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To improve the efficacy of interferon(IFN)treatment for chronic hepatitis C, we have proposed the
 

twice-daily administration of IFN-beta as a promising induction therapy. In this study, we
 

demonstrated differences between the clearance of circulating HCV-RNA and the induction of
 

anti-viral actions during the first 2 weeks of treatment. Nine patients with a high viral load and
 

genotype 1b were randomly assigned to 3 groups: group A received 3MU of IFN-beta twice a day
 

at intervals of 5 and 19 h; group B received 3MU of IFN-beta twice a day at intervals of 10 and 14
 

h; group C received 6MU of IFN-alpha once a day with ribavirin. The expression of OAS2, PKR,
and MxA in peripheral blood mononuclear cells (PBMCs)were quantified by real-time polymerase

 
chain reaction method. The viral clearance showed a bi-phasic pattern, and those in the second

 
phase of groups A and B were significantly steeper than that of group C. The peak level of OAS2

 
during the first phase was correlated with the first phase decay. The MxA expression tended to be

 
higher in group A and B than in group C. The expression of these 3 proteins tended to decrease at

 
day 6 in group C, but increase in groups A and B. These might make differences in the viral decay

 
during the second phase.
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I nfection with hepatitis C virus(HCV)is a leading
 

cause of chronic liver disease throughout the
 

world［1］, which leads to liver cirrhosis and hepatocel-
lular carcinoma at dramatically elevated rates［2］. Inter-

feron (IFN), a multifunctional cytokine with various
 

biological properties［3］, has been widely used for the
 

treatment of chronic hepatitis C (CHC)［4］. However,
treatment with IFN-alpha mono-therapy has remained far

 
from satisfactory to date, especially in the case of patients

 
with HCV genotype 1 and a high viral load［5］.
Although a combination therapy with IFN-alpha plus

 
ribavirin, which is a synthetic analog and possesses broad
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anti-viral effects against both DNA and RNA viruses,
Pegylated IFN-alpha, and the prolongation of treatment

 
have been attempted in order to overcome this limitation

 
of clinical outcomes, they have not proven to be success-
ful［6, 7］.
IFN-beta has also been widely used for the treatment

 
of chronic hepatitis C in Japan［8］. Okushin et al.
reported that the twice-daily administration of IFN-beta

 
treatment for the first 4 weeks of therapy as an induction

 
one followed by IFN-alpha 2b mono-therapy showed a

 
higher sustained virological response rate than a once-
daily administration of IFN-beta or an IFN-alpha mono-
therapy［9］. Although there have been a number of

 
reports maintaining the superiority of the twice-daily

 
administration of IFN-beta treatment［10-13］, there is a

 
little information evaluating the mechanisms of its en-
hanced anti-viral actions［14］.
As regards predicting the long-term clinical effects of

 
IFN treatment, the analysis of serum HCV-RNA decline

 
during the first 2 weeks of treatment (HCV-dynamics)
have been reported to be very beneficial［15］. In these

 
reports, the initial decline of the viral load has typically

 
been characterized by a convex curve. The first phase
(day 1)of the initial decline tended to be rapid and dose

 
dependent, whereas the second phase(＞day 2)is highly

 
variable and shows a much slower decline. Numerous

 
reports have described HCV dynamics and emphasized

 
the usefulness of the early clearance of HCV-RNA during

 
the IFN-alpha therapy［16, 17］. However, few reports

 
have discussed the effects of IFN-beta in great detail［11,
12］.
The IFN systems are activated in response to viral

 

infections through the receptor mediated signal transduc-
tion pathways,and play an important role in host defense

 
responses［3］. Type I IFNs induce various kinds of

 
proteins with anti-viral activity, such as MxA-proteins
(MxA), 2’-5’-oligoadenylate synthetase (OAS), or the

 
dsRNA-dependent protein kinase(PKR)［18, 19］. These

 
3 proteins are considered to be indicators of IFN actions

 
and are responsible for the anti-viral state induced by the

 
presence of IFN［20］.
In this paper, we report a comparative study to

 
evaluate the differences in HCV dynamics and the anti-
viral actions during the first 2 weeks of the twice-daily

 
administration of IFN-beta treatment. In our previous in

 
vitro study, anti-viral actions induced by IFN-beta were

 
demonstrated to be strengthened the most at the time

 
point of 5 to 6 h after administrations［14］. Therefore,
we designed 2 therapeutic schedules with different injec-
tion intervals, i.e., 5 h and 10 h, to evaluate the mecha-
nisms of enhanced anti-viral actions induced by the twice-
daily administration of IFN-beta treatment and to confirm

 
the hypothesis that the therapy at intervals of 5 h would

 
activate the anti-viral actions more than that of 10 h. In

 
addition, we also examined a made of the combination

 
therapy with IFN-alpha plus ribavirin, which has been a

 
current standard therapy for patients with CHC［6］, in

 
order to compare the differences between IFN-alpha and

 
IFN-beta treatment.

Materials and Methods
 

After written informed consent, 9
 

patients with chronic hepatitis C were enrolled in this
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Table 1  Clinical characteristics of patients
 

Interferon therapy
 

P value
 

Group A Group B Group C

Gender(male/female) 3/0  3/0  1/2  NS
 

Age  42.2±9.4  53.3±8.6  55.3±8.5  NS
 

Histological fibrosis (F1/2/3/4) 2/1/0/0  1/1/1/0  0/1/2/0  NS
 

Histological activity(A1/2/3) 2/1/0  1/2/0  1/2/0  NS
 

ALT(IU/L) 47.7±14.2  75.3±10.5  90.3±22.8  NS
 

HCV-RNA(KIU/ml) 760±139  642±200  723±219  NS
 

Previous IFN therapy(naıve/relapser) 3/0  2/1  1/2  NS
 

Data were presented as mean±SD. NS, statistically not significant.
:Group A, 3 MU of IFN-beta twice a day at intervals of 5 and 19 h;Group B, 3 MU of IFN-beta twice a day at intervals of 10 and 14 h;Group

 
C, 6 MU of IFN-alpha-2b once a day with ribavirin.



study(Table 1). All patients had HCV genotype 1b and
 

a high viral load. Genotypes of HCV were identified by
 

PCR using type-specific primers from the core region, as
 

previously described by Okamoto et al.［21］. We
 

considered a high viral load as more than 200 KIU/ml
 

using a quantitative RT-PCR assay (Amplicor HCV
 

Monitor assay, SRL, Tokyo, Japan). A liver biopsy
 

was performed within 12 months before treatment, and
 

its histological findings were classified according to the
 

New Inuyama classification, in which the grades of
 

fibrosis were classified from F0 to F4, and the activity
 

from A0 to A3［22］. Patients were excluded if they were
 

positive for hepatitis B surface antigen, had histological
 

cirrhosis, or had a history of excessive alcohol consump-
tion. Further exclusion criteria were a history or evi-
dences of autoimmune disease;clinically severe cardiac,
hematologic, metabolic, renal, rheumatologic, neurol-
ogic;or psychiatric disease;or evidence of interstitial

 
pneumonitis. The study protocol conformed to the

 
Helsinki Declaration of 1975.

Nine patients were ran-
domly assigned to 3 groups of different IFN treatment

 
regimens for the first 2 weeks of induction therapy, as

 
follows:group A received 3 MU of natural IFN-beta
(Feron, Toray, Tokyo, Japan)twice daily at intervals of

 
5 and 19 h(at 9:00 and 14:00);group B received 3 MU

 
of IFN-beta twice daily at intervals of 10 and 14 h(at 9:
00 and 19:00);and group C received 6 MU of IFN-alpha
(Intoron A, Schering-Plough, Kenilworth, NJ) once

 
daily with ribavirin (600 or 800 mg per day;Rebetol,
Schering-Plough). In groups A and B, 3 MU of IFN-
beta were diluted in 100 ml of 5  glucose solution and

 
administrated intra-venously for 30 min. Each group

 
received 6-10 MU of IFN-alpha 3 times weekly for 22

 
weeks, followed by the treatment described above.

Blood samples were col-
lected from the patients according to the following sched-
ule:on Day 0 and Day 6 at 9:00(before IFN administra-
tion), 14:00, and 19:00;on Day 1 and Day 7 at 0:00

 
and 9:00;on Day 2 and Day 13 at 9:00(T＝0, 5, 10,
15, 24, 48, 168, 173, 178, 183, 192, 336 h);on the

 
final day of treatment and after 6 months of follow-up

 
observation. Serum samples were collected from 3-5 ml

 
of peripheral whole blood and stored at－80°C until use.
Peripheral blood mononuclear cells (PBMCs)were also

 
collected from 10 ml of heparinized peripheral whole blood

 
at the same time. PBMCs were isolated by the Ficoll

 
density gradient centrifugation method (Ficoll-Paque:

Pharmacia Biotech), as reported previously［23］and
 

were also stored in sterile stock tubes at－80°C until use.

Serum HCV-RNA was quantified using the Amplicor
 

HCV monitor assay (SRL, Tokyo, Japan), and the
 

detection limit ranged from 0.5 KIU/ml to 850 KIU/ml.
The

 
calculation of the viral decay slope was carried out accord-
ing to the mathematical model previously described［15］.
The viral exponential decay slope during the first phase

 
was calculated using the data obtained between pre-
treatment viral load(T＝0)and the viral load at 48 h after

 
initiation of IFN (T＝48);the log-linear regression test

 
was used for these calculations. The slope during the

 
second phase was calculated using the data obtained from

 
T＝48 to T＝336.

RNA was
 

extracted from PBMCs using the acid guanidinium
 

thiocyanate phenol chloroform (AGPC)method［24］,
and cDNA was synthesized using RAV-2(Takara)and

 
random primer(9mer, Takara), according to the manu-
facturer’s instructions. In this study, we chose OAS2 as

 
the representative of 2’5’-OAS, PKR, and MxA as

 
markers of the response to interferon therapies, and

 
GAPDH as an internal control. Gene expressions in

 
PBMCs were quantified by a LightCycler System
(Roche) using Hybridization Probes, as described in

 
Table 2. The following protocols were used for the

 
quantification:one cycle of an initial denaturation step at

 
95°C for 10 min;40 cycles of amplification steps consist-
ing of denaturation at 95°C for 15 sec, annealing at 60°C

 
for 15 sec, and extension at 72°C for 5 sec in PKR and

 
MxA, 9 sec in OAS2, and 12 sec in GAPDH. The

 
temperature transition rate was fixed at 20°C/sec. The

 
amplification was performed in 18μl of LightCycler

 
DNA Master Probe mix (Qiagen) containing 3 mM

 
MgCl, 0.5μM of forward and reverse primer, 0.2μM

 
of fluorescein probe and 0.4μM of LC Red probe, and

 
2μl of each sample cDNA.

Differences between the
 

3 groups were assessed by aχ test, Fisher’s exact test,
unpaired t-test, Spearman’s correlation and coefficient

 
test, and Mann-Whitney U test. Kruskal-Wallis test,
repeated one-way ANOVA, and Fisher’s PSLD were

 
used for multi group comparisons. Factors with P＜0.05

 
were considered significant.

HCV Dynamics and Antiviral Action of IFN October 2003  219



 

Results
 

There was no
 

significant difference among the 3 groups with respect to
 

gender, age, histology, alanine amino-transferase activity
(ALT), and HCV-RNA(Table 1). All patients in the 3

 
groups were considered to have HCV genotype 1b and a

 
high viral load, at least 450 KIU/ml by an amplicor HCV

 
monitor assay. One patient from group A discontinued

 
IFN therapy on day 90 due to an economical reason, and

 
another patient from group C discontinued on day 70 due

 
to severe leukopenia.

HCV dynamics showed a biphasic pattern consisting of a
 

rapid decrease within 48 h after the initiation of the
 

treatment (first phase), and a subsequent slow decrease
(second phase) (Fig. 1). All patients showed rapid

 
decreases during the first phase, and the calculated decay

 
slopes did not reveal significant differences between the 3

 
groups (Table 3). On the other hand, the exponential

 
decay slope of group C during the second phase was

 
significantly more gradual than those of groups A and B
(P＝0.049 and P＝0.046:Table 3).
No patient was negative for serum HCV-RNA at 48 h

 
after the first administration of interferon. The negativity

 

at day 13(T＝336)was 2/3 in group A, 2/3 in group
 

B and 0/3 in group C. Although all of the patients in this
 

study became negative for HCV RNA at the end of
 

treatment, all of them relapsed.

Table 2  The sequences of primers and probes
 

OAS2  Forward primer  5’-GAG TGG AGT GCC GGA TTT T-3’
Reverse primer  5’-AGA TGC CAA CAC CAA CGG-3’
Fluorescein probe  5’-TAC AAC TTT GAA GAT GAG ACC GTG AGG-3’-Fluorescein

 
LC Red probe  5’-LCRed640-AGT TTC TAC TGA GCC AGT TGC AGA AAA C-3’-phosphorylation

 
Amplicon size  225 bp

 
PKR  Forward primer  5’-CGA TAC ATG AGC CCA GAA AC-3’

Reverse primer  5’-GTT TCA AAA GCA GTG TCA C-3’
Fluorescein probe  5’-TTC AGC AAG AAT TAG CCC CAA AGC-3’-Fluorescein

 
LC Red probe  5’-LCRed640-TAG AGG TCC ACT TCC TTT CCA TAG TCT TG-3’-phosphorylation

 
Amplicon size  116 bp

 
MxA  Forward primer  5’-AGC TCG GCA ACA GAC TCT T-3’

Reverse primer  5’-CTG GAG CAT GAA GAA CTG-3’
Fluorescein probe  5’-TGA TGC CCT ATC ACC AGG AGG C-3’-Fluorescein

 
LC Red probe  5’-LCRed640-AGC AAG CGC ATC TCC AGC CA-3’-phosphorylation

 
Amplicon size  120 bp

 
GAPDH  Forward primer  5’-TGA ACG GGA AGC TCA CTG G-3’

Reverse primer  5’-TCC ACC ACC CTG TTG CTG TA-3’
Fluorescein probe  5’-TCA ACA GCG ACA CCC ACT CCT-3’-Fluorescein

 
LC Red probe  5’-LCRed 640-CAC CTT TGA CGC TGG GGC T-3’-phosphorylation

 
Amplicon size  307 bp

 
bp, Base pair.

Fig.1  Mean and SD of log viral load during the first 13 days of 3
 

different interferon treatments. HCV-RNA ranged from 0.5 to 850
 

KIU/ml was able to be quantitated. The 3 different regimens include:
group A, IFN-beta twice a day at intervals of 5 h (〇);group B,
IFN-beta twice a day at intervals of 10 h(▽);group C, combination

 
therapy with ribavirin plus IFN-alpha (▲). At the time of 336 h,
which means day 13, statistically significant differences were found

 
between group A vs. C and group B vs. C(P＝0.049, 0.046).
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After the initiation of IFN treatment, the gene expres-
sions of 3 anti-viral proteins in PBMCs were shown to

 
have been induced in similar patterns (Figs. 2, 3, 4).
The peak levels during the first phase were observed at

 
T＝10 in group A, and T＝15 in group B, and T＝5

 
in group C(Table 4). In the second phase of viral decline,
the anti-viral proteins were induced at T＝173 in group

 
A, and at T＝173 or later in groups B and C(Table 4).
The peak level of OAS2 during the first phase was the

 
highest in group C. Although there were some differences

 
in the expression of these anti-viral proteins during the

 
study at several time points among the 3 groups, there

 
was no significant relation between IFN protocols and the

 
overall expressions of 3 anti-viral proteins in the second

 
phase. However, MxA tended to be most highly ex-
pressed in group A, then group B, and was least

 

Table 3  Kinetics of HCV-RNA during interferon therapy
 

Interferon therapy
 

P value
 

Group A Group B Group C

Exponential decay slope(log10/day)
First phase  0.896±0.079  0.696±0.181  0.896±0.234  0.561

 
Second phase  0.104±0.016  0.113±0.017 －0.024±0.037 0.063

 
Data were presented as mean±SD. Exponential decay slope was calculated by the linear regression test.
P＝0.0494 vs. Group A and P＝0.046 vs. Group B.

Fig.2  The gene expression levels of OAS2 during the first 13 days
 

of 3 different interferon treatments. Data(mean and SD)are present-
ed as the increment ratio of OAS2 between each point and hour 0.
Group A was presented as (〇), group B(▽)and group C(▲).
Statistically significant differences in each time point were observed

 
at T＝178(Group A vs. B:P＝0.045)and T＝183(Group A vs. C:
P＝0.025).

Fig.3  The gene expression levels of PKR during the first 13 days
 

of 3 different interferon treatments. Data(mean and SD)are present-
ed as the increment ratio of PKR between each point and hour 0.
Group A was presented as (〇), group B(▽)and group C(▲).
Statistically significant differences were observed at T＝15(Group

 
A vs. C:P＝0.048), T＝178(Group A vs. C:P＝0.043)and T＝

183(Group A vs. C:P＝0.028).

Fig.4  Mean and SD of the gene expression levels of MxA during
 

the first 13 days of 3 different interferon treatments. Data are
 

presented as the increment ratio of MxA between each point and hour
 

0. Group A was presented as (〇), group B(▽)and group C(▲).
Statistically significant differences were observed at T＝5(Group B

 
vs. C:P＝0.035).
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expressed in group C. In addition, the peak levels of
 

these 3 anti-viral proteins in group C on day 6 tended to
 

be less than those on day 0, but this tendency was not
 

observed in groups A and B (Fig.4 and Table 4).

We compared pre-treatment levels
 

and peak levels of each anti-viral protein during the first
 

phase to the exponential decay slopes of HCV-RNA
 

during the first and second phases. The peak level of
 

OAS2 during the first phase correlated statistically with
 

the first phase decay (P＝0.016, R＝0.59:Fig. 5).
However, this difference was not as clear in the case of

 

PKR and MxA(P＝0.40 and 0.68, data not shown). As
 

regards the duration of activated anti-viral status as it
 

related to the viral decay slopes, no conspicuous tendency
 

was observed.

Discussion
 

Viral kinetics observed with IFN treatment revealed
 

that the slope of the first phase of viral decay was steep
 

and considered to be related to the inhibition of HCV
 

replication induced by IFN and mainly reflected the
 

degradation rate of free viruses［15］. The second phase
 

of the viral decay slope was gradual and was considered
 

to be related to the degradation rate of the infected cells,
which was correlated to the clinical outcome. In our

 
study, there was no significant difference in the viral

 
decay of the first phase among the 3 groups.On the other

 
hand, groups A and B, which received IFN-beta twice

 
daily, showed much steeper decline slopes during the

 
second phase than did group C(Fig. 1;P＝0.019), and

 
these data were almost consistent with the previous

 
reports［12］. Therefore, it could be concluded that the

 
induction therapy by a twice-daily administration of IFN-
beta had a possibility to improve the clinical outcomes［9-
11］.
Benefits by introducing twice-daily IFN-beta adminis-

tration were discussed in several studies［9, 10, 13］,
and the pharmacological and immunological mechanisms

 
of such treatment were also addressed in those reports.
First, the presence of a second-receptor associated pro-
tein may involve in the signal transduction pathway in-
duced only by IFN-beta, although IFN-alpha and IFN-
beta share common cell surface receptors［25］. Second,
the serum level of IFN-beta could be maintained within a

 
therapeutic range by administrated twice daily. However,

Table 4  Peak level of gene expression of anti-viral factors
 

Interferon therapy
 

Anti-viral factors P value
 

Group A Group B Group C

OAS2, the first phase  9.32±3.53(T＝10) 6.06±1.99 (T＝15) 16.4±8.70(T＝5) 0.079
 

the second phase  10.03±1.93(T＝173) 5.12±1.76(T＝173) 10.03±6.30(T＝183) 0.28
 

PKR, the first phase  3.51±1.74(T＝10) 4.74±0.48(T＝15) 5.51±1.36(T＝5) 0.39
 

the second phase  4.85±2.40(T＝173) 5.10±0.74(T＝183) 3.76±0.36(T＝178) 0.53
 

MxA, the first phase  35.5±21.7(T＝10) 24.6±9.25(T＝15) 22.0±2.35(T＝5) 0.73
 

the second phase  53.9±37.2(T＝173) 26.7±9.25(T＝173) 14.5±16.4(T＝173) 0.20

,Peak levels were presented as the increment ratio to pre-treatment levels. Numbers in parenthesis indicate hours at peak levels.

Fig.5  Regression analysis of the correlation between the peak
 

levels of OAS2 and HCV-RNA exponential decay slopes during the first
 

phase. Statistical analysis was done by Spearman’s correlation
 

coefficient test. OAS2 value was presented as the increment ratio.
Group A was presented as (〇), group B(▽)and group C(▲).
The peak level of OAS2 during the first phase was correlated with the

 
first phase decay statistically.
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we think this might be less possible. Because the serum
 

level of IFN-beta declined undetectable within 1 h after
 

administration and remained within the undetectable range
 

throughout the therapy, when IFN-beta was injected
 

intra-venously,［11, 26］. Third, our previous study
 

suggested that the enhancement of the anti-viral response
 

induced by the twice-daily treatment of IFN-beta was due
 

to the priming effect of IFN［13, 14］.
In vitro study using cell culture systems［14］suggest-

ed the treatment of IFN beta twice in an interval of 5 h
 

could induce better anti-viral response than that of 10 h.
Thus, we applied this IFN schedule in a clinical setting.
In the present study, it was found that the intervals of 5

 
and 19 h(group A)and 10 and 14 h(group B)provided

 
similar effects on the viral decline slopes and the anti-viral

 
actions. It remains unclear whether or not more frequent

 
dosing of IFN-beta would have contributed to better

 
clinical results, because it has been reported that the high

 
dose administration of IFN reduces the IFN receptor of

 
target cells, and it takes long time to recovery its function
［27］.

Type I IFN activates multiple signals and the expres-
sion of a wide variety of genes, which may contribute to

 
its anti-viral properties［3］. In this study, 3 major

 
anti-viral proteins(OAS2, PKR, MxA)were extensively

 
examined. Although ribavirin was added only in the case

 
of group C, there was no evidence of a difference among

 
pharmacokinetic parameters between those who received

 
the mono-therapy and the combination therapy with

 
ribavirin［28］. The evaluation of the expression level of

 
these gene expressions in liver cells would be more helpful

 
to more precisely understand the reactions involved in the

 
presence of type I IFNs. However, in this study, we

 
focused on the gene expression levels in PBMCs, due to

 
the ethical difficulty of performing repeated liver tissue

 
samplings in human patients.
The 2’5’-OAS system activates RNAse-L and leads to

 
the interferences of viral replication (RNA degradation)
［20］. The peak levels of OAS2, which served as the

 
representative of 2’5’-OAS in the present study, were

 
similar to those of previous reports in terms of the

 
increment ratio observed among the 3 groups［29］.
Some previous reports have suggested that the pre-
treatment serum levels of 2’5’-OAS activity in patients

 
with HCV were significantly higher than those in healthy

 
controls with differences among individuals［30-32］, and

 
in this study as well, the pre-treatment level of OAS2

 
ranged from 0.520 to 1.71 (expressed as OAS2/

GAPDH;data not shown). In addition, previous reports
 

have indicated that the activation of 2’5’-OAS had no
 

significant relationship with a sustained virological
 

response to IFN therapy, although there were tendencies
［30-33］. Such findings might reflect viral resistances to

 
the anti-viral activities of host cells. In this study, the

 
peak level of OAS2 during the first phase was statistically

 
correlated with the first phase decay(P＝0.016, R＝

0.59:Fig.5), but the duration of the activated status of
 

OAS2 was not. When we considered the difference of the
 

antiviral gene activation after 1 week of interferon treat-
ment, we observed that the peak levels of OAS2 in group

 
C on day 6 were tended to be lower than those on day 0,
but this was not the case in groups A and B (Table 4).
This finding might reflect the differences between the viral

 
decay slopes obtained during the second phase, which

 
were likely due, at least in part, to the down-regulation of

 
the type I IFN receptor.
PKR is known to inhibit translation initiation through

 
the phosphorylation of protein synthesis initiation factor

 
eIF-2 alpha, and it is also known to regulate trans-
criptional activation through activating nuclear factor
(NF)-κB (mRNA translation inhibition)［20］. The

 
expression of the PKR was not shown to differ among

 
the 3 groups of this study, and no correlation between

 
gene expression levels of PKR and the viral decay slope

 
was determined. Moreover, MxA expression levels were

 
not correlated with the viral decay slopes. However, in

 
the second phase, MxA protein expression tended to be

 
induced more vigorously by twice-daily IFN-beta treat-
ment than by IFN-alpha plus ribavirin treatment(Fig.4,
Table 4). Mx proteins possess GTPase activity, and they

 
also appear to target viral nucleocapsids and inhibit RNA

 
synthesis［20］. A previous report has indicated that the

 
long-term MxA induction was greater in sustained viro-
logical responders than in non-responders, although the

 
difference between the 2 was not statistically significant
［32］. Another report suggested that patients not show-
ing MxA mRNA enhancement after the initiation of IFN

 
therapy might become non-responders［34］. Further

 
studies may reveal the relationship between these anti-viral

 
proteins induced by IFNs and clinical outcomes.
In summary, we demonstrated differences in HCV-

dynamics and anti-viral actions induced by type I IFNs in
 

patients with a high viral load and genotype 1b,who were
 

treated with the combination therapy with IFN-alpha plus
 

ribavirin or the twice-daily intravenous administration of
 

IFN-beta. Twice-daily IFN-beta treatment was shown to
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produce steeper viral decay slope than those observed
 

with the combination therapy. As regards anti-vial
 

actions, the peak level of 2’5’-OAS correlated with the
 

first phase decay slope among the 3 groups. This correla-
tion was somewhat equivocal in the case of PKR and

 
MxA in this study. MxA protein expression tended to be

 
induced more vigorously in the twice-daily IFN-beta

 
groups than in the combination group. The activation of

 
each gene on day 6 was less than that observed on day 0

 
only in group C, and this finding might be associated with

 
differencse in the viral decay during the second phase.
Anti-viral actions might be enhanced differently by

 
different IFN protocols in patients with HCV, further

 
studies must be conducted to identify the unknown

 
mechanisms involved in the IFN treatment of patient with

 
HCV, and to improve the clinical outcomes.

References
 

1. Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F,
Moyer LA, Kaslow RA and Margolis HS:The prevalence of hepatitis C

 
virus infection in the United States, 1988 through 1994. N Engl J Med
(1999)341:556-62.

2. El-Serag HB and Mason AC:Rising incidence of hepatocellular car-
cinoma in the United States. N Engl J Med(1999)340:745-50.

3. Samuel CE:Antiviral actions of interferons. Clin Microbiol Rev(2001)
14:778-809.

4. Hoofnagle JH, Mullen KD, Jones DB, Rustgi V, Di Bisceglie A, Peters
 

M, Waggoner JG, Park Y, and Jones EA:Treatment of chronic non-A,
non-B hepatitis with recombinant human alpha interferon. A prelimi-
nary report. N Engl J Med(1986)315:1575-1578.

5. Poynard T, Leroy V, Cohard M, Thevenot T, Mathurin P, Opolon P
 

and Zarski JP:Meta-analysis of interferon randomized trials in the
 

treatment of viral hepatitis C:Effects of dose and duration. He-
patology(1996)24:778-89.

6. Poynard T, Marcellin P, Lee SS, Niederau C, Minuk GS, Ideo G,
Bain V, Heathcote J, Zeuzem S, Trepo C and Albrecht J:Randomised

 
trial of interferon alpha2b plus ribavirin for 48 weeks or for 24 weeks

 
versus interferon alpha2b plus placebo for 48 weeks for treatment of

 
chronic infection with hepatitis C virus. International Hepatitis Inter-
ventional Therapy Group(IHIT). Lancet(1998)352:1426-32.

7. Zeuzem S, Feinman SV, Rasenack J, Heathcote EJ, Lai MY, Gane E,
O’Grady J, Reichen J, Diago M, Lin A, Hoffman J and Brunda MJ:
Peginterferon alfa-2a in patients with chronic hepatitis C. N Engl J Med
(2000)343:1666-72.

8. Kobayashi Y, Watanabe S, Konishi M, Yokoi M, Kakehashi R, Kaito
 

M, Kondo M, Hayashi Y, Jomori T and Suzuki S:Quantitation and
 

typing of serum hepatitis C virus RNA in patients with chronic hepatitis
 

C treated with interferon-beta. Hepatology(1993)18:1319-25.
9. Okushin H, Morii K, Kishi F and Yuasa S:Efficacy of the combination

 
therapy using twice-a-day IFN-beta followed by IFN alpha-2b in treat-
ment for chronic hepatitis C. Acta Hepatolog JPN(1997)38:11-18(in

 
Japanese).

10. Furusyo N, Hayashi J, Ohmiya M, Sawayama Y, Kawakami Y,
Ariyama Y, Kinukawa N and Kashiwagi S:Differences between

 
interferon-αandβtreatment for patients with chronic hepatitis C virus

 

infection. Dig Dis Sci(1999)44:608-617.
11. Shiratori Y, Perelson AS, Weinberger L, Imazeki F, Yokosuka O,

Nakata R, Ihori M, Hirota K,Ono N,Kuroda H,Motojima T, Nishigaki
 

M and Omata M:Different turnover rate of hepatitis C virus clearance
 

by different treatment regimen using interferon-beta. J Hepatol(2000)
33:313-22.

12. Asahina Y, Izumi N, Uchihara M, Noguchi O, Tsuchiya K, Hamano K,
Kanazawa N, Itakura J, Miyake S and Sakai T:A potent antiviral

 
effect on hepatitis C viral dynamics in serum and peripheral blood

 
mononuclear cells during combination therapy with high-dose daily

 
interferon alpha plus ribavirin and intravenous twice-daily treatment

 
with interferon beta. Hepatology(2001)34:377-384.

13. Ikeda F, Shimomura H, Miyake M, Fujioka SI, Itoh M, Takahashi A,
Iwasaki Y, Sakaguchi K, Yamamoto K, Higashi T and Tsuji T:Early

 
clearance of circulating hepatitis C virus enhanced by induction therapy

 
with twice-a-day intravenous injection of IFN-beta. J Interferon Cyto-
kine Res (2000)20:831-836.

14. Ikeda F, Shimomura H, Nakagawa H, Iwasaki Y, Miyake M, Tsuji H,
Fujioka S, Itoh M, Takahashi A and Tsuji T:Efficient enhancement of

 
priming effect by intermittent treatment with interferon. Biochem

 
Biophys Res Commun(2000)278:599-603.

15. Neumann AU, Lam NP, Dahari H, Gretch DR, Wiley TE, Layden TJ
 

and Perelson AS:Hepatitis C viral dynamics in vivo and the antiviral
 

efficacy of interferon-alpha therapy. Science(1998)282:103-107.
16. Zeuzem S, Herrmann E, Lee JH, Fricke J, Neumann AU, Modi M,

Colucci G and Roth WK:Viral kinetics in patients with chronic hepatitis
 

C treated with standard or peginterferon-a. Gastroenterology(2001)
120:1438-1447.

17. Herrmann E, Neumann AU, Schmidt JM and Zeuzem S:Hepatitis C
 

virus kinetics. Antivir Ther(2000)5: 85-90.
18. Staeheli P:Interfron-induced proteins and the antiviral state. Adv

 
Virus Res (1990)38:147-200.

19. Der SD and Lau AS:Involvement of the double-stranded-RNA-
dependent kinase PKR in interferon expression and interferon-
mediated antiviral activity. Proc Natl Acad Sci USA(1995)92:8841-

8845.
20. Samuel CE:Mechanisms of the antiviral action of interferons. Prog

 
Nucleic Acid Res Mol Biol(1988)35:27-72.

21. Okamoto H, Sugiyama Y, Okada S, Kurai K, Akahane Y, Sugai Y,
Tanaka T, Sato K, Tsuda F, Miyakawa Y and Mayumi M:Typing

 
hepatitis C virus by polymerase chain reaction with type-specific

 
primers:application to clinical surveys and tracing infectious sources.
J Gen Virol(1992)73:673-679.

22. Ichida F, Tsuji T, Omata M, Ichida T, Inoue K, Kamimura T, Yamada
 

G, Hino K, Yokosuka O and Suzuki H.:New Inuyama Classification:
new criteria for histological assessment of chronic hepatitis. Int

 
Hepatol Commun(1996)6:112-119.

23. Boyum A:Isolation of mononuclear cells and granulocytes from human
 

blood. Isolation of mononuclear cells by one centrifugation, and of
 

granulocytes by combination centrifugation and sedimentation at 1 g.
Scand J Clin Lab Invest Suppl(1968)97:77-89.

24. Chomczynski P and Sacchi N:Single-step method of RNA isolation by
 

acid guanidinium thiocyanate-phenol-chloroform extraction. Anal Bio-
chem(1987)162:156-159.

25. Platanias LC, Uddin S and Colamonici OR:Tyrosine phosphrylation of
 

the alpha and beta subunits of the type I interferon receptor.
Interferon-beta selectively induces tyrosine phosphorylation of an alpha

 
subunit-associated protein. J Biol Chem(1994)269:17761-17764.

26. Hino K, Kondo T, YasudaK, Fukuhara A, Fujioka S, Shioda K, Niwa
 

H, Iino S and Suzuki H:Pharmacokinetics and biological effect of beta
 

interferon by intravenous(iv)bolus administration in healthy volunteer

 

Nakajima et al. Acta Med. Okayama Vol. 57, No. 5 224



 

as compared with iv infusion. Jpn J Clin Pharmacol Ther(1988)19:
625-635(in Japanese).

27. Lau AS, Hannigan GE, Freedman MH and Williams BR:Regulation of
 

interferon receptor expression in human blood lymphocytes in vitro
 

and during interferon therapy. J Clin Invest(1986)77:1632-1638.
28. Khakoo S, Glue P, Grellier L, Wells B, Bell A, Dash C, Murray-Lyon

 
I, Lypnyj D, Flannery B, Walters K and Dusheiko GM:Ribavirin and

 
interferon alpha-2b in chronic hepatitis C:assessment of possible

 
pharmacokinetic and pharmacodynamics interaction. Br J Clin Phar-
macol(1998)46:563-570.

29. Radaeva S, Jaruga B, Hong F, Kim WH, Fan S, Cai H, Strom S, Liu
 

Y, El-assal O and Gao B:Interferon-αactivates multiple STAT signals
 

and down-regulates c-Met in primary human hepatocytes. Gastroenter-
ology(2002)122:1020-1034.

30. Solinas A, Cossu P, Poddighe P, Tocco A, Deplano A, Garrucciu G
 

and Diana MS:Change of serum 2’,5’-oligoadenylate synthetase
 

activity during interferon treatment of chonic hepatits C. Liver(1993)
13:253-258.

31. Murashima S, Kumashiro R, Ide T, Miyajima I, Hino T, Koga Y, Ishii

 

K, Ueno T, Sakisaka S and Sata M:Effect of interferon treatment on
 

serum 2’,5’-oligoadenylate synthetase levels in hepatitis C-infected
 

patients. J Med Virol(2000)62:185-190.
32. Fernandez M, Quiroga JA, Martin J, Herrero M, Pardo M,

Horisberger MA and Carreno V:In vivo and in vitro induction of MxA
 

protein in peripheral blood mononuclear cells from patients chronically
 

infected with hepatitis C virus. J Infect Dis (1999)180:262-267.
33. Pawlotsky JM, Hovanessian AG, Roudot-Thoraval F, Robert N,

Boubier N, Babany G, Duval J and Dhumeaux D:Effect ofα-
interferon(IFN-α)on 2’-5’oligoadenylate synthetase activity in periph-
eral blood mononuclear cells of patients with chronic hepatitis C:
relationship to the antiviral effect of IFN-α. Antimicrob Agents

 
Chemother(1996)40:320-324.

34. Antonelli G, Simeoni E, Turriziani O, Tesoro R, Radaelli A, RoffiL,
Antonelli L, Pistello M and Dianzani F:Correlation of interferon-
induced expression of MxA mRNA in peripheral blood mononuclear

 
cells with the response of patients with chronic active hepatitis C to

 
IFN-alpha therapy. J Interferon Cytokine Res (1999)19:243-251.

225 HCV Dynamics and Antiviral Action of IFN October 2003


