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Table 3 Factors promoting the response to PEG-IFN and ribavinn in
multivariate analysis

Factors Odds  95% Confidence P
ratio interval

Male gender 350 L71-7.07 0.001

ICGs < 13.5% 209 107408 0.031

Ribavirin > 11.1 mg/kg per day 217 L11-425 0.024

Toal PEG-IFN = 80% 696 2.26-21.4 0.001

PEG-IFN/ribavirin > 80% 1266 2.32-714 0.003

more severe and less responsive to IFN in patients infected
with HCV genotypes 1 and 4 than in those with HCV
genotypes 2, 3 and 6 [18-22|. Likewise, high viral loads
are associated with rapid progression of liver disease and
poor response to IFN [23-25], In our study, such viral
factors were excluded in comparing the response 1o PEG-
IFN and ribavirin between women and men. All the
patients were infected with HCV genotype Ib in high viral
loads (>100 kIU/ml).

Age influences the severity of chronic hepatitis C [9,
26], and disease progresses faster and response to antiviral
therapy is poorer in older patients [23]. There were sig-
nificant differences in age between female and male
patients in our study. The women were older than the men
[mean (range) 57 (30-69) years vs 50 (19-66) years,
P < 0.001], and the proportion of patients >60 years was
higher in women than in men (39% vs 19%. P < 0.001).
Hence, the response to PEG-IFN and nbavirin was evalu-
ated in patients aged >50 years and <50 years separately.
There were no differences in the response between female
and male patients <50 years, during and at the end of the
48-week treatment, as well as 24 weeks thereafter. How-
ever, ETR (55% vs 84%, P < 0.001) and SVR (22% vs
53%, P < 0.001) were gained significantly less often in
women than men who were aged >50 years.

The influence of gender was observed, also, in patients
aged >60 years and those aged 50-60 years. Hence,
women would become less responsive than men to PEG-
IFN and ribavirin after they had entered their fifties.

From a therapeutic notion, compliance with treatment
can alter the response. Since ribavirin accumulates in
erythrocytes and induces hemolysis, it is less tolerated in
women who tend to be anemic than men without such an
inclination [27]. At the baseline, women had lower levels
of hemoglobin and ferritin than men. These would have
been responsible for the lower tolerance to PEG-IFN and
ribavirin in women than men in our study. In fact, >80% of
the dose of PEG-IFN, ribavirin, or both, was tolerated less
frequently in women than men (P < 0.001 for each). Even
in the patients who had received >80% of the dose, how-
ever, the response to PEG-IFN and nbavirin was gained
less frequently in women than in men. Again, the
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difference was due to a significantly lower response in
female patients than in male patients aged >50 years,
while the response was no different between those
<50 years of age.

Taken altogether, the poorer response to PEG-IFN and
ribavirin in women than in men was auributable to
impaired response in the female patients aged >50 years.
Older women with chronic hepatitis C, therefore, would be
less responsive to the combined treatment with PEG-IFN
and ribavirin currently in use. In support of this view, the
response 10 human lymphoblastoid IFN for 24 weeks is
dependent on gender and age [28]. The greatest physio-
logical change precipitated in women by aging is a
decreased serum concentration of bioavailable estrogen
after they enter the menopause [29]. Estrogen has been
shown to have an antifibrotic potential in both experimental
and clinical studies. In experimental cirrhosis induced by
dimethylnitrosamine in rats, administration of neutralizing
antibodies to estradiol and ovariectomy enhanced fibro-
genesis in female rats [30]). Hepatocytes have the receptor
to estrogen [31], and myofibroblastic transformation in
hepatic stellate cells of rats is inhibited in culture supple-
mented with this hormone [32]. Consequently, hepatic
fibrosis progresses faster in menopausal women with
chronic hepatitis C, and hormone replacement therapy may
be able to prevent it [33]. Furthermore, in women aged
=50 years, the number of estrogen receptor in hepatocytes
decreases to one-half of that in those aged <50 years. This
would stand in further support of the notion that the anti-
fibrotic effects of decreased estrogen levels in patients aged
=50 years with chronic hepatitis C would produce a lesser
response to PEG-IFN and ribavirin.

Favorable effects of female sex hormones on hepatitis
have long been suggested. Chronic hepatitis C is mild in
menstruating women [34]; its activity is suppressed during
pregnancy and enhanced after delivery [35]. The velocity
of fibrosis progression is extremely low in young women
exposed to HCV through mass-administration of immu-
noglobulin-D. Only two of 184 (1.2%) and four of 1,018
(0.4%) developed cirrhosis over 24 years and 20 years,
respectively, in Irish and German studies [36, 37]. It does
need to be pointed out, however, that the majority of
women in those studies had not been followed beyond the
menopause, There is a possibility that chronic hepatitis C
may progress at a faster speed during their next few dec-
ades, Continued observations of them would be necessary
to evaluate the validity of such an assumption.

Although decreased levels of estrogen can explain the
enhanced activity of chronic hepatitis C in older women, as
well as their concomitant resistance to PEG-IFN and
ribavirin, it does not give an account of the better response
in men than women who were aged >50 years. Femini-
zation represented by gynecomastia is common in men
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who have developed cirrhosis, and it can increase even in
healthy men with age [38]. Possibly in the background of
this phenomenon, circulating levels of free estrogen in men
exceed those in women, after they enter their fifties, with
margins widening with age [29]. It is tempting to speculate
that elevated estrogen levels in men with chronic hepatitis
C are responsible for their better response to the combi-
nation therapy than women who were aged >50 years,
Whether or not such a speculation would hold would have
to be evaluated by a comparison of estrogen levels between
older men and women with chronic hepatitis C.

Although osteoporosis is an extrahepatic manifestation
of chronic hepatitis C [39], hormone replacement therapy
has been withheld for fear of potential hepatotoxicity.
There is evidence, however, that oral contraceptives inhibit
the progression of fibrosis in women [33]. It may lead to
the possibility that the response to antiviral treatment in
older women with chronic hepatitis C would be improve by
substituting estrogen in them. The merit of hormone
replacement therapy for them, of course, would need to be
balanced against any harmful effects associated with it.

There are limitations in this study. All the patients were
infected with genotype 1b in high viral loads. Hence, the
results obtained may or may not be extended to patients
with chronic hepatitis C who are infected with HCV of
other genotypes in low viral loads. The influence of sex
hormones needs to be substantiated by their determination
in correlation with SVR. These limitations notwithstand-
ing. the results obtained warrant a special caution in the
treatment of women older than 50 years due to their lesser
responsiveness to PEG-IFN and ribavirin.
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Sustained Virological Response Reduces Incidence of
Onset of Type 2 Diabetes in Chronic Hepatitis C

Yasuji Arase, Fumitaka Suzuki, Yoshiyuki Suzuki, Norio Akuta, Masahiro Kobayashi, Yusuke Kawamura, Hiromi Yatsuji,

Hitomi Sezaki, Tetsuya Hosaka, Miharu Hirakawa, Keniji Ikeda, and Hiromitsu Kumada

Diabetes is present in patients with chronic hepatitis C virus infection. The aim of this
retrospective cohort study was to assess the cumulative development incidence and predic-
tive factors for type 2 diabetes after the termination of interferon therapy in Japanese
patients positive for hepatitis C virus (HCV). A total of 2,842 HCV-positive patients treated
with interferon (IFN) monotherapy or combination therapy with IFN and ribavirin were
enrolled. The mean observation period was 6.4 years. An overnight (12-hour) fasting blood
sample or a casual blood sample was taken for routine analyses during follow-up. The
primary goal was the onset of type 2 diabetes. Evaluation was performed by using the
Kaplan-Meier method and Cox proportional hazard analysis. Of 2,842 HCV patients, 143
patients developed type 2 diabetes. The cumulative development rate of type 2 diabetes was
3.6% at 5 years, 8.0% at 10 years, and 17.0% at 15 years. Multivariate Cox proportional
hazard analysis revealed that type 2 diabetes development after the termination of IFN
therapy occurred when histological staging was advanced (hazard ratio 3.30; 95% confi-
dence interval [CI] 2.06-5.28; P < 0.001), sustained virological response was not achieved
(hazard ratio 2.73; 95% CI 1.77-4.20; P < 0.001), the patient had pre-diabetes (hazard ratio
2.1% 95% CI 1.43-3.37; P < 0.001), and age was =50 years (hazard ratio 2.10; 95% CI
1.38-3.18; P < 0.001). Conclusion: Our results indicate sustained virological response causes
a two-thirds reduction in the risk of type 2 diabetes development in HCV-positive patients

treated with IFN. (HepATOLOGY 2009;49:000-000.)

epatitis C virus (HCV) is one of the more com-

mon causes of chronic liver disease in world.

Chronic hepatitis C is an insidiously progressive
form of liver disease that relentlessly but silentdy
progresses to cirrhosis in 20% to 50% of cases over a
period of 10 to 30 years."* In addition, HCV is a major
risk for hepatocellular carcinoma (HCC).*# Moreover,
chronic HCV infection has been associated with a variety
of extrahepatic complications such as essential mixed
cryoglobulinemia, porphyria cutanea rarda, membrano-
proliferative glomerulonephritis, autoimmune chyroid-

Abbreviations: Cl, confidence interval: FPG, fusting plasma glucose: HCC, hep-
avocellular carcinoma; HCV, beparitis C virus; IFN, imterferon; SVR, nustained
virelogical resporse; T2DM, type 2 diabetes mellin.
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itis, sialadenitis, and cardiomyopathy.®!3 Lately, data
supporting a link between type 2 diabetes mellitus
(T2DM) and chronic hepatitis C infection have been re-
ported, 415

Although there is growing evidence to support the con-
cept that HCV infection is a risk factor for developing
T2DM, there have been a few interventional studies con-
firming this issue. This issue needs o be confirmed with a
long-term follow-up of parients with high risk of developing
diabetes. Thus, prospective studies including metabolic eval-
uations are clearly needed to clarify these issues.

With this background in mind, the cohort study was ini-
tiated to investigate the cumulative incidence and risk factors
of T2DM after prolonged follow-up in HCV-infected pa-
tients treated with interferon (IFN) monotherapy or combi-
nation therapy with IFN and ribavirin. The strengths of the
current study are the large numbers of patients included and
the long-term follow-up of patients.

Patients and Methods

Patients. There were 5,890 patients diagnosed with
chronic HCV infection and treated with IFN mono-
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therapy or combination IFN + ribavirin therapy between
September 1990 and March 2007 in the Department of
Heparology, Toranomon Hospital, Tokyo, Japan. Of these,
2,842 patients satisfied the following criteria: (1) no evidence
of diabetes mellitus for 3 months after the termination of
IFN (plasma glucose concentration <126 mg/dL [6.9
mmol/L] in the fasting state, <200 mg/dL [11.0 mmol/L] in
casual state and/or 2 hours after a 75-g oral glucose load); (2)
features of chronic hepatitis or cirrhosis diagnosed via lapa-
roscopy and/or liver biopsy before the initiation of IFN ther-
apy; (3) positivity for serum HCV RNA before the initiation
of IFN therapy; (4) period of =<1 year of IFN therapy; (5)
negativity for hepaitis B surface antigen (HBsAg), antinu-
clear antibodies, or antimitochondrial antibodies in serum,
as determined via radioimmunoassay or spot hybridization;
(6) no evidence of HCC nodules as shown on ultrasonogra-
phy and/or computed tomography; and (7) no underlying
systemic disease, such as systemic lupus erythmarosus or
rheumatic arthritis,

Patients who were taking medications known to alter glu-
cose tolerance or had illnesses that could seriously reduce
their life expectancy or their ability to participate in the trial
were excluded from the study. Patients were classified as hav-
ing normal glucose or pre-diabetes based on fasting plasma
glucose (FPG), casual plasma glucose, or 2-hour plasma glu-
cose. The normal glucose group was regarded as having an
FPG of <100 mg/dL, casual plasma glucose of <140 mg/
dL, and/or 2-hour plasma glucose of <140 mg/dL. The
pre-diabetes group was regarded as having an FPG of 100-
125 mg/dL, casual plasma glucose of 140-200 mg/dL,
and/or 2-hour plasma glucose of 140-200 mg/dL.'¢

Next, we assessed predictive facrors for T2DM in
chronic hepatitis C patients treated with IFN. The phy-
sicians in charge explained the purpose and method of this
clinical trial to each patient and/or the patient’s family,
Informed consent was obtained from all living patients
included in the present cohort study. The study was ap-
proved by the Institutional Review Board of our hospital.

Outcome Measures. The primary outcome was
T2DM, diagnosed by the use of the 2003 criteria of the
American Diabetes Association.'¢ These criteria include
(1) casual plasma glucose =200 mg/dL; (2) FPG =126
mg/dL; (3) 2-hour post-glucose (oral glucose tolerance
test) =200 mg/dL.

Laboratory Investigation. Anti-HCV was detected
using a second-generation enzyme-linked immunosor-
bent assay (ELISA II; Abbortr Laborartories, North Chi-
cago, IL). HCV-RNA was determined by the Amplicor
method (Cobas Amplicor HCV Monitor Test, version
2.0; Roche, Tokyo, Japan). Heparitis B surface antigen
was tested via radioimmunoassay (Abborr Laborarories,
Detroit, MI). The used serum samples were stored at

HEPATOLOGY, January 2009

—80°C ac the first consultation. Diagnosis of HCV infec-
tion was based on detection of serum HCV antibody and
positive RNA. Height and weight were recorded at base-
line, and the body mass index was calculated as weight (in
kg)/height (in m?).

Evaluation of Liver Cirrhosis. Liver status of the
2,842 patients was mainly determined via peritoneoscopy
and/or liver biopsy. Liver biopsy specimens were obtained
using 2 modified Vim Silverman needle with an internal
diameter of 2 mm (Tohoku University, Kakinuma Fac-
tory, Tokyo, Japan), fixed in 10% formalin, and stained
with hemaroxylin-eosin, Masson's trichrome, silver im-
pregnation, and periodic acid-Schiff after diastase diges-
tion. The size of specimens for examination was more
than six portal areas.'”

Follow-up. The suarting time of follow-up was 3
months after the termination of IFN therapy. After thar,
patients were followed up monthly to tri-monthly in our
hospital. Physical examination and biochemical rests were
conducred at each examination together with regular
check-up. An overnight (12-hour) fasting blood sample
or a casual blood sample was taken for routine analyses.
These included aminotransferase activities, total choles-
terol, platelet counts, and serum HCV RNA level. Three
hundred rwenty-four patients were lost to follow-up; be-
cause the appearance of T2DM and death was not iden-
tified in these patients, they were considered as censored
data in the statistical analysis.'® Mareover, patients re-
treated with antiviral agents were regarded as withdrawals
at the time of starting the retreatment of antiviral agents.

Statistical Analysis. The cumulative appearance rate
of T2DM was calculated from 3 months after che termi-
nation of IFN treatment to the appearance of T2DM
using the Kaplan-Mcier method. Differences in the devel-
opment of T2DM were tested using the log rank rtest.
Independent factors associated with the incidence rate of
T2DM were analyzed by the Cox proportional hazard
model. The following 11 variables were analyzed for po-
tential covariates for incidence of T2DM ar the time of
termination of IFN therapy at our hospital: age, sex, state
of liver disease (chronic hepatitis or liver cirrhosis), body
mass index, glucose level, aspartate aminotransferase level,
alanine aminotransferase level, type of IFN, total dose of
IFN, efficacy of IFN therapy, hypertension, triglyceride
level, and total cholesterol level. A Pvalue of less than 0.05
was considered significant. Dara analysis was performed
using SPSS 11.5 for Windows (SPSS, Chicago, IL).

Results

Patient Characteristics. Table 1 shows the character-
istics of the 2,842 HCV-positive patients treated with
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Table 1. Patient Characteristics

N 2,842
Sex (male/female) 1,778/1,064
Age (years) 51890
Height (cm) 1638 =081
Body weight (kg) 6.7 = 1.7
Body mass index 233=132
Blood pressure (Systoic,/ diastolic, mm HE) 128 = 18/77 = 12
HCV ganotype (1b/2a/2b/other) 744/752/290/56
HCV RNA level (KIU/mL) 593 = 540
Staging (non-LC/LC) 2,649/193
Biood gh leved ( |/ prediab 2,601/241
Fasting plasma glucose (mg/dL) 8724
Trigyceride (mg/dL) 166 + 31
Total bifirubin (g/dL) 102 = 56
AST (IU/L) 74 = 63
ALT (IU/L) 116 = 102
IFN monotherapy* /combination therapyt 2,417/428
Efficacy of treatment (SVR/non-SVR) 1,175/1,667
Follow-up period (years) 64 =50
Data are expressed as the number of pati of mean * dard deviati
Abbrewvi ALT, atanine s AST, te aminotransferase;

LC, Iver cimhosis; SVR, sustained virlogical response.

*Qutbreak of IFN monotherspy: recombinant IFN-a2a, 304 cases; recombinant
IFN-a2b, 235 cases; natural IFN-ba, 1,355 cases; natural IFN-B, 522 cases; total
dose of IFN = 598 = 170 MU.

tOutbreak of combination thempy: recombinant IFN-a2b + rbavinn, 175
cases; total dose of IFN = 537 = 196 MU; total dose of ribaviin = 182 = 60 g
pegylated IPN-a2b + ribavirin, 250 cases; total dose of pegylated IFN = 428 =
1.17 mg; total dose of ribaviin = 232 + B0 g

IFN monotherapy or combination therapy with IFN and
ribavirin. The sustained virological response (SVR) rate
was 36.7% (886/2417) in IFN monotherapy and 68%
(289/425) in IFN + ribavirin therapy. Thus, the number
of patients with SVR was 1,175. The mean period after
the termination of antiviral drugs was 6.4 years.
Incidence of T2DM in Patients with HCV. A total
of 143 patients (102 men and 41 women) developed
T2DM during a mean observation period of 6.4 years. Of
these, 26 were SVR and 117 were non-SVR. The cumu-
lative development rate of T2DM was determined to be
3.6% at 5 years, 8.0% ar 10 years, and 17.0% ac 15 years
using the Kaplan-Meier method (Fig. 1). The factors as-
sociated with the incidence of T2DM in all 2,842 patients
treated with IFN therapy are shown in Table 2.
Multivariate Cox proportional hazard analysis revealed
that type 2 diabetes development after the termination of
IFN therapy occurred when histological staging was ad-
vanced (hazard ratio 3.30; 95% confidence interval [CI]
2.06-5.28; P < 0.001), sustained virological nse was
not achieved (hazard ratio 2.73; 95% CI 1.77-4.20; P <
0.001), patient had pre-diabetes (hazard ratio 2.19; 95%
CI 1.43-3.37; P < 0.001), and age was >50 years (hazard
ratio 2.10; 95% CI 1.38-3.18; 7 < 0.001). SVR causes a
two-thirds reduction of development of T2DM in pa-
tients treated with IFN. In addition ro SVR, age =50

ARASE ET AL. 3

years, liver cirrhosis, and pre-diabetes contribute to a high
risk of developing diabetes. The cumularive development
rates of T2DM based on difference of age, efficacy of the
IFN therapy, histological diagnosis, and glucose level at
the starting time of follow-up are shown in Fig. 2.

Fig. 3 shows the impact of reduction due to SVR on
the incidence of T2DM in patients with =50 years, liver
cirrhosis, or pre-diabetes. When parients with age =50
years, liver cirrhosis, and pre-diabetes have SVR after IFN
therapy, SVR could statistically reduce the onset of
T2DM compared with those without SVR.

Discussion

We have described the development incidence of dia-
betes after the termination of antiviral therapy in HCV-
positive patients treated with [FN therapy in the present
study. Diabetes has been reported in less than 0.08% of
patients treated with IFN17.29; thus, to exclude diabetes
originating from [FN-related side effects, patients with-
out diabetes for 3 months after the termination of IFN
were enrolled in the present study. The present study
indicates that the annual incidence of T2DM for a pro-
longed follow-up after the termination of IFN therapy
among HCV patients is 0.8% to 1.0%. The present study
was limited by a retrospective cohort trial. We started the
present study in 1991 based on the diabetes mellitus cri-
teria published by Fajans.?' However, after thar, diaberes
mellitus criteria were revised. We thus rechecked the di-
agnosis of T2DM based on the diabetes mellitus criteria
of 2003 in patients seen prior to 2003.'® Because of re-
checking the diagnosis of T2DM on the basis of diabetes
mellitus criteria in 2003, the present study was regarded as
a retrospective cohort study. However, the patients were

3
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Fig. 1. Cumulative development rate of T2DM in patients treated with
IFN.
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Table 2. Predictive Factors for T2DM Development

Univariate Analysls Cox Regression
Varisbies HR (85% C1) ? Value HR (95% C1) P Valus

Age. years (=50/-<50) 2.55(1.74-3.713) <0.001 2.10(1.38-3.18) <0001
Sex (female/male) 0.84 (0.59-1.19) 0.318
Body mass index (=25/<25) 1.44(0.98-2.08) 0.057
HCV Ioad (KIU/mL.

=1,000/<1,000) 0.67 (0.43-1.03) 0.069
Genotype (1/2) 0.73 (0.50-1.06) 0.098
ALT (U/L =50/<50) 1.83(1.14-2.94) 0.012
Glucose level (prediabetes/normal) 2.25(1.53-3.33) <0.0001 219 (1.43-3.37) <0.001
Tnglyceride (mg/dL. =150/ <150) 1.66 (0.93-2.98) 0.088
Cholesterol (mg/dl, =220/<220) 1.56 (0.62-3.95) 0.346
Histological diagnosis (LC/non-LC) 4.03(2.55-6.36) <0.0001 3.30 (2.06-5.28) <0,001
Combination of fbavidn (—/+) 1.53(0.99-2.38) 0.058
Type of IFN (a/ B) 0.88 (0.57-1.35) 0.882
Total dose of IFN (MU, =500/

<500) 0.91(0.59-1.40) 0.672
Efficacy (non-SVR/SVR) 2.713(1.77-4.20) <0.0001 2,78 (1.75-4.41) <0001

Data are expressed as the median (range).

Abbreviations: ALT, alanine aminotransferase; HR, hazard ratio; LC, liver cirthosis.

prospectively followed. Another limitation of the study This heterogeneity makes it difficult o interpret the re-
was that patients were treated with different types of an-  sults of the study. On the other hand, the strength of the
tiviral therapy (IFN monotherapy or combination IFN +  present study is the long-term follow-up in the large num-
ribavirin therapy) for different duration (4 to 52 weeks).  bers of patients included.
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The present study shows several findings with regard to
development of T2DM after the termination of antivirus
agents for HCV positive patients. First, the T2DM devel-
opment rate in the non-SVR group was higher than thar
in the SVR group. The SVR caused a two-thirds reduc-
tion in the onset of T2DM in the course of posttreatment
follow-up. That SVR reduced the onset of diabetes mel-
litus in HCV patients is in accordance with the data re-
ported by Simé et al.?? and Romero-Gémez et al.?®
Though the role of HCV in the pathogenesis of diabetes
mellitus remains speculative, the following possible
mechanisms have been reported: (1) patients with HCV
have a tendency to attain insulin resistance®®; (2) in trans-
genic mice, the expression of HCV core protein is associ-
ated with insulin resistance and T2DM development?s;
and (3) SVR in HCV patients reduces insulin resistance
and onset of the incidence of abnormal glucose value.2
Thus, it is accepted that clearance of HCV reduces the
onset of T2DM.

Second, in addition to persistence of HCV, the present
study suggests that aging, histological progression, and
pre-diabetes enhanced the onser of T2DM in partients
with HCV infection. However, when HCV was eradi-
cated even in patients with age =50 years, pre-diabetes, or
liver cirrhosis, the cumulative development rate of T2DM
decreased.

T2DM is increasing dramarically in many Asian na-
tions, including Japan, over the past decades.?” It is widely
accepted that 7 to 8 million people are affected by diabetes
mellitus in Japan. Approximarely 8% to 10% of adults in
Japan have T2DM. In general, T2DM is associated with
a genetic predisposition, but it is also strongly influenced
by lifestyle-related factors, such as cating habits and/or
physical activity.?*33 The risk factors associated with
T2DM include family history, age, sex, obesity, smoking,
and physical activity. T2DM occurred in elderly patients

compared to young patients. Life expectancies are long in
Japan; thus, in the near future, a large number of patients
with HCV will be >60 years of age. Therefore, it is ap-
parent that the incidence of T2DM will increase in HCV-
positive patients.

T2DM is a serious, costly disease. Treatment for
T2DM may prevent some of its devastating complica-
tions, bur does not usually restore normoglycemia or
eliminate all the adverse consequences.?2* Moreover,
HCYV patients with T2DM are at major risk for HCC.*
On the efficacy of IFN therapy, it has been reporrted that
T2DM reduces HCV eradication via combination
[FN + ribavirin therapy.? Thus, it should be considered
whether HCV-positive patients should be treated with
antiviral drugs in the histological nonprogression stage
and ata non-elderly age for prevention of T2DM onset. If
SVR obtained via antiviral therapy for HCV cannot only
prevent progression to liver cirrhosis or HCC but also
prevent the development of diabetes, the potential impact
of IFN therapy is quite significant.

In conclusion, this retrospective study suggests that the
annual incidence of T2DM among patients with HCV is
0.8% to 1.0%. Our results indicate that SVR causes a
two-thirds reduction of T2DM development in HCV-
positive patients treated with antiviral drugs.

Acknow. t:  The authors acknowledge the edi-
torial assistance of Thomas Hughes.
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Two flavonoids extracts from Glycyrrhizae radix inhibit
in vitro hepatitis C virus replication
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Aim: Traditional herbal medicines have been used for
several thousand years in China and other Asian countries. In
this study we screened herbal drugs and their purified com-
pounds, using the Feo replicon system, to determine their
effects on in vitro HCV replication.

Methods: We screened herbal drugs and their purified
extracts for the activities to suppress hepatitis C virus (HCV)
replication using an HCV replicon system that expressed chi-
meric firefly luciferase reporter and neomycin phosphotrans-
ferase (Feo) genes. We tested extracts and 13 purified
compounds from the following herbs: Glycyrrhizoe rodix,
Rehmannioe radix; Paeoniae radix, Artemisiae capillari spica;
and Rhei rhizoma.

Results: The HCV replication was significantly and dose-
dependently suppressed by two purified compounds, isoli-
quiritigenin and glycycoumarin, which were from Glycyrrhizoe

radix. Dose-effect analyses showed that 50% effective concen-
trations were 6.2 + 1.0 ug/mL and 15.5 + 0.8 ug/mL for isoli-
quiritigenin and glycycoumarin, respectively. The MTS assay
did not show any effect on cell growth and viability at these
effective concentrations, Indicating that the effects of the
two compounds were specific to HCV replication. These two
compounds did not affect the HCV IRES-dependent
translation nor did they show synergistic action with
interferon-alpha.

Conclusion: Two purified herbal extracts, isoliquiritigenin
and glycycoumarin, specifically suppressed in vitro HCV rep-
lication. Further elucidation of their mechanisms of action and
evaluation of in vivo effects and safety might constitute a new
anti-HCV therapeutics.

Key words: hepatitis C virus, herbal drugs, replicon

INTRODUCTION

EPATITIS € VIRUS (HCV) infects 170 million

people worldwide and is characterized by chronic
liver inflammation and fibrogenesis leading to end-stage
liver failure and hepatocellular malignancy.'” The diffi-
culty in eradicating HCV s auributable, in parn, to
limited treatment options against the virus. Currently,
combination therapy using pegylated interferon-alpha
(IFN) and ribavirin has been used worldwide " The
success rates, however, are almost half of patients
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Yushima, Bunkyo-ku, Tokyo 113-8519, Japan. Email
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treated. Furthermore, these therapies carry a significant
risk of serious side effects, Thus, the development of
alternative therapeutic agents against HCV is our high
priority goal.

We have reported an HCV subgenomic replicon that
expresses chimeric luciferase reporter *Feo” protein.*
This Feo replicon supports stable and high levels of
autonomous HCV RNA replication in transfected cells.
Furthermore, the level of luciferase correlates well with
levels of HCV RNA production, so that luciferase can be
used as a reliable surrogate marker for HCV replication.
This chimeric reporter replicon system has contributed
the discovery of novel anti-HCV substances such as
cyclosporins,”” shon interfering RNA,'™' interferon-
gamma'’ and HMG-CoA reductase inhibitors.'* "

Traditional herbal drugs have been used for several
thousand years in China and other Asian countries,
Although these pharmacological activities are not fully

© 2008 The lapan Society of Hepatology
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Table 1 List of herbal drugs and their punfied extracts

Herbal drug Purified compound

Glyeyrrhizae radix Isoliquiritigenin
Glycycoumarin
Isaliquintin

Licuroside

Paconiflonn
1.2.3,6-tetra-O-galloyl-B-D-glucose
Rhein 8-O-f-plucoside
Acteoside

Martynoside

Isoacteoside
Demethoxycapillarisin

3, 4-di-o-galloylquinic acid
Acteosynngone

Pacoriae radix
Rhe Rhizoma

Rehmanniae radix

Artemisite
capilluri spica

characterized, they also have been safely used for many
clinical conditions in Japan. For example, Sho-saiko-to
{T11-9; Xiao-Chae-Hu-Tang in Chinese), an oral medi-
cine, which consists of seven herbal components
(Bupleuri radix, Pinellae tuber, Scutellariae radix, Ginseng
radix, Grycyrrhhizae radix, and Zingiberis rhizoma)," has
been clinically used for the treatment of chronic viral
liver disease, It has been reported to regulate the cytok-
ine production system in patients with hepatitis C'* and
to prevent the development of HCC in patients with
non-B cirrhosis,”” Glyeyrrhizin, the major component of
Glyeyrrhizae radix (licorice), has also been used for the
treatment of chronic hepatitis in lapan, known to have
an alanine transaminase-lowering effect.'" Despite the
clinical effects of these herbal drugs, they did not sup-
press the HCV replication in vitro."*

(a) pRep-Feo

5-UTR

EMCV-IRES

Flavonoids suppression of HCV replication 61

In the presemt study, we applied the Feo replicon
system to screen the herbal drugs and their purified
compounds for their effects on in vitro HCV replication.
Here, we show that two purified compounds from the
herbal extracts specifically and substantially suppressed
HCV replication.

MATERIALS AND METHODS

Purified compounds (Table 1)

HIRTEEN COMPOUNDS WERE purified from hve

herbal drugs: Glycyrrhizae radai; Rhemanniae radix;
Paconiae  radix; Artemisiae Capillari Spica; and  Rhe
Rhizoma (Table 1; Tsumura, Tokyo, lapan). These
extracts were prepared at concentrations of 5 mg/mL in
dimethyl sulfoxide (DMSQ), then stored at —20°C until
use. Recombinant human interferon (IFN) alpha-2b
was obtained from Schering-Plough (N], LISA).

Cell culture

A human hepatoma cell line, Huh7, was maintained in
Dulbecco’s modified Eagle’s medium (Sigma, MO, USA)
supplemented with 10% fetal calf serum at 37'C under
5% CO;. Huh? cells expressing the HCV replicon were
cultured in a medium containing 200 pg/mlL G418
(Wako, Osaka, Japan).

HCV subgenomic replicon construct

An HCV subgenomic replicon plasmid. pHCV1bneo-
delS,™ was reconstructed by substituting the neomycin
phosphotransterase gene with a fusion gene comprising
the firefly luciferase and neomycin phosphotrasnferase
(pRep-Fea) (Fig. 1a). RNA was synthesized from pRep-

(b} pCinao-Rluc-IRES-Fluc

Figure 1 HCV subgenomic replicon and reporter plasmid constructs. (a) An HCV subgenomic replicon plasmid, pRep-Feo, was
reconstructed from HCV1bneo-delS by replacing the neomycin phosphotransferase (Neo) gene with a fusion gene comprising the
firefly luciferase (Fluc) and Neo, which we designated as “Fea™ NS, nonstructural region; pT7, T7 promoter; 3' UITR, 3’ untranslated
region. (b) A plasmid, pClneo-Rluc-IRES-Fluc, was constructed to analyze HOV-IRES mediated translation efficiency - The plasmid,
expressing a bicistronic RNA, in which Renilla luciferase (Rluc) was translated in a cap-dependent manner and firefly luciferase
[Fluc) was translated by HCV-internal ribosome entry site (IRES}-mediated initiation, was stably transfected into Huh? cells.

© 2008 The Japan Society of Hepatology
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Feo and transfected into Huh?7 cells. After culture in the
presence of G418, cell lines stably expressing the repli-
con were established !

HCV-IRES reporter construct

A plasmid, pCIneo-Rluc-IRES-Fluc, was used to analyze
HCV internal ribosome enury site (IRES)-mediated
translation efficiency (Fig. 1b).** The plasmid, express-
ing a bicistronic RNA, in which Renilla luciferase (Rluc)
was translated in a cap-dependent manner and firefly
luciferase (Fluc) was translated by HCV-IRES-mediated
initiation, was stably transfected into Huh7 cells. Afier
culture in the presence of G418, Huh7/CRIF cells were
established.” Activities of the HCV-IRES-mediated trans-
lation were measured by culture of Huh7/CRIF cells in
the presence of drugs and by dual luciferase assays after
48 h,

Luciferase assays and measurements of
antiviral activity

Huh7/Rep-Feo cells were cultured with various concen-
trations of herbal extracts or compounds. Levels of HCV
replication were quantified by internal luciferase assay
after 48 h of culture. Luciferase activities were quantified
using a luminometer (Promega, WI, LSA) and the
Bright-Glo Luciferase Assay System (Promega). Assays
were performed in triplicate and the results were
expressed as means + SD as percentages of the controls.
The 50% effective concentrations (EC50) were calcu-
lated using probit method. The determination of EC50
was performed three times, and presented as mean + SD
in each compound.

Realtime RT-PCR analysis

Total cellular RNA was extracted from cultured cells or
liver tissue using ISOGEN (Nippon Gene, Tokyo,
lapan). Two ug of total cellular RNA was used to gener-
ate <DNA from each sample using the SuperScript 11
reverse-transcriptase (Invitrogen, CA, LISA). The repli-
con RNA expression levels were measured using the
Applied Biosystems 7500 Fast Realtime PCR System
(Applied Biosystems, CA, USA) and QuantiTect SYBR
Green PCR Kit (QIAGEN, CA, LISA). Sequences of a pair
of primers has been described elsewhere.”'

Northern blottings

Expression of HCV subgenomic RNA was detected as
previously reported. ™ Total cellular RNA was extracted
from cells using ISOGEN (Nippon Gene, Tokyo, lapan).
Fifteen micrograms of the total cellular RNA was
electrophoresed on a 1.0% denaturing agarose-

© 2008 The Japan Society of Hepatology
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formaldehyde gel and was transferred to a Hybond-N+
nylon membrane (Amersham-Pharmacia Biotech,
Sweden). The upper part of the membrane, which con-
tained the HCV replicon RNA, was hybridized with a
digoxigenin-labeled probe that was specific for the full-
length replicon sequence, and the lower pan of the
membrane was hybridized with a probe specific for
beta-actin. The signals were detected in a chemilumines-
cence reaction using a Digoxigenin Luminescent Detec-
tion Kit (Roche, Germany) and visualized using a
Fluoro-Imager (Roche).

Western blottings

Western bloting was done as reported previously,”
Thirty micrograms of total cell lysate was separated
using NuPAGE 4-12% Bis-Tris gels (Invitrogen, CA,
LISA) and blotted onto an Immobilon palyvinylidene
difluoride membrane (Roche). The membrane was incu-
bated with the primary antibodies followed by a
peroxidase-labeled anti IgG antibody, and visualized by
chemiluminescence reaction (BM Chemiluminescence
Blotting Substrate; Roche). The antibodies used were
anti-NS5A (BioDesign, ME, USA), anti-core (provided
by Dr. Wakita), and anti-beta-actin antibodies (Sigma).

MTS assays

To evaluate cell viability, MTS (dimethylthiazol car-
boxymethoxypheny!l sulfophenyl tetrazolium) assays
were performed using a Cell Titer 96 Aqueous One
Solution Cell Proliferation Assay (Promega) according
to manufacturer's directions.

HCV-JFH1 virus cell culture

An in vitro transcribed HCV-JFH1 RNA?" was transfected
into Huh7.5.1 cells.”™ Naive Huh7.5.1 cells were subse-
quently infected by culure supernatamt of the JFHI1-
RNA transfected Huh-7.5.1 cells, and subjected to
culture in the presence of drugs. Culture medium was
collected serially and HCV core antigen was measured
using a chemiluminescence enzyme immunoassay
(CLEIA) according to the manufacturer's protocol
(Lumipulse Ortho HCV Antigen; Orntho-Clinical Diag-
nostics, Tokyo, lapan). Cellular virus expression was
measured by the Western blotting using anti-core
antibodies.

Statistical analyses

Statistical analyses were performed using Student's
t-test, P-values of less than 0.05 were considered statis-
tically significant,
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RESULTS

Suppression of HCV replication by purified
herbal extracts, isoliquiritigenin and
glycycoumarin

TU SCREEN THE herbal drugs and these punfied
extracts (Table 1) for their antiviral effects against
HCV replication, Huh7/Rep-Feo cells were cultured with
various concentrations of 5 herbal extracts; Glycyrrhizae
radaix. Rhemanniae radix, Paeomae radix, Artemisiae cap-
illari spica, and Rhet rhizoma, and 13 compounds purified
from these herbal extracts. Levels of HCV replication
were quantified by internal luciferase assay after 48 h.
None of the herbal extracts showed any effects on HCV
replication (data not shown). On the other hand,
among the 13 purihed compounds, isoliquiritigenin
and glycycoumarin, which were purified from Glyeyr-
rhizae radix, suppressed replication of HCV replicon in a
dose-dependent manner. The EC50s were 6.2 £ 1,0 and
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155+ 0.8 pg/ml for isoliquiritigenin and glycycou-
marin, respectively (Figs 2a,3a). The MTS assay did not
show any effect on cell growth and viability (Fig. 2b),
indicating that the antiviral action of the two com-
pounds is not due to cytotoxic or antiproliferative
effects. Huh7/Rep-Feo cells were cultured with various
concentrations of isoliquiritigenin and glycycoumarin,
and the dose-effect correlation and time courses of rep-
licon expression were measured by luciferase assay. After
addition of each compounds, suppressive effect of the
HCV replicon lasted for 48 h in a dose and time-
dependent manner (Fig. 3b).

Realtime-RT-PCR and Western blotting
analyses

In the realtime RT-PCR analysis and Northern blot
analyses, levels of the replicon RNA decreased in a dose-
dependent manner following treatment with isoliquir-

opgml  @oopgiml W weml W 1opgml

Figure 2 Effects of purified extracts from herbal drugs on expression of HCV replicon. (a) Huh7 /Rep-Feo cells, which constitutively
express the HCV Feo replicon, were cultured in the presence of 13 compounds at concentrations of 0. 0.1, 1. and 10 pg/mL The
internal luciferase activities were measured after 48 h of culture. Assays were performed in triplicate. Error bars indicate mean £ 8D,
Asterisks indicate p-values of less than 0,05 (b) MTS assay of Huh7/Rep-Feo cells cultured with the concentrations of 13
compounds indicated. Error bars indicate mean £ 5D

@© 2008 The Japan Society of Hepatology
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itigenin and glycycoumarin (Fig. 4a,b). Similarly, in
Western blot analysis, the HCV non-structural protein,
NS5A, which was translated from the HCV replicon,
decreased by corresponding amounts in response 1o
treatment with isoliquiritigenin and glycycoumarin
(Fig. 4c). Densitometric analysis of NS5A protein
showed that the intracellular levels of the virus protein
in Huh7/Rep-Feo cells correlated well with the luciferase
activities.

Absence of synergistic anti-HCV effects of
interferon-alpha with isoliquiritigenin or
glycycoumarin

To determine whether 1FN and these two compounds
have a synergistic inhibitory effect on the replicon,
Huh7/Rep-Feo cells were cultured with combinations of
IFNa-2b and isoliguiritigenin or glycycoumarin at
various concentrations. The relative dose-inhibition
curves of 1FN were plotted under each fixed concentra-
tions of isoliquiritigenin or glycycoumarin of 0, 0.1, 1,
10 pg/mlL, respectively (Fig. 5). The curves did not show
synergy of the two compounds and IFN against the HCV
replicon. To see whether the action of isoliquiritigenin
and glycycoumarin involve interferon-Jak/STAT-ISRE
pathway, we conducted ISRE reporter assays. We trans-
fected the p-55C1BLuc plasmid in Huh? cells and cul-
tured the cells in the presence of isoliquiritigenin or

© 2008 The Japan Society of Hepatology

glycycoumarin. After 12 h of incubation, those drugs
did not activate ISRE-promoter activities (data not
shown). These results suggested that the action of the
compounds on the intracellular replication of HCV
replicon was independent of the IFN-ISRE pathway.

Isoliquiritigenin and glycycoumarin do not
suppress the HCV IRES-dependent
translation

We next determined whether these two compounds sup-
press HCV IRES-dependent translation, we used Huh?
cell line that had been stably transfected with pCineo-
Rluc IRES-Fluc (Huh7/CRIF; Fig. 1b). Treatment of these
cells with isoliquiritigenin or glycycoumarin resulted in
no significant change of the internal luciferase activities
at concentrations of these two compounds that sup-
pressed expression of the HCV replicon (Fig. 6a). The
MTS assay did not show any effect on cell growth and
viability at concentrations used in this assay (Fig. 6b).

Isoliquiritigenin and glycycoumarin
suppress HCV-JFH1 virus cell culture

The demonstrated inhibitory effects isoliquiritigenin
and glycycoumarin on HCV subgenomic replication
were validated further by using HCV-JFH1 cell culture
system.”" As shown in Figure 7a, treatment of the cells
with the two compounds suppressed time-dependent
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Figure 4 Suppression of replicon RNA and NS5A synthesis by isoliquiritigenin and glycycoumarin. Huh7/Rep-Feo cells were
cultured with indicated concentrations of two compounds, isoliquiritigenin and glyeycoumarin, and harvested at 48 hr after
exposure. (a) Real-time RT-PCR analyses. (b) Northem-blot hybridization. Fifieen micrograms of total cellular RNA was electro-
phoresed in each lane. The upper pan of the membrane containing the hepatitis C virus replicon RNA was hybridized with a
digoxigenin-labeled probe specific for the replicon sequence. and the lower part was hybridized with beta-actin probe. Densito
metry for replicon RNA was performed and indicated as percents of drug-negative control. (¢]) Western blotting. Thirty micrograms
of total cellular protein was electrophoresed in each lane. Densitometry of NS5A protein was performed and indicated as percents

of drug-negative control

increase of HCV core antigen in the medium. In all time
points, core antigen levels were significantly lower in
culture that were treated with isoliquiritigenin and gly-
cycoumarin than the untreated culture. The effect of
glycycoumarin was partly reversed on day six probably

due to chemical instability of the compound. Consis-
tently, the Western blot showed that the cellular HCV
core protein expression was substantially suppressed by
treatment with isoliquiritigenin  and glycycoumarin
(Fig. 7b)

© 2008 The Japan Society of Hepatology
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Figure 5 Effects of (a) isoliquiritigenin and (b) glycycoumarin used in combination with interferon(IFN)-o on HCV replication.

Huh?/Rep-Feo cells were cultured with combi

ations of [FN-a-2b and isoliquinitigenin or glycycoumarin al concentrations

indicated. The internal luciferase activities were measured after 48 h of culture. Assays were performed in triplicate. Error bars
indicate mean £ SD. Plots of 100% in each curves represent replicon expression levels that were treated with indicated amounts of

isoliquiritigenin or glycycoumarin and without IFN

DISCUSSION

HE PRESENT STUDY demonstrates that two purified

herbal extracts, 1soliquiritigenin and glycycoumarin,
isolated from Glycyrrhizae radix, suppress replication of
an HCV replicon (Fig. 2). Northern and Western blot
analyses reveal that both RNA synthesis and its transla-
tion were reduced by the two compounds in dose- and
time-dependent manners (Figs 3,4). The two drugs did
not show activation of type-l interferon-dependent,
ISRE-mediated transcription or synergistic action with
interferon-alpha on HCV replication (Fig. 5.6), which
suggests that the anti-HCV effects of the compounds
are independent of interferon-antiviral mechanisms.
Finally, we have demonstrated that the two compounds
show inhibitory effects on HCV virus cell cultures
(Fig. 7).

Flavonoid is a class of plant pigment, found in wide
range of green vegetables and fruits. They are classified
into flavon, flavonol, flavanone. flavanol. isoflavone,
chalcone, anthocyanin and catechin, according to their
molecular structures, Many flavonoids have various bio-
logical functions such as antibacterial,” antioxidative
and anticarcinogeninc activities.” Isoliguiritigenin is a
simple chalcon derivative and found in licorice and veg-
etables including shallots and bean sprouts. Isoliquiriti-
genin has several biochemical activities similar to other
flavonoids. It has various biochemical activities such as
antioxidative and superoxide scavenging activities," an
antiplatelet aggregation effect,” an inhibitory effect on
aldose reductase activity,” estrogenic properties'’ and
selective inhibition of H2 receptor-mediated signaling.™

® 2008 The Japan Society of Hepatology
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Figure 6 Isoliquiritigenin and glycycot in do not infl e

the HCV IRES-mediated translation. A bicistronic reporter gene
plasmid, pClneo-Rluc-IRES-Flue, was stably trasfected into
Huh? cells (Huh7/CRIF , see the Methods). (a) Dual luciferase
assay The cells were cultured with isoliquiritigenin or glycycou-
marin at the concentrations indicated. and dual luciferase
activities were measured after 48 h of reatment. Values are dis-
played as ratios of Fluc 1o Riuc. Error bars indicated mean £ SD.
(b) MTS assay of Huh7/neo-Rluc-IRES-Flue cells culwred with
isoliquiritigenin or glyeycoumarin at the concentrations indi-
cated. MTS assays at 48 h after treatment with each drug were
performed in triplicate. Error bars indicate mean + 5D
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Figure 7 Suppresion of HCV-JFH1 virus expression by tsoli-
quiritigenin and glycycoumarin. (a) Naive Huh 7.5.1 cells were
infected with culture supernatant of HCV-JFH 1-infected cells
and were subjected to culture in the presence of indicaled
drugs. Culture supernatants were collected at indicated days,
and HCV core antigen was measured. Assays were done in
triplicate and indicated as mean £ SD. (b) Cells were harvested
at day 6, and Western blotting was performed using anti-core
and anti-beta-actin antibodies.

Extracts of a licorice root, Glygrrhizae radix, show anti-
inflammatory properties in chronic and acute liver
inflammation,” and are widely and extensively pre-
scribed in Japan as Strong Neominophagen C (SNMC).
A major ingredients of Glyzyrmzae radix are glycyrrhizin
and liquiritin. However, glycyrrhizin and liquiriun did
not suppress HCV replication, suggesting that the com-
mercially available SNMC will not elicit antiviral effects
against HCV. On the other hand, there have been
reports on the pharmacological acion of glycycou-
marin. Glyeycoumarin displays antibacterial properties
in the upper respiratory tract in infections such as Strep-
tococcus pyogenes, Haemophilus infuenzae and Moraxella
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catarrhalis," and methicllin-resistant  Staphylococcus
aureus,”” but the mechanisms of action is unclear.

To our knowledge, there have been no repons on the
serum concentration of glyeycoumarin and isoliquiriti-
genin in patients taking medicines or dietary sup-
plements containing Glyzyrnzae  radix. However,
therapeutic doses of 3-12 g per day of powdered root
have been suggested for pathological conditions includ-
ing chronic hepatitis, muscle cramp, acute gastritis, and
urolithiasis. Thus, further sudies are required to assess
the human exposure to these flavonoids, the pharmaco-
logical dose-dependent properties and the tissue distri-
bution and drug kinetics

Considering the current status of limited therapy
options for HCV infection and their unsatisfactory oui-
comes, large scale screening of anti-HCV malecules for
the development of novel antiviral therapies is called
for. In the present study, we have screened Chinese
herbal extracts for the ability to suppress HCV replica-
tion, and identified two extracts, isoliquiritigenin and
glycycoumarin, which specifically suppressed HCV rep-
lication. These results suggest that these agents will be a
promising for use in the stabilization of HCV replication
and active liver inflammation. In addition, further inves-
tigations of the action of these drugs on the expression,
processing or maturation of HCV proteins may elucidate
new aspects of the viral infection and replication and
may consttute novel molecular targets for anti-HCV
chemotherapeutics
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Introduction

Abstract

Background and Aim: We have reported previously that synthetic small interfering RNA
(siIRNA) and DNA-based siRNA expression vectors efficiently and specifically suppress
hepatitis C virus (HCV) replication in vitro. In this study, we investigated the effects of the
SIRNA targeting HCV-RNA in vive,

Methods: We constructed recombinant retrovirus and adenovirus expressing short hairpin
RNA (shRNA), and transfected into replicon-expressing cells in vitro and ransgenic mice
in vive.

Results: Retroviral ransduction of HuhT cells 1o express shRNA and subsequent trans-
fection of an HCV replicon into the cells showed that the cells had acquired resistance 1o
HCV replication. Infection of cells expressing the HCV replicon with an adenovirus
expressing shRNA resulted in efficient vector delivery and expression of shRNA, leading
1o suppression of the replicon in the cells by ~10°". Intravenous delivery of the adenovirus
expressing shRNA into transgenic mice that can be induced to express HCV structural
proteins by the Cre/loxP switching system resulted in specific suppression of virus protein
synthesis in the liver.

Conclusion: Taken together, our resulis support the feasibility of wtilizing gene largeting
therapy based on siRNA and/or shRNA expression 1o counteract HCV replication, which
mught prove valuable in the treatment of hepatitis C.

successful suppression of various human pathogens by RNAi have
been reported, including human immunodeficiency viruses,"”

Hepatitis C virus (HCV), which affects 170 million people world-
wide, is one of the most important pathogens causing hiver-related
morbidity and mortality.' The difficulty in eradicating HCV is
attributable to limited treatment options against the virus and their
unsatisfactory efficacies. Even with the most effective regimen
with pegylated interferon (IFN) and ribavirin in combination, the
efficacies are limited to less than half of the patients treated.
Given this situation, the development of safe and effective anti-
HCV therapies is one of our high-priority goals.

RNA interference (RNAI) is a process of sequence-specific,
post-transcriptional gene silencing that is initiated by double-
stranded RNAY Because of its potency and specificity, RNAi
rapidly has become a powerful ol for basic research 1o analyze
gene functions and for potential therapeutic applications. Recenily,
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poliovirus,” influenza virus,* severe acute respiratory syndrome
(SARS) virus” and hepatitis B virus (HBV),'* 1!

We and other researchers have reported that appropriately
designed small interfering RNA (sIRNA) targeting HCV genomic
RNA can efficiently and specifically suppress HCV replication
in vitro," We have tested siRNA designed to target the well-
conserved §-untranslated region (5-UTR) of HCV-RNA, and
identified the most effective target, just upstream of the translation
iitiation codon. Furthermore, transfection of DNA-based vectors
expressing siRNA was as effective as that of synthetic siRNA in
suppressing HCV replication.”

In this study, we explored the further possibility that efficient
delivery and expression of siRNA may be effective in suppression
and climination of HCV replication and that delivery of such
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