Over the past twen-
ty years, the morbidity and mortality of lung 
cancer in China has been on the rise, too [2]. 
With the sustained growth of tobacco con-
sumption, severe environment contamination 
and changes in life style, lung cancer seriously 
affects people’s health and lives in our country 
[3-5]. However, the pathogenesis of lung can-
cer is still not fully clear. Smoking, occupation, 
environmental exposure, chronic lung infection, 
familial inheritance and the decrease of 
immune function are all risk factors of lung can-
cer. The occurrence of lung cancer is a complex 
process with polygenes, multiple factors and 
multiple stages.

Among the genes, epidermal growth factor 
receptor (EGFR) has become a focus in the 

research field of lung cancer. EGFR is a peptide 
with a strong ability to promote cells prolifera-
tion and differentiation. Overexpression of 
EGFR can abnormally activate its downstream 
signal pathway, which leads to cells transforma-
tion and proliferation. Numerous studies have 
showed that high expression and mutation of 
EGFR are closely related to tumors [6-10]. 
Additionally, Han et al. found that the level of 
EGFR protein was higher in the lung cancer tis-
sues compared with normal tissues [11]. 
Furthermore, EGFR polymorphisms were also 
correlated with susceptibility to lung cancer [12-
14]. However, there are few correlative studies 
about EGFR rs6965469 and rs763317 poly-
morphisms and lung cancer.

Our study based on a case-control experiment 
chose 50 lung cancer patients and 52 healthy 
persons to explore the relevance of EGFR poly-
morphisms (rs6965469 and rs763317) with 
lung cancer susceptibility. The polymerase 
chain reaction-ligation detection reaction (PCR-
LDR) method was used to perform the genotyp-
ing for EGFR polymorphisms.
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Materials and methods

Selection of subjects

50 patients diagnosed as lung cancer by clini-
cal data and histopathology were enrolled from 
Laiwu People’s Hospital. All the patients, aged 
29~80 years (mean age of 50.6±10.9), received 
no surgery, radiotherapy or chemotherapy. 52 
synchronous healthy persons, aged 18~76 
(mean age of 56.8±11.6), were matched by sex 
and age with cases as the control group. The 
individuals who have family history of tumors or 
other serious lung diseases were excluded. 
Written consents were obtained from the unre-
lated subjects. Our study was conducted under 
the permission of the ethics committee of 
Laiwu People’s Hospital.

DNA extraction

2 ml fasting peripheral venous blood of every 
subject was collected in the morning and put in 
the EDTA anticoagulation tube. Genome DNA 
was extracted using AxyPrep-96 whole blood 
genomic DNA kit (Axygen company, America) 
according to the instructions. DNA concentra-
tion and purity were evaluated by NanoDrop 
2000 and preserved at -20°C for use.

Inspection of EGFR rs6965469 and rs763317 
polymorphisms

The genotypes of rs6965469 and rs763317 
polymorphisms were inspected at Shanghai 
Biowing Applied Biotechnology Co., Ltd by poly-
merase chainreaction-ligation detection reac-
tion (PCR-LDR) method. The primer sequences 
were shown in Table 1. PCR conditions were as 
follows: denaturation at 95°C for 15 minutes, 
followed by 35 cycles of denaturation at 94°C  
for 30 seconds, annealing at 59°C for 1 min-
ute, annealing at 72°C for 1 minute and finally 
extension at 72°C for 7 minutes. Then LDR with 
the above PCR products as a template was per-
formed and the probe sequences were shown 
in Table 2. The LDR parameters were: denatur-

ation at 95°C for 2 minutes, 35 cycles of 
denaturation at 94°C for 30 seconds, 
denaturation at 60°C for 2 minutes. 
Finally, the LDR products were tested on 
the an ABI 377 sequencer (Applied 
Biosystems, Foster City, CA, USA). Data 
analyses were performed using Gen- 
eMapper software.

Table 1. Primer sequences of rs6965469 and rs763317 
polymorphisms
SNP Primers Primer sequence
rs6965469 Forward 5’-TCTGTTCCCTGGAATCCATC-3’

Reverse 5’-TTTGAGTGCCCAAAAAGACA-3’
rs763317 Forward 5’-TCCTTCAGCAAAACCCTCAG-3’

Reverse 5’-GGACTCCAGTCCAATTTTTCA-3’

Sequencing result

EGFR rs6965469 polymorphism had three 
genotypes: CC homozygotic type, TT homozy-
gotic type and CT heterozygous type. Rs763317 
polymorphism was presented as GG homo- 
zygotic type, AA homozygotic type and GA  
heterozygous type.

Statistical analyses

The genotype and allele distributions of EGFR 
polymorphisms in the two groups were com-
pared by χ2 test and the subject representative-
ness of control group was tested by Hardy-
Weinberg Equilibrium (HWE). The clinical data 
between groups were analyzed by non-condi-
tional logistic regression. All the statistical 
analyses were performed by using SPSS 18.0 
software, with significant level at P<0.05.

Results

Characteristics of the subjects

Our study contained 50 cases and 52 controls. 
There were no significant differences of sex, 
age and drinking status between two groups 
(P>0.05). However, significant differences in 
smoking status existed in two groups (P<0.05) 
(Table 3).

Analysis of EGFR rs6965469 and rs763317 
polymorphisms and lung cancer risk

The genotype and allele distributions of EGFR 
rs6965469 and rs763317 polymorphisms 
were shown in Table 4. The genotypes distribu-
tions of control group satisfied with HWE 
(P>0.05). The adjusted results by age, sex, 
environmental conditions and drinking and 
smoking status indicated that rs6965469 TT 
genotype could increase the onset risk of lung 
cancer (OR=6.92, 95% CI=1.33-36.00), while 
frequencies of T allele in two groups showed no 
statistically significant differences (P>0.05). 
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The frequency of rs763317 AA genotype in 
case group was higher than that of control 
group with significant level at P<0.05 and AA 
genotype carriers showed higher risk of devel-
oping lung cancer than GG genotype (OR=7.20, 
95% CI=1.33-39.07). A allele also could 
increase the risk of lung cancer compared with 
G allele (OR=2.61, 95% CI=1.04-6.59).

Discussion

Lung cancer is a malignant disease under the 
control of polygenes and multifactors with com-
plex biological characteristics. A mass of stud-
ies have verified genetic factors play vital role in 
the development of tumors, especially genetic 
variants. It is also applied to the pathogenesis 
of lung cancer. Yin et al. made a conclusion that 
PD-1.5C/T polymorphism was associated with 
the increased susceptibility of non-small cell 
lung cancer in Chinese Han Population [15]. In 
addition, CHRNA3 polymorphisms can signifi-
cantly increase the occurrence risk of lung can-
cer in Chinese Han population who are smok-
ers according to the study of Zhou et al. [16].

Studies in recent years have found that EGFR 
plays an important role in the development of 

malignant tumors [17]. Kim et al. 
reported EGFR was overexpressed in 
patients with gastric cancer compared 
with healthy person, suggesting that 
EGFR may be a risk factor of gastric 
cancer [18]. Genetic mutations and 
excessive expression of EGFR are cor-
related with breast cancer, head and 
neck squamous cell carcinomas, 
colorectal cancer, pancreatic cancer 
and lung cancer [19-23]. All these 
results prove that EGFR is closely relat-
ed to the development of tumors.

EGFR is a powerful promoter of the cell 
division that mainly works in the way of 
autocrine or paracrine. After the combi-

Table 2. Probe sequences in LDR analysis

SNP Probe Probe sequence (5’→3’) Length of 
LDR products

rs6965469 Modify P-TATATTCTTCAATGTGATCTGATAGTTTTTTTTTTTTTTTT-FAM
C TTTTTTTTTTTTTTTTACAACAGCCTTCATAGTACGGCTTG 82 bp
T TTTTTTTTTTTTTTTTTTACAACAGCCTTCATAGTACGGCTTA 84 bp

rs763317 Modify P-CTTTGACATTCCAGGTTTCCTCATGTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTT-FAM
A TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTAAATGCAGAATGTGTTGCACTTTAT 114 bp
G TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTTAAATGCAGAATGTGTTGCACTTTAC 116 bp

Table 3. Basic characteristics of the subjects
Information Case (n=50) Control (n=52) P
Sex
    Male 32 29 0.43
    Female 18 23
Age
    ≤50 12 17 0.38
    >50 38 35
Smoking status
    Smoking 35 25 0.03
    Non-smoking 15 27
Drinking status
    Drinking 36 32 0.30
    Non-drinking 14 20

nation of EGFR and EGF on the target cell mem-
branes, the receptor is activated when part of 
intracellular tyrosine residues are phosphory-
lated, then the receptor identifies and phos-
phorylates the target protein containing tyro-
sine residues in cell, thus activates dormant 
nuclear transcription factors to regulate the 
expression of some genes and cells prolifera-
tion and division [24, 25].

In present study, the frequencies of rs6965469 
TT genotype and T allele in case group exhibit-
ed significant differences with those of con-
trols. After the adjustment of age, sex, smoking 
and drinking status, the distribution of T allele 
showed no statistically significant differences 
in two groups. TT genotype could still increase 
the risk of lung cancer, so did the rs763317 AA 
genotype. A allele was also one of genetic-sus-
ceptibility factor of lung cancer. Our result was 
consistent with a previous research that found 
that EGFR rs763317 polymorphism was related 
to the susceptibility to lung cancer [26].

Our study found that the mutant genotypes of 
rs6965469 and rs763317 polymorphisms 
were related with an increased risk of lung can-
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cer. However, in the study we overlooked the 
influence from the interaction of gene-gene and 
gene-environment. Additionally, the role of 
EGFR polymorphisms are different in different 
races and districts. Therefore, further well-
designed researches with more races and 
large-sample size are needed to verify the rele-
vance between EGFR polymorphisms with lung 
cancer susceptibility.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Yufa Zhou, Depart- 
ment of Respiratory Medicine, Laiwu People’s 
Hospital, Laiwu 271100, Shandong, China. E-mail: 
zhouyufia@126.com

References

[1] Jemal A, Bray F, Center MM, Ferlay J, Ward E 
and Forman D. Global cancer statistics. CA 
Cancer J Clin 2011; 61: 69-90.

[2] Jemal A, Murray T, Ward E, Samuels A, Tiwari 
RC, Ghafoor A, Feuer EJ and Thun MJ. Cancer 
statistics, 2005. CA Cancer J Clin 2005; 55: 
10-30.

[3] Phukan RK, Borah PK, Saikia BJ, Das M, 
Sekhon GS and Mahanta J. Interaction of to-
bacco smoking and chewing with Angiotensin 
converting enzyme (insertion/deletion) gene 
polymorphisms and risk of lung cancer in a 
high risk area from northeast India. Asian Pac 
J Cancer Prev 2014; 15: 10691-10695.

[4] Lezhnin VL, Kazantsev VS and Polzik EV. [A 
multifactor assessment of effects of techno-
genic pollution on the occurrence of lung can-
cer in the population of an industrial town]. Gig 
Sanit 2014; 26-30.

[5] Schmid D and Leitzmann MF. Television view-
ing and time spent sedentary in relation to 
cancer risk: a meta-analysis. J Natl Cancer Inst 
2014; 106. 

[6] Zhang L, Fang C, Xu X, Li A, Cai Q and Long X. 
Androgen Receptor, EGFR and BRCA1 as 
Biomarkers in Triple-Negative Breast Cancer: A 
Meta-Analysis. Biomed Res Int 2015; 2015: 
357485.

[7] Wang X, Zhang H, Wang D and Li X. Association 
of Genetic Polymorphisms of EGFR with Glioma 
in a Chinese Population. Genet Test Mol 
Biomarkers 2015; 19: 59-62.

[8] Fung C, Zhou P, Joyce S, Trent K, Yuan JM, 
Grandis JR, Weissfeld JL, Romkes M, Weeks 
DE and Egloff AM. Identification of epidermal 
growth factor receptor (EGFR) genetic variants 
that modify risk for head and neck squamous 
cell carcinoma. Cancer Lett 2015; 357: 549-
556.

[9] Meng LQ. Essential role of polymorphism of 
Gab1, EGFR and EGF for the susceptibility of 
biliary tract cancer. Tumour Biol 2014; 35: 
12497-12508.

[10] Inoue Y, Hazama S, Iwamoto S, Miyake Y, 
Matsuda C, Tsunedomi R, Okayama N, Hinoda 
Y, Yamasaki T, Suehiro Y, Yoshino S, Sakamoto 
J, Mishima H and Oka M. FcgammaR and EGFR 
polymorphisms as predictive markers of cetux-
imab efficacy in metastatic colorectal cancer. 
Mol Diagn Ther 2014; 18: 541-548.

[11] Han YH, Abdul Hamid MR, Telisinghe PU, Haji 
Hussin JB and Mabruk M. Overexpression of 
EGFR Protein in Bruneian Lung Cancer 
Patients. Asian Pac J Cancer Prev 2015; 16: 
233-237.

[12] Winther Larsen A, Nissen PH, Meldgaard P, 
Weber B and Sorensen BS. EGFR CA repeat 
polymorphism predict clinical outcome in 
EGFR mutation positive NSCLC patients treat-
ed with erlotinib. Lung Cancer 2014; 85: 435-
441.

Table 4. Comparison of the genotype and allele distribution of EGFR rs6965469 and rs763317in two 
groups

Groups
rs6965469

CC CT TT C T
Case (n, %) 24 (48.0) 15 (30.0) 11 (22.0) 63 (63.0) 37 (37.0)
Control (n, %) 34 (65.4) 16 (30.8) 2 (3.8) 84 (80.8) 20 (19.2)
OR (95% CI) Reference 1.33 (0.55-3.19) 7.79 (1.58-38.4) Reference 2.47 (1.31-4.65)
ORa (95% CI) Reference 1.10 (0.44-2.78) 6.92 (1.33-36.00) Reference 2.51 (0.96-6.58)
Groups rs763317

GG GA AA G A
Case (n, %) 19 (38.0) 22 (44.0) 9 (18.0) 60 (60.0) 40 (40.0)
Control (n, %) 32 (61.5) 18 (34.6) 2 (3.9) 82 (78.8) 22 (21.2)
OR (95% CI) Reference 2.06 (0.89-4.78) 7.58 (1.48-38.8) Reference 2.49 (1.34-4.61)
ORa (95% CI) Reference 2.08 (0.85-5.11) 7.20 (1.33-39.07) Reference 2.61 (1.04-6.59)
Note: ameans the results were adjusted by sex, age, drinking and smoking status.



EGFR polymorphisms and lung cancer

15249 Int J Clin Exp Pathol 2015;8(11):15245-15249

[13] Feng X, Qin JJ, Zheng BS, Huang LL, Xie XY and 
Zhou HF. Association of epidermal growth fac-
tor receptor (EGFR) gene polymorphism with 
lung cancer risk: a systematic review. J Recept 
Signal Transduct Res 2014; 34: 333-334.

[14] Guo H, Xing Y, Liu R, Chen S, Bian X, Wang F, 
Yang C and Wang X. -216G/T (rs712829), a 
functional variant of the promoter, is associat-
ed with the pleural metastasis of lung adeno-
carcinoma. Oncol Lett 2013; 6: 693-698.

[15] Yin L, Guo H, Zhao L and Wang J. The pro-
grammed death-1 gene polymorphism (PD-1.5 
C/T) is associated with non-small cell lung can-
cer risk in a Chinese Han population. Int J Clin 
Exp Med 2014; 7: 5832-5836.

[16] Zhou W, Geng T, Wang H, Xun X, Feng T, Zou H, 
Kang L, Jin T and Chen C. CHRNA3 genetic 
polymorphism and the risk of lung cancer in 
the Chinese Han smoking population. Tumour 
Biol 2015; 36: 4987-4992

[17] Mendelsohn J and Baselga J. Status of epider-
mal growth factor receptor antagonists in the 
biology and treatment of cancer. J Clin Oncol 
2003; 21: 2787-2799.

[18] Kim MA, Lee HS, Lee HE, Jeon YK, Yang HK 
and Kim WH. EGFR in gastric carcinomas: 
prognostic significance of protein overex- 
pression and high gene copy number. 
Histopathology 2008; 52: 738-746.

[19] Lo HW, Hsu SC and Hung MC. EGFR signaling 
pathway in breast cancers: from traditional sig-
nal transduction to direct nuclear translocal-
ization. Breast Cancer Res Treat 2006; 95: 
211-218.

[20] Szabo B, Nelhubel GA, Karpati A, Kenessey I, 
Jori B, Szekely C, Petak I, Lotz G, Hegedus Z, 
Hegedus B, Fule T, Dome B, Timar J and Tovari 
J. Clinical significance of genetic alterations 
and expression of epidermal growth factor re-
ceptor (EGFR) in head and neck squamous cell 
carcinomas. Oral Oncol 2011; 47: 487-496.

[21] Motalleb G, Pourrahmat E, Najafi S, Rashki A, 
Moghadam AY, Mazaheri M, Jahantigh M, 
Sabagh K, Sanadgol N and Talaee R. Epidermal 
growth factor receptor gene expression evalua-
tion in colorectal cancer patients. Indian J 
Cancer 2014; 51: 358-362.

[22] Handra-Luca A, Hammel P, Sauvanet A, Lesty 
C, Ruszniewski P and Couvelard A. EGFR ex-
pression in pancreatic adenocarcinoma. 
Relationship to tumour morphology and cell 
adhesion proteins. J Clin Pathol 2014; 67: 
295-300.

[23] Okuma Y, Hosomi Y and Imamura A. Lung can-
cer patients harboring epidermal growth factor 
receptor mutation among those infected by hu-
man immunodeficiency virus. Onco Targets 
Ther 2015; 8: 111-115.

[24] Gong J, Morishita A, Kurokohchi K, Tani J, Kato 
K, Miyoshi H, Inoue H, Kobayashi M, Liu S, 
Murota M, Muramatsu A, Izuishi K, Suzuki Y, 
Yoshida H, Uchida N, Deguchi K, Iwama H, 
Ishimaru I and Masaki T. Use of protein array to 
investigate receptor tyrosine kinases activated 
in gastric cancer. Int J Oncol 2010; 36: 101-
106.

[25] Jorissen RN, Walker F, Pouliot N, Garrett TP, 
Ward CW and Burgess AW. Epidermal growth 
factor receptor: mechanisms of activation and 
signalling. Exp Cell Res 2003; 284: 31-53.

[26] Jou YS, Lo YL, Hsiao CF, Chang GC, Tsai YH, Su 
WC, Chen YM, Huang MS, Chen HL, Chen CJ, 
Yang PC and Hsiung CA. Association of an 
EGFR intron 1 SNP with never-smoking female 
lung adenocarcinoma patients. Lung Cancer 
2009; 64: 251-256.


