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Abstract

Combination IFN-a and ribavirin therapy of hepatitis C virus infected patients
has been reported to improve the response rate to 50%. Meanwhile, the previous
study also demonstrated that it enhanced the natural killer cell activity and the
level of hepatitis C virus specific IFN-g in the patients treated with ribavirin and
IEN-o. To further study the role of ribavirin in hepatitis C virus-specific immune
responses, we immunized mice with hepatitis C virus core protein with or
without ribavirin. Forty days after immunization, we found that the mice
immunized with core antigen once every two weeks and 0.5 mg ribavirin every
day showed higher level of core-specific IgG2a as compared with those mice
immunized with core antigen only. In addition, we found that in vitro recalled
core antigen increased the levels of the T helper type 1 cytokines produced by
spleen cells. In addition, the lipopolysaccharide (LPS)-stimulated peritoneal cells
produced higher level of IL-12 in ribavirin-treated mice. The percentage of CD3+
cells increased significantly both in spleen cells and peritoneal cells. Both the
percentage and activity of natural killer cells were enhanced dramatically. The
core-specific cytotoxic T cell activity also increased significantly. Thus, ribavirin
may significantly promote the T helper type 1 immune response in vivo,
furthermore, the effect of ribavirin on IL-12 level produced by LPS-stimulated
peritoneal cells may contribute to the Thl enhancing effect.
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Ribavirin enhancement of hepatitis C virus core antigen-specific type 1 T
helper cell response correlates with the increased IL-12 level

Shih-Hua Fang'*, Lih-Hwa Hwang?®, Ding-Shinn Chen?® and Bor-Luen Chiang'-

'Graduate Institute of Microbiology, *Graduate Institute of Clinical Medicine, >Hepatitis Research Center, College of Medicine, National Taiwan
University, Taipei, and *Department of Medicine, China Medical College, Taichung, Taiwan

Backgrounds/Aims: Combination IFN-a and ribavir-
in therapy for hepatitis C virus-infected patients has
been reported to improve the response rate up to 50%.
In this study, we aimed to study further the role of
ribavirin in hepatitis C virus-specific immune re-
sponses.

Methods: We immunized_mice with hepatitis C virus
core protein with or without different concentrations
of ribavirin. Forty days after immunization, hepatitis
C virus-specific immune responses were followed in
these mice.

Results: We found that the mice immunized with
core antigen once every 2 weeks and 0.5 mg ribavir-
in every day showed higher levels of core-specific
IgG2 compared with those mice immunized with
core antigen only. In addition, core antigen-stimu-

RIBAVIRIN, a guanosine analogue, is active against
various RNA and DNA viruses, including influ-
enza viruses (1,2), respiratory syncytial viruses (RSV)
(3,4), Lassa fever (5) and murine immunodeficient vi-
rus (6). It has been evaluated as therapy for chronic
hepatitis C virus (HCV) infection (7). Combining riba-
virin with interferon (IFN)-a proved more effective for
the treatment of chronic hepatitis C than IFN-a alone
(8). Meanwhile, combination therapy has also induced
a sustained biochemical and virological response in a
significant proportion of patients with IFN-a-resistant
chronic hepatitis C (9). When ribavirin was evaluated
as a monotherapy for chronic hepatitis C, it improved
or normalized alanine transaminase (ALT) levels dur-
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lated spleen cells produced higher levels of T helper
type 1 cytokines and the core-specific cytotoxic T
cell activity also increased significantly. Further-
more, lipopolysaccharide-stimulated peritoneal cells
produced higher levels of IL-12 in ribavirin-treated
mice, and peritoneal cells isolated from naive mice
also produced significantly higher level of IL-12
when cultured with ribavirin.

Conclusions: Ribavirin may significantly promote the
T helper type 1 immune response in vivo, and, further-
more, the effect of ribavirin on IL-12 level produced
by accessory cells may contribute to the T helper type
1 enhancing effect.

Key words: Hepatitis C virus; IL-12; Ribavirin; Type
1 T helper cell.

ing 6- and 12-month courses of treatment. However,
the response was usually transient, and no changes in
HCV viremia could be seen with ribavirin monother-
apy (10,11). In addition, similar results were also ob-
tained when ribavirin was used to treat hepatitis B vi-
rus (HBV) infection (12). The observations prompted
some investigators to postulate that ribavirin works as
an immunomodulatory agent, as opposed to an anti-
viral agent (13-15). Earlier studies have shown that low
concentrations (0.1 to 1 ug/ml) of ribavirin moderately
enhance B cell responses, whereas slightly higher con-
centrations (5 to 10 ug/ml) abolish the functions of B
cells (16). Recent studies have shown that the beneficial
effects of ribavirin are mediated by the inhibition of
induction of macrophage pro-inflammatory cytokines
and the production of IL-4 by Th2 cells, whereas it did
not diminish the production of IFN-y in Thl cells (13).
In HCV NS3-immunized mice, the levels of Ag-specific
[gG2a and IgG2b increased markedly (14). We have
earlier observed that the type 1 T helper cell related
immunological changes in patients with chronic hepa-

!



S-H. Fang et al.

titis C receiving IFN-a combined with ribavirin may
contribute to better sustained responses (data not
shown).

To further study the possible mechanisms of ribavir-
in on HCV-specific immune responses, we analyzed the
Ag-specific humoral and cellular immune responses in
mice after immunization with HCV core protein and
different doses of ribavirin.

Materials and Methods

Animals

Female BALB/c mice were obtained from and maintained in the Ani-
mal Center of the College of Medicine, National Taiwan University.
All mice used were 10 weeks of age. The animal room was on a 12-h
light and 12-h dark cycle with a constant temperature of 25°C (+2°C)
and humidity maintained. Each group consisted of 6 mice.

Ribavirin and HCV core protein

Ribavirin (1-8-D-ribofuranosyl-1, 2, 4-triazole-3-carboxamide) was
obtained (as Virazole) from ICN Pharmaceuticals (Irvine, CA, USA)
and was dissolved in PBS prior to use. HCV core protein (C190) was
produced in BL21 cells and purified by denaturing nickel column
(Fang et al., unpublished data). »

Cell

YAC-1 and Balb/c 3T3 were obtained from American Type Culture
Collection (Rockville, MD, USA). All cells were cultured with com-
plete RPMI-1640 medium containing 10% fetal calf serum, anti-
biotics, L-glutamine, and HEPES buffer.

Immunizations and in vivo ribavirin treatment

Ribavirin was given intraperitoneally (i. p.) in 100 ul PBS for 40 days
starting 2 days prior to immunization. Groups A to E mice were given
a daily dose: 1, 0, 1, 0.5, 0.1 mg ribavirin, respectively. Groups B to
E mice were also injected with 25 ug core protein in 100 ul Freund’s
complete adjuvant intraperitoneally on day 0 and then boosted with
50 ug of core protein in 100 4l Freund’s incomplete adjuvant on days
14 and 28. Group A mice were injected with ribavirin plus PBS as
the adjuvant-only control.

Antibody ELISA

Blood was obtained from the retro-orbital venous plexus on day —2
(pre-immunization), day 14, and day 28 after immunization with core
protein. The serum was collected and stored at —20°C before further
assay. Anti-core I1gG1 and 1gG2a were determined by enzyme-linked
immunosorbent assay (ELISA) as described previously (17). The
plates were read in a microplate autoreader at 450 nm. The antibody
levels of samples were compared with standard. The standard serum
was a pool of serum collected from core-immunized mice which had
had strong responses. The concentration of standard serum was arbi-
trarily assigned 1 ELISA unit (EU).

Core antigen-specific proliferation assay

The mice were sacrificed on day 40 and spleen cells were harvested.
For proliferation assay, spleen cells were plated in microplates at the
concentration of 103 cells per well in the presence or absence of 0.0625
ug/ml core protein for 5 days with the addition of 1 xCi [*H] thymi-
dine (TdR; Amersham) for the last 16 h. The labeled cells were har-
vested on cellulose filters, quenched, and the level of [*H] TdR incor-
poration was determined by a liquid scintillation f-counter. The result
of core-specific proliferative response was expressed as stimulation
index (S.1.). An S.[. value over 3 was defined as positive.

Cytokine ussay

To determine the concentrations of IL-2, IFN-y, IL-4, and IL-5,
$x10° spleen cells from groups A to E mice were incubated with or
without 0.25 ug/mt of core antigen in 24-well Aat-bottomed plates for

2

24 h. The culture supernatant was collected and analyzed by using a
sandwich-ELISA according to the manufacturer’s instructions. Stan-
dards were prepared from recombinant mouse IL-2, tFN-y, [L-4, or
[L-5 separately (PharMingen, San Diego, CA, USA). The sensitivity -
of IL-2, IFN-y, IL-4, or 1L-5 is 781 pg/ml, 390 pg/ml, 97.6 pg/ml, or
39 pg/ml, respectively.

To determine the concentrations of IL-6, IL-10, and 1L-12, 4x10°
peritoneal cells from groups A to E mice were incubated with or
without 10 ug/ml LPS (Sigma) for 24 h. For in vitro study, peritoneal
cells from naive mice (4 10° cells/ml) were incubated in the presence
of 0, 16, 62.5, 250, 1000 pg/ml ribavirin, respectively, with or without
2.5 ug/ml LPS (Sigma) for 24 h. Spleen cells from naive mice were
stimulated with anti-CD3 (PharMingen, San Diego. CA, USA) pius
anti-CD28 (PharMingen, San Diego, CA, USA) in the presence of 20
ng/ml IL-2 for 2 days. After washing, 5% 10° spleen cells were incu-
bated with 0, 0.25, 0.5, 1, 2 ng/ml of IL-12 in 24-well flat-bottomed
plates for 24 h. The culture supernatant was collected and analyzed
as described above. Standards were prepared from recombinant
mouse IL-6, IL-10, or IL-12 separately (PharMingen, San Diego, CA,
USA). The sensitivity of I[L-6, [L-10, or [L.-12 is 781 pg/ml, 781 pg/
ml, or 195 pg/ml, respectively.

Phenotypic analysis of spleen cells

Surface staining was performed by incubating $x10° spleen cells with
phycocrythrin {PE}-conjugated anti-CD19 and fluorescein isothio-
cyanate [FITC)-conjugated anti-CD3, PE-conjugated anti-CD4 and
FITC-conjugated anti-CD3, PE-conjugated anti-CD8 and FITC-con-
jugated anti-CD3, PE-conjugated anti-CD69 and FITC-conjugated
anti-CD3, PE-conjugated anti-DX-5 and FITC-conjugated anti-CD3
(PharMingen, San Diego, CA, USA). All antibody incubations were
performed at 4°C for 30 min. The cells were washed and resuspended
in 0.5 ml of PBS, 0.1% sodium azide and subjected to FACScan
analysis. A total of 10000 cells was counted and the frequency of
each cell surface marker was determined using appropriate software
(FACScan, Becton Dickinson, Mountain View, CA, USA). The flow
cytometry was regularly calibrated with CaliBRITE beads (Becton
Dickinson, Mountain View, CA. USA).

Natural killer cell cytotoxicity assay

Spleen cells were incubated with 1x10* 3!'Cr-labeled YAC-1 cells in
96-well round-bottomed microtiter plates at an effector/target (E/T)
ratio of 10, 50, and 100, respectively. The cytotoxic activity was per-
formed in the standard 4-h *!Cr-release assay. Specific lysis was calcu-
lated as follows: 3'Cr released (in percentage)=(E-S)/(T-S)X100,
where E (s the amount of chromium released in the presence of effec-
tor cells, S is the spontaneous release of the label in media alone, and
T is the total amount of chromium released in the presence of 50%
HCL

Preparation of core-expressed target cells for cytotoxic T cell activity
assay

To clone the core gene, primers C190-N (5'-AAG AAT TCC GTG
CAC CAT GAG CAC GAA T-3’) and C190-C (5'-AAG TCG ACC
TAA GCG GAA GCT GGG AT-3') were used to perform poly-
merase chain reaction. The resulting DNA fragment was sequenced
and found to be identical to the sequences reported in GenBank. The
c¢DNA obtained was digested with EcoR/ and Sual / and cloned into
a retroviral vector, S2 (18). The resulting construct, C190/S2, was
transfected into GP+E-86 packaging cell line (19) by the calcium
phosphate precipitation method. The supernatant was collected 2
days later and used to infect GP+AMI12 amphotropic packaging cell”

“line (20). Virus-producing clones were obtained after selection of the

transduced GP+AMI12 cells by G418 (0.8 ug/ml). Viruses were har-,
vested 16 to 18 h after fresh medium was placed onto the virus-pro--
ducing cells, and were used to infect Balb/c 3T3 cells in the presence
of 8 ug/ml of polybrene for 24 h. Transfected Balb/c 3T3 cells were
selected by G418 (0.4 ug/ml) until resistant clones appeared. All of
the G418-resistant clones were pooled to check the expression of core
protein by Western blot.



Core-specific cytotoxic T cell activity assay

Spleen cells (107 cells/ml) were plated on a 24-well plate and stimu-
lated with irradiated 10° syngenic stimulator cells, C190/Balb/c 3T3,
for 48 h and replaced with complete RPMI-1640 medium plus 100 U
of rIL-2 per ml for another 3 days. In vitro-stimulated spleen cells
were collected to perform cytotoxicity assay against *'Cr-labeling
C190/Balb/c 3T3 or Balb/c 3T3 cells as control at an E/T ratio of
12.5, 25, and 30, respectively. The cytotoxic activity was performed
by standard 4-h *'Cr-releasing assay as described.

Statistical analysis

Data are presented as mean=SEM. The data analyzed by paired Stu-
dent’s t-test, and a p-value of 0.05 or less was considered to be statisti-
cally significant.

Results

CI190-specific antibody responses of mice treated with
different doses of ribavirin

To investigate the effect of ribavirin, the mice were di-
vided into five groups: A to E. Group A mice received
only 1 mg ribavirin everyday, without core protein.
Groups B to E mice were immunized with core antigen
once every 2 weeks and received 0, 1, 0.5, or 0.1 mg
ribavirin every day, respectively. No significant differ-
ence in the body weight among these groups indicated
that the immunization dose and schedule did not affect
the normal growth of those mice.

To determine the C190-specific humoral immune re-
sponses, the sera on day 2 prior to immunization and
on days 14, 28, and 35, were collected and analyzed for
C190-specific antibodies by ELISA. C190-specific total
1gG levels were increased on days 28 and 35 after im-
munization (data not shown). Furthermore, we ana-
lyzed the level of anti-core IgG1 and IgG2a among all
groups. The data suggest that the level of IgG2a anti-
body was significantly higher in groups C to E when
compared to control and C190-only immunized mice

Ribavirin enhances IL-12 {cvel and Thi activity
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Fig. 1. CI90-specific proliferative response of spleen cells.
Spleen cells were plated at 10° cells in the presence or ab-
sence of 0.0625 uglml core protein for 5 days with the ad-
dition of 1 uCi [*H] thymidine (TdR; Amersham) for-the
last 16 h. Stimulation index was calculated by the cpm value
of each experiment over that of cell only. *represents
p<0.05 compared to group B. *represents p<0.0! com-
pared to group B.

(Table 1, p<0.01). This suggests that ribavirin may
promote T helper type 1 response in vivo.

HCYV core protein-specific proliferative responses
When the C190-specific antibody reached the plateau,
the mice were killed on day 40, and the core-specific .

TABLE I
The levels of [gG1 and 1gG2a produced in different groups of mice
Group 1gGl I1gG2a

Day Day

-2 14 28 35 -2 14 28 35
A 0.01x0.01" 0.010.02 0.02=0.02 0.02*0.03 0.02+0.01 0.03+0.02 0.02x0.02 0.02=0.01
B 0.03=0.02 0.11=0.05 0.28+0.08 0.41=0.09 0.05%0.02 0.07+0.04 0.13x0.05 0.19=0.07
C 0.02=0.03 0.13+0.04 0.29%0.09 0.51=0.07 0.01x0.02 0.14+0.07* 0.19%0.08 0.22=0.04
D 0.02=0.01 0.14=0.04 0.27x0.04 0.54=0.06 0.01%0.01 0.13+0.04* 0.23x0.02* 0.53=0.03**
E - 0.02=0.01 0.11x0.05 0.29+0.02 0.52+0.04 0.02x0.02 0.11*0.01 0.19%0.01 0.38 =0.05**

Group A received | mg ribavirin every day.
Group B received C190 protein once every second week.

Group C received | mg ribavirin every day and C190 protein once every 2 weeks.
Group D received 0.5 mg ribavirin every day and C190 protein once every 2 weeks.
Group E received 0.1 myg ribavirin every day and C190 protein once every 2 weeks.

“represents ELISA unit: Mean=SEM,
*p<<0.05 compared to that of group B at the same time point.
**p<0.01 compared to that of group B at the same time point.
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Fig. 2. Cytokines produced by spleen cells from different
groups recalled in vitro with core antigen. 5X10% spleen
cells were incubated with oPwithout 0.25 ugiml of core anti-
gen in 24-well plates for 24 h. The culture supernatants were
collected and analyzed using a sandwich-ELISA as de-
scribed in Methods. *represents p<0.01 compared to group
B.

cellular immune response was analyzed. The results
show that the stimulation index in groups C to E was
higher than that in group B (Fig. 1, group C, p<0.05;
groups D and E, p<0.01).

Cytokine profiles produced by core-stimulated spleen
cells

To further understand the cytokine profiles, the cyto-
kines produced by the C190-stimulated spleen cells in
vitro were assayed. The levels of Thi cytokines, IL-2

20 1

O A Ribavirin only

QB C190 saly

BC 1.0mg Ribaviria + C190

@D 05mg Ribavirin + C19%0

B E 0.1mg Ribavirin + C190 ]]'

Cytotoxic activity of NK cells (%A)

Fig. 3. NK cell activity of different groups of mice. Spleen
cells were incubated with 1x10* >' Cr-labeled YAC-1 at an
effectoritarget (EIT) ratio of 10, 50, and 100, respectively.
The cytotoxic activity was performed in the standard 4-h
S1Cr-release assay. *represents p<<0.05 compared to group
B.

and IFN-y, were significantly increased in groups D
and E, as compared to those in group B (Fig. 2,
p<0.01). Although the levels of Th2-related IL-5
tended to decrease in mice treated with ribavirin, it was
not statistically significant. There was no difference in
the levels of IL-4 among these five groups.

Phenotypic analysis of spleen cells and peritoneal cells
We found that the percentage of total T cells increased
significantly both in spleen cells of groups C to E
(Table 2) and in peritoneal cells of group D (p<0.01,
data not shown). Meanwhile, the percentage of NK
cells also increased significantly in the spleen cells of
groups A, C to E; all the mice had received ribavirin
treatment. (Table 2, p<0.05).

TABLE 2

The percentage of different cell types in spleen cells of different treated groups of mice
Group Cell type

Total B cell Total T cell CD4+ T cell CD8+ T cell NK cell

A 48.05=2.04* 34.17%1.09 20.55*+2.22 15.43%2.07 4.89+0.25*
B 45.05=x1.48 36.562.04 20.96=1.11 17.61x1.48 2.01=0.41
C 46.81+1.56 41.56=2.47" 21.32%1.09 19.342.11 4.24+0.89*
D 45.23>1.84 47.84=3. 14+ 28.79+2.64** 18.92*1.45 3.81%0.15*
E 47.01x2.48 45.02+2.07* 23.55=1.66 - 19.12x0.94 3.27=0.57*

Group A received | mg ribavirin every day.
Group B received C190 protein once every second week.

Group C received | mg ribavirin every day and C190 protein once every 2 weeks.
Group D received 0.5 mg ribavirin every day and C190 protein once every 2 weeks.
Group E received 0.1 mg ribavirin every day and C190 protein once every 2 weeks.

*: represents ELISA unit;: Mean=SEM.
*p<<0.05 compared to that of group B at the same time point.
**p<0.01 compared to that of group B at the same time point.
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Fig. 4. Core-specific cytotoxic T cell activities in different
groups of mice. Spleen cells were stimulated with irradiated
stimulator cells, C190/Balblc 3T3, and were collected to
perform cytotoxicity assay against *'Cr-labeling C190/
Balblc 3T3 or Balblc 3T3 cells as control at an E/T ratio
of 12.5, 25, and 50, respectively. The cytotoxic activity was
performed by standard 4-h 3'Cr-releasing assay as de-
scribed in Methods. Data was given as means of the lysis

% of C190/Balblc 3T3 minus that of control Balbic 3T3
~ cells. *represents p<0.05 compared to group B. *represents
p<0.0! compared to group B. '

Cytolytic activity of natural killer cells and core-
specific cytotoxic T lymphocytes

To further determine the effect of ribavirin on HCV-
specific cellular immune responses, both NK cell activ-
ity and C190-specific cytotoxic response were moni-
tored by standard 4-h 3'Cr-releasing assay. We found
that the NK cell activities increased in groups C to E
(Fig. 3, p<0.05), and the cytotoxic T cell activities also
improved in groups C to E (Fig. 4, groups C&E,
p<0.05; group D, p<0.01). This suggests that ribavirin
may enhance C190-specific and non-specific cellular
immunity, which has been thought to be correlated
with Thi activity.

IL-12 produced by LPS-stimulated peritoneal cells of
ribavirin-treated mice
Antigen-presenting cells play a very important role in

found in the peritoneal cavity. We found higher [L-12
levels in LPS-stimulated peritoneal cells of groups A,
C to E, which had all received ribavirin (Fig. 5,
p<0.01). The enhancement of [L-12 level scemed to
be correlated with ribavirin but not with core antigen
immunization.

Ribavirin enhances IL-12 level and Thi activity

In vitro effect of ribavirin on IL-12 production by
peritoneal cells

To study further the effect of ribavirin on the cytokine
production of peritoneal cells, peritoneal cells of naive
mice were incubated with different concentrations of
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Fig. 5. Cytokine produced by LPS-stimulated peritoneal
cells from different concentrations of ribavirin-treated mice.
Peritoneal cells (4X10° cellsiml) were incubated without or
with 10 ugiml LPS for 24 h. The culture supernatants were
collected and analyzed as described in Methods. *represents
p<0.01 compared to group B.
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ribavirin (0, 0.016, 0.0625, 0.25, 1 ng per mli) in vitro
with or without LPS stimulation. The data suggested
that IL-12 levels increased significantly in the presence
of ribavirin, especially with the lower concentration of
ribavirin (Fig. 6A, p<0.01). To understand the effect
of ribavirin-induced IL-12 on the cytokine production
profiles of spleen cells, different concentrations of IL-
12 were added to stimulated spleen cells and found that
IL-12 promoted the secretion of Thl type cytokines,
[FN-v and IL-2 (Fig. 6B, p<0.01 & C, p<0.05). These
results suggest that ribavirin may increase IL-12 pro-
duction by accessory cells and subsequently modulate
the Thl responses.

Discussion
Previous reports have demonstrated that ribavirin has
an inhibitory effect on human peripheral blood mono-

) 2500 | TR A SRR A P9 SENe
0 3 | &
Ribavirin 0 16 62.5 250 1000 0 16 62.5 2501000 (pg/mi)
LPS (0 pg/ml) LPS (2.5 pg/ml)
B 60, C 5o, .
#
40—}
= =
S £ 301
= £
il o~
. 204
£ =

7
?
g
?
72

A 4 14 v
0 02505 1
IL-12 (ng/ml)

é
Z
Z
7
7
Z
?
4
2

IL-12 (ng/ml)

Fig. 6. IL-12 produced by peritoneal cells cultured with dif-
ferent concentrations of ribavirin (A) and the effect of IL-
12 on the cytokine profiles of spleen cells ( B, C). Peritoneal
cells (4X10° cellsiml) from naive mice were incubated in
the presence of 0, 16, 62.5, 250, 1000 pgiml ribavirin, re-
spectively, with or without 2.5 ug/mi LPS for 24 h. *repre-
sents p<0.05 compared to that without ribavirin. *repre-
sents p<0.01 compared to that without ribavirin (A). Anti-
CD3 untibody stimulated spleen cells (5% 10° cellsiml) were
incubated with 0, 0.25, 0.5, 1, 2 ng/ml of IL-12 for 24 h.
*represents p<0.05 compared to that without IL-12. *repre-
sents p<0.0l compared to that without IL-12 (B, C).
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nuclear cell mitogenesis (21), and also reduces the
growth of mouse lymphoma cells up to 50% of the con-
trol (22). Ribavirin not only inhibits the growth of
lymphocytes, it also directly affects the functions of
some immune cells. It has been shown that ribavirin
may modulate the plaque-forming cell (PFC) re-
sponses (16). Furthermore, ribavirin inhibited viral-in-
duced macrophage production of the pro-inflamma-
tory cytokines and Th 2 cytokine profiles (13), and also
mast cell mediator release (23). In addition, ribavirin
inhibited not only the replication of respiratory syncyt-
ial virusess (RSV) in respiratory epithelial cells, but
also decreased the IL-6 level and subsequent acute-
phase responses (24). Taken together, the results sug-
gest that ribavirin may modulate the immune re-
sponses. However, the mechanism has yet to be clari-
fied. In the treatment course of HCV-infected patients,
they received orally 1200 mg ribavirin daily (20 mg/kg/
day), in this study, the dose of ribavirin (5-50 mg/kg/
day) applied to the mice was modified according to an-
other study in a murine AIDS model (6).

The T helper (Th) subsets are largely defined by
unique patterns of cytokine secretion such that Thl
cells produce 11.-2, IFN-y and tumor necrosis factor,
whereas Th2 cells produce IL-4, IL-5, IL-6, and IL-10
(25). The differences in cytokine secretion account for
the distinct functions of Th1i cells, which mediate cellu-
lar immunity, and Th2 cells, which enhance humoral
immunity. Previous studies had shown that the acti-
vation of Th2-like responses in acute hepatitis C pa-
tients correlates with chronic evolution, whereas the re-
sult in cases with predominant Thl-like responses is
recovery (26,27). In the group of mice treated with core
antigen once every 2 weeks and 0.5 mg ribavirin every
day, we found that serum levels of C190-specific IgG2a
(Thl-like) increased significantly compared to those of
the other groups. Consistent with a shift toward a Thl-
like pattern, we demonstrated that C190-stimulated
spleen cells secrete higher levels of IL-2 and IFN-y in
the mice immunized with core antigen plus ribarivin.
Most interestingly, both C190-specific cytotoxicity and
the NK activity also increased dramatically with the
addition of ribavirin.

To further understand the possible mechanism of ri-
bavirin, the cytokine profile of antigen-presenting cells
was assayed. Among the data, it was noted that the
level of IL-12 produced by LPS-stimulated peritoneal
cells increased in mice treated with ribavirin. [L-12, a
heterodimeric cytokine composed of two disulfide-
linked subunits of 35 (p35) and 40 (p40) KDa (28) en-
coded by two separate genes, i1s produced mainly by
monocytes, macrophages, and other antigen-present-
ing cells in response to stimulation by a variety of



microorganisms (29-31). [L-12 exerts multiple biologi-
cal activities mainly through T and natural killer cells
by inducing their production of [FN-y, which aug-
ments their cytotoxicities, and by enhancing their pro-
liferation potential. In addition, IL-12 promotes the
differentiation of CD4+ naive T cells into Thl cells
and thereby plays a central role in the regulation of the
Thi/Th2 balance (32,33). Previous studies have shown
that IL-12 may be useful as an immunotherapeutic
agent for many pathogens, such as virus and bacteria
infection (34-37). All the evidence suggested IL-12 is
closely correlated with the development of Thi activity.
In this study, increased IL-12 levels produced by perito-
neal residual cells were found in mice receiving ribavir-
in treatment. Most importantly, the increased 11L-12
level seemed to be correlated with ribavirin treatment
but not core antigen immunization.

We found that naive peritoneal cells cultured with
ribavirin in vitro produced significant level of IL-12.
Moreover, IL-12 can increase IFN-y and IL-2 pro-
duced by anti-CD3 antibody-stimulated spleen cells.
Consistent with the previous studies, I11.-12 induces
Th! type cytokines produced by naive T cells in murine
and human system (38-40). It is emphasized that the
mouse model here is not representative of HCV infec-
tion, but rather of HCV-specific immune prophylaxis.
However, the data suggested that ribavirin may pro-
mote C190-specific immune responses towards a Thl-
like pattern by inducing the antigen-presenting cells to
produce a higher IL-12 level. This interesting finding
needs more studies to elucidate the immunoregulatory
mechanism of ribavirin and provide help in exploring
more efficient preventive and therapeutic management
for HCV patients.
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