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Abstract

To investigate the influence of the T-to-A polymorphic sequence at position +874 in the interferon (IFN)-� gene (+874 IFN-�) on the
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response to combination therapy with high-dose interferon and ribavirin, the single nucleotide polymorphisms were determined b
polymerase chain reaction sequence-specific primers approach in 150 histologically proved chronic hepatitis C (CHC) patients. The d
of genotypes for +874 IFN-� were T/T: 6 (4.0%), T/A: 31 (20.7%) and A/A: 113 (75.3%) and 24.7% (37/150) of patients were inh
T allele. After undergoing combination therapy with high-dose IFN-� and ribavirin, 70.7% (106/150) of patients achieved sustained v
response (SVR). Based on multivariate regression analyses, the independent factors predicting HCV SVR after combination the
HCV genotype non-1b (P< 0.001) and low pretreatment HCV RNA levels (P= 0.041) (odds ratios/95% C.I.: 10.150/4.023–25.609
0.581/0.345–0.979, respectively). No association between genotypes, A or T alleles of +874 IFN-� and response to combination therapy w
high-dose IFN-� and ribavirin.

In conclusion, we found that with high SVR rates after combination therapy with high-dose IFN-� and ribavirin, HCV genotypes an
pretreatment serum HCV RNA levels, but not inheritance of the IFN-� polymorphism at the position +847, were predictors for SVR.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Being the major etiologic agent in parenterally transmit-
ted non-A non-B hepatitis, hepatitis C virus (HCV) infec-
tion has variable clinical course and frequently causes per-
sistent infection leading to chronic liver disease and pri-
mary hepatocellular carcinoma (Alter et al., 1992). Inter-
feron (IFN)-� has direct antiviral effects and a number
of immunomodulatory activities that can enhance antiviral
immune responses (Peters, 1996). Treatment with IFN-� was
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the first approved therapy but a sustained virological respo
could be achieved in only 20–35% of patients with IFN�
monotherapy (Lauer and Walker, 2001; Yu et al., 2000). Com-
bination therapy with IFN-� and ribavirin achieves bette
sustained viral response (31–43% for 24 or 48 weeks t
apy) than IFN-� monotherapy, and has become the stand
of therapy for CHC patients (McHutchison et al., 1998; Poy
nard et al., 1998). Some virologic factors have been ind
cated as predictors of the response to IFN-� therapy (Lauer
and Walker, 2001; Martinot-Peignoux et al., 1995; Poyn
et al., 1998). Response to therapy may also be determined
the host immune response (Koziel, 1999).

The polarization of immune system toward either
predominantly cellular (TH1) or humoral (TH2) respon
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depends largely upon the cytokines present at the site of
immune activation. The single-nucleotide polymorphisms
(SNPs) in regulatory regions of cytokine genes have been
demonstrated to affect the levels of expression of some
cytokines. Hence, genetic differences affecting cytokine
expression could influence the strength and duration of the
immune response and even predispose to immunologic dis-
orders and allograft rejection (Awad et al., 1998; Fish-
man et al., 1998). The genetic polymorphism has been
reported associated with chronic hepatitis B (Hohler et
al., 1998). In HCV infection, the production of inap-
propriate levels of some cytokines is reported to con-
tribute to viral persistence and to affect response to ther-
apy (Larrea et al., 1996; Nelson et al., 1997; Tilg et al.,
1992). The role of polymorphisms in cytokine genes in
the pathogenesis of HCV infection also has shown pos-
sibly associated with susceptibility or response to ther-
apy (Tambur et al., 2001; Vidigal et al., 2002; Yee et al.,
2001).

IFN-�, a representative TH1 cytokine plays an important
role in defense against viruses and intracellular pathogens
and in the induction of immune-mediated inflammatory
responses. It has been reported that IFN-� production is
genetically controlled. The T to A polymorphism located at
position +874 of the intron 1 of IFN-� gene (+874 IFN-�)
has been considered directly influencing the level of IFN-
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2. Materials and methods

2.1. Patients

One hundred and fifty naı̈ve patients diagnosed as chronic
hepatitis C patients (93 males and 57 females, mean age:
46.8± 11.3 years) at the Kaohsiung Medical University Hos-
pital were enrolled in the study. All patients were positive for
HCV antibodies and serum HCV RNA, negative for hepati-
tis B surface antigen (HBsAg) and received liver biopsies.
Liver histology was assessed blindly by two pathologists and
disease activity grade and fibrosis stage were quantitatively
scored according to the histological activity index (HAI)
(Knodell et al., 1981). The present study was approved by
the ethics committee of Kaohsiung Medical University Hos-
pital.

2.2. Laboratory tests

Second-generation HCV antibody (anti-HCV) was
detected with commercially available enzyme-linked
immunosorbent assay (ELISA) kits (Abbott, North
Chicago, IL, USA). Serum HBsAg was assayed using
commercially available kits (General Biological HBsAg
radio-immunoassary (RIA); General Biological Coop-
eration, Taiwan). Alanine aminotransferase (ALT) was
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production associated with the CA microsatellite ma
Pravica et al., 2000). Three possible genotypes are ge
ted by analyzing the sequence mutation for +874 IF�
either T or A), the A/A, T/A and T/T genotypes, which we
hought to confer three different phenotypes: low, inter
iate and high producers of IFN-�, respectively (Perrey e
l., 1998; Tambur et al., 2001). Polymorphism in IFN-� gene
as been reported to be associated with lung allograft fi
is (Awad et al., 1999). Nevertheless, little is known abo
he effect of this SNP on the HCV response to therap
ate.

Taiwan is a hyperendemic country for hepatitis B v
HBV) infection and several HCV hyperendemic townsh
ave been discovered with the anti-HCV prevalence m

han 15% in southern Taiwan (Wang et al., 1999, 2002).
avorable results have been reported among Taiwaneseı̈ve
HC patients after IFN-� monotherapy or combination the
py with IFN-� and ribavirin (Dai et al., 2002, 2003; La
t al., 1996). IFN-� therapy may modulate T-cell fun

ion and cytokine production, which may be one of
echanisms in reducing viral burden (Cacciarelli et al.
996). The nature of a TH1 lymphocyte response has
hown to be important in HCV infection. IFN-� has bee
eported to be associated with control of HCV replica
nd disease progression (Lechmann et al., 1999; Cram
t al., 1999). The aims of this study were to determ
llele frequencies in the +874 IFN-� among Taiwanese naı̈ve
HC patients and whether the polymorphism influence

esponse to combination therapy with high-dose IFN-� and
ibavirin.
easured on a multichannel autoanalyzer. Detectio
erum HCV RNA was performed using a standard
utomated qualitative reverse transcription polyme
hain reaction assay (COBAS AMPLICOR Hepatitis
irus Test, version 2.0; Roche, Branchburg, NJ, USA).
etection limit was 50 IU/mL. HCV genotypes 1a, 1b, 2a
nd 3a were determined by amplification of the core re
sing genotype-specific primers (Okamoto et al., 1993).
retreatment HCV RNA levels were determined by u

he branched DNA assay (Quantiplex HCV RNA 3.0, Ba
meryville, CA, USA) performed strictly in accordan
ith the manufacturer’s instructions. The quantifica

imit was 615 IU of HCV RNA per mL.

.3. Polymerase chain reaction sequence-specific
rimers (PCR-SSP) typing

The single nucleotide allelic variation of +874 INF�
either T or A) was analyzed by using a PCR-SSP appro
he homozygous T produces high levels of IFN-�; the het-
rozygous T/A is an intermediate producer; and the hom
ous A genotype represents the potential to generate on
mounts of IFN-� (Pravica et al., 1999). PCR amplification
f IFN-� alleles and an internal control, the human�-globin
ene was carried out according to manufacturer’s recom
ations (One Lambda Inc., Canoga Park, CA, USA). Bri
fter the addition of the appropriate primer pairs, salts, b
nd Taq polymerase, the samples were subjected to 30
f PCR as follows: one cycle of 130 s at 96◦C, dropping

o 63◦C for an additional 60 s; 9 cycles of 10 s at 96◦C,
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60 s at 63◦C; and the final 20 cycles which included a three-
temperature ramp-annealing for 10 s at 96◦C, hybridization
for 50 s at 59◦C, and an extension step of 30 s at 72◦C.
PCR products were then loaded onto an agarose gel and pho-
tographed with an ultraviolet transilluminator.

2.4. Combination therapy with high-dose IFN and
ribavirin

After all 150 patients had provided informed consent, they
were treated with combination therapy with high-dose recom-
binant IFN-� administered intramuscularly, 6 MU thrice
weekly, and oral ribavirin 1000–1200 mg administered daily
for 24 weeks. The presence of HCV RNA in the serum was
assessed every 3 months to determine the responses to combi-
nation therapy. SVR was defined as clearance of serum HCV
RNA at the end of the therapy as well as at 24 weeks after
the cessation of therapy. All other patients were classified as
non-responders (NRs).

2.5. Statistical analyses

Frequency was compared between groups using the chi-
square test with Yate’s correction or Fisher’s exact test. Group
means were compared using the Studentt-test. Serum HCV
RNA levels was expressed as the mean± S.D. after loga-
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Table 1
Characteristics of 150 chronic hepatitis C patients receiving combination
therapy with high-dose interferon-� and ribavirin for 24 weeks

Sex (male, %) 93 (62)
Age (year)a 46.8± 11.3
Pretreatment serum levels of ALT (IU/L)a 149.8± 177.1
Pretreatment HCV RNA level (log IU/mL)a 5.52± 0.89

HCV genotype (%)
1b 69 (46.0%)
2a 43 (28.7%)
2b 17 (11.3%)
Mixed 5 (3.3%)
Unclassified 16 (10.7%)

Histological activity index
Necroinflammatory activitya 4.06± 2.62
Fibrosisa 1.32± 1.34
Liver cirrhosis (%) 15 (10)

HCV: hepatitis C virus; ALT: alanine aminotransferase.
a Presented as mean± standard deviation.

non-1b (P< 0.001) and low pretreatment HCV RNA levels
(P= 0.041) (odds ratios/95% C.I.: 10.150/4.023–25.609 and
0.581/0.345–0.979, respectively). No association between
genotypes, A or T alleles at position +874 in IFN-� and
response to combination therapy with high-dose IFN-� and
ribavirin.

Table 2
Factors associated with response to combination therapy with high-dose
interferon-� and ribavirin in 150 chronic hepatitis C patients

Factors NR (n, %)
(N= 44)

SVR (n, %)
(N= 106)

P

Sex (male) 29 (65.9) 64 (60.4) 0.525
Age (year)a 47.9± 9.9 46.4± 11.9 0.477
HCV genotype 1b 36 (81.8) 33 (31.1) <0.001
Pretreatment serum

HCV RNA levels
(log IU/mL)a

5.82± 0.63 5.40± 0.96 0.009

Pretreatment serum
ALT levels (IU/L)a

111.4± 86.1 165.8± 201.6 0.087

Histological activity index
Total scorea 3.91± 2.25 4.12± 2.76 0.651
Fibrosis scorea 1.59± 1.39 1.21± 1.31 0.110
Liver cirrhosis 6 (13.6) 9 (8.5) 0.375

+874 IFN-� genotype 0.646
A/A 35 (79.5) 78 (73.6)

der;
ALT: alanine aminotransferase; +874 IFN-�: interferon-� gene at position
+874.

a Presented as mean± standard deviation.
ithmic transformation of original values. Stepwise logi
egression was used to analyze which variables had a
redictive value for SVR. The procedures were perfor
sing the SPSS 12.0 statistical package (SPSS Inc., Ch

L, USA). All statistical analyses are based on two-s
ypothesis tests with a significance level ofP< 0.05.

. Results

Demographic, clinical and virological features of
50 CHC patients are shown inTable 1. Sixty-nine patient
46%) were deduced to have HCV genotype 1b and 15 (1
atients were diagnosed as liver cirrhosis. The distribu
f genotypes for +874 IFN-� were T/T: 6 (4.0%), T/A: 31
20.7%) and A/A: 113 (75.3%). The frequency of the
llele was 14.3% and 24.7% (37/150) of patients inhe
allele.
One hundred and six (70.7%) of the 150 patients achi

VR after undergoing combination therapy with high-d
FN-� and ribavirin. Comparisons of clinical characte
ics between patients with and without SVR are show
able 2. In univariate analyses, SVR was significantly rela
o HCV genotype non-1b (P< 0.001) and lower pretrea
ent levels of HCV RNA (P= 0.009). Patients with SVR ha
igher mean ALT levels than patients without SVR, the dif
nce, however, was not statistical significance (111.4± 86.1
ersus 65.8± 201.6 IU/L, P= 0.086). Based on multivar
te regression analyses, the independent factors pred
CV SVR after combination therapy were HCV genot
T/A 7 (15.9) 24 (22.6)
T/T 2 (4.5) 4 (3.8)

+874 IFN-� A allele 1.0
Positive 42 (29.2) 102 (70.8)
Negative 2 (33.3) 4 (66.7)

+874 IFN-� T allele 0.441
Positive 9 (24.3) 28 (75.7)
Negative 35 (26.4) 78 (76.3)

HCV: hepatitis C virus; NR: non-responder; SVR: sustained viral respon



96 C.-Y. Dai et al. / Antiviral Research 67 (2005) 93–97

4. Discussion

Among näıve Taiwanese CHC patients, we have reported
the SVR rates using high-dose (6 MU) IFN-� monother-
apy achieved 36–41% (Dai et al., 2002, 2003). With the
report from Lai et al. showing 43% of Taiwanese naı̈ve CHC
patients achieving SVR after combination therapy of IFN-
� 3 MU and ribavirin for 24 weeks (Lai et al., 1996), we
further retreated CHC patients failing to respond to pre-
vious IFN-� monotherapy using combination therapy with
high-dose (6 MU) IFN-� and ribavirin therapy and obtained
a 53.3% SVR rate (Chuang et al., 2004). In the present
study, the high SVR rate for naı̈ve Taiwanese CHC patients
achieved 70.7%, which was similar to our previous reports
(Dai et al., 2004). The favorable responses to IFN-�, either
monotherapy or combined with ribavirin may encourage
physicians to treat CHC patients more aggressively in Tai-
wan.

In HCV infection, the production of inappropriate lev-
els of some cytokines such as tumor necrosis factor-alpha
and IL-10 is reported to contribute to viral persistence and
to affect response to therapy (Larrea et al., 1996; Nelson et
al., 1997; Tilg et al., 1992). Besides, the role of polymor-
phisms in genes of transforming growth factor-beta1, IL-6
and IL-10 in the pathogenesis of HCV infection also has
shown possibly associated with susceptibility or response
t ee
e the
p oter
a nse
t cted
p
i osi-
t h
r eter-
m -
w s of
+ e to
c In
s om-
b
c ent
s orts
(
p ocia-
t V
r viral
l reg-
i ,
w HC
p

fter
c ,
H els,
b n
+

Acknowledgement

Financial support: National Science Council Grant, ROC,
No. NSC 92-2314-B037-027.

References

Alter, M.J., Margolis, H.S., Krawczynski, K., Judson, F.N., Mares, A.,
Alexander, W.J., 1992. The natural history of community-acquired
hepatitis C in the United States. N. Engl. J. Med. 327, 1899–1905.

Awad, M.R., El Gamel, A., Hasleton, P., Turner, D.M., Sinnott, P.J.,
Hutchinson, I.V., 1998. Genotype variation in the transforminggrowth
factor-1 gene: association with transforming growth factor-1 produc-
tion, fibrotic lung disease, and graft fibrosis after lungtransplantation.
Transplantation 66, 1014–1020.

Awad, M., Pravica, V., Perrey, C., 1999. CA repeat allele polymorphism
in the first intron of the human interferon-gamma gene is associated
with lung allograft fibrosis. Hum. Immunol. 60, 343–346.

Cacciarelli, T.V., Martinez, O.M., Gish, R.G., Villanueva, J.C., Krams,
S.M., 1996. Immunoregulatory cytokines in chronic hepatitis C virus
infection: pre- and posttreatment with interferon alfa. Hepatology 24,
6–9.

Chuang, W.L., Dai, C.Y., Chen, S.C., Lee, L.P., Lin, Z.Y., Hsieh, M.Y.,
Wang, L.Y., Yu, M.L., Chang, W.Y., 2004. Randomized trial of three
different regimens for 24 weeks for re-treatment of chronic hepatitis
C patients who failed to respond to interferon – a monotherapy in
Taiwan. Liver Int. 24, 595–602.

Cramp, M.E., Carucci, P., Rossol, S., Chokshi, S., Maertens, G., Williams,
une
mia.

D .C.,
nse
tion
iviral

D ou,
.Y.,
ic

iwan:
. 27,

D .Y.,
va-
ong
y of

F .S.,
isms
ma

ronic

H hen-
NF-
itis B

K itz,
tion
ty in

K 19,

L Chu,
eron
o therapy (Tambur et al., 2001; Vidigal et al., 2002; Y
t al., 2001). In our previous study, we have identified
olymorphisms of tumor necrosis factor alpha prom
t position−308 is an independent predictor for respo

o combination therapy, especially in genotype 1b-infe
atients (unpublished data). Since the IFN-� production is

nfluenced by the polymorphism located at the +874 p
ion, whether the alleles of +874 IFN-� is associated wit
esponses to therapy needs to be clarified. This study d
ined allele frequencies in the +874 IFN-� among Tai
anese CHC patients and investigated the influence
874 IFN-� gene polymorphisms on the HCV respons
ombination therapy with high-dose IFN and ribavirin.
urveying the clinical factors associated with SVR to c
ination therapy with high-dose IFN-� and ribavirin, we
onfirm the HCV genotype non-1b and lower pretreatm
erum HCV RNA levels, in agreement with previous rep
Martinot-Peignoux et al., 1995; Poynard et al., 1998), are
redictors for the SVR. In the present study, no ass

ion between +874 IFN-� gene polymorphisms and HC
esponse was found. To evaluate HCV genotype and
oad before treatment is critical for choosing an adequate
men and the determination of +874 IFN-� polymorphisms
hich has no importance in predicting of response in C
atients.

In conclusion, we found that with high SVR rates a
ombination therapy with high-dose IFN-� and ribavirin
CV genotypes and pretreatment serum HCV RNA lev
ut not inheritance of the IFN-� polymorphism at the positio
847, were predictors for SVR.
R., Naoumov, N.V., 1999. Hepatitis C virus (HCV) specific imm
responses in anti-HCV positive patients without hepatitis C virae
Gut 44, 424–429.

ai, C.Y., Yu, M.L., Chuang, W.L., Hou, N.J., Hou, C., Chen, S
Lin, Z.Y., Hsieh, M.Y., Wang, L.Y., Chang, W.Y., 2002. The respo
of hepatitis C virus and TT virus to high dose and long dura
interferon-alpha therapy in naive chronic hepatitis C patients. Ant
Res. 53, 9–18.

ai, C.Y., Yu, M.L., Lin, Z.Y., Chen, S.C., Hsieh, M.Y., Lee, L.P., H
N.J., Hsieh, M.Y., Wang, L.Y., Tsai, J.F., Chuang, W.L., Chang, W
2003. Clinical significance of TT virus (TTV) infection in chron
hepatitis C patients with high dose interferon-alpha therapy in Ta
re-evaluated by using new set of TTV primers. Hepatol. Res
95–100.

ai, C.Y., Chuang, W.L., Chang, W.Y., Chen, S.C., Lee, L.P., Lin, Z
Hou, N.J., Hsieh, M.Y., Wang, L.Y., Yu, M.L., 2004. The pre
lence and clinical characteristics of coinfection of SENV-H am
Taiwanese chronic hepatitis C patients with combination therap
high-dose interferon-alfa and ribavirin. Antiviral Res. 64, 47–53.

ishman, D., Faulds, G., Jeffery, R., Mohamed-Ali, V., Yudkin, J
Humphries, S., Woo, P., 1998. The effect of novel polymorph
in the interleukin-6 (IL-6) gene on IL-6 transcription and plas
IL-6 levels, and an association with systemic-onset juvenile ch
arthritis. J. Clin. Invest. 102, 1369–1376.

ohler, T., Kruger, A., Gerken, G., Schneider, P.M., Meyer zum Busc
felde, K.H., Rittner, C., 1998. A tumor necrosis factor-alpha (T
alpha) promoter polymorphism is associated with chronic hepat
infection. Clin. Exp. Immunol. 111, 579–582.

nodell, R.G., Ishak, K.G., Black, W.C., Chen, T.S., Craig, R., Kaplow
N., Kiernan, T.W., Wollman, J., 1981. Formulation and applica
of a numerical scoring system for assessing histological activi
asymptomatic chronic active hepatitis. Hepatology 1, 431–435.

oziel, M.J., 1999. Cytokines in viral hepatitis. Semin. Liver Dis.
157–169.

ai, M.Y., Kao, J.H., Yang, P.M., Wang, J.T., Chen, P.J., Chan, K.W.,
J.S., Chen, D.S., 1996. Long-term efficacy of ribavirin plus interf



C.-Y. Dai et al. / Antiviral Research 67 (2005) 93–97 97

alfa in the treatment of chronic hepatitis C. Gastroenterology 111,
1307–1312.

Larrea, E., Garcia, N., Qian, C., Civeira, M.P., Prieto, J., 1996. Tumor
necrosis factor alpha gene expression and the response to interferon
in chronic hepatitis C. Hepatology 23, 210–217.

Lauer, G.M., Walker, B.D., 2001. Hepatitis C virus infection. N. Engl. J.
Med. 345, 41–52.

Lechmann, M., Woitas, R.P., Langhans, B., Kaiser, R., Ihlenfeldt, H.G.,
Jung, G., Sauerbruch, T., Spengler, U., 1999. Decreased frequency of
HCV core-specific peripheral blood mononuclear cells with type 1
cytokine secretion in chronic hepatitis C. J. Hepatol. 31, 971–978.

Martinot-Peignoux, M., Marcellin, P., Pouteau, M., Castelnau, C., Boyer,
N., Poliquin, M., Degott, C., Descombes, I., Le Breton, V., Milotova,
V., 1995. Pretreatment serum hepatitis C virus RNA levels and hepati-
tis C virus genotype are the main and independent prognostic factors
of sustained response to interferon alfa therapy in chronic hepatitis
C. Hepatology 22, 1050–1056.

McHutchison, J.G., Gordon, S.C., Schiff, E.R., Shiffman, M.L., Lee,
W.M., Rustgi, V.K., Goodman, Z.D., Ling, M.H., Cort, S., Albrecht,
J.K., 1998. Interferon alfa-2b alone or in combination with ribavirin
as initial treatment for chronic hepatitis C. N. Engl. J. Med. 339,
1485–1492.

Nelson, D.R., Lim, H.L., Marousis, C.G., Fang, J.W., Davis, G.L., Shen,
L., Urdea, M.S., Kolberg, J.A., Lau, J.Y., 1997. Activation of tumor
necrosis factor-alpha system in chronic hepatitis C virus infection.
Dig. Dis. Sci. 42, 2487–2494.

Okamoto, H., Tokita, H., Sakamoto, M., Horikita, M., Kojima, M., Iizuka,
H., Mishiro, S., 1993. Characterization of the genomic sequence of
type V (or 3a) hepatitis C virus isolates and PCR primers for specific
detection. J. Gen. Virol. 74, 2385–2390.

Perrey, C., Pravica, V., Sinnott, P.J., Hutchinson, I.V., 1998. Genotyping
ing
tech-

P viral

P Ideo,
998.
eks

or for 24 weeks versus interferon alpha2b plus placebo for 48 weeks
for treatment of chronic infection with hepatitis C virus. Lancet 352,
1426–1432.

Pravica, V., Asderakis, A., Perrey, C., Hajeer, A., Sinnott, P.J., Hutchinson,
I.V., 1999. In vitro production of IFN-g gene correlates with CA repeat
polymorphism in the human IFN-g gene. Eur. J. Immunogenet. 26,
1–3.

Pravica, V., Perrey, C., Stevens, A., Lee, J.H., Hutchinson, I.V., 2000. A
single nucleotide polymorphism in the first intron of the human IFN-
gamma gene: absolute correlation with a polymorphic CA microsatel-
lite marker of high IFN-gamma production. Hum. Immunol. 61,
863–866.

Tambur, A.R., Ortegel, J.W., Ben-Ari, Z., Shabtai, E., Klein, T., Michowiz,
R., Tur-Kaspa, R., Mor, E., 2001. Role of cytokine gene polymor-
phism in hepatitis C recurrence and allograft rejection among liver
transplant recipients. Transplantation 71, 1475–1480.

Tilg, H., Wilmer, A., Vogel, W., Herold, M., Nolchen, B., Judmaier, G.,
Huber, C., 1992. Serum levels of cytokines in chronic liver diseases.
Gastroenterology 103, 264–273.

Vidigal, P.G., Germer, J.J., Zein, N.N., 2002. Polymorphisms in the
interleukin-10, tumor necrosis factor-alpha, and transforming growth
factor-beta1 genes in chronic hepatitis C patients treated with inter-
feron and ribavirin. J. Hepatol. 36, 271–277.

Wang, C.S., Chang, T.T., Yao, W.J., Chou, P., 2002. Comparison of hep-
atitis B virus and hepatitis C virus prevalence and risk factors in a
community-based study. Am. J. Trop. Med. Hyg. 66, 389–393.

Wang, J.H., Lu, S.N., Wu, J.C., Huang, J.F., Yu, M.L., Chen, S.C.,
Chuang, W.L., 1999. A hyperendemic community of hepatitis B virus
and hepatitis C virus infection in Taiwan. Trans. R. Soc. Trop. Med.
Hyg. 93, 253–254.

Yee, L.J., Tang, J., Gibson, A.W., Kimberly, R., Van Leeuwen, D.J.,
s of
nfec-

Y Y.,
ated
y-
iplex
for polymorphisms in interferon-gamma, interleukin-10, transform
growth factor-beta 1 and tumour necrosis factor-alpha genes: a
nical report. Transplant. Immunol. 6, 193–197.

eters, M., 1996. Actions of cytokines on the immune response and
interactions: an overview. Hepatology 23, 909–916.

oynard, T., Marcellin, P., Lee, S.S., Niederau, C., Minuk, G.S.,
G., Bain, V., Heathcote, J., Zeuzem, S., Trepo, C., Albrecht, J., 1
Randomised trial of interferon alpha2b plus ribavirin for 48 we
Kaslow, R.A., 2001. Interleukin 10 polymorphisms as predictor
sustained response in antiviral therapy for chronic hepatitis C i
tion. Hepatology 33, 708–712.

u, M.L., Chuang, W.L., Dai, C.Y., Chen, S.C., Lin, Z.Y., Hsieh, M.
Wang, L.Y., Chang, W.Y., 2000. Clinical evaluation of the autom
COBAS AMPLICOR HCV MONITOR test version 2.0 for quantif
ing serum hepatitis C virus RNA and comparison to the Quant
HCV version 2.0 test. J. Clin. Microbiol. 38, 2933–2939.


	Polymorphisms in the interferon-gamma gene at position +874 in patients with chronic hepatitis C treated with high-dose interferon-alpha and ribavirin
	Introduction
	Materials and methods
	Patients
	Laboratory tests
	Polymerase chain reaction sequence-specific primers (PCR-SSP) typing
	Combination therapy with high-dose IFN and ribavirin
	Statistical analyses

	Results
	Discussion
	Acknowledgement
	References


