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ABSTRACT. We conducted a case-control study to investigate the role
of interleukin-17A (IL-17A) rs2275913 G > A and IL-17F rs763780 T
> C polymorphisms in the development of gastric cancer. A hospitalbased case-control design was performed, and 153 patients and 207
control subjects were consecutively selected from the Third Affiliated
Hospital between May 2013 and December 2014. Polymerase chain
reaction-restriction fragment length polymorphism was used to
genotype for IL-17A rs2275913 G > A and IL-17F rs763780 T > C.
The genotypes of IL-17A rs2275913 G > A and IL-17F rs763780 T > C
did not deviate from Hardy-Weinberg equilibrium (P values were 0.44
and 0.11, respectively). By unconditional logistic regression analysis,
we observed that the GG genotype of rs2275913 was associated with
an increased risk of gastric cancer compared to the AA genotype [odds
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ratio (OR) = 2.66; 95% confidence interval (CI) = 1.26-5.66]. The AG
+ GG genotype of rs2275913 increased the susceptibility to gastric
cancer compared to the AA genotype, and the adjusted OR (95%CI)
was 2.66 (1.26-5.66). Moreover, the GG genotype of rs2275913 was
correlated with an elevated risk of gastric cancer when compared with
the AA + AG genotype (OR = 2.15; 95%CI = 1.08-4.34). In conclusion,
we found that the IL-17A rs2275913 G > A gene polymorphism was
significantly associated with an increased risk of gastric cancer in codominant, dominant, and recessive models.
Key words: IL-17A rs2275913 G > A; IL-17F rs763780 T > C;
Polymorphisms; Gastric cancer

INTRODUCTION
Gastric cancer is one of the most common malignant tumors in both mortality and
morbidity worldwide, especially in developing countries (International Agency for Research
on Cancer, 2012). It is well known that infection with Helicobacter pylori plays an important
role in the development of gastric cancer, and H. pylori has been categorized as a class I
carcinogen that infects the stomach of about half of the global population (Alberts et al., 2003;
Mantovani et al., 2008). Moreover, previous studies have reported that many environmental and
lifestyle factors could contribute to the risk of developing gastric cancer, such as consumption
of preserved food containing carcinogenic nitrates, tobacco smoking, alcohol consumption,
and overweight (Alberts et al., 2003). In additional, previous studies have reported that some
genetic factors may contribute to the risk of developing gastric cancer, such as miRNA-196a-2,
stromelysin-1 promoter gene, DNA repair and xenobiotic pathway gene, TP53 condon 72
gene and cytotoxic T-lymphocyte antigen 4 gene (Krishnaveni et al., 2015; Tang et al., 2015;
Zha et al., 2015; Ghosh et al., 2016; Song et al., 2016).
Chronic inflammation is a well-known risk factor for malignant transformation, but
the role of inflammation in carcinogenesis is not very clear or understood. IL-17A and IL17F are two important members of the IL-17 family, and the two genes are both located at
chromosome 6q12 and are composed of three exons and two introns. Previous studies have
reported the association between IL-17A rs2275913 G > A and IL-17F rs763780 T > C single
nucleotide polymorphisms (SNPs) and gastric cancer risk, but the results are inconclusive
(Rafiei et al., 2013; Qinghai et al., 2014; Gao et al., 2015; Hou and Yang, 2015; Qi et al.,
2015). We carried out a case-control study to further examine the role of IL-17A rs2275913 G
> A and IL-17F rs763780 T > C polymorphisms in the risk of developing gastric cancer.

MATERIAL AND METHODS
Patients
A hospital-based case-control design was taken in this study, and 153 patients
were consecutively selected from the Department of Gastrointestinal Surgery of the Third
Affiliated Hospital between May 2013 and December 2014. All the gastric cancer patients
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were independently identified by two pathologists. The exclusion criteria were patients who
had other malignant cancers, recurrent cancer, or renal or liver disease. During the same
time period, 207 healthy subjects were randomly selected from individuals who underwent a
regular health check-up in the Third Affiliated Hospital. All the control subjects were free of
cancer and digestive system diseases.
Detailed environmental and clinical data were collected from the medical records of
all subjects, including age, sex, cancer history in the first relatives, alcohol drinking, tobacco
smoking, tumor-node-metastasis (TNM) stage at diagnosis. Blood samples (5 mL) and signed
informed consent forms were collected from all patients and controls before their participation
in the study. The protocol of this project was approved by the Ethics Committee of the Third
Affiliated Hospital.

DNA extraction and SNP genotyping
The collected blood samples were kept in ethylene diamine tetra-acetic acid (EDTA)coated tubes and stored at -20°C until use. Polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) was used to genotype for IL-17A rs2275913 G > A and
IL-17F rs763780 T > C. The primers for PCR were designed using Sequenom Assay Design
3.1 software (San Diego, CA, USA), and primers for PCR and their specific restriction enzyme
were described in Table 1. The amplification reactions began with an initial denaturation at
94°C for 5 min, followed by 30 cycles of denaturation at 94°C for 45 s, annealing at 62°C
for 60 s, and extension at 72°C for 60 s, with a final extension at 72°C for 10 min. Digestion
products were verified by electrophoresis on ethidium bromide-stained agarose gels.
Table 1. Primers, product size, and restriction enzymes used for IL-17Ars2275913G>A and IL-17F rs763780.
IL-17 gene
rs2275913G>A
rs763780T>C

PCR primer sequence (5'3')
5'-GCCCTTCCCATTTTCCTTCAGA-3'
5'-CCAATCAACTGGGGATGGATGA-3'
5'-CTGTTTCCATCCGTGCAGGTC-3'
5'-TGGTGACTGTTGGCTGCACCT-3'

Restriction enzymes
EcoNI
NlaIII

Statistical analysis
The chi-square test was used to analyze whether the genotype distributions of IL-17A
rs2275913 G > A and IL-17F rs763780 T > C deviated from the Hardy-Weinberg equilibrium
(HWE). The association between IL-17A rs2275913 G > A and IL-17F rs763780 T > C
gene polymorphisms and gastric cancer risk was described by the odds ratio (OR) and 95%
confidence interval (95%CI). Co-dominant, dominant, and recessive models were used to
assess the association between IL-17A rs2275913 G > A and IL-17F rs763780 T > C gene
polymorphisms and development of gastric cancer. The main homozygous genotype of IL17A rs2275913 G > A and IL-17F rs763780 T > C was used as a reference group for analysis.
SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) was used to perform statistical analysis. A
P value < 0.05 was considered as statistically significant.

RESULTS
By chi-square test, no statistically significant differences were found between gastric
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cancer patients and control subjects in terms of age (c2 = 0.13, P = 0.72) and tobacco smoking
(c2 = 3.17, P = 0.08) (Table 2). However, we found that patients with gastric cancer were more
likely to be males (c2 = 5.41, P = 0.02), have cancer history in the first relatives (c2 = 5.52, P
= 0.02), and have a habit of alcohol consumption (c2 = 14.71, P < 0.001) (Table 2). Of the 153
patients with gastric cancer, 62 (40.52%) patients were at TNM stage I-II, 91 (59.48%) were
at TNM stage III-IV.
Table 2. Lifestyle and clinical characteristics of patients with gastric cancer and control subjects.
Variables
Age, years
<50
50
Gender
Female
Male
Cancer history in the first relatives
No
Yes
Alcohol consumption
No
Yes
Tobacco smoking
No
Yes
TNM stage at diagnosis
I-II
III-IV

Patients (N = 153)

%

Controls (N = 207)

%

2-test

P value

68
85

44.44
55.56

88
119

42.51
57.49

0.13

0.72

46
107

30.07
69.93

87
120

42.03
57.97

5.41

0.02

140
13

91.50
8.50

201
6

97.10
2.90

5.52

0.02

68
85

44.44
55.56

134
73

64.73
35.27

14.71

<0.001

84
69

54.90
45.10

94
113

45.41
54.59

3.17

0.08

62
91

40.52
59.48

Genotype distributions of IL-17A rs2275913 G > A and IL-17F rs763780 T > C in
gastric cancer patients and control subjects are described in Table 3. By chi-square test, a
significant difference was found in genotype distributions of IL-17A rs2275913 G > A, while
no significant difference was found in IL-17F rs763780 T > C genotypes. The genotypes of IL17A rs2275913 G > A and IL-17F rs763780 T > C did not deviated from HWE (P values were
0.44 and 0.11, respectively). Furthermore, the minor allele frequencies of IL-17A rs2275913 G
> A and IL-17F rs763780 T > C in controls were similar with those from the dbSNP database
(http://www.ncbi.nlm.nih.gov/snp).
Table 3. Genotype distributions of IL-17Ars2275913G>A and IL-17F rs763780T>C in gastric cancer patients
and control subjects.
IL-17
rs2275913
GG
GA
AA
rs763780
TT
TC
CC

Patients (N = 153)

%

Controls (N = 207)

%

P for HWE In controls

2 test

P value

Minor allele frequency
In database
In controls

51
76
26

33.33
49.67
16.99

95
94
18

45.89
45.41
8.70

0.44

8.72

0.01

0.2927

0.3140

114
29
10

74.51
18.95
6.54

165
37
5

79.71
17.87
2.42

0.11

3.94

0.14

0.0935

0.1135

By unconditional logistic regression analysis, we observed that the GG genotype
of rs2275913 was associated with an increased risk of gastric cancer compared to the AA
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genotype (OR = 2.66; 95%CI = 1.26-5.66) (Table 4). The AG + GG genotype of rs2275913
significantly increased the susceptibility to gastric cancer compared to the AA genotype, and
the adjusted OR (95%CI) was 2.66 (1.26-5.66). Moreover, the GG genotype of rs2275913
was correlated with an elevated risk of gastric cancer when compared with the AA + AG
genotype (OR = 2.15; 95%CI = 1.08-4.34). However, no significant association was found
between the IL-17F rs763780 T > C gene polymorphism and development of gastric cancer in
co-dominant, dominant, and recessive models.
Table 4. Association between IL-17Ars2275913G>A and IL-17F rs763780T>C gene polymorphisms and
gastric cancer risk.
IL-17
rs2275913
Co-dominant
AA
AG
GG
Dominant
AA
AG+GG
Recessive
AA+AG
GG
rs763780
Co-dominant
CC
CT
TT
Dominant
CC
CT+TT
Recessive
CC+CT
TT

Patients (N = 153)

%

Controls (N = 207)

%

OR (95%CI)1

P value

51
76
26

33.33
49.67
16.99

95
94
18

45.89
45.41
8.70

1.0 (Ref.)
1.51 (0.93-2.44)
2.66 (1.26-5.66)

0.08
0.005

51
102

33.33
66.67

95
112

45.89
54.11

1.0 (Ref.)
1.70 (1.08-2.68)

0.02

127
26

83.01
16.99

189
18

91.30
8.70

1.0 (Ref.)
2.15 (1.08-4.34)

0.02

114
29
10

74.51
18.95
6.54

165
37
5

79.71
17.87
2.42

1.0 (Ref.)
1.13 (0.63-2.02)
2.89 (0.87-11.05)

0.65
0.07

114
39

74.51
25.49

165
42

79.71
20.29

1.0 (Ref.)
1.34 (0.79-2.28)

0.24

143
10

93.46
6.54

202
5

97.58
2.42

1.0 (Ref.)
2.83 (0.86-10.74)

0.06

Adjusted for gender, age, family history of cancer and alcohol drinking.
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DISCUSSION
We conducted a case-control study to investigate the association between IL-17A
rs2275913 G > A and IL-17F rs763780 T > C gene polymorphisms and the risk of gastric
cancer in a Chinese population. Our results suggested that the IL-17A rs2275913 G > A gene
polymorphism is significantly associated with an increased risk of gastric cancer.
To date, many molecular epidemiological studies have been conducted to evaluate the
relationship between IL-17A rs2275913 G > A and IL-17F rs763780 T > C polymorphisms
and several kinds of cancers and diseases, such as acute myeloid leukemia, non-small cell lung
cancer, colorectal cancer, papillary thyroid cancer, cervical cancer, hepatocellular carcinoma,
and coronary artery disease (Wróbel et al., 2014; Cheng et al., 2015; ELBassuoni et al., 2015;
Geng et al., 2015; Ma et al., 2015; Lee et al., 2015; Lv et al., 2015).
For the correlation between IL-17 gene polymorphisms and development of gastric
cancer, several previous studies have reported their association (Rafiei et al., 2013; Qinghai et
al., 2014; Wang et al., 2014; Zhang et al., 2014; Gao et al., 2015; Hou and Yang, 2015; Qi et
al., 2015), but they also reported inconclusive results. Zhang et al. (2014) conducted a study in
a Chinese population and found that the rs2275913 G > A and rs763780 T > C polymorphisms
Genetics and Molecular Research 15 (3): gmr.15037864
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contributed to the development of gastric cancer. Qinghai et al. (2014) assessed the correlation
between the six common SNPs in IL-17 and gastric cancer risk and found that rs2275913,
rs3748067, and rs9382084 increased the development of gastric cancer. Wang et al. (2014)
conducted a case-control study in a Chinese population and suggested that rs2275913 and
rs3748067 polymorphisms were correlated with an increased risk in a Chinese population.
Gao et al. (2015) conducted a study in a Chinese population and reported rs763780 T > C
was correlated with risk of gastric cancer, but also reported that no association was identified
between rs2275913 and rs3748067 polymorphisms and the risk of gastric cancer. Our study
reported some similar results with the previous studies. In our study, we examined 153
gastric cancer patients and 207 control subjects, and found that the rs2275913 G > A gene
polymorphism could influence the development of gastric cancer (Qinghai et al., 2014; Wang
et al., 2014; Zhang et al., 2014; Gao et al., 2015). However, we did not observe any significant
association between the rs763780 T > C genetic polymorphism and gastric cancer risk, which
is inconsistent with previous results (Zhang et al., 2014; Gao et al., 2015). The discrepancies
of the above mentioned studies may be explained by different study populations, source of
patients and controls, and sample sizes.
Two limitations should be considered in this study. First, the hospital-based case-control
study may cause selective bias. However, the genotype distributions of IL-17A rs2275913 G > A
and IL-17F rs763780 T > C did not deviate from HWE, which suggests that our study subjects
could represent the general population. Second, the sample size of the included subjects is small
and this may cause low power in the determination of statistical differences between groups.
Further large sample studies are greatly needed to confirm our study.
In conclusion, we found that the IL-17A rs2275913 G > A gene polymorphism was
significantly associated with an increased risk of gastric cancer in co-dominant, dominant, and
recessive models. Future studies using larger sample sizes should be employed to assess the role
of IL-17A rs2275913 G > A and IL-17F rs763780 T > C polymorphisms in risk of gastric cancer.

Conflicts of interest
The authors declare no conflict of interest.

ACKNOWLEDGMENTS
We thanks for nurses in the department of Gastrointestinal Surgery in the Third
Affiliated Hospital, Xinjiang Medical University, who helped us to collect the questionnaires
and performed interviews.

REFERENCES
Alberts SR, Cervantes A and van de Velde CJ (2003). Gastric cancer: epidemiology, pathology and treatment. Ann. Oncol.
14 (Suppl 2): ii31-ii36. http://dx.doi.org/10.1093/annonc/mdg726
Cheng S, Shao Z, Liu X, Guo L, et al. (2015). Interleukin 17A polymorphism elevates gene expression and is associated
with increased risk of nonsmall cell lung cancer. DNA Cell Biol. 34: 63-68. http://dx.doi.org/10.1089/dna.2014.2628
ELBassuoni MA, Abd El Fatah G and Zaghla H (2015). IL17A gene polymorphism, serum IL17 and total IgE in
Egyptian population with chronic HCV and hepatocellular carcinoma. Immunol. Lett. 168: 240-245. http://dx.doi.
org/10.1016/j.imlet.2015.09.004

Genetics and Molecular Research 15 (3): gmr.15037864

IL-17 gene and gastric cancer risk

7

Gao YW, Xu M, Xu Y, Li D, et al. (2015). Effect of three common IL-17 single nucleotide polymorphisms on the risk of
developing gastric cancer. Oncol. Lett. 9: 1398-1402.
Geng GY, Liu HL, Zhao YJ, Wu L, et al. (2015). Correlation between polymorphisms in the IL-17A and IL-17F genes
and development of coronary artery disease. Genet. Mol. Res. 14: 11488-11494. http://dx.doi.org/10.4238/2015.
September.25.15
Ghosh S, Ghosh S, Bankura B, Saha ML, et al. (2016). Association of DNA repair and xenobiotic pathway gene
polymorphisms with genetic susceptibility to gastric cancer patients in West Bengal, India. Tumour Biol. [Epub
ahead of print]
Hou C and Yang F (2015). Interleukin-17A gene polymorphism is associated with susceptibility to gastric cancer. Int. J.
Clin. Exp. Pathol. 8: 7378-7384.
International Agency for Research on Cancer (2012). Stomach cancer. Estimated incidence, mortality and prevalence
worldwide in 2012. Available at [http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx]. Accessed on 2015-10-10.
Krishnaveni D, Bhayal AC, Shravan KP, Jyothy A, et al. (2015). Heterozygosity of stromelysin-1 (rs3025058) promoter
polymorphism is associated with gastric cancer. Indian J. Cancer 52: 251-254. http://dx.doi.org/10.4103/0019509X.175806
Lee YC, Chung JH, Kim SK, Rhee SY, et al. (2015). Association between interleukin 17/interleukin 17 receptor gene
polymorphisms and papillary thyroid cancer in Korean population. Cytokine 71: 283-288. http://dx.doi.org/10.1016/j.
cyto.2014.11.011
Lv Q, Zhu D, Zhang J, Yi Y, et al. (2015). Association between six genetic variants of IL-17A and IL-17F and cervical
cancer risk: a case-control study. Tumour Biol. 36: 3979-3984. http://dx.doi.org/10.1007/s13277-015-3041-y
Ma M, Jin GJ, Yun K, Mu RQ, et al. (2015). Correlation of IL-1F genetic polymorphisms with the risk of colorectal cancer
among Chinese populations. Tumour Biol. 36: 807-814. http://dx.doi.org/10.1007/s13277-014-2653-y
Mantovani A, Allavena P, Sica A and Balkwill F (2008). Cancer-related inflammation. Nature 454: 436-444. http://dx.doi.
org/10.1038/nature07205
Qi WT, Gao JL and Zhang SS (2015). Role of IL-17 gene polymorphisms in the susceptibility to gastric cancer. Genet.
Mol. Res. 14: 13364-13369. http://dx.doi.org/10.4238/2015.October.26.33
Qinghai Z, Yanying W, Yunfang C, Xukui Z, et al. (2014). Effect of interleukin-17A and interleukin-17F gene
polymorphisms on the risk of gastric cancer in a Chinese population. Gene 537: 328-332. http://dx.doi.org/10.1016/j.
gene.2013.11.007
Rafiei A, Hosseini V, Janbabai G, Ghorbani A, et al. (2013). Polymorphism in the interleukin-17A promoter contributes to
gastric cancer. World J. Gastroenterol. 19: 5693-5699. http://dx.doi.org/10.3748/wjg.v19.i34.5693
Song ZS, Wu Y, Zhao HG, Liu CX, et al. (2016). Association between the rs11614913 variant of miRNA-196a-2 and the
risk of epithelial ovarian cancer. Oncol. Lett. 11: 194-200.
Tang W, Wang Y, Chen S, Lin J, et al. (2016). Investigation of cytotoxic T-lymphocyte antigen 4 (CTLA4) polymorphisms
in gastric cardia adenocarcinoma. Scand. J. Immunol. 83: 212-218.
Wang N, Yang J, Lu J, Qiao Q, et al. (2014). IL-17 gene polymorphism is associated with susceptibility to gastric cancer.
Tumour Biol. 35: 10025-10030. http://dx.doi.org/10.1007/s13277-014-2255-8
Wróbel T, Gębura K, Wysoczańska B, Jaźwiec B, et al. (2014). IL-17F gene polymorphism is associated with susceptibility
to acute myeloid leukemia. J. Cancer Res. Clin. Oncol. 140: 1551-1555. http://dx.doi.org/10.1007/s00432-014-1674-7
Zha Y, Gan P, Liu Q and Yao Q (2016). TP53 codon 72 polymorphism predicts efficacy of paclitaxel plus capecitabine
chemotherapy in advanced gastric cancer patients. Arch. Med. Res. 47: 13-18.
Zhang X, Zheng L, Sun Y and Zhang X (2014). Analysis of the association of interleukin-17 gene polymorphisms with
gastric cancer risk and interaction with Helicobacter pylori infection in a Chinese population. Tumour Biol. 35: 15751580. http://dx.doi.org/10.1007/s13277-013-1217-x

Genetics and Molecular Research 15 (3): gmr.15037864

