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LABORATORY STUDY

Tumor Necrosis Factor-α Promoter Gene Polymorphisms Are Not
Associated with Hepatitis C Virus Infection in Chinese Hemodialysis
Patients
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and Wei Hong Zhao1

1Department of Geriatrics, The First Affiliated Hospital of Nanjing Medical University, Nanjing, Jiangsu, PR China;
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Abstract

Background and aims: The aim of this study was to investigate the possible influence of tumor necrosis factor-α (TNF-α)
gene promoter polymorphisms on the hepatitis C virus (HCV) infection in Chinese hemodialysis (HD) patients. Methods:
A total of 884 HD patients from 14 HD centers in south China were investigated. The TNF-α gene promoter polymor-
phisms at positions 238 and 308 of the patients were detected by the polymerase chain reaction (PCR)–restriction
fragment length polymorphism method. Results: Among the 884 patients, 176 (19.9%) were anti-HCV (+), and 142
(80.7%) of the anti-HCV (+) patients became chronically infected. The anti-HCV (+) patients showed longer duration
of HD, higher rate of blood transfusion, kidney transplantation, and dialyzer reuse, compared with the anti-HCV (−)
patients. However, the distributions of TNF-α −238 and −308 alleles and genotypes had no significant differences
between the anti-HCV (+) and the anti-HCV (−) patients (p > 0.05). And the frequencies of the above alleles and
genotypes were also approximately equally distributed in the persistent infection and in the viral clearance HD patients
(p > 0.05). Conclusions: This study did not suggest that the TNF-α −238 and −308 polymorphisms had influence on
the infection of HCV in Chinese HD patients.

Keywords: Polymorphisms, TNF-α gene, hepatitis C, hemodialysis, Chinese

INTRODUCTION

Hepatitis C virus (HCV) has been recognized as
the major cause of acute and chronic hepatitis
among patients with end-stage renal disease under-
going hemodialysis (HD), although the prevalence of
the infection differs among countries and regions,
ranging from 7% to 40%.1–3 The mortality rate
increased in the HD patients with hepatitis C.4–6 The
natural outcome of HCV infection varies dramati-
cally among individuals, including spontaneous clear-
ance in a minority and persistent infection for the
most patients, which may progress to cirrhosis and
eventually hepatocellular carcinoma.7,8 Although the
determinants of susceptibility to infection, self-limiting,
or development of chronicity have not been well defined,
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many investigators have drawn attention to the signifi-
cance of immunity-related genes.

From different lines of evidence, Th1 and Th2
responses have been shown to be interacted, and it
seemed that a shift in the balance between Th1 and
Th2 cytokines levels may contribute to spontaneous
virus clearance, fibrosis, and response to therapy.9–11

The key roles of the cytokines in the pathogenesis
and the self-limiting of HCV infection are becoming
clearer. Tumor necrosis factor-α (TNF-α), one of the
most important Th1 cytokines, exhibits a wide range
of biological properties, including polarization of a Th1
response, immune response to infectious agents, and
direct antiviral effects, is important in the host defense
against viruses.
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Cytokine gene sequences are polymorphic at specific
sites, and some mutations located within the coding
and regulatory regions could powerfully control the pro-
duction of specific cytokines.12–14 The TNF-α gene is
located on chromosome 6, in the class III region of the
major histocompatibility complex between HLA-B and
HLA-DR. In the TNF-α promoter gene, the presence
of G or A nucleotide at position −238 and −308 gener-
ated three potential genotypes GG, GA, and AA, which
may correspond phenotypically to the production of dif-
ferent levels of TNF-α.13,14 Several studies have inves-
tigated the association between TNF-α gene promoter
variants and the susceptibility to HCV infection, devel-
opment of acute viral hepatitis, spontaneous clearance
of HCV infection, and persistent infection in general
population,15–18 but the conclusions were inconsistent.
Few investigators have described the effect of TNF-α
gene polymorphisms in HD patients infected with
HCV.15–18 As we know, the incidence of HCV infection
is high in the HD units, and the patients infected with
HCV were under multiple influences, such as chronic
uremia status and impaired immune response, which
were significantly different from the general population.
The fact above prompted us to investigate the possible
associations between TNF-α polymorphisms and HCV
infection in Chinese HD patients.

SUBJECTS AND METHODS

Patients
A total of 884 HD patients from 14 HD centers in south
of China were enrolled in this study, which included
556 males and 328 females. The mean age was 52.62
± 13.44 years and the mean duration of HD was 3.56
± 3.81 years. They were classified into the two groups:
anti-HCV (+) and anti-HCV (−). All the anti-HCV
(+) individuals had not taken anti-virus treatment;
they were divided into the persistent infection and the
viral clearance groups. The persistent infection group
was described as positive for anti-HCV antibodies and
HCV-RNA for more than 6 months, while the criteria
for the viral clearance group were positive for anti-
HCV once and having no evidence for being positive for
HCV-RNA on at least two occasions 6 months apart.
A detailed questionnaire was prepared for these patients
to identify general and some clinical information. The
Institutional Ethical Committee approved the protocol
for sample collection as well as biochemical, viral, and
genetic analyses. Informed consent was obtained before
enrolling the patients for conducting the various blood
tests including studies on genetic polymorphism.

Serology
Five milliliters of blood was collected, and the serum
and peripheral blood mononuclear cells were sepa-
rated and stored in aliquots at −70◦C until assay.
Liver biochemistry tests including alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and

γ -glutamyltransferase (GGT) were performed with a
HITACHI 7170 automatic biochemistry analyzer. The
cut-off levels of AST (<40 and >40), ALT (<40 and
>40), and GGT (<50 and >50) were chosen according
to literature.19,20

Serum anti-HCV antibodies were detected by
the ELISA kit (Shanghai Kehua Biotech Co., Ltd,
Shanghai, China). The detection of HCV-RNA was
done by diagnostic kit for quantification of HCV-
RNA [polymerase chain reaction (PCR)-Fluorescence
probing] (Shanghai Kehua Biotech Co., Ltd, Shanghai,
China; ABI, California, CA, USA).

Genotyping Assays
Genomic DNA of each subject was extracted from 5
mL of peripheral blood leukocytes using sodium dode-
cyl sulfate lysis and proteinase K digestion followed
by standard phenol–chloroform methods according
to standard protocols as previously described.21 After
genomic DNA was extracted from the blood sam-
ples, the region containing the polymorphic site was
amplified by PCR, as reported by van Belzen et al.22

Briefly, PCR was carried out with primers in a 20 µL
volume with buffer [10× equals 500 mM KCl, 100
mM Tris-HCl (pH 8.8), 25 mM MgCl2], 1 pM of
specific oligonucleotide primers, 100 µM dNTPs, 50
ng of genomic DNA, and 1 U Taq DNA polymerase
(Boehringer Mannheim, GmbH, Mannheim, German).
PCR was performed using a MJ-PTC-200 Thermal
Cycler under the specified PCR conditions. Primer
sequences for the gene polymorphism at position −238
were forward 5′-ATCTGGAGGAAGCGGTAGTG-3′
and reverse 5′-AGAAGACCCCCCTCGGAACC-
3′, for the polymorphism at −308 forward
5′-AGGCAATAGGTTTTGAGGGCCAT-3′ and
reverse 5′-TCCTCCCTGCTCCGATTCCG-3′. The
parameters for thermo cycling of the −238 and −308
were the same as follows: 94◦C for 6 min, 33 cycles of
94◦C for 30 s, 52◦C for 30 s, and 72◦C for 1 min, there
was final 72◦C incubation for 10 min.

The amplified PCR products were digested at 37◦C
with the specified restriction endonuclease MspI (New
England Biolabs, Beverly, MA, USA) to detect the sin-
gle nucleotide polymorphism (SNP) in the −238 gene
allele and NcoI (New England Biolabs) to detect the
polymorphism of the −308 nucleotide. After diges-
tion, under different conditions recommended by the
manufacturer’s instructions, the fragments were elec-
trophoresed on a 3% agarose gel (Biowest Agarose) and
stained with ethidium bromide. The sizes of fragments
were estimated by comparison with previously known
size markers (Tiangen Biotech, Beijing, China).

Genotyping was performed without knowing the
subjects’ cases. When genotyping was performed, two
research assistants independently read the gel images. If
they did not reach a consensus on the tested genotypes
(<2%), they repeated the genotyping independently to
reach a consensus.
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Statistical Analysis
All statistical analyses were performed with SAS and
SPSS statistical packages (SAS version 9.13 software
packages, SAS Institute, Cary, NC, USA; SPSS ver-
sion 15.0, Chicago, IL, USA). Multivariate analysis of
variance was used to analyze the difference of the bio-
chemical index among patients. The distribution of the
TNF-α gene polymorphisms revealed that the genotype
was not significantly different from the expected dis-
tribution according to Hardy–Weinberg equilibrium in
the studied patients. A chi-square test was used to com-
pare the distribution of the TNF-α gene polymorphisms
between the two groups. Odds ratios and 95% con-
fidence intervals were calculated using unconditional
logistic regression analysis that was adjusted by age,
gender, duration of HD, and transfusion history. The
p-value reported was two-sided and values of p < 0.05
were considered statistically significant.

RESULTS

The Primary Diseases
As shown in Figure 1, the main cause for end-stage
renal disease in this study is chronic glomerulonephri-
tis (59.6%), followed by diabetic nephropathy (13.5%)
and hypertensive renal disease (12.6%).

Demographic and Clinical Features
As summarized in Table 1, in the total 884 patients,
176 (19.9%) were anti-HCV (+), while 708 patients
(80.1%) were anti-HCV (−). The anti-HCV (+) and
anti-HCV (−) patients showed similar demographic
characteristics with regard to age and gender (p > 0.05).
However, the anti-HCV (+) group showed longer dura-
tion of HD (6.98 ± 4.79 years vs. 2.68 ± 2.94 years,
p < 0.001), higher rate of blood transfusion (63.7% vs.
44.1%, p < 0.001), kidney transplantation (10.1% vs.
3.5%, p < 0.05), and dialyzer reuse (46.0% vs. 7.3%,
p < 0.001), compared with the anti-HCV (−) group.
Within the 176 anti-HCV (+) patients, 142 (80.7%)
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Figure 1. The primary disease of all HD patients.

became persistent infection group. Age and gender did
not differ between the persistent infection and the viral
clearance groups (p > 0.05).

Interestingly, in the persistent infection group, the
mean levels of serum ALT, AST, and GGT were within
normal range, and only 30 (21.0%), 16 (11.5%), and
46 (33.6%) patients were with abnormal levels of serum
ALT, AST, and GGT, respectively (Table 2). How-
ever, compared with the viral clearance group and the
anti-HCV (−) group, the mean levels of ALT, AST,
and GGT were significantly higher and the numbers of
patients with abnormal levels of ALT, AST, and GGT
were also markedly increased in the persistent infection
group (p < 0.001).

Comparison of the Frequencies of Genotypes and
Alleles
As summarized in Table 3, no significant differences in
the frequencies of the two SNPs of TNF-α promoter
gene could be demonstrated between the anti-HCV (+)
and the anti-HCV (−) groups (p > 0.05).

Furthermore, there was no significant difference in
the genotype and allele frequencies of the two SNPs of
TNF-α promoter gene between the persistent infection
patients and the viral clearance subjects (Table 4, p >

0.05).

DISCUSSION

Despite strict infection control policies, high preva-
lence of HCV infection was still reported in HD cen-
ters. It was reported that the risk factors for the high
HCV infection in HD units were the duration of HD,
blood transfusion, kidney transplantation, and dialyzer
reuse.23,24 In this study, there were 19.9% patients
infected with HCV, and the high incidence was also
associated with the above risk factors. However, the
determiners of HCV infection may depend not only on
external factors but also on the host’s condition.

Previous studies25 showed that the susceptibility to
HCV infection and development of chronicity corre-
lated with the strength and extent of T-cell response and
the frequency of TNF-α and IFN-γ producing Th1-
positive cell. TNF-α, one of the most important Th1
cytokines, with biological properties including immune
response to infectious agents, and direct antiviral effects,
may inhibit HCV replication causing lower levels of
serum HCV-RNA26 and relate to spontaneous virus
clearance.10

Several studies have confirmed the associations
between TNF-α gene promoter variants and the serum
levels of TNF-α.13,14 In considering the relationships
between the TNF-α promoter gene polymorphisms and
HCV infection, Chen et al.15 reported an association
between polymorphisms in TNF-α-308 and suscepti-
bility to chronic HCV infection on Taiwanese general
HCV-infected patients, as the A allele was more com-
monly found in chronic HCV patients than in healthy

© 2011 Informa Healthcare USA, Inc.
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Table 1. Demographic features of the anti-HCV (+) and the anti-HCV (−) groups.

Characteristics Anti-HCV (+) (n = 179) Anti-HCV (−) (n = 705) p-Value

Age (mean ± SD) 53.26 ± 11.64 52.46 ± 13.86 0.433a

Gender, n (%)
Male 122(68.2) 434(61.6) 0.103b

Female 57(31.8) 271(38.4)
Duration of HD (mean ± SD) 6.98 ± 4.79 2.68 ± 2.94 0.000a

Blood transfusion, n (%)
Yes 114(63.7) 311(44.1) 0.000b

No 65(36.3) 394(55.9)
Kidney transplantation, n (%)

Yes 9(10.1) 11(3.5) 0.011b

No 80(89.9) 306(96.5)
Dialyzer reuse, n (%)

Yes 69(46.0) 42(7.3) 0.000b

No 81(54.0) 537(92.7)

Notes: HD, hemodialysis; HCV, hepatitis C virus.
at-Test.
bχ2-Test.

Table 2. Demographic and clinical features of the persistent, viral clearance, and the anti-HCV (−) groups.

Anti-HCV (+) (n = 179)
Characteristics

Persistent infection (n = 143) Viral clearance (n = 36)
Anti-HCV (−) (n = 705) p-Value

Age (mean ± SD) 52.71 ± 11.75 55.44 ± 11.08 52.46 ± 13.86 0.429a

Gender, n (%)
Male 99(69.2) 23(63.9) 434(61.6) 0.222b

Female 44(30.8) 13(36.1) 271(38.4)
ALT (U/L) 27.58 ± 32.23 11.14 ± 7.14 11.74 ± 12.30 0.000a

≥40, n (%) 30(21.0) 1(2.7) 15(2.1) 0.000b

<40, n (%) 113(79.0) 35(97.3) 690(97.9)
AST (U/L) 25.42 ± 21.32 14.97 ± 7.86 16.36 ± 14.93 0.000a

≥40, n (%) 16(11.5) 2(5.5) 32(4.7) 0.002b

<40, n (%) 123(88.5) 34(94.5) 655(95.3)
GGT (U/L) 50.10 ± 44.32 26.66 ± 18.75 29.64 ± 35.99 0.000a

≥50, n (%) 46(33.6) 4(11.4) 94(13.7) 0.000b

<50, n (%) 91(66.4) 31(88.6) 593(86.3)

Notes: HCV, hepatitis C virus; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ -glutamyltransferase.
at-Test.
bχ2-Test.

controls. Hohler et al.27 showed that the frequency
of the TNF-238-A promoter allele was significantly
higher in the hepatitis C group compared to the
controls.

The incidence of HCV infection is high in HD
patients, and the HD patients have some differences
compared with the general population. For example,
the serum levels of aminotransferase in HD patients
with HCV persistent infection was significantly lower
than those in general patients with HCV persistent
infection. This phenomenon was seen both in our study
and several previous reports,17,28,29 which indicated
that the serum aminotransferase cut-off values should
probably be modified for screening HCV infection in
HD patients.

More importantly, uremic patients have impaired
cell-mediated immunity and phagocytic activity, which
accounts for their susceptibility to infection, malig-
nancies, and vaccination resistance. This condition
may disrupt the cytokine network by depressing Th1
response, enabling Th2-type mediators to prevail. HD

patients have so unique immunity characteristics when
compared with general population, and it is valuable to
investigate whether the associations among the cytokine
gene and hepatitis C in HD patients also exist. It may
have implications in the optimal prevention of HCV in
HD patients to investigate the host’s gene condition.
Unfortunately, no surveys of HD patients are available
yet. In this study, the possible influence of TNF-α gene
promoter polymorphisms (−238 and −308) on HCV
infection in 884 Chinese HD patients from 14 HD cen-
ters in south China was investigated. The result showed
that the genotype distributions of TNF-α gene (−238
and −308) in the Chinese HD patients were similar to
those in the general Chinese population,15 but that the
frequencies of A alleles and AA genotypes of TNF-α
gene (−238 and −308) were lower than those in Pak-
istan and Ireland population.30,31 Furthermore, in this
study, no link was identified between the two SNPs of
TNF-α promoter gene and susceptibility to HCV infec-
tion or the viral persistent infection in Chinese HD
patients.

Renal Failure
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Table 3. Comparison of frequencies of genotypes and alleles of TNF-α between the anti-HCV (+) and the anti-HCV (−) groups.

TNF-α polymorphisms Anti-HCV (+), n (%) Anti-HCV (−), n (%) p-Valuea ORa (95% CI)

238
GG 164(91.6) 643(91.2) – 1.00(reference)
GA 14(7.8) 59(8.4) 0.222 2.06(0.65 − 6.53)
AA 1(0.6) 4(0.4) – –
GA+AA 15(8.4) 66(8.8) 0.229 2.03(0.64 − 2.40)
G 342(95.5) 1345(95.4) – 1.00(reference)
A 16(4.5) 65(4.6) 0.287 3.56(0.36 − 36.87)

308
GG 159(88.8) 597(83.3) – 1.00(reference)
GA 17(9.5) 108(15.3) 0.062 0.36(0.13 − 1.05)
AA 3(1.7) 10(1.4) 0.277 0.30(0.03 − 2.61)
GA+AA 20(11.2) 102(16.7) 0.140 0.47(0.18 − 1.28)
G 335(93.6) 1282(90.9) – 1.00(reference)
A 23(6.4) 128(9.1) 0.361 0.36(0.04 − 3.21)

Notes: HD, hemodialysis; HCV, hepatitis C virus; TNF, tumor necrosis factor; OR, odds ratio; CI, confidence interval.
aLogistic regression model, adjusted by age, gender, duration of HD blood transfusion history, kidney transplantation, and dialyzer reuse.

Table 4. Comparison of frequencies of genotypes and alleles of TNF-α between the chronic HCV infection and the clearance of HCV
infection.

TNF-α polymorphisms Persistent infection, n (%) Viral clearance, n (%) p-Valuea ORa (95% CI)

238
GG 129(90.2) 35(97.2) – 1.00(reference)
GA 13(9.1) 1(2.8) 0.266 3.27(0.41 − 26.37)
AA 1(0.7) 0(0.0) 1.000 –
GA+AA 14(9.8) 1(2.8) 0.223 3.65(0.46 − 29.22)
G 271(94.8) 71(98.6) – 1.00(reference)
A 15(5.2) 1(1.4) 1.000 –

308
GG 127(88.8) 32(88.9) – 1.00(reference)
GA 13(9.1) 4(11.1) 0.787 0.85(0.25 − 2.85)
AA 3(2.1) 0(0.0) 0.999 –
GA + AA 16(11.2) 4(11.1) 0.858 1.12(0.34 − 3.68)
G 267(93.4) 68(94.4) – 1.00(reference)
A 19(6.6) 4(5.6) 0.999 –

Notes: HCV, hepatitis C virus; TNF, tumor necrosis factor; OR, odds ratio; CI, confidence interval.
aLogistic regression model, adjusted by age and gender.

The discrepancy above could be contributed to the
special HD population in our study, who were different
from the general population, since HD patients infected
with HCV will be under the triple influence of ure-
mia, the HD procedure, and the HCV infection itself.
The chronic kidney disease could induce increased
spontaneous TNF-α and IL-12 overproductions that
imply an upregulation of the inammatory activity, which
were most likely due to uremia. However, HD patients
showed diminished cytokines production and some,
albeit not all, of their cytokine responses to a secondary
stimulus Lipopolysaccharide (LPS) were consistently
inhibited compared with non-HD/chronic kidney dis-
ease patients. The HCV-positive patients undergoing
HD had a blunted TNF-α response compared with
chronic hepatitis C patients without renal disease.32,33

So with this complex condition, the protective effect
may be the result of a combination of many cytokine
genes, rather than the TNF-α gene only. It is possi-
ble that these two SNPs are in linkage disequilibrium
with other genes or unidentified TNF-α SNPs that are

actually responsible for this association. The isolated
assessment of TNF-α gene polymorphisms may be mis-
leading without considering other interacting cytokine
genes. Furthermore, it is possible that different genes
or combination may affect certain part of the natural
history. Further investigations of multiple cytokine gene
polymorphisms, such as IL-10 and IL-12, acting alone
or interacting with TNF-α gene are required in the over-
all pathogenesis and should help define the extended
haplotypes and further refine our understanding of the
complex relationships. It is very likely that a complete
picture of the puzzle will take a long time to complete.

Some cytokine gene polymorphisms may play
important roles in determining the outcomes of HCV
infection, but this only accounts for a part of the factors
among the complicated immune mechanisms. Thus,
other factors, such as environmental factors, need to
be considered to understand the differences in the host
to virus infection. So it was no surprise that no single
polymorphism was more frequent in patients with HCV
infection in this study. Additional studies with larger

© 2011 Informa Healthcare USA, Inc.
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samples from various ethnic cohorts are needed to con-
firm the roles of cytokine gene polymorphisms in the
progression of HCV infection and help the development
of better protective strategies.
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