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We recently reported that the herbal medicine (Maoto) might have immunomodulatory effects when used in con-
junction with IFN-B. In order to examine the relation between host immune reaction and virological effects upon treat-
ment with Maoto and IFN-8, we monitored the changes in lymphocyte populations of peripheral blood by flow-
cytometry. Twenty-five patients with chronic hepatitis C were enrolled in this study. They received a daily dose of 6
million units of IFN-B for 8 weeks. Maoto was given orally 4 times a day during the IFN-8 administration, and we moni-
tored the changes in lymphocyte populations of peripheral blood by flow-cytometry. Six patients were sustained
virological responders (SR), 10 were transient responders (TR), and 9 were nonresponders (NR). The percentage of
CD16*CD56" lymphocyte populations was decreased in all groups between pretreatment and 4 weeks, but it was signifi-
cantly increased in SR compared with TR and NR between 4 and 8 weeks. The percentage of HLADR*CDS8* lympho-
cyte populations was significantly increased in SR and TR compared with NR between pretreatment and 8 weeks. Our
results suggested that monitoring of changes in peripheral CD16*CD56* and HLADR*CD8*lymphocyte populations
could be useful to treat chrenic hepatitis C with the combination therapy of Maoto and IFN-8.
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Introduction

Interferon (IFN) is currently the most effective antiviral
agent for the treatment of chronic hepatitis C."> Admini-
stration of IFN to patients with chronic hepatitis C may
eliminate hepatitis C virus (HCV) and lead to long-term re-
mission of the illness. Nevertheless, a high proportion of
patients fails to eliminate HCV, eventually leading to seri-
ous consequences such as liver cirrhosis and hepatocellular
carcinoma.*® Recently, we reported that the herbal medi-
cine (Maoto) reduces flu-like symptoms induced by IFN-,
and increases the biochemical response rate in chronic hepa-
titis C with a high viral load (= 1Meg/ml) of genotype 1b
being treated with IFN-B.%” Moreover, we found the incre-
ment of interleukin-1 receptor antagonist (IL-1ra) caused by
Maoto to be one of the key factors involved in reducing the
flu-like symptoms and improving the biochemical response
rate.¥ Together with these findings, we considered that
Maoto might possess immunomodulatory effects. Some in-
vestigators have reported that not only the factor of the virus
but also that of the host immune response induced by inter-
feron is responsible for the elimination of the hepatitis C
virus.”'Y It is believed that CD8" cytotoxic T cells (CTL)
and NK cells are critical for viral clearance.'>® Therefore,
the present study was designed to examine the relation be-
tween the host immune response and virological response in

patients with chronic hepatitis C treated with Maoto and
IFN-B, referring to the changes in peripheral lymphocyte
populations monitored by flow-cytometry.

Materials and Methods

Patients. Twenty-five patients with chronic hepatitis C
(7 males and 18 females; mean age, 55+ 10years) receiving
combination therapy of Maoto and IFN-f were enrolled.
Fifteen patients had HCV genotype 1b, 6 genotype 2a, and
4 genotype 2b. In all patients, diagnosis of chronic hepatitis
C was made based on the following criteria: positivity for
serum anti-HCV antibodies by second generation assay,
presence of HCV-RNA in serum by PCR, elevated serum
levels of alanine-aminotransferase (ALT) at least twice the
upper limit of normal for more than 6 months before entry,
and histological evidence of chronic hepatitis on liver bi-
opsy. Patients with liver cirrhosis, lung fibrosis and emphy-
sema were excluded from the study. All patients were
seronegative for HBsAg and anti-HIV. None of them had
been treated with IFN previously. This study was approved
by the Human Subjects Committee of the Toyama Medical
and Pharmaceutical University. All subjects gave their writ-
ten informed consent in accordance with the ethical guide-
lines set out by the 1975 Declaration of Helsinki.

Crude drugs. The composition of Maoto is listed in
Table 1.
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Table 1 Constituent list of Maoto

Ephedrae Herba 8.0g
Armenicae Cortex 8.0g
Cinnamomi Cortex 5.4g
Glycyrrhizae Radix 2.7g

Maoto was decocted with 700 ml water in an earthen teapot on an elec-
tric heater at 600 W ('HP-634' Toshiba, Tokyo, Japan) for 40 minutes
until the volume of extractant was reduced to about 400 ml.

Management protocol. Each patient received a dose of
6 million units (MU) of IFN-B (human fibroblast IFN,
Feron, Toray Industries Inc., Tokyo, Japan) intravenously at
9 am once a day continuously for 8 weeks. Maoto was given
orally 4 times a day during the IFN-B administration.

Virological tests. Serum anti-HCV antibody was meas-
ured by second-generation enzyme immunoassay (Dainabot,
Tokyo, Japan). Serum HCV-RNA levels were tested by
commercial PCR (Amplicor HCV v2.0, Roche Molecular
Systems, Banchburg, NJ). The HCV genotype was deter-
mined by PCR amplification of the core region according to
the method of Okamoto ef al.'¥

Histology. The histological findings of the liver biopsy
specimens were evaluated by two physicians in a blinded
manner, using two scoring methods. For assessment,
histological staging was divided into four categories (1:
mild fibrosis, 2: moderate fibrosis, 3: severe fibrosis, 4: cir-
thosis). For the assessment of histological grade, the total of
the histological activity score was used.'>

Definition of response. The long-term response to ther-
apy was assessed virologically by repeated PCR assays of
serum for HCV RNA and was categorized as follows: sus-
tained responders (SR) in whom serum HCV RNA was not
found at the end of therapy and for at least 6 months there-
after; transient responders (TR) in whom serum HCV RNA
was not found at the end of therapy but was found within 6
months of follow-up; nonresponders (NR) in whom serum
HCV RNA was found at the end of therapy.

Lymphocyte subpopulations. Sequential analyses of
lymphocyte subpopulations were performed in patients as
described elsewhere.'® Briefly, mononuclear cells in periph-
eral blood were obtained by Lymphoprep (Nycomed
Pharma AS, Oslo, Norway) density gradient centrifugation
and incubated with saturating concentrations of directly la-
beled monoclonal antibodies to various cell surface determi-
nants. Phenotypic markers on the surface of peripheral
blood lymphocytes were characterized by automated two-
dimensional flow-cytometric method in our laboratory
(EPICS XL, Beckman Coulter, France). The following lym-
phocyte subpopulations were determined (antibodies from
Immunotech, France): anti-CD3 (FITC) with anti-CD19,
anti-CD4 and anti-CD8 (PE), anti-CD16 (FITC) with anti-
CD56 (PE), and anti-HLADR (FITC) with anti-CD8 (PE).
Lymphocyte subsets were identified by gating analysis and
fluorescence profiles obtained for 100,000 cells of each
sample. The total numbers of cells expressing each marker
were calculated as the percentage of positive cells multi-
plied by the absolute cell count before treatment, at 4 weeks,
and at the end of treatment (8 weeks).

Statistical analysis. Statistical differences in the data
were determined by one-way ANOVA followed by Fisher's
PSLD, with a P-value of <0.05 being considered significant.
Differences in proportions were tested by Kruskal-Wallis
test followed by Bonferroni correction, with a P-value of
<0.0167 being considered significant. Statistical analysis of
comparison in the change of lymphocyte subpopulations
was performed by repeated measures ANOVA followed by
Fisher's PSLD, with a P-value of <0.05 being considered
significant.

Results

Baseline characteristics of patients classified accord-
ing to outcome of therapy (Table 2). Of the twenty-five

Table 2 Characteristization of 25 patients with chronic hepatitis C according to outcome of therapy

Sustained responder Transient responder Nonresponder
(n=6) (n=10) (n=9)
Sex
male 1 5 1
female 5 5 8
Age (years) 49.0£13.2 56.519.6 59.318.2
ALT (IU/N) 139.1£77.9 98.81+61.4 131.1£56.8
HCV RNA (KIU/ml) 154.0£151.9% 599.8£443.7 778.9£396.8
HCV genotype”
1b 1 5 9
2a 4 2 0
2b 1 3 0
Grade of inflammation
mild 3 4 0
moderate 3 6 8
severe 0 0 1
Stage of fibrosis
mild 4 3 2
moderate 0 7 3
severe 2 0 4

* one-way ANOVA followed by Fisher's PSLD
# Kruskal-Wallis test followed by Bonferroni correction

Serum HCV RNA levels were significantly lower in SR than in TR and NR (P=0.03, 0.005)
The number of HCV genotype 1b in NR is significantly larger than SR (P=0.0014)
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patients treated with combination therapy, 6 were SR, 10
were TR, and 9 were NR. The characteristics of the patients
according to outcome of therapy are shown in Table 2.
When we compared the SR group with the other two
groups, serum HCV RNA levels were significantly lower
than in TR and NR, and the number of HCV genotype 1b in
NR is significantly larger than SR.

Change in percentage of peripheral lymphocyte
subpopulations. The percentages of CD3*, CD19*, CD3*
CD4*, and CD3'CD8" lymphocyte subpopulations were not
significantly different among the three groups (data not
shown). The percentage of the CD16"CD56*lymphocyte

population was decreased in all groups between pretreat-
ment and 4 weeks (Fig.2A), but the percentage was signifi-
cantly increased in SR compared with TR and NR between
4 and 8 weeks (Fig.2B). The percentage of the CD16*CD
56" lymphocyte population was significantly decreased in
TR and NR compared with SR between pretreatment and 8
weeks (Fig.2C). The percentage of the HLADR*CD8*lym-
phocyte population was not significantly different between
pretreatment and 4 weeks (Fig.3A), 4 and 8 weeks (Fig.3B),
but the percentage was significantly increased in SR and TR
compared with NR between pretreatment and 8 weeks
(Fig.3C).
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Discussion

Recently, we found that the concentrations of plasma
IL-6 and IL-Ireceptor antagonist induced by IFN-B were
significantly increased by Maoto,” leading us to consider
that Maoto has immunomodulatory effects. Furthermore, it
has been reported that NK cells and CD8cytotoxic T cells
are critical for viral clearance.’>!® Therefore, we measured
the changes of lymphocyte subpopulations in this study. Our
data demonstrated that the percentage of peripheral CD16*
CD56" lymphocyte populations was decreased between pre-
treatment and 4 weeks in all groups, but then significantly
increased in SR compared with TR and NR from week 4 to
week 8. Furthermore, the population was significantly de-
creased in TR and NR compared with SR between pretreat-
ment and 8 weeks. Several investigators have reported that
NK cells are recruited to the liver after the administration of
IFN and other biologic response modifiers,'™!® and our data
would support these observations. We considered that CD
16*CD56* lymphocytes were recruited from peripheral
blood to the liver, from where they returned to peripheral
blood again in SR, whereas they remained in the liver in TR
and NR in this study.

Another important finding in the present study was that
the percentage of the HLADR*CD8'lymphocyte population
was significantly increased in SR and TR than NR at 8
weeks. Although there has been no report regarding the in-
creased population of HLADR*CDS8" lymphocytes after
IFN-B administration, we considered that an increment in
activated CD8*lymphocytes might be needed to eliminate
HCV. Further studies including the analysis of HCV anti-
gen-specific activated CD8*lymphocytes will be required to
prove this hypothesis.

A lower level of viremia, and infection by HCV geno-
types other than 1b are reported to be predictors of sustained
response.1921) Our results are consistent with those findings.
Furthermore, changes in serum levels of HCV as monitored
by real-time quantitative PCR, changes of intracellular
analysis of peripheral CD4* T cells, and serum IL-18 levels
are predictive factors for response during the treatment,*??
but there has been no report about deciding the end-point of
treatment. In this study, our results might cast a light on
how to set the optimum end-point, by depending on the
monitoring of changes in peripheral CD16*CD56%and
HLADR*CDS8*lymphocyte populations. Although 6 of 25
patients (24%) were SR in this study, and our clinical study
showed results similar to those of other reports,?> we con-
sidered that sustained response was further increased when
the treatment period was prolonged, based on the change in
lymphocyte subpopulations. In practice, we have already ex-
perienced that a patient with a high viral load of genotype
Ib became SR when the treatment period was extended
from 8 weeks to 12 weeks, referring to the change in lym-
phocyte populations.

Finally, because there have been no reports about the
change of lymphocyte populations after IFN-B administra-
tion, and we could not conduct a controlled study, whether
the recruitment of NK cells and the activation of CD8"

lymphocytes could be attributed to the effect of Maoto is not
clear. However, our results suggested that monitoring of
changes in peripheral CD16*CD56*and HLADR*CD8'lym-
phocyte populations could be useful to treat chronic hepati-
tis C with the combination therapy of Maoto and IFN-.
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