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Effects of IL-12 and IL-18 on HBcAg-specific cytokine production by
CD4 T lymphocytes of children with chronic hepatitis B infection
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Abstract

The influence of IL-12 and IL-18 was evaluated on hepatitis B core antigen (HBcAg)-specific cytokine production (IFN-�, IL-4, IL-5
and IL-10) by CD4 T lymphocytes isolated from peripheral blood of children with chronic hepatitis B. CD4 T cells were isolated from
peripheral blood of 20 children with chronic active hepatitis B, cultured for 48 h in presence of rHBcAg and of co-stimulators, IL-12 or IL-18
or IL-12 + IL-18 or in their absence (control). Production of studied cytokines was examined using the ELISPOT assay. Co-stimulation with
IL-12 or IL-18 was found to significantly augment the HBcAg-specific secretion of IFN-�. However, the most pronounced stimulatory effect
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as observed in the presence of IL-12 + IL-18 and resulted in peak levels of IFN-� production. The obtained results allowed concluding
he anti-HBV activity of Th1 lymphocytes is strongly induced by IL-12 + IL-18 and may contribute to viral clearance in children with
epatitis B infection.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Disturbed functions of CD4 T helper (Th) lymphocytes in
he course of chronic hepatitis B have been well documented
Chisari and Ferrari, 1995; L̈ohr et al., 1995; Milich et al.,
997). In parallel, human CD4 T cells are known to be func-

ionally heterogenous, containing two distinct Th subsets:
h1—producing interferon-gamma (IFN-�) and IL-2, and
h2—releasing IL-4, IL-5 and IL-10 (Mosmann and Sad,
996; O’Garra, 1998). In immunopathogenesis of chronic
epatitis B, a significant role seems to be played by a dis-

urbed secretory function of Th1 cells, reflected by a weak
r absent hepatitis B core antigen (HBcAg)-specific IFN-�
roduction (Milich et al., 1997; Jung et al., 1999; Koziel,
999). Importance of IFN-� in the antiviral T cell response

o HBV has also been documented in the transgenic mouse
odel (Guidotti et al., 1994, 1999). IL-12, in turn, repre-

ents a recognized inducer of IFN-� secretion by Th1 cells
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(Trinchieri, 1998; Trinchieri and Scott, 1999). It has also bee
demonstrated that IL-12 can inhibit the replication of hep
tis B virus (HBV) in transgenic mice through the induct
of IFN-� (Cavanaugh et al., 1997). IL-18 is known to ac
synergistically with IL-12 to enhance production of IFN�
(Okamura et al., 1998).

The present study was aimed at the evaluation of IL-12
IL-18 effects on HBcAg-specific cytokine production (IF
�, IL-4, IL-5 and IL-10) by Th lymphocytes in peripher
blood of children with chronic hepatitis B infection.

2. Materials and methods

2.1. Patients

The studies were conducted with a group of 20 child
(14 boys and 6 girls), age 5–15 years (mean age of 8.5± 2.8
years), with well documented diagnosis of chronic hepa
B. Duration of the HBV infection averaged at 2.6± 2.0 years
In none of the cases infection with type C virus co-exis
E-mail address:szkaradkiewicza@poczta.onet.pl (A. Szkaradkiewicz). All children in the group showed the chronic hepatitis phase
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present for at least 6 months. In such children, serum ALT
levels were augmented above 40 IU/l (mean value amounted
to 78.6± 29.4 IU/l). In parallel, their sera manifested pres-
ence of HBsAg, HBeAg and HBV DNA (mean content of
64.4± 48.2 copies/ml× 106), while their liver biopsy mate-
rial demonstrated histological signs of active chronic hepati-
tis. All the research protocols were reviewed and approved by
the Ethics Committee by the Poznan University of Medical
Sciences.

The control group consisted of 12 healthy children (8 boys
and 4 girls), age 6–16 years (mean age of 8.1± 3.2 years)
with no history of HBV infection. They were negative for
HBV infection markers and showed normal serum ALT lev-
els. Patients of the control group were studied as negative
controls.

2.2. Serological markers of HBV and HCV infections

HBsAg, HBeAg, anti-HBs antibodies and anti-HBe anti-
bodies were estimated in serum using commercial ELISA
tests (Microwell system, Organon Teknika). Serum anti-
HCV antibodies were estimated using UBI HCV EIA tests
(Organon Teknika). Serum HBV DNA was quantitated using
hybridization and the hybrid capture system with chemilu-
minescence readout (HBV DNA Assay, Digene), employing
P
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5 or anti-IL-10 antibodies, according to the manufacturer’s
instructions. Cell cultures were conducted in presence of
1�g/ml recombinant HBcAg (rHBcAg, 90% pure, as esti-
mated by Coomassie blue stained SDS-PAGE; Intracel) and
of co-stimulators: 1 ng/ml IL-12 (R&D) or 10 ng/ml rIL-18
(MBL) or 1 ng/ml IL-12 + 10 ng/ml IL-18 for 48 h at 37◦C
(5% CO2). The applied concentrations of IL-12 and IL-18
in preliminary experiments were found to maximally induce
HBcAg-specific secretion of IFN-� in cultures of CD4 T lym-
phocytes isolated from the patients. In parallel, control cul-
tures (of patients and healthy children) were established with
HBcAg alone or without HBcAg or without co-stimulators
(IL-12 and IL-18) as well as control cultures stimulated with
IL-12 or IL-18 alone. Cytokine spots were visualised by
biotin-labelled antibodies (ELISPOT for cytokine detection;
Mabtech) (El Ghazali et al., 1993). Number of cytokine spots
was established using Nikon Eclipse E600 microscope and
LeicaQ500MC computer software (Leica). Antigen-specific
stimulation of studied cytokine release was evaluated by the
stimulation index (SI), expressing ratio of spots obtained in
presence of antigen with IL-12 and/or IL-18 and those ob-
tained with antigen alone.

2.5. Statistical analysis
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harmacia luminometer.

.3. Isolation of CD4 T lymphocytes from peripheral
lood

Peripheral blood mononuclear cells (PBMC, 80–9
ymphocytes + monocytes) were isolated from heparin
lood by centrifugation in the Ficoll/Isopaque density g
ient (spec. density 1.078 g/cm3, Pharmacia) for 20 min
00 g. The interface cells were washed twice in PBS, sc
nd suspended in PBS, enriched with 2% fetal calf se
FCS; Gibco), at 107 PBMC/ml. CD4 T lymphocytes we
solated by the biomagnetic technique using Dynabead
50 CD4 (Dynal) (Funderud et al., 1987). The obtaine
ell preparation contained 90–95% CD4 T cells, as dem
trated by direct immunofluorescence using phycoeryt
abelled monoclonal anti-CD4 antibodies (CD4/RPE; Da
nd 5–10% monocytes. Cell viability was tested using 0

rypan blue (following every isolation the percentage of d
ells did not exceed 5%). The isolated cells were wa
wice and suspended to 106/ml RPMI 1640 (Sigma), enriche
ith 10% FCS, 2mMl-glutamine (Gibco), 50�g/ml of gen-

amycin and 200 IU/ml of penicillin.

.4. ELISPOT assay

Detection of IFN-�, IL-4, IL-5 and IL-10 was performe
sing ELISPOT kits (Mabtech). Cultures of the isolated c
CD4 T lymphocytes/monocytes; 105 per well) were es
ablished on Multiscreen 96-well plates (Millipore) coa
ith appropriate monoclonal anti-IFN-�, anti-IL-4, anti-IL-
The results are expressed as the mean± standard devia
ions (S.D.). The data were analyzed using pairedt-tests. The
-values of <0.05 were regarded as significant.

. Results

Secretion of tested cytokines (IFN-�, IL-4, IL-5 and IL-
0) by peripheral blood CD4 T lymphocytes of child
ith chronic hepatitis B in non-stimulated cultures and
resence of IL-12 and/or IL-18 (controls) are presente
ig. 1A. Production of the cytokines by non-stimulated ly
hocytes was very low: mean values for IFN-�, IL-4, IL-5
nd IL-10 amounted to, respectively, 1.65± 1.5, 1.95± 1.1,
.95± 1.2 and 4.45± 0.82. In cultures with IL-12 or IL-18
ean number of IFN-� spots was significantly augment
s compared to cultures with medium alone (mean nu
f IFN-� spots in IL-12-containing cultures: 3.55± 1.28, in

L-18-containing cultures: 2.85± 0.93) although secretion
he remaining cytokines (IL-4, IL-5 and IL-10) showed
ignificant changes. In cultures with IL-12 and IL-18 in p
llel also mean number of IFN-� was significantly augmente
to 4.9± 0.91), as compared to cultures with medium alo
hile mean values for IL-4, IL-5 and IL-10 spots showed
ignificant alterations.

Secretion of tested cytokines (IFN-�, IL-4, IL-5 and IL-
0) in 48-h cultures of CD4 T lymphocytes, obtained fr
hildren with chronic hepatitis B, in presence of HBc
lone or in presence of the antigen plus IL-12 and/or IL
re shown inFig. 1B. In response to HBcAg alone, sec

ion of IFN-� (mean number of IFN-� spots: 3.9± 1.46),
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Fig. 1. (A) Production of cytokines by peripheral blood CD4 T lymphocytes of children with chronic hepatitis B in studied cultures. (B) Influence of IL-12
and/or IL-18 on HBcAg-specific cytokine production by peripheral blood CD4 T lymphocytes in children with chronic hepatitis B (means± S.D. bars). (*)
Significanthy different from cultures not co-stimulated with IL-12 and/or IL-18 (P< 0.05).
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IL-4 (mean number of IL-4 spots: 2.9± 1.64), IL-5 (mean
number of IL-5 spots: 4.6± 1.02) was low and significantly
lower than secretion of IL-10 (mean number of IL-10 spots:
21.4± 5.45). In cultures with HBcAg and IL-12, secretion of
IFN-� (mean number of IFN-� spots: 16.8± 3.46) was sig-
nificantly higher than secretion of the cytokine in response to
HBcAg in the absence of IL-12. On the other hand, release of
the remaining cytokines, IL-4 (mean number of IL-4 spots:
2.7± 1.08), IL-5 (mean number of IL-5 spots: 4.35± 1.46)
and IL-10 (mean number of IL-10 spots: 23.4± 6.68) did not
significantly differ from production of the cytokines in the
absence of IL-12. In cultures with HBcAg and IL-18, secre-
tion of IFN-� (mean number of IFN-� spots: 12.65± 2.56)
was significantly higher than production of the cytokine in
response to HBcAg in absence of IL-18. On the other hand,
release of the remaining cytokines, i.e., of IL-4 (mean num-
ber of IL-4 spots: 2.9± 1.2), IL-5 (mean number of IL-5
spots: 4.15± 1.09) and IL-10 (mean number of IL-10 spots:
22.3± 5.0) did not significantly differ from production of the
cytokines in absence of IL-18. In the cultures with HBcAg
and IL-12 + IL-18, secretion of IFN-� (mean number of IFN-
� spots: 68.95± 12.97) was significantly higher as com-
pared to production of the cytokines in response to HBcAg
in absence of IL-12 + IL-18. On the other hand, release of
the remaining cytokines, IL-4 (mean number of IL-4 spots:
2
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CD4 T lymphocytes (TR) (Moore et al., 1993; Maloy and
Powrie, 2001). At present, antigen-stimulated clones of TR
are thought to suppress immune response via the release of
the cytokines IL-10 and transforming growth factor-� (TGF-
�) (Yazdanbakhsh et al., 2002). In chronic active B hepatitis
in children, the preferentially produced IL-10 may signif-
icantly down-regulate the immuno-inflammatory attack on
liver cells, resulting in diminished progression of the liver
damage.

In studies on HBcAg-specific cytokine production in IL-
12-containing cultures of CD4 T lymphocytes from periph-
eral blood of children with chronic hepatitis B increased IFN-
� secretion was noted, while secretion of the remaining tested
cytokines was not significantly different from control cul-
tures. The data are consistent with earlier presented results
obtained in patients with chronic hepatitis B, expressing sero-
logical markers of active chronic HBV infection (HBsAg,
HBeAg and HBV-DNA) (Schlaak et al., 1999). In turn, our re-
sults have failed to confirm the suggestion that the regulatory
effect of IL-12 on T cell response is mediated through IL-10
production (Schlaak et al., 1999; Meyaard et al., 1996). Pos-
sibly, IL-12 exerts no in vitro effect on in vivo HBV-activated
clones of lymphocytes T that are releasing IL-10.

Examining HBcAg-specific production of cytokines in IL-
18-containing cultures of CD4 T cells from peripheral blood
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.5± 1.0), IL-5 (mean number of IL-5 spots: 4.25± 1.59)
nd IL-10 (mean number of IL-10 spots: 24.9± 6.62) did
ot significantly differ from production of the cytokines
bsence of IL-12 + IL-18.

. Discussion

In the performed studies on antigen-specific secretor
ponse of CD4 T lymphocytes, ELISPOT assay has
mployed, allowing to assess the frequency of cytok
roducing cells and the kind of lymphokine produced (Jung
t al., 1999). High sensitivity of the assay has allowed to

t for analysis of quantitative changes in cytokine-secre
ells in cultures of lymphocytes T in presence of IL-12 an
L-18. Also, the obtained results of stimulation indexe
ultures with HBcAg co-stimulated with IL-12 and/or IL-
ave confirmed antigen specificity of the augmentatio
ytokine production.

The cytokine secretory response of CD4 T lymphoc
riginating from peripheral blood of chronic hepatitis B

ients, when stimulated with HBcAg in vitro, demonstra
n inhibited function of Th1, as reflected by a reduced

ease of IFN-�, and of Th2 cells, as reflected by a defici
elease of IL-4 and IL-5 [consistent with an earlier
ort (Szkaradkiewicz et al., 2003)]. In parallel, the result
ocumented preferential HBcAg-specific production of
0. In view of the presented data, it seems probable

he demonstrated secretion of IL-10 has reflected ant
pecific activation of monocytes present in the tested cul
nd/or a specific induction of recently described regula
f children with chronic hepatitis B, a weak but signific
ncrease in the release of IFN-� has been noted, while sec
ion of the remaining cytokines was not significantly differ
rom the control cultures. The biological activity of IL-18 h
lready been well documented by demonstration that th

okine acts as a co-stimulatory factor on Th1 cells (Kohno et
l., 1997). Our data are consistent with those reported.

Analysis of HBcAg-specific cytokine production in c
ures of CD4 T lymphocytes, isolated from the periph
lood of children with chronic HBV revealed that the m
ronounced stimulatory effect was obtained in the pres
f IL-12 + IL-18 and involved the secretion of IFN-�. The

FN-� secretion obtained with IL-12 and IL-18 confirm
he synergistic action of the two cytokines on the induc
f IFN-� synthesis in Th1 cells, as previously demonstr
y other (Okamura et al., 1998; Hunter and Reiner, 2000). In
ontrast to the strong stimulatory effect of IL-12 + IL-18
BcAg-specific IFN-� production by Th1 lymphocytes, n
ntigen-specific secretory response of “non-Th1” cells
bserved. The lymphocyte Th2-typical and HBcAg-spe
efect in release of IL-4 and IL-5 remained unchanged

owing co-stimulation with IL-12 and IL-18, similarly to th
nchanged high IL-10 production.

Thus, the present results indicate that synergistic a
f IL-12 and IL-18 results in a strong activation of HBcA
pecific Th1 lymphocytes, witnessed by a high IFN-� produc-
ion. In turn, the IL-12- and IL-18-induced stimulatory eff
n Th1 lymphocytes was not accompanied by suppre
ffects on the HBcAg-specific activation of most proba
non-Th” cells, which release IL-10. The latter effect m
ecrease efficiency of the antiviral response. Neverthe
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the anti-HBV activity of Th1 lymphocytes, strongly induced
by IL-12 and IL-18 and reflected by a high secretion of IFN-�,
markedly surpassing IL-10 production, might be sufficient for
viral clearance in children with chronic hepatitis B infection.
Possible therapeutic potential of IL-12 and IL-18 application
in chronic hepatitis B requires further studies.
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