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Purpose: To explore the relationship between rs2297440 and rs2297441 polymorphisms of 
TNFRSF6B gene and susceptibility to gastric cancer.
Methods: A hospital-based case-control study was conducted. A total of 577 gastric cancer 
cases and 678 normal controls were recruited. Their genotypes were determined using the 
SnapShot method.
Results: The smoking rate in the case group (34.49%) was higher than that in the control 
group (27.29%). For TNFRSF6B rs2297440, among people <62 years old, the risk of gastric 
cancer in TC people was 1.84 times that in TT people. Among the non-drinking people, the 
risk of gastric cancer in the CC type was 0.66 times that in the TT+TC type. Among the 
drinking population, the risk of gastric cancer in the TC type was 1.67 times that in the TT 
type, and the risk in the TC+CC type was 1.70 times that in the TT type. As for TNFRSF6B 
rs2297441, in males and non-drinkers, the risk of gastric cancer in the AG type was less than 
that in the GG type. No matter how old the patient is, the risk of gastric cancer in the AA 
type was less than that in the AG+GG type.
Conclusion: A correlation exists between smoking and gastric cancer. For TNFRSF6B 
rs2297440, the TC genotype may be a risk factor for gastric cancer in people <62 years 
old. In the non-drinking population, the homozygous mutant of CC may be a protective 
factor for gastric cancer. In the drinking population, TC type may be a risk factor, whereas 
the TC+CC type dominated by C may be a protective factor. For TNFRSF6B rs2297441, the 
AG genotype may be a risk factor for gastric cancer in males and non-drinkers. The AA 
homozygous mutant may be a protective factor for gastric cancer.
Keywords: gastric cancer, TNFRSF6B gene, single nucleotide polymorphism, rs2297440, 
rs2297441

Introduction
Gastric cancer (GC) is the fifth most common cancer and the third most common 
cause of cancer death globally.1 In the East, GC is often diagnosed in its early 
stages in countries, such as Japan and Korea, but more than 80% of patients with 
GC in China are already in advanced stages at the time of diagnosis.2 The tradi-
tional treatments of surgery and chemoradiotherapy in the late stage of the disease 
are not as effective as those in early stage of the disease because of the malignant 
invasion and metastasis that occur in later stages, and the 5-year survival rate is 
<20%.3 The reasons can be considered as follows. On the one hand, it is the result 
of insidious onset. On the other hand, it could be the lack of effective diagnostic 
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molecular markers in the early period nowadays.4 

Accordingly, molecules important to the growth of GC 
should be identified to improve the early diagnosis and 
treatment of the disease.

Exploratory development of the pathogenesis of GC 
improves with the development of third-generation genetic 
marker technology. Single nucleotide polymorphism 
(SNP) analysis is commonly used in the research of com-
plex diseases and genetic identification of the population.5 

The research of tumor-associated gene polymorphisms 
may bring new predictive markers for cancer treatment.

Tumor necrosis factor receptor superfamily member 
6B (TNFRSF6B) is also known as decoy receptor 3 
(DcR3), M68, or tumor necrosis receptor factor 6(TR6).6 

TNFRSF6B is a member of the tumor necrosis factor 
receptor family, a type of receptor protein molecule that 
can specifically bind to certain protein ligands.7 

TNFRSF6B is significantly increased in most malignant 
tumors, such as colon cancer,8 liver cancer,9 esophageal 
cancer,10 lung cancer,11 glioma,12 lymphoma,13 pancreatic 
cancer,14 renal cell cancer,15 and breast cancer.16 In these 
malignant tumors, amplification of the TNFRSF6B gene 
and high expression of mRNA or protein can be detected. 
The status of TNFRSF6B is closely related to the invasion 
and metastasis of malignant tumors.17 Therefore, 
TNFRSF6B expression is a potential tumor marker for 
the early detection or prognosis of malignant tumors. The 
regulatory role of these SNPs must be investigated to 
understand the role of TNFRSF6B in tumor cells. The 
promoter of the TNFRSF6B gene contains two SNPs, 
rs2297441 (−539 G/A) and rs2257440 (147 C/T), which 
are common variants of Han Chinese.10 Xiong et al18 

found that the SNP rs2257440, present in exon 1 of 
DcR3, is significantly associated with the susceptibility 
of esophageal cancer. Dai et al19 further found that 
rs2257440 is a functional SNP and that the T allele of 
rs2257440 can increase DcR3 expression because it pro-
motes binding of the gene with the specific transcription 
factor MTF-1. Fu et al20 found that DcR3 gene poly-
morphisms are associated with sporadic breast infiltrating 
ductal carcinoma risk in northeast Chinese females.

However, relevant research on the polymorphism 
between TNFRSF6B and GC is lacking. Thus, we per-
formed a case–control study to compare the genotypes 
and alleles of TNFRSF6B genes rs2297440 and 
rs2297441 in patients with GC and in healthy controls to 
analyze the relationship between TNFRSF6B polymorph-
ism and GC susceptibility. We combined the patients’ 

clinical parameters, such as gender, age, smoking history, 
and drinking history, to analyze the correlation between 
them comprehensively. This study provides a theoretical 
basis for the early screening and early treatment of GC in 
the future.

Patients and Methods
The case group was composed of 577 GC patients (394 
males and 183 females) treated at the People’s Hospital of 
Jiangsu University from May 2013 to June 2017. The 
patients in this group had an average age of 61.34 
±11.097 years. All patients were Chinese Han population 
and were diagnosed as primary gastric cancer by clinical 
and pathological confirmation. Patients with secondary or 
recurrent tumors and other malignant tumors were 
excluded. None of the patients received radiotherapy or 
chemotherapy. The control group was composed of 678 
healthy individuals (456 males and 222 females) from the 
Physical Examination Center of the People’s Hospital of 
Jiangsu University during the same period. The patients in 
this group had an average age of 62.31±7.549 years. All 
healthy controls had no history of tumor genetic disease. 
The control and case groups matched the gender and age 
of the patients. The two groups are not related by blood. 
Exactly 2 mL of anticoagulated whole blood was extracted 
from all participants and centrifuged to extract plasma. 
The remaining whole blood was used to extract genomic 
DNA. Purity and concentration were detected using 
a protein nucleic acid detector.

The PCR products were purified with ExoI and FastAP 
and then subjected to extension reaction. Combined with 
the NCBI database, the upstream and downstream primers 
and snapshot extension primers at the rs2297440 and 
rs2297441 positions of the TNFRSF6B gene were 
designed, and the primers were synthesized by Free bio-
tech (Shanghai) Co., Ltd. TNFRSF6B rs2297440 forward: 
5ʹ-AAACACCCACCTACCCCTGG −3ʹ,TNFRSF6B 
rs2297440 reverse: 5ʹ-AGAACTGCGTGTAGTGGCG-3ʹ, 
TNFRSF6B rs2297441 forward: 5ʹ-CTCACCGGG 
AAGGAGGAGA −3ʹ, TNFRSF6B rs2297441 reverse:5 ’- 
CCAACTCCCTGTCCCTCAAC −3ʹ. Human β-actin was 
used as an endogenous control. For each sample, the 
difference in threshold cycle was calculated using the 
2−ΔΔCT method. ABI3730XL sequencer was used for 
sequencing and genotyping. The Snapshot method was 
used for genetic polymorphism detection. After the test 
was completed, 5% samples were randomly selected for 
re-testing to ensure the accuracy of the test results. The 
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research was approved by the Ethical Review Committee 
of Jiangsu University, and the project fund was confirmed.

Statistical Analysis
The distributions of demographic characteristics, selected 
variables, and genotypes of the TNFRSF6B gene variant 
differences between the case and control groups were eval-
uated using the χ2 test. Logistic regression analyses were 
used to estimate the associations between the SNPs and the 
risk of GC for crude and adjusted ORs when adjusting for 
age, sex, smoking, and drinking status. Bonferroni correction 
was also applied because of the number of comparisons. The 
Hardy–Weinberg equilibrium (HWE) was tested using the 
goodness-of-fit χ2 test to compare the observed genotype 
frequencies to the expected ones among the controls. All 
statistical analyses were performed on SPSS 20.0 (SPSS 
Inc., Chicago, Illinois, USA).

Results
Table 1 lists the essential information on the TNFRSF6B 
gene rs2297440 and rs2297441 polymorphisms. The gen-
otype frequency distribution of the selected samples con-
forms to the HWE and is representative.

Table 2 shows the features of the study subjects, 
including demographic and environmental factors. 
Results of χ2 test showed that the case and control groups 
were well matched in terms of age and sex. As presented 
in Table 2, a huge disparity in smoking status (P=0.006) 
was discovered between the case and control groups. The 
rate of alcohol drinking was lower in the case group than 
in the control group, but the difference was not significant 
(21.49% vs 23.30%, P=0.443).

As shown in Table 3, when wild type genotype TT 
served as the reference, the recurrence rate of TC hetero-
zygous variations at the rs2269700 locus was higher in the 
case group than in the control group (48.60%>42.86%), 
but no evident disparity was observed between these two 
groups (P=0.097). After logistic regression adjustment 
analysis, no disparity in data was observed, but the result 
approached the difference more than before (P=0.067). 
The rate of recurrence distribution of CC homozygous 
mutants in the case group was lower than that in the 
control group (9.97% < 12.48%). However, the difference 
in data was not significant. After logistic regression adjust-
ment analysis, no disparity in data was observed 
(P=0.622). In the dominant model, the rate of recurrence 
distribution of TC+CC variations in the case group was 
higher than that in the control group (58.57%>55.37%). Ta
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The difference in data was not significant (P=0.253). After 
logistic regression adjustment analysis, the result approach 
the difference more than before (P=0.202). In the distribu-
tion of recessive model dominated by the T allele, the rate 
of recurrence distribution in the case group was lower than 
that in the control group (90.03% <87.52%). No disparity 
in statistical data was observed (P=0.164). After logistic 
regression adjustment analysis, no difference in statistical 
data was observed (P=0.186).

As demonstrated in Table 4, the analyses proved that 
the genotype frequencies of TNFRSF6B genes rs2297441 
and rs2257440 did not significantly differ between the two 
groups (P>0.05). These four polymorphic sites show no 
relevance with the danger of GC as depicted by the logistic 
regression analysis.

As shown in Table 5, haplotype analysis revealed no 
obvious difference in the frequencies of the rs2257440 and 
rs2297441 alleles between the groups (P=0.852, P=0.619).

Furthermore, stratification analyses were performed to 
evaluate the effects of the TNFRSF6B gene rs2257440 on the 
risk of GC in consideration of age, gender, smoking, or alcohol 
drinking (Table 6). In the younger cohort (<62 years), the 
recurrence frequency rate of the TC genotype was various in 
data between these groups (P=0.028), and the danger of GC in 
the TC genotype was 1.48 times that in the TT genotype. The 
TC genotype could be a danger factor. When treating the non- 
drinking group, the rate of recurrence distribution of CC homo-
zygous mutations was also various in the recessive model 
(P=0.043), and the danger of GC in the CC type was 0.66 
times that in the TT+TC type. The CC homozygous variation 
type may be a protective factor for GC. Referring to drinking 
group, the rate of recurrence distribution of TC was various in 
statistical data in these groups (P=0.049), and the danger of GC 
in the TC type was 1.67 times that in the TT type. The TC type 
could be a dangerous element. In the model dominated by C, 
the rate of recurrence distribution of TC+CC was various in the 
TC+CC and TT types (P=0.033), and the danger of GC in the 
TC+CC type was 1.70 times in the TT type, and the 
C-dominated TC+CC type may be a protective factor.

Stratification analyses were carried out to assess the 
effects of TNFRSF6B rs2297441 on GC risk in considera-
tion of gender, smoking, age, and alcohol drinking 
(Table 7). In the male group, the rate distribution of AG 
was various between these groups (P=0.011), and the 
danger of GC in the AG type was 1.45 times that in the 
GG type. The AG type could be a dangerous element. In 
the younger population of <62 years old, the rate distribu-
tion of AA homozygous alteration was also various in 
statistical data in the recessive model (P=0.031), and the 
danger of GC in the AA type was 0.54 times that in the 

Table 2 Distribution of Selected Demographic Variables and 
Risk Factors in GC Cases and Controls

Factors Overall Cases 
(n=577)

Overall Controls 
(n=678)

P

n (%) n (%)

Age (years) 61.34±11.097 62.31±7.549 0.065

Age (years)
< 62 268 (46.45) 324 (47.79)

≥62 309(53.55) 354(52.21) 0.635

Sex

Male 394 (68.28) 456(67.26)

Female 183(31.72) 222(32.74) 0.698

Smoking status

Never 378 (65.51) 493(72.71)
Ever 199(34.49) 185 (27.29) 0.006

Alcohol use
Never 453 (78.51) 520(76.70)

Ever 124 (21.49) 158(23.30) 0.443

Table 3 TNFRSF6B Gene rs2257440 Polymorphism in GC Cases and Controls and Logistic Regression Analysis

Genotype GC Cases 
(n=577)

Controls 
(n=678)

Crude OR 
(95% CI)

P Adjusted OR 
(95% CI)

P

n % n %

rs2257440

TT 237 41.43 297 44.66 1.00 1.00

TC 278 48.60 285 42.86 1.22(0.96–1.95) 0.097 1.25(0.98–1.59) 0.067

CC 57 9.97 83 12.48 0.86(0.59–1.26) 0.436 0.96(0.79–1.16) 0.622
TC+CC 335 58.57 368 55.34 1.14(0.91–1.43) 0.253 1.07(0.96–1.20) 0.202

CC 57 9.97 83 12.48 0.78(0.54–1.11) 0.164 1.08(0.96–1.21) 0.186

TT+TC 515 90.03 582 87.52 1.00 1.00
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AG+GG type. The AA homozygous mutant could be 
a protective element for GC. Similarly, the result in the 
older group (>62 years) was the same as that in the 
younger group. In the non-drinking population, the fre-
quency distribution of AG was various in statistical data in 
the two groups (P=0.030), and the danger of GC in the AG 
type was 1.74 times that in the GG type. The AG type 
could be a dangerous element. In the dominant model, the 
AG+AA rate distribution was various in the two groups 
(P=0.009). The AG+AA type may be a risk factor.

Discussion
GC is a disease caused by multiple factors, including diet, 
gene, environment, immunity, infections, and inflammation. 
Such factors could result in certain signaling pathways out of 
balance, which closely refers to the progression of disease and 
the depression elements of GC. Lately, TNFRSF6B is 
a member of the tumor necrosis element receptor superfamily. 
TNFRSF6B is a soluble receptor that can bind and inactivate 
the apoptosis-inducing ligand FasL, LIGHT, and TL1A.21 

Therefore, TNFRSF6B has the potential to prevent tumor cell 
apoptosis. By suppressing the function of macrophages and 
T-cells,22 TNFRSF6B can hinder LIGHT-triggered T-cell cost-
imulation through HVEM and attune the interplay of immune 
cell. These features of TNFRSF6B play a role in helping tumor 
cells obtain a survival advantage and avoid immune 

monitoring. Other studies pointed out that TNFRSF6B is 
excessively expressed in many types of malignancies. 
However, studies on the association of the TNFRSF6B gene 
with GC are few. Edfeldt et al23 found that TNFRSF6B is 
related to poor survival and can be considered as a marker 
for liver metastases. Hu et al24 showed that the expression of 
DcR3 is higher in the tumor tissues of GC than in paracarci-
noma tissues and that TNFRSF6B is important in assessing the 
stage of GC.

Currently, studies on TNFRSF6B polymorphisms 
are rare. SNPs rs2297441 (−539 G/A) and rs2257440 
(147 C/T) are common mutations in Chinese Han when 
treating the promotor TNFRSF6B gene. These two gene 
polymorphisms may alter the promoter activity of 
TNFRSF6B and may serve certain functions that affect 
an individual’s susceptibility to cancer. A previous 
study18 showed that the rs2257440 polymorphism of 
the TNFRSF6B gene is related to the danger of eso-
phageal cancer and is strongly correlated with clinical 
TNM staging. Furthermore, the risk of the 147CC 
genotype was more pronounced among smokers, sug-
gesting that smoking is an independent risk for esopha-
geal cancer, which is consistent with our experimental 
results.

When dealing with this research, 577 patients with GC 
and 678 healthy volunteers were selected to explore the 

Table 4 TNFRSF6B Gene rs2297441 Polymorphism in GC Cases and Controls and Logistic Regression Analysis

Genotype GC Cases 
(n=577)

Controls 
(n=678)

Crude OR 
(95% CI)

P Adjusted OR 
(95% CI)

P

n % n %

Rs2297441

GG 240 42.33 315 46.81 1.00 1.00

AG 276 48.68 280 41.60 1.29(1.02–1.64) 0.033 1.32(1.04–1.67) 0.025
AA 51 8.99 78 11.59 0.86(0.58–1.27) 0.443 0.95(0.78–1.16) 0.592

AG+AA 327 57.67 358 53.19 0.20(0.96–1.50) 0.114 1.10(0.99–1.24) 0.091

AA 51 8.99 78 11.59 0.75(0.52–1.09) 0.136 0.87(0.72–1.05) 0.142
GG+AG 516 91.01 595 88.41 1.00 1.00

Table 5 Analysis of rs2257440 rs2297441 Alleles Between Cases and Controls

locus Variable Case Control P OR (95% CI)

rs2257440 T allele 752(65.73) 879(66.09)

C allele 392(34.27) 451(33.91) 0.852 1.02(0.86–1.20)

rs2297441 G allele 756(66.67) 910(67.61)

A allele 378(33.33) 436(32.39) 0.619 1.04(0.88–1.24)
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correlation between TNFRSF6B gene rs2297441 (−539 G/A) 
and rs2257440 (147 C/T) loci and GC susceptibility 
in Chinese Han’s population. The frequency of smoking in 
the case group was 34.49%, which was higher than that in the 
control group (27.29%), and the distinction in rate distribu-
tion in the two groups was significant, indicating that smok-
ing is related to the detection and aggravation of GC. 
Smoking can be treated as an individual factor when treating 
GC. However, no statistically visible variation in the distri-
bution of drinking factors was found between the two groups.

The TNFRSF6B gene rs2257440 polymorphism was 
shown according to the stratified results. Regardless of age 
and drinking status, the rate of recurrence distribution of TC 
type was various in statistical data in these groups. The 
danger of GC in the TC type significantly exceeded that in 
the TT type, indicating that the TC type is a danger factor. 
Considering non-drinking population, the rate distribution of 
CC homozygous variations varied in the recessive model. 
The danger of GC in the CC type was 0.66 times that in the 
TT+TC type. The CC homozygous mutant may be 
a protective factor of GC. Among the drinking population, 
the rate distribution of the TC+CC and TT types differed 
between the two groups in the leading model dominated by 
C. The danger of GC in the TC+CC type was 1.70 times that 
in the TT type. Thus, the C-dominant TC+CC type could be 
a protective element. The rs2257440 polymorphism of the 
TNFRSF6B gene is associated with the danger of GC, and the 
C mutation may be a protective factor for GC.

The rs2297441 polymorphism of the TNFRSF6B gene in 
the rate distribution and the logistic regression analysis of the 
case and control groups showed that the wild-type GG can be 
regarded as the reference type, the rate distribution of AG 
heterozygous mutants was higher in the case group than in 
the control group. Meanwhile, the distinction was significant. 
After logistic regression adjustment analysis, statistical dif-
ference was also noted. Stratification results revealed that the 
distribution rate of the AG type in the male population and in 
the non-drinking population was various in statistical data in 
these two groups. Thus, the AG type could be a danger factor. 
In the recessive model, the layout of AA homozygous 
mutants was not the same in statistical data. The danger of 
GC in the AA-type population was significantly lower than 
that in the AG+GG-type population. This result suggests that 
the rs2297441 polymorphism of the TNFRSF6B gene is also 
related to the danger of GC. Homozygous mutations could be 
a protective factor for GC.

In sum, this case–control study demonstrated the signifi-
cant association between the TNFRSF6B gene SNP and GC. 

To the best of acknowledge, it could be treated as the first report 
on the risk of TNFRSF6B SNP associated with the danger of 
GC. This study also found a correlation between smoking and 
GC. For TNFRSF6B rs2297440, the TC genotype may be 
a risk factor for GC in people <62 years old. In the non- 
drinking population, the homozygous mutant of CC may be 
a protective factor for GC. In the drinking population, the TC 
type may be a risk factor, whereas the TC+CC type dominated 
by C may be a protective factor. For TNFRSF6B rs2297441, 
the AG genotype may be a risk factor for GC in males and non- 
drinkers. The AA homozygous mutant may be a protective 
factor for GC.

This case–control study has several limitations. First, the 
patients and controls were enrolled from hospitals. Thus, 
inherent bias may have resulted in spurious findings. Second, 
the polymorphisms studied may not provide a comprehensive 
view of TNFRSF6B genetic variability. Fine mapping studies 
are required. Functional analyses to clarify the mechanisms 
behind TNFRSF6B associated disease susceptibility were lack-
ing. In future studies, we will investigate the role of this SNP in 
the apoptosis and invasion capacity of GC cells. Third, the 
statistical power was limited because of the moderate sample 
size and absence of a validation cohort. In addition, gene–gene 
interaction and gene environment interactions play an impor-
tant role in the pathogenesis of many diseases, especially 
chronic diseases. Helicobacter pylori (HP) infection is 
a common risk factor of GC. However, all patients with gastric 
cancer and health examiners in our hospital from 2013 to 2017 
did not routinely test for HP because of hospital restrictions. As 
a result, we did not collect this information to analyze the 
association between TNFRSF6B SNP and HP. Other limita-
tions included sampling of individuals of the same geographi-
cal region and race. Therefore, further studies considering 
different geographical locations and races and involving 
a large number of participants are necessary to confirm the 
results of the present study.
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