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p = 0.001) and AA genotype (AA vs. GG: OR = 0.245, 95% CI: 
0.072–0.836, p = 0.025) were both correlated with a signifi-
cantly decreased risk for gastric cancer development.  Con-

clusion:  An association between eIF3a rs77382849 polymor-
phism and susceptibility to gastric cancer was observed in 
these Chinese patients.  © 2016 S. Karger AG, Basel 

 Introduction 

 Gastric cancer is one of the common alimentary canal 
malignancies, the incidence of which ranks fourth among 
malignancies globally  [1] . Every year, approximately 1 
million new cases of gastric cancer are diagnosed  [2] . A 
total of 15% of confirmed gastric cancer patients will sur-
vive for 5 years, while 5% will survive for 10 years  [3] . As 
many as 500,000 people have died from gastric cancer 
every year worldwide; gastric cancer is the second leading 
cause of malignant death  [4] .

  Due to the lack of symptoms in the early stage, gastric 
cancer is diagnosed at an advanced stage, and hence pa-
tient treatment is not effective  [5] . Therefore, early detec-
tion and diagnosis are key to reducing the fatality rate of 
gastric cancer. The fact that only a small proportion of 
people who are exposed to relative risk factors develop 
gastric cancer also suggests that identifying high-risk in-
dividuals could play an essential role in medical manage-
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 Abstract 

  Objective:  To investigate single nucleotide polymorphisms 
in the eukaryotic translation initiation factor 3a (eIF3a) gene 
and the risk for gastric cancer within the Chinese population. 
 Subjects and Methods:  A total of 322 patients with gastric 
cancer were selected as the patient group and 340 non-gas-
tric cancer patients were selected as the control group using 
the case-control method. Polymerase chain reaction-se-
quence-specific primer technology was leveraged to geno-
type the rs77382849 single nucleotide polymorphism in the 
eIF3a gene. The demographic characteristics of the study 
population and other exposures to risk factors were collect-
ed. Unconditional logistic regression analysis was performed 
to determine the association between the risk factors and 
gastric cancer.  Results:  A higher frequency of the eIF3a 
rs77382849 GG homozygote genotype was observed in the 
gastric cancer patients compared with the controls (63.98 vs. 
54.41%, p < 0.05). After adjustment of exposure risks, such as 
age, gender, smoking, and drinking, the rs77382849 single 
nucleotide polymorphism was still associated with suscepti-
bility to gastric cancer. When the eIF3a rs77382849 GG ho-
mozygote genotype was used as the reference group, the 
GA genotype (GA vs. GG: OR = 0.545, 95% CI: 0.386–0.769,
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ment  [6] . In recent years, many studies have shown that 
gastric cancer has been closely related to a variety of can-
cer genes, DNA repair genes, and gene mutations in met-
abolic enzymes  [7, 8] .

  Eukaryotic translation initiation factors (eIFs) are a 
type of protein that involves the whole translation process 
of the protein in eukaryotic cells to ensure the formation 
of the mRNA-ribosome-associated complex. Currently, 
more than 20 eIF family members have been identified 
 [9] . Most studies had been devoted to eIF2, eIF3, eIF4, 
and eIF5  [10] . eIF3, composed of at least 12 subunits la-
beled eIF3a to eIF3m, is the most complicated and at the 
same time most important in the family of eIFs. Different 
subunits play different roles in the tumor: they can either 
control or cause tumor growth  [11] .

  eIF3a, also known as eIF3 p170, serves as the bridge 
during the translational process  [12] . A previous study 
showed that eIF3a was overexpressed in gastric, breast, 
and esophageal cancers, indicating that eIF3a may cause 
tumor growth  [13] . However, the specific mechanism for 
tumor development has not been elucidated. Dong et al. 
 [14]  reported that overexpression of eIF3a could cause 
upregulation of α-tubulin and subunits of ribonucleotide 
reductase, while underexpression could cause downregu-
lation of p27kip/Kipl  [15] , thus influencing cell prolifera-
tion, differentiation, and cycle control  [11] . Therefore, 
eIF3a may cause the development of tumors through reg-
ulation of mRNA translation in the developing tumor as 
well as aberrant cell growth.

  The eIF3a gene consists of 24 exons and 23 introns that 
are located in chromosome 10q26  [16] . Studies have 
shown that mutation of eIF3a is associated with suscepti-
bility to tumor growth. Many studies have shown that 
single nucleotide polymorphisms are associated with tu-
mor etiology, diagnosis, and prognosis  [17, 18] . As for the 
study of polymorphisms in eIF3a, most research has been 
focused on lung cancer, breast cancer, and prostatic can-
cer  [19, 20] . Olson et al.  [21]  screened 205 gene polymor-
phisms in 30 genes from 798 breast cancers and found 
that mutation of eIF3a rs10787899 A>G and rs3824830 
C>T was significantly associated with susceptibility to 
gastric cancer. Thus far, no study has been performed to 
examine the association between rs77382849 and suscep-
tibility to gastric cancer. Exploration of the association 
between eIF3a gene polymorphisms and susceptibility to 
gastric cancer is of vital importance for discovering new 
markers of gastric cancer. Therefore, the objective of this 
study was to analyze the eIF3a rs77382849 polymorphism 
and explore its association with susceptibility to gastric 
cancer.

  Subjects and Methods 

 Selection of Study Population 
 A total of 322 cases with gastric cancer and 340 controls were 

enrolled in this study. These gastric cancer patients were consecu-
tively diagnosed from March 2012 to March 2014 in the oncology 
and general surgery departments at The Second Xiangya Hospital. 
The exclusion criteria were secondary or recurrent tumors, and a 
history of other malignant neoplasms. The controls were non-gas-
tric cancer patients who had completed a physical check in health 
examination center of The Second Xiangya Hospital between March 
2012 and March 2014. The exclusion criteria for controls were a his-
tory of other malignant neoplasms and any digestive disease.

  The Central South University Ethics Review Committee ap-
proved the protocol. Investigations conformed to the principles 
outlined in the declaration of Helsinki, and written informed con-
sent was obtained from all the subjects.

  A self-developed questionnaire was used to collect data that 
included recalling the situation of exposure before appearance of 
continuous respiratory symptoms. The questionnaire included 9 
closed-ended questions about age, gender, occupation, marital sta-
tus, educational level, smoking and drinking status, and whether 
the subject takes part in physical exercise or not. Five milliliters of 
venous whole blood were collected in an EDTA anticoagulant tube 
from participants and stored at 4   °   C before use. A blood DNA small 
kit was used to extract peripheral white blood cell genomes (Shang-
hai Sangon Biotech Co., Ltd.).

  Genotyping 
 The polymerase chain reaction (PCR)-sequence specific prim-

er technology was leveraged to genotype the rs77382849 in the 
eIF3a gene. The site sequence of rs77382849 in the eIf3a gene was 
identified in GenBank, and appropriate primers (sense primer 
5 ′ -AAAAGGCAGCGTAAAGAAGACTGC-3 ′ , anti-sense primer 
5 ′ -TGGCAGACGATGTAACAACTT-3 ′ ) were designed with 
Primer Premier 5.0, the specificity of which was verified using Blast 
(a software of NCBI). Primers were produced by Shanghai Sangon 
Biotech Co, Ltd. The PCR reaction was a total of 20 μl, which in-
cluded a 10-μl mixture of 0.8 μl DNA (10 ug/dl), 0.4 μl of upstream 
primers, 0.4 μl of downstream primers, and 8.4 μl of ddH 2 O. The 
reaction condition was 94   °   C, 3 min for 40 cycles (94   °   C for 30 s, 
58   °   C for 30 s, and 72   °   C for 60 s), and 72   °   C extension for 5 min.

  The enzyme digestion reaction was a total of 10 μl, including 2 μl 
of PCR product, 1 μl of 10× buffer, 0.5 μl of restriction endonuclease 
 Pst I, and 6.5 μl of ddH 2 O. The  Pst I enzyme digests wild-type EIF3a 
rs77382849 containing a G allele by recognizing the ‘CTGCA^G’ 
sequence. A mutant-type eIF3a rs77382849 containing an A allele 
was left. The reaction was kept at 37   °   C overnight. Five microliters of 
the enzyme-digested product were applied to a 3% agarose gel (con-
taining 0.5 μg/ml of ethidium bromide). The electrolytic buffer solu-
tion was a 0.5× Tris Buffer EDTA solution, and the voltage for the 
sample migration was set at 120 V. Electrophoresis was performed 
for 40 min. A gel imaging processing system was used to observe the 
electrophoresis results, determine the genotype, and take photos.

  Statistical Analysis 
 EpiData 3.0 was used to input data, and SAS 9.2 was used to 

analyze the data. The χ 2  test was conducted for the comparison of 
grouped data. Logistic regression was used for multivariate analy-
sis. All hypothesis tests were two tailed with a type 1 error rate fixed 
at 5%.

http://dx.doi.org/10.1159%2F000447741
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  Results 

 Basic information on the patient and control group is 
described in  table 1 . No statistical significance was noted 
between the groups concerning age, gender, occupation, 
education, marriage, etc. (p > 0.05). The χ 2  test showed 
that the patients were more likely to smoke and drink than 
the control group (p < 0.05). Statistical significance was 
observed between the two groups for tea consumption 
and physical exercise (p < 0.05). Distribution frequency of 
rs77382849 GG, GA, and AA in the patient group was 

63.98, 34.78, and 1.24%, respectively, and the correspond-
ing distribution frequency in the control group was 54.41, 
42.35, and 3.24%. The genotype distribution frequencies 
of the two groups reached statistical significance (p < 
0.05). The rs77382849 GG genes were more prevalent in 
the gastric cancer group than the control group.

  Logistic regression analysis revealed that rs77382849 
genes were associated with the susceptibility for gastric 
cancer. Among the factors, smoking (OR = 2.672, 95% CI: 
1.856–3.848) and drinking (OR = 2.897, 95% CI: 1.756–
4.781) were risk factors for gastric cancer, whereas tea 

 Table 1.  Comparison of the basic information between the patient and control groups

Variables  Case Control χ2 p
 n % n %

Gender
Female 214 66.46 228 67.06 0.027 0.870
Male 108 33.54 112 32.94

Age, years
47 – 59 51 15.84 48 14.12 2.443 0.486
60 – 64 124 38.51 145 42.65
65 – 69 99 30.75 90 26.47
70 – 81 48 14.91 57 16.76

Occupation
Farmer 152 47.2 167 49.12 0.242 0.623
Not a farmer 170 52.8 173 50.88

Education
Primary school or less 125 38.82 140 41.18 1.117 0.572
Junior middle school 105 32.61 98 28.82
Senior high school or more 92 28.57 102 30.00

Marital status
Married 224 69.57 240 70.59 0.083 0.774
Other 98 30.43 100 29.41

Smoking
No 127 39.44 195 57.35 21.239 <0.001
Yes 195 60.56 145 42.65

Drinking
No 267 82.92 303 89.12 5.310 0.021
Yes 55 17.08 37 10.88

Tea-drinking
No 287 89.13 260 76.47 18.466 <0.001
Yes 35 10.87 80 23.53

Physical exercise
No 250 77.64 236 69.41 5.736 0.017
Yes 72 22.36 104 30.59

rs77382849
GG 206 63.98 185 54.41 7.911 0.019
GA 112 34.78 144 42.35
AA 4 1.24 11 3.24

Allele
G 524 81.37 514 75.59 6.521 0.011
A 120 18.63 166 24.41
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drinking (OR = 0.438, 95% CI: 0.275–0.698) and physical 
exercise (OR = 0.679, 95% CI: 0.467–0.987) were protec-
tive factors. After adjustment for factors such as gender, 
age, and smoking, rs77382849 remained associated with 
susceptibility to gastric cancer. Among them, rs77382849 
GG genes were risk factors for gastric cancer develop-
ment (OR = 0.545), while rs77382849 GA genes and 
rs77382849 AA genes were protective factors (OR = 
0.245) ( table 2 ).

  Discussion 

 In this study, the frequency of mutant rs77382849 
G>A of eIF3a gene in the gastric cancer group was differ-
ent from that of the healthy control group; this difference 
in the polymorphism of the eIF3a gene indicated that the 
presence of the G allele was associated with susceptibility 
to gastric cancer.

  The finding that an association exists between eIF3a 
rs77382849 gene and susceptibility to gastric cancer was 
observed in ovarian cancer  [22] ,   but a TT genotype was 
not observed, which could be due to small sample size.

  Considering the distribution of genotypes in gastric 
cancer group and healthy control group, the GG genotype 
was more frequent in gastric cancer patients than in con-
trols, probably because gastric cancer might be influenced 
by the GG polymorphism of eIF3a rs77382849. Hence, 
carrying the T allele could have a protective effect against 
gastric cancer. Recent epidemiological and genetic as-
sociation studies have shown that gastric cancer is asso-

ciated with polymorphisms in oncogenes  [23] , metabo-
lizing enzyme genes  [8] , DNA repair genes  [24] , and
immune-related genes  [25] . However, the biological 
mechanism of how genetic polymorphism in eIF3a 
rs77382849 contributes to gastric cancer is not complete-
ly clear. IF3a has been reported to have a variety of bio-
logical functions. At the initial stage of translation, eIF3a 
together with various types of translation initiation fac-
tors form the 40S ribosomal subunit that regulates RNA 
translation  [10] . Additionally, eIF3a is able to up- or 
downregulate the synthesis of p27kipl, α-tubulin, and 
RRM2 protein to regulate cell cycle and proliferation  [26] . 
Dong et al.  [14]  reported that suppression of endogenous 
eIF3a expression could reverse the deterioration of cancer 
cells, and Zhang et al.  [27]  observed that cells transformed 
by overexpression of eIF3a lead to a number of oncogen-
ic properties such as increased rates of proliferation and 
clonogenicity, anchorage-independent growth, loss of 
contact inhibition, and greater metabolic activity, and 
thereby may play an important role in neoplasia.

  Gene-environment or gene-lifestyle interactions could 
lead to the varying genetic effects observed in different 
studies  [28, 29] . Evidence has indicated that environmen-
tal factors such as cigarette smoking and diet might play 
an important role in gastric carcinogenesis  [30] . After ad-
justment for other confounding factors, the present study 
found that gastric cancer was still associated with poly-
morphisms of eIF3a rs7738284.

  To our knowledge, this is the first report in the Chinese 
population regarding the association between eIF3a 
rs77382849 polymorphism and gastric cancer. However, 

 Table 2.  Logistic regression analysis of multifactor for susceptibility to gastric cancer

Variables B SE Wals p OR  95% CI
 lower upper

rs77382849 GG 150.182 0.001
rs77382849 GA  – 0.607 0.176 110.927 0.001 0.545 0.386 0.769
rs77382849 AA –10.408 0.627 50.044 0.025 0.245 0.072 0.836
Gender  – 0.110 0.180 0.374 0.541 0.896 0.629 10.275
Smoking   0.983 0.186 270.928 <0.001 20.672 10.856 30.848
Age   0.015 0.106 0.020 0.888 10.015 0.824 10.250
Marriage  – 0.071 0.189 0.140 0.708 0.932 0.643 10.350
Education  – 0.055 0.128 0.186 0.666 0.946 0.737 10.215
Tea drinking  – 0.825 0.237 120.086 0.001 0.438 0.275 0.698
Drinking 10.064 0.256 170.335 <0.001 20.897 10.756 40.781
Physical exercises  – 0.387 0.191 40.114 0.043 0.679 0.467 0.987
Occupation   0.040 0.192 0.044 0.834 10.041 0.715 10.517
Constant  – 0.180 0.449 0.160 0.689 0.836
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we are aware that our findings still need to be validated 
by additional population-based studies in different ethnic 
groups prospectively. Further studies are necessary to ex-
pand the sample size and to clarify the pathophysiology 
mechanism of eIF3a rs77382849 mutation on gastric can-
cer development. 

 Conclusion 

 In this study, polymorphism in eIF3a rs77382849 was 
associated with susceptibility of gastric cancer. This find-
ing could be of vital importance for the study of the patho-
genesis of gastric cancer and of fundamental significance 

for identifying the population at risk that could lead to tak-
ing proper measures to prevent the development of gastric 
cancer in this population. Additionally, it is of significance 
for the detection and screening of molecular markers in 
cancer. However, since the specific mechanism causing 
cancer is still unclear, further research and a large number 
of samples are still needed to confirm our findings.
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