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Abstract

Bovine viral diarrhea virus (BVDV) is a well-characterized member of the Flaviviridae family. BVDV may be a surrogate model for human
hepatitis C virus (HCV), since HCV does not replicate efficiently in cell cultures and animals. Mizoribine, a nucleoside analog clinically used
as an immunosuppressant, was found to be active against the replication of BVDV in cell culture. We further investigated the combination of
mizoribine and interferon (IFN)for antiviral activity and found that the combination synergistically inhibited BVDV replication in bovine
kidney cells, as monitored by the inhibition of virus-induced cytopathicity. The combination of ribavirin and & also synergistic in
inhibiting BVDV replication. Treatment of infected cells with a combination of mizoribine and dF&t-the concentrations, at which the
respective compounds proved to be inactive, markedly reduced viral infectivity in culture supernatants. These results indicate that mizoribine
in combination with IFNee may have potential for the treatment of HCV infection.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction these agentd{cHutchison et al., 1998In addition, side ef-

fects of these agents are sometimes serious problems. There-

Human hepatitis C virus (HCV) is an enveloped virus fore, alternative agents for the treatment of HCV infection

with a positive-sense RNA genome of approximately 9.6 kb. are mandatory, yet the discovery and development of new
At present, at least 170 million people are chronically in- anti-HCV agents seems to be extremely difficult due to the
fected with HCV. HCV infection frequently causes chronic lack of an appropriate cell culture system.
hepatitis, which often progresses to cirrhosis and hepatocel- HCV belongs to the family Flaviviridae, which encom-
lular carcinoma I(iang et al., 200R Since a reliable cell  passes three genera: hepacivirus, flavivirus, and pestivirus.
culture system has not (yet) been established, the life cy-Bovine viral diarrhea virus (BVDV), a member of the pes-
cle of HCV is largely unknown Nloriishi and Matsuura,  tivirus genus and is associates with mucosal diseases in cattle.
2003. No vaccine is available for HCV infection. Currently =~ The virus contains a positive-sense RNA genome of approx-
standard treatment for chronic hepatitis C consists of pe-imately 12.6 kb. All members of the Flaviviridae share sim-
gylated interferon (IFN) in combination with the nucleo- ilarities in virion structure, genome organization, and their
side analogue ribavirin (B-p-ribo-furanosyl-1,2,4-triaxole-  replication machinery. Since BVDV shares many important
3-carboxamide). However, the virus cannot be eliminated features with HCV, BVDV provides a surrogate model for
from approximately half of the infected patients treated with HCV (Buckwold et al., 2003a)bin particular, for molecu-

lar studies of viral proteinsNam et al., 200Land evalua-
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utilize an internal ribosomal entry site (IRES) within the tiviral mode of action of mizoribine remains to be elucidated,

5 nontranslated region {(§TR) for translation of the viral as for ribavirin, inhibition of inosine monophosphate dehy-

polyprotein and express similar nonstructural proteins, in- drogenase (IMPDH) could well be involved in the antiviral

cluding NS2, NS3, NS4A, NS4B, NS5A, and NS5B. Thus, activity.

antiviral agents active against BVDV would likely inhibit In this study, we have examined mizoribine alone or in

HCV replication. the combination with IFNx for their inhibitory effects on
The subgenomic HCV replicon cell culture system has BVDV replication in cell cultures.

recently been recognized as an available method for discov-

ery of new anti-HCV agentsLérkin et al., 2003 For in-

stance, the immunosuppressant cyclosporine A was found to2. Materials and methods

have a strong inhibitory effect on HCV replicons in Huh-7

cells Watashi et al., 2003 However, the replicons do not 2.1. Cell and virus

produce infectious virions. Therefore, they cannot be used

for the identification and characterization of antiviral agents ~ Madin-Darby bovine kidney (MDBK) cells (NBK-1,

acting at early or late stages of the viral replication cycle, JCRB9028) were purchased from the Japan Health Sciences

such as virion attachment, entry, uncoating, maturation, andFoundation (Osaka, Japan). The cells were grown in Dul-

release. Similarly, antiviral agents that reduce the infectiv- becco’s modified Eagle’s medium (Gibco/BRL, Grand Is-

ity of progeny virions cannot be identified in the replicon land, NY) supplemented with 10% heat-inactivated horse

system Buckwold et al., 2003a)b Therefore, various sys-  serum (Gibco/BRL), 100 U/ml penicillin G, and 1p@/ml

tems including the anti-BVDV assay, are helpful in assessing streptomycin (culture medium). BVDV (nose strain) was pur-

promising candidates for the treatment of HCV infection.  chased from Kyoto Biken (Kyoto, Japan). The virus was prop-
Combination chemotherapy is often more effective than agated in MDBK cells, and their culture supernatants were

monotherapy in treating persistent and chronic viral infec- used as virus stocks. The stocks were titrated in MDBK cells

tions. For instance, treatment of HCV infection using combi- and stored at-80°C until use. The virus titer was expressed

nations of IFNec and ribavirin generated a sustained response as a 50% cell culture infectious dose per ml (Cegiml).

in 31-38% of the patients as determined by serum HCV RNA

levels after 24 weeksReichard et al., 1998; Davis et al., 2.2, Compounds

1999. In contrast, IFNe monotherapy produced a similar

response in only 18% of the patients. Ribavirin monother- Human IFNe2b was purchased from PBL Biomedical

apy showed only transient reduction of hepatic enzyme lev- Laboratories (New Brunswick, NJ). Mizoribine (4-carba-

els and no effect on serum HCV RNA leveBddenheimer  moyl-13-p-ribofuranosylimidazolium-5-olate) and ribavi-

et al.,, 1997; Reichard et al., 1908t has recently been rin (1-8-p-ribofuranosyl-H-1,2,4-triazole-3-carboxiamide)

reported that the combination of IFM-and the immuno-  (Fig. 1) were synthesized in Asahi Kasei Pharma Corporation

suppressant cyclosporine A is more effective than tEN-  (Tokyo, Japan). The compounds were dissolved in dimethyl

monotherapy Ifoue et al., 2008 which is based on the  sulfoxide (DMSO) at a concentration of 20 mM to avoid any

finding that cyclosporine A inhibited HCV protein expres- antiviral and cytotoxic effects of DMSO. The stock solu-

sion in a subgenomic replicon systewdtashi et al., 2003 tion was stored at-20°C until use. IFNe was stored at

Furthermore, several antiviral studies in vitro using BVDV _g0°C.

replication and HCV replicon systems have been carried out.

The combination of IFNx with n-butyl deoxynojirimycin 2.3. Antiviral assays

showed synergistic inhibition of infectious BVDV produc-

tion in vitro (Ouzounov et al., 2092Combination of multi- MDBK cells (5 x 10° cells/well) were seeded in a six-well

ple drugs having synergistic antiviral activity would allow us  cyture plates. After a 24-h incubation at3Z, the cells were
to reduce the dose of each drug to achieve the same efficacy,

expecting that their side effects could also be diminished. 0 o
Mizoribine is a nucleoside analogue that acts as an im-

munosuppressant without significant side effect. The com- H,N N HZN#N

pound has an antiproliferative activity against lymphocytes, / } N )

yetitdoes notinterfere with purine synthesis in other celllines HO HO™ N HO N

(Ishikawa, 1999 Mizoribine is known to have inhibitory ef- 0 0

fects on the replication of some DNA and RNA viruses, such w w

as vaccinia virusNlizuno et al., 197% influenza virus types HO oH HO OH

A and B Hosoya et al., 1993and herpes viruses in combi-

nation with acyclovir Pancheva et al., 20D2However, mi- Mizoribine Ribavirin
zoribine has previously been reported to have no detectable

anti-BVDV activity (Stuyver et al., 2002 Although the an- Fig. 1. Chemical structures of mizoribine and ribavirin.
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infected with BVDV at a multiplicity of infection (MOI) of 100
0.03 andfurtherincubated in fresh culture medium containing I 80
either IFN«, mizoribine, or ribavirin for 24 h. After incuba- = 60
tion, the medium containing the virus and compounds was g 40
removed. The cells were washed with phosphate-buffered £ 2
saline (PBS) and incubated with culture medium containing -
0.6% agar (overlay medium). Viral plaques were counted mi- ¢ i ok V4 2 "
croscopically at 48 h after virus infection. ' N )
. L (A) Concentration (UM)

The antiviral activities of the compounds were also de-
termined by the inhibition of virus-induced cytopathicity in
MDBK cells. Briefly, the cells (2 10* cells/well) were in- S
fected with BVDV at a MOI of 0.03 and placed into a mi- =
crotiter plate. Culture medium containing either mizoribine 5 60
or ribavirin alone or in combination with IFN-was added E 40
to each well of the plate and incubated at'87 After a 72- £ 20
h incubation, the number of viable cells was determined by 0 —0
a dye method using a water-soluble tetrazolium (TetraColor 0 016 08 4 20 100
ONE™  Seikagaku Corporation, Tokyo, Japan), according to (B) Concentration (LLM)
the Manufacturer’s instructions. The cytotoxicity of the test
compounds was evaluated in parallel with their antiviral ac-
tivity. The assay was based on the inhibition of proliferation 9
and viability of mock-infected MDBK cells, as determined b
by the tetrazolium method. E

=

2.4. Viral yield reduction assay

MDBK cells (2x 10*cells/well) were infected with bome E @ e

BVDV at a MOI of 0.03 and placed into a microtiter plate. © e

Culture medlum_cor)talnlng either mizoribine or ribavirin Fig. 2. Inhibition of BVDV plaque formation by IFNe, mizoribine, and
alone or in Complnatlon with IFNe was added t.O eaCh_We” ribavirin. MDBK cells were infected with BVDV and incubated in the pres-
of the plate and incubated at 3C. After a 24-h incubation,  ence of IFNe (A), mizoribine (B), or ribavirin (C) for another 24 h. After
culture supernatants were collected and examined for theirincubation, the medium containing the virus and compounds was removed,

infectivity. The infectivity was determined in MDBK cells  andthe cells were washed and incubated with overlay medium. Viral plaques
and expressed as CGigml were counted microscopically at 48 h after virus infection. Cytotoxicity of

the compounds was evaluated in parallel with their antiviral activity. It was
. based on the viability of mock-infected cells incubated in the presence of
2.5. Synergy calculation the compounds for 2 days. Filled and open squares represent the inhibition
of BVDV replication and cell viability, respectively. Representative results
The multiple-drug effect was evaluated by the median- are shown.

effect principle and the isobologram methd@k{en’kii and
Schinazi, 1994; Chou and Talalay, 198%his method in-
volves the conversion of dose—effect curves for each com-
pound and for multiple diluted fixed-ratio combinations of
compounds into the median effect plot. The slope gnd
intercept of the plot were used for calculation of the combi-
nationindex (Cl). Cls of <1, 1, and >1 indicate synergism, ad-
ditive effect, and antagonism, respectively. All experiments
were carried out in triplicate, and each experiment was re-
peated six times for determination of antiviral activities and

replication. When MDBK cells (5 10° cells) were inoc-
ulated into each well of a six-well plate, the cells became
50-80% confluent monolayer after a 24-h incubation. This
cell density appeared to be optimal for BVDV plaque forma-
tion, since the efficiency of plague formation was found to be
much lower in confluent monolayer cells (data not shown).
Furthermore, neutral red used for staining cells was cytotoxic
to MDBK cells. Therefore, the number of plaques was deter-
mined microscopically without neutral read staining in the

Cls. present assay. As shown kig. 2, dose-dependent inhibi-
tion of plaque formation was observed with all compounds.

3. Results The 50% effective concentration (B§} of IFN-«, mizorib-
ine, and ribavirin in this experiment was 1.7 U/ml, 48!,

3.1. Inhibition of plaque formation and 0.69uM, respectively. The 50% cytotoxic concentra-

tion (CGsp) of all compounds was greater than the highest
Plaque reduction assays were carried out to evaluate the in-concentrations tested for their antiviral activities. Although
hibitory effects of IFNe, mizoribine, and ribavirin on BVDV representative results are shownHig. 2, the assays were
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Table 1
Anti-BVDV activity and cytotoxicity of IFN«, mizoribine and ribavirin in
MDBK cells?

Compound Plague reduction Cytopathicity inhibition
assay assay
ECso” CGCso® EGCs® CCs¢®
IFN-a (U/ml) 45+ 3.7 >50 25+ 14 >100
Mizoribine uWM) 142+ 6.5 >100 5.3+ 2.6 501+6.9
Ribavirin (wM) 1.1+ 04 >100 3.8+ 1.6 118+6.7

a All datarepresent meansstandard deviations for atleast three separate
experiments.

b Fifty percent effective concentration based on the reduction of BVDV
plaque formation (plaque reduction assay) or the inhibition of virus-induced
cytopathicity (cytopathicity inhibition assay).

¢ Fifty percent cytotoxicity concentration based on the reduction of cell
viability in mock-infected cells after 2 and 3 days of compound exposure for
plaque reduction assay and for cytopathicity inhibition assay, respectively.
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pound alone and their combinations was determined. Here,
the mock-infected cells were also exposed to the test com-
pound for 72 h. The Cég values of IFNe alone, mizorib-
ine alone, and ribavirin alone was >100 U/ml, |59, and
13uM, respectively. Furthermore, no cytotoxicity was ob-
served for the combination of 40 U/ml IF&-and 4uM mi-
zoribine (data not shown). On the other hand, the combina-
tion of 20 U/ml IFN-« and 4uM ribavirin slightly reduced
the viability of mock-infected MDBK cells (64% of the con-
trol). According to these observations, all combination exper-
iments were carried out below the cytotoxic concentrations.
The EGy of IFN-a alone, mizoribine alone, and ribavirin
alonewas 25 14 U/ml, 5.3+ 2.6 M, and 3.8+ 1.6 uM, re-
spectively Table 9. When the combinations of IFN-and
mizoribine were examined, the Cls of all combinations were
less than 1.0, irrespective of the inhibition levelaljle 2.
For instance, the CI of the 5:2 combination was Gt/2.24

repeated at least three times. Therefore, the means and starat a levels of 50% inhibition, indicating synergism. At a level

dard deviations for the Bfg and CGg values in the repeated

experiments are shown rable 1 These results indicate that
IFN-a, mizoribine, and ribavirin are selective inhibitors of
BVDV replication.

3.2. Combination of IFNx with mizoribine or ribavirin

Combination antiviral activities of two compounds (IFN-
a plus mizoribine or IFNe plus ribavirin) were examined
by the cytopathicity inhibition assay. Prior to the combi-
nation experiments, the optimal concentration ratio of two
compounds (combination ratio) had to be determined. After

of 90% inhibition, synergism appeared to be more significant
and the Cl was 0.44 0.25. A similar result was observed for
the combination of IFNx and mizoribine at different ratios.
When the combinations of IFiN-and ribavirin were exam-
ined, the results were similar to those obtained in the com-
binations of IFNe. and mizoribine Table 2. These results
indicate that the combination of IFN-and mizoribine syner-
gistically inhibits BVDV replication and that the combination
of IFN-a and ribavirin shows synergism as well.
Combination antiviral activities were also determined by
virus yield reduction in culture supernatants. Since there was
no significant difference in Cls among the different combi-

preliminary experiments, three different ratios were chosen nation ratios in the cytopathicity inhibition assays, the ratio

for each combination (data not shown). The ratios of keN-
(U/ml) and mizoribine gM) were 5:2, 5:1, and 10:1. The
same ratios were also used for the combination of tFahd
ribavirin. To exclude the cytotoxicity of test compounds in
the combination experiments, the galues of each com-

of IFN-a and either mizoribine or ribavirin was fixed (5:1)
in the virus yield reduction assay. Mizoribine alone ath\2
did not affect the infectivity of BVDV in culture supernatants
after 24 h of viral infectionfig. 3A). IFN-« alone at 10 U/ml
reduced the infectivity to 63% of the control level. Although

Table 2
Anti-BVDV activities of IFN-«, mizoribine, ribavirin, and their combinations in MDBK célls
Combination (ratio) E€P CCs® s Cl at the following percent inhibitich
50% 70% 90%
IFN-a (U/ml) 25+ 14 >50 >4.0
Mizoribine (uM) 53+ 26 50.14+6.9 9.5
Ribavirin (uM) 38+ 16 18.1+6.7 4.8
IFN-a + mizoribine
(5:2) 0.72+0.24 0.56+0.24 0.41+0.25
(5:1) 0.79+0.26 0.63+0.27 0.48+0.28
(10:1) 0.66+0.28 0.47+0.21 0.29+0.15
IFN-a + ribavirin
(5:2) 0.67+0.17 0.58+0.21 0.50+0.24
(5:1) 0.72+0.30 0.61+0.36 0.52+0.39
(10:1) 0.81+0.28 0.63:0.29 0.48+0.31

a All data represent meansstandard deviations for six separate experiments, except for cytotoxicity experiments.
b Fifty percent effective concentration based on the inhibition of BVDV-induced cytopathicity.
¢ Fifty percent cytotoxicity concentration based on the reduction of cell viability.

d Selectivity index (CGo/ECsg).

€ Combination index giving 50, 70, or 90% inhibition under the mutually exclusive assumption.
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Fig. 3. Inhibition of BVDV production by IFNx, mizoribine, ribavirin, and
their combinations. MDBK cells were infected with BVDV and incubated

in the presence of the test compounds. After a 24-h incubation, culture su-
pernatants were collected and examined for their infectivity. The infectivity
(virus yield) is expressed as a ratio of CGHf each combination to that

of the control (no compound). The infectivity of the control culture was
4.6x 10* CCIDsg/ml. Results of experiments, in which a 5:1 ratio of the
compounds was used, are displayed.

the effect of IFNe alone or mizoribine alone at these con-
centrations was marginal, the combination of I&Nind mi-
zoribine at these concentrations resulted in strong inhibition
of viral production in culture supernatants. The virus titer
was found to be only 1.8% of the control levelg. 3A). Dif-
ferent from mizoribine, ribavirin alone a2V could reduce
the viral infectivity to 14% of the control level. However, the
combination of 10 U/ml IFNx and 2u.M ribavirin achieved
greater reduction of the infectivity (2.5% of the control level)
than that expected (9.1%), indicating that the combination
was also synergistic.

4. Discussion
In this study, we demonstrated that the combinations of

IFN-a and either mizoribine or ribavirin synergistically in-
hibited BVDV replication. Prior to the combination exper-

199

lized. Among the compounds, only mizoribine and the ref-
erence compound ribavirin were found to be active (data not
shown). Mizoribine did not show apparent cytotoxicity to
mock-infected MDBK cells at the highest concentration ex-
amined. Although ribavirin appeared to be more cytotoxic
than mizoribine, its Cggwas well above the Efg for BVDV
replication. These results indicate that both mizoribine and
ribavirin are selective inhibitor of BVDV replication in cell
culture.

In the cytopathicity inhibition assay, the antiviral activ-
ity of mizoribine seemed to be different from that obtained
in the plaque reduction assay (data not shown). Further-
more, Stuyver et al. (2002)eported that mizoribine had no
detectable anti-BVDV activity. A possible explanation for
this discrepancy may be the differences in the assay condi-
tions for antiviral activity and cytotoxicity, such as a state
of MDBK cells (confluent or not), an incubation period with
compounds, the parameter of viral replication (plaque forma-
tion versus cell death), etc. It could not be excluded that the
stability or phosphorylation of mizoribine would be affected
by experimental conditions.

The reason that the cytopathicity inhibition assay was ap-
plied for our combination experiments is the followings. (1)
The cytopathicity inhibition assay allows the testing of a con-
siderable number of samples at the same time. (2) The plaque
reduction assay needs overlay medium, which is particularly
cumbersome in combination experiments. (3) Counting the
number of plaques under a microscope is not sufficiently ob-
jective.

It has been well documented that IFNhas antivi-
ral, antiproliferative, and immunomoduratory properties
(Goodbourn et al., 2000; Brassard et al., 200R2N-« elicits
an antiviral state in infected cells through downstream media-
tors, such as’F-oligoadenylate synthetase, RNA-activated
protein kinase (PKR), and-phosphodiesterase. It also stim-
ulates immune function through natural killer (NK) and T cell
activation (indirect functions). The Eg of IFN-a against
BVDV in our plaque reduction assay and cytopathicity assay
was 1.7 and 25 U/ml, respectively. These results coincide well
with those previously reported: 3 IU/ml in plaque reduction
assay Quzounov et al., 20Q2and 16 IU/ml in cytopathicity
inhibition assayBuckwold et al., 2003a,)balthough a differ-
ent BVDV strain, NADL, was used in these studies. Further-
more, it was reported that IFN-had an EGp of 1.95 IU/ml
in a HCV replicon systenlrkin et al., 2003 which is also
close to our data in BVDV plaque reduction assay.

Ribavirin, an IMPDH inhibitor, has been shown to have
antiviral activities against a number of RNA viruses, nev-
ertheless, its activity against some flaviviruses such as Yel-
low fever virus and Dengue virus is weakelyssen et al.,
2000. In addition, a recent report on the antiviral activity
of ribavirin in a HCV replicon system indicated weak sup-
pression of HCV replicationTanabe et al., 20Q4Ribavirin

iments, a number of compounds have been screened formay be assumed to inhibit viral RNA transcription, elonga-

their inhibitory effects on BVDV replication in the plaque

tion, and cap formation. It has been reported that ribavirin in-

reduction assay, since this method has been commonly uti-duces “error catastrophe” in polioviru€i(otty et al., 2001
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Ribavirin also becomes a pseudo-substrate of HCV RNA- Davis, G.L., Esteban-Mur, R., Rustgi, V., Hoefs, J., Gordon, S.C., Trepo,
dependent RNA polymeras#l@ag et al., 200)l increases C., Shiffman, M.L., Zeuzem, S., Craxi, A., Ling, M.H., Albrecht, J.,
mutations in HCV RNA in the binary T7 ponmerase/HCV 1998. Interferonx-2b alone or in combination with ribavirin for the

L treatment of relapse of chronic hepatitis C. N. Engl. J. Med. 339,
cDNA replication systemGontreras et al., 2002and re- 1493-1499 P P 9

duces HCV replicon colony-forming efficienc¥lfou et al., Goodbourn, S., Didcock, L., Randall, R.E., 2000. Interferons: cell sig-
2003. Mizoribine is a nucleoside analog isolated from the naling, immune modulation, antiviral response and virus countermea-
mold Eupenicillium brefeldianumiThe compound acts as an sures. J. Gen. Virol. 81, 2341-2364.

immunosuppressant and is inhibitory to both humoral and Hosoya M., Shigeta, S., Ishii, T., Suzuki, H., De Clercq, E., 1993. Com-
parative inhibitory effects of various nucleoside and nonnucleoside

C,e”u'ar ”_“mP”'tY- Mizoribine has be_en used for the preven- analogue on replication of influenza virus types A and B in vitro and
tion of rejection in renal transplantation and the treatment of i vivo. J. Infect. Dis. 168, 641—646.

lupus nephritis, rheumatoid arthritis, and nephritic syndrome Inoue, K., Sekiyama, K., Yamada, M., Watanabe, T., Yasuda, H., Yoshiba,
(Ishikawa, 1999 In terms of antiviral activity, mizoribine M., 2003. Combined interferoa2b and cyclosporine A in the treat-

is inhibitory to influenza virus types A and B. However, the ment of chronic hepatitis C: controlled trial. J. Gastroenterol. 38,

ECs0 of mizoribine against influenza viruses varied consid- S67-572.
0 Ishikawa, H., 1999. Mizoribine and mycophenolate mofetil. Curr. Med.

erably from one strain to anothdd@soya et al., 1993 Al- Chem. 6, 575-597.
though the antiviral mechanisms of action of mizoribine re- Larkin, J., Jin, L., Farmen, M., Venable, D., Huang, Y., Tan, S.L., Glass,
main to be elucidated, its anti-BVDV activity and cytotoxicity J.l., 2003. Synergistic antiviral activity of human interferon combina-

were weakened but not completely annihilated by exogenous tions in the hepatitis C virus replicon system. J. Interferon Cytokine
Res. 23, 247-257.

deoxyguanosme (data HOtShown)’ suggesting part'al involve- Leyssen, P., De Clercq, E., Neyts, J., 2000. Perspectives for the treat-

ment of IMPDH. ment of infections with Flaviviridae. Clin. Microbiol. Rev. 13, 67—
Combination chemotherapy may be able to solve some 82

prob|em3 in IFNe. treatment, IFNa at a high dose is of- Liang, T.J., Rehermann, B., Seeff, L.B., Hoofnagle, J.H., 2000. Patho-

ten associated with unwanted side effects, such as fatigue, genesis, natural history, treatment and prevention of hepatitis C. Ann.

. L - Intern. Med. 132, 296-305.
malaise, and myalgias.kang et al., 200R The application Maag, D., Castro, C., Hong, Z., Cameron, C.E., 2001. Hepatitis C

of combination chemotherapy for HCV infectionhas beenac-  irus RNA-dependent RNA polymerase (NS5B) as a mediator of
tively investigated in recent years. The combination of l&N- the antiviral activity of ribavirin. J. Biol. Chem. 276, 46094

and cyclosporin A in chronic hepatitis C patients was shown  46098.

to be more effective than IFN-monotherapylfoue et al., McHutchison, J.G., Gordon, S.C., Schiff, E.R., Shiffman, M.L., Lee,

. . . . W.M., Rustgi, V.K., Goodman, Z.D., Ling, M.H., Cort, S., Albrecht,
2003. In this point of view, the present findings may sug- J.K., 1998. Interferon alfa-2b alone or in combination with ribavirin

gest that, in combination with IFN; mizoribine may have as initial treatment for chronic hepatitis C. N. Engl. J. Med. 339,
potential for the treatment of HCV infections. 1485-1492.
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