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Abstract
Background: Tumor necrosis factor-· (TNF-·) is involved
in the pathogenesis of chronic active hepatitis C. Poly-
morphisms in the promoter region of the TNF-· gene can
alter the TNF-· expression and modify the host immune
response. The present study aimed at the correlation of
the G308A TNF-· polymorphism with the response to
antiviral combination therapy in chronic hepatitis C. Pa-

tients and Methods: 62 patients with HCV and 119
healthy unrelated controls were genotyped for the
G308A TNF-· promoter polymorphism. The patients re-
ceived 3 ! 3 million units of interferon alfa-2a and 1,000–
1,200 mg ribavirin daily according to their body weight.
A response was defined as absence of HCV-RNA and
normalization of S-ALT after 6 months of combination
therapy. Results: With respect to the allele and genotype
frequency, a significant difference was not observed
between controls and patients with chronic hepatitis C.
Furthermore, such a difference was also not observed if

responders and non-responders to antiviral therapy
were compared. Conclusions: The promoter polymor-
phism of the TNF-· gene investigated herein is equally
distributed in healthy individuals and patients with hepa-
titis C and does not seem to predict the response to ther-
apy with interferon alfa-2a and ribavirin.

Copyright © 2003 S. Karger AG, Basel

Introduction

The response to therapy with interferon alfa-2a and
ribavirin in chronic active hepatitis C depends on various
factors such as age, gender, viral genotype, viral load,
duration of infection and presence of liver fibrosis [1].
Cytotoxic effects of multiple cytokines, which confer the
inflammatory process in viral hepatitis, might additional-
ly influence the response to antiviral therapy. Moreover,
different HLA subtypes [2–4] and the chemokine receptor
5 [5, 6] might be of paramount importance for the patho-
physiology of chronic hepatitis C. In addition, cytokines
such as interleukin-10 [7] or the tumor necrosis factor-·
(TNF-·) [8] seem to influence the course of the disease.

Comparable to various other inflammatory conditions,
TNF-· is released in chronic hepatitis C and contributes
to the pathogenesis of the liver injury [8, 9]. In particular,This work contains parts of the doctoral thesis of C. Simperl.
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Table 1. Clinical and laboratory characteristics of the HCV patients
and controls

Characteristic HCV patients
(n = 62)

Controls
(n = 119)

Female/male 28/34 49/70
Age (mean B SD) 42B11 39B12
S-ALT, U/l 74B45 normal
Viral load, !106 U/ml 2.46B0.45 –
Genotypes 1 or 4 37 –
Genotypes 2 or 3 25 –

elevated serum levels of TNF-· mRNA, the respective
receptor or increased intrahepatic TNF-· mRNA expres-
sion were described in viral hepatitis [8–10]. Two G to A
transition polymorphisms, at positions –238 and –308 in
the TNF-· promoter region, influence TNF-· expression
[11, 12] and were associated with the presence of liver cir-
rhosis in chronic hepatitis C [13]. In addition, it was sug-
gested that enhanced intrahepatic mRNA levels of TNF-·
might reflect resistance to interferon [14], because these
levels were significantly higher in non-responders when
compared to responders [15]. The latter finding is com-
patible with intrahepatic TNF-· expression being a host
factor that might predict the outcome of antiviral combi-
nation therapy with interferon alfa-2a and ribavirin [15].

Hence, the present study evaluated the distribution of
the G308A TNF-· promoter polymorphism in controls
and patients with hepatitis C and assessed the response to
antiviral therapy after stratification for this polymor-
phism in patients with chronic active hepatitis C.

Patients and Methods

Patients
The study population comprised 62 patients with chronic active

hepatitis C and 119 healthy unrelated controls. Overall, 80 patients
with chronic hepatitis C had been enrolled in a prospective trial
which evaluated the treatment options in patients with concomitant
psychiatric disorders, previous drug abuse or current methadone sub-
stitution compared with a control group. A detailed description of
the study including the number of drop-outs and side effects of the
medication has already been reported elsewhere [16].

Inclusion criteria were elevated liver enzymes (alanine amino-
transferase, S-ALT 130 U/l) and a positive PCR for HCV-RNA.
DNA was available for genotyping from 62 patients. For the correla-
tion between the TNF-· genotype and the virologic response, only
patients who completed 6 months of therapy (n = 59) were evaluated
in the statistical analysis. The baseline characteristics of the patients
and controls are given in table 1. All patients were treated with inter-

Table 2. Distribution of the –308 TNF-·
promoter genotypes in patients and controls

Genotypes HCV patients Controls

GG 44 (71%) 86 (73%)
GA 16 (26%) 29 (24%)
AA 2 (3%) 4 (3%)

feron alfa-2a (Roferon®, Hoffmann-La Roche, Germany) in a dosage
of 3 ! 3 million units per week combined with ribavirin (Rebetol®,
Essex Pharma, München, Germany) in a dosage of 1,000–1,200 mg
daily according to their body weight. A response to therapy was
defined as normalization of aminotransferases and absence of detect-
able HCV-RNA after 6 months. The sustained virological response
was defined as absence of HCV-RNA 6 months after cessation of
antiviral combination therapy. The study was approved by the local
Ethics Committee and all patients gave written informed consent.

Determination of the G308A TNF-· Promoter Polymorphism
Genomic DNA was prepared from buffy coat layers employing a

commercially available kit (QIAamp DNA Blood Mini Kit, Quiagen,
Hilden, Germany). A fragment of the TNF-· promoter gene contain-
ing the G308A polymorphism was amplified by polymerase chain
reaction (PCR) with a forward primer P1 (5)-AGG CAA TAG GTT
TTG AGG GCC AT-3)) and a reverse primer P2 (5)-TCC TCC CTG
CTC CGA TTC CG-3)) as described elsewhere [17]. The PCR was
performed using HotStarTaq DNA Polymerase (Quiagen) in a ther-
mocycler (Biometra, Göttingen, Germany) applying the following
conditions: 1 cycle at 95°C for 15 min, 35 cycles with a denaturation
at 94 °C for 30 s, annealing at 52°C for 30 s and extension at 72°C
for 30 s with a last polymerization step at 72°C for 10 min. Allele 1
has a guanine (TNF-· 308G), which is substituted by an adenine at
position –308 in the polymorphic allele 2.

Restriction analysis was performed with a NcoI digestion which
allowed the identification of the separate alleles. The PCR products
were analyzed on a 4% NuSieve gel (BioProducts, Rockland, Me.,
USA).

Statistics
All data are given as mean B 1 SEM. Statistical analysis was per-

formed using Fisher’s exact test and Mann-Whitney U test, respec-
tively. The influence of the G308A TNF-· polymorphism on the
response to therapy was evaluated using Fisher’s exact test. Results
were then confirmed calculating multiway frequency tables employ-
ing a log-linear model using BMDP software, version 7.0. p values of
!0.05 were considered significant.

Results

Among patients with hepatitis C the allele –308 A was
less frequent (20/124 = 16%) than the wild-type allele
TNF-· 308G (104/124 = 86%), which was comparable to
the distribution in controls (15 vs. 85%, n.s.). The geno-
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type distribution in patients and controls was nearly iden-
tical (table 2).

59 patients completed 6 months of therapy with inter-
feron alfa-2a and ribavirin. 32 (54%) (15 with HCV geno-
types 1/4, 17 with HCV genotypes 2/3) were responders
and 27 (46%) (21 with HCV genotypes 1/4, six with HCV
genotypes 2/3) were non-responders. Among patients with
genotypes GA or AA, the number of responders (n = 9)
and non-responders (n = 9) was identical (fig. 1a). Among
homozygous carriers of the wild-type allele (GG), 23
patients (56%) were responders and 18 (44%) were non-
responders (p = 0.44) after 6 months of therapy (fig. 1a).
One patient with GA and 4 patients with GG genotype
experienced a relapse 6 months after cessation of antiviral
combination therapy. However, a significant difference
was also not observed if the sustained virological response
was considered (fig. 1b).

Discussion

In hepatitis C the host immune response is of pivotal
importance for the course of the disease. Thus, it appears
possible that polymorphisms of genes which impair the
expression of cytokines might be associated with chronic
hepatitis C. In particular, the distribution of these poly-
morphisms in patients with chronic hepatitis C as com-
pared to healthy controls and the response to therapy in
carriers vs. non-carriers might be of interest. TNF-· is a
pro-inflammatory cytokine which plays a key role in the
host immune response. The gene for TNF-· is situated
within the MHC class III region on chromosome 6p21.3
[18]. A bi-allelic G (TNF1 allele) to A (TNF2 allele) poly-
morphism at position 308 results in elevated TNF-· levels
[19]. Carriers of this allele are prone to autoimmune dis-
orders like systemic lupus erythematosus, insulin-depen-
dent diabetes mellitus, celiac disease, autoimmune hepa-
titis, primary sclerosing cholangitis [20–22] and infec-
tious diseases such as leprosy and tuberculosis [23, 24]. In
addition, the TNF2 allele was associated with a compli-
cated course following liver transplantation [25, 26]. Last-
ly, this polymorphism is essential for the immune re-
sponse in lymphoid malignancies (e.g. non-Hodgkin’s
lymphoma) and aplastic anemia and influences treatment
outcome [27, 28]. The TNF2 allele was also associated
with the progression of neurodegenerative diseases [29].
Based on these observations, the G308A TNF-· promoter
polymorphism might be of relevance for the susceptibili-
ty, the course and the treatment outcome in chronic active
hepatitis C [8–10].

Fig. 1. a Virologic response according to the G308A TNF-· promot-
er polymorphism after 6 months of therapy. Homozygous (AA) and
heterozygous (GA) carriers are classified as TNF-· 308A, homozy-
gous carriers of the wild-type allele as TNF-· 308G. b Sustained viro-
logic response according to the G308A TNF-· promoter polymor-
phism (6 months after cessation of therapy). Homozygous (AA) and
heterozygous (GA) carriers are classified as TNF-· 308A, homozy-
gous carriers of the wild type allele as TNF-· 308G.

However, a correlation between the TNF2 allele and
the presence of chronic hepatitis C or the response to
antiviral therapy was not observed herein, even if sus-
tained response rates were considered. These findings
confirm and extend the results of recently published stud-
ies [30, 31]. On the other hand, further genes, such as
TGF-ß, appear to be associated with resistance to antivi-
ral treatment [32, 33]. Hence, a definite conclusion about
the impact of the host immune response for the course of
hepatitis C cannot be drawn yet.

Nevertheless, the currently available data argue strong-
ly against a correlation between the G308A TNF-· pro-
moter gene polymorphism and the susceptibility to
chronic hepatitis C or the outcome following combination
therapy with interferon alfa-2a and ribavirin.



4 Digestion 2003;68:1–4 Schiemann/Glas/Török/Simperl/Martin/
König/Schmidt/Schaefer/Folwaczny

References

1 National Institutes of Health: Management of
hepatitis C. NIH Consensus Statement 1997;
15:2–20.

2 Zavaglia C, Marinetti M, Silini E, et al: Asso-
ciation between HLA class II alleles and protec-
tion from or susceptibility to chronic hepatitis
C. J Hepatol 1998;28:1–7.

3 Alric L, Izopet J, Fort M, et al: Study of the
association between major histocompatibility
complex class II genes and the response to
interferon-· in patients with chronic hepatitis
C infection. Hum Immunol 1999;60:516–523.

4 Vejbaesya S, Songsivilai S, Tanwandee T, et al:
HLA association with hepatitis C virus infec-
tion. Hum Immunol 2000;61:348–353.

5 Woitas RP, Ahlenstiel G, Iwan A, et al: Fre-
quency of the HIV-protective CC chemokine
receptor 5 ‰32/‰32 genotype is increased in
hepatitis C. Gastroenterology 2002;122:1721–
1728.

6 Nguyen GT, Carrington M, Beeler JA, et al:
Phenotypic expressions of CCR5-‰32/‰32 ho-
mozygosity. J AIDS 1999;22:75–82.

7 Yee LJ, Jianming Tang J, et al: Interleukin-10
polymorphisms as predictors of sustained re-
sponse in antiviral therapy for chronic hepatitis
C infection. Hepatology 2001;33:708–712.

8 Larea E, Garcia N, Qian C, et al: Tumor necro-
sis factor-· gene expression and the response to
interferon in chronic hepatitis C. Hepatology
1996;23:210–217.

9 Nelson DR, Lim HL, Marousis CG, et al: Acti-
vation of tumor necrosis factor-· system in
chronic hepatitis C virus infection. Dig Dis Sci
1997;42:2487–2494.

10 Kallinowski B, Haseroth K, Marinos G, et al:
Induction of tumor necrosis factor receptor
type p55 and p75 in patients with chronic hep-
atitis C virus infection. Clin Exp Immunol
1998;111:269–277.

11 Hohler T, Kruger A, Gerken G, et al: Tumor
necrosis factor-· promoter polymorphism at
position –238 is associated with chronic active
hepatitis C infection. J Med Virol 1998;54:
173–177.

12 Hohler T, Kruger A, Gerken G, et al: A tumor
necrosis factor-· promoter polymorphism is as-
sociated with chronic hepatitis B infection.
Clin Exp Immunol 1998;111:579–582.

13 Yee LJ, Tang J, Herrera J, et al: Tumor necrosis
factor gene polymorphism in patients with cir-
rhosis from chronic hepatitis C virus infection.
Genes Immun 2000;1:386–390.

14 Dumoulin FL, Wennrich U, Nischalke HD, et
al: Intrahepatic mRNA levels of interferon-Á
and tumor necrosis factor-· and response to
antiviral treatment of chronic hepatitis C. J
Hum Virol 2001;4:195–199.

15 Taliani G, Badolato MC, Nigro G, et al: Serum
concentration of ÁGT is a surrogate marker of
hepatic TNF-· mRNA expression in chronic
hepatitis C. Clin Immunol 2002;105:279–285.

16 Schaefer M, Schmidt F, Folwaczny C, et al:
Adherence and mental side effects during hepa-
titis C treatment with interferon alfa and riba-
virin in psychiatric risk groups. Hepatology
2003;37:443–451.

17 Mansfield JC, Holden H, Tarlow JK, et al:
Novel genetic association between ulcerative
colitis and the anti-inflammatory cytokine in-
terleukin-1 receptor antagonist. Gastroenterol-
ogy 1994;106:637–642.

18 Hajeer AH, Hutchinson IV: TNF-· gene poly-
morphism: Clinical and biological implica-
tions. Microsc Res Tech 2000;50:216–228.

19 Abraham LJ, Kroeger KM: Impact of the –308
TNF promoter polymorphism on the transcrip-
tional regulation of the TNF gene: Relevance to
disease. J Leukoc Biol 1999;66:562–566.

20 McManus R, Wilson AG, Mansfield J, et al:
TNF2, a polymorphism of the tumour necro-
sis-· gene promoter, is a component of the
celiac disease major histocompatibility com-
plex haplotype. Eur J Immunol 1996;2:2113–
2118.

21 Bathgate AJ, Pravica V, Perrey C, et al: Poly-
morphisms in tumour necrosis factor-·, inter-
leukin-10 and transforming growth factor-ß1
genes and end-stage liver disease. Eur J Gas-
troenterol Hepatol 2000;12:1329–1333.

22 Michtell SA, Grove J, Spurkland A, et al: Asso-
ciation of the tumour necrosis factor-· –308
but not the interleukin-10 –627 promoter poly-
morphism with genetic susceptibility to prima-
ry sclerosing cholangitis. Gut 2001;49:288–
294.

23 Roy S, McGuire W, Mascie-Taylor CG, et al:
Tumor necrosis factor promoter polymor-
phism and susceptibility to lepromatous lepro-
sy. J Infect Dis 1997;176:530–532.

24 Bikmaeva AR, Sibiriak SV, Valiakhmetova
DKH, et al: Polymorphism of the tumor necro-
sis factor-· gene in patients with infiltrative
tuberculosis and from the Bashkorstan popula-
tions (in Russian). Mol Biol (Mosk) 2002;
36.784–787.

25 Freeman RB Jr, Tran CL, Mattoli J, et al:
Tumor necrosis factor genetic polymorphisms
correlate with infections after liver transplanta-
tion. NEMC TNF Study Group. Transplanta-
tion 1999;67:1005–1010.

26 Fernandes H, Koneru B, Fernandes N, et al:
Investigation of promoter polymorphisms in
the tumor necrosis factor-· and interleukin-10
genes in liver transplant patients. Transplanta-
tion 2002;73:1886–1891.

27 Warzocha K, Ribeiro P, Bienvenu J, et al:
Genetic polymorphisms in the tumor necrosis
factor locus influence non-Hodgkin’s lympho-
ma outcome. Blood 1998;91:3574–3581.

28 Demeter J, Messer G, Schrezenmeier H: Clini-
cal relevance of the TNF-· promoter/enhancer
polymorphism in patients with aplastic ane-
mia. Ann Hematol 2002;81:566–569.

29 Alvarez V, Mata IF, Gonzales P, et al: Associa-
tion between the TNF-·-308 A/G polymor-
phism and the onset-age of Alzheimer disease.
Am J Med Genet 2002;114:574–577.

30 Yee LJ, Tang J, Gibson AW, et al: Interleukin
10 polymorphisms as predictors of sustained
response in antiviral therapy for chronic hepa-
titis C infection. Hepatology 2001;33:708–
712.

31 Rosen HR, McHutchinson JG, Conrad AJ, et
al: Tumor necrosis factor genetic polymor-
phism and response to antiviral therapy in
patients with chronic hepatitis C. Am J Gas-
troenterol 2002;97:714–720.

32 Tokushige K, Tsuchiya N, Hasegawa K, et al:
Influence of TNF gene polymorphism and
HLA-DRB1 haplotype in Japanese patients
with chronic liver disease caused by HCV. Am
J Gastroenterol 2003;98:160–166.

33 Vidigal PG, Germer JJ, Zein NN: Polymor-
phisms in the interleukin-10, tumor necrosis
factor-·, and transforming growth factor-ß1
genes in chronic hepatitis C patients treated
with interferon and ribavirin. J Hepatol 2002;
36:271–277.


