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Abstract

Introduction Interleukin (IL)-18 plays an important dual

role in Th1 polarization and viral clearance, as well as in

the development of liver fibrosis. Single-nucleotide pro-

moter polymorphisms influence the transcription of IL-18

mRNA. Promoter polymorphisms are linked to delayed

virus clearance and disease susceptibility in many diseases.

However, there is no information about their role in hep-

atitis C virus (HCV) infection.

Aim To investigate the association between -607 or

-137 polymorphism with susceptibility and severity of

HCV infection.

Patients and methods Two hundred and four serologi-

cally proven patients with chronic HCV infection and 350

matched healthy controls were included in this study.

Patients were segregated in 2 groups: group A with mild

liver disease and group B with severe liver disease on the

basis of histological activity index (HAI B5 or [5) and

hepatic fibrosis score (B2 or [2). IL-18 promoter geno-

typing was performed with sequence-specific primers.

Results There was no significant difference in the fre-

quencies of -607 and -137 allelic distribution in patients

and controls. The -607 A/A allele was more common in

group A patients with mild liver disease than in patients

with severe liver disease on the basis of HAI (38.6% vs.

21%, P = 0.05; odds ratio [OR] = 0.424, confidence

interval [CI] = 0.233–0.773; R2 = 0.631) and stage of

fibrosis (38.7% vs. 16.7%, P = 0.008; OR = 0282,

CI = 0.134–0.596; R2 = 0.434).

Conclusions IL-18 promoter polymorphism at -607

position with A/A allele is a potential protective marker, as

it is associated with milder liver disease in patients with

chronic HCV infection.

Keywords IL-18 � Hepatitis C � Polymorphism �
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Introduction

About one-third of patients infected with chronic hepatitis

C virus (HCV) develop cirrhosis and hepatocellular carci-

noma (HCC) [1]. The rate at which the liver disease

develops varies from one individual to other. There is

sufficient evidence to suggest that the disease progression

is multifactorial, including viral, host immunological, and

genetic factors. The predominant genes involved in HCV

disease progression and persistence are those that are

involved in the replication and mediation of immunological

response. Cytokines play important role in differentiation,

maturation, and functional activation of immune cells.

Interindividual variations in cytokine production, and

polymorphisms in cytokine and/or their receptor genes, may

directly influence the outcome of cytokine-based immuno-

therapy. Genetic variation exerts a major influence on

susceptibility and progression of infectious diseases [2]. The

association of tumor necrosis factor (TNF)-b and vitamin D

receptor gene polymorphisms was also linked to viral per-

sistence and severity of liver disease in HCV patients [3].

Interleukin (IL)-18, also called interferon (IFN)-c–

inducing factor, is an obligatory cytokine for IFN-c pro-

duction [4] and plays a key role in the induction of Th1
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responses [5]. Pro-IL-18 is a biologically inactive precursor

that is produced during the acute immune response by

monocytes, macrophages, and immature dendritic cells. It

is activated intracellularly by caspase-1 to induce IFN-c
and TNF-a secretion. It also enhances cytotoxicity of nat-

ural killer cells and FasL expression.

IFN-a exerts its anti-inflammatory action by the induc-

tion of IL-18-binding protein (IL-18BP). Increased IL-18

production is neutralized by IL-18BP in chronic HCV

infection, and this neutralization is crucial for the regula-

tion of inflammation and fibrosis development [4]. IFN

therapy increases plasma IL-18BP levels by 3- to 24-fold

within 24 h following the institution of therapy [6].

Asakawa et al. [7] showed that elevated level of IL-18

receptors was a significant predictor of poor outcome of IFN

therapy in HCC patients. In addition to this, animal models

have also shown lethal lung injury due to IL-18 induction

[8], thereby suggesting that IL-18 is an important factor for

the development of inflammation and liver disease.

Earlier studies suggest that IL-18 promoter polymor-

phism at -607 and -137 positions (Fig. 1) is associated

with susceptibility to HBV infection [9, 10]. The IL-18BP

promoter resides within 1.6-kb DNA upstream of the first

exon and includes at least six regulatory elements. The

basal promoter is a c-activated sequence (GAS), which is

proximal to the transcription start site (base 1), followed by

an IFN regulatory factor 1 response element (IRF-E) and 2

CCAAT/enhancer binding protein b (C/EBPb) sites, all of

which are essential for the basal promoter activity. Fur-

thermore, GAS and IRF-E are essential for IFN-c-induced

transcription. Decreased HBV replication was also associ-

ated with -607 AA allele polymorphism. IL-18 gene

polymorphism at -607 and -137 positions has been

shown to be associated with Crohn’s disease [11], cardio-

vascular diseases [12], and infectious diseases such as

human immunodeficiency virus (HIV) infection [13].

However, there is no information on the relevance and

significance of IL-18 promoter polymorphism at -607 and

-137 positions in HCV. This study is designed to

investigate the frequency of polymorphism at -607 and

-137 positions and its association with liver disease

severity in HCV-infected patients.

Patients and methods

Patients

Two hundred and four patients with histological proven

chronic HCV infection were studied. The inclusion criteria

were evidence of chronic hepatitis in liver biopsy, proof of

the presence of HCV-RNA by RT-PCR, and HCV-RNA

quantification by bDNA assay (Chiron Corporation,

Emeryville, CA). Patients were excluded if they had hep-

atitis B virus (HBV) or HIV infection; history of heavy

alcohol consumption ([80 g/day for [5 years); were

positive for antinuclear or antismooth muscle antibody (in

1:80 dilution); and had autoimmune liver disease, thyroid

disease, diabetes mellitus, or malaria.

Controls

A total of 350 unrelated healthy adult subjects, with no

previous history of liver diseases and negative for HBV

and HCV infections, were included as controls. Patients

and controls were prospectively matched for ethnic group.

The institutional ethical committee approved the study

protocol. An informed consent was obtained for enrolling

the patients. Clinical and biochemical assessments of the

patients were performed according to the study protocol.

Histological examination

The histological activity index (HAI), a marker of the

inflammatory activity in the liver, and the stage of hepatic

fibrosis, an indication of the fibrosis in the liver, were

assessed in individual biopsy specimens in a blinded manner

by using the modified Knodell scoring system [14]. Based on
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the HAI and hepatic fibrosis scores, the patients were divi-

ded into 2 groups: group A, patients with mild liver disease

(HAI B 5 and fibrosis score B2) and group B, patients with

severe liver disease (HAI [ 5 and fibrosis score[2).

Serology

Blood from the patients was collected and the serum and

peripheral blood mononuclear cells were separated and

stored in aliquots at -80�C. Antibodies for HCV were

detected by the third-generation ELISA kit. Routine

hematological and biochemical tests were performed in

each patient.

HCV-RNA detection

After confirmation of the presence of antibodies against

HCV, HCV-RNA was extracted from 140 ll of serum

sample by using viral RNA isolation kit (QIAGEN GmbH,

Hilden, Germany) according to the manufacturer’s

instructions. The highly conserved 50-noncoding region of

HCV genome was amplified as described earlier [15], with

slight modifications.

HCV genotyping

The genotype of the amplified cDNA was determined by

the principle of reverse hybridization using the line probe

assay (INNO-LiPA HCV II Kit, InnogeneticsQ2, Ghent,

Belgium).

DNA extraction and PCR-based genotyping of allelic

variants

Genomic DNA was extracted from the whole blood by

using sodium per chlorate method [16]. Genotyping of

IL-18 promoter region at -607 and -137 positions was

performed with PCR-SSP [17]. One sequence-specific

primer (C/A) at -607 position and the common reverse

primer were included in every reaction mixture at a con-

centration of 10 nmol. In addition, 1.25 ll of the internal

positive control primer was added to the reaction mixture.

Internal positive amplification control was used to amplify a

301-bp fragment (for position -607) or 446-bp fragment (for

position -137) covering the polymorphic site (Table 1).

The reaction was performed in a final volume of 25 ll

consisting of 2.5 ll of 109 PCR buffer, 0.5 ll of 10 mmol

of dNTP, 1.5 ll of 25 mmol MgCl2, 20 ng of genomic

DNA, and 0.5 units of Taq polymerase. Reactions were

carried out in an ABI thermocycler with denaturation for

2 min at 94�C; followed by 7 cycles of 94 for 20 s, 64 for

40 s, and 72 for 40 s; and 25 cycles of 94 for 20 s, 57 for

40 s, 72 for 40 s, and 72 for 7 min. PCR products were

visualized by 2% agarose gel electrophoresis stained by

ethidium bromide.

Statistical analysis

Allelic frequencies were compared between patients with

chronic HCV infection and controls by v2 test. Categorical

variables were analyzed with v2 or Fisher’s exact test.

Two-sample t tests were used to compare means for con-

tinuous variables, and nonparametric test and Wilcoxon

Mann–Whitney U test were used for the comparison of

median values for nonnormally distributed continuous

variables. Univariate analysis was used to assess associa-

tions between the various allelic variants and severity of

liver disease.

The Hardy–Weinberg equilibrium was tested by com-

paring expected and observed genotype frequencies by v2

test. The distribution of genotypes between the patients and

the healthy controls was compared by contingency table

analysis.

For all tests, a 2-tailed P \ 0.05 was considered sig-

nificant. The analysis was performed with statistical

software SPSS 12.0 (SPSS Inc., Chicago, IL).

Table 1 Sequence-specific primers for C/A and G/C alleles and their PCR product sizes for positions -607 and -137

Primer sequence Product size (bp)

Sequence-specific primers for C/A allele at position -607

Common reverse primer 50-TAACCTCATTCAGGACTTCC-30

Sequence-specific forward primers 1 50-GTTGCAGAAAGTGTAAAAATTATTAC-30 196

Sequence-specific forward primers 2 50-GTTGCAGAAAGTGTAAAAATTATTAA-30 196

Control forward primer 50-CTTTGCTATCATTCCAGGAA-30 301

Sequence-specific primers for G/C allele at position -137

Common reverse primer 50-AGGAGGGCAAAATG CACTGG-30

Sequence-specific forward primers 1 50-CCCCAACTTTTACGGAAGAAAAG-30 261

Sequence-specific forward primers 2 50-CCCCAACTTTTACGGAAGAAAAC-30 261

Control forward primer 50-CCAATAGGACTGATTAT TCCGCA-30 446
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Results

Demographic profile

Two hundred four patients with chronic HCV infection

were studied. The baseline characteristics of the patients

and healthy controls in the study group are summarized in

Table 2. The most common source of HCV infection was

blood transfusion.

Viral genotype

HCV genotypes could be determined in 204 (100%)

patients. The predominant viral genotype was 3a/3b. One

hundred forty-eight (76.6%) patients had genotype 3, 31

(16.06%) had genotype 1, 3 (1.47%) had genotype 2, and

11 (5.39%) had genotype 4. No significant difference was

observed in immune gene polymorphism and patients with

different viral genotypes (Fig. 2a).

Correlation of IL-18 promoter polymorphism

with susceptibility to HCV infection

We studied IL-18 promoter polymorphism at -607C/A and

-137G/C positions with susceptibility to HCV infection.

The allele frequencies were compared between the patients

and control groups. There was no significant difference in

the distribution of all the alleles at -607 and -137 posi-

tions in patients and controls (Fig. 2b).

Correlation of IL-18 promoter polymorphism at -607

position with severity of HCV-related liver disease

To study whether IL-18 gene polymorphisms influence the

course of HCV-related liver disease, allelic distribution

was compared between group A with mild liver disease and

group B patients with severe liver disease.

The frequency of A/A allele at -607 position was more in

group A patients with mild liver disease than in group B

patients with severe liver disease on the basis of HAI (38.6%

vs. 21%, P = 0.005; odds ratio [OR] = 0.424, confidence

interval [CI] = 0.233–0.773; R2 = 0.631) and fibrosis

(38.7% vs. 16.7%, P = 0.008; OR = 0282, CI = 0.134–

0.596; R2 = 0.434), whereas the frequency of A/C allele at

-607 position was not associated with HAI (54.7% vs.

66.0%, P = 0.09) and fibrosis (55.6% vs. 70.3%, P = 0.07)

and C/C allele frequency was also significantly not recurrent

with HAI (6.6% vs. 12.8%, P = 0.12) and fibrosis (7.69%

vs. 12.96%, P = 0.271) (Fig. 3).

Correlation of IL-18 promoter polymorphism at -137

position with severity of HCV-related liver disease

There was no significant difference in allelic distribution at

-137 positions between patients with mild and severe liver

diseases. Distribution of G/G, G/C, and C/C alleles were

same in patients with mild and severe liver diseases; G/G

allele and HAI (55.6% vs. 51.2%, P = 0.531) and fibrosis

Table 2 Demographic profile

of patients with chronic HCV

infection and healthy controls

Patients (n = 204) Healthy controls (n = 350)

Age, mean ± SD (years) 45 ± 12 32 ± 10

Male: Female 126:78 240:110

ALT (IU/l) 102 ± 56 26.95 ± 4.6

Serum albumin (g/dl) 3.8 ± 0.4 3.5 ± 0.5

HCV genotype (n = 204)

1 33 (16.17%) –

2 4 (1.47%) –

3 156 (76.4%) –

4 11 (5.39%) –

Liver biopsy

Fibrosis

Mild 83 (40.6%) –

Severe 120 (59%) –

HAI

Mild 93 (45.5%) –

Severe 111 (54.4%) –

Mode of acquisition of HCV

Blood transfusion 73 (35%) –

Needle-stick injury 38 (19%) –

Medical procedure 58 (28%) –

Unclear 35 (18%) –
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(51% vs. 50.7%, P = 0.970), G/C allele and HAI (24.4%

vs. 19.5%, P = 0.38) and fibrosis (22.4% vs. 21.7%,

P = 0.913), and C/C allele and HAI (20% vs. 29.2%,

P = 0.12) and fibrosis (28.5% vs. 27.5%, P = 0.885).

Our results indicate that IL-18 gene polymorphism is

associated with severity of disease but not susceptibility of

HCV disease.

Discussion

IL-18 induces the expression of chemokines, IL-8, IL-2,

IFN-c, and T cells. Molecular mechanism for the produc-

tion of IL-18 is mediated by TRAF-6 (TNF receptor

associated factor 6). Interleukin receptor activates myeloid

differentiation factor-88 (MyD88) and IL-1 receptor-asso-

ciated kinase (IRAK), with the activation of NF-jB. This

activation leads to the synthesis of proinflammatory genes,

such as iNOS (inducible nitric oxide) and IFN-c [18, 19].

IL-18 also enhances proinflammatory activity by inducing

matrix metalloproteinases, which are crucial for patholog-

ical chemotaxis of immune cells to target tissues [20]. It

also enhances hepatic injury and the level of IL-2, which is

a marker of inflammation [21] (Fig. 1).

To study whether susceptibility or severity of HCV

infection is linked to IL-18, a promoter of immune gene

polymorphism, patients with chronic HCV infection were

compared with healthy controls. Single-nucleotide poly-

morphisms of IL-18, transversion C to A at position -607,

and a transversion G to C at position-137 modify two
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transcription binding sites that influence the quantity of

transcribed IL-18 mRNA [17]. In the present study, the

frequencies of all the alleles at -607 and -137 positions

were alike between patients and controls. However, when

patients were divided into two groups on the basis of HAI

and fibrosis, A/A allele at -607 position was more frequent

in patients with mild liver disease than in patients with

severe liver disease on the basis of HAI (P = 0.005) and

stage of fibrosis (P = 0.008). This association was not

observed with A/C or C/C allele at -607 position. On the

other hand, there was no significant difference in the allelic

distribution at -137 positions between patients with mild

and severe liver diseases; there was no association between

G/G allele and HAI (P = 0.531) and fibrosis (P = 0.970),

G/C allele and HAI (P = 0.38) and fibrosis (P = 0.913),

and C/C allele and HAI (P = 0.12) and fibrosis

(P = 0.885).

Serum IL-18 and HCV-RNA titers were highly corre-

lated with IL-18 levels in patients treated with IFN and

ribavirin combination therapy [22]. Recombinant IL-18 can

also be given safely in biologically active doses to patients

with advanced cancer [23]. It has been shown that IL-18

levels correlate with the serum alanine aminotransferase

and aspartate aminotransferase activities, markers of

hepatic injury [21]. Of the 204 patients, 54.4% had severe

and 45.5% had mild liver diseases on the basis of HAI ([5

or B5), and 59% had severe and 40.6% had mild liver

diseases ([2 or B2) on the basis of the stage of hepatic

fibrosis. In the present study, HCV genotype 3-infected

patients had higher HAI (55.4% vs. 38.7%) and fibrosis

(53.1% vs. 32.2%) than genotype 1-infected patients,

although the differences were not significant. This non-

significance could be due to fewer patients in genotype 1

group than in genotype 3 group.

In different populations, IL-18 gene polymorphism at

either -607 or -137 position, or both, has been shown to

influence the severity of many diseases, for example,

Crohn’s disease [11], cardiovascular diseases [12], and

infectious diseases such as HIV infection [13] (Table 3).

Polymorphisms of IL-18 gene promoter have also been

shown to be closely associated with the susceptibility to

chronic HBV infection [9]. Our results suggest that there

is no correlation between the susceptibility to HCV

infection and IL-18 gene promoter polymorphism. How-

ever, there was a significant correlation with disease

severity.

In summary, IL-18 gene polymorphism does not have a

strong correlation with susceptibility to chronic HCV

infection. On the other hand, study of this polymorphism is

helpful since we observed that A/A allele at -607 position

of IL-18 gene promoter is associated with milder liver

disease.
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