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ABSTRACT. In the present study, we aimed to investigate the 
association between the TNF-α -308G>A polymorphism and the risk 
of esophageal cancer in a Han Chinese population. The case group 
included 342 patients with esophageal cancer and the control group 
comprised 300 healthy individuals. The TNF-α -308G>A polymorphism 
was genotyped using polymerase chain reaction-restriction fragment 
length polymorphism. Conditional logistic regression was performed 
to analyze the associations between TNF-α -308 G>A polymorphism 
variation and the risk of esophageal cancer, which were estimated 
by ORs and their 95%CIs. The results indicated that the genotypic 
frequencies in the patients were not similar to those of the controls, and 
that the differences were statistically significant (P = 0.014). Using the 
GG genotype as the reference genotype, the AA genotype was found to 
be significantly associated with an increased risk of esophageal cancer 
(adjusted OR = 8.91, 95%CI = 4.72-17.89, P = 0.007). Similarly, the 
AG+AA genotypes showed 7.82-fold increased esophageal cancer 
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risk in a dominant model. Furthermore, we found that the A allele was 
significantly associated with a higher risk of esophageal cancer than the 
G allele (OR = 6.26, 95%CI = 2.73-10.35, P = 0.013). The results of this 
study therefore suggested that the presence of the high producer -308A 
allele in the TNF-α gene appeared to be associated with an increased 
risk for the development of esophageal cancer in the Han Chinese 
population.
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INTRODUCTION

Esophageal cancer is the sixth most common cancer and the sixth leading cause of 
cancer deaths worldwide. The incidence of esophageal cancer, however, is higher in men 
than in women (Enzinger and Mayer, 2003). The occurrence of esophageal cancer has been 
associated with defects in many genes, including those involving ethanol metabolism, folate 
metabolism, cell cycle regulation, and DNA repair, as well as with known oncogenes (Hiyama 
et al., 2007).

Tumor necrosis factor-alpha (TNF-α) is a mediator of the inflammatory process that 
is secreted by monocytes, macrophages, neutrophils, T cells, and NK cells after stimulation. 
TNF-α is a pro-inflammatory molecule that is thought to play an important role in the 
development of the immune response (Watts, 2005). The TNF-α gene is located in the major 
histocompatibility complex III locus on chromosome 6p21.3. In recent years, several common 
single nucleotide polymorphisms have been identified in the TNF-α promoter regions; these, 
including TNF-α -308G>A (rs1800629), can regulate the expression level of TNF-α (Fargion 
et al., 2001). Previously, multiple case-control studies have been conducted to investigate the 
association between the TNF-α -308G>A polymorphism and cancer risk (Fei et al., 2004; 
García-González et al., 2007; Akkiz et al., 2009; Kesarwani et al., 2009; Karakus et al., 2011). 
However, only two studies have investigated the effects of the TNF-α -308G>A polymorphism 
on esophageal cancer risk (El-Omar et al., 2003; Guo et al., 2005). To provide more evidence 
regarding the association between the TNF-α -308G>A polymorphism and esophageal cancer 
risk, we conducted the present case-control study.

MATERIAL AND METHODS

Study subjects

The subjects included a patient and a control group. The patient group included 342 
subjects with esophageal cancer that had been histopathologically confirmed in the Department 
of Thoracic Surgery, Qilu Hospital of Shandong University between March 2007 and August 
2013; selection was not limited by gender, age, or histological type, and participants did 
not undergo preoperative treatment involving anticancer drugs or radiotherapy. The group 
comprised 189 men and 153 women (mean age 63.2 ± 6.8 years). The control group comprised 
300 healthy individuals who underwent physical examinations in our hospital in the same 
period, and who were not blood relatives of the patients. The group comprised 198 men and 
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102 women (mean age 66.7 ± 8.2 years). The patient records included age, sex, history of 
smoking and alcohol consumption, and family history. The present study was approved by the 
Medical Ethics Committee of Qilu Hospital affiliated to Shandong University, and informed 
consent was obtained from all participants.

DNA extraction

A 5-mL venous blood sample was collected from each subject into a test tube 
containing EDTA as an anticoagulant. Genomic DNA was extracted from 2 mL peripheral 
blood by standard methods with proteinase K digestion (Invitrogen Company, USA), followed 
by phenol-chloroform extraction. After ethanol precipitation, the DNA was dissolved in double 
distilled water and frozen at -20°C until use.

Polymorphism genotyping

The -308 TNF-α promoter polymorphism was determined by as previously described 
(Wilson et al., 1992). Amplification was performed using a GeneAmp polymerase chain 
reaction (PCR) System 9700 thermocycler (Applied Biosystems, Singapore) with 100 ng 
genomic DNA, 25 pmol each primer, 200 µM total dNTPs, 1.5 mM MgCI2, 1X PCR buffer, and 
2.5 U Taq DNA polymerase (Promega, Madison, WI, USA). 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. Restriction enzyme digestion of the PCR 
product with NcoI (Promega) was carried out overnight and analyzed on a 3% agarose gel. 
DNA products were visualized by ethidium bromide staining. The -308G allele yielded two 
fragments (presence of these exclusively indicated homozygosity for the -308G allele), while 
its homologue -308A, which lacked the NcoI site, remained undigested and resulted in a single 
band (the exclusive presence of which indicated homozygosity for the -308A allele). The 
presence of all three fragments defined heterozygotic individuals.

Statistical analysis

Continuous variables are reported as means ± standard deviation, and categorical 
variables are reported as frequencies (N) and percentages (%). The c2 test was used to assess 
differences between patients and controls with regard to clinical characteristics. A goodness-
of-fit c2 test was used to evaluate the Hardy-Weinberg equilibriums in controls. Conditional 
logistic regression was performed to analyze the associations between the TNF-α -308G>A 
polymorphism variants and the risk of esophageal cancer, which were estimated using ORs and 
their 95%CIs. The significance levels of all tests were set at P < 0.05. All statistical analyses 
were performed using the Statistical Package for Social Science software version 18.0 (SPSS 
Inc., Chicago, IL, USA).

RESULTS

Demographic characteristics

Demographic characteristics are presented in Table 1. In the present case-control study, 
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a total of 642 Han Chinese subjects were enrolled, consisting of 342 patients with esophageal 
cancer and 300 cancer-free controls. There were no significant differences between the patients 
with esophageal cancer and cancer-free controls with regard to gender and age distributions. In 
addition, for other general characteristics such as alcohol consumption and tobacco smoking, 
no significant differences were observed between the patients with esophageal cancer and 
cancer-free controls (all P > 0.05).

Table 1. Distribution of selected characteristics among esophageal cancer cases and healthy controls.

Characteristics Cases (N) % Controls (N) % P value 
N 342  300   
Age (years)      
<55 145 42.40 153 51.00 0.572 
55 197 57.60 147 49.00  
Gender      
Male 201 58.77 187 62.33 0.498 
Female 141 41.23 123 41.00  
Smoking status      
Yes 278 81.29 254 84.67 0.456 
No 64 18.71 46 15.33  
Drinking status      
Yes 245 71.64 232 77.33 0.387 
No 97 28.36 68 22.67  
 

Genotypic frequencies of the TNF-α -308 G>A polymorphism in patients and controls

The observed genotype distribution in the controls did not differ from those expected 
from Hardy-Weinberg equilibrium (P > 0.05). Compared to healthy controls, patients with 
esophageal cancer had a lower frequency of the GG genotype (81.29 vs 95.33%) and a higher 
frequency of AG (11.99 vs 3.67%). The homozygous AA genotype was found in 23 patients 
with esophageal cancer and in 3 controls. Thus, the genotypic frequencies in the patients were 
not similar to those of the controls, with the differences being statistically significant (P = 
0.014; Table 2).

Table 2. Genotypic frequencies of TNF-α -308 G> A in esophageal cancer cases and healthy controls.

TNF- -308 G> A Cases % Controls % P value 
GG 278 81.29 286 95.33 0.014 
AG 41 11.99 11 3.67  
AA 23 6.73 3 1.00  
 

Interaction between the TNF-α -308G>A polymorphism and the risk of esophageal 
cancer

We further analyzed the effects of the tested genotypes under different genetic models 
(Table 3). Using the GG genotype as the reference genotype, the AA genotype was significantly 
associated with an increased risk of esophageal cancer (adjusted OR = 8.91, 95%CI = 4.72-17.89, 
P = 0.007). Similarly, the AG+AA genotypes showed a 7.82-fold increased esophageal cancer risk 
in the dominant model. Furthermore, we found that the A allele was significantly associated with 
a higher risk of esophageal cancer than the G allele (OR = 6.26, 95%CI = 2.73-10.35, P = 0.013).
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DISCUSSION

Esophageal cancer is a common digestive system malignancy. It is considered a 
multifactorial disease that appears to result from a combination of abnormal levels of certain 
proteins and their interaction with environmental factors. In addition, several low penetrance 
susceptibility genes combined with environmental factors have been suggested to be important 
in the growth and development of cancer (O’Brien, 2000).

One gene with variants known to inhibit cancer development and growth is TNF-α. 
TNF-α encodes a pro-inflammatory cytokine that is secreted primarily by macrophages and 
plays critical roles in the pathogenesis of inflammatory autoimmune and malignant diseases. 
The TNF-α protein induces the expression of adhesion molecules, facilitating the invasion 
of metastatic tumor cells; high levels of endogenous TNF-α have been observed in the blood 
of some cancer patients (Champ et al., 2012). TNF-α expression is regulated primarily at the 
transcriptional level, and polymorphisms within the TNF-α promoter have been related to the 
level of TNF-α expression (Hajeer and Hutchinson, 2000; Kirkpatrick et al., 2004). Therefore, 
TNF-α promoter polymorphisms have been intensively studied as potential determinants of 
disease susceptibility in numerous disorders where TNF-α levels have been thought to be 
important. Of these, the TNF-α -308G>A polymorphism is the best studied. It involves the 
substitution of a guanine (G) by an adenine (A) and is associated with an increase in TNF-α 
expression levels (Louis et al., 1998; Kroeger et al., 2000).

Previously, numerous case-control studies have been conducted to investigate the 
association between the TNF-α -308G>A polymorphism and cancer risk (Fei et al., 2004; 
García-González et al., 2007; Akkiz et al., 2009; Kesarwani et al., 2009; Karakus et al., 2011). 
Furthermore, meta-analyses of these studies have also been conducted. For example, Jin et al. 
(2014) carried out a meta-analysis of 20 published case-control studies with 12,360 patients 
with breast cancer and 15,110 controls. Their results indicated that the TNF-α -308G>A 
polymorphism was not associated with breast cancer risk in the overall population but that 
the A allele might be a protective factor for breast cancer in postmenopausal women, and 
the AA genotype might be a breast cancer risk factor in premenopausal women. Ma et al. 
(2014) conducted a meta-analysis of all available studies investigating the effects of the 
TNF-α -308G>A polymorphism on prostate cancer risk, and they found that the TNF-α 
-308G>A polymorphism might significantly contribute to prostate cancer susceptibility in 

Table 3. Association of TNF-α -308G>A polymorphism with esophageal cancer risk.

1Adjusted for gender, age, smoking status, and drinking status.

TNF- -308 G>A polymorphism Esophageal cancer patients Controls OR (95%CI)1 P value 
General genotype     
GG 278 286 1.00 (Reference)  
AG 41 11 3.34 (1.57-5.98) 0.035 
AA 23 3 8.91 (4.72-17.89) 0.007 
Dominant genotype     
GG 278 286 1.00 (Reference)  
AG+AA 64 14 7.82 (3.73-19.27) 0.003 
Recessive genotype     
AG+GG 319 297 1.00 (Reference)  
AA 23 3 1.32 (0.67-4.74) 0.08 
Allele frequency     
G 597 583 1.00 (Reference) 0.013 
A 87 17 6.26 (2.73-10.35)  
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healthy volunteers. The meta-analysis by Guo et al. (2005) indicated that the TNF-α -308 gene 
polymorphism might be significantly associated with the risk of gastric and hepatocellular 
carcinomas, but not of colorectal or pancreatic cancer in the Asian population. However, 
until now, only two studies have been conducted to investigate the effects of the TNF-α 
-308G>A polymorphism on esophageal cancer risk (El-Omar et al., 2003; Guo et al., 2005). 
To provide more evidence about the association between the TNF-α -308G>A polymorphism 
and esophageal cancer risk, we conducted the present case-control study. In this study, we 
found that the genotypic frequencies in the patients were not similar to those of the controls, 
with the differences being statistically significant. We further analyzed the effects of the tested 
genotypes under different genetic models. Using the GG genotype as the reference genotype, 
the AA genotype was found to be significantly associated with an increased risk of esophageal 
cancer. Similarly, the AG+AA genotypes showed a 7.82-fold increased esophageal cancer risk 
in a dominant model. Furthermore, we found that the A allele was significantly associated with 
a higher risk of esophageal cancer than the G allele.

In conclusion, the results of our study suggested that the presence of the high producer 
-308A allele in the TNF-α gene appeared to be associated with an increased risk for the 
development of esophageal cancer in the Han Chinese population.
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