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Association of interferon-alpha gene polymorphisms with chronic
hepatitis B virus infection
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Summary
In this study, the association between the risk of
chronic hepatitis B virus infection and the polymorphisms within promoter regions of IFN-a1 and five
genes was explored. This association study was
performed on 180 Thai patients with chronic HBV
infection [hepatocellular carcinoma (HCC) = 65 and
non-HCC = 115], 173 individuals with self-limited
HBV infection and 140 healthy controls. Our results
showed that the A allele of -1823G/A SNP within
IFNA1 gene was significantly associated with an
increased risk of chronic HBV infection as compared
to healthy individuals and self-limited HBV group
[OR (95% CI) = 2.20 (1.51–3.19), P = 0.000014 and
OR (95% CI) = 1.61 (1.12–2.33), P = 0.0073, respectively]. The effect of A allele was similar to autosomal
recessive in which the presence of AA genotype when
compared to GG and GA conferred the OR of 2.79
(95% CI = 1.72–4.52, P = 0.0000085). By multifactor
dimensionality reduction analysis, we found the interaction between IFNA5 (-2529) and IFNA1 (-1823)
genes that gave the risk to chronic HBV infection,
with the OR (95% CI) of the high-risk to low-risk
group was 2.79 (1.77–4.40), P < 0.0001. However,
further study in functional significance is required.

Introduction
Although the number of HBV infection has been
reduced by the use of an effective HBV vaccine, there
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remain 350 million individuals worldwide infected
chronically and become carriers of the virus. Some of
them develop liver cirrhosis and hepatocellular carcinoma. Approximately one million people die each year
from these complications (Lavanchy, 2004). Thailand
has been classified as a region of intermediate endemicity as well as Taiwan, India, Pakistan, Korea and
Philippines (Mohamed et al., 2004). Twin studies in
Chinese showed a higher concordance rate for HBeAg
persistence in monozygotic twins compared with dizygotic twins (Lin et al., 1989). This provides the strong
evidence for a host genetic effect. Therefore, the difference of host genetic might affect the different outcomes of patients with HBV infection. Several
association studies reported that various human leucocyte antigen (HLA) class I and II loci, many cytokine
and cytokine receptor genes were associated with HBV
susceptibility and/or HBV persistence or disease severity (Thursz et al., 2011).
Interferon-alpha (IFN-a) is a cytokine that mainly
involved in innate immune response against viral infection. The introduction of IFN-a by several stimuli has
been shown to inhibit HBV gene expression and/or
HBV replication in the livers of HBV-transgenic mice
(Cavanaugh et al., 1998). Furthermore, it has been
widely used in the treatment of chronic HBV infection
(Karayiannis, 2003). There are 13 subtypes in the
IFN-a family that composed of IFNA1, IFNA2,
IFNA4, IFNA5, IFNA6, IFNA7, IFNA8, IFNA10,
IFNA13, IFNA14, IFNA16, IFNA17 and IFNA21.
These genes are located in a cluster on the short arm
of human chromosome 9 (Diaz et al., 1994). IFNA2 is
a major subtype of IFNA species that is produced in
response to many viruses. In addition, it is often used
to treat hepatitis B in combination with the other antiviral drugs (Bonino et al., 2007). An association
study of IFNA2 gene found that a deletion in the promoter was significantly more frequent in HBV-infected
Vietnamese patients than in control individuals. Moreover, the deletion in promoter of IFNA2 gene reduces
the transcription of this gene in vitro (Song le et al.,
2006). However, there is no association study between
HBV infection and the other major subtypes such as
IFNA1 and IFNA5, which are interesting subtypes in
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response to viral infection. IFNA1 and IFNA5 have
been reported to be expressed in the liver tissue, especially IFNA5 which is the predominant subtype (Castelruiz et al., 1999). Furthermore, the expression of
IFNA5 is higher than other IFNA subtypes in peripheral blood mononuclear cell (PBMC) of patients
infected with some viruses such as hepatitis C virus
(Castelruiz et al., 1999; Larrea et al., 2001). Polymorphisms in the promoter region of these genes might
influence such gene expression.
Therefore, we investigated the association between
single nucleotide polymorphism (SNP) within the promoter region of IFNA1 and IFNA5 genes with susceptibility to chronic HBV infection and the development
of HCC.

Materials and methods
Subjects

One hundred and eighty Thai patients with chronic
HBV infection from Chulalongkorn Memorial Hospital were recruited in this study. The diagnosis of
chronic hepatitis B was established by seropositivity
for HBsAg over a 6-month period and did not have
any other type of liver diseases such as chronic hepatitis C or alcoholic liver disease. In addition, all the
patients had elevated serum aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels.
Patients with chronic HBV infection were further
divided into two groups: without (N = 115; 34
women and 81 men: mean age  SD = 44.44
 14.63 years) and with HCC (N = 65; 10 women
and 55 men: mean age  SD = 53.96  16.97 years)
according to the absence or presence of concurrent
HCC. Diagnosis of HCC was based on histopathology
and/or a combination of mass lesion in the liver from
hepatic imaging and serum alpha fetoprotein level
>400 ng mL 1. Moreover, self-limited HBV group
served as control for the population-based case–control study contained 173 subjects (91 women and 82
men: mean age  SD = 48.41  13.76 years), who
tested HBsAg negative and both HBV core antibody
(anti-HBc) and HBV surface antibody (anti-HBs) positive, with normal liver function tests, and no history
of HBV vaccination. Moreover, 140 ethnically and
geographically matched controls (83 women and 57
men: mean age  SD = 23.09  12.58 years) from
healthy blood donor of the Thai Red Cross Society
were recruited as control group. The ethics committee
of the faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand, approved the study, and the subjects gave their informed consent.
Moreover, chronic HBV patients with AST and
ALT level of  100 U L 1 were defined as high AST
and ALT groups, while the patients with AST and
ALT <100 U L 1 were classified as low liver enzyme
groups. Patients with HBV DNA levels of  105 copies per mL were characterized as high viral load
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group, whereas the patients with HBV DNA levels of
<105copies per mL were considered as low viral replication subjects (Li et al., 2011).
DNA extraction and genotyping study

DNA was extracted from the buffy coat collected with
ethylenediaminetetraacetic acid (EDTA) as an anticoagulant, using a salting-out method (Miller et al.,
1988). DNA was aliquoted and stored at 20 °C until
used. Polymerase chain reaction–restriction fragment
length polymorphism (PCR-RFLP) was used to analyse
the polymorphism of IFNA1 gene (-1823G/A,
rs1332190) and IFNA5 gene (-2529A/T, rs3758236)
as previously described (Hirankarn et al., 2008). Negative controls without DNA template were included in
each experiment. Ten per cent of the samples were
confirmed by direct sequencing of PCR products to
verify the accuracy of genotyping.
Statistical analysis

Genotype frequencies were checked for consistency
among normal controls with those expected from the
Hardy–Weinberg equilibrium (HWE). Allele and genotype frequencies were compared between groups using
the chi-squared (v2) test or Fisher’s exact probability
test, where appropriate. The PLINK v1.07 program was
used to calculate HWE, P values, odds ratios and
95% confidence intervals, as well as for haplotype
analysis (Purcell et al., 2007). A P value of <0.05 was
considered statistically significant. In addition, gene–
gene interaction was analysed by multifactor dimensionality reduction (MDR) approach (Hahn et al.,
2003).

Results
The distribution of genotype and allele frequencies of
IFNA1 and IFNA5 gene polymorphisms in chronic
HBV patients (with HCC and without HCC), self-limited HBV patients and healthy controls are shown in
Table 1. In this study, both SNPs were in Hardy–
Weinberg equilibrium when compared the observed
and expected genotype frequencies of each SNP
(P > 0.05). In this study, we found statistically significant differences in the allele frequency of -1823G/A
SNP (rs1332190) within IFNA1 gene between patients
with chronic HBV and healthy controls. The A allele
of this SNP was significantly associated with an
increased risk in chronic HBV infection as compared
to healthy individuals [OR (95% CI) = 2.20 (1.51–
3.19), P = 0.000014], whereas the comparison
between patients with chronic HBV and self-limited
HBV group showed lower statistical significance with
the OR (95% CI) of 1.61 (1.12–2.33) and
P = 0.0073. The effect of A allele was similar to autosomal recessive in which the presence of AA genotype
when compared to GG and GA conferred the OR of
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Table 1. Genotype and allele frequencies of IFNA1 and IFNA5 gene polymorphisms in chronic HBV patients (with HCC and without HCC), selflimited HBV patients and healthy controls

SNP

Genotype/allele

Total chronic HBV
N = 180 (%)

IFNA1 (-1823) (rs1332190)

GG
GA
AA
G
A
AA
AT
TT
A
T

56
117
70
290
46
83
51
175
185

IFNA5 (-2529) (rs3758236)

7 (3.89)
(31.11)
(65.00)b
(19.44)
(80.56)a,c
(25.56)
(46.11)
(28.33)
(48.61)
(51.39)

With HCC
N = 65 (%)

20
43
24
106
15
30
20
60
70

2 (3.08)
(30.77)
(66.15)e
(18.46)
(81.54)d,f
(23.08)
(46.15)
(30.77)
(46.15)
(53.85)

Without HCC
N = 115 (%)

36
74
46
184
31
53
31
115
115

5 (4.35)
(31.30)
(64.35)h
(20.00)
(80.00)g,i
(26.96)
(46.09)
(26.96)
(50.00)
(50.00)

Self-limited HBV
N = 173 (%)

Healthy control
N = 140 (%)

16 (9.25)
65 (37.57)
92 (53.18)
97 (28.03)
249 (71.97)
37 (21.39)
92 (53.18)
44 (25.43)
166 (47.98)
180 (52.02)

13 (9.29)
71 (50.71)
56 (40.00)
97 (34.64)
183 (65.35)
37 (26.43)
64 (45.71)
39 (27.86)
138 (49.29)
142 (50.71)

HBV, hepatitis B virus; HCC, hepatocellular carcinoma; SNP, single nucleotide polymorphism.
a
A compared with G allele (total chronic HBV vs. healthy control); OR (95%CI) = 2.20 (1.51–3.19), P = 0.000014; bAutosomal recessive model
AA compared with GA + GG genotype (total chronic HBV vs. healthy control); OR (95%CI) = 2.79 (1.72–4.52), P = 0.0000085; cA compared
with G allele (total chronic HBV vs. self-limited HBV); OR (95%CI) = 1.61 (1.12–2.33), P = 0.0073; dA compared with G allele (chronic HBV with
HCC vs. healthy control); OR (95%CI) = 2.34 (1.37–4.02), P = 0.00083; eAutosomal recessive model AA compared with GA + GG genotype
(chronic HBV with HCC vs. healthy control); OR (95%CI) = 2.93(1.52–5.69), P = 0.00049; fA compared with G allele (chronic HBV with HCC vs.
self-limited HBV); OR (95%CI) = 1.72 (1.01–2.93), P = 0.033; gA compared with G allele (chronic HBV without HCC vs. healthy control); OR
(95%CI) = 2.12 (1.39–3.25), P = 0.00025; hAutosomal recessive model AA compared with GA + GG genotype (chronic HBV without HCC vs.
healthy control); OR (95%CI) = 2.71 (1.58–4.66), P = 0.0001; iA compared with G allele (chronic HBV without HCC vs. self-limited HBV); OR
(95%CI) = 1.56 (1.03–2.37), P = 0.029.

2.79 (95% CI = 1.72–4.52, P = 0.0000085). In addition, we classified total chronic HBV as with HCC
(N = 65) and without HCC (N = 115). Our finding still showed a significant difference of A allele of
-1823G/A SNP (rs1332190) between chronic HBV
patients with HCC and healthy controls as well as
chronic HBV patients without HCC vs. healthy controls [OR (95%CI) = 2.34 (1.37–4.02), P = 0.00083
and OR (95%CI) = 2.12 (1.39–3.25), P = 0.00025,
respectively]. When we compared both chronic HBV
groups (with and without HCC) vs. self-limited HBV
patients, this A allele frequency was also found to be
significantly different [OR (95% CI) = 1.72 (1.01–
2.93), P = 0.033 and OR (95% CI) = 1.56 (1.03–
2.37), P = 0.029, respectively]. The effect of A allele
seems to be autosomal recessive model with the OR of
2.93 (95% CI = 1.52–5.69, P = 0.00049). However,
we did not find any significant associations of -2529A/
T SNP in IFNA5 gene between patients with chronic
HBV and control groups (P > 0.05).

Furthermore, we performed haplotype analysis of
these two SNPs (-2529A/T SNP in IFNA5 and
-1823G/A SNP in IFNA1). There were four haplotypes
including AG, TG, AA and TA. To test the association
of IFNA haplotype and disease development, we compared each tested haplotype with other two haplotypes
between patients and controls. In this study, we found
significant association between TA haplotype and risk
to chronic HBV infection [total chronic HBV
(OR = 1.69, P = 0.0065), with HCC (OR = 1.91,
P = 0.0091)
and
without
HCC
(OR = 1.64,
P = 0.0314)]. In contrast, TG was observed to be
protective haplotype [total chronic HBV (OR = 0.331,
P = 0.0004), with HCC (OR = 0.328, P = 0.0112)
and without HCC (OR = 0.333, P = 0.0022)]. The
results of haplotype analysis are shown in Table 2.
These haplotype results were consistent with the additional analysis of gene–gene interaction using MDR
approach. In this study, the combination of TT genotype of IFNA5 gene with AA genotype of IFNA1 gene

Table 2. Haplotype analysis for -2529A/T (rs3758236) of IFNA5 gene and -1823G/A (rs1332190) of IFNA1 gene
Total vs. Healthy
control

Haplotype frequency

With HCC vs.
Healthy control

Without HCC vs.
Healthy control

Haplotype

Total chronic
HBV

With
HCC

Without
HCC

Self-limited
HBV

Healthy
control

OR

P value

OR

P value

OR

P value

AG
TG
AA
TA

0.0973
0.0972
0.3888
0.4167

0.0856
0.0990
0.3759
0.4394

0.0999
0.1001
0.4001
0.3999

0.1328
0.1475
0.3469
0.3727

0.1513
0.1952
0.3416
0.3120

0.579
0.331
1.230
1.690

0.0378
0.0004
0.2192
0.0065

0.473
0.328
1.150
1.910

0.0838
0.0112
0.5565
0.0091

0.631
0.333
1.280
1.640

0.1048
0.0022
0.1997
0.0314

HBV, hepatitis B Virus; HCC, hepatocellular carcinoma; OR, odds ratio.

© 2013 John Wiley & Sons Ltd
International Journal of Immunogenetics, 2013, 40, 476–481

IFN-a gene polymorphisms with HBV

Table 3. Analysis of gene–gene interaction using MDR approach for
-2529A/T (rs3758236) of IFNA5 gene and -1823G/A (rs1332190) of
IFNA1 gene

Combination

Chronic
HBV

Healthy
control

Case/control
ratio

Predicted
class

TT, AA
AT, AA
AA, AA
TT, GA
AT, GA
AA, GA
TT, GG
AT, GG
AA, GG

34
53
30
16
28
12
1
2
4

9
28
19
26
33
12
4
3
6

3.7778
1.8929
1.5789
0.6154
0.8485
1
0.25
0.6667
0.6667

High risk
High risk
High risk
Low risk
Low risk
Low risk
Low risk
Low risk
Low risk
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In addition, the association between allele, genotype
and haplotype frequencies of IFNA1 and IFNA5 gene
polymorphisms with HBV viral load and liver enzymes
in a subset of the patients was analysed. In this study,
there was no significant association between these gene
polymorphisms with the level of HBV DNA, AST and
ALT liver enzymes (Table 4).

Discussion

MDR, multifactor dimensionality reduction.

(TT, AA) was classified as high-risk group (ratio of
case: control >1) as well as AT, AA and AA, AA.
Whereas the combination between TT and GA, AT
and GA, AA and GA, TT and GG, AT and GG, AA
and GG of IFNA5 and IFNA1 genes, respectively, was
classified as low-risk group (ratio of case: control  1) (Table 3). By whole statistical analysis, the
OR (95% CI) for the high-risk to low-risk group was
2.79 (1.77–4.40), P < 0.0001.

In this study, we determined the association between
the IFNA gene polymorphisms and the susceptibility
to chronic HBV infection. We focused on two polymorphisms in the promoter region comprising -1823G/
A SNP (rs1332190) within IFNA1 gene and -2529A/T
SNP (rs3758236) within IFNA5 gene. Our results suggest that IFN polymorphism might be important for
the risk of chronic HBV infection. In this study, we
found that A allele of -1823G/A SNP within IFNA1
had a higher risk of developing chronic hepatitis B. By
model of inheritance analysis, the association of this
SNP seems to be recessive effect model. In addition,
we divided chronic HBV patients into patient with
HCC and without HCC groups. Our results showed
that SNP within IFNA1 was associated with both
groups. This suggests that there may be other genetic

Table 4. Allele, genotype and haplotype frequencies in chronic hepatitis B patients stratiﬁed by HBV DNA levels, aspartate aminotransferase
and alanine aminotransferase

SNPs

HVL
N = 40
(%)

Alleles
IFNA1
rs1332190
G
17 (21.25)
A
63 (78.75)
IFNA5
rs3758236
A
41 (51.25)
T
39 (48.75)
Genotypes
IFNA1
rs1332190
GG
1 (2.50)
GA 15 (37.50)
AA 24 (60.00)
IFNA5
rs3758236
AA 11 (27.50)
AT 19 (47.50)
TT 10 (25.00)
Haplotypes
AG
0.1153
TG
0.0972
AA
0.3972
TA
0.3903

LVL
N = 19
(%)

HAST
N = 42
(%)

LAST
N = 74
(%)

OR

P value

4 (10.53)
34 (89.47)

2.29

0.1547

18 (21.43)
66 (78.57)

17 (44.74)
21 (55.26)

1.3

0.5084

0 (0)
4 (21.05)
15 (78.95)

1
2.25
0.4

4 (21.05)
9 (47.37)
6 (31.58)
0.0417
0.0636
0.4057
0.4891

HALT
N = 45
(%)

LALT
N = 72
(%)

OR

P value

30 (20.27)
118 (79.73)

1.07

0.8342

21 (23.33)
69 (76.67)

42 (50.00)
42 (50.00)

72 (48.65)
76 (51.35)

1.06

0.8431

1
0.2065
0.1508

2 (4.76)
14 (33.33)
26 (61.91)

2 (2.70)
26 (35.14)
46 (62.16)

1.8
0.92
0.99

1.42
1.01
0.72

0.5951
0.9925
0.5953

11 (26.19)
20 (47.62)
11 (26.19)

18 (24.32)
36 (48.65)
20 (27.03)

4.74
2.14
0.97
0.65

0.1952
0.5435
0.9299
0.3102

0.1328
0.0815
0.3647
0.4326

0.1218
0.0809
0.3647
0.4326

OR

P value

28 (19.44)
116 (80.56)

1.26

0.4769

44 (48.89)
46 (51.11)

70 (48.61)
74 (51.39)

1.01

0.967

0.5591
0.8444
0.9781

2 (4.44)
17 (37.78)
26 (57.78)

2 (2.78)
24 (33.33)
46 (63.89)

1.63
1.21
0.77

0.638
0.624
0.5086

1.1
0.96
0.96

0.8235
0.9151
0.922

12 (26.67)
20 (45.00)
13 (28.89)

17 (23.61)
36 (50.00)
19 (26.39)

1.18
0.8
1.13

0.7096
0.5584
0.7679

1.13
1.01
1.01
0.94

0.8076
0.9882
0.9699
0.8351

1.12
1.76
0.97
0.87

0.8166
0.4484
0.9083
0.6361

0.129
0.1043
0.3599
0.4068

0.1188
0.0757
0.3673
0.4382

HBV, hepatitis B virus; SNPs, single nucleotide polymorphisms; HVL, high viral load, HBV DNA level  105 copies per ml; LVL, low viral loads,
HBV DNA level <105 copies per ml; HAST, high aspartate aminotransferase, AST level  100 U L 1; LAST, low aspartate aminotransferase,
AST level <100 U L 1; HALT, high alanine aminotransferase, ALT level  100 U L 1; LALT, low alanine aminotransferase, ALT level
<100 U L 1; OR, odds ratio.
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factors responsible for the development of HCC.
Recent studies reported that some cytokine polymorphisms such as SNPs in IL-1B, TNF-a and IL-28B
affected the progression of HCC (Hirankarn et al.,
2006; Kummee et al., 2007; Ren et al., 2012). Our
significant finding was not seen between -2529A/T
SNP in IFNA5 gene and any groups of patients with
chronic HBV. However, haplotype analysis revealed
significant association between haplotype TA and risk
to chronic HBV infection. This result corresponded to
the analysis of genotype combination using MDR program (Hahn et al., 2003). The genotype having two T
allele of IFNA5 gene and two A allele of IFNA1 gene
had higher risk effect than the other combinations.
This is consistent to our previous study in IFNA1 and
IFNA5 genes interaction (Hirankarn et al., 2008).
IFN-a is widely used in patients infected with HBV
to provide the lack of this cytokine. However, there
are no data for different patterns of IFNA subtypes
that produced in patients with HBV. The activity of
IFN-a is mediated by type I interferon receptor, which
composed of IFNAR1 and IFNAR2 (Pestka et al.,
2004). A mechanism to control the level of IFN-a was
studied by in vitro analysis of the promoter variants in
IFNA2 gene (Song le et al., 2006). For IFNA1 and
IFNA5 genes, our previous report showed that these
two genes were associated with some diseases such as
systemic lupus erythematosus (SLE) (Hirankarn et al.,
2008). However, there were no any previous reports
in association between polymorphisms of these two
genes and HBV infection. There was only one report
in type I interferon receptor genes such as IFNAR1
and IFNAR2. Several studies found that polymorphisms in promoter, intron, exon and 3′UTR regions
of IFNAR1 gene were associated with HBV infection
(Zhou et al., 2007; Song et al., 2008; Zhou et al.,
2009; He et al., 2010; Zhou et al., 2012). For IFNAR2 gene, a study in polymorphism of this gene
showed that non-synonymous SNP located on signal
peptide region was associated with outcome of persistent HBV infection in Gambians (Frodsham et al.,
2006). However, this association was not observed in
Chinese patients (Chen et al., 2010).
In conclusion, our finding showed the association
between polymorphisms in promoter region of IFNA1
and IFNA5 genes and the risk to chronic HBV infection. However, until now, there is still no any report
in functional significance of polymorphisms in these
two genes. Thus, functional analysis involving with
the effect of promoter polymorphism on the gene
expression is required in the future.
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