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Abstract

Hepatitis C virus (HCV) infection induces steatosis
and is accompanied by multiple metabolic alterations
including hyperuricemia, reversible hypocholesterolemia
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and insulin resistance. Total cholesterol, low-density
lipoprotein-cholesterol and triglyceride levels are
increased by peginterferon and ribavirin combination
therapy when a sustained virologic response (SVR) is
achieved in patients with HCV. Steatosis is significantly
more common in patients with HCV genotype 3 but
interferon-free regimens are not always effective for
treating HCV genotype 3 infections. HCV infection
increases fatty acid synthase levels, resulting in the
accumulation of fatty acids in hepatocytes. Of note,
low-density lipoprotein receptor, scavenger receptor
class B type I and Niemann-Pick C1-like 1 proteins
are candidate receptors that may be involved in HCV.
They are also required for the uptake of cholesterol
from the external environment of hepatocytes.
Among HCV-infected patients with or without human
immunodeficiency virus infection, changes in serum
lipid profiles are observed during interferon-free
treatment and after the achievement of an SVR. It is
evident that HCV affects cholesterol metabolism during
interferon-free regimens. Although higher SVR rates
were achieved with interferon-free treatment of HCV,
special attention must also be paid to unexpected
adverse events based on host metabolic changes
including hyperlipidemia.
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Core tip: Eradication of hepatitis C virus (HCV) de-
creases the rate of complications, including liver-
related and liver-unrelated death, and improves
patient quality of life. Individuals infected with HCV
have an increased risk of cardiovascular diseases and
intracerebral hemorrhage, which are both associated
with lipid metabolism. HCV infection causes abnormal
host lipid metabolism. Treatment with interferon-based
and interferon-free regimens has an impact on the
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eradication of HCV, as well as lipid abnormalities, during
treatment and after treatment. Further observations
are needed to determine the long-term effects on lipid
metabolism caused by HCV and by eradication of the
VIrus.
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INTRODUCTION

Hepatitis C virus (HCV) encodes at least 10 viral
proteins, which include structural (core, E1, E2 and p7)
and non-structural (NS2, NS3, NS4A, NS4B, NS5A and
NS5B) proteins™. HCV is a leading cause of cirrhosis
and hepatocellular carcinoma in the United States and
Japan. Eradication of HCV is important for preventing
death due to these liver diseases.

Associations of HCV with host lipoproteins have
been reported™. Hepatocytes take up low-density
lipoproteins (LDLs) and very low-density lipoproteins
through LDL receptors. Antibodies to the HCV envelope
may disrupt the HCV lipid-containing envelope®™. These
antibodies could provide an efficient mode of viral
entry into liver cells™. HCV core protein colocalizes
with apolipoprotein AII at the surface of lipid droplets,
suggesting a relationship between the expression of
HCV core protein and cellular lipid metabolism™. HCV
infection or core protein expression also increases the
expression of sterol regulatory element binding protein
1c and its target, fatty acid synthase (FASN), which
are both involved in lipid synthesis®™.

Although interferon-free regimens could result in
higher sustained virologic response (SVR) rates, Endo
et al® reported that serum cholesterol levels were
significantly increased during combination treatment
with the HCV NS5B inhibitor sofosbuvir and the HCV
NS5A inhibitor ledipasvir, compared with those during
interferon-included regimens”’. Of interest, the authors
also observed that regardless of the regimens, total
cholesterol, LDL cholesterol and high-density lipoprotein
(HDL) cholesterol levels increased post-treatment™®.

HCV AND LIPID METABOLISM

HCV increases FASN levels™, resulting in the accu-
mulation of fatty acids in hepatocytes (Figure 1).
Fatty acids are needed for cell growth, cell adhesion,
extracellular matrix formation, cell migration and cell
invasion, which are essential for cancer development.
Synthesis of cholesterol requires 3-hydroxy-3-methy-
Iglutaryl coenzyme A (HMG-CoA) reductase. Among
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Figure 1 Hepatitis C virus and fatty acid synthesis. DAAs: Direct-acting
antiviral agents; HCV: Hepatitis C virus; HMG-CoA, 3-hydroxy-3-methylglutaryl
coenzyme A.

HMG-CoA reductase inhibitors, fluvastatin is an
anti-HCV reagent that is used in combination with
interferons'®. Steatosis and abnormal lipid metabolism
caused by HCV infection may enhance lipid droplet
formation in hepatocytes® !, Lipid droplets, which
store neutral lipids, are required for the formation of
infectious HCV particlest".

ADVANCED LIVER FIBROSIS AND LIPID
METABOLISM

In most cells, the major source of new sterol is en-
dogenous synthesis from acetyl-CoA™, HMG-CoA is
formed from acetyl-CoA and acetoacetyl-CoA™. There
are at least 4 mechanisms for acquiring cholesterol:
(1) de novo synthesis within the cells and uptake of
unesterified or esterified cholesterol from the external
environment via; (2) the LDL receptor (LDLR); (3)
scavenger receptor class B type I (SR-BI); or (4)
Niemann-Pick C1-like 1 protein (NPC1L1)™, HDL
particles containing apoA-1 can be bound by SR-BI in
hepatocytes and endocrine cells™*®, Interestingly, LDLR,
SR-BI and NPC1L1 are candidate receptors that may
be involved in HCV!* ¢,

The total cholesterol pool in a human is 2.2 g/kg
body weight. There is a continuous flow of cholesterol
from the endoplasmic reticulum to the cell membrane
and then from the plasma membrane to the liver
and intestine™. In humans, the flux of cholesterol
through the whole body is approximately 10 mg/d per
kilogram body weight'”, although the half-life of plasma
cholesterol is only a few days™, The serum lipids, total
cholesterol, cholesteryl ester, LDL cholesterol and HDL
cholesterol levels were significantly lower in HCV-related
cirrhosis patients than in controls. HCV-related cirrhosis
severely impairs liver lipid metabolism™® (Figure 2). The
serum total cholesterol level is an independent predictor
of significant fibrosis™®. When evaluating serum total
cholesterol levels, liver function should also be checked
(Figure 2).
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Figure 2 Effects of hepatitis C virus infection on liver function and liver
lipid metabolism. DAAs: Direct-acting antiviral agents; HCV: Hepatitis C virus.

LIPID METABOLISM DURING TREATMENT
WITH INTERFERON-BASED REGIMENS
AGAINST HCV

Total cholesterol, LDL cholesterol and triglyceride
levels are increased by peginterferon and ribavirin
combination therapy when an SVR is achieved in
patients with HCV genotype 1), HCV eradication
is closely related to lipid metabolism in patients
treated with interferon-based regimens. Lange
et al*"! examined the serum lipid profiles of 575
European HCV genotype 1-infected patients before,
during and after treatment with peginterferon-a-
2a (180 ug/wk) and ribavirin (1000-1200 mg/d) for
48 wk. The authors found substantial pretreatment
hypocholesterolemia with a nonresponse to interferon-
o-based therapy, and lower pretreatment cholesterol
levels were an independent predictor of not attaining
an SVRPY, After treatment-induced HCV eradication,
the median cholesterol levels increased above
baseline. Kuo et a/'*? reported that chronic HCV
infection is associated with hypocholesterolemia and
hypotriglyceridemia, and these conditions can be
reversed by successful antiviral therapy.

HCV GENOTYPE 3

Serfaty et al*® reported that hypobetalipoproteinemia
is prevalent and associated with steatosis, especially
in patients infected with HCV genotype 3. It has
been reported that HCV, particularly genotype 3, is
associated with steatosis. Poynard et a/'*! reported
that an SVR, achieved with interferon-based regimens,
is associated with a reduction in steatosis in HCV
genotype 3 patients, as well as a correction of serum
cholesterol levels at baseline. Steatosis is significantly
more common in HCV genotype 3 patients than in
those with other HCV genotypes, and in patients
treated with peginterferon alpha-2a plus ribavirin, an
SVR is associated with reduction of steatosis'**’. New
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treatments using HCV NS3/4A protease inhibitors have
limited activity against HCV genotype 3%°!. HCV NS5B
and HCV NS5A inhibitors have also performed poorly
in HCV genotype 3 patientst®®.

LIPID METABOLISM DURING TREATMENT
WITH INTERFERON-FREE REGIMENS

AGAINST HCV

Endo et al'® studied 276 patients with chronic HCV
genotype 1b infection who were treated with interferon-
free regimens. Of these 276 patients, 141 were treated
with the HCV NS5A inhibitor daclatasvir plus the HCV
NS3/4A inhibitor asunaprevir for 24 wk** and 135
were treated with sofosbuvir plus ledipasvir for 12 wk'™.

In the daclatasvir plus asunaprevir-SVR group, the
total cholesterol levels were significantly increased
throughout the observation period, and the total cho-
lesterol levels were significantly increased at 4 wk
after treatment and 12 wk after treatment, compared
with those at the end of treatment (EOT)™. Serum
LDL cholesterol levels increased after the EOT. HDL
cholesterol was significantly increased throughout the
treatment period, but there were no significant changes
in serum triglyceride levels™

In the sofosbuvir plus ledipasvir-SVR group, the
total cholesterol levels were markedly increased from
the early stage of therapy and lasted until the EOT™®.
The total cholesterol levels were sharply decreased after
the EOT (P < 0.001). Changes in the LDL cholesterol
levels were quite similar to those found in the total
cholesterol levels. After the EOT, the HDL cholesterol
levels were decreased compared to those during therapy
(P < 0.001), but there were no significant changes in
triglyceride levels'™. Hashimoto et al*® also reported
that the increase in cholesterol levels during treatment
was much greater in the sofosbuvir plus ledipasvir-
SVR group than in daclatasvir plus asunaprevir-SVR
group. The authors also observed that a rapid increase
in the serum LDL cholesterol concentration during
the interferon-free treatment was associated with the
type of regimen and decrease in the HCV core protein
level. Morales et al®™ also reported that there was a
significant increase in the LDL and total cholesterol
levels after treatment, compared to the pre- and post-
treatment laboratory data from 52 patients receiving
sofosbuvir-based regimens, but there was no change
in body mass index between pre-and post-treatment.
Among HIV/HCV coinfected patients, an increase
in LDL cholesterol was observed after an SVR was
achieved with interferon-free treatment™",

CONCLUSION

HCV infection induces steatosis and is accompanied by
multiple metabolic alterations, such as hyperuricemia,
reversible hypocholesterolemia, insulin resistance,
arterial hypertension and visceral adipose tissue
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expansion®®3*, Eradication of HCV with interferon-free

regimens increases total cholesterol levels. Because of
the worsening nutritional status as an adverse event
of interferon-based regimens, it is difficult to examine
the effects of HCV on serum lipid profiles'. It is
evident that HCV affects cholesterol metabolism during
interferon-free regimens because these regimens have
no influence on the nutritional status of the host®. The
increase in cholesterol levels during treatment was
much greater in the sofosbuvir plus ledipasvir-SVR
group than in the daclatasvir plus asunaprevir-SVR
group™®®!, Although higher SVR rates were achieved
with interferon-free treatment of HCV, special attention
must also be paid to unexpected adverse events based
on host metabolic changes.
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