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Context: The variation in clinical outcome of hepatitis B virus (HBV) infection is determined by virological, immunological and host
genetic factors. Genes encoding cytokines are one of the candidates among host genetic factors. Polymorphisms in gene promoter can
lead to different levels of cytokine expression and unique immune response. Being involved in the inflammatory cytokine network,
interleukin-18 (IL-18) plays an important role in pathogenesis of HBV infection. The aim of this review is considering available literature on
the association between IL-18 gene promoter single nucleotide polymorphisms (-137 C/G and -607 A/C) and susceptibility to chronic HBV
infection.

Evidence Acquisition: Published literature from PubMed, EMBASE, and other databases were retrieved. All studies investigating the
association of IL-18 gene promoter SNPs,-137 C/G and -607 A|C, with susceptibility to chronic HBV infection were included.

Results: Findings showed that the genotype -607A/A is associated with the susceptibility to chronic hepatitis B. Furthermore, allele C at
position -137 is suggested to play a protective role against development of chronic HBV infection.

Conclusions: Host genetic factors play an important role in determining the outcome of HBV infection. Itis suggested that IL-18 genotype
-607 AJA is associated with susceptibility to chronic hepatitis B. Furthermore, the carriage of allele C at position -137 may play a protective

role in the development of chronic HBV infection.
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1. Context

Hepatitis B is a potentially life-threatening liver infec-
tion caused by the HBV. It is estimated that over 2 billion
of the world's population have been exposed to this virus
(13). HBV infected patients are generally classified into
one of the following clinical types: 1) asymptomatic HBV
carriers; 2) acute hepatitis; 3) chronic hepatitis; 4) liver
cirrhosis; and 5) primary hepatocellular carcinoma. The
reasons for variation in the pattern and clinical outcome
of HBV infection are not fully understood, but are related
to environmental, virological (viral load and virus geno-
type), immunological (host innate and adaptive immune
responses) and the host genetic factors. Even though to
date, no single allele has been clearly associated with
HBV infection outcome or disease susceptibility, knowl-
edge of understanding human genetic factors may pro-
vide critical clues to the ethnic diversity of HBV infection.
The human genome project has indicated that there are
approximately thirty-five thousand genes in the human
genome. Many of the alleles contain polymorphisms
such as SNPs within the encoding or non-encoding flank-
ing regions. This high number of SNPs is likely to explain

much of the genetic diversity of individuals and ethnic
groups (4, 5). If a specific SNP version is found to be as-
sociated with a favorable outcome and decreased risk of
progression of HBV infection and liver disease, the allele
maybe considered an ‘HBV resistant’ allele. Conversely,
if a version of the SNP is found to be associated with an
unwanted HBV phenotype (quick disease progression or
high risk of severe infection) maybe called a ‘HBV suscep-
tible’ allele. Many recent studies are focusing on the iden-
tification for these alleles.

Most of the candidate genes fall into the following cat-
egories: 1) genes that mediate the processes of viral en-
try into hepatocytes, including genes involved in viral
binding, fusion with cellular membrane and entrance
in target cells; 2) genes that participate in the pathologi-
cal alterations in liver tissue and infection type; 3) genes
that modulate or regulate the immune response to HBV;
4) genes involved in the development of liver cirrhosis
and hepatocellular carcinoma associated with chronic
HBV infection, including genes related to mother-to-
infant transmission of HBV infection; and 5) genes that
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The aim of this review is considering available literature on the association between interleukin 18 gene promoter polymorphisms, -137 (C/G) and -607
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contribute to resistance to antiviral therapies (6). Host
immunological response - including levels of antibodies,
cytokines or cell-mediated response - plays an important
role in determining susceptibility of natural course of
HBV infection. Studies on SNPs within genes involved in
immune responses are among those polymorphisms in
various genes, such as human leukocyte antigen, tumor
necrosis factor alpha (TNF-o), interferon gamma (IFN-y),
cytotoxic T lymphocyte-associated protein 4 and chemo-
kine receptor 5 (CCR5). Many of these candidate genes
polymorphisms are reported to be associated with sus-
ceptibility to chronic hepatitis B (7).

Cytokines represent a large family of molecules, includ-
ing the chemokines, interleukins, interferons and mem-
bers of the TNF family, which all play an important role
for the initiation and regulation of immune responses.
Findings show that the capacity of cytokine production
in individuals has a major genetic component (8). The
remarkable differences among individuals in terms of
their ability to produce cytokines have been attributed
to polymorphisms within the regulatory regions of the
cytokine genes. Several studies have investigated genetic
polymorphisms for interleukins to identify their poten-
tial implications with respect to the natural history and
treatment of viral hepatitis (9, 10). A study conducted by
Li et al. (11) showed the association between IL-28B gene
polymorphisms and HBV infection. In other study, Wang
et al. (12) indicated the role of heterogeneity in the pro-
moter region of the IL-10 gene in determining the initial
response of chronic hepatitis B to interferon-o (IFN-a)
therapy.

IL-18, also called IFN-y inducing factor, is an obligatory
cytokine for IFN-y production and plays a key role in the
induction of T-lymphocyte responses (13, 14). It is a pleio-
tropic pro-inflammatory cytokine that is mainly pro-
duced during the acute immune response by monocytes,
macrophages, and immature dendritic cells. This cyto-
kine also participates in both cellular and humoral re-
sponses (15). IL-18 is able to stimulate production of IFN-y,
TNF-q, IL-1, IL-2,adhesion molecules and apoptosis factors.
It also increases the T-lymphocyte proliferation, and en-
hances the lytic activity of natural-killer cells. Consider-
ing these multiple functions, IL-18 is suggested to play
an important role in the development of chronic inflam-
matory diseases such as chronic viral hepatitis (16). IL-18
encoding gene is located on chromosome 11q22.2-q 22.3
and consists of 6 exons and 5 introns. It lacks a TATA box,
and its expression is regulated by at least two distinct
promoter regions, one of which is located upstream of
untranslated exon 1 (promoter 1) and the other upstream
of exon 2 (promoter 2) (17, 18).

Screening for nucleotide variations in the promoter re-
gion of this gene and being able to affect IL-18 synthesis,
resulted in the discovery of several new polymorphisms
(19). Two of these SNPs at positions -607 A/C and -137 G/C
within the IL-18 promoter region were suggested to alter
the IL-18 promoter activity (19) . G to C transversion at the

position -137 and C to A transversion at the position -607
affect functionally active parts of this promoter. These
parts include binding sites for histone 4 transcription
factor 1 (H4TF-1) and cAMP responsive element binding
protein (CREB) transcriptional, respectively. Therefore,
mutation at these sites could influence IL-18 expression
and alter the level of IL-18 production. So that, these two
polymorphisms (-607C/A and -137G/C) and their haplo-
types seem to explain difference in IL-18 expression and
production (19, 20).

It has been indicated that polymorphisms in IL-18 gene
promoter that alter the level of cytokine production, are
association with the outcome of different infections such
as hepatitis C and immune deficiency syndrome (AIDS)
(21,22). Considering these findings, recent studies investi-
gated the possible role of the SNPs at IL-18 gene-promoter
region in the progression of chronic hepatitis B.

It has been shown that IL-18 can inhibit HBV replication
in the liver of transgenic mice, especially in association
with IL-12 (23). Meanwhile, it has been shown that in vi-
tro IL-18 can improve the peripheral blood monocytes
(PBMC) from chronic hepatitis B patients to produce a
high level of IFN-y. These results suggested that this pro-
inflammatory cytokine may contribute to the control of
the HBVreplication during natural HBV infection (24). In-
volvement of IL-18 in host immune response against HBV
infection suggested that its gene polymorphisms may be
linked to the outcome of hepatitis B infection. Taking this
evidence into consideration, possible role of the SNPs of
IL-18 gene-promoter region in the progression of chronic
hepatitis B were investigated in a number of recent stud-
ies (25-27).

2. Evidence Acquisition

Published literature from PubMed, EMBASE, and other
databases were reviewed and all studies investigating the
association of IL-18 gene promoter SNPs, -137 C/G,-607 A/C,
or both with susceptibility to chronic HBV were included.

In a study by Hirankarn et al. (26) the genotype frequen-
cies of IL-18 polymorphism at positions -607A/C between
Thai patients with chronic HBV infection and healthy in-
dividuals were compared to assess whether these genes
are involved in susceptibility to chronic HBV infection.
The results indicated that the -607A/A genotype was sig-
nificantly higher in the patients with chronic hepatitis
B than in the controls. They hypothesized that -607A/A
genotype likely results in markedly lower transcription
activity and lower production of IL-18 from hepatic mac-
rophage in the liver, leading to decreased inhibition of
HBV replication. This hypothesis was approved by study
of Khripko et al. (28) in which the authors analyzed the
effect of polymorphic variants in the IL-18 gene promot-
er region at —607 A —C on IL-18 protein production by
PBMC of healthy donors. They indicated that, the level of
spontaneous IL-18 secretion in carriers of -607A/A is lower
compare to C/A and C/C carriers.
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In other study by Na Li et al. (27) the effect of SNP-607A/C
in IL-18 gene on susceptibility to chronic HBV infection
was investigated between chronic HBV infected patients
and HBV natural clearance controls in Chinese popula-
tion. The results showed that the genotype A/A at position
-607 was present at higher frequency in patients with
chronic hepatitis B compared to controls. Both studies
suggested that the genotype A/A at position -607 is closely
associated with the susceptibility to chronic hepatitis B
and may be the susceptible gene. In contrast, a study by
Zhang et al. (25) showed no significant difference in posi-
tion -607 A/C gene polymorphism between patients with
chronic hepatitis B and healthy controls in Chinese Han
population. Ethnic and racial differences and association
with other genetic markers are likely to explain these
contradictory results.

Comparing genotype frequency at position -137, Zhang
et al. (25) observed significant difference between the pa-
tients with chronic hepatitis B and the healthy controls
in Han Chinese population. At this position, genotype
G|G was present at a significantly higher frequency in
the patients with chronic hepatitis B compared to those
in the controls. Hirankarn et al. (26) observed the same
results indicating the higher frequency of genotype -137
G/G in patients with chronic hepatitis B compared to
healthy controls. However, this difference was not sig-
nificant. This result does not support the hypothesis that
lower production of IL-18 is associated with susceptibility
to chronic HBV infection, because it is indicated that the
production of IL-18 is higher in carriers of G/G compare
to other genotypes (20). Investigating the distribution
of allele frequency, Zhang et al. showed that the frequen-
cies of haplotypes which bear C at position -137, in the
patients with chronic hepatitis B were significantly lower
than that in the healthy controls. It is in agreement with
the result of Na Li et al. study (27) in which the frequency
of allele C indicated to be less frequent in patients with
chronic HBV compared to controls. These findings sug-
gest that C allele at position -137 plays a protective role in
the development of HBV infection. They suggested that
-137 C was related with high production of IL-18, which re-
sultin better elimination of HBV.

3. Results

The SNPs in promoter of IL-18 gene at position -607 and
-137 were suggested to have a critical impact on IL-18 gene
activity, which result in different level of IL-18 production.
As IL-18 plays an important role in host defense against
HBV infection, difference in level of its production is sug-
gested to be associated with HBV outcome.

Recent studies indicated that -607A/A genotype is as-
sociated by lower level of IL-18 production compare to
C/A and C/C genotypes. Investigating the association be-
tween this genotype and susceptibility to development
of chronic hepatitis B infection indicated a higher fre-
quency of -607A/A in patients with chronic hepatitis B,
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suggesting this genotype as a susceptible gene (26, 27).

In the case of haplotype studies on -137 genotypes it has
been indicated that the frequency allele C at position -137
is lower in patients with chronic HBV infection, suggest-
ing that this allele may play a protective role in the devel-
opment of chronic HBV infection (25).

4. Conclusions

Findings show that host genetic factors play an impor-
tant role in determining the outcome of HBV infection.
Because cytokines play an important role in initiation
and regulation of immune responses against HBV infec-
tion, they might affect susceptibility to HBV infection.
IL-18 is involved in the inflammatory cytokine network so
it has an important role in the pathogenesis of various
diseases including HBV infection. The SNPs in promoter
of IL-18 gene at position -607 and -137 were contributed to
difference in IL-18 gene activity, which result in variable
level of IL-18 production. A number of recent studies have
demonstrated the association between -607A/A genotype
and the susceptibility to development of chronic hepati-
tis B (26, 27). Furthermore, the carriage of allele C at posi-
tion -137 in the promoter of IL-18 gene is suggested to play
a protective role against development of chronic HBV
infection (25). However, the real roles of IL-18 gene pro-
moter polymorphisms in the pathogenesis of develop-
ing chronic hepatitis B needs to be further investigated
within large population from different ethnic groups
and geographic regions.

Authors' Contributions

Design, collection of data, Writing the manuscript: MM,
SS; Conception and design, scientifically revision of the
article: SMA.

References

1. Fathimoghaddam F, Hedayati-Moghaddam MR, Bidkhori HR,
Ahmadi S, Sima HR. The prevalence of hepatitis B antigen-pos-
itivity in the general population of Mashhad, Iran. Hepat Mon.
2011;11(5):346-50.

2. Ganji A, Esmaeilzadeh A, Ghafarzadegan K, Helalat H, Rafatpa-
nah H, Mokhtarifar A. Correlation between HBsAg quantitative
assay results and HBV DNA levels in chronic HBV. Hepat Mon.
2011;11(5):342-5.

3. Mohebbi SR, Sanati A, Cheraghipour K, Rostami Nejad M, Shal-
mani HM, Zali MR. Hepatitis C and hepatitis B virus infection: ep-
idemiology and risk factors in a large cohort of pregnant women
in Lorestan, West of Iran. Hepat Mon. 2011;11(9):736-9.

4. Thio CL, Thomas DL, Carrington M. Chronic viral hepatitis and
the human genome. Hepatology. 2000;31(4):819-27.

5. Arababadi MK, Mohammadzadeh A, Pourfathollah AA, Kennedy
D. Polymorphisms within Fas gene are not associated with occult
hepatitis B virus infection: Polymorphisms within Fas gene in oc-
cult HBV infection. Hepat Mon. 2011;11(1):23-6.

6. Abel L, Dessein AJ. Genetic epidemiology of infectious diseases
in humans: design of population-based studies. Emerg Infect Dis.
1998;4(4):593-603.

7. He YL, Zhao YR, Zhang SL, Lin SM. Host susceptibility to per-
sistent hepatitis B virus infection. World ] Gastroenterol.
2006;12(30):4788-93.

8. Danis VA, Millington M, Hyland V], Grennan D. Cytokine produc-
tion by normal human monocytes: inter-subject variation and



MotavafM et al.

11.

12.

13.

14.

16.

17.

19.

relationship to an IL-1receptor antagonist (IL-1Ra) gene polymor-
phism. Clin Exp Immunol.1995;99(2):303-10.

Sharafi H, Pouryasin A, Alavian SM, Behnava B, Keshvari M, Sa-
limi S, et al. Distribution of IL28B Genotypes in Iranian Patients
with Chronic Hepatitis C and Healthy Individuals. Hepat Mon.
2012;12(12).

WulL,ChenL,ZhouL,Xie H,WeiB, Yin S, et al. Association of inter-
leukin 18 gene promoter polymorphisms with HBV recurrence
after liver transplantation in Han Chinese population. Hepat
Mon. 2011;11(6):469-74.

Li W, Jiang Y, Jin Q, Shi X, Jin ], Gao Y, et al. Expression and gene
polymorphisms of interleukin 28B and hepatitis B virus infec-
tion in a Chinese Han population. Liver Int. 2011;31(8):1118-26.
Wang S, Huang D, Sun S, Ma W, Zhen Q. Interleukin-10 promoter
polymorphism predicts initial response of chronic hepatitis B to
interferon alfa. Virol . 2011;8:28.

Zecchina G, Novick D, Rubinstein M, Barak V, Dinarello C, Nagler A.
Interleukin-18 binding protein in acute graft versus host disease
and engraftment following allogeneic peripheral blood stem cell
transplants. ] Hematother Stem Cell Res. 2001;10(6):769-76.

Kieszko R, Krawczyk P, Jankowska O, Chocholska S, Krol A, Mila-
nowski J. The clinical significance of interleukin 18 assessment in
sarcoidosis patients. Respir Med. 2007;101(4):722-8.

Nakanishi K, Yoshimoto T, Tsutsui H, Okamura H. Interleu-
kin-18 regulates both Th1 and Th2 responses. Annu Rev Immunol.
2001;19:423-74.

Mclnnes IB, Gracie JA, Leung BP, Wei XQ, Liew FY. Interleukin 18: a
pleiotropic participant in chronic inflammation. Immunol Today.
2000;21(7):312-5.

Kalina U, Ballas K, Koyama N, Kauschat D, Miething C, Arnemann
], et al. Genomic organization and regulation of the human in-
terleukin-18 gene. Scand | Immunol. 2000;52(6):525-30.

Tone M, Thompson SA, Tone Y, Fairchild PJ, Waldmann H. Regula-
tion of IL-18 (IFN-gamma-inducing factor) gene expression. J Im-
munol.1997;159(12):6156-63.

Giedraitis V, He B, Huang WX, Hillert J. Cloning and mutation

20.

21

22.

23.

24.

25.

26.

27.

28.

analysis of the human IL-18 promoter: a possible role of poly-
morphisms in expression regulation. ] Neuroimmunol. 2001;112(1-
2):146-52.

Arimitsu |, Hirano T, Higa S, Kawai M, Naka T, Ogata A, et al. IL-18
gene polymorphisms affect IL-18 production capability by mono-
cytes. Biochem Biophys Res Commun. 2006;342(4):1413-6.
Bouzgarrou N, Hassen E, Schvoerer E, Stoll-Keller F, Bahri O, Gab-
bouj S, et al. Association of interleukin-18 polymorphisms and
plasma level with the outcome of chronic HCV infection. | Med
Virol. 2008;80(4):607-14.

Sobti R, Sharma V, Abitew A, Berhane N, Mahdi S, Askari M, et
al. IL-18 Gene Promoter Region 607C/A Polymorphism in HIV-1
Infected North Indian Population. Balkan | Med Genet : BIMG.
2011;14(2):41-8.

Kimura K, Kakimi K, Wieland S, Guidotti LG, Chisari FV. Interleu-
kin-18 inhibits hepatitis B virus replication in the livers of trans-
genic mice. ] Virol. 2002;76(21):10702-7.

Sun Y, Chen HY, Wang F, Zhang X, Jiang HQ, Shao FJ, et al. [Effect
of IL-18 on peripheral blood monocytes from chronic hepatitis B
patients]. Zhonghua Gan Zang Bing Za Zhi. 2003;11(8):470-3.
Zhang PA, Wu JM, Li Y, Yang XS. [Relationship of interleukin-18
gene promoter polymorphisms with chronic hepatitis B in
Chinese Han population]. Zhonghua Yi Xue Yi Chuan Xue Za Zhi.
2005;22(5):528-32.

Hirankarn N, Manonom C, Tangkijvanich P, Poovorawan Y. Asso-
ciation of interleukin-18 gene polymorphism (-607A/A genotype)
with susceptibility to chronic hepatitis B virus infection. Tissue
Antigens. 2007;70(2):160-3.

LiN, Gao YF, Zhang TC, Chen P, Li X, Su E. Relationship between in-
terleukin 18 polymorphisms and susceptibility to chronic hepa-
titis B virus infection. World | Hepatol. 2012;4(3):105-9.

Khripko OP, Sennikova NS, Lopatnikova JA, Khripko ]I, Filipenko
ML, Khrapov EA, et al. Association of single nucleotide poly-
morphisms in the IL-18 gene with production of IL-18 protein
by mononuclear cells from healthy donors. Mediators Inflamm.
2008;2008:309721.

Hepat Mon. 2014;14(7):219879



