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SUMMARY

 

We have previously studied the effect of three different treatment regimens with interferon (IFN)-

 

a

 

alone or in combination with amantadine or ribavirin on viral kinetics in the first month of therapy. To
understand the regulation of cytokine immune response during early inhibition of HCV replication, we
analysed the longitudinal profile of proinflammatory markers (soluble TNFRs), of type 1 cytokines
[IFN-

 

g

 

 and interleukin (IL-12)], and of a type 2 cytokine (IL-10). Twenty-two chronic hepatitis C
patients received daily therapy for 6 months. Sera were collected at baseline, at 6, 12, 24, 30 and 48 h and
at the 3rd, 7th, 15th and 30th days of treatment. All cytokines and receptors were evaluated by enzyme
linked immunosorbent assay (ELISA). At baseline, a correlation was found between the two soluble
TNFRs (

 

P

 

 

 

<

 

 0·0001) and between the soluble TNFRs and ALT levels (

 

P

 

 

 

<

 

 0·003), as shown previously.
Regardless of the type of treatment, lower levels of soluble TNFR-p75 were present from day 3 in
patients who had significant virus decay at day 30 (

 

P

 

 

 

<

 

 0·01). Baseline IL-10 levels correlated with
TNFR-p75 (

 

P

 

 

 

<

 

 0·01) and with treatment response (

 

P

 

 

 

<

 

 0·05) and a significant IL-10 reduction from
baseline was observed from day 3 among responders, irrespective of the type of treatments (

 

P

 

 

 

<

 

 0·05).
IL-12 and IFN-

 

g

 

 levels did not differ according to treatment or outcome. These findings suggest a pivotal
role for IL-10 in orchestrating the antiviral immune response. Its early decline can favour the shift from
a Th2 to a Th1 immune response, which has been shown to be associated with a long-term virological
response to treatment.
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INTRODUCTION

 

Hepatitis C virus (HCV) is a major cause of chronic liver infection
worldwide [1] and over the last decade there have been significant
advances in the treatment of chronic HCV infection. Current
standard treatment is based on the combination of interferon
(IFN)-

 

a

 

  plus ribavirin, while the use of amantadine is still
debated [2,3].

Viral factors, such as genotype and viral load, as well as host
factors can affect clinical course and response to therapy. Among
the host factors, the balance of the two arms of the immune sys-
tem, the innate and the adaptive one, which interact with each
other also through a cytokine network, plays an important role in
the pathogenesis and clinical outcome of HCV-related hepatitis.
Cytokines are produced immediately by cells of the innate sys-

tem, such as macrophages, natural killer cells, dendritic cells and
neutrophils, in response to pathogens or danger signals and can
affect directly or indirectly lymphocytes or antigen-presenting
cells to induce an adaptive immune response [4]. Indeed, the func-
tion of a given cytokine is determined by its tissue level, the
nature of target cells and activating signal, the timing and
sequence of cytokine exposure [5].

To examine whether antiviral treatment can affect cytokine
profile in the early phase of therapy, we studied three groups of
patients enrolled into a recently published pilot study in which we
have evaluated the effect of three different therapeutic regimens:
IFN alone, IFN plus amantadine and IFN plus ribavirin on viral
clearance kinetic [6].

In the present study, we analysed first the baseline levels and
the kinetic in each therapeutic regimen of soluble tumour necro-
sis factor (TNF)-

 

a

 

 receptors (sTNFRs), as proinflammatory
markers, of IL-10, a monocyte-macrophage and Th2-derived
cytokine, of IL-12, a Th1-stimulating and monocyte-macrophage-
derived cytokine and of INF-

 

g

 

, a Th1 cytokine. Finally, we com-
pared them with the outcome of the antiviral treatment.
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MATERIALS AND METHODS

 

Patients

 

A series of 22 consecutive patients with chronic active hepatitis C
but without cirrhosis in the liver biopsy (METAVIR score 1 or 2),
previously untreated, was enrolled into the study (Table 1). Writ-
ten informed consent was obtained from all participants. Patients
were assigned randomly to receive a course of treatment of 6
months with: IFN 3 MU daily (IFN group, seven patients); or IFN
3 MU daily plus amantadine 200 mg p.o. in a single daily dose
(IFN 

 

+

 

 A group, seven patients); or IFN 3 MU daily plus ribavirin
1–1·2 g (according to body weight) p.o. in two divided doses
(IFN 

 

+

 

 R group, eight patients). All patients were hepatitis B sur-
face antigen and antibody to HIV negative. Blood samples were
drawn at baseline, at 6, 12, 24, 30 and 48 h from the beginning of
the treatment, at the 3rd, 7th and 15th days and then monthly dur-
ing the treatment. Serum was separated within 2 h from the col-
lection and stored at 

 

-

 

80

 

∞

 

C until use. Viraemia was evaluated
qualitatively by the Cobas Amplicor HCV (cut-off 100 copies/ml;
Roche Spa, Milan, Italy) and quantitatively by the Cobas Ampli-
cor HCV Monitor (cut-off 1000 copies/ml; Roche Spa). The HCV
genotype was determined for each patient by Inno-LiPA HCV II
(Innogenetics, Ghent, Belgium). Liver function tests were evalu-
ated at baseline, at the 7th and 15th days and then monthly.

 

SolubleTNF-

 

a

 

 receptor assays

 

Soluble TNFRs with biological activity were measured in diluted
sera (1 : 5) by an enzyme linked binding assay (ELIBA) with a
TNF-

 

a

 

 horseradish peroxidase conjugate as detecting agent, as
described previously [7]. Briefly, 96-well microtitre plates (Max-
isorp Nunc, Denmark) were coated for 24 h at room temperature
with TNF-binding non-inhibitory monoclonal antibodies against
TNFR-p55 (clone htr-20) or -p75 (clone utr-4). The plates were
saturated with 1% bovine serum albumin (BSA), 0·1% phenol
and 0·1% Tween-20. In a single-step reaction, sera were incubated
with TNF-

 

a

 

 enzyme conjugate in the microtitre plates. Bound
TNF-

 

a

 

 was measured enzymatically with tetramethyl-benzidene
as substrate and reading was conducted at 450 nm. Standard
curves were generated with recombinant sTNFR-p55 or -p75 and
the concentrations of sTNFRs were determined by interpolation
from the standard curve. The lower limit of detection for both
types of the receptors was 60 pg/ml. The assays showed no cross-
reactions to cytokines (e.g. TNF-

 

b

 

) or cytokine receptors (IFN-

 

g

 

R, IL-6R, IL-2R).

 

IL-12 measurement

 

Serum levels of IL-12 heterodimer were determined by a specific
enzyme linked immunosorbent assay (ELISA) using a rat mono-
clonal antibody (clone 20C2) reacting with a conformational
epitope on the 75-kDa heterodimer IL-12 molecule, as described

previously, with minor modifications [8]. Briefly, 96-well microti-
tre plates (Nunc Maxisorp, Denmark) were coated with 100 

 

m

 

l of
the  primary  monoclonal  antibody  against  IL-12  (2·5 

 

m

 

g/ml  in
0·01 

 

M

 

 bicarbonate buffer, pH 9·6) and incubated overnight at
4

 

∞

 

C. The coated plates were washed three times in deionized
water and the remaining non-specific protein binding capacity of
the wells was blocked with 0·5% BSA in phosphate buffered
saline (PBS, pH 7·4) overnight at 4

 

∞

 

C. Serum samples diluted
1 : 5, and serial dilutions of the recombinant standards (IL-12)
were added to the plates and incubated for 2 h at 20

 

∞

 

C. After
washing with PBS containing 0·05% Tween 20 buffer, 100 

 

m

 

l of
secondary antibody (clone 4D6-POD, working concentration
125 ng/ml) was added for 2 h. The enzyme reaction was developed
using 100 

 

m

 

l of 10 mmol/l tetramethylbenzidine (TMB), 80 mmol/
l H

 

2

 

O

 

2

 

 and 30 mmol/l potassium citrate (pH 4·1). After 10 min
incubation at room temperature, the reaction was terminated
with 50 

 

m

 

l of 1 

 

M

 

 H

 

3

 

Po

 

4

 

 and the optical density (OD) read at
450 nm (Dynatech MR 700 automated plate reader). Each sample
was tested in duplicate and the values determined from the stan-
dard curve (range 0–800 pg/ml), constructed using the serial dilu-
tions of recombinant IL-12 standards. The detection limit was

 

<

 

10 pg/ml with the intra- and interassay variances being 6·3 

 

±

 

 2·5.

 

Assays for IFN-

 

g

 

 and IL-10

 

Serum IFN-

 

g

 

 levels were measured with a sandwich ELISA
(antibodies were kindly donated by Dr H. Gallati, Hoffmann-La
Roche, Basel, Switzerland) as described previously [9]. Serum
samples, diluted 1 : 5, were compared with serial dilutions of
recombinant standards IFN-

 

g

 

 (specific activity 2 

 

¥

 

 10

 

8

 

 U/mg).
Optical density readings were performed at 450 nm. The

ELISA was sensitive to IFN-

 

g

 

 levels above 3 pg/ml. The inter- and
intra-assay coefficients of variation were 8% and 5%. The speci-
ficity was confirmed by testing the assays against other human
cytokines (500 pg/ml of recombinant TNF-

 

a

 

, IL-1

 

a

 

, IL-

 

b

 

 and IL-
6) which showed no cross-reactivity. Serum levels of IL-10 were
measured using a commercially available ELISA according to the
manufacturer’s instructions (Meddgenisx, Fleurus, Belgium).

 

Statistical analysis

 

The results were analysed with non-parametric tests (

 

c

 

2

 

 Wilcoxon,
Mann–Whitney U and Spearman rank correlation tests) as appro-
priate. All calculations were performed on a personal computer
with Statistica (StatSoft, USA).

 

RESULTS

 

Treatment responses

 

As described previously, the initial viral decay curves showed an
exponential decline of the circulating viraemia from baseline to

 

Table 1.

 

Characteristics of the patients

IFN IFN 

 

+

 

 amantadine IFN 

 

+

 

 ribavirin

Age (median and range) 41 (62–25) 40 (65–24) 50 (58–27)
M/F 5/2 5/2 6/2
Genotype 1b 2 of 7 3 of 7 3 of 8
HCV-RNA (10

 

6

 

copies/ml) (median and range) 2·74 (0·58–12·7) 6·28 (0·36–8·98) 4·98 (2·8–9·17)
ALT IU/l  (median and range) 109 (209–71) 109 (161–62) 98 (125–63)
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30 h of treatment, followed by a slower viral decline from 30 h to
15 days and onwards. At 15 days the residual viral fraction was of
2·0%, 0·2% and 0·3% for the IFN, IFN 

 

+

 

 A and IFN + R regimes,
respectively. After the first month of treatment, three patients in
the IFN group, five in the IFN 

 

+

 

 A group and four in the IFN 

 

+

 

 R
group presented with a significant response to antiviral treatment
(

 

>

 

3 log reduction). At the same time-point, four patients in the
IFN group and six in each of the INF 

 

+

 

 A and IFN 

 

+

 

 R groups had
normal ALT levels. Sustained response at 6 months post-
treatment was reached by one patient only in the IFN group
(14·2%), and by three patients in the IFN 

 

+

 

 A group (42·8%) and
in the IFN 

 

+

 

 R group (37·5%).

 

Soluble TNF-

 

a

 

 receptors

 

At baseline, a significant correlation was present between the lev-
els of the sTNFR-p55 and -p75 (

 

r 

 

=

 

 0·804; 

 

P

 

 

 

<

 

 0·0001, Spearman’s
rank test). Moreover, the two sTNF-

 

a

 

 receptors correlated with
the intensity of hepatocytolysis, as expressed as ALT levels
(TNFR-p55 

 

versus

 

 ALT; 

 

r

 

 

 

=

 

 0·42; 

 

P

 

 

 

<

 

 0·049; TNFR-p75 

 

versus

 

ALT 

 

r

 

 

 

=

 

 0·61, 

 

P

 

 

 

<

 

 0·003, Spearman’s rank test).
The longitudinal analysis of the two soluble TNF-

 

a

 

 receptors,
showed as percentage of variation from baseline, demonstrates
the early induction of the receptors, after starting therapy, without
any statistical difference at any time point during the treatment
period and among the antiviral treatment regimens (Fig. 1).

 

Fig. 1.

 

Longitudinal variation in percentage from baseline according to treatment schedules of sTNFR-p55 and sTNFR-p75.
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When we analysed sTNFR-p55 and p75 levels according to
the virological response at day 30, significant lower levels of p75
were already present after 3 days of treatment and afterwards in
patients with a significant response to treatment irrespective of
therapeutic regimen (

 

P 

 

=

 

 0·01; Mann–Whitney 

 

U

 

-test for each
time-point) (Fig. 2).

 

Cytokine profile

 

The baseline values of IL-10 correlated with sTNFR-p75 (

 

r 

 

=

 

 0·54,

 

P

 

 

 

<

 

 0·01; Spearman’s rank test) but not to sTNFR-p55. With
regard to the final outcome, IL-10 baseline levels correlated with
treatment response (

 

r 

 

=

 

 0·48, 

 

P

 

 

 

<

 

 0·05, Spearman’s rank test)
(Fig. 3) and when analysed by the percentage of variations from
baseline, significant lower levels of IL-10 were present from day 3
onwards in sustained responders 

 

versus non-responders (P < 0·05;
Mann–Whitney U-test for each time-point) (Fig. 4).

The analysis of baseline values for serum IL-12 and IFN-g
demonstrated neither difference nor correlation related to type of
treatment, HCV-RNA level at day 30 or response to treatment.
Neither difference was present in the longitudinal analysis of the
two cytokines when evaluated as percentage of variation from
baseline in respect to treatment regimens, HCV-RNA level at day
30 or response to treatment.

The homogeneity of the histology status did not allow any fur-
ther considerations in respect to cytokine kinetic, type of treat-
ment or response to treatment.

DISCUSSION

In a previous work we studied the clearance kinetic of HCV
under three different antiviral therapies in the first month of
treatment to understand the mechanisms of action and their effi-
cacy [6]. In the present work we sought to investigate whether
antiviral therapy can affect cytokine as well as virological profiles,
and if a successful response to therapy correlated with particular
cytokine regulations.

We evaluated serum levels of two cytokines, IL-12 and IFN-g,
involved in a polarized Th1 response and of IL-10, involved in a
Th2 response. In addition, as markers of inflammation, we con-
sidered soluble TNFR, p55 and p75, which are constitutively
present in serum and derived after receptor shedding upon cellu-
lar activation to the same inflammatory stimuli that induce TNF-
a production [10]. In particular both receptors are responsible for
distinct TNF-a activity: TNFR-p55 mediates cytotoxicity, fibro-
blast proliferation and antiviral activity, whereas p75 is involved
in thymocyte proliferation, cytotoxic T lymphocyte proliferation
and induction of granulocyte/macrophage colony stimulating
factor synthesis [11].

We could not find any difference in all the cytokines and sTN-
FRs profiles at any time-point during the first month of treatment
among the three treatment regimens: IFN, IFN + amantadine and
IFN + ribavirin.

Fig. 2. Longitudinal variation in percentage from baseline of sTNFR-p75 according to virological response at day 30 of treatment.
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At baseline, TNFR-p55 and -p75 levels correlated with each
other and with the degree of liver disease, as already reported
in previous work showing that both TNFR-p55 and -p75 levels
are significantly elevated in chronic hepatitis C, reflecting ongo-
ing disease activity, but without correlation with the response
to treatment [12–14]. Instead, in the longitudinal evaluation,
patients who had a significant response to treatment at day 30
showed decreasing levels of TNFR-p75 from day 3 of treat-
ment, which seemed to parallel the progressive reduction in the
inflammation.

Regarding IL-12 and IFN-g, the study of the in vivo kinetics
during the first month of therapy showed no differences relating
not only to the type of treatment but also to the clinical outcome
of the patients.

With regard to IL-10, our data demonstrate that (1) at base-
line the serum levels of sTNF-a receptors correlated directly with
the serum levels of IL-10; (2) treatment response correlated pos-
itively with higher pretreatment levels of IL-10; and (3) IL-10 lev-
els decreased in patients that responded to therapy irrespective to
the type of treatment.

We realize that given the relatively small number of patients,
final conclusions may be difficult to draw. Nevertheless, from our
findings two observations arise.

First, the detection of a decreasing IL-10 pattern in sustained
responders, who have also higher baseline levels in comparison to
non-responders, suggests a pivotal role of this cytokine in orches-
trating an adequate immune response to HCV in the first month.
IL-10 is a pleiotropic cytokine, acting in different phases of the
immune response. It is secreted by cells of the innate immune sys-
tem as well as by lymphocytes, performing differently according
to the phase of the early or adaptive immune response [15]. IL-10
has anti-inflammatory and immunosuppressive functions: it inhib-
its cell functions such as T cell proliferation, major histocompat-
ibility complex expression, IL-2 receptor expression and natural
killer activity [16]. Recently it has been demonstrated that IL-10

genes, as well as other cytokines genes, are polymorphic at specific
sites, and these polymorphisms have been associated with differ-
ing production of specific cytokines [17,18]. It has been postulated
that the interference with Th1 cells by increased production of
Th2 cytokines may be one mechanism whereby the host immune
system is compromised in chronic HCV disease. Indeed, the
development of chronic HCV infection has been associated with
high levels of IL-10 and Th2-type cytokines [16,19–21]. Moreover,
it has also been shown that a lower Th1/Th2 ratio before IFN ther-
apy favours a sustained virological response [22,23] and that the
inheritance of the IL-10 promoter alleles, which show high IL-10
production, correlates positively with response to therapy
[18,22,24,25]. Nevertheless, the clearance of HCV has been asso-
ciated with a strong Th1 cells and Th1 cytokines response in acute
[26] and chronic [1,27,28] HCV infection.

Our analysis provides evidence that a change from high to low
IL-10 production occurs very early after starting therapy and is
seen, despite the treatment type, in patients who will become
sustained responders. It has been shown that IFN therapy can
decrease IL-10 secretion, as well as IL-4 secretion, but this effect
seems to appear later during treatment [16,29]. In our previous
work we showed that IFN is the most effective antiviral drug in the
early phase of treatment, while ribavirine and amantadine seem to
play a role only later [6]. There is growing evidence that HCV
causes disregulation of the immune system through many mech-
anisms, such as the interactions between the core protein and C1qr
or the E2 and CD81, as summarized recently in several reviews
[25,30,31]. It is therefore conceivable that the early decline of
HCV viraemia caused by the antiviral therapy could induce a shift
within the immune system with a decrease of the Th2 immune
response, which would unleash a Th1 polarized response.

The second observation is that the cytokines variation in our
study was independent from the addition of a second drug. This
suggests that ribavirina and amantadine exert mainly antiviral
effects, at least in the first period, without influencing directly the

Fig. 4. Longitudinal variation in percentage from baseline of IL-10 in sustained responders versus non-responders. Relapsers are not
represented in this graph.
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immune response even if an immune modulation has been
described for each of them [27,32,33].

Understanding the mechanisms of early viral clearance in
patients with chronic HCV infection who respond to therapy may
potentially allow the optimization of therapy and the develop-
ment of new immunomodulatory agents or approaches.
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