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™ | CH 23 / 33 NHA 98 <3.7 LGE/ml (71M))|643 (27M)
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Ko |[RHA RH  [RER RHA 64 RHA 85 (57M)
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MH EiTh (CH 122 / 232 8.7 LGE/ml 54 NHE EEl L
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HI 5 s (CH 388 / 593 |38, 348 CPM 21 < 2.6 LGE/ml(8M) |BF4L
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HA  {EfTA |F ¥V 35/ 34 8.6 LGE/ml 15 4.2 LGE/ml RELL
7
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3TC+AdefovirIAR B oore
%T&B&{ﬁ HBsAg 0.29% 0.37%
> HB ;‘j}’:[}%ﬁ HB preSi 0.84% 0.32%
TK HIVIETE HBV-DNA 30 (PCR) | Tao
3TCARAR 1B core 0.85% 0.24%
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i3, & NATIRAAG B SR OBk IZ R LT,
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DIVIEE R EZ -7 AIDS BE ) fERE' & NP2 M’ & B, TS O
b HIV 248U . Z Ok CD4 JERTFIC %, CXCR4 7> CCRS DWW NnERE L
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Abstract

Although hepatitis C virus (HCV) targets the liver, it has
become increasingly evident that HCV can induce dis-
eases of many organs. Recently, much attention is drawn
to metabolic disorders in HCV infection. First, hepatic
steatosis and derangement in lipid metabolism have
been found characteristic of HCV infection, and later on,
a correlation was noted between HCV infection and dia-
betes as well as insulin resistance. We have demonstrat-
edthat HCV by itselfcaninduceinsulin resistancethrough
disturbing the insulin signaling pathway by HCV pro-
teins. The fact that HCV infection induces insulin resis-
tance by the virus itself may influence the progression
of chronic liver disease and open up novel therapeutic
approaches. In conclusion, towards the future, HCV in-
fection needs to be viewed not only as a liver disease but
also as a metabolic disease.

- Copyright © 2006 S. Karger AG, Basel

Introduction
Hepatitis C virus (HCV) infects approximately 1.8

million people in Japan alone and as many as 200 million
over the world and induces liver disease ranging from

chronic hepatitis through cirrhosis to hepatocellular car-
cinoma (HCC) [1, 2]. It has been noticed soon after the
discovery that the infection with HCV does not exclu-
sively involve the liver. In fact, type II cryoglobulinemia
[3] and membranoproliferative glomerulonephritis [4]
frequently occur in patients infected with HCV. Further-

. more, strong associations of HCV infection with Sjogren’s

syndrome [S5] and lichen planus [6] have been noted,

-which is verified in the animal model [7]. In addition, the

relation between HCV infection and B cell lymphoma has
attracted attention especially in Europe [8].

Recently, there have been increasing lines of evidence
to indicate metabolic disturbances in HCV infection
which, in turn, would influence the pathogenesis of chron-
ic hepatitis C. The discovery of HCV in 1989 [9] enabled
a comparison between chronic hepatitis C and other
chronic liver diseases. As shown in the results, it has been
repeatedly reported that steatosis is significantly associ-
ated with chronic hepatitis C [10, 11]. Steatosis in HCV
infection is reproduced in animal models [12-14] to re-
inforce a pathologic role of HCV. Furthermore, patients
infected with HCV have abnormalities in serum lipids,
such as hypocholesterolemia and abnormal levels of apo-
lipoproteins in serum [15, 16]; they are rectified in sus-
tained virological responders to interferon (IFN) [16].
Thus, the association between HCV infection and a de-
rangement in lipid metabolism has become increasingly
strong, both in patients and experimental systems in ani-
mals. Finally, patients with chronic hepatitis C accompa-
nied by severe steatosis develop hepatic fibrosis with an

KARG E R © 2006 S. Karger AG, Basel
0300-5526/06/0492-0051$23.50/0
Fax +41 61 306 12 34
E-Mail karger@karger.ch

www . karger.com

Accessible online at:
www . karger.com/int

Kazuhiko Koike, MD

Department of Infectious Discases, Internal Medicine
Graduate School of Medicine. University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655 (Japan)
Fax +81 3 5800 8799, E-Mail kkoike-tky@umin.ac.jp



increased velocity [17]. All in all, we could say that ab-
normal lipid metabolism in HCV infection is deeply in-
volved in the pathogenesis of hepatitis C.

HCV infection and Diabetes

Diabetes is suggested as another metabolic disease in
association with HCV infection. In 1994, Allison et al.
[18] reported an epidemiological link between diabetes
and HCV infection. However, doubts were cast on the
association in view of a decreased glucose tolerance in
advanced chronic hepatitis as well as an increased oppor-
tunity for HCV infection in diabetics who frequently re-
ceive determination of blood sugar. Several reports from
the same group and others followed along this line. The
trend to accept the solid association between diabetes and
HCYV infection seems to have been triggered in the Unit-
ed States by the population study by Metha et al. [19].

However, the association between diabetes and HCV
infection is blemished by factors responsible for decreased
glucose tolerance, such as advanced cirrhosis, obesity and
ageing common in patients with hepatitis C; they make
it difficult to prove this association. Hence, there is aneed
to evaluate the association by basic studies in experimen-
tal systems.

HCV infection Induces Insulin Resistance

We set out to demonstrate the association between
HCV infection and diabetes using the animal model.
Mice transgenic for the HCV core gene were employed to
this end [12, 13]. These mice are engineered to have the
HCV core gene of genotype 1b in the absence of other
viral genes. They express HCV core protein of the ex-
pected size in the liver, in levels comparable with those
of patients with chronic hepatitis C (fig. 1). Half of them
develop HCC later during their lives [13]. These trans-
genic mice were fed with their normal littermates, and the
glucose metabolism was compared between them {20].

Although mice transgenic for the core gene did not de-
velop overt diabetes, they had markedly elevated serum
levels of insulin. Plasma glucose levels were somewhat
higher in transgenic mice than in their normal littermates,
both in the fast and after ample feeding, with no signifi-
cant differences between them. In remarkable contrast,
serum insulin levels were significantly higher in trans-
genic than in normal mice in both conditions (fig. 2).
Since such a combination of normal glucose levels and
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Fig. 1. Expression of HCV core gene in transgenic mouse. It carrics
the core gene of HCV genotype 1b alone and expresses the corc
protein of expected size in the liver, at levels similar to those in hu-
man patients. Mice eventually develop HCC later in their lives.

hyperinsulinemia points to insulin resistance, glucose
and insulin tolerance tests were conducted.

Mice transgenic for the HCV core gene exhibited giu-
cose levels a little higher than those in normal littermates,
without any significant differences between them. In in-
sulin tolerance tests, glucose levels were significantly
higher in transgenic than in normal mice, both 40 and 60
min after they were injected with insulin intraperitone-
ally (fig. 3). These results indicate suppression of the ac-
tivity of insulin to decrease blood glucose levels for induc-
ing insulin resistance in core-transgenic mice. Since only
the HCV core gene had been incorporated into these
transgenic mice, HCV core protein was able to induce
insulin resistance in vivo.
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Fig. 2. Altered homeostasis of glucose in mice transgenic for the HCV core gene. Body weight of 2-month-old
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shown. Values represent means + SE. NS = Not significant statistically; nTg = nontransgenic mice; Tg = trans-
genic mice.

Glucose tolerance test Insulin tolerance test
400 120
b
- 100
% 300 ~+ s
E o 804
o
2 8
8 200 ~ 2 60+ p<0.05
o g 0 p<0.05 Tg
£ @ -
@ 100 - o
= nT
o 20 g
0 T T T T T 0 T T T T
0 30 60 90 120 0 20 40 60
Time {min) Time {min)

Fig. 3. Insulin resistance in transgenic mice. Glucose tolerance in mice after overnight fasting (a). D-Glucose
(1 g/kg body weight) was given intraperitoncally to conscious mice, and plasma glucose levels were determined at
time points indicated. b Insulin tolerance in mice fasted overnight. Human insulin (1 U/kg body weight) was in-
jected intraperitoneally, and glucose concentrations were determined sequentially. Values were normalized to the
bascline glucose concentration at the time of insulin administration. NS = Not significant statisticaily; nTg = non-

transgenic mice; Tg = transgenic mice.

By what mechanism does insulin resistance arise in
this animal model? The insulin resistance is considered
to involve two factors, namely central and peripheral in-
sulin resistances (table 1) [21]. The hyperinsulinemic-eu-
glycemic clamp method was employed to differentiate
between them. In this method, hepatic glucose produc-
tion (HGP) is calculated on the basis of amounts of glu-

Insulin Resistance in HCV Infection

cose required to keep plasma glucose levels within a cer-
tain range at serum insulin levels higher than physiologi-
cal ones. In normal control mice, HPG was suppressed
by 60% by the administration of insulin, in contrast to
core-transgenic mice in which there was no appreciable
suppression of HGP by insulin (fig. 4). These results in-
dicate a hepatic (central) origin of the insulin resistance

Intervirology 2006;49:51-57 53





