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Introduction

Summary

The outcome of hepatitis C virus (HCV) infection is determined by the
interplay between the virus and the host immune response. Interleukin
(IL)-18, an interferon-y-inducing factor, plays a critical role in the T helper
type 1 (Thl) response required for host defence against viruses, and anti-
bodies to IL-18 have been found to prevent liver damage in a murine model.
The present study was conducted to investigate the possible role of IL-18 in
the pathogenesis and persistence of HCV. IL-18 levels were measured in sera
of 50 patients at various stages of HCV infection (resolved, chronic and
cirrhosis) and compared with those of normal controls. IL-18 gene expres-
sion was studied in peripheral blood mononuclear cells (PBMC) from each
group, and in liver biopsy tissue from patients with chronic hepatitis C. The
mean levels of IL-18 in sera were markedly elevated in patients with chronic
hepatitis and cirrhosis, and were reduced in patients with resolved HCV
infection. The serum IL-18 concentrations were related to the Child—Pugh
severity of liver disease in cirrhotic patients. There also existed a strong
positive correlation of IL-18 levels with histological activity score and necro-
sis. IL-18 mRNA expression was significantly up-regulated in the PBMC of
cirrhotic patients when compared with other groups, while in the liver,
higher levels of IL-18 transcripts were expressed in patients with chronic
hepatitis C. The results of our study indicate that IL-18 levels reflect the
severity and activity of HCV infection, and may contribute to the patho-
genesis and progression of liver disease associated with HCV.
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The main therapy currently available for patients with
chronic hepatitis C is a 6-18-month course of pegylated

Hepatitis C virus (HCV) is a major aetiological agent of
chronic liver disease worldwide, affecting an estimated
3% of the population.! Characteristic features of HCV
infection include high incidences of persistence in the
host and progression to chronic hepatitis, leading to cir-
rhosis, which is a strong risk factor for the development
of hepatocellular carcinoma (HCC).?

Elucidation of the molecular virology of HCV and the
response it elicits has emphasized the importance of host
immunity in resolving infection and mediating liver dam-
age. Suppression of viral replication and modulation of the
immune responses can prevent disease progression, leading
to an improvement in the severity of liver disease. As early
events in the virus—host interaction are likely to determine
the outcome of HCV infection, research has focused on the
characterization of the strength and kinetics of the antiviral
immune response at different stages of liver disease.
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interferon (IFN) and ribavirin,> but it has limited
efficacy, and only a subset of patients achieve a sustained
virological response to the treatment. Improvements in
existing therapies as well as development of new antiviral
agents or vaccines for the treatment or prevention of
chronic infection are thus highly desirable. The cytokines
prompting development of the T helper type 1 (Thl)
immune response are of particular interest for potential
immunotherapy against HCV. However, cytokines regu-
lating immune activity in HCV infection, and in parti-
cular cytokines expressed by the peripheral blood
leucocytes, have not yet been thoroughly studied.
Interleukin (IL)-18, the IFN-y-inducing cytokine, plays
a critical role in the Thl response,4 and administration of
antibodies to IL-18 has been shown to prevent liver dam-
age in an animal model.” IL-18 is synthesized by different
cell types, including Kupffer cells, activated macrophages,

© 2009 Blackwell Publishing Ltd, Immunology, 128, e514-e522

Please cite this article in press as: Sharma A. et al. Elevation of interleukin-18 in chronic hepatitis C: implications for hepatitis C virus patho-

genesis, Immunology (2009) doi: 10.1111/j.1365-2567.2008.03021.x



monocytes and dendritic cells. The importance of IL-18
in immunity and host defence is only beginning to be
appreciated. As IL-18 appears to act at a very early stage
of T-cell activation, triggering one of the earliest steps of
the cytokine cascade should have the most pronounced
and long-lasting effects on T-cell responses. IL-18 may
also induce macrophages to produce tumour necrosis
factor (TNF)-o and nitric oxide (NO) and account for
the induction of cell death.® Furthermore, it enhances
Fas-ligand (FasL)-mediated killing by natural killer (NK)
and T cells,” and hence is expected to have positive effects
against viral infections. IL-18 directly induces FasL
expression in the liver® and also exhibits antitumour
effects through activation of NK cells.

Many reports suggest that IL-18 might play a role in
viral infections. A positive effect of IL-18 has been shown
in mouse models of herpes simplex and vaccinia virus
infection,”™! demonstrating that IL-18 inhibits human
immunodeficiency virus (HIV) production in peripheral
blood mononuclear cells (PBMC). However, the mecha-
nism of this antiviral effect and its relationship to viral
replication have not been determined. IL-18 has been
shown to inhibit hepatitis B virus (HBV) replication in
the livers of transgenic mice.'” In chronic hepatitis C and
cirrhosis, an increase in the expression of proinflammato-
ry cytokines, in particular IL-18, has been shown, which
correlates with IFN-y production.'” IL-18 is produced as
an inactive precursor, so it needs to be clarified whether
IL-18 is present in its active form to exert its effect and
induce a Thl response in hepatitis C infection, and
whether IL-18 could be related to disease persistence.
Another study by Abbate et al.'* revealed up-regulated
expression of the IFN-related genes IFN-y, IFN-o recep-
tor-1, IFN regulatory factor-1, and IL-18, while expression
of IFN-o and IFN-f was significantly lower in patients
with HCV infection when compared with non-alcoholic
steatohepatitis. Ludwiczek et al.'® found elevated levels of
plasma IL-18 and IL-18 binding protein (IL-18BP) in
patients with chronic liver disease compared with healthy
controls.

There is a dearth of data on the nature of the involve-
ment of IL-18 in HCV pathogenesis and host defence;
this needs to be investigated so that therapeutic strategies
can be developed to provide efficient defence against the
virus by manipulating the immune response. The present
study was therefore undertaken to determine IL-18 levels
in patients at different stages of HCV infection and to
assess the role of IL-18 in the persistence of HCV.

Materials and methods

Study population

A total of 50 patients (39 male and 11 female) with HCV
infection attending the liver clinic at Pgimer, Chandigarh,
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India were recruited for the present study. Their mean
age was 41-4 £ 117 (range 19-64) years. Liver function
tests (LFTs) and anti-HCV tests using a third-generation
enzyme-linked immunosorbent assay (ELISA) were per-
formed for all patients. Detection of HCV RNA was per-
formed with nested reverse transcriptase—polymerase
chain reaction (RT-PCR) using primers from the con-
served 5'-untranslated region of the HCV genome.'® The
clinical features and demographics of the patients and
normal controls are shown in Table 1.

The patients were divided into three groups. Group 1
comprised 15 asymptomatic patients considered to have
spontaneously resolved HCV infection, defined as persis-
tently normal liver function tests on at least three occasions
over 3 months, anti-HCV positive but HCV RNA-negative
RT-PCR results on two separate occasions, and normal
ultrasonography.'” The anti-HCV positivity and specificity
of samples from these patients were confirmed by a supple-
mental recombinant immunoblot assay (RIBA) using LG
HCD Confirm (LG Life Sciences Ltd, Seoul, Korea). Group
2 included 20 patients with chronic hepatitis C confirmed
by biopsy. All were anti-HCV positive, had detectable HCV
RNA in serum and alanine aminotransferase (ALT) levels
> 1-5% upper limit of normal (ULN) on at least three occa-
sions. HCV genotype 3 was seen in 14 of these patients and
six had infection with genotype 1. Group 3 included 15
patients with HCV-related cirrhosis of the liver (anti-HCV
positive) as demonstrated by liver biochemistry, ultra-
sound, endoscopy findings and liver biopsy, if possible.
The Child—Pugh score, an index of liver failure, was
determined for each cirrhotic patient using values for
all the three parameters of albumin, bilirubin and
prothrombin time (blood test that measures the time it
takes for the blood to clot), and the presence of ascites and
hepatic encephalopathy. The stages of severity were classi-
fied as Child A, B and C with Child-Pugh scores of 5-6,

Table 1. Characteristics of patients with hepatitis C and controls

Group 1 Group 2 Group 3 Group 4
Parameter (resolved)  (chronic)  (cirrhosis) (controls)
Number 15 20 15 15
Sex 11:4 17:3 9:6 7:8

(male:female)

Age (years) 352 £ 12-8 40-6 + 80 480+ 21-1 341 £9-8

Bilirubin (mg/dl) 0-5 £ 0-1 08+05 2115 05%01
Albumin (g/dl) 3706 40%+07 34+06 41+03
Globulin (g/dl) 31+05 30%07 31+07 21%05

ALP (IU/1) 147-4 + 82-5169-6 + 91-8186-8 £+ 73-5104-4 £ 21-7
AST (TU/1) 243 +76 67311761219 £ 93-7 30-1 £ 4.4
ALT (IU/) 23:6 £87 993 +374 76:2+493 211+ 34

Values are given as mean * standard deviation, unless otherwise
indicated.

ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT,
alanine aminotransferase.
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7-9 and >10, respectively. Group 4 comprised 15 normal
healthy volunteers with normal LFT who were negative for
anti-HCV and HBV surface antigen (HBsAg). Patients
positive for HBsAg or antibodies to HIV, those with
associated alcoholic liver disease, autoimmune hepatitis,
Wilson’s disease, chronic renal failure, or cardiac or
pulmonary dysfunction, and patients taking immunomod-
ulatory drugs were excluded from the study.

The study protocol was approved by the ethical com-
mittee of the institute and informed consent was obtained
from all the participants prior to inclusion in the study.

Measurement of IL-18

IL-18 levels in the sera of 50 patients and 15 controls
were measured utilizing a solid-phase sandwich ELISA
system (Diaclone, Besancon, France). The standard was
reconstituted to a concentration of 2000 pg/ml and a row
of IL-18 dilutions was created ranging from 62-5 to
2000 pg/ml. One hundred microlitres of the standard dil-
uent was added to the blank well and 100 pl of serum
was added to the sample wells. Fifty microlitres of diluted
biotinylated anti-IL-18 was added to all the wells and
the plate was incubated for 3 hr at room temperature.
The plate was washed three times with the wash buffer
provided. One hundred microlitres of streptavidin—
horseradish peroxidase (HRP) conjugate was added fol-
lowed by incubation for 30 min at room temperature.
The plate was again washed as before, 100 pl of tetra-
methylbenzidine (TMB) substrate was added and incuba-
tion was carried out for 15 min at room temperature in
the dark. The reaction was stopped by adding 100 pl of
sulphuric acid. The absorbance was read at 450 nm.
A linear standard curve was generated by plotting the
absorbance values against standard concentrations.

mRNA expression of IL-18

Ten subjects randomly chosen from each of the four
study groups were included in the investigation of IL-18
mRNA in PBMC. The intrahepatic expression of IL-18
mRNA was also determined in liver biopsy tissue from
six patients with chronic hepatitis and three normal con-
trols (obtained from a mortuary). The blood samples
were added to acid citrate dextrose anticoagulant and
PBMC were separated by standard Ficoll Hypaque density
gradient centrifugation. The liver tissue was obtained by
percutaneous needle biopsy as a part of the clinical diag-
nostic and pre-therapeutic evaluation. A portion of the
specimen was fixed and saved for histological examina-
tion, and the remainder was processed for RNA extrac-
tion. The liver tissue was homogenized in lysis buffer, and
RNA was isolated from the PBMC and homogenized liver
tissue specimens by the acid phenol-chloroform extrac-
tion method of Chomcznski and Sacchi.'® The RNA
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concentration was quantified spectrophotometrically, and
RNA degradation and purity were assessed by electropho-
resis on a 1-5% agarose gel containing formaldehyde.

The RNA was denatured at 70° for 5 min and cDNA was
synthesized using 200 units of murine Moloney leukaemia
virus (MMLV) reverse transcriptase (MBI Fermentas,
St. Leon-Rot, Germany) and 500 ng of oligo-dT primer
(MBI Fermentas) in 20 pl of reaction mixture. Two sepa-
rate PCR reactions were performed on the cDNA using pri-
mers specific for IL-18 and the housekeeping enzyme gene
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), in a
final volume of 50 pl, with 35 cycles for IL-18 and 25 cycles
for GAPDH, each comprising denaturation at 94° for
5 min, annealing at 55° for 1 min and extension at 72° for
1 min. PCR using GAPDH as a control was performed on
each sample to ensure that differences between tubes were
not the result of unequal concentrations of RNA or differ-
ential cDNA synthesis. A variable number of cycles was
used so that amplification occurred in a linear phase, and
the differences between control and experimental condi-
tions were maintained by using a limited number of cycles.
The cytokine primer pairs were designed to span exon—
exon conjunctions and were therefore specific for mRNA/
c¢DNA and non-reactive with genomic DNA. The controls
were included in each set of reactions.

Primer sequences
IL-18"
Sense (nt 297-318) 5'-GCTTGAATCTAAATTATCAGTC-3'

Antisense 5'-GAAGATTCAAATTGCATCTTAT-3'
(nt 617-638)
GAPDH
Sense (nt 71-96)  5-TGAAGGTCGGAGTCAACGGATTTGGT-3’
Antisense 5-ATGTGGGCCATGAGGTCCACCAC-3'

(nt 1027-1050)

IL, interleukin; nt, nucleotide.

The RT-PCR products were run on a 1-5% agarose gel
and visualized by ultraviolet (UV) light illumination using
ethidium bromide staining to yield amplicons of 342 bp
(IL-18) and 983 bp (GAPDH). A DNA molecular size
marker was also run alongside the RT-PCR products.
Densitometric assessment of the PCR products was per-
formed using scioN image analysis software, a modified
version for Windows available from the National Institutes
of Health (NIH, Frederick, MD). The results are expressed
semiquantitatively as the ratio of IL-18 to GAPDH.

Southern hybridization

The specificity of the IL-18 amplification products was
confirmed by Southern hybridization using an IL-18-spe-
cific probe of the sequence 5-ATGTATAAAGATAGC
CAGCC-3"." The probe was prepared by end-labelling in
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a 20-pl reaction mixture containing 10 ng of the oligop-
robe, 1-5 pl of polynucleotide kinase (PNK) enzyme, 1x
PNK buffer and 30 pCi p[*?P]-ATP (Brit, Hyderabad,
India). Southern hybridization was carried out at 50°
overnight. Post-hybridization washings were performed
with 2X saline sodium citrate (SSC) buffer containing
0-1% sodium dodecyl sulphate (SDS) twice at 55° and
then twice at 37° for 15 min each. The membrane was
finally rinsed in 250 ml of 2x SSC buffer for 10 min at
room temperature. The membrane was air-dried, covered
with saran wrap and autoradiographed overnight at —20°
with a screen and X-ray film.

Histopathological evaluation of liver biopsies

The portion of the liver biopsy specimen fixed in 10%
neutral buffered formalin and embedded in paraffin was
used for histological examination. Thin sections of the
biopsies (5 pm) were stained with haematoxylin and
eosin, and evaluated by the modified Knodell system of
Ishak et al.*® without knowledge of the patient’s biochem-
ical or clinical data. A composite hepatitis activity index
(HAI) score reflecting the severity was determined. The
necro-inflammatory grade (0-18) and the stage of fibrosis
(0-6) were also recorded separately.

Statistical analysis

The data were presented as mean + standard deviation
(SD). IL-18 concentrations were compared between
groups using the Kruskal-Wallis test. The Pearson’s corre-
lation coefficient test was used to find associations
between parameters. The Mann—Whitney U-test was car-
ried out to compare densitometric ratios, and values are
expressed as median (range). A P-value < 0-05 was con-
sidered statistically significant.

Results

Serum IL-18 is elevated in chronic hepatitis C and
cirrhosis

IL-18 protein production was quantified in serum samples
from 50 patients in different stages of HCV infection and
compared with that of normal healthy controls (Fig. 1).
The mean levels of IL-18 were significantly elevated in
patients with chronic hepatitis C (865-4 £ 283-4 pg/ml;
P < 0-005) and HCV-related cirrhosis (1315-5 £ 714-1 pg/
ml; P < 0-005) when compared with the normal controls
(297-6 * 88-6 pg/ml). The difference between the chronic
hepatitis and cirrhotic groups was also significant
(P < 0-005). In patients with self-limited hepatitis C, the
IL-18 levels were reduced (140-9 * 81-7 pg/ml), although
not significantly, and were below the detection limit in
one patient.
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Figure 1. Serum interleukin (IL)-18 levels are elevated in patients
with chronic hepatitis C and cirrhosis. IL-18 production was mea-
sured in the sera of 50 patients at various stages of hepatitis C virus
(HCV) infection and 15 controls using a commercial enzyme-linked
immunosorbent assay (ELISA) system. The mean levels of IL-18 were
140-9 + 81-7 pg/ml in the resolved HCV group (G 1), 8654 +
283-4 pg/ml in the chronic hepatitis C group (G 2), 13155 +
714-1 pg/ml in the group of cirrhotic patients (G 3) and
297-6 + 88-6 pg/ml in normal healthy controls (G 4). The increase
in serum IL-18 was significant in group 2 (P < 0-005) and group 3
patients (P < 0-005) as compared with the control group 4.

Serum IL-18 levels correlate with Child—Pugh severity
in cirrhosis

The correlations between serum IL-18 levels and various
clinical parameters were analysed. IL-18 concentrations
were associated neither with age nor with ALT levels in any
of the patient groups. Also, comparable serum IL-18 pro-
duction was observed in patients infected with HCV geno-
types 1 and 3 (847-1 £ 382-7 and 873-2 £ 246-6 pg/ml,
respectively), suggesting no significant relationship between
HCV genotype and IL-18 production. However, IL-18 lev-
els correlated with disease progression and severity of liver
dysfunction according to the Child—Pugh classification
(r=0-777, P < 0-05) in 15 patients with cirrhosis (Fig. 2).
IL-18 production was positively correlated with the
Child-Pugh score, being higher in patients at stage
Child C (2220-7 £ 852-7 pg/ml; n = 4) than in those at
stage Child A (798-7 £ 162-9 pg/ml; n =5) or Child B
(1142-6 + 109-2 pg/ml; n = 6).

IL-18 mRNA expression is increased in the PBMC of
patients with HCV-related cirrhosis

In order to determine the source of increased IL-18 in
the sera of infected individuals, we investigated IL-18
gene expression in the PBMC. The median value (range)
of the ratio of IL-18:GAPDH mRNA was 0-22 (0-0-46)
for subjects with resolved HCV infection, 0-39 (0-21-
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Figure 2. Interleukin (IL)-18 levels in serum correlate with Child—
Pugh severity in cirrhosis. The patients with hepatitis C virus
(HCV)-related cirrhosis were graded by calculating the Child-Pugh
severity index based on their laboratory and clinical findings. The
mean levels of IL-18 in patients with Child—Pugh stages A, B and C
were 7987 £162-9, 1142:6 £ 1092 and 2220-7 £ 852.7 pg/ml,
respectively. IL-18 levels correlated with the severity of liver dysfunc-
tion according to the Child—Pugh classification in patients with
cirrhosis (r = 0-777; P < 0-05).

0-75) for patients with chronic hepatitis C, 1-02 (0-53—
1-67) for those with HCV-related cirrhosis, and 0-27
(0-16-0-51) for the normal controls. IL-18 mRNA expres-
sion was highest in the PBMC of patients with cirrhosis,
as shown in Fig. 3(c), and was significantly up-regulated
compared with the resolved hepatitis C (Fig. 3a;
P < 0-001), chronic hepatitis C (Fig. 3b; P < 0-01) and
control groups (Fig. 3d; P < 0-001). The bands in two of
the samples in the resolved hepatitis C group (lanes 2
and 7; Fig. 3a) were too weak to be visualized on agarose
gels. There was no significant difference in mRNA expres-
sion in the PBMC of patients with chronic hepatitis C
and those of controls, although IL-18 levels in the sera
from these groups differed significantly. The specificity of
the IL-18 amplification products in samples from patients
with chronic hepatitis C was confirmed by Southern
hybridization using a radiolabelled IL-18-specific probe.
All the samples showed positive signals corresponding to
a size of 342 bp after autoradiography.

IL-18 mRNA expression is up-regulated in the liver in
chronic hepatitis C

To investigate the activation of the IL-18 gene in the
liver, total RNA was obtained from liver biopsies and
semiquantitative PCR was carried out. The production of
transcripts of the GAPDH housekeeping gene was also
determined for normalization. The results are shown in
Fig. 3(e). The median (range) of the ratio of IL-18:GAP-
DH mRNA was 0-018 (0-016-0-036) for controls, and
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Figure 3. Interleukin (IL)-18 mRNA expression is up-regulated in
the peripheral blood mononuclear cells (PBMC) of cirrhotic patients
and in the livers of patients with chronic hepatitis C. The gene
expression of IL-18 was studied using semiquantitative reverse trans-
criptase—polymerase chain reaction (RT-PCR) which yielded prod-
ucts of 342 bp for IL-18 (upper panel) and 983 bp for GAPDH
(lower panel). The densitometric assessment was performed using
scION image analysis software and the results are expressed as the
ratio of IL-18:GAPDH mRNA in PBMC of (a) subjects with resolved
hepatitis C virus (HCV) infection, (b) chronic hepatitis C patients,
(c) patients with HCV-related cirrhosis, and (d) normal healthy con-
trols. IL-18 mRNA expression in the PBMC of cirrhotic patients was
significantly up-regulated compared with that in the resolved
(P < 0-001), chronic hepatitis (P < 0-01) and control groups
(P < 0-001). (e) The patients with chronic hepatitis C (lanes 4-9)
expressed significantly higher levels of IL-18 transcripts in the liver
(P < 0-025) compared with the controls (lanes 1-3).

0-059 (0-038—0-072) in chronic HCV-infected livers.
Patients with chronic hepatitis C expressed higher levels
of IL-18 transcripts in the liver compared with their nor-
mal control counterparts. Statistical evaluations showed
that this difference was significant (P < 0-025). We did
not investigate intrahepatic IL-18 expression in patients
with resolved hepatitis C because of ethical consider-
ations, and those with cirrhosis were also not included in
this part of the study because the liver biopsy procedure
in these cases often leads to complications.

IL-18 levels strongly correlate with liver histological
activity and necroinflammation

IL-18 production in sera from 20 patients with chronic
hepatitis C was positively correlated with hepatic histologi-
cal activity (correlation coefficient r = 0-945, P < 0-001) as
shown in Fig. 4. The mean concentration of IL-18 was
672-5 + 131-5 pg/ml in 11 patients with HAI scores < 7,
and tended to be higher (1101-1 + 235-5 pg/ml) in the
remaining nine patients with HAI values > 7. To assess the
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Figure 4. Interleukin (IL)-18 levels in sera show a strong positive
correlation with hepatic histological activity in patients with chronic
hepatitis C. The hepatitis activity index (HAI) score, reflecting sever-
ity, was determined in liver biopsies of 20 patients using the modi-
fied Knodell system. The mean IL-18 concentration in patients with
HAI scores > 7 was higher than that in patients with HAI <7
(1101-1 + 235-5 versus 672-5 + 131-5 pg/ml, respectively), and IL-18
production was strongly associated with HAI (correlation coefficient
r = 0-945; P < 0-001).

independent correlation of IL-18 with necrosis and fibrosis,
six patients with the same necrosis score of 3, and another
six patients with the same fibrosis score of 2 were selected.
There was a positive correlation of IL-18 levels with necro-
inflammatory activity (correlation coefficient r = 0-853;
P < 0-005). In contrast, no significant association was
observed with fibrosis (r = 0-685; not significant).

Discussion

The production of IFN-y and the subsequent effect on
T-cell activation are particularly important for protection
against intracellular pathogens, including viruses. In addi-
tion to its potent induction of IFN-y, IL-18 activates CD8"*
T cells which play a central role in viral clearance. In the
present study, we investigated whether this cytokine par-
ticipates in the pathogenesis of HCV infection, as a thor-
ough understanding of the immune response is important
for the development of effective therapeutic strategies.

To obtain better characterization of the production of
IL-18 in patients with HCV infection, we quantified this
cytokine in sera from patients at different stages of HCV
infection and correlated IL-18 concentrations with disease
severity. Although a vigorous Thl immune response and
increased IFN-y levels have been documented to cause
eradication of HCV during the early phase of infection in
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about 15-20% of infected individuals, the role of the
IFN-y inducer IL-18 in resolution during the early phase
of infection is not very clear from our study. The
decreased levels of IL-18 in the present study could have
been caused by negative feedback regulation through a
parallel increase in IL-18BP>"** or receptors, resulting in
impairment of its bioactivity. Another possibility is that
IL-18 levels increased in the early stages of infection, to
achieve eradication, and by the time the study was per-
formed levels had reduced again. The decrease in IL-18,
however, did not reach statistical significance. As IL-18
has been shown to be a potent proinflammatory cytokine
with the potential to exert deleterious effects, tight regula-
tion is required. Regulation at the level of caspase 1 needs
to be investigated. There is a clear dependence on the
stage of HCV infection, as disease progression was
accompanied by an increase in IL-18.

Our study showed a close relationship between elevated
circulating plasma levels of IL-18 and the severity of HCV
infection. IL-18 was positively correlated with hepatic
histological activity in 20 patients with chronic hepatitis C.
As necrosis and fibrosis are associated, independent corre-
lations could be studied in only six patients, in whom IL-18
levels were strongly related to necroinflammation. Thus,
the pathological consequences of infection mediated by
IL-18 are clearly detrimental to the host and should be
targets of therapeutic interventions. Our study did not
show any association between serum levels of IL-18 and
ALT values, whereas Hongyu et al”> showed a positive
correlation between these wvariables. The differential
production of IL-18 during various stages of HCV infection
could also be a result of polymorphism in the regulatory
gene of IL-18, the effect of which has been investigated in
several other diseases.”**> These polymorphisms may be
associated with protection against or susceptibility to infec-
tion. Giedraitis et al.”® reported that carriage of allele C
(G—C polymorphism) at position —137 of the promoter of
the IL-18 gene was associated with high production of
IL-18. Recent studies have shown that polymorphism in
the IL-18 gene at position —607 could be associated with
the pathogenesis of hepatitis virus infection.””*® Our study
showed a higher concentration of IL-18 in patients with
cirrhosis. Ludwiczek et al.'> have also shown increased
plasma levels of IL-18 in chronic liver disease, but cytokine
levels were analysed in cirrhotic and non-cirrhotic patients
without any regard to the aetiology of the underlying liver
disease. The levels of IL-18BP in cirrhosis correlated with
severity, but decreased in cirrhosis class C. Elevation of
serum IL-18 is an indicator of an overwhelming proinflam-
matory response and poor liver function in chronic liver
diseases. However, the precise cellular and molecular mech-
anisms and mediators underlying the liver damage and also
the protective antiviral effect may differ. Schvoerer et al.”’
reported lower levels of IL-18 in plasma and supernatants
of stimulated PBMC from patients with genotype 1 HCV
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infection than in those from normal controls, in contrast to
our study. Thus the relationship among genotype, IL-18
production and HCV progression warrants further study.

The present investigation suggests a proinflammatory
role of IL-18, especially during the late and terminal
stages of HCV infection. The results of our study suggest
a pathogenic role for IL-18 in HCV infection, through
the induction of symptoms and the acceleration of pro-
gression of the disease. In our opinion, during the early
and asymptomatic stage of infection, decreased levels of
IL-18 stimulate and maintain high levels of hepatitis C
virions, resulting in persistence. During the later stages of
infection, an increase in IL-18 might result in prevention
of progression to end-stage liver disease. IL-18 may
directly modulate the viability of the cells supporting
HCV replication, favouring their elimination and dissemi-
nation of the viral particles. This could be attributed to
increased Fas-mediated apoptosis or cell death involving
T cells and infected hepatocytes, which is inhibited by the
core protein of HCV in persistent infection.

Studies in murine models® and cell lines’' indicate
that IL-18 has potent antitumour effects that are medi-
ated by enhancement of cytotoxic T lymphocyte activity,
induction of apoptosis and reduction of tumorigenesis.
Hence it can be hypothesized that a significant increase in
IL-18 could have a role in prevention of HCC. A study
by Abiru et al’® also showed spontaneous regression of
HCC associated with elevated levels of IL-18. IL-18 could
therefore be tested as a prognostic marker for cirrhotic
patients who are likely to develop HCC. Cirrhotic patients
who present low levels of IL-18 may perhaps progress to
HCC, as was seen in one case in this study on prospective
follow-up. However, as cirrhosis leads to liver carcinoma
in only 10% of patients, and most of our patients with
cirrhosis showed raised levels of IL-18, further longitudi-
nal studies are required in this regard. It also needs to be
determined whether HCV or any of its gene products
plays a direct role in the increased concentration of this
cytokine in sera from infected individuals.

To clarify the cellular sources of increased serum IL-18
in chronic hepatitis C and cirrhosis, we studied IL-18
gene expression in the liver and PBMC. In chronic hepa-
titis C and related cirrhosis, a significant up-regulation of
intrahepatic IL-18 mRNA and IFN-y expression was dem-
onstrated in a previous study using semiquantitative PCR
and a dot blot assay, and IL-18 mRNA expression was
found to correlate with IFN-y expression.'” Our study
confirms these findings, revealing a transcriptional
increase in IL-18 in the liver in chronic hepatitis C,
although cirrhotic patients were not studied to avoid
potential complications resulting from the biopsy proce-
dure. Our data suggest a role of this cytokine in the cellu-
lar immune response to hepatocytes in the course of the
disease. Furthermore, as the infection progresses to
cirrhosis, even the PBMC may contribute to elevation of
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IL-18 in the circulation. Thus the increased IL-18 serum
levels in cirrhosis may be derived partially from PBMC.
In two patients with self-limited infection, expression of
IL-18 mRNA could not be detected by RT-PCR, although
the GAPDH control gene was amplified. In one of these
patients, IL-18 was also undetectable in the serum. We
cannot therefore rule out the possibility of feedback inhi-
bition of IL-18 gene expression being caused by decreased
serum concentrations of IL-18.

Intrahepatic mRNA levels for a number of genes
involved in activation of the IFN system in chronic hepati-
tis C have been assessed by semiquantitative RT-PCR."* In
comparison with patients with non-alcoholic steatohepati-
tis, in HCV-infected subjects, IFN-o and IFN-f mRNA
levels were significantly lower whereas IFN-y, signal trans-
ducer and activator of transcription (STAT)-1«, interferon
regulatory factor (IRF)-1, interferon-alpha receptor
(IFNAR)-1 and IL-18 mRNA levels were up-regulated.
IL-18 mRNA up-regulation is consistent with the known
role of this cytokine in inflammation and with the
increased amount of IL-18 in HCV-infected livers.”> The
apparent discrepancy in mRNA levels may suggest that,
after initial activation of the IFN-o and IFN-f response
during acute infection, in the chronic phase, a general
silencing of this response may occur. IL-18 transcript
expression was analysed with regard to hepatic inflamma-
tory activity, assessed using both histological grading and
biochemical ALT activity in the serum. There was a lack
of association between IL-18 mRNA expression and
degree of hepatic inflammatory activity within the chronic
HCV-infected group. IL-18 mRNA correlated with IFN-y
up-regulation but not with ALT. Our results, in contrast,
show a strong association of IL-18 production with histo-
logical activity in the liver. Mihm et al.*® also showed that
expression of interferon-gamma-inducible protein-10 (IP-
10), a chemokine that recruits activated T lymphocytes,
was associated strongly with the accumulation of IFN-y
and IL-18 mRNA in the liver in patients with chronic
hepatitis C, but not in those with chronic hepatitis B or
those with liver diseases unrelated to viral infections such
as non-alcoholic steatohepatitis. Intrahepatic IL-18 pro-
duction seems to be regulated not at the transcriptional
but at the protein level, as mature IL-18 protein secretion
is dependent on processing of the inactive precursor into
a biologically active protein by caspase 1.>*

Thus, the present study attempts to gain a better under-
standing of the involvement of IL-18 in HCV infection.
The magnitude and timing of its production with regard to
the stage of viral infection, and its levels in separate
compartments such as the plasma, PBMC and liver should
be dynamically evaluated in order to clarify the Th1/Th2
balance in HCV infection. Measurement of IL-18 produc-
tion in accessible compartments could potentially help to
establish the prognosis of HCV infection in patients. Our
data confirm the proinflammatory role of IL-18 in HCV
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infection, and IL-18 levels were found to reflect
HCV-induced inflammation and hepatic injury. It is possi-
ble that up-regulation of IL-18 production has a role in the
development of chronicity and accelerates the evolution of
chronic hepatitis towards cirrhosis. As Thl cells have been
implicated in the pathogenesis of HCV infection, IL-18
may be involved in mechanisms of tissue injury in hepatitis
C, and IL-18 antagonists are promising candidates for
therapeutic interventions to combat the pathological
consequences of HCV infection.
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