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Abstract

Some patients with chronic hepatitis C respond to inter-
feron (IFN)-a treatment, and the efficiency can be im-
proved by combining it with ribavirin. The mechanism of
this improvement is unknown. To investigate the effects
of these two regimens on the immune responses in 51
patients with chronic hepatitis C, we examined the hepa-
titis C core antigen-specific proliferative response and
cytokine production profiles, natural killer (NK) cell cyto-
toxicity and cytotoxic T cell function during treatment.
The results are as follows: (1) both viral clearance and
biochemical normalization occurred more frequently in
patients receiving combination therapy; (2) the function
of NK cells increased after treatment in the responders of
both groups (p < 0.05); (3) the level of IFN-y produced by
hepatitis C core antigen-stimulated peripheral blood
mononuclear cells was higher in patients receiving com-
bination therapy, especially in responders; (4) the core
antigen-specific proliferative response decreased after
treatment, and (5) in addition, the core-specific cytotoxic

T cell activities of five responder patients also increased
significantly after therapy. In conclusion, enhancement
of immune responses, especially those related to type-1
T helper cell activity, may contribute to better efficacy in
combining ribavirin with IFN-a for treatment of chronic
hepatitis C.

Copyright © 2001 National Science Council, ROC and S. Karger AG, Basel

Introduction

Hepatitis C virus (HCV) is the major agent causing
non-A, non-B hepatitis worldwide [1], and is responsible
for 60-90% of posttransfusion hepatitis cases [2, 5, 20,
26]. The infcction is characterized by an unusually high
frequency of persistent infection after the acute stage in
adults, and about 20% of these paticnts develop cirrhosis
and eventually hepatocellular carcinoma scveral decades
later [20]. Therefore, cffective treatment is desperately
needed. Interferon (IFN)-o has been shown to be effective
[13]. Unfortunately, less than 20-25% of treated patients
can achieve a sustained response after the recommended
regimen of 3 x 10¢ units (3 MU) 3 times weekly for 24
weeks [4, 23]. More than half of the responders relapse
after IFN-a 1s discontinued [27]. To overcome this, a con-
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sensus of extending the treatment to 12 months has been
reached, but the sustained response after discontinuation
of the treatment is still far from satisfactory. Thus, combi-
nation with other drugs is actively being investigated.
Ribavirin is a guanosine analogue with broad-spectrum
antiviral activities. In patients with chronic hepatitis C,
ribavirin monotherapy has been shown to induce a grad-
ual decrease in serum alanine aminotransferase (ALT)
activities [21], but there are no sustained biochemical or
virological responses [7, 22]. Nevertheless, combining
ribavirin with IFN-a has been shown to be more effective
than IFN alone for the treatment of chronic hepatitis C [ 3,
14]. After long-term follow-up, we were able to show that
this combination therapy can cure nearly half of patients
with chronic hepatitis C [14].

Despite this progress, the mechanisms of action of this
combination treatment for chronic hepatitis C remain
unclear, although it has been suggested that IFN-o may
enhance the antiviral response by increasing the number
of cytotoxic CD8+ T cells, and that ribavirin may modify
the cytokine production profiles of T cells both in vivo
and in vitro [18, 25]. We therefore investigated the immu-
nological changes in patients with chronic hepatitis C
receiving IFN-o. monotherapy or combination therapy
with ribavirin.

Patients and Methods

Patients and Treatment Schedule

Fifty-one patients (29 men, 22 women) with a mean age of 49
vears (range 26-65 years) were studied. They all had chronic HCV
infection documented by positive viremia and elevated serum ALT
levels for at least 6 months, and were randomized into two treatment
groups: groups A and B.

Group A received IFN-a alone and was composcd of 15 men and
10 women with a mean age of 46 years. The HCV genotypes of group
A were genotype 1b (13 patients), genotype 2a (7 patients) and geno-
type 2b (3 patients). Two of these 25 patients were infected with more
than one strain of HCV: | patient had genotypes 1b and 2a and
another patient had genotypes la, 1b and 2b. Group B was composed
of 14 men and 12 women with a mean age of 49 years who received a
combination of IFN-¢ and ribavirin. The HCV genotypes of group B
were genotype 1b (15 patients), genotype 2a (7 patients) and geno-
type 2b (4 patients). In all patients, recombinant [FN-02a (Roferon-
A¥, provided by Hoffmann-La Roche, Basel, Switzerland) was given
subcutaneously at a dosage of 6 MU thrice weekly from the tst to the
12th week and then 3 MU from the 13th to the 24th week. In group B
patients, a daily dose of 1,200 mg of oral ribavirin (Virazole®, ICN
Pharmaceuticals, Costa Mesa, Calif., USA) was added for the entire
treatment course of 24 weeks. Blood samples were collected regularly
to monitor the immune responses at week 0 (pretreatment), week 12
(during treatment) and week 26 (2 weeks after treatment).

Meanwhile, some of the patients with HLA-A2 (+) were exam-
incd for cytotoxic T cell activity during treatment. Among them,
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patient 1 was a responder of group A, while patients 2 and 3 were
responders of group B. Another 2 patients (patients 4 and 5) com-
plcted the follow-up monitoring of cytotoxic T cell activity during the
entire treatment course. Patient 4 was a nonresponder of group A
who was then retreated with 5 MU of IFN-a combined with ribavirin
for 24 weeks. Patient 5 was a patient from group A with relapsed
disease, who was retreated with 5 MU of IFN-a combined with riba-
virin for 24 weeks and 3 MU of IFN for another 24 weeks. Patients 6
and 7 were nonresponders of group A. For patients 4 and 5, blood
samples were collected regularly to monitor the cytotoxic T cell
responses at weeks 0, 12, 24, 36, 48 and 72. The other patients were
examined at weeks O and 24. Peripheral blood mononuclear cells
(PBMCs) were isolated by Ficoll-Hypaque (Pharmacia) density gra-
dient centrifugation. Cells were washed twice with Hanks’ balanced
salt solution and resuspended in RPMI-1640 complete medium with
2% human AB serum prior to immunological studies.

Detection of Serum HCV RNA

Serum HCV RNA was dctected by using a reverse transcription
polymerase chain assay as described before [12]. Briefly, RNA was
extracted from 100 pl of serum by the single-step acid guanidinium
thiocyanate-phenol-chloroform method and converted into cDNA
with a random hexamer and Moloney murine leukemia virus reverse
transcriptase in a volume of 20 ul. The cDNA was amplified with
Tag DNA polymerase and type-specific primers.

Phenotypic Analysis

Surface staining was performed by incubating 1 x 10® PBMCs
with phycoerythrin (PE)-conjugated anti-CD8 and fluorescein iso-
thiocyanate (FITC)-conjugated anti-CD3, PE-conjugated anti-CD4
and FITC-conjugated anti-CD45RA, PE-conjugated anti-CD14 and
FITC-conjugated anti-CD45, PE-conjugated anti-CD19 and FITC-
conjugated anti-CD3, or PE-conjugated anti-CD16 plus CD56 and
FITC-conjugated anti-CD3 (PharMingen, San Diego, Calif., USA).
All antibody incubations were performed at 4°C for 30 min. Cells
were washed and resuspended in 0.5 ml of PBS and 0.1% sodium
azide and subjected to FACscan analysis. A total of 5,000 cells were
counted, and the frequency of each ccll surface marker was deter-
mined on a FACSCalibur® using Cell Quest software (Becton Dick-
inson, Mountain View, Calif., USA). Controls were cells suspended
in medium only. Flow cytometry was regularly calibrated with Cali-
BRITE beads (Becton Dickinson).

Serum Levels of Soluble CD4 and CD8 Molecules

Levels of soluble CD4 (sCD4) and CD8 (sCD8) were determined
with a sandwich enzyme-linked immunosorbent assay (ELISA) kit
(Quantikine, R&D, Minneapolis, Minn., USA). The minimum de-
tectable level of sCD4 was typically less than 60 pg/ml and that of
sCD8 was lower than 0.1 ng/ml.

Expression and Purification of HCV Core Protein

To clone the core gene, primers C190-N (5'-AAGAATTCAT-
GAGCACGAATCCTAA-3) and C190-C (5-TTACTCGAGATAA-
GCGGAAGCTGG-3) were used to perform polymerase chain reac-
tion. The resulting DNA fragment was digested with EcoR Tand Xho
I and cloned in a pET-21a vector. The open reading frame of the core
gene was followed by six histidine codons. The recombinant plasmid
was then transformed into BL 21 cells.

Expression of core protein was induced by the addition of 1 mA
IPTG when the BL 21 cells had grown to ODggo = 0.6. After a 2-hour
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induction, cells were harvested, resuspended in binding buffer
(5 mAM imidazole, 0.5 M NaCl, 20 mM Tris, pH 7.9) and sonicated.
After centrifugation, an equal volume of 6 M guanidine-HCI was
added to the supernatant. The soluble fraction of the cell lysate was
then used to purify the core protein using a denaturing nickel col-
umn. All reagents used in the course of purification contained 3 M
guanidine-HCI. The core protein was eluted by 300 mM imidazole
and then dialyzed with TNE buffer (10 mA/ Tris, pH 7.5, 100 mA
NaCl, 1 mAf EDTA).

To perform Western blot, total lysate protein or the purified core
protein was run by sodium dodecyl suifate-12.5% polyacrylamide gel
electrophoresis, transferred to a nitrocellulose membrane and then
visualized by mouse anti-core antibody and by an ECL (enzymatic
chemiluminescence) detection method (NEN™ Life Science Prod-
ucts, Mass., USA).

HCV Core-Specific Proliferative Response

To further study the HCV core-specific proliferative response in
patients, 1 x 10* PBMCs were incubated with or without 1 pg/ml
HCV core protein (C190) in 96-well round-bottomed microtiter
plates (200 pl/well). After 6 days, cultures were pulsed with | pCi of
[*H]-thymidine and harvested 18 h later. The result of the core-spe-
cific proliferative response was expressed as a stimulation index. A
value above 3 was defined as positive.

Natural Killer Cell Cytotoxicity Assay

PBMCs were incubated with 1 x 104 $1Cr-labeled K562 cells in
96-well round-bottomed microtiter plates at an effector/target ratio
of 10, 50 and 100, respectively. Cytotoxic activity was evaluatcd with
the standard 4-hour 3'Cr release assay. Specific lysis was calculated
as follows:

SICr released (%) = [(E - SY(T - S)] x 100,

where E is 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%
HCIL.

IFN-y Assay

To determine the concentration of IFN-y, 1 x 104 PBMCs were
incubated with or without 1 mg/ml C190 antigen in 24-well flat-
bottomed plates for 3 days, and the culture supernatant was collected
and analyzed using ELISA. The lower limit of this assay was 40 pg/ml
and the upper limit was 25,000 pg/ml. Standards were prepared from
recombinant human IFN-y (PharMingen).

Preparation of Core-Expressed Target Cells

HLA typing of the HepG?2 cell line or PBMCs from HCV patients
by complement-dependent microcytotoxicity was performed with
Terasaki HLA typing trays (One Lambda, Canoga Park, Calif., USA)
according to the manufacturer’s instructions. The HLA type of
HepG2 cells consists of A2, A24, B13, B52 and Cwé6. Patients 1-7
were HLA-A2 (+). The ¢cDNA fragment coding for the HCV core
gene was inserted at the cloning sites of the S2 vector [11], denoted as
C190/52. The viral medium from C190/S2 DNA-transfected
GP+env Am12 packaging cells [15] was used to infect HepG?2 cells,
and then they were selected with 1.2 ug/ml G418. Resistant colonies
were further checked before expression of the core protein (data not
shown) and used as the HLA-A2 (+) allogeneic target cells.
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Table 1. Serum ALT levels and hepatitis C viremia before and after
treatment

Group A Group B p value
(n=25) (n=26)
Serum ALT, [U/ml
week 0 125+ 16 148+22
week 24 74+ 5% 24+4*
Cleared HCV RNA! n 8(32) 17 (66) <0.05

Group A received IFN-a alone. Group B received a combination
of IFN-a and ribavirin. Figures in parentheses represent percentages.
* p < 0.05 compared to the value at week 0.

I HCV RNA detected by a nested polymerase chain reaction assay
with a sensitivity of 100 copies/ml.

Table 2. The cytotoxic activity of NK cells at different effector/
target (E/T) ratios before and after treatment

E/T ratio Group Treatment Cytotoxicity, %
response week 0 week 26
10 A R 0.3+£0.3 4.7+£1.2%
NR 1.8+£0.5 5.3+£1.0%
B R 0.7£0.3 3.6x£1.0%
NR 1.8+£0.8 5.0+1.3*%
50 A R 2.1x1.1 15.1+2.8*
NR 102+2.0 16.2+2.7
B R 44=+1.1 11.5+2.5*
NR 10.7£4.5 14.9%5.7
100 A R 44+1.8 23.1+4.3*
NR 16.8+2.7 23.0£3.4
B R 8.7+1.9 17.0£3.1*
NR 16.8+6.4 24.2+7.5

Data are represented as the mean £ SEM. R = Responders; NR =
nonresponders. * p < 0.05 compared to the value at week 0.

Core-Specific Cytotoxic T Cell Activity Assay

In brief, PBMCs were isolated as described above and stimulated
with irradiated C190/HepG?2 cells. On day 7, cultures were restimu-
lated with irradiated C190/HepG2 cells. The PBMCs were fed with
fresh RPMI-1640 medium containing IL-2 on days 3, 5, 10 and 12
and then tested for core-specific cytolytic activity on day 14. In vitro
stimulated effector cells from PBMCs were incubated with 1 x 104
SICr-labeled S2/HepG2 or C190/HepG2 cells in 96-well round-bot-
tomed microtiter plates at effector/target ratios of 10, 20 and 40. The
cytotoxic activity was evaluated with the standard 4-hour 3!Cr
release assay as described above.

Statistical Analysis
Data are presented as the mean £ SEM. Statistical significance
(p < 0.05) was analyzed by paired Student’s t test.
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Results

Virological and Biochemical Responses of Patients

Results of viremia and serum ALT levels of patients
before and after treatment are summarized in table 1.
Both viral clearance and ALT responses were better in
patients receiving IFN-g plus ribavirin compared to those
receiving IFN-a only (p < 0.05). The HCV genotypes of
the responders among those who received IFN-a treat-
ment only (group A) were genotype 1b (1 patient), geno-
type 2a (4 patients), genotype 2b (2 patients), genotypes
1b and 2a (1 patient) and genotypes la, 1b and 2b (1
patient). On the other hand, the HCV genotypes of the
responders among those who received IFN-a plus ribavi-
rin treatment (group B) were genotype 1b (4 patients),
genotype 2a (7 patients) and genotype 2b (4 patients).
This suggests that genotype 1b may be more sensitive to
combination therapy (p < 0.05).

Phenotypic Analysis of PBMCs and Serum Levels of

sCD4 and sCD8 Molecules

To analyze the effects of the two different treatments
on the percentage of PBMCs, appropriate PE- or FITC-
conjugated antibodies were used against cell surface
markers for staining. In both group A and group B
patients, the percentages of CD8+ T cell, memory CD4+
T cell, total T cell and B cell populations in PBMCs
showed no significant changes before, during or after
treatment (data not shown). In addition, there was no dif-
ference in the percentage of natural killer (NK) cells
between responders and nonresponders of these two
groups. However, the activation status of eftector cells
tended to decline after treatment, since both sCD4 and
sCD8 molecules decreased significantly after treatment
(fig. 1). There was no difference in this respect between
the two treatment groups, nor between responders and
nonresponders.

Cytolytic Activity of NK Cells

Furthermore, in these two groups, the cytotoxicity of
NK celis increased dramatically after 24 weeks of treat-
ment (table 2). The data suggest that the function of NK
cells increases after treatment with IFN-a or IFN-a plus
ribavirin (p < 0.05). The extent of the increase in cytolytic
activity of NK cells in group A and B patients appeared to
be similar. Furthermore, it was interesting to discover
that patients with low NK cell cytolytic activity re-
sponded better to either IFN-a or IFN-a plus ribavirin
treatment.

Interferon-a and Ribavirin Treatment in
Chronic Hepatitis C
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Fig. 1. Serum levels of sCD4 (a) and sCD8 (b) in both groups of
patients before (week (), during (week 12) and 2 weeks after (week
26) treatment. Group A patients received IFN-a only; group B
patients received IFN-a combined with ribavirin. sCD4 and sCD8
levels decreased significantly after treatment in both groups (* p <
0.05 compared to the value at time O in the same group). Data are
presented as the mean = SEM of three experiments.

HCV Core Protein-Specific Proliferative Response

To further understand the effects of antiviral therapy
on HCV core antigen-specific immune responses, we pu-
rified the HCV core protein (fig. 2) and performed a core
protein-specific proliferation assay. The positive rates
(stimulation index value over 3) of HCV core-specific
proliferation response in the 0, 12th and 26th weeks were
8/25, 5/25 and 6/25, respectively, in group A and 11/26,
1/26 and 5/26, respectively, in group B. Group B showed a
reduced response in the 12th and 26th weeks compared to
that of week 0 (p < 0.05); however, there was no signifi-
cant difference between the responders and nonrespond-
ers in each group (fig. 3).
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Fig. 2. Sodium dodecyl sulfate-12.5% polyacrylamide gel clectro-
phoresis (a) and immunoblotting analysis (b) of HCV core protein.
Total protein at 10 pug from BL 21 cells containing the core-express-
ing plasmid was analyzed before induction (lanes 1 and 4) and after
induction (lanes 2 and 5). Lanes 3 and 6 contain 1 pg of purificd
protein, M = Molecular mass markers (in kilodaltons).
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Fig. 3. Hepatitis C viral core protein-specific proliferative responsc
in patients treated with IFN-a only (group A) or IFN-a combined
with ribavirin (group B). Results of the core-specific proliferative
response are expressed as a stimulation index. A value above 3 (indi-
cated by a dashed line) is defined as positive. The results are repre-
sentative of three experiments.
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IFN-y Produced by Core-Stimulated PBMCs

Spontaneous secretion of IFN-y increased after treat-
ment in both groups of patients (fig. 4a). Additionally, we
also investigated IFN-y produced by PBMCs after incuba-
tion with the HCV core protein during the course of treat-
ment. The data show that core-induced IFN-y production
also increased after either monotherapy or combination
therapy, but the increasc was more dramatic in respond-
ers who received combination therapy (fig. 4b). Respond-
ers and nonresponders of the monotherapy group showed
significantly different IFN-y production in the 12th week,
ie. 18.7 £ 19.4 pg/ml and an undetectable level (p <
0.01), respectively. On the other hand, responders and
nonresponders of the combination therapy group also
showed markedly different levels of [FN-y, i.e. 258.3 =+
53.9and 112.2 £ 31.2 pg/ml (p < 0.01), respectively, in
the 26th week.

Core-Specific Cytotoxic T Cell Activities of Retreated

Patients

Core-specific cytotoxic T cell activities of five respond-
ers (patient 1, who received monotherapy, and patients
2-5, who received combination therapy) were measured
at weeks 0 and 26 (fig. 5a). Among them, a nonresponder
of group A (patient 4) and a patient with relapsed disease
from group A (patient 5) were monitored completely dur-
ing the retrcatment course and after treatment (fig. 5b, ¢).
Cytotoxic T cell activities of the other two nonresponders
(patients 6 and 7) were nondetectable before and after
treatment (data not shown). The results show that core-
specific cytotoxic activities increased significantly when
the viremia and scrum ALT levels of these patients
reached normal levels.

Discussion

Previous studies have shown that using either IFN or
ribavirin as a single agent in treating chronic hepatitis C is
apparently inadequate. Combining ribavirin with IFN
has recently been shown to increase sustained virological,
biochemical and histological responses in patients chroni-
cally infected with HCV [14, 16]. IFN and ribavirin seem
to act synergistically, and the responses are sustained in
30-50% of cases. Despite this progress, the mechanism
underlying the greatly improved efficacy achieved by this
combination therapy is largely unknown. Because ribavi-
rin monotherapy has been shown to have little effect on
hepatitis C viremia but can decrease serum aminotrans-
ferase levels, changes in host responses after ribavirin

Fang/Lai/Hwang/Yang/Chen/Chiang/Chen
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Fig. 4. IFN-y produced by PBMCs without (a) and with (b) HCV
corc antigen (C190) incubation as determined by ELISA. Sponta-
neous and antigen-stimulated sccretions represented the concentra-
tion of the culture supernatant from 1 x 10* PBMCs from paticnts
treated with IFN-a only (group A) or IFN-a combined with ribavirin
(group B) and incubated without or with 1 pg/ml C190 antigen for 3
days, respectively. * p < 0.05 compared to the value at time 0 in the
same group; ¥ p < 0.05 compared to the value for the nonresponders
at the same time point. Data are presented as the mean = SEM of
three experinients.

treatment may be more importantthan its antiviral activi-
ties. We therefore studied several immune parameters in
our patients with chronic hepatitis C, comparing those
receiving IFN-a alone and those receiving a combination
with ribavirin,

At the end of treatment, normal serum ALT levcels
were observed in 12 of 25 patients in the group treated
with IFN-o alone (48%) and in 20 of 26 patients in the
combination group (77%). Furthermore, the histopatho-
logical examination also demonstrated improvement for
these patients [unpubl. data]. In the meantime, immune
responses during the course of treatment were serially
monitored. Results show no significant changes in per-

Interferon-o and Ribavirin Treatment in
Chronic Hepatitis C
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Fig. 5. Corc-specific cytotoxic T cell activities of patients during the
course of treatment. a PBMCs of patients 1-5 collected in wecks 0
and 26 were stimulated twice with irradiated C190/HepG?2 cells, and
then cytotoxicitics were measured by the standard 4-hour S!Cr
rclease assay as described in Patients and Mcthods. Effector/target
ratios were set at 40:1, 20:1 and 10:1 in triplicate. Lysis is shown with
an cffector/target ratio of 40. Specific killing activity is defined as the
cytotoxicities against C190/HepG2 cells minus the cytotoxicitics
against S2/HepG2 cells. PBMCs of patients 4 (b) and 5 (e) were col-
lected at different time points as indicated, and then cytotoxicities
were measured as described above. The results suggest that core-spe-
cific cytotoxic activity gradually increased during the trcatment in
patients 4 and 5.

centages of B cells, CD8+ T cells, memory CD4+ T cells,
total T cells or NK cells during the course of either combi-
nation therapy or monotherapy. However, levels of both
sCD4 and sCDS8 decreased after treatment, suggesting
reduced activity of immunc effector T cells even as the
cell number remained unchanged. In addition, the HCV
core protein has been defined as the most potent T cell
immunogen in chronic HCV patients [9]. In our studies,
HCV core-specific proliferative responses were reduced
in the 12th and 26th weeks compared to those of week O in
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patients receiving combination therapy (p < 0.05). How-
ever, there was no significant difference between respond-
ers and nonresponders. It is likely that the decreased pro-
liferative response of PBMCs in these patients might have
resulted from either decreased functional activity of T
cells or clearance of the viral load in vivo. It has long been
known that NK cells are important in viral clearance. We
found that activities of NK cells of responders in these
two groups increased significantly after IFN treatment
(p < 0.05). However, the increment was similar between
group A and B patients. This implies that the effect may
be caused by IFN-a alone. An interesting finding was that
patients with initially low NK cell activities had better
responses to both IFN-a and combined treatments. It is
possible that defective NK cell function is partly account-
able for persistent infection of HCV and can be reversed
by IFN-o or combined treatment.

Importantly, the concentration of IFN-y increased af-
ter IFN therapy among responders and nonresponders of
groups A and B. Thus, the effect was probably caused by
IFN-a alone. Therefore, these immunological changes are
probably not the major factor leading to improvement in
clinical manifestations. In particular, the HCV core-spe-
cific release of IFN-y increased dramatically after combi-
nation therapy with IFN-a and ribavirin (fig. 4). IFN-y
might be produced by either T helper cells, activated NK
cells or cytotoxic T cells. It has been reported that IFN-a
favors the differentiation of CD4+ T cells into type-1 T
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