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Nonalcoholic fatty liver disease (NAFLD) and hepatitis C
virus (HCV)-related liver disease are common in the
general population, but their concurrence is 2- to 3-fold
higher than would be expected by chance alone. In
patients with chronic HCV infection, steatosis is attribut-
able to a variable combination of the mechanisms con-
sidered to play a role in the pathogenesis of NAFLD—
insulin resistance in the obese and in the lean subject—
along with a direct effect of HCV on hepatic lipid
metabolism that leads to triglyceride accumulation
through inhibition of export proteins that are required for
very low density lipoprotein (VLDL) assembly and secre-
tion. Accumulating evidence suggests that steatosis
contributes to the progression of fibrosis in HCV-related
disease in a pattern similar to that observed in NAFLD.
Potential mechanisms of this effect include the in-
creased sensitivity of steatotic livers to oxidative stress
and cytokine-mediated injury. Steatosis-related hepatic
insulin resistance may also play a role through the pro-
fibrogenic effects of the compensatory hyperinsulinemia
and provides a potential explanation for the association
between HCV and type 2 diabetes mellitus. Indeed, an
appreciation of the importance of fat in HCV has recently
led to trials of adjuvant therapy for HCV directed at
steatosis-associated disease mechanisms, with encour-
aging results reported for various modalities, including
weight loss and antioxidants. Future therapy should be
aimed at exploiting the interactions of HCV with host
insulin and lipid metabolism, particularly in nonre-
sponders to standard antiviral schedules.

he term “nonalcoholic steatohepatitis” (NASH) was

first coined by Ludwig et al. in 1980.' NASH is now
recognized to be part of a larger spectrum of disease
known as nonalcoholic fatty liver disease (NAFLD) that
encompasses all of the classical histologic lesions of al-
coholic liver disease (steatosis, steatohepatitis with or
without fibrosis and cirrhosis) but is observed in subjects
who deny drinking alcohol to excess.? The clinical im-

portance of NAFLD appears to have been appreciated
even before Ludwig’s seminal paper,>4 whereas its close
association with the metabolic syndrome dates back to
1992.5 Only recently, however, has this condition been
recognized to be a chronic liver disease that affects a
substantial proportion of the world’s population.®” This
seems likely to be due, in part, to an epidemic explosion
in the conditions associated with NAFLD (type 2 diabe-
tes mellitus [T2DM], obesity, and dyslipidemia) as well
as to an increased awareness of the condition.® Although
asymptomatic in most cases, NAFLD may be the pre-
cursor lesion of cryptogenic cirrhosis, hepatocellular car-
cinoma, and end-stage liver failure necessitating trans-
plantation.®—14

Similar to NAFLD, hepatitis C virus (HCV)-related
liver disease is a common and clinically significant con-
dition. HCV is an RNA virus belonging to the flaviviri-
dae family that is transmitted parenterally and is cur-
rently considered to be one of the most common chronic
viral infections worldwide. Following exposure to HCV,
chronic hepatitis develops in 60%—85% of cases, and up
to 20% may progress to cirrhosis.!> HCV is a common
cause of hepatocellular carcinoma and of end-stage liver
disease, necessitating liver transplantation.'® In contrast
to chronic hepatitis B viral infection,'” steatosis is a
common histologic feature of chronic infection with
HCV.!8 This raises 3 important questions. First, is the
presence of steatosis in chronic HCV infection a chance
association of 2 common conditions, or does HCV infec-
tion contribute to the development of steatosis? Second,
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does the steatosis observed in HCV play any role in the
progression of chronic HCV-related disease? Third, how
can this knowledge be exploited to improve current and
future treatment of HCV-related chronic liver disease?
This review aims to answer these questions by analyzing
the pathogenesis and potential consequences of steatosis
in chronic HCV infection in light of our increasing
understanding of the epidemiologic profile, risk factors,
and pathogenic and clinical features of NAFLD.

Epidemiology

Is the concurrence of HCV infection and steatosis
a chance or causal association? The precise prevalence of
NAFLD in the general population is unknown. Epide-
miologic studies using ultrasonography both from Ja-
pan'?20 and Italy?!-2? have reported that the prevalence of
“fatty liver syndromes” (fatty liver and steatohepatitis of
alcoholic and nonalcoholic etiology) in the general pop-
ulation is around 20% (reviewed in Loria et al.23). An ad
hoc analysis of the NHANES III database suggests that
the prevalence of NAFLD in the United States may be as
high as 14%-31% of men and 11%-16% of women.?
The prevalence of anti-HCV positivity in the United
States is 1.8%, corresponding to an estimated 3.9 mil-
lion people with chronic HCV infection.?* In Northern
Italy, the prevalence of HCV chronic infection increases
as a function of the age, averaging 3.2% in the general
population.?? This is markedly lower than data from
central and some areas of southern Italy, where figures
range from 8%—25%, respectively.?>-26
Although NAFLD and HCV-related liver disease are
common conditions and would therefore be expected to
coexist by chance in some patients, circumstantial evi-
dence suggests that their concurrence is greater than
predicted by chance alone. The prevalence of HCV in-
fection in Chinese patients with NAFLD is higher than
in the general population.?” Conversely, the prevalence of
steatosis in liver biopsy specimens from patients with
chronic HCV infection has been reported at around 50%,
with a range of 30%—70%.28-3° From the data on prev-
alence of NAFLD and chronic HCV infection quoted
above, it can be calculated that the frequency of a chance
concurrence of HCV and steatosis should be 0.36% of
the general population or 20% of all cases of HCV
infections. Therefore, the observed value of steatosis in
HCV-infected patients is 2.5-fold higher than would be
expected to occur by chance alone. This suggests either
that chronic HCV infection directly causes steatosis
and/or that the presence of steatosis favors the progres-
sion of HCV-related liver disease, resulting in its higher
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than expected frequency in HCV patients subjected to
liver biopsy.

Mechanisms and Factors
Associated With Steatosis in HCV

Insulin Resistance

It has recently been shown that the presence of
steatosis in some patients with chronic HCV infection is
associated with risk factors for NASH rather than with
alcohol consumption.! This finding implies that steato-
sis in the context of HCV chronic infection may repre-
sent a host-related reaction and enables us to anticipate
that conditions associated with NAFLD, principally in-
sulin resistance and its clinical correlates, including obe-
sity, diabetes, and arterial hypertension, will also be
associated with steatosis in HCV. Obesity is the best
established risk factor, both for the occurrence of
NAFLD and for its progression to fibrosis and cirrhosis
(reviewed in Loria et al.23). The association between
obesity, particularly with a central-type body fat distri-
bution,?? and steatosis is now thought to be due to the
associated insulin resistance and secondary hyperinsulin-
emia which, in turn, lead to an increased supply of free
fatty acids to the liver and to inhibition of hepatic lipid
oxidation and export.3>3> The association between obe-
sity, insulin resistance, and fibrosis in NAFLD may be
due to steatosis per se being involved in fibrogenesis, or
alternatively, to high levels of insulin and glucose stim-
ulating the release of the fibrogenic growth factor or
connective tissue growth factor (CTGF) from hepatic
stellate cells3® and/or to a fibrogenic effect of the adipose
tissue—derived hormone leptin (reviewed in Anania37). It
is perhaps not surprising, therefore, that an increased
body mass index (BMI) and T2DM have both been
associated with the development of steatosis and fibrosis
in patients with chronic HCV infection.?3-42 More re-
cent studies have shown that the steatosis in patients
with chronic HCV is strictly correlated with abdominal
fat mass,*> suggesting that, as in NAFLD, it is insulin
resistance and an increased supply of fatty acids to the
liver that is important in the pathogenesis of obesity-
related steatosis in chronic HCV infection.

A Direct Steatogenic Effect of HCV

Some of this article’s authors (L.E.A., G.R.) have
recently demonstrated that, although obesity plays a role
in the development of steatosis in patients with HCV
genotypes 1 and perhaps 2a/c, it is not essential in
patients infected with genotype 3a.*> In this latter
group,i% and in patients infected with HCV of un-
known genotype,© steatosis correlates with levels of in-
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trahepatic viral replication, suggesting that HCV exerts
a direct steatogenic effect. This is further supported by a
recent report that steatosis resolves following successful
antiviral treatment in patients with chronic hepatitis C
infected with genotype 3 but not genotype 1.47 Consis-
tent with a direct steatogenic effect of HCV, it has been
shown that the HCV core protein induces accumulation
of intracytoplasmic triglyceride-rich droplets in trans-
genic mice and transfected cells,*®4° with the effect most
prominent in (although not restricted to) cells trans-
fected with constructs derived from genotype 3 iso-
lates.>® The core protein expression alters the double
membrane structure within mitochondria and causes an
impairment of lipid oxidation, which contributes to the
development of steatosis.>® More recently, it has been
shown in the HCV core protein transgenic mouse model
of HCV-related steatosis that the HCV core protein
targets microsomal triglyceride transfer protein (MTP)
activity, thus interfering with the hepatic assembly and
secretion of apolipoprotein (apo) B-containing very low
density lipoproteins (VLDL).>2 Consistent with this
model, studies in humans have demonstrated that the
severity of steatosis in patients with chronic HCV cor-
relates with hypobetalipoproteinemia,>® mirroring the
situation in congenital abetalipoproteinemia in which
steatosis is due to mutations in the MTP gene leading to
impaired VLDL assembly.>* This is in marked contrast to
the situation in “normal” NAFLD in which hyperlipid-
emia is common®® and serum levels of triglycerides,
cholesterol, and apoB are independent predictors of an
ultrasonographic “bright liver.”?! Here, as in T2DM,
hypertriglyceridemia is the most common finding and
probably results from steatosis-associated insulin resis-
tance attenuating the down-regulating effect of hyperin-
sulinemia on hepatic apoB-100 synthesis and accordingly
VLDL secretion.>® The development and persistence of
steatosis in these patients is presumably due to hepatic
apoB synthesis remaining low relative to triglyceride
synthesis despite the presence of hepatic insulin resis-
tance.33:34.57

Steatosis and Progression of
Chronic Hepatitis C

Given that steatosis is common in chronic HCV,
what is the evidence that it plays a role in disease
progression? Similar to studies in NAFLD,>%59 indirect
evidence supporting a role for steatosis in progression of
chronic HCV has come from several studies showing that
the severity of steatosis on index biopsy or its worsening
are independent predictors of both the severity and the
progression of fibrosis in HCV-positive patients with and
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without genotype 3.40-43.60-63 Further evidence that ste-
atosis is involved in the pathogenesis of fibrosis in HCV
comes from the striking similarity between risk factors
for disease progression in chronic HCV and NAFLD.
Several studies have shown that alcohol intake, BMI,
T2DM, age, and male gender are associated with fibrosis
in HCV-related liver disease,¥0-42:64 and all of these
factors have also been associated with an increased risk of
fibrosis in patients with NAFLD.%4-%8 Alcohol intake,
BMI, T2DM, and, most recently reported, increasing
age® would all be expected to increase the severity of
steatosis as at least one potential profibrotic mechanism.
Perhaps the best evidence that steatosis plays a role in the
HCV-related fibrosis thus far comes from the recent
finding that weight reduction in chronic HCV-related
liver disease leads not only to a decrease in steatosis and
in abnormal liver enzymes but also to an improvement in
fibrosis despite persistence of the virus.”® Importantly,
steatosis may also adversely affect the response to a-
interferon therapy,’! offering an explanation for reports
that elevated serum v-GT, a common finding in steato-
sis, 72 predicts a low chance of response to interferon
therapy.”>-7¢ These observations have led to the as yet
untested, hypothesis that weight reduction may improve
the response to interferon in chronic HCV infection
through a reduction in steatosis.377

Mechanisms of Fibrosis Associated
With Steatosis in HCV

If, as seems likely, steatosis is involved in the
fibrotic progression of HCV, what are the potential
mechanisms of this effect? A recent study has reported
that steatohepatitis-type lesions, sinusoidal fibrosis, and
ballooning degeneration are present in 16% and 19% of
patients with chronic HCV, respectively, and, along with
age and the presence of T2DM, correlate with the sever-
ity of fibrosis.“? A second study has confirmed that the
pattern of fibrosis in HCV (subsinusoidal and central
vein) is similar to that observed in NAFLD.! These
reports suggest that the mechanisms of fibrosis in HCV-
associated steatosis are likely to share similarities with
those involved in NAFLD. A recent consensus has
emerged that steatosis—the first “hit"—requires a sec-
ond “hit” or insult for its progression to inflammation
and fibrosis.®’® The strongest candidates for this second
hit in NAFLD are oxidative stress leading to lipid per-
oxidation—the products of which are both proinflamma-
tory and profibrotic—and cytokines. Certainly, lipid per-
oxidation has been detected in liver biopsy specimens
from patients with chronic HCV, and its magnitude and
location correlate with the stage and site of fibrosis,
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respectively.” Further support for a role of oxidative
stress in the progression of chronic HCV has come from
a pilot study showing that antioxidant therapy with
vitamin E abrogates the fibrogenesis cascade in patients
with chronic HCV refractory to interferon therapy.5° The
oxidant stimulus for lipid peroxidation in HCV is un-
clear at present; however, as in NAFLD, increased fatty
acid oxidation by mitochondria and microsomal CYP2E1
secondary to steatosis-induced hepatic insulin resistance
seem likely to play a role in that both generate reactive
oxygen species.®'=83 However, the fact that fibrosis ap-
pears to be more common in HCV-related steatosis than
in NAFLD despite a greater amount of fat in the latter
condition suggests that the second hits are of greater
magnitude in HCV-related disease. The most obvious
candidate for the “extra” second hit in chronic HCV
infection is the antiviral inflammatory response, which
will produce a source of free radicals as well as proin-
flammatory and profibrotic cytokines. In support, the
study by Clouston et al. showed that the degree of
sinusoidal fibrosis, in addition to steatosis, correlated
with the severity of both portal and lobular inflamma-
tion,°! and steatotic livers have an increased sensitivity to
cytokine-mediated inflammation in an animal model of
NAFLD.8% More recently, it has been shown, both in
vitro and in vivo, that HCV core protein may induce
oxidative stress directly through an effect on mitochon-
drial electron transport.8> In addition to a role in fibrosis,
this induction of oxidative stress by HCV may contribute
to HCV-related hepatocarcinogenesis.®® In addition to
the direct profibrogenic effect of steatosis acting as the
“first hit,” the potential contribution of hepatic steatosis
to insulin resistance discussed below may contribute
indirectly to NAFLD and HCV-related fibrosis via hy-
perinsulinemia and hyperglycemia, increasing the ex-
pression of CTGF in the liver.3¢

Role of Steatosis in the
Association Between HCV and Type
2 Diabetes

Type 2 Diabetes Mellitus and NAFLD

Previous studies have reported that between 21%
and 55% of patients with NAFLD have either overt
T2DM or hyperglycemia.8’” More recent studies have
reported that insulin resistance is present in almost all
patients with NAFLD irrespective of the coexistence of
impaired glucose tolerance or obesity,?>-81:8%89 leading to
the suggestion that NAFLD/NASH is the liver manifes-
tation of the insulin resistance or metabolic syndrome.5®
Contrary to previous reports, these studies showed that
the hyperinsulinemia was not due to impaired hepatic
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insulin extraction but to enhanced insulin secretion com-
pensating for insulin resistance.?>#®  Accordingly,
NAFLD has been considered to be an ¢ffect of peripheral
insulin resistance because of an increased supply of fatty
acids from unopposed adipose tissue lipolysis along with
the steatogenic effects of the secondary hyperinsulin-
emia.”® However, as alluded to above, a growing body of
evidence has recently shown that the accumulation of fat
in nonadipose tissue, including muscle and liver, is as-
sociated with insulin resistance as part of the syndrome of
lipotoxicity.®! Support for this hypothesis comes from
observations in patients with lipodystrophy syndromes
that have a severe deficiency/absence of peripheral adi-
pose tissue. Possibly as a result of the limitation in
triglyceride deposition in adipose tissue storage depots
(which may divert triglycerides for accumulation in other
tissues such as the liver), along with leptin deficiency,”?
these patients develop marked hepatic steatosis, which
can be associated with NASH, and are severely insulin
resistant.”>2> This suggests that, in NAFLD, steatosis
may be a contributory cause as well as an effect of insulin
resistance and T2DM. In support, 2 studies have dem-
onstrated impaired insulin-mediated suppression of he-
patic glucose production in patients with NAFLD com-
pared with controls.81:8% A third study has reported that
hepatic steatosis is characterized by insulin resistance in
normal weight and moderately overweight subjects in-
dependent of body mass index and intra-abdominal and
overall obesity.?> The mechanism of the anti-insulin
effect of steatosis is unclear but may involve an increased
concentration of fatty acids or their metabolites that have
been postulated to activate a serine kinase cascade lead-
ing to defects in insulin signaling.®! Polyunsaturated
fatty acids, particularly those of the n-3 family, have been
shown to suppress directly the up-regulation of lipogenic
and glycolytic enzymes by insulin,®” and free fatty acids
also directly impair the ability of insulin to suppress
hepatic glucose output.?® As discussed above, once es-
tablished, hyperglycemia, along with insulin, up-regu-
lates the expression of CTGF?¢ providing a further ex-
planation for the associations between steatosis severity,
the presence of T2DM/hyperinsulinemia, and fibrosis in
NAFLD and probably in chronic HCV infection.

Type 2 Diabetes and HCV

The association between chronic HCV and T2DM
has been reported by several groups working in different
geographic areas,”~1%4 with only one study reporting a
lack of any association.'®® A large case-control study
showed that chronic HCV infection and age were the
only significant independent predictors for T2DM,!0°
and a more recent study has confirmed the association
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with age, showing that T2DM is more common in
patients with HCV over the age of 40 years.' In this
latter study, the prevalence of HCV genotype 2a was
significantly higher in HCV patients with T2DM (29%)
than in HCV patients without T2DM (3%). Interest-
ingly, genotype 2a has also been reported to be associated
with mixed cryoglobulinemia and monoclonal gam-
mopathy in patients with chronic HCV infection.'06-108
The T2DM seen in patients with chronic HCV is asso-
ciated with worsening insulin sensitivity and an im-
paired first phase insulin response'®! and is independent
of the presence of cirrhosis.'?%-102 It has, therefore, been
suggested that HCV is diabetogenic through an extra-
hepatic effect, which might be either direct, through the
HCV core protein,'®* or immune-mediated.'®” Alterna-
tively, in light of the above discussion, it would appear
logical to suggest that HCV infection causes T2DM
through the induction of hepatic steatosis and associated
hepatic insulin resistance, which, if prolonged, will lead
to the development of glucose intolerance in predisposed
individuals. In this model, the increased incidence of
T2DM with age in HCV is explained by the recently
reported age-related increase in liver and muscle lipid
content and associated insulin resistance that has been
attributed to a decline in mitochondrial oxidative and
phosphorylation function.®® In support of this hypothe-
sis, a recent study in 103 HCV patients has reported that
only 25% with T2DM had no steatosis compared with
50% without T2DM.!10 If this hypothesis were true, one
would expect that the same HCV genotype(s) that induce
steatosis would also be associated with T2DM. Patients
infected with genotype 3 have the highest prevalence of
steatosis®—4%111-113 followed by type 2a/c and type
1,43:112 whereas only genotype 2a has been associated
with T2DM.!% It is important to note, however, that
patients infected with genotype 3a are significantly
younger that those infected with genotype 2a/c,*3111113
and because the prevalence of T2DM increases with age,
this may account for the lack of association between
genotype 3a and T2DM at present.

Steatosis, HCV, and
Atherosclerosis

The observation that arterial hypertension is
highly prevalent in subjects with ultrasonographic evi-
dence of steatosis''4!15> further supports the notion that
NAFLD is part of the metabolic syndrome. More unex-
pectedly, hypertension has been shown to be an indepen-
dent predictor of advanced fibrosis in obesity-associated
NAFLD, attributed by the authors of the study to a
potential fibrogenic effect of angiotensin I1.9* Hyperten-
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sion, along with other features of the metabolic syn-
drome, insulin-resistance, and dyslipidemia (high tri-
glyceride, low HDL-cholesterol), plays a significant role
in the pathogenesis of atherosclerosis. Because steatosis
can contribute to the development of insulin resistance
and subsequent dyslipidemia, we have hypothesized that
it could trigger, worsen, or perpetuate these cardiovas-
cular risk factors and play a central role in atherogenesis
in patients with NAFLD.3457 The prevalence and signif-
icance, if any, of arterial hypertension in patients with
chronic HCV infection remain to be ascertained. How-
ever, an association between HCV infection and the risk
of atherosclerosis has recently been reported in a series of
4784 subjects from Japan. HCV seropositivity was asso-
ciated with carotid artery plaque formation and carotid
intima-media thickening, which was independent of the
classical risk factors for atherosclerosis.''® The role of
steatosis in development of atheroma in HCV seems
worthy of further study.

Therapeutic Approaches: Present
and the Future

Current Therapy for NAFLD

If it is accepted that the steatosis occurring in
association with chronic HCV infection is important in
disease progression and possibly some of the extrahepatic
manifestations, can this be used to inform treatment
strategies for this growing number of patients? Optimal
therapy for NAFLD has not been established but tradi-
tionally includes dietary intervention and correction of
comorbid risk factors.®7-13.117.118 Weight loss achieved
by a moderately restricted diet, with or without exercise
and optimal treatment of T2DM and dyslipidemia, has
been consistently shown to result in biochemical, ultra-
sonographic, and even histologic improvement in some
patients.!1?=12> No pharmacologic
NAFLD have been tested in randomized clinical trials;
however, a number of encouraging pilot studies have

treatments for

been reported with treatments directed at either oxidant
stress or insulin resistance. Thus, treatment with the
weak antioxidant ursodeoxycholic acid (UDCA) resulted
in a significant improvement in liver biochemistry but
not in hepatic histology.'?> Vitamin E (a-tocopherol)
normalized liver biochemistry in children with NASH!?7
and improved biochemistry and histology in adults, and
betaine, another antioxidant agent, also leads to a signif-
icant improvement in serum aminotransferase levels and
histology in 10 adults with NASH.!'?® Metformin and
the thiazolidinediones troglitazone and rosiglitazone that
improve insulin sensitivity, therefore reducing hyperin-
sulinemia, have been successfully used in NASH in 3
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human pilot studies and a mouse model of NAFLD.129-152
Phlebotomy to near iron depletion has also recently been
reported to normalize aminotransferase and plasma glu-
cose levels in NAFLD patients with impaired glucose
tolerance.!33 Whether this reflects a beneficial effect on
insulin clearance,'34 hepatic insulin sensitivity,!?> or an
antioxidant effect is unclear at present.

Therapy for HCV-Related Liver Disease
Directed at Steatosis

Treatment for patients with chronic hepatitis C is
currently based on antiviral therapy with a combination
of interferon and ribavirin. Unfortunately, this leads to a
sustained clearance of virus in only 30%—60% of pa-
tients,'3%137 indicating a need for alternative or adjuvant
therapy. Evidence that steatosis may be involved in the
progression of chronic HCV and may impair the response
to interferon” has recently led several investigators to
explore adjuvant therapy for HCV that is directed either
at steatosis—the first “hit"—or at oxidative stress—an
important second “hit” in the progression of NAFLD.
Moreover, the beneficial effects of some other adjuvant
treatments may be explained by their effects on steatosis-
related mechanisms. Considering the first hit, a recent
pilot study has shown that weight loss in patients with
chronic HCV is associated with a reduction in steatosis
and an improvement in liver biochemistry and fibrosis in
the absence of any antiviral effects.”® If confirmed by
further studies, this would suggest that weight reduction
and/or other lifestyle/pharmacologic therapies aimed at
improving insulin sensitivity should be important adju-
vant treatment strategies for patients with chronic HCV.
This appears to be the case for nonsteroidal antiinflam-
matory drugs, which have also been used as adjuvant
therapy in chronic HCV on the basis of their ability to
enhance the activity of interferon, with a pilot study
reporting that some interferon nonresponders can benefit
from a combination of interferon and ketoprofen.'?® Re-
cent evidence that nonsteroidal antiinflammatory drugs
ameliorate insulin resistance by inhibiting IkB kinase
[3139.140 suggests that their beneficial effect may also be
due to an improvement in peripheral and hepatic insulin
resistance in HCV patients with steatosis.

With respect to the second hit (oxidative stress), sev-
eral studies have demonstrated that UDCA, alone or in
combination with interferon, may reduce disease severity
in patients with chronic HCV,41.142 and 2 pilot studies
have reported beneficial effects of vitamin E either as
monotherapy®® or as an adjuvant to interferon therapy.'43
As in NAFLD, the reported beneficial effect of iron
depletion in chronic HCV, either by menstruation'44 or
by phlebotomy,'45-15° may also be due to improved
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hepatic insulin sensitivity and lowered insulin levels,!>!
in addition to any antioxidant effect or a direct effect on
viral replication.’>?1%3 In support of a role for iron in the
progression of HCV-related liver disease are 2 recent
studies that have used multivariate regression analysis to
control for confounding factors and have reported that
both hemochromatosis-associated HFE gene mutations
are associated with iron loading and advanced fibrosis in
HCV-infected individuals.!>%155 This contrasts with the
situation in NAFLD in which there is, as yet, no con-
vincing and reproducible evidence that hepatic iron ex-
cess or the presence of HFE gene mutations are associated
with disease severity.!>>157 On the basis of the current
data, we suggest that there is now sufficient evidence to
justify pilot studies of established'?-132 and novel!>®
insulin-sensitizing drugs in patients with HCV infection
and steatosis, particularly in nonresponders to standard
antiviral therapy.

Therapy for HCV and Host Lipid Metabolism

In addition to its effects on hepatic lipid metab-
olism that contribute directly to the development of
steatosis,#8:52:159 other interactions between HCV and
host lipid metabolism have important implications both
for the treatment of any associated hyperlipidemia and
potentially for the treatment of HCV per se. HCV core
protein is localized around cytoplasmic lipid droplets in
vitro in HCV core expressing cells and binds to apoli-
poprotein A2 (apoA2).52-160 The HCV nonstructural pro-
tein NS5A colocalizes with core protein on these lipid
droplets in hepatocyte cell lines and associates with
apoAl as well as with apoA2.1¢! The biologic signifi-
cance of these interactions between structural and non-
structural HCV proteins and apoA proteins, the major
protein components of high-density lipoprotein (HDL)
particles, is presently unknown, although some evidence
suggests that the interaction may favor the secretion of
viral proteins from the cell.'®° In addition to these HCV-
lipid interactions within the hepatocyte, HCV circulates
in association with B-lipoproteins (low-density lipopro-
tein {LDL} and VLDL) in the sera of infected patients.!¢?
This led Monazahian et al. to propose a model whereby
HCV infects hepatocytes via the LDL receptor.'®> This
model anticipates that an increase in serum B-lipopro-
teins would interfere with the rate of HCV infection of
liver cells, resulting in decreased HCV replication in the
liver and, accordingly, decreased HCV antigen in the
sera. In support, Andre et al.1%4 reported that HCV RNA
circulates in large spherical particles (100 nm) contain-
ing triglycerides, apoB, and core protein. These particles
bind to and enter hepatocyte cell lines in a competitive
way with VLDL and LDL. Anti-apoB antibodies de-
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crease, and LDL receptor up-regulation increases, their
internalization into cells. This model provides a potential
teleological explanation for the inhibition of MTP by
HCV. The inhibition of VLDL secretion by hepatocytes
and the resulting lowered serum concentration of VLDL
and LDL will favor the entry of HCV into hepatocytes by
reducing competition for the LDL receptor. Steatosis can
therefore be viewed as an epiphenomenon of this prosur-
vival effect of HCV. In view of the inhibitory effect of
HCV on MTP activity and VLDL secretion,>?>3 hyper-
lipidemia is uncommon in patients with chronic HCV.
Nevertheless, this model has potential implications for
the use of lipid-lowering drugs in these patients. Treat-
ment of hypercholesterolemia with statins, which in-
crease the expression of LDL receptors,'®> might facilitate
the entry of HCV into hepatocytes and exacerbate
chronic HCV infection, whereas treatment of hypertri-
glyceridemia with fibrates, which induce the expression
of apoA2 in hepatocyte cell lines,'®® may modulate the
secretion of HCV core protein.'®" Of greater interest,
however, is the potential of using the interaction be-
tween HCV and host lipid metabolism to reduce hepatic
HCV replication. For example, lifestyle changes or drug
treatments that induce a decrease in the number of LDL
receptors will theoretically decrease HCV entry into
hepatocytes and subsequent replication.

Summary

Steatosis is common in patients with chronic
HCYV infection because of a combination of the usual risk
factors for NAFLD and to a direct steatogenic effect of
some genotypes of the virus. The capacity of HCV to
induce steatosis directly through interference with lipid
metabolism may teleologically represent a mechanism
favoring the entry of HCV into hepatocytes with a
subsequent increase in viral replication. A growing body
of evidence supports the view that steatosis plays a role in
the progression of HCV to fibrosis providing the sub-
strate or “first hit” for HCV-related oxidative stress and
cytokine release—the “second hits”—to induce necroin-
flammation, apoptosis, and fibrosis. Steatosis may also be
involved in some of the extrahepatic manifestations of
HCV, including type 2 diabetes and atherosclerosis.

Future Research Needs

Although a considerable body of work has been
performed on the mechanisms and significance of steato-
sis occurring in patients with chronic HCV infection, a
number of outstanding questions remain unanswered
that clearly warrant further study. First, with respect to
mechanisms of steatosis, more direct evidence of a role
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for insulin resistance in the pathogenesis of HCV-related
steatosis should be sought by correlating steatosis sever-
ity with measures of hepatic, muscle, and adipose tissue
insulin sensitivity, derived from formal clamp studies
combined with isotopic tracer studies.®! It will be im-
portant to determine whether any associations observed
between tissue-specific insulin sensitivity and steatosis
differ according to viral genotype. With respect to the
direct steatogenic effect of HCV, more studies on trans-
fected cells and transgenic mice using genotype-specific
constructs are required to increase our understanding of
the mechanistic basis for the apparent between-genotype
differences in steatogenic potential. Second, with respect
to mechanisms of fibrosis, the recently reported associa-
tion between a “low activity” promoter polymorphism in
the MTP gene and steatosis and fibrosis severity in
NAFLD!67:168 provides an excellent opportunity to look
for genetic evidence of a link between steatosis and
fibrosis in HCV. Whether the profibrogenic effect of
steatosis is via sensitizing the liver to the putative second
“hits” or by contributing to insulin resistance will be
difficult to determine; however, indirect evidence that
the latter mechanism plays a role should be sought by
looking for a correlation between fibrosis severity in
HCV and fasting levels of insulin and glucose as has been
reported in both NAFLD®8 and alcoholic liver disease.!®®
The apparent ability of HCV genotype 3a to induce
steatosis in lean patients®® provides an opportunity to
test the hypothesis that steatosis per se is capable of
inducing insulin resistance in the absence of concomitant
obesity and thereby provides more direct evidence of a
role for steatosis in the pathogenesis of HCV and non-
HCV-related type 2 diabetes. If this can be confirmed,
then studies examining the frequency of other features of
the metabolic syndrome in patients with HCV appear
warranted, as do studies assessing the prevalence of isch-
emic vascular disease and its association with steatosis.
Finally, with respect to treatment of HCV, there now
appears to be sufficient scientific rationale, along with
some encouraging pilot data, to justify formal random-
ized controlled trials of pharmacologic and nonpharma-
cological therapies directed at steatosis and associated
insulin resistance in patients who are nonresponders to
antiviral therapy. In addition, the development of anti-
viral therapies based on exploiting the interaction be-
tween HCV and host lipid metabolism appears to be a
particularly fertile area for future research efforts.
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