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Original Article 
Tumor necrosis factor-α gene 308G/A polymorphism  
is not associated with esophageal squamous  
cell carcinoma risk in Kazakh patients
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Abstract: Background: Esophageal squamous cell carcinoma (ESCC) is a malignant tumor with a strong tendency 
toward familial aggregation and a higher incidence as well as mortality in Kazakh population. Tumor necrosis factor-
alpha (TNF-α) is an important inflammatory cytokine that plays a role in controlling the progression of lung cancer, 
hepatocellular cancer, breast cancer and gastric cancer. But the association between TNF-α-308G/A and ESCC still 
remains unclarified. Materials and Methods: Here, we investigated the potential associations between the TNF-
α-308G/A and susceptibility to ESCC in 212 cases and 200 controls from a pure ethnic population of Kazakh. 
DNA extraction and Real-time PCR were performed to detect the TNF-α-308G/A expression levels and odd ratios 
(ORs) with the corresponding 95% confidence interval (CI) were to evaluate their association with TNF-α-308G/A 
polymorphism. Results: We found that the frequencies of TNF-α-308G/A in the cases were similar to that of the 
controls with no differences being statistically significant (χ2=1.23, P>0.05). Using the G allele as the reference 
genotype, individuals who carried A allele had a significantly increased risk of developing ESCC (OR=2.64, 95% 
CI=1.31~5.35). Especially, the G/A+A/A genotype are associated with increased risk of metastatic as compared 
with GG genotype individuals (OR=2.08, 95% CI=1.14-3.80, P=0.02). Conclusions: Our findings suggest that though 
the TNF-α-308G/A polymorphism may not be correlated with the susceptibility to Kazakh’s ESCC in Xinjiang, pa-
tients who carry A allele tend to poorly differentiated and lymph node metastasis.
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Introduction

Esophageal squamous cell carcinoma (ESCC), 
a primary cause of death worldwide, approxi-
mately 300,000 cases die of ESCC each year, 
and >50% of these cases occur in China. It is 
indicated that ESCC has been one of the most 
common causes of cancer-related deaths in 
China [1], which ranks the sixth in mortality and 
the fourth in cancer-related deaths in China [2]. 
Kazakh is one of the major minorities in China 
and most of them reside in the Ili Kazakh 
Autonomous Prefecture within the Xinjiang 
Uyghur Autonomous Region [3]. ESCC as a 
major cause of cancer- related deaths in the 
Kazak ethnic group, which is characterized by a 

strong tendency toward familial aggregation 
and a higher incidence and mortality (age stan-
dardized rates of 90-150/100,000) as com-
pared with other ethnic populations residing 
within Xinjiang, China [4-6]. Since very few 
Kazakh marries people from other ethnicities 
as Kazakh’s unique cultural background, they 
are a relatively isolated population with a pu- 
re genetic background. It makes the Kazakh 
population as ideal population for the study  
of the genetic mechanisms of ESCC. However, 
the etiology of ESCC is not well clarified [4]. 
Thus some genetic factors as well as polym- 
orphism, as significant factors of molecular 
level, may contribute to the carcinogenic me- 
chanism [6]. 
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Tumor necrosis factor α (TNF-α), as a multifunc-
tional cytokine, is one of the earliest cytokines 
produced in inflammatory processes, plays a 
significant role in the autoimmunity inflamma-
tion, proliferation and apoptosis [7]. As a potent 
cytokine mediating inflammatory reaction and 
immune responses, TNF-α has various biologi-
cal activities, especially in the expression of 
adhesion molecules, facilitating the invasion of 
metastatic tumor cells [8, 9]. Expression of 
TNF-α is in part regulated at the transcriptional 
level. Several single nucleotide polymorphisms 
(SNPs) in the TNF-α, which may affect the tran-
scription and expression, have been identified. 
The presence of the functional polymorphisms 
in cytokine genes affects cytokine expression, 
and thus may have an important role in the 
genetic regulation of the inflammatory response 
and resistance or susceptibility to infections. 
Single nucleotide conversion from guanine (G) 
to adenine (A) at position -308 is the most com-
mon polymorphism in general populations and 
this transition has been shown to influence the 
expression of TNF-α [10]. Of these reasons, the 
TNF-α-308G > A polymorphism is the best stud-
ied. An A to G transition directly affecting TNF-α 
expression is located at the 308 nucleotide 
position upstream of the transcription initiation 
site (TNF-α-308G/A). Dysregulation of TNF-α 
production has been involved  in a variety of 
human diseases including hepatocellular can-
cer, breast cancer, gastric cancer and breast 
cancer [11]. Furthermore, if ESCC associated 
SNPs could be identified in coding regions, we 
would hypothesize that these genetic SNPs 
could have functional manifestations, a geno-
type-phenotype correlation could exist. So, we 
further detected the association between poly-
morphism of tumor necrosis factor-α-308G/A 
(TNF-α-308G/A) and Kazakh’s esophageal squ- 
amous cell carcinoma (ESCC) in Xinjiang.

Given TNF-α-308G/A, was identified in a racial-
ly mixed Uygur population which differs geneti-
cally from pure Kazakh population, we accord-
ingly hypothesized that, in addition to TNF-α-
308G/A, there would be more SNPs in the TNF-
α-308G/A gene potentially associated with 
ESCC in pure Kazakh population [3]. Therefore, 
in the present study, using DNA sequencing 
analysis and assessment, we performed geno-
type analyses potentially functional SNPs in 
TNF-α-308 and assessed their associations, 
alone and in accumulation, with risk of ESCC in 
ethnic Kazakh subjects of 212 ESCC cases and 

200 controls. To the best of our knowledge, this 
is the first paper to evaluate the association 
between the TNF-α-308G/A polymorphism and 
risk of Kazakh’s ESCC. 

Materials and methods

Subjects

All subjects were ethnically homogeneous 
Kazakh nationality. In a case-control study, 212 
patients with esophageal cancer and 200 
healthy individuals were recruited. The inclu-
sion criteria for the patients were the primary 
diagnosis of esophageal cancer based on clini-
cal work-up and definitive pathological diagno-
sis. The control group consisted of normal 
healthy individuals with no history of malignan-
cies or autoimmune diseases in their immedi-
ate relatives. They were matched with the case 
group according to age and gender. This study 
was approved by the Medical Ethics Committee 
of Shihezi University of Medical Sciences. Par- 
ticipants were informed that blood samples 
would be used for a research project and in- 
formed consent was obtained.

DNA extraction

A 5 mL sample of venous blood from each sub-
ject was drawn in test tubes containing EDTA as 
anticoagulant and stored at 4°C. After samp- 
ling by using proteinase K (Merck, Darmstadt, 
Germany) digestion followed by a salting out 
procedure according to the method published 
by Miller et al, genomic deoxyribonucleic acid 
(DNA) was extracted within one week.

Polymorphism genotype

TNF-α-308 gene polymorphism was typed by 
PCR, using forward primer 5’-AGGCAATAGGT- 
TTTGAGG GCCAT-3’ and  reverse primer 5’-TCC- 
TCCCTGCTCTGATTCCG-3’. The 20 μl final PCR 
volume was as follows: 200 ng DNA, 10 μl 
2×PCR mix, 5 pmol each primer. The following 
cycling conditions were used: 95°C for 5 min, 
followed by 35 cycles of 94°C for 60 s, 58°C for 
30 s and 72°C for 60 s, with a final extension at 
72°C for 10 min. PCR product was digested by 
restriction enzyme and visualized in 3% aga-
rose gel stained with ethidium bromide. Di- 
fferent genotypes were then identified in blood 
sample and ESCC issue after gel electrophore-
sis and staining as illustrated in Figures 1, 2. 
The data of TNF-α-308G/A genotype was veri-
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fied by automated DNA sequencing as men-
tioned above (Figure 3).

Statistical analysis

All statistical analyses were performed using 
Statistical Products and Services Solutions 
software (SPSS version 13.0, U.S.). The TNF 

The mean age of ESCC patients (52.5±8.8) 
years (ranging from 24 to 79 years) was similar 
to that of the healthy controls [(54.4±7.9) years, 
ranging from 22 to 77 years]. There were no sig-
nificant differences between ESCC cases and 
cancer-free controls with regard to gender and 
age distribution. (P>0.05, χ2=2.61; P>0.05, 
χ2=2.28) (Table 1). 

Figure 1. Genotyping of TNF-α-308G/A in blood sample. PCR product was 
digested by restriction enzyme and visualized in 3% agarose gel stained with 
ethidium bromide. Lane 1, 3, 5 show positive control; Lane 2, 4, 8, 9, 10, 
12, 13, 14, 16 show G/G genotype; Lane 6, 7, 11 show G/A genotype; Lane 
15 shows A/A; Lane 17 shows blank control; M shows 100 bp DNA standard 
marker.

Figure 2. PCR-RFLP assay for analyzing the TNF-α-308G/A polymorphism in 
ESCC tissue. PCR products were separated by 3% agarose. Lane 1, A/A; Lane 
2, 3, 4, 5, 6, 8, G/G; Lane 7, 9, 10, G/A; M, molecular weight marker.

Figure 3. Sequencing map of the genotype for the TNF-α-308G/A polymor-
phisms.

haplotype frequencies were 
estimated using EH Linkage 
Software (1.2 version, Rocke- 
feller University, New York). 
The odds ratio (OR) and 95% 
confidence interval (CI) were 
calculated using an uncon- 
ditional Logistic regression 
model and adjusted by age 
and sex accordingly. Hardy-
Weinberg equilibrium was 
evaluated using a goodness-
of-fit χ2 test for comparison of 
the observed genotype fre-
quencies with those expect- 
ed among the controls. Com- 
parison of the TNF-α-308G/A 
patients and healthy controls 
were performed by two-sided 
contingency tables using Chi-
square test. Chi-square val-
ues for comparing the distri-
bution of the TNF haplotypes 
in cancer patients and heal- 
thy controls were calculated 
according to the instruction of 
the EH program. A probability 
level of 5% was considered as 
significant for all statistical 
tests.

Results

Studies and populations 
characteristics 

In the present case-control 
study, a total of 412 Kazakh 
subjects were enrolled, which 
consisting of 212 ESCC pa- 
tients and 200 cancer-free 
controls. Table 1 showed the 
general population character-
istics. There were 127 males 
and 85 females in the patients 
group, and 118 males and 82 
females in the control group. 
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The observed genotype distribution in the con-
trols did not differ from those expected from 
Hardy-Weinberg equilibrium (P>0.05). The gen-
otype and allele frequencies of TNF-α-308G/A 
gene polymorphisms for patients with ESCC 
and healthy controls are shown in Table 1. The 
GG, GA and AA genotype frequencies were 
respectively similar in the case as 70.8, 26.9 
and 2.4%, and control groups as 70.0, 29.0 and 
1.0%. Thus, genotypic frequencies in the cases 
were similar to those in the controls with no dif-
ferences being statistically significant (both 
P=0.58, χ2=1.23, shown in Table 1).

Relation of the TNF-α-308G/A polymorphism 
and ESCC differentiation 

Frequency distribution and association of the 
selected polymorphisms with differentiation of 
ESCC was summarized in Table 2. The GG gen-
otype of TNF-α-308 was found to be dominantly 
associated with well-differentiated ESCC whe- 
reas the GA/AA genotype of TNF-α-308 was 
found to be significantly associated with mid-
dle/poorly-differentiated ESCC (OR=2.64, 95% 
CI=1.31~5.35) (Table 2). Using the G allele as 
the reference genotype, individuals who carried 
A allele had a significantly increased risk of can-
cer developing in patients with ESCC.

Linkage of TNF-α-308G/A polymorphisms and 
lymph node metastases

Nevertheless, when analyses between TNF-α-
308G/A polymorphisms and lymph node meta-
static were conducted, significant differences 
were found in the G/A+A/A genotype as it was 
associated with increased risk of metastases 
as compared with GG genotype individuals. 
Using the GG genotype as the reference geno-
type, AA showed 7.32-fold increased ESCC 
lymph node metastasis in a dominant model. 
Similarly, and AG + AA genotype was significant-

tendency toward familial aggregation and racial 
differences, an individual’s genetic makeup 
may play an important role in the carcinogene-
sis of ESCC [12]. The present study investigat-
ed for the first time the role of the multiple TNF-
α-308G/A gene polymorphisms that have never 
been reported to be associated with ESCC in 
pure Kazakh population. In this case-control 
study, we investigated the association between 
the polymorphism of TNF-α-308G/A and sus-
ceptibility to Kazakh’s ESCC in Xinjiang.

Recently, a number of studies indicate that 
TNF-αG-308A polymorphism is associated with 
higher susceptibility for a variety of inflamma-
tory and autoimmune diseases, and the TNF-α-
308 polymorphism has been described as the 
most important TNF polymorphism in human 
disease susceptibility [13-17]. We have noticed 
that some studies have been conducted to 
explore TNF-αG-308A polymorphism on inflam-
matory and autoimmune diseases. For exam-
ple, Hua’s study has found that TNF-α-308 G > 
A polymorphism alters the risk of hepatocellu-
lar carcinoma in a Han Chinese population. In 
contrast to their findings, we found that the fre-
quencies of TNF-α-308G/A in the cases were 
similar to the controls. Our findings are consis-
tent with two previous studies that did not find 
independent association of TNF-α-308G>A 
polymorphism with susceptibility to ESCC [18].

TNF-α plays an important role in the regulation 
of cell differentiation, proliferation, death as 
well as in inflammation and the innate and 
adaptive immune response [13]. The substitu-
tion of guanine (G) with adenine (A) at the -308 
site of the TNF-α gene generates two alleles, 
TNF-α-308G and TNF-α-308A. The less com-
mon TNF-α-308A allele is considered to be 
associated with higher TNF-α gene transcrip-
tion and TNF-α overproduction [5]. It is reported 

Table 1. Basic characteristic of the study population
Group Patients Controls χ2 P value
Sex M* 127 (59.7%) 102 (51.8%)

F* 85 (40.3%) 95 (48.2%) 2.61 0.11
Age ≤70 4 (1.8%) 9 (4.2%)

>70 216 (98.2%) 201 (95.8%) 2.28 0.13

Genotype G/G 150 (70.8%) 140 (70.0%)
G/A 57 (26.9%) 58 (29.0%)
A/A 5 (2.4%) 2 (1.0%) 1.23 0.58

*M: Male; F: female.

ly associated with increased risk of metasta-
sis (adjusted OR = 2.08, 95% CI = 1.14-3.80) 
(Table 3).

Discussion 

ESCC is a malignant tumor which precise 
mechanism is largely unknown. Inter-
individual variation in ESCC may be partly 
attributed to genetic variants in inflammato-
ry and immune-responsive genes [1]. As 
ESCC in the Kazakh population in the 
Xinjiang area is characterized by a strong 
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that individuals carrying the TNF-α-308A allele 
has an increased risk for several cancers, such 
as hepatocellular cancer, breast cancer, gastric 
cancer and breast cancer. There are some evi-
dences that the polymorphism of TNF-α-
308G/A is linked to carcinogenic processes. 
For example, Hua’s study showed that TNF-α-
308G/A polymorphism was associated with 
increased hepatocellular carcinoma risk in a 
Han Chinese population [13]. Our findings indi-
cated that though the TNF-α-308G/A polymor-
phism might not be correlated with the suscep-
tibility to Kazakh’s ESCC in Xinjiang, patients 
who carried A allele were tend to poorly differ-
entiated and lymph node metastasis. Our 
observations are consistent with a study by 
Guo et al. in 2005 that focused on a population 
of high incidence region of north China with 
ESCC, and a study by Meenakshi Umar et al.’s 
conclusion in 2013 that TNF-α-308G/A poly-
morphism was associated with enhanced risk 
of ESCC especially in females and in patients 
with regional lymph node involvements [18, 
19].

Literature suggests strong association of TNFA-
308A allele with HCC that AA was significantly 
associated with increased risk of HCC, and AG 
+ AA genotype showed 5.59-fold increased 
HCC risk [13]. Their results suggest that TNF-α-
308G/A polymorphism might significantly con-
tribute to cancer susceptibility. However, there 
is no research to show the role of TNF-α-308G/A 

frequencies in cases and controls. We observed 
the GG genotype of TNF-α-308 was found to be 
dominant associated with well-differentiated 
ESCC whereas the GA/AA genotype of TNF-α-
308 was found to be significantly associated 
with poorly-differentiated ESCC. Similarly, using 
the GG genotype as the reference genotype, AA 
genotype showed 7.32-fold increased ESCC 
lymph node metastatic in a dominant model. 
Furthermore, we found individuals who carried 
A allele had a significantly increased risk of 
developing in patients with ESCC. Our results 
suggest TNF-α-308G/A polymorphism might 
not be correlated with the susceptibility to 
Kazakh’s ESCC in Xinjiang. However, TNF-α-
308G/A polymorphism is associated with 
enhanced risk of ESCC developing especially  
in patients with regional lymph node involve- 
ments.

Conclusions

In summary, the present study showed that 
though the TNF-α-308G/A polymorphism might 
not be correlated with the susceptibility to 
Kazakh’s ESCC in Xinjiang, patients who carried 
A allele were tend to poorly differentiated and 
lymph node metastasis. This conclusion may 
be helpful to evaluate the prognosis of ESCC 
patients. Further prospective studies on large 
and different ethnic populations will be neces-
sary to confirm our findings and elucidate the 
underlying molecular mechanism for the devel-
opment of ESCC.

Table 2. Frequency distribution and association of the selected polymorphisms with differentiated of 
esophageal squamous cell carcinoma (ESCC)

Genotype n
Differentiated n (%)

χ2 P value OR (95% CI)
High-differentiated Middle/poor-differentiated

G/G 134 58 (43.3) 76 (56.7)
G/A 53 13 (24.5) 40 (75.5) 5.67 0.02 2.35 (1.15-4.79)
A/A 5 0 (0) 5 (100) 5.53 0.02 0.57 (0.49-0.66)
G/A+A/A 58 13 (22.4) 45 (77.6) 7.57 0.01 2.64 (1.31-5.35)

Table 3. Frequency distribution and association of the selected polymor-
phisms with metastasis of esophageal squamous cell carcinoma (ESCC)

Genotype n
Metastasis n (%)

χ2 P value OR (95% CI)
Non-metastasis Metastasis

G/G 150 97 (64.7) 53 (35.3)
G/A 57 28 (49.1) 29 (50.9) 4.17 0.04 1.9 (1.02-3.52)
A/A 5 1 (20.0) 4 (80.0) 4.05 0.04 7.32 (1.31-5.35)
G/A+A/A 62 29 (46.8) 33 (53.2) 5.83 0.02 2.08 (1.14-3.80)

polymorphism in Kazakh 
population. The present 
case-control study was 
performed to assess the 
association of ESCC risk 
and TNF-α-308G/A poly-
morphism in a Kazakh 
Chinese population. Th- 
ere is no significant dif-
ference in age and gen-
der as well as genotypic 
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