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Introduction

Abstract

Polymorphisms in cytokine genes can influence immune responses, inflammation
and tissue injury, and may affect the outcome of hepatitis B virus (HBV) infection.
We analyzed single nucleotide polymorphisms (SNP) in the interleukin (IL)-10
gene among 344 HBV carriers and 208 patients with hepatocellular carcinoma
(HCC). Genotypes and haplotypes were tested for association with HCC. IL-10/
—592 C/C genotype was associated with a higher risk for HCC compared with
IL-10/—592 A/C and A/A genotypes [odds ratio (OR): 2.1, 95% confidence inter-
val (CI): 1.2-3.6]. IL-10/1927 A/A genotype was also associated with a higher risk
for HCC compared with 1L-10/1927 A/C and C/C genotypes (OR: 1.5, 95% CI:
1.0-2.2). Haplotype analysis revealed that the homozygosity of the C-A haplotype
(defined by SNPs at positions —592 and 1927) of IL-10 gene conveys the highest
risk for HCC among HBYV carriers compared with the homozygosity for the A-C
haplotype (OR: 2.6, 95% CI: 1.3-4.9). The results demonstrate that IL-10 gene
polymorphism can affect the outcome of chronic HBV infection. Further studies
are necessary to clarify how variation in the IL-10 gene affects IL-10 function and
risk of HCC.

chronic hepatitis (6). The activity of individual cytokine

Hepatitis B virus (HBV) infection is one of the major
infectious diseases prevalent in Taiwan. The prevalence of
HBsAg marker in Taiwanese (>10%) is higher compared
with 0.8% in Japan, 7.3% in Korea, and 6% in Singapore
(1). One to three million of the 22-23 million Taiwanese are
carriers for HBV. While the majority of infants become
chronic HBV carriers following vertical transmission from
their mothers, over 90-95% of adults with acute HBV
infection recover with development of lifelong immunity
(2). The annual probability of hepatocellular carcinoma
(HCC) related to chronic HBV infection has been estimated
to be approximately five in 1000 (3-5).

Cytokines and other immune regulator molecules play a
significant role in the pathogenesis of virus-associated
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genes may be regulated at the level of transcription by certain
nucleotide variations in the promoter region, and variations
in coding regions may alter the function of the gene product
(7). These genetic variations may be associated with suscept-
ibility and clinical severity of human diseases. Recent studies
have suggested that the outcome of HBV infection may be
affected by host genetic variations (8—15).

Our previous study of 993 hematopoietic stem cell trans-
plants from the Fred Hutchinson Cancer Research Center
has shown that an IL-10 promoter single nucleotide poly-
morphism (SNP) at position —592 is associated with severe
grades ITI-IV acute graft-vs-host disease following trans-
plantation from an HLA-identical sibling (16). The other
promoter polymorphisms at positions —3575, —2763, and
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—1082, however, are not an independent factor for acute
graft-vs-host disease. Although the —592 polymorphism
was found to have a dominant effect on transplant out-
come, the data in that study cannot distinguish whether
this SNP at position —592 in the promoter region or an
extended sequence in the entire IL-10 gene accounts for
the observed functional effect. In the current study, geno-
types of IL-10/—592 and other SNPs downstream to the
initiation site of transcription were determined among
HBYV carriers and patients with HCC in Taiwan. The
results showed that a haplotype of IL-10 gene influenced
the risk of developing HCC.

Materials and methods

Study population

The study population consisted of 344 serum HBV surface
antigen-positive Taiwanese with HCC excluded using ultra-
sonography (HBsAg™ carriers), 208 HBsAg™ patients with
pathologically diagnosed HCC, and 184 healthy control indi-
viduals who were consecutively enrolled without the identifi-
cation of HBV infection status before the study. The median
age (range) was 53 (25-77), 50 (21-81), and 55 (23-85) years
for the control populations, HBsAg" carrier, and patients
with HCC, respectively. All the studied populations gave
consent according to a protocol approved by the National
Taiwan University Hospital Institutional Review Board.

Haplotype-tagging SNPs in IL-10 gene

The immense volume of SNP data presents challenge for
studies of the association between genetic variations and
human diseases. It is not an efficient strategy to assay all
the existing SNPs. The UW-FHCRC Variation Discovery
Resource has developed an algorithm to select the maxi-
mally informative set of tagSNP or htSNP based on the
linkage disequilibrium (LD) statistic (17, 18). The IdSelect
program was used to analyze the pattern of LD between
SNPs in a locus or a selected gene (18). SNPs in the
selected gene are grouped into one or more ‘bins’ accord-
ing to a threshold level of LD as measured by r°. Selection
of one htSNP from each bin can encompass all the infor-
mative SNPs for that gene. The UW-FHCRC Variation
Discovery Resource has identified SNPs in the immune
regulatory genes including IL-10 among 24 individuals of
African descent and 23 individuals of European descent
(17). Although the selection of haplotype-tagging SNPs
(htSNPs) for individuals of European descent may not
perfectly reflect all the informative SNPs in Taiwanese,
this approach provides a reasonable approach to identify
possible informative SNPs in the IL-10 gene in Taiwanese.

Analysis of LD in the IL-10 gene among individuals of
European descent identifies six bins each with at least one
informative htSNP that has a minor allele frequency of
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greater than 5%: bin 1, 46-50% (positions 1498, 1833,
3166, 5016, 6049, and 6570 of accession number
AF418271); bin 2: 22-26% (positions 245, 472, 1568,
2018, 2234, and 2646 of AF418271); bin 3: 22-23% (4467
and 6976), bin 4: 19-20% (2767 and 5351); bin 5: 7% (213
and 3582); and bin 6: 10% (1927). IL-10/—592 (position
472 of accession number AF418271) along with the other
five SNPs was grouped in bin 2. Genotypes of IL-10/—592
and one htSNP selected from each of bins 1, 3, 4, 5, and 6
were determined among 48 Taiwanese controls and 24
Caucasian CEPH cell lines obtained from International
Histocompatibility Working Group cytokine gene poly-
morphism reference panel (www.ihwg.org/components/
cytokine/cytover.htm).

Genotyping of SNP

Genotyping was performed wusing high-throughput
MALDI-TOF mass spectrometry (Sequenom, San Diego,
CA) (19, 20). Briefly, uniplex polymerase chain reaction
(PCR) was carried out by the forward and reverse primers.
After primer extension, the purified DNA fragments were
spotted onto a 384-element silicon chip and analyzed in
the Bruker Biflex III MALDI-TOF SpectroREADER
mass spectrometer. The resulting spectra were processed
with SpectroTYPER (Sequenom). Genotyping using mis-
matched PCR/restriction fragment length polymorphism
(PCR/RFLP) (21) was also performed among the 24
CEPH cell lines to compare with those determined using
MALDI-TOF mass spectrometry.

Statistic analysis

Hardy—Weinberg equilibrium of alleles at individual loci
was assessed using 7> goodness-of-fit statistics. Haplotype
frequencies and y” test for LD among pairs of alleles were
calculated using the Estimating Haplotype frequencies (EH)
program from Rockefeller University (fttp:/linkage. rock-
efeller.edu/software/eh) as described previously (16, 22).
The difference in the genotype frequencies and haplotype
frequencies was compared between HBV carriers and
patients with HCC to elucidate the risk for HCC among
HBYV carriers. Odds ratio (OR) and 95% confidence inter-
val (CI) were calculated using sas program. All P-values
were two sided. The significance level adjusted for
Bonferroni correction was calculated by dividing original
alpha level (0.05) with number of statistic testing.

Results

Genotyping of IL-10 htSNPs

Genotypes of IL-10/—592 (bin 2) and one htSNP selected
from each of the bins 1, 3, 4, 5, and 6 were determined
among 48 Taiwanese and 24 Caucasian CEPH cell lines
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(Table 1). The allele frequencies of the 24 CEPH cell lines
were similar to those reported among the 23 European
descents by UW-FHCRC Variation Discovery Resource.

The genotyping of I1L-10/—592 and IL-10/1927 among
the 24 CEPH cell lines by MALDI-TOF mass spectro-
metry was consistent with those by a Bsll-based-
mismatched PCR/RFLP (21) and a Mwol-based
mismatched PCR/RFLP, respectively (unpublished). The
allele frequencies of the —592 SNP among the 24 CEPH
cell lines were similar to those reported previously, 76%
for the C allele and 24% for the A allele (23, 24). In
contrast to Caucasians, the minor allele of the IL-10/—592
SNP in Taiwanese controls was the C allele with a
frequency of 31%. The allele frequencies of 1927 poly-
morphism among the 24 Caucasian CEPH cell lines were
also the same as those reported previously, 10% for C
allele and 90% for A allele (17). Allele frequency of 1927
among control population in Taiwanese was 46% for C
allele and 54% for A allele. In Taiwanese, the minor allele
frequency was 5% or less for the other four htSNPs (bins
1, 3, 4, and 5). Therefore, only SNPs at positions IL-10/
1927 (rs 3021094) and IL-10/—592 (rs 1800872) were
selected for further study among larger scale populations.

Genotypes of IL-10/-592 and IL-10/1927
polymorphisms among HBsAg™ carriers
and patients with HCC

The frequencies of the 1L-10/—592 C/C genotype (homo-
zygosity for the C allele) were 10, 8, and 15% for the
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control population, HBsAg"' carriers and patients with
HCC, respectively (Table 2). All the genotypes were in
Hardy—Weinberg equilibrium. The frequencies of the
IL-10/1927 A/A genotype were 26, 22, and 30% for the
control population, HBsAg™ carriers and patients with
HCC, respectively (Table 2).

IL-10 genotype and HCC

IL-10/—592 genotypes were compared between the HBV
carriers and patients with HCC to evaluate the influence of
IL-10 gene polymorphism on the development of HCC.
The absence of IL-10/—592 A allele (C/C genotype) was
significantly associated with an increased risk for HCC
compared with the presence of A allele (A/C and A/A geno-
types) (OR: 2.1, 95% CI: 1.2-3.6, P-value = 0.009, adjusted
significance level by Benoferoni correction = 0.025).
Similarly, the IL-10/1927 A/A genotype was also associated
with a higher risk for HCC (OR: 1.5, 95% CI: 1.0-2.2,
P-value = 0.04, adjusted significance level by Benoferoni
correction = 0.025).

IL-10 haplotype and HCC

Previous studies have identified at least two clusters of
polymorphisms in the 5 flanking region of the IL-10
gene at positions —1082, —819, and —592 and at positions
—3575 and —2763 (25, 26). These five SNPs comprised six
distinct major haplotypes among Caucasians (16, 26). In
the previous study, we demonstrated that —592 has a

Table 1 Allele frequencies of htSNPs in the interleukin (IL)-10 gene among Caucasians, Taiwanese, and individuals of African descents

Allele frequencies (%)

Position? (bin number) Allele Caucasian (n = 24)° Taiwanese (n = 48) African descents (n = 24)°
3166 (bin 1) C 52 (54) 95 65
G 48 (46) 5 35
IL-10/-592 (bin 2)® A 21 (24) 69 50
C 79 (76) 31 50
6976 (bin 3) C 79 (78) 98 91
T 21 (22) 2 9
5361 (bin 4) A 84 (79) 99 85
G 14 (21) 1 15
3582 (bin 5) C 10 (7) 0 0
T 90 (93) 100 100
1927 (bin 6) A 90 (90) 54 94
C 10 (10) 46 6

@Position of accession number AF418271. One htSNP was selected from each bin of IL-10 gene polymorphisms according to the linkage disequili-
brium analysis available from UW-FHCRC Variation Discovery Resource (http://pga.gs.washington.edu).
bTwenty-four Caucasian CEPH cell lines established from unrelated individuals. Number in the parenthesis indicates data from 23 individuals of

European descent (UW-FHCRC Variation Discovery Resource).

°Data from 24 individuals of African descent (UW-FHCRC Variation Discovery Resource).
4Genotyping of IL-10/—1082 among the 24 CEPH cell lines indicated that the —1082 SNP belongs to bin 1. The minor allele frequency of IL-10/—1082

among Taiwanese controls is 5%.

°IL-10/—592 (position 472 of AF418271) belongs to bin 2. In this study, —592 instead of 472 was used.
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Table 2 Interleukin  (IL)-10/—592 and [IL-10/1927 genotypes in
Taiwanese
Genotype Controls® HBsAg™ carriers® HCC®
IL-10/-592
A/A 90 (49%) 169 (49%) 93 (45%)
A/C 75 (41%) 148 (43%) 84 (40%)
C/C 19 (10%) 27 (8%) 31 (15%)
IL-10/1927
A/A 48 (26%) 76 (22%) 62 (30%)
A/C 96 (52%) 181 (63%) 100 (49%)
C/C 39 (21%) 86 (25%) 44 (21%)

HCC, hepatocellular carcinoma; HBV, hepatitis B virus.

@Control population consisted of 184 consecutively enrolled Taiwanese
whose status of HBV infection was not known before study.

PHBV carriers without clinical evidence of HCC (n = 344).

°HBsAg" patients with pathologically diagnosed HCC (n = 208).

dominant effect on the outcome of hematopoietic cell
transplantation and is a marker for T-C-A-T-A haplotype
defined by five polymorphisms at positions —3575, —2763,
—1082, —819, and —592. In the current study, the analysis
of the control population showed that —592*C allele was
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in high degree of LD with the 1927*A allele (Table 3). The
estimated frequencies of the C-A haplotype (defined by
—592 and 1927) among the control population, HbsAg™
carriers, and patients with HCC were 31, 28, and 35%,
respectively.

To determine whether the development of HCC might
be more closely associated with one or more distinct hap-
lotypes than with individual polymorphism, we calculated
the risk for HCC among the nine groups stratified accord-
ing to the IL-10/—592 and IL-10/1927 genotypes.
Homozygosity for the C-A haplotype (IL-10/—592 C/C
genotype and IL-10/1927 A/A genotype) conveyed a sig-
nificant highest risk for HCC (OR: 2.6; 95% CI: 1.3-4.9;
P-value = 0.004) compared with the homozygosity for the
A-C haplotype (IL-10/—592 A/A genotype and IL-10/
1927 C/C genotype) (Table 4).

Discussion

In this study, we demonstrated that IL-10 gene poly-
morphism had a significant impact on the outcome of
HBYV infection. The IL-10/—592 C/C genotype and the
IL-10/1927 A/A genotype were associated with a higher

Table 3 Linkage disequilibrium between interleukin (IL)-10/—592 and IL-10/1927

Haplotype frequencies®

Linkage disequilibrium

2

Population A-C A-A C-C C-A D’ % P-value
Control 0.48 0.22 <0.01 0.31 —0.906 122.08 <0.05
HBsAg carrier 0.50 0.20 0.01 0.28 —0.981 169.11 <0.05
Hepatocellular carcinoma 0.45 0.20 0.01 0.35 —0.808 136.42 <0.05
#Defined by polymorphisms at positions 1L-10/—592 and IL-10/1927.
Table 4 Interleukin (IL)-10 —592/1927 haplotype and risk of hepatocellular carcinoma

Risk for HCCP
Genotype (—592, 1927) Assigned haplotype® HBsAg™ carriers HCC OR (95% Cl)° P-value®
A/A, C/C A-C/A-C 83 (24%) 42 (20%) Reference
AJA, AIC A-A/A-C 71 (21%) 38 (18%) 1.1 (0.6-1.8) 0.84
A/A, AJA A-A/A-A 15 (4%) 11 (5%) 1.4 (0.6-3.4) 0.40
A/C, C/C A-C/C-C 1(0%) 2 (1%) N/AS N/A®
A/C, A/IC A-C/C-A? 109 (32%) 62 (30%) 1.1(0.7-1.8) 0.64
A/C, A/A A-A/C-A 37 (11%) 20 (10%) 1.1 (0.6-2.1) 0.84
C/C, C/C C-C/C-C 2 (1%) 0 (0%) N/AC N/A®
C/C, AIC C-A/C-C 1(0%) 0 (0%) N/A® N/A®
C/C, A/A C-A/C-A 24 (7%) 31 (15%) 2.6 (1.3-4.9) 0.004

HCC, hepatocellular carcinoma; Cl, confidence interval; OR, odds ratio.
#Assumed very low frequency of C-C haplotype (1% in this study).

b0dds ratios for hepatocellular carcinoma were calculated using HBsAg™ carriers as the control and homozygosity for the A-C haplotype as the
reference group. Homozygosity for the C-A haplotype (IL-10/—592 C/C genotype and IL-10/1927 A/A genotype) is associated with a significant higher
risk for HCC compared with the remaining eight groups [OR: 2.4; 95% CI: 1.3-4.1; P-value: 0.003].

°Not analyzed due to very low case number.
dAdjusted significance level by Benoferoni correction = 0.006.
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risk for HCC among HBYV carriers. Haplotype analysis
revealed that the IL-10/—592*C allele is in high LD with
the IL-10/1927*A allele, and the homozygosity for the C-A
haplotype carries the highest risk for the development of
HCC.

Cytokines play an essential role on the pathogenesis of
virus-associated hepatitis (6). Clearance of hepatitis
viruses following acute infection is associated with a vig-
orous cytotoxic T-cell response, partially mediated and
augmented through inhibition of viral replication and
gene expression by the proinflammatory and Thl cyto-
kines (27-32). IL-10 is a potent suppressor of proinflam-
matory, and Thl cytokine production (33, 34) therefore
may compromise the host immune response to acute viral
infection (6, 35, 36).

If patients cannot eradicate the viruses and become
HBYV carriers, persistent antiviral cytotoxic T-lymphocyte
response, however, may induce intrahepatic inflammation
and subsequently the development of cirrhosis and HCC
(6). The degree of tissue inflammation and fibrosis caused
by persistent viral hepatitis is associated with the enhanced
intrahepatic expression of the proinflammatory and Thl
cytokines (37-39). IL-10 may attenuate these inflamma-
tory responses and reduce liver injury. Deficit of endogen-
ous IL-10 production can potentiate liver fibrosis
following a variety of experimental hepatotoxicity models
(40—44). Administration of IL-10 reduces intrahepatic
inflammation and fibrosis in patients with chronic hepati-
tis C infection (45).

Previous studies have reported that IL-10 promoter
—1082*G allele or G-C-C haplotype (defined by three
SNPs at positions of —1082, —819, and —592) is associated
with increased IL-10 production and 4-7-A4 haplotype is
generally assumed to be a lower IL-10 responder (24, 25).
Miyazoe et al. (11) have shown higher frequency of
IL-10/—592 C/C genotype among HBsAg™' patients with
chronic progressive liver disease compared with the
asymptomatic HBV carriers. The authors concluded that
the high IL-10-producing —592*C allele was associated
with a lower overall immune defense and therefore pro-
gressive chronic liver disease. Shin et al. reported that the
IL-10/—592 C/C genotype was associated with an
increased risk of HCC, which was confirmed in the current
study (13). These authors also proposed that the higher
IL-10 level among HBV carriers with 1L-10/—592 C/C
genotype may impair immune defense and contribute to
the development of HCC.

Conflicting results have been reported regarding the
genetic control of IL-10 production (24-26, 46). Keijsers
et al. and Gibson et al. reported that the G-C-C (—1082/
—819/—592) haplotype and 4-4-G-C-C haplotype (defined
by five SNPs at positions —3575, —2763, —1082, —819,
and —592) were associated with a lower IL-10 production
(26, 46). Previous studies have shown that IL-10 may
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attenuate graft-vs-host disease and induce tolerance fol-
lowing hematopoietic cell transplantation (47, 48).
Endogenous IL-10 production soon after transplantation
has been shown to facilitate the suppression of alloimmune
response (49, 50). We and others have previously shown
that —592*C was a marker for a higher risk of severe graft-
vs-host disease (16, 51), supporting the hypothesis that the
—592*C allele or G-C-C haplotype is a marker for lower
IL-10 production.

The association between IL-10/—592 C/C genotype and
risk of HCC in the current study among Taiwanese is
similar to findings reported among Korean (14), but our
interpretations differ. Our data along with results from
other studies in Asian population (11, 14) suggest that
IL-10/—592*C allele may be a marker for lower IL-10
production. This assumption is more consistent with the
generally accepted role of IL-10 as a mediator that inhibits
immune response and inflammation therefore ameliorat-
ing hepatic inflammation and reducing the risk of subse-
quent fibrosis and HCC among chronic hepatitis carriers.

Our results show that IL-10 gene polymorphism is asso-
ciated with outcome of HBV infection. Homozygosity for
the C-A haplotype (defined by IL-10 —592 and 1927)
conveys a higher risk for HCC among HBV carriers. The
results, however, do not exclude the possibility that hap-
lotypes of IL-10 gene defined by the other hpSNPs of
Taiwanese or Asian population may be a better marker
for risk of HCC. Precise insight into the mechanism under-
lying this genetic association could provide a rationale for
new strategies and approaches to reduce the intensity of
the inflammatory response and risk of subsequent cirrho-
sis and HCC among HBYV carriers. Further studies are
necessary to clarify how variation in the IL-10 gene reg-
ulates IL-10 production.
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