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Abstract

AIM: To study the relationship between the poly-
morphisms in some cytokines and the outcome of hepatitis
B virus (HBV) and hepatitis C virus (HCV) infection.

METHODS: Samples were obtained from 203 patients
infected with HBV and/or HCV while donating plasma in
1987, and 74 controls were obtained from a rural area
of North China. Antibodies to HBV or HCV antigens were
detected by enzyme-linked immunoassay. The presence
of viral particles in the serum was determined by
nested reverse-transcriptase polymerase chain reaction
(PCR). Hepatocellular injury, as revealed by alanine
aminotransferase (ALT) and aspartate aminotransferase
level, was detected by a Beckman LX-20 analyzer.
DNA was extracted from blood cells. Then, the single
nucleotide polymorphisms of IL-2-330, IFN-y+874,
IL-10-1082/-592 and IL-4-589 were investigated by
restriction fragment length polymorphism-PCR or
sequence specific primer-PCR.

RESULTS: Persistent infection with HBV, HCV, and
HBV/HCV coinfection was associated with IL-2-330 TT
genotype and T allele, IFN-y+874 AA genotype, and
IL-10-1082 AA genotype. The clinical outcome of HBV
and/or HCV infection was associated with IL-2-330
TT genotype and T allele, IFN-y+874 AA genotype,
and IL-10-1082 AA genotype. IL-2-330 GG genotype
frequency showed a negative correlation with clinical
progression, IL-10-1082 AA genotype frequency
showed a positive correlation and IL-10-1082 AG
genotype frequency showed a negative correlation with
clinical progression. HCV RNA positive expression was
associated with IL-10-1082 AA genotype and the A allele
frequency. Abnormal serum ALT level was associated
with IL-10-592 AC genotype frequency and IL-4-589 CC
genotype, CT genotype, and the C allele.

CONCLUSION: These results suggest that polymor-
phisms in some cytokine genes influence persistent HBV
and HCV infection, clinical outcome, HCV replication,
and liver damage.
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INTRODUCTION

The natural outcome in hepatitis B virus (HBV) and
hepatitis C virus (HCV) infection varies dramatically
among individuals. Infection with HCV is self-limited in a
fortunate minority, while the majority of subjects develop
persistent (chronic) infection”. Although infection with
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HBYV in adults progresses to the chronic phase in about
5%, among those individuals with persistent HBV or
HCV infection, the majority develop chronic hepatitis
(CH), progressive fibrosis and even liver cancer™”,
However, there are some cases that never evolve into
any significant liver disease within the patient’s natural
]jfespan[()’ﬂ. It remains unknown why patients infected with
HBV and/or HCV frequently turn to be chronic and the
outcome of HBV and/or HCV infection dramatically
varies. Besides the pathogenesis of viral factors, the most
important factor is the different immune response to
HBV or HCV infection between individuals. For example,
in patients infected with HBV/HCV, some show a strong
reduction in CD4" T-helper (Th) and CD8" cytotoxic-T-
lymphocyte (CTL) responses. This is likely to be crucial in
clearance of acute viremia®'”. Another factor is thought
to be immune tolerance to HBV/HCV infection. This
contributes to explaining the different susceptibility
to HBV/HCYV infection. Many manifestations show
that the immunity level of host correlates with relevant
gene polymorphisms, especially with single nucleotide
polymorphisms (SNPs) in the promoter region that
regulates gene expression. Furthermore, the gene
polymorphisms probably determine the outcome of
the infection. This study investigated the screened Th1
cytokines, interleukin (IL)-2 (-330), interferon (IFN)-y
(+874), and Th2 cytokines, IL-10 (-1082, -592) and 1L-4
(-589) as candidate genes, to investigate the outcome of
HBV/HCV infection.

MATERIALS AND METHODS
Subjects

We recruited 277 Han Chinese individuals from a rural
area of Northern China (137 male and 140 female, aged
30-70 years, mean age 50.20 £ 10.43 years), including
203 that were infected with HBV and/or HCV when
they donated plasma in 1987, and 74 controls who had
cleared HBV and HCV spontaneously. Plasma samples
were evaluated by nested reverse-transcriptase poly-
merase chain reaction (nRT-PCR) and PCR. We diag-
nosed and excluded 28 patients with fatty liver. The in-
fections had been diagnosed in 1993. Written informed
consent for enrolling in the study was obtained from
all the subjects. Patients were classified into the follow-
ing groups. (1) Controls: 74 individuals (34 male and 40
female, mean age 48.61 * 9.39 years) who were nega-
tive for HBV and HCV antibodies. (2) Persistent HCV
infection: 55 individuals (28 male and 27 female, mean
age 49.42 + 10.01 years) who were positive for HCV an-
tibodies but negative for HBV antibodies. (3) Persistent
HBYV infection: 69 individuals (39 male and 30 female,
mean age 52.74 £ 13.17 years) who had hepatitis B sur-
face antigen and/or anti-hepatitis B core and/or anti-
hepatitis B e antibodies, without HCV antibodies. (4)
Persistent HBV and HCV coinfection: 79 individuals (36
male and 43 female, mean age 50.01 * 8.56 years) who
had antibodies to HBV and HCV.

Experimental and clinical diagnosis

Antibodies to HBV or HCV antigens were detected with
an enzyme-linked immunoassay according to the manu-
facturer’s instructions (Shanghai Kehua Bio-engineering
Co. Ltd). The presence of hepatitis C viral particles in
serum was determined by nRT-PCR. Hepatocellular
injury, as revealed by alanine aminotransferase and aspar-
tate aminotransferase level, was detected by a Beckman
1LX-20 analyzer. Clinical outcomes were diagnosed by
evidence of vitemia, liver transaminases and abnormal
ultrasonography. Patients were diagnosed into four pro-
gressive hepatitis groups. (1) Healthy group: individuals
negative for HBV and HCV antibodies, with normal liv-
er transaminase levels and ultrasonography. (2) Mild CH
group: patients with antibodies to HBV and/or HCV
with mild abnormal liver transaminase and ultrasonog-
raphy, but no evidence of viremia. (3) Moderate/severe
CH: patients with antibodies to HBV and/or HCV with
evidence of viremia, abnormal liver transaminase and/or
abnormal ultrasonography. (4) Cirrhosis group: patients
with antibodies to HBV and/or HCV and significantly
abnormal ultrasonography. The diagnosis was performed
using established methods for confirming cirrhosis!"!
with or without evidence of vitemia, which had abnot-
mal liver transaminase levels.

DNA extraction

Blood specimens were collected in sodium citrate sterile
tubes. Genomic DNA was extracted from 2-mL samples
of whole blood and subsequently stored at -20C for
genotype analysis. Genomic DNA extraction was
performed using the guanidine-HCl method"?.

Gene polymorphism analyses of IL-2-330, 1I-4-589 and
IL-10-592

Gene amplification: 11-2-T330G, IL-4-C589T and IL-
10-A592C gene polymorphisms were typed by restriction
fragment length polymorphism-PCR. The primer
sequences used are listed in Table 1. The 25-pL final PCR
volume was as follows: 20 ng DNA, 2.5 yL. 10 X PCR
Buffer (100 mmol/L Tris-HCI, pH 8.3, 500 mmol/L
KCl), 200 pmol/L dNTPs (400 pmol/L dN'TPs for IL-
4-C589T), 1.5 mmol/L MgClz (2.0 mmol/L. MgClz for
IL-2-T330G), 10 pmol each primer, 1 U Tag polymerase
(TaKaRa Biotechnology Co. Ltd., Dalian, China). PCR
was carried out in an AmpGene DNA thermal cycler 4800
(America PE Corporation). After the initial denaturation
step (95°C for 2 min), the 35 cycles specified in Table 1
were employed. After the final cycle, the samples were
kept at 72°C for 7 min. Successful amplification was
confirmed by using 2% agarose gel stained with ethidium
bromide. The product size of each cytokine was described
as in Table 2.

Restriction enzyme digestion: Restriction enzyme
digestion was performed in 10-pl. volumes as follows:
2 U restriction enzyme, 1 pL. 10 X Buffer, and the
appropriate PCR product (4 pL IL-2-T330G, 3 pL IL-
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262 bp. A human growth hormone sequence was used
as an internal control. The control forward primer was
5'"TATGATTCTGGCTAAGGAATG-3' and the anti-
sense primer was 5-TCAACAAAGCTGATACTCCA-3.
The product size was 440 bp. The 20-uL final reaction
volume contained 2.0 uL. 10 X PCR buffer (100 mmol/L
Tris-HCI, pH 8.3, 500 mmol/L KCl), 200 pmol/L dNTPs,
2.0 mmol/L MgCL, 0.5 umol/L specific primer, 0.1 umol/L
former control primer, 20 ng DNA, and 0.5 U Tag
polymerase. PCR was carried out in an AmpGene DNA

SNP position Polymorphism Primer sequence 5’-3” PCR conditions

IL-2 -330 T—G F: 5-TATTCACATGTTCAGTGTAGTTCT-3' 94°C, 48°C, 72°C for 1 min
R: 5'-ACATTAGCCCACACTTAGGT-3'

IL-4 -589 C-T F: 5-ACTAGGCCTCACCTGATACG-3' 94°C,57°C, 72°C for 30 s
R: 5'-GTTGTAATGCAGTCCTCCTG-3'

IL-10 -592 A—C F: 5'-CCTAGGTCACAGTGACGTGG-3' 94°C/30s,60°C/455s,72°C/60 s
R: 5'-GGTGAGCACTACCTGACTAGC-3'

SNP position Product Restriction Digestion

size (bp) enzyme fragments (bp)

IL-2-330 T/G 150 Mael (Bio Basic 150
Inc.) 26 +124

IL-4-589 T/C 252 BsmFI (New 252

England BioLabs) 60 + 192

IL-10-592 C/ A 412 Rsal (Bio Basic 412

Inc.) 236 +176

4-C589T and 1 pl. 10 X BSA, 5 uL I1-10-A592C). The
digestion reaction of 11.-2-T330G and IL.-10-A592C was
incubated at 37°C for 10 h, and the I1.-4-C589T reaction
at 65°C for 15 h. The digestive products were visualized
on 3% agarose gel stained with ethidium bromide. The
wild or mutant genotype was characterized by enzyme
digestion fragments, as in Table 2.

Gene polymorphism analysis of IL-10-1082 and IFN-y+874
1L-10-G1082A and IFN-y+T874A gene polymorphisms
were detected by sequence specific primer-PCR technique.
For each sample, two parallel reactions were performed.
For 11.-10-1082, the forward allele-specific primers were ei-
ther 5"ACTACTAAGGCTTCTTTGGGAA-3' (for IL-10
allele A) or 5-CTACTAAGGCTTCTTTGGGAG-3' (for
1L-10 allele G), and the antisense primer was 5-CAGTGC-
CAACTGAGAATTTGG-3". The product size was 258 bp.
A human growth hormone sequence was used as an internal
control. The control primers were 5-GCCTTCCCAAC-
CATTCCCTTA-3' and 5-TCACGGATTTCTGTTGT-
GTTTC-3', and the product size was 429 bp. The 20-uL
final reaction volume contained: 2.0 yL. 10 X PCR Buffer
(100 mmol/L Tris-HCI, pH 8.3, 500 mmol/L KCl),
200 pmol/L dNTPs, 2.0 mmol/L MgCl, 3.75 pmol/L spe-
cific primer, 0.09 pmol/L control primer, 20 ng DNA, and
0.5 U Tag polymerase. PCR was carried out in an AmpGene
DNA thermal cycler 4800. The cycling conditions were
95°C for 2 min, and 10 cycles for 1 min at 95°C, 50 s at 65°C
and 50 s at 72°C, followed by 20 cycles for 1 min at 95°C,
50 s at 59°C, and 50 s at 72°C, followed by a final extension
for 7 min at 72°C. The PCR products were visualized on
1.5% agarose gel stained with ethidium bromide.

For IFN-y+874, the forward allele-specific primers
were 5'-"TTCTTACAACACAAAATCAAATCT-3' (for
allele T) or 5"TTCTTACAACACAAAATCAAATCA-3'
(for allele A), and the anti-sense primer was 5'-TCAA
CAAAGCTGATACTCCA-3". The product size was

thermal cycler 4800. The cycling conditions were 94°C for
2 min, and 10 cycles for 30 s at 94°C, 40 s at 60°C and 40 s at
72°C, followed by 25 cycles for 30 s at 94°C, 40 s at 56°C,
and 50 s at 72°C, followed by a final extension for 7 min at
72°C. The PCR products wete visualized on 1.5% agarose
gel stained with ethidium bromide.

Statistical analysis

The data were tested by the y” test for the goodness of fit
to the Hardy-Weinberg equilibrium (HWE) between the
observed and expected genotype values. The frequencies
of the alleles and genotypes among the groups were
compared by the y”test. P < 0.05 was considered statis-
tically significant. We calculated the OR and 95% CIL

RESULTS

Hardy-Weinberg equilibrium (HWE) and characteristic
distribution of age and sex

An HWE test was performed for all cytokine poly-
morphisms investigated in this study (Table 3). The
distribution of these observed genotypes was not signi-
ficantly different from the expected distribution according
to HWE, except the IL.-10-1082 polymorphisms, which
revealed a deviation from HWE because of the lower
frequency of wild-type homozygosity (the observed s the
expected frequency was 1.08% »s 10.91%). In IL-2-330,
11.-4-589, 11.-10-1082, 11.-10-592 and IFN-y+874 gene
polymorphisms, there were no significant differences in
age and sex (P > 0.05).

Genotype and allele distribution of IL-2-330, IFN-y+874,
IL-4-589 and IL-10-1082 and -592 in persistent HBV and/
or HCV infection

I1-2-330 TT, -330 GG and -330 TG ate shown in Figure 1.
The 11-2-330 polymorphisms showed obvious association
with persistent HBV and/or HCV infection. 11.-2-330
TT was associated with an increased risk, but IL.-2-330
GG with a reduced risk of persistent HBV and/or HCV
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Locus Observed homozygosity (%) Expected homozygosity (%) P value
Wild-type genotype Mutant genotype Wild-type genotype Mutant genotype

1L-2-330 40.79 14.08 40.14 13.43 > 0.05

IFN-y+874 11.55 35.02 14.65 38.10 > 0.05

1L-4-589 3.25 50.54 6.94 54.24 > 0.05

1L-10-592 42.60 10.83 43.40 11.64 > 0.05

1L-10-1082 1.08 35.02 10.91 44.85 <0.05

Genotype allele Controls HCYV infection HBYV infection HBV/HCV coinfection 2y P

(n =74) (n = 55) (n = 69) n=179)

1L-2-330
TT 22(29.7) 24 (43.6) 33 (47.8) 34 (43.0)
GG 19 (25.7) 6 (10.9) 4(5.8) 10 (12.7) 14.24 0.03
TG 33 (44.6) 25 (45.5) 32 (46.4) 35 (44.3)
T 77 (52.0) 73 (66.4) 98 (71.0) 103 (65.2) 1233 0.01
G 71 (48.0) 37 (33.6) 40 (29.0) 55 (34.8)

IFN-y+874
TT 7 (9.5) 5(9.1) 9 (13.0) 11 (13.9)
AA 14 (18.9) 23 (41.8) 25 (36.2) 35 (44.3) 16.15 0.01
TA 53 (71.6) 27 (49.1) 35 (50.7) 33 (41.8)
T 67 (45.3) 37 (33.6) 53 (38.4) 55 (34.8) 4.87 0.18
A 81 (54.7) 73 (66.4) 85 (61.6) 103 (65.2)

1L-10-1082
GG 1(1.4) 2(3.6) 0 ( 0(0.0)
AA 16 (21.6) 21 (38.2) 27 (39.1) 33 (41.8) 13.05 0.04
GA 57 (77.0) 32 (58.2) 42 (60.9) 46 (58.2)
G 59 (39.9) 36 (32.7) 42 (30.4) 46 (29.1) 4.65 0.20
A 89 (60.1) 74 (67.3) 96 (69.6) 112 (70.9)

1L-10-592
AA 34 (45.9) 20 (36.4) 29 (42.0) 35 (44.3)
cC 9 (12.2) 6 (10.9) 9 (13.0) 6 (7.6) 2.83 0.83
AC 31 (41.9) 29 (52.7) 31 (44.9) 38 (48.1)
A 99 (66.9) 69 (62.7) 89 (64.5) 108 (68.4) 1.10 0.78
C 49 (33.1) 41 (37.3) 49 (35.5) 50 (31.6)

1L-4-589
cC 5 (6.8) 1(1.8) 1 2(2.5)
TT 38 (51.4) 28 (50.9) 35 (50.7) 39 (49.4) 441 0.62
CT 31 (41.9) 26 (47.3) 33 (47.8) 38 (48.1)
C 41 (27.7) 28 (25.5) 35 (25.4) 42 (26.6) 0.26 0.97
T 107 (72.3) 82 (74.5) 103 (74.6) 116 (73.4)

infection. The OR and 95% CI for IL-2-330 TT compared
with -330 GG in HCV infection, HBV infection and
HBV/HCV coinfection were 3.46 (1.17-10.20), 7.14
(2.13-23.81) and 2.93 (1.15-7.46), respectively. However,
IL-2-330 TT/GG did not differ significantly between
patients with HBV and/or HCV infection. The IL.-2-330
T allele was associated with an increased risk, but the
11.-2-330 G allele was associated with a reduced risk
of chronic HCV and/or HBV infection. The OR and
95% CI for the 1L-2-330 T allele compared with -330 G
allele in HCV infection, HBV infection, and HBV/HCV
coinfection were 1.82 (1.09-3.03), 2.26 (1.39-3.69) and 1.73
(1.10-2.73), respectively. However, the IL-2-330 T/G allele
did not differ significantly between HBV and/or HCV
infection (Table 4).

IFN-y+874 TT, +874 AA and +874 TA are shown
in Figure 2. The IFN-y+874 polymorphisms showed

a significant association with persistent HBV and/or
HCV infection. IFN-y+874 AA was associated with an
increased risk, but IFN-y+874 TA with a reduced risk
of persistent HBV and/or HCV infection. The OR
and 95% CI for IFN-y+874 AA compared with +874
TA in HCV infection, HBV infection, and HBV/HCV
coinfection were 3.23 (1.43-7.25), 2.70 (1.24-5.92) and
4.02 (1.88-8.55), respectively. However, IFN-y+874
AA/TA did not differ significantly between HBV and/or
HCV infection. The IFN-y+874 T/A alleles did not
differ significantly between all groups (Table 4).
11.-10-1082 GG, -1082 AA and -1082 GA are shown
in Figure 3. The 1L-10-1082 polymorphisms showed
a significant association with persistent HBV and/or
HCYV infection. IL.-10-1082 AA was associated with
an increased risk, but -1082 AG with a reduced risk of
persistent HBV and/or HCV infection. The OR and 95%
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Figure 1 1L-2-330 T/G SNP. M:

Marker; A and B: TT wild-type
bp genotype; C and D: TG genotype;

E and F: GG mutant genotype.
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A B CDETFM Figure 3 1L-10-1082 A/G SNP.
M: Marker; A and B: AA mutant

bp genotype; C and D: AG genotype;
E and F: GG wild-type genotype;
—: Internal control gene.
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M ABCDETFM Figure 5 IL-4-589 C/T SNP.
M: Marker; A and B: TT mutant
genotype; C and D: CT genotype;

E and F: CC wild-type genotype.

bp
2000
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CI for I11.-10-1082 AA compared with -1082 AG in HCV
infection, HBV infection, and HBV/HCV coinfection
were 2.34 (1.07-5.10), 2.29 (1.10-4.78) and 2.56 (1.25-5.21),
respectively. However, I1.-10-1082 AA/AG did not differ
significantly between the subjects with HBV and/or HCV
infection. The IL-10-1082 A/G alleles did not differ
obviously between any of the subjects (Table 4).

The IL.-10-592 polymorphisms are shown in Figure 4.
The I1.-10-592 A/C polymorphisms did not differ sig-
nificantly between any of the groups (Table 4).

11.-10-589 T'T, -589 CC and -589 TC are shown in
Figure 5. I11.-4-589 T/C polymorphisms did not differ
significantly between any of the groups (Table 4).

Association of IL-2-330, IFN-/+874, IL-4-589 and
IL-10-1082 and -592 with clinical outcome of HBV and/or
HCYV infection

The IL-2-330 polymorphisms showed a significant
association with the outcome of persistent HBV and/or

MABCDETFM

Figure 2 IFN-y+874 T/A SNP.

M: Marker; A and B: AA mutant
bp genotype; C and D: TA genotype;

E and F: TT wild-type genotype;
2000 —: Internal control gene.

1000
750

500
250

100

MABCDETF M Figure 4 1L-10-592 A/C SNP. M:

2%’300 Marker; A and B: AC genotype; C
and D: AA wild-type genotype; E

1000 and F: CC mutant genotype.
250 genotyp

500

250

100

HCYV infection. I1.-2-330 TT was associated with an
increased risk, but -330 GG with a reduced risk of
mild CH, moderate/severe CH, and cirrhosis. The OR
and 95% CI for IL.-2-330 TT compared with -330 GG
genotype in patients with mild CH, moderate/severe CH,
and cirrhosis were 3.42 (1.45-8.13), 3.29 (1.10-9.80), and
11.11 (1.32-90.91), respectively. However, I1.-2-330 TT/
GG did not differ significantly between patients with mild
CH, moderate and severe CH, and cirrhosis. The I1.-2-330
T allele was associated with an increased risk, but the -330
G allele was associated with a reduced risk of mild CH,
moderate and severe CH, or cirrhosis. The OR and 95%
CI for the -330 T allele compared with -330 G allele for
patients with mild CH, moderate/severe CH and citrhosis
wete 1.83 (1.20-2.80), 1.70 (1.02-2.82) and 2.75 (1.32-5.63),
respectively. However, 11.-2-330 polymorphisms did
not differ significantly between patients with mild CH,
moderate/severe CH, and cirrhosis (Table 5).

The IFN-y+874 polymorphisms showed a significant
association with the clinical outcome of persistent HBV
and/or HCV infection. IFN-y+874 AA was associated
with an increased risk, but +874 TA with a reduced risk
of mild CH, moderate/severe CH, and cirrhosis. There
was significantly decreased IFN-y+874 AA genotype
frequency in cirrhosis compared with moderate/severe
CH patients. The OR and 95% CI for IFN-y+874 AA
compared with +874 TA in patients with mild CH,
moderate/severe CH, and cirrhosis were 3.09 (1.51-6.33),
3.85 (1.70-8.70) and 3.14 (1.08-9.17), respectively. The
IFN-y+874 T/A alleles did not differ between any of
the groups (Table 5).

The IL-10-1082 polymorphisms showed a significant
association with the clinical outcome of persistent HBV
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Genotype Control Mild CH Moderate/severe CH Cirrhosis X P
(n =74) (n =122) (n =57) (n = 24)

1L-2-330
TT 22 (29.7) 54 (44.3) 23 (40.4) 13 (54.2)
CE 19 (25.7) 14 (11.4) 6 (10.5) 1(4.2) 13.46 0.04
TG 33 (44.6) 54 (44.3) 28 (49.1) 10 (41.7)
T 77 (52.0) 163 (66.8) 74 (64.9) 36 (75.0) 11.69 0.01
© 71 (48.0) 81 (33.2) 40 (35.0) 12 (25.0)

IFN-y+874
TT 8 (10.8) 14 (11.5) 5 (8.8) 4(16.7)
AA 14 (18.9) 48 (39.3) 26 (45.6) 9 (37.5) 14.78 0.02
TA 52 (70.3) 60 (49.2) 26 (45.6) 11 (45.8)
T 68 (45.9) 90 (36.9) 36 (31.6) 19 (39.6) 5.68 0.13
A 80 (54.1) 154 (63.1) 78 (68.4) 29 (60.4)

1L-10-1082
GG 1(14) 1(0.8) 1(1.8) 0(0.0)
AA 16 (21.6) 44 (36.1) 24 (42.1) 13 (54.2) 11.40 0.07
GA 57 (77.0) 77 (63.1) 32 (56.1) 11 (45.8)
© 59 (39.9) 79 (32.4) 34 (29.8) 11 (22.9) 5.85 012
A 89 (60.1) 165 (67.6) 80 (70.2) 37 (77.1)

IL-10-592
AA 34 (45.9) 51 (41.8) 22 (38.6) 11 (45.8)
cc 9 (12.2) 11 (9.0) 8 (14.0) 2(8.3) 250 0.87
AC 31 (41.9) 60 (49.2) 27 (47.4) 11 (45.8)
A 98 (66.2) 163 (66.8) 71 (62.3) 33 (68.8) 0.92 0.82
C 50 (33.8) 81 (33.2) 43 (37.7) 15 (31.3)

1L-4-589
cC 3 (4.0) 3 (2.4) 3(5.3) 0 (0.0)
TT 38 (51.4) 69 (54.8) 24 (42.1) 11 (45.8) 458 0.60
CT 33 (44.6) 54 (42.9) 30 (52.6) 13 (54.2)
C 39 (26.4) 58 (23.8) 36 (31.6) 13 (27.1) 246 0.48
T 109 (73.6) 186 (76.2) 78 (68.4) 35 (72.9)

and/or HCV infection. I11.-10-1082 AA was associated
with an increased risk, but -1082 AG with a reduced
risk of mild CH, moderate/severe CH, and cirrhosis.
There was a significantly increased IL-10-1082 AA
genotype frequency in cirrhosis compared with mild
CH. I1.-10-1082 AA showed a positive correlation with
clinical outcome (y = 0.99, P = 0.00), but the 11.-10-1082
AG showed a negative correlation with clinical outcome
(y = -0.99, P = 0.00). The OR and the 95% CI for
1L-10-1082 AA compared with -1082 AG in patients
with mild CH, moderate/severe CH, and cirrhosis were
2.03 (1.03-3.98), 2.70 (1.24-5.88) and 4.26 (1.59-11.36),
respectively. The I1-10-1082 G/A allele did not differ
obviously in every group (Table 5).

The polymorphisms of 11.-10-592 A/C and IL.-4
-589 C/T did not differ significantly in every group
(Table 5).

Association of IL-2-330, IFN-y+874, IL-4-589 and
IL-10-1082 and -592 polymorphisms with HCV replication
and abnormal alanine aminotransferase (ALT) level
11.-10-1082 AA was associated with an increased risk, but
-1082 AG was associated with a reduced risk of HCV
RNA replication. The OR and 95% CI for I1L-10-1082
AA compared with -1082 AG was 3.36 (1.67-6.76).
I1.-10-1082 A was associated with an increased risk, but
-1082 G with a reduced risk of HCV RNA replication.
The OR and 95% CI for 11.-10-1082 A compared with
-1082 G was 1.67 (1.08-2.57). The polymorphisms of

I11.-2-330, IFN-y+874, I11.-10-592 and I11.-4-589 showed no
association with HCV RNA replication (Table 6).

11.-10-592 AC showed an increased risk, but -592 AA
showed a reduced risk of abnormal ALT. The OR and
95% CI for 11.-10-592 AC compared with -592 AA was
2.83 (1.21-6.63). The IL-10-592 A/C alleles were not
associated with abnormal ALT (Table 6).

The 1L.-4-589 CT/CC showed an increased risk, but
-589 TT showed a reduced risk of abnormal ALT level.
The OR and 95% CI for 11.-10-589 CT and -589 CC
compared with -589 TT genotype were 3.43 (1.47-8.00)
and 8.25 (1.74-39.22), respectively, in patients with
abnormal ALT. 11.-4-589 C showed an increased risk,
but -589 T showed a reduced risk of abnormal ALT
level (Table 6). The OR and 95% CI for IL-10-589 C
compared with -589 T was 2.31 (1.36-3.93).

The polymorphisms of 1L.-2-330, IFN-y+874
and IL-10-1082 were not significantly associated with
abnormal ALT (Table 6).

DISCUSSION

The natural outcome of HBV and HCV infection
vaties dramatically among individuals. HCV infection is
self-limited in a fortunate minority, while the majority
of subjects develop persistent (chronic) infection.
Although infection with HBV in adults progresses to the
chronic phase in about 5%, among those individuals with

persistent HBV or HCV infection, the majority develop
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HCV RNA - HCV RNA + $ P ALT < 80 U/L ALT > 80 U/L x’ P
IL-2-330
TT 29 (37.2) 39 (37.1) 102 (41.8) 11 (33.3)
GG 14 (17.9) 14 (13.3) 0.83 0.66 35 (14.3) 4(12.1) 135 051
TG 35 (44.9) 52 (49.5) 107 (43.9) 18 (54.5)
T 93 (59.6) 130 (61.9) 0.20 0.66 311 (63.7) 40 (60.0) 0.24 0.62
G 63 (40.4) 80 (38.1) 177 (36.3) 26 (39.4)
IFN-y+874
TT 13 (16.7) 10 (9.5) 29 (11.9) 3(9.1)
AA 28 (35.9) 45 (42.9) 236 031 85 (34.8) 12 (36.4) 0.23 0.89
TA 37 (47.4) 50 (47.6) 130 (53.3) 18 (54.5)
T 63 (40.4) 70 (33.3) 1.92 0.17 188 (38.5) 24 (36.4) 0.12 0.74
A 93 (59.6) 140 (66.7) 300 (61.5) 42 (63.6)
IL-10-1082
GG 1(1.3) 2(1.9) 3(12) 0 (0.0)
AA 14 (17.9) 44 (41.9) 12.27 0.00 81(33.2) 16 (48.5) 3.25 0.20
GA 63 (80.8) 59 (56.2) 160 (65.6) 17 (51.5)
G 91 (58.3) 147 (70.0) 5.36 0.02 166 (34.0) 17 (25.8) 1.79 0.18
A 65 (41.7) 63 (128) 322 (66.0) 49 (74.2)
1L-10-592
AA 41 (52.6) 44 (41.9) 110 45.1) 8(24.2)
cC 6 (7.7) 11 (10.5) 2.10 0.35 27 (11.1) 3(9.1) 6.32 0.04
AC 31(39.7) 50 (47.6) 107 (43.9) 22 (66.7)
A 113 (72.4) 138 (65.7) 1.88 0.17 327 (67.0) 38 (57.6) 230 0.09
C 43 (27.6) 72 (34.3) 161 (33.0) 28 (42.4)
IL-4-589
cC 3 (3.8) 5 (4.8) 6 (2.5) 3(9.1)
TT 48 (61.5) 55 (52.4) 1.53 047 132 (54.1) 8 (24.2) 12.46 0.02
CT 27 (34.6) 45 (42.9) 106 (43.4) 22 (66.7)
C 33 (21.2) 55 (26.2) 1.24 0.27 118 (24.2) 28 (42.4) 9.97 0.00
T 123 (78.8) 155 (73.8) 370 (75.8) 38 (57.6)

4,5,13
CH, progressive fibrosis and even liver cancer™>",

However, some cases will never progress to any s1gn1ﬁcant
liver disease!®”. Tt remains unknown why the infection
frequently turns into CH, and why the outcome with HBV
and/or HCV infection varies dramatically. Cytokines play
a crucial role in regulating the immune and inflammatory
responses. Polymorphisms in the regulatory regions of the
cytokine genes may influence their expression. Therefore,
as genetic predictors of the disease susceptibility or
clinical outcome, the polymorphisms of cytokine genes
are potentially important.

IL-2 is a Th1 cytokine and has a powerful immuno-
regulatory effect on the stimulation of proliferation and
activation of most T lymphocytes, natural killer cells, and
B lyrnphocytes[m. Some evidence has shown that the
IL-2 levels of patients with moderate/severe CH and
cirthosis are decreased significantly more than those of
healthy controls”"". Other authors have observed that
increased I1.-2 expression is correlated with the grading/
staging of chronic hepatitis C". In this study, we found
that the IL-2-330 SNP was associated with persistent
HBV and/or HCV infection. The subjects with persis-
tent HBV and/or HCV infections had significantly lower
11.-2-330 GG genotype frequency and higher 11.-2-330 TT
genotype frequency than the controls. The subjects with
1L-2-330 TT had a 3.46, 7.14 and 2.93 times higher risk of
infection with HCV, HBV, or HBV/HCV. The subjects
with chronic HCV and/or HBV infections had higher
11-2-330 T allele and lower -330 G allele frequencies,

respectively. The patients with the -330 T allele had a 1.82,
2.26 and 1.73 times higher risk of infection with HCV,
HBYV and HBV/HCYV, respectively. At the same time, we
also found an association between 11.-2-330 SNP and
clinical outcome of mild CH, moderate/severe CH and
cirrhosis. Compared with the controls, the patients with
mild CH, moderate/severe CH and cirrhosis had signifi-
cantly higher I1.-2-330 TT genotype frequency and lower
-330 GG genotype frequency. IL-2-330 GG showed a
negative correlation with clinical outcome (y = -0.92,
P = 0.01). Individuals with -330 TT genotype had a 3.42,
3.29 and 11.11 times higher risk of developing into mild
CH, moderate/severe CH, and cirrhosis, respectively.
Subjects with 1L-2-330 T had a 1.83, 1.70 and 2.75 times
higher risk of developing into mild CH, moderate/severe
CH, and cirrhosis, respectively. These results indicate that
the 1L-2-330 TT genotype and the -330 T allele are not
only the potential susceptibility gene for HBV and/or
HCYV infections, but also the gene that potentially deter-
mines clinical outcome. Moreover, the clinical outcome
of HBV and/or HCV infection is associated with IL.-2
level, as determined by the 11.-2-330 polymorphisms. A
plausible explanation for the association of 1L-2-330 TT
genotype and T allele with persistent infection and clini-
cal outcome is derived from experiments that have shown
that patients with the I1L-2-330 T'T' genotype and T allele,
with lower I1-2 production”!
the virus and become persistently viremic, which further
results in susceptibility to HBV and/or HCV infection.

, unsuccessfully eradicate
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IFN-y is a Th1 cytokine and plays an important role
in modulating almost all the immune responses, such as
T-cell differentiation, anti-proliferative, antitumor, and
antiviral activities"””. Pravica e¢# /""" have found that
IFN-y+874 T/T genotype is often regarded as indicat-
ing high IFN-y production, and +874 A/A genotype as
indicating low production. Some authors have found that
plasma IFN-y concentrations in chronic hepatitis C pa-
tients decrease significantly™*), Other authors have docu-
mented a correlation between the increase of IFN-y ex-
pression and grading in chronic hepatitis C infection™***.
In this study, compared with the controls, the IFN-y+874
AA genotype was found more frequently and the +874
TA genotype was found less frequently in subjects with
persistent HBV and/or HCV infection. Subjects with
+874 AA genotype have a 3.23, 2.70 and 4.02 times higher
risk of HCV infection, HBV infection, and HBV/HCV
coinfection, respectively. No difference was found in the
IFN-y+874 T/A alleles among the groups. Howevet, Liu
et al™ have found that the frequency of IFN-y+874
A allele was significantly higher in patients with chronic
HBYV infection than in the controls (OR = 2.25, 95% CI =
1.69-2.99, P < 0.0001). Moreover, compared with the
controls, the patients with mild CH, moderate/severe CH,
and cirrhosis showed a higher IFN-y+874 AA frequency
and a lower IFN-y+874 TA frequency. Individuals with
IFN-y+874 AA had a 3.09, 3.85 and 3.14 times higher risk
of developing mild CH, moderate/severe CH, and cirtho-
sis, respectively. Compared with moderate/severe CH pa-
tients, cirrhosis patients showed a significantly decreased
+874 AA genotype frequency. This probably resulted
from the lower number of samples of cirrhosis. These
results indicate that IFN-y+874 AA genotype is not only
the potential susceptibility gene for HBV and/or HCV in-
fection, but also the gene that potentially determines clini-
cal outcome. A plausible explanation is that IFN-y+874
AA genotype produces a low level of IFN-y, which results
in the cytolytic defect that promotes viral persistence and
hepatic persistent infection that determines the clinical
outcome of HBV and/or HCV infection.

1L-10 is an important anti-inflammatory cytokine
secreted from Th2 cells. The levels of 1L.-10 production
determine immune regulation, and the balance between
the inflammatory and humoral responses. There ate three
confirmed SNPs in the IL-10 gene promoter. The -1082
GG genotype is associated with high I1L.-10 produc-
tion, the -1082 GA with intermediate production, and
the -1082 AA with low production. Polymorphisms at
position -819 and -592 have no independent influence
on IL-10 production””. There are contradictory reports
about the exact effect of IL-10 promoter polymorphisms
on the natural outcome of HBV and HCV infection.
Some authors have found that plasma IL-10 level is de-
creased significantly in chronic hepatitis C patients[zz’zg].
Others have reported that the level of IL-10 in patients
with chronic hepatitis C is higher than that in healthy
individuals (P < 0.05). The value of 1L-10 showed a sig-
nificant positive correlation with ALT?" 1n the present
study, IL-10-1082 AA was associated with an increased

risk, but -1082 AG was associated with a reduced risk of
persistent HBV and/or HCV infection. Subjects with
IL-10-1082 AA had a 2.34, 2.29 and 2.56 times higher
risk of persistent HCV infection, HBV infection and
HBV/HCV coinfection, respectively. At the same time,
11.-10-1082 AA is associated with an increased risk, but
-1082 AG is associated with a reduced risk of mild CH,
moderate/severe CH, and cirrhosis. Also, IL-10-1082 AA
showed a positive correlation with clinical outcome (y =
0.99, P < 0.01), but -1082 AG showed a negative correla-
tion with clinical outcome (y = -0.99, P < 0.01). Individu-
als with the -1082 AA genotype had a 2.03, 2.70 and 4.26
times higher risk of developing mild CH, moderate/se-
vere CH, and cirrhosis, respectively. These results indicate
that the IL-10-1082 AA genotype is not only a potential
susceptibility gene for HBV and/or HCV infection, but
also potentially determines clinical outcome. 1L-10-1082
AA and -1082 A were associated with an increased risk,
but IL-10-1082 AG and -1082 G were associated with
a reduced risk of HCV RNA replication (OR = 3.36,
1.67, respectively). This result indicates that 1L.-10-1082
AA and -1082 A are associated with HCV RNA replica-
tion. The evidence shows that during persistent HCV
infection, IL.-10 may compromise the cellular immune
response to the virus?' A plausible explanation is
that IL-10 is an important anti-inflammatory cytokine.
I1-10-1082 AA and -1082 A lead to lower IL-10 produc-
tion”” and persistent infection, which determines the
clinical outcome of chronic infection. The I1.-10-1082
polymorphisms had no significant association with
plasma ALT level, which agrees with the results of Abbas
et al”. The 1L-10-592 AC genotype frequency was signif-
icantly higher in patients with abnormal ALT (OR = 2.83).
This result indicates that the IL-10-592 AC genotype is
associated with abnormal ALT level and hepatocellular
injury. Hepatocellular injury is probably caused by the
decreased production of the anti-inflammatory cytokine
IL-10, which results from linkage of the 11.-10-592 and
IL-10-1082 genes.

IL-4 is a Th2 cytokine and plays an important role
in humoral immunity. 1L-4 has the function of inhibit-
ing the production of IFN-y and downregulating the
differentiation of Th1 cells””. 1L-4 has the function of
modulating inflammatory responses by downregulating
production of pro-inflammatory mediators and prevent-
ing inflammatory injury of the liver®" It has been
described that the 11.-4-589 T' compared with the -590
C allele increases the strength of the IL-4 prornoterm],
which leads to high production of IL-4. The evidence
has shown that IL-4 plays a key role in HBV and HCV
infection pathogenesis. Some have reported that 1L.-4
levels are lower in patients infected with HCVP. Others
have reported that I11.-4 is significantly higher in chronic
HCYV infection with abnormal ALT than with normal
ALT level™™. In the present study, 1L.-4-589 polymor-
phisms were not significantly associated with persistent
HBV and/or HCV infection or clinical outcome. How-
ever, we found that the I1L-4-589 CT genotype and -589
CC genotype frequency was significantly higher than that
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of -589 TT genotype frequency in patients with abnos-
mal ALT level. Individuals with 11.-4-589 CT and -589
CC genotype had a 3.43 and 8.25 times higher risk of
abnormal ALT. Higher -589 C allele and lower -589 T al-
lele frequencies in patients with abnormal ALT were ob-
served; individuals with the -589 C allele had a 2.31 times
higher risk of abnormal ALT. This result indicates that
the I1.-4-589 CC and -589 CT genotype and the -589 C
allele are associated with liver inflammatory injury. Such
injury is probably caused by the decreased production of
anti-inflammatory cytokines such as IL.-4 and IL.-10.

In summary, the polymorphisms of 1L-2-330,
IFN-y+874, 1L-10-1082 and -592 and 1L.-4-589 showed
a significant association with the outcome of chronic
HBYV and/or HCV infection. The I11.-2-330 TT/T allele,
IFN-y+874 AA and I11-10-1082 AA were associated with
increased risk, but IL-2-330 GG/G allele, IFN-y+874
TA and 11.-10-1082 AG were associated with reduced
tisk of persistent HBV and/or HCV infection, and of
developing mild CH, moderate/severe CH, and cirrho-
sis. The I1.-10-1082 AA/A allele was associated with an
increased risk, but the 1L-10-1082 AG/G allele was as-
sociated with a reduced risk of HCV RNA replication.
11.-10-592 AC and I1.-4-589 CT/CC showed increased
risk, but I1.-10-592 AA and 11.-4-589 TT showed re-
duced risk of abnormal ALT.

COMMENTS

Background

The natural outcome in hepatitis B virus (HBV) and hepatitis C virus (HCV)
infection varies dramatically among individuals. Some infections are self-limited;
some individuals progress to persistent HBV or HCV infection; and some develop
chronic hepatitis, fibrosis and even liver cancer. The mechanisms are unknown.
Besides viral pathogenic factors, a more important factor is the different immune
response to HBV or HCV infection between individuals. T helper (Th)1 and Th2
cytokines determine host immunity level, which is regulated by polymorphisms
in the promoter region of the Th1 and Th2 cytokines. Interleukin (IL)-2 (-330),
interferon (IFN)-y (+874), IL-10 (-1082, -592), IL-4 (-589) should have some
association with the outcome of HBV and/or HCV infection.

Research frontiers

It remains unknown why subjects infected with HBV and/or HCV frequently
develop chronic infection, and why the outcome of infection varies dramatically.
Among infections with HBV/HCV, some show a strong reduction in CD4"
T-helper and CD8" cytotoxic-T-lymphocyte responses. This is likely to be crucial
in clearance of acute viremia. It is thought that immune tolerance to HBV/HCV
infection may explain the different susceptibility to HBV/HCV infection. Many
manifestations show that the immunity level of the host correlates with relevant
gene polymorphisms, especially with single nucleotide polymorphisms in the
promoter region, which regulates gene expression. Furthermore, the gene
polymorphisms probably determine the outcome of the infection.

Innovations and breakthroughs

The polymorphisms of IL-2-330, IFN-y+874, IL-10-1082 and -592 and IL-4-589
showed a significant association with the outcome of chronic HBV and/or HCV
infection. The 1L-2-330 TT/T allele, IFN-y+874 AA and IL-10-1082 AA were
associated with increased risk, but the 1L-2-330 GG/G allele, IFN-y+874 TA
and IL-10-1082 AG were associated with reduced risk of persistent HBV and/or
HCV infection, and of developing mild chronic hepatitis (CH), moderate/severe
CH, and cirrhosis. The IL-10-1082 AA/A allele was associated with increased
risk, but the IL-10-1082 AG/G allele was associated with reduced risk of HCV
RNA replication. IL-10-592 AC and IL-4-589 CT/CC showed increased risk, but
IL-10-592 AA and IL-4-589 TT showed reduced risk of abnormal ALT.

Applications
These results suggest that polymorphisms in some cytokine genes influence
persistent HBV and/or HCV infection, clinical outcome, HCV replication and

liver damage. Some cytokines, including IL-2, IFN-y and IL-10 might be
beneficial to the clinical outcome of HBV and/or HCV infection. Some cytokines,
including IL-4, might result in liver damage. These results provide a scientific
basis for the further treatment of patients with chronic HBV and HCV infection
and viral hepatitis.

Terminology

IL-2 is a Th1 cytokine and has a powerful immunoregulatory effect on the
stimulation of proliferation and activation of most T lymphocytes, natural killer
cells, and B lymphocytes. IFN-y is a Th1 cytokine and plays an important role in
modulating almost all the immune responses, such as T-cell differentiation, and
anti-proliferative, antitumor, and antiviral activities. IL-10 is an important anti-
inflammatory cytokine secreted from Th2 cells. The levels of IL-10 production
determine immunoregulation, and the balance between the inflammatory
and humoral responses. IL-4 is a Th2 cytokine and plays an important role in
humoral immunity. IL-4 has the function of inhibiting the production of IFN-y and
downregulating differentiation of Th1 cells.

Peer review

This is interesting paper. These results suggest that the IL-10-1082 polymor-
phisms are associated with Hepatitis C viral replication and the IL-10-592 and
IL-4-589 polymorphisms influence liver damage.
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