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Abstract

Hepatitis C virus (HCV) is a successful pathogen on the
grounds that it exploits its host’s metabolism to build
up viral particles; moreover it favours its own survival
by inducing chronic disease and the development of
specific anatomic changes in the infected organ. Ste-
atosis, therefore, is associated with HCV infection by
necessity rather than by chance alone. Approximately
6% of HCV patients have steatohepatitis. Interestingly,
HCV steatosis occurs in the setting of multiple meta-
bolic abnormalities (hyperuricemia, reversible hypocho-
lesterolemia, insulin resistance, arterial hypertension
and expansion of visceral adipose tissue) collectively
referred to as “hepatitis C-associated dysmetabolic
syndrome” (HCADS). General, nonalcoholic fatty liver
disease (NAFLD)-like, mechanisms of steatogenesis
(including increased availability of lipogenic substrates
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and de novo lipogenesis; decreased oxidation of fatty
substrates and export of fatty substrates) are shared
by all HCV genotypes. However, genotype 3 seemingly
amplifies such steatogenic molecular mechanisms re-
ported to occur in NAFLD via more profound changes
in microsomal triglyceride transfer protein; peroxisome
proliferator-activated receptor alpha; sterol regulatory
element-binding proteins and phosphatase and tensin
homologue. HCV steatosis has a remarkable clinical
impact in as much as it is an acknowledged risk factor
for accelerated fibrogenesis; for impaired treatment
response to interferon and ribavirin; and development
of hepatocellular carcinoma. Recent data, moreover,
suggest that HCV-steatosis contributes to premature
atherogenesis via both direct and indirect mechanisms.
In conclusion, HCV steatosis fulfills all expected re-
quirements necessary to perpetuate the HCV life cycle.
A better understanding of the physiology of HCADS will
likely result in a more successful handling of disease
with improved antiviral success rates.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis C virus (HCV) steatosis occurs in the
setting of multiple abnormalities collectively referred
to as “hepatitis C-associated dysmetabolic syndrome”.
General, nonalcoholic fatty liver disease-like, mecha-
nisms of steatogenesis are shared by all HCV geno-
types. However, genotype 3 seemingly amplifies such
steatogenic molecular mechanisms. HCV steatosis has a
remarkable clinical impact in accelerating fibrogenesis;
impairing treatment response to interferons and riba-
virin; and favouring the development of hepatocellular
carcinoma and atherosclerosis. In conclusion, steatosis
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fulfills all expected requirements necessary to perpetu-
ate the HCV life cycle and is associated with HCV infec-
tion by necessity rather than by chance.

Lonardo A, Adinolfi LE, Restivo L, Ballestri S, Romagnoli
D, Baldelli E, Nascimbeni F, Loria P. Pathogenesis and sig-
nificance of hepatitis C virus steatosis: An update on survival
strategy of a successful pathogen. World J Gastroenterol 2014;
20(23): 7089-7103 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i23/7089.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.123.7089

BACKGROUND

Steatosis was reported to occur in acute and chronic
‘non-A, non-B hepatitis” several years before hepatitis C
virus (HCV) testing was available!™” suggesting a direct
steatogenic role of HCV. Over time, a large body of evi-
dence has exhaustively demonstrated HCV to be strongly
associated with both metabolic derangements and steatosis.

The biological significance of such metabolic de-
rangements and histological changes is unknown. How-
ever, it is intriguing to speculate that they occur as a
result of an evolutionary strategy developed by HCV to
ensure its survival. Indeed, in order to be successful in
its struggle for life, a pathogen virus may be expected to:
(1) exploit its host’s metabolic pathways to build up viral
particles; (2) favour its own survival by inducing chronic
disease as opposed to self-limiting infection; and (3) in-
duce the development of specific anatomic changes in
the infected organ more often than by chance.

The aim of this article is to review the evidence that
steatosis associated with HCV infection fulfills each and
all the above theoretical requirements for HCV to be a
successful pathogen. The existence of such a survival
strategy suggests that steatosis is associated with HCV
infection by necessity rather than by chance.

STEATOSIS OCCURS IN THE SETTING OF
MULTIPLE METABOLIC ABNORMALITIES

Steatosis is a common finding in many hepatic and extra-

hepatic disorders notably including visceral obesity, a
component of metabolic syndrome (MS). Over time, the
initial theory that steatosis represents the hepatic mani-
festation of MS has evolved into the paradigm that non-
alcoholic fatty liver disease (NAFLD) is an essential
requirement for the development of the MSPLMS is a
cluster of cardio-metabolic risk factors which, triggered
by the expansion of adipose tissue, tend to self aggregate
and to self perpetuatem.

The prevalence of steatosis, in patients with chronic
hepatitis C, is higher than expected by simple chance asso-
ciation™. When our group first suggested that HCV-relat-
ed steatosis should probably be interpreted as an equiva-
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lent of NAFLD"!, the extent of such a similarity remained
poortly defined. Since then, increasing evidence has been
reinforcing the view that steatosis is only one of the many
analogies linking these two conditions. In particular, HCV
infection is associated with multiple metabolic derange-
ments which, collectively, are referred to as hepatitis C
associated dysmetabolic syndrome (HCADS)"". Figure 1
illustrates our present understanding of HCADS (modi-
fied fromm). Some of such metabolic derangements, e.g.,
insulin resistance (IR) and hypocholesterolemia had been
catlier identified"", others (¢g, hyperuricemia and altered
body fat distribution) have been recognized more recently.

Viral (including genotype, HCV RNA load and gene
mutations) and host features [such as body mass index
(BMI), type 2 diabetes (T2D) and alcohol consumption]
affect the risk of steatosis”"". Little is known about the
impact of HCADS on HCV life cycle. However, it is
increasingly being recognized that the individual compo-
nents of the HCADS tend to facilitate HCV survival, as
discussed below.

Insulin resistance

In the transgenic mouse model HCV core protein in-
duces TR which predates the development of steatosis'
The specific cellular and molecular bases of IR associated
with HCV infection have been extensively reviewed else-
where!” ", Given that HCV infected patients are at great-
er risk of developing IR, it is not surprising that HCV
should be considered a diabetogenic virus in predisposed
individuals"”. Tn their meta-analytic review, White ez a/'”
reported that the presence of HCV infection significantly
increased the risk of T2D compared to both HCV-
negative [odds ratio (OR) 1.68 and 1.67 in retrospective
and prospective studies, respectively| and HBV-infected
controls (OR 1.80). Such findings indicate that HCV in-
fection per se, irrespective of chronic liver disease, directly
increases T2D risk. Further evidence for such a diabeto-
genic action of HCV comes from the finding that human
immunodeficiency virus (HIV)-HCV co-infected patients
showed a higher risk of T2D when compared with HIV
mono-infection (OR 1.82)[18], a condition which is often
associated with hepatic steatosis and other metabolic de-
rangementsm. Similar results were obtained by our group
by evaluating IR in different groups of mono- and co-
infected patients (HIV, HCV, and HIV-HCV) with virus-
associated steatosis, compared to NAFLD cases. We
found that IR was predicted by HCV infection, a finding
representing direct evidence for HCV infection per se to
be associated with increased TR™.

On these grounds, it is plausible to hypothesize that
successful HCV eradication should be associated with the
prevention of T2D. Although studies on this topic have
yielded conflicting results (reviewed in"'™), recent research
on a large cohort of HCV patients showed that sustained
virological response (SVR) to treatment with interferon
based regimen prevents the development of IR, whereas
treatment failure was an independent risk factor for the de
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Figure 1 The hepatitis C virus-associated dysmetabolic syndrome (modified from ref™). HCV: Hepatitis C virus.

novo development of TR®!.

Taken collectively, these findings support the view
that HCV is a strong risk factor for IR, as well as T2D in
predisposed individuals. Accordingly, HCV eradication
may potentially reverse IR thus helping to prevent the de-
velopment of T2D in these patients.

Hypocholesterolemia and arterial hypertension

In a previous study from our group, both cirrhotic and
chronic hepatitis C patients showed lower serum levels of
cholesterol than those observed in both healthy controls
and NAFLD individuals”. Of interest, normalization of
serum cholesterol levels occurs following achievement of
SVR* suggesting that HCV itself reversibly perturbs the
cholesterol biosynthetic pathway.

Recent research has promoted our understanding of
the fine molecular mechanisms eventually leading to the
development of hypocholesterolemia in the setting of
HCYV infection. Lipids play a key role on virion structure,
target membrane, cell receptor recognition, viral mem-
brane fusion, viral replication, assembly and egress®”
Research has particularly focused on the key steps of
HCV entry into and egress from infected hepatocytes™ "
which represent potential targets for antiviral strategies.
HCV-associated hypocholesterolemia results from the in-
hibition of apolipoprotein B100 secretion and, selectively,

Baishidenge ~ WJG | www.wjgnet.com

25,26]

by the perturbed distal cholesterol synthesis pathway

Altered body fat distribution

Contrary to common belief, HCV infects and replicates
not only in hepatocytes but in many extra-hepatic sites
(reviewed in®™). Nevertheless, evidence for adipocyte
infection by HCV is still lacking, although clinical data
seem to suggest an interaction between HCV and adipose
tissue. Evidence for such an interaction comes from two
recent studies”™”.,

Mostafa e a/”® showed that mesenteric fat was sig-
nificantly thicker in HCV-infected patients than in those
never infected. Although, these authors did not provide
direct evidence for mesentetic fat colonization by HCV,
these findings seem to suggest a possible interaction of
HCV with mesenteric fat. A possible interaction of HCV
with visceral adipose tissue is also suggested by the data
published by Zampino e a/*”. These Authors reported
that, in chronic hepatitis C patients, an increased amount
of abdominal fat is associated with patatin-like phospho-
lipase domain-containing 3 gene (PNPL.A43) p.1148M and
with hepatic steatosis).

Although the full pathogenic scenario is far from be-
ing elucidated, the above pioneer studies™” envisage the
possibility of an interaction of HCV with visceral fat ac-
cumulation and host genetics.
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Figure 2 General steatogenic pathways associated with hepatitis C virus infection (reprinted from ref™). HCV: Hepatitis C virus.

Hyperuricemia

This recent line of tresearch has been successfully con-
ducted exploiting in depth the concept that HCV infec-
tion closely recapitulates naturally occurring MS in hu-
mans. Petta ¢z o/, showed that hyperuricemia, defined as
serum uric acid either > 7 mg/dL or > 6 mg/dL in men
and woman, respectively, was present in 7.5% of 496
consecutive patients with biopsy-proven chronic hepatitis
C. Not surprisingly, such a metabolic feature tended to
cluster with low HDL cholesterol, high blood pressure,
estimated glomerular filtration rate and severity of steato-
sis. Moreover, hyperuricemia was among the independent
predictors of steatosis severity.

Younossi ez a/’"! in their United States population
study reported that at multivariate analysis HCV-RNA
positivity (found in in 173 individuals out of 19741 eli-
gible participants) was independently associated with
the presence of arterial hypertension (further to IR and
T2D).

The findings in HCADS of hyperuricemia and arte-
rial hypertension are closely reminiscent of those occur-
ring in NAFLD"*,

MOLECULAR MECHANISMS

General mechanisms

Based on the analogy of HCV-steatosis with NAFLD
paradigm, it may be anticipated that HCV-related steato-
genesis occurs via the following four steps, illustrated in
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Figure 2" increased availability of lipogenic substrates;
increased de novo lipogenesis; decreased oxidation of fatty
substrates and decreased export of fatty substrates from
the hepatocyte into the blood stream.

Increased availability of lipogenic substrates: The
state of IR which is a typical feature of HCV infec-
tion!"*"** represents the biological background providing
the hepatocyte with abundance of lipogenic substrates
(such as glucose and non-esterified fatty acids) and hot-
mones (hyperinsulinemia).

Increased de novo lipogenesis: It is well demon-
strated that elevated fasting lipogenesis occurs in HCV
in humans® as a result of up-regulated genes mediating
fatty acid de novo synthesis and uptake”™. Coupled with
impaired cholesterol synthesis, therefore, HCV has been
reported to induce a paradoxical state in which, while
cholesterol synthetic pathways are up-regulated, synthesis
of the end product cholesterol is actually impaired as a
result of diversion of the intermediate geranylpyropho-
spate, which is necessary to HCV life cycle™*",

Decreased oxidation of fatty substrates: The seminal
study by Okuda e a/*” provided the first evidence for
perturbed mitochondrial function as a direct result of
HCV core protein. These Authors found that expres-
sion of HCV core protein uniformly increased ROS in 3
different cell lines and also increased lipid peroxidation
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products in 2 out of the 3 in vitro systems. Interestingly,
inhibition of mitochondrial electron transport prevented
such an oxidative stress induced by core proteinm]. These
findings were confirmed in HCV transgenic mice indicat-
ing that oxidative injury occurs as a direct result of HCV
core protein expression both 7 vitro and in vivo™ .

Evidence for disruption of fatty acids metabolism in
patients with chronic HCV infection has been reported
by an elegant metabolomic profile analysis study by Roe
et al*" Moreover, Sato et al*” reported that the rate of
change in total ketone body concentration between 12
and 15 h after the start of fasting (an indirect index of
decreased oxidation of fatty substrates) was significantly
lower in chronic hepatitis C patients than in healthy vol-
unteers and such a reduction was associated with increas-
ing viral load and IR.

Decreased export of fatty substrates from the hepa-
tocyte into the bloodstream: Using the HCV subge-
nomic replicon expression system, Domitrovich ef al™
have demonstrated that interaction with the nonstructural
protein 5A and apoB 100 results in the inhibition of apo-
lipoprotein B100 secretion.

In conclusion, in order to induce steatogenic path-
ways, HCV infection affects each and all the four chief
classical steps involved in NAFLD steatogenesis[9’43].

HCV genotype diversity

This topic has recently been analyzed in depth by Roinge-
ard et al*. Data suggest that, with the notable exception
of phosphatase and tensin homologue (PTEN) down-
regulation, rather than having specific “steatogenic strate-
gies”, HCV genotype 3 seemingly amplifies steatogenic
mechanisms reported to occur in NAFLD™, Specific
differences in the core protein aminoacid sequence have
been reported to account for the more elevated steato-
genic activity featured by HCV genotype 31 Moreover,
alcohol abuse might be another, spurious, mechanism
accounting for the finding that HCV genotype 3 is more
frequently associated with steatosis and that such steatosis
is more severe"", HCV genotype 3, indeed, tends to be
more common among intravenous drug addicts, a popu-
lation typically featuring high alcohol consumptionmm].
Finally, the theoretical possibility that genotype 3 HCV
infection might exert a more pronounced steatogenic ac-
tivity sia more increased IR remains controversial**,

Microsomal triglyceride transfer protein

Microsomal triglyceride transfer protein (MTP) is effec-
tive in stabilizing apoB lipidation, a key step in the assem-
bly of VLDL particles and thus in the export capacity of
triglycerides from the hepatocyte into the bloodstream"™”.
Core and nonstructural HCV proteins promote steato-
sis by impairing MTP activit5r125’5”. Such a pathogenic
mechanism accounts for the acknowledged finding that
both hypo-lipidemia and steatosis are reversed by HCV
eradication """, Interestingly, compared to those infected
with other HCV genotypes, patients with genotype 3
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HCYV infection have been reported to exhibit significantly
reduced MTP activity™. Although not a definite evidence
for a HCV genotype 3 direct inhibition of MTP, these
data may circumstantially suggest such an effect™, so ac-
counting for the elective steatogenic potential of HCV
genotype 3 even in the absence of worsened IR.

PPAR-alpha

In liver cells, the highly expressed nuclear receptor
PPAR-alpha promotes oxidation of fatty acids by stimu-
lating their entry into mitochondria, where they undergo
oxidation. Lipid-lowering fibrates, are ligands of PPAR-
alpham

Conversely, decreased PPAR-alpha activity will result
in increased fatty deposition mediated by impaired fatty
acid uptake and decreased mitochondrial oxidation of
lipidic substrates'™!.

Interestingly, genotype 3 HCV displays PPAR-alpha
mRNAs lower than those observed in patients with
genotype 1 HCV infection™ suggesting this to be one
more pathogenic mechanism accounting specifically for
genotype-3 steatogenesis[m. Indirectly confirming that
steatosis represents a selective advantage for HCV sur-
vival, a pilot study has suggested the potential usefulness
of PPAR-alpha agonist bezafibrate in the treatment of
CHC patients[ss]. Unfortunately, long-term treatment of
transgenic mice expressing HCV core protein with clo-
fibrate, induced hepatocellular carcinoma (HCC) with
mitochondrial abnormalities and hepatic steatosis”™".

Sterol regulatory element-binding protein

Sterol regulatory element-binding proteins (SREBPs),
SREBP-1c being the hepatic isoform, are a family of
transcription factors which, following activation, are
translocated intranuclearly, eventually up-regulating the
transcription of lipogenic genes, including fatty acid syn-
thase (FAS)™". The relationships between SREBP-1c and
HCV proteins are unclear. Of interest, FAS serum levels
predict the development of steatosis in patients with viral
hepatitis due to HCV"™. It remains controversial whether
HCV genotype 3 core proteins are capable of inducing
FAS more efficiently than HCV genotype 1 proteinslsg’wl.
However, it is possible that HCV genotype 3 activates
SREBPs more efficiently »ia increased oxidative stress

(PI-3-K-Akt pathway and inactivation of PTEN)"",

PTEN
Studies 7 vitro have reported intra-hepatic down-regula-
tion of PTEN to be another, NAFLD-like"", genotype
3-core protein specific steatogenic mechanism which
does not occur in HCV genotype 1 infection'®.

In conclusion, Figure 3 recapitulates the principles of
genotype-specific molecular mechanisms of steatogenesis

which exploit the host’s metabolic machinerym()gj.

FIBROGENESIS

Cross-sectional and prospective studies have shown that

June 21, 2014 | Volume 20 | Issue 23 |



Lonardo A et a/. HCV steatosis

‘ Genotype 1 ‘

/ \
O

TNFa
Macrophages
ROS, SOCS3, FFA, FAS

|

Oxidative stress

HCV

O

FAO

‘ Genotype 3 ‘

AR RN
O 0 0O @

MTP PPAR o PTEN SREBPs
l Export of l § oxydation T De novo
lipoproteins lipogenesis

Steatogenesis

Figure 3 Genotype-specific steatogenic pathways associated with hepatitis C virus infection®*", The negative sign (-) indicates inhibited and the positive sign
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fibrosis progression risk is increased in the presence of
HCV-steatosis (reviewed in'"). Several published studies,
summarized in Table 1"
tion of steatosis and fibrosis in either cross-sectional ot
prospective studies.

The vast majority of these reports have consistently
provided robust evidence for steatosis being associated
with fibrosis. Among such studies, probably the most
single conclusive evidence that steatosis represents a risk
factor for fibrosis progression comes from the study by
Leandro e al””. These Authors conducted a meta-analysis
on data belonging to 3068 CHC patients recruited at 10
centers in Europe, Australia, and north America. Steatosis
and fibrosis were found in 50.9% and 87.6% of cases, re-
spectively. At logistic regression analysis, fibrosis was in-
dependently associated with steatosis and other variables.
Based on the finding that, in the subgroup analyses, the
association between steatosis and fibrosis was invariably
dependent upon a concurrent association of steatosis
with liver inflammatory changes, the Authors reasonably
speculated that the association of steatosis and fibrosis is
likely mediated by hepatic inflammation.

A more restricted number of studies, however, have

| have evaluated the associa-
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identified a genotype-dependency of the association of
steatosis with fibrosis™”>"". Finally, only in a minority of
studies fibrosis and steatosis were not associated””* """\,
In conclusion, an impressive body of evidence sup-
ports the strong association of steatosis with fibrosis in
chronic HCV infection. It is logical to hypothesize that
inflammatory hepatic changes represent the candidate le-
sion mediating the progression, in the liver, from fatty to

fibrotic changes.

IMPAIRED TREATMENT RESPONSE

Several studies, reported in Table 2, have identified
steatosis as a predictor of poor treatment outcome in
chronic HCV infection since the early 20008111,

These findings appear to be consistent across differ-
ent HCV genotypes. It may be argued that steatosis, in
patients with HCV infection, is closely associated with
hepatic fibrosis and multiple metabolic derangements
(HCADS). Therefore steatosis, further to directly impair-
ing SVR per se, may also act as a marker of dysmetabolic
milieu (HCADS) and that it is the latter that actually im-
pairs SVR.
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Table 1 Steatosis is associated with fibrosis

Method and findings Conclusion Ref.

98 CHC patients who had undergone repeat liver biopsies In HCV patients with genotype 3 infection, steatosis was a risk factor for fibrosis [68]

before antiviral treatment (median follow-up 5.8 yr) progression

297 consecutive patients with HCV Steatosis and inflammation scores were the only parameters independently [70]
predicting fibrosis

96 non-cirrhotic treatment-naive CHC patients In untreated CHC patients fibrosis progression was strongly associated with [71]
worsening of steatosis

1428 CHC treatment-naive patients included in a French The variables independently associated with steatosis were genotype 3 , higher [72]

therapeutic trial age, triglycerides and body mass index (BMI) values and septal fibrosis

131 biopsy-proven CHC individuals Hepatic steatosis was related to genotype, fibrosis degree, and serum leptin level ~ [73]

160 CHC patients Irrespective of viral genotype, patients who had steatosis showed significantly [74]
more fibrosis than non-steatosic

Cross sectional study evaluating: 233 hepatic biopsies from 219 Steatosis was associated with fibrosis independently of necroinflammation, but [75]

CHC patients and hepatectomy specimens from 65 patients ~ declined in cirrhosis
transplanted for HCV-related cirrhosis. Longitudinal study: 41

patients with two biopsies and 10 patients with three biopsies

performed over 2-8 yr

Retrospective study conducted on 324 US patients with CHC  Steatosis was independently associated with advanced fibrosis stage [76]
from a university medical center and a regional VA medical
center
135 treatment-naive CHC patients who had undergone repeat Irrespective of HCV genotype, steatosis was a chief contributor to fibrosis [77]
liver biopsies after a median interval of 61 months after the progression in mild CHC and the probability of such a fibrosis worsening is
baseline biopsy directly dependent on the proportion of steatotic hepatocytes
116 CHC patients undergoing liver biopsy The MTHER C677T polymorphism, responsible for hyperhomocysteinemia, [78]
contributed to increasing steatogenesis and steatosis which in its turn, hastened
hepatic fibrosis progression
Meta-analysis on individual data from 3068 patients with Steatosis was significantly and independently associated with fibrosis in CHC. [79]
biopsy- proven CHC recruited from 10 centers in Europe, Hepatic inflammation may mediate fibrogenesis in patients with liver steatosis
Australia, and United States
180 patients infected with genotype 1b HCV At multivariate analysis, fibrosis was significantly related to age, alanine [80]
transaminase, diabetes, hepatitis B core antibody, steatohepatitis and grading
Overall, 600 consecutive individuals: 500 with CHC; and 100 IR, was associated with 1 and 4 HCV genotypes and high viral load. The [81]
with CHB association of significant fibrosis with IR occurs independent of steatosis
153 chronic hepatitis C patients enrolled in the Swiss hepatitis By multiple regression analysis, CTGF levels were independently associated with ~ [82]
c cohort study and for whom a liver biopsy and plasma steatosis, a past history of alcohol abuse, plasma leptin and HCV RNA levels;
samples were available when only patients with genotypes non-3 were considered, CTGF levels were
independently associated with a past history of alcohol abuse, plasma leptin
levels and steatosis
107 consecutive CHC patients Multiple regression analysis revealed that, HOMA-IR, fibrosis and oxidative [83]
stress were independently associated with steatosis, whereas steatosis was
independently associated with oxidative stress and HOMA-IR. Steatosis and HAI
were also independent predictors of fibrosis
143 AA and 157 CA adults with untreated chronic HCV In 3-variable models including race and biopsy adequacy, the factors significantly  [84]
genotype 1 infection associated with fibrosis progression were age when infected, steatosis, ALT level,
and necroinflammatory score
228 HCV treatment-naive patients who met the inclusion/ Genotype 1 and presence of steatosis were found to be associated significantly [85]
exclusion criteria with MS. After adjusting for confounding variables, MS remained independently
associated with a lack of SVR
346 untreated, nondiabetic patients solely infected with either HOMA-IR rather than steatosis was independently associated with fibrosis for [86]
genotype 1 or 3 both HCV genotype 1 and genotype 3. Exclusion of cirrhotic subjects did not alter
the findings with respect to the greater contribution of IR compared to hepatic
steatosis, as a predictor of fibrosis
Retrospective study of 460 patients with CHC Elevated AST, alpha fetoprotein, and presence of grade 2 and 3 steatosis are [87]

independent parameters associated with stage 3 and 4 fibrosis in patients with
CHC
112 HCV RNA positive subjects who had two liver biopsies ~ On multivariate analysis, only baseline steatosis was significantly associated with ~ [88]
performed fibrosis. Kaplan-Meier analysis demonstrated that steatosis impacted on time to
progression to both significant fibrosis and cirrhosis
Of 253 HCV RNA-positive persons who underwent at least ~ The presence of T2D, steatosis and duration of HCV infection were independent [89]

one liver biopsy predictors of advanced fibrosis
Metanalysis of 12 published studies, including 1989 HIV/HCV In co-infected patients, HS was associated with higher body mass index, diabetes ~ [90]
co-infected patients mellitus, elevated alanine aminotransferase, necroinflammatory activity and
fibrosis
Liver biopsy samples were collected from 59 patients with There were no associations between fibrosis progression and histologic features [91]

HCV without a sustained virologic response (SVR) or cirrhosis including inflammation, fibrosis, or steatosis

170 genotype 1 CHC patients At multivariate analysis Severe (F3-F4 fibrosis), , was independently associated [92]
with older age, IR, steatosis > 10%, and moderate-severe necroinflammatory
activity in CHC patients

Roishidenge ~ WJG | www.wjgnet.com 7095 June 21, 2014 | Volume 20 | Issue 23 |



Lonardo A et a/. HCV steatosis

92 untreated consecutive adults with chronic HCV infection ~ In multivariate analyses, fibrosis was associated with high AST level, age = 40 yr, [93]
admitted for liver biopsy and steatosis
152 LT recipients with HCV were followed up with repeated  In the multivariate analysis, steatosis at 1 yr was an independent predictor of [94]
liver biopsies for a median of 2.09 yr after index biopsy subsequent F2 to F4 fibrosis. Steatosis was a stronger predictor of fibrosis in the
setting of sirolimus use
755 consecutive chronic hepatitis C patients (178 with geno-  Fibrosis was associated with steatosis in genotype 3 infected individuals alone [95]
type 3), admitted to three referral hospitals in Switzerland
574 CHC patients with chronic hepatitis C from a single In CHC owing to genotype 1 infection HCV, fibrosis was associated with steatosis  [96]
United States center severity
Clinical data and liver histology findings in 510 HCV patients Age at liver biopsy, BMI and duration of HCV were independent risk factors for [97]
were analysed increased fibrosis in HCV patients. Steatosis as a risk factor for fibrosis is evident
in HCV genotype-1
60 HCV patients compared to 41 NASH patients and 18 CHB ~ Compared to patients who had mild steatosis, those CHC individuals with mod-  [98]
individuals erate steatosis exhibited higher fibrosis stages
251 CHC women Severity of fibrosis was associated with a longer duration of infection, a higher [99]
BMI, advanced steatosis and the menopause
Ninety HCV infected patients undergoing liver biopsy Steatosis was not found to be independently associated with fibrosis [100]
Liver biopsies from 66 out of 306 HCV/HIV non-cirrhotic Progression of fibrosis was similar in HIV/HCV-co-infected compared to HCV [101]

patients without cirrhosis at baseline who underwent a second

mono-infected individuals and no clinical or laboratory predictor of worsening

biopsy were case-matched with a control group selected from liver disease was identified
a cohort of 233 HCV mono-infected patients

AA: African American; CA: Caucasian American; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; CTGF: Connective tissue growth factor; HAIL
Hepatic activity index; HOMA-IR: Homeostasis model of insulin resistance; HS: Hepatic steatosis; LT: Liver transplantation; T2D: Type 2 diabete; HCV:
Hepatitis C virus; HIV: Human immunodeficiency virus.

Table 2 Steatosis is associated with poor treatment outcome

Method and findings Conclusion Ref.
574 patients with chronic hepatitis C Steatosis reduces the likelihood of achieving early and SVR in genotype 1 infected patients [96]
HCV genotype 2 and 3 patients Steatosis is the independent predictor of relapse [102]
148 consecutive adults with HCV admitted for ~Steatosis in chronic hepatitis C is not a negative prognostic factor of response to combined [103]
liver biopsy antiviral therapy
932 patients infected with HCV genotype 2 or 3 Steatosis was associated with significantly higher rates of relapse, irrespective of viral load, in  [104]
patients infected with HCV genotype 3 who had an RVR
A total of 116 patients [HCV-G4 85 (73.3%); The NAS steatosis score correlates with response to antiviral therapy [105]
HCV-G1 31 (26.7%)] were included
885 HCV patients Steatosis did not influence the efficacy of treatment in our study population. Baseline viral load [106]
is a confounding factor, particularly in patients infected with genotype 3 and once baseline
viral load was accounted for, the association between steatosis and SVR was not relevant
250 patients with genotype 4 chronic hepatitis ~Among genotype 4 chronic hepatitis C patients, severe fibrosis, severe steatosis, treatment [107]
C, treated with different regimens of combined with standard interferon and a high serum AFP level were all negatively associated with SVR
interferon
207 HCV patients Features of the metabolic syndrome are associated with hepatic steatosis in most of these [108]
patients. Steatosis is significantly more common in genotype 3 compared with other genotypes,
and in these patients, an SVR is associated with steatosis clearance
357 HCV-infected US veterans Steatosis is independently associated with stage III-IV fibrosis. However, only HCV genotype, [109]
and not steatosis, obesity, or stage III-IV fibrosis, was associated with SVR to interferon alpha-
2b and ribavirin treatment
80 Japanese patients with CHC. treated with HS is an important predictor of poor response to therapy of IFN-alpha-2b and ribavirin in [110]
IFN alpha-2b and ribavirin for 24 wk evaluated patients with CHC
retrospectively
Liver specimens with both CHC and significant Overall SVR for patients with HCV and significant steatosis or SH is considerably lower than  [111]

steatosis (> 33%) or SH were categorized as for HCV and steatosis less than 33% and no SH
group 1 (84 specimens). A control group (group
2) of 231 CHC patients without evidence of

steatosis > 33% or SH

CHC: Chronic hepatitis C; IFN: Interferon; NAS: Nonalcoholic fatty live disease activity score; RVR: Rapid virologic response; SH: Steatohepatitis; SVR:
Sustained virologic response; AFP: Alpha fetoprotein; HCV: Hepatitis C virus; NASH: Non-alcoholic steatohepatitis.

oping HCC in those with HCV infection is not limited to
case-reports alone.

Data appear to be consistent and most studies sup-
port this conclusion while a single case-control study has
provided negative results concerning such HCV-steatosis

HCC association”. In this limited case-control study

HCC

Published studies on steatosis as a risk factor for HCC
in those with HCV infection are summarized in Table
31" \With reference to such studies, it is of note that
evidence linking steatosis and an increased risk of devel-
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Table 3 Steatosis is associated with increased hepatocellular carcinoma risk

Method and findings Conclusion Ref.
1818 patients with histologically proven CHC treated with IFN Severe steatosis, is an independent factor significantly associated with [112]
Cumulative incidence and HCC risk were analyzed over a mean HCC
follow-up period of 6.1 yr HCC developed in 179 study subjects
The 5-yr occurrence rate of HCC in 353 consecutive patients with For patients with HCV cirrhosis and ongoing infection, infection with [113]
histologically proven HCV cirrhosis and persistent viral replication genotype 3 (a potent steatogenic virus) is independently associated with
prospectively followed and screened for HCC was 34% in genotype 3  an increased risk of HCC development
and 17% in non-3 genotype group
The steatohepatitis-HCC variant was found in 35.5% of 62 HCC cases  This study suggests a possible NAFLD/NASH pathway leading to SH-  [114]
In 14 of the 22 cases (63.6%) of SH-HCC, the non-neoplastic liver HCC in the setting of HCV-C
showed changes of NAFLD/NASH superimposed on otherwise
typical features of HCV-C
This retrospective study investigated the features of 5 patients who In 3 patients, liver tissues were obtained at the treatment of HCC. These ~ [115]
developed HCC after 10 yr of achieving SVR tissues showed marked improvement in both activities and fibroses, but

severe steatosis in 1 patient
Two-hundred and sixty-six patients, who achieved SVR, were enrolled Age, hepatic fibrosis, and hepatic steatosis at pre-interferon treatment [116]
in this retrospective study might be risk factors for developing HCC after SVR
A retrospective study was conducted in 88 patients undergoing Hepatic steatosis is a useful predictor of postoperative recurrence of [117]
curative resection of HCV-associated HCC HCV-related HCC
94 consecutive patients with cirrhosis due to HCV who underwent In patients with HCV-related cirrhosis, the presence of hepatic steatosis ~ [118]
liver transplantation and had pathology available for review were is independently associated with the development of HCC
retrospectively identified
The histological severity of steatosis in the index liver biopsies of 25  The odds of developing HCC among those with steatosis grades 1 and [119]
patients with chronic hepatitis C who subsequently developed HCC 2 did not differ significantly from those without steatosis. There was no
was compared with matched controls who did not. As determined association between increasing morphometric percentage area occupied
by percentage area of biopsy core occupied by steatosis on computer by steatosis and the subsequent development of HCC. Neither steatosis
assisted morphometric evaluation, and graded semiquantitatively, grade or percent area of steatosis on biopsy were selected in multivariate
steatosis was comparable among cases and controls regression analysis as independent predictors for the development of

HCC
161 patients with chronic HCV infection At multivariate analysis hepatic steatosis, (together with aging, cirrhosis, [120]

and no IFN treatment) was an independent, significant risk factor for
HCC

CHC: Chronic hepatitis C; IFN: Interferon; SH-HCC: Steatohepatitis-hepatocellular carcinoma (HCC); SVR: Sustained virologic response; HCV: Hepatitis C

virus.

patients with a SVR to antiviral therapy were excluded.

Based on data reported in Table 2, given that steatosis
poses an additional risk for HCC, increased surveillance
is necessary in HCV patients with steatosis. According to
Nkontchou ez a/'' such a caution needs to be particularly
exercised in those with HCV genotype 3. Moreover, a
possible NAFLD/NASH pathway leading to steatohep-
atitic-HCC in the setting of HCV-cirrhosis requires fur-
ther investigation“m.

Hepatocarcinogenesis in those with HCV steatosis
involves both IR and, particularly, deranged lipid me-
tabolism. The molecular bases underlying the pathogen-
esis of HCV-HCC have been accurately detailed else-

14,15,37,121,122)
where! A

HCV AND STEATOHEPATITIS

Steatohepatitis is the stereotypical histological hallmark
of a wide spectrum of etiologically diverse liver condi-
tions which invariably display concurrent steatosis and
inflammatory-fibrotic changes occurring to a variable
extent 7,

Compared to simple steatosis, less has been published
concerning steatohepatitis occurring in the setting of
HCV infection. Probably this occurs as a result of steato-

hepatitis being a much more uncommon finding which

Baishidenge ~ WJG | www.wjgnet.com

occurs in 4% to 10% of cases, averaging 6.13 % of 2316
published cases as shown in Table 477,

Acknowledged risks for the development of ste-
atohepatitis in patients with chronic hepatitis C include
BMI™, cither trigliceride and HDL cholesterol (genotype
1) or AST (genotpe 3)"".

Similar to steatosis, steatohepatitis has been associ-
ated with advanced fibrosis"*" and impaired SVR"'" sug-
gesting that the biological significance of steatohepatitis
closely overlaps with that of high-grade steatosis. How-
ever, whether steatohepatitis is an independent risk fac-
tor for HCC in HCV-infected individuals, remains to be
shown.

ATHEROSCLEROSIS

In the past, individuals with chronic liver disease were
deemed to be spared from atherosclerosis but this para-
digm has been changed by an ever increasing body of
literature concerning hepatitis C"™. HCV infection is not
a unique model of atherosclerosis and numerous reports
document an association of atherosclerosis with infec-
tions due to a large variety of pathogensmo].

Data reviewed elsewhere!” indicate that HCV is as-
sociated with excess cardiovascular mortality and that,

possibly, achieving SVR might prevent at least a fraction

June 21, 2014 | Volume 20 | Issue 23 |
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Table 4 Prevalence of steatohepatitis associated with hepatitis

C virus infection 7 (%)

Series Steatohepatitis Ref.
297 patients 17 (6) [70]
170 patients 17 (10) [124]
1458 liver biopsies 80 (5.5) [125]
95 patients 44 [126]
296 liver biopsies 24 (9) [127]
2316 biopsies/ patients 142 (6,13) Cumulative

of such deaths. Studies evaluating the association of
HCV sero-positivity (either HCV-Ab or HCV-RNA) with
surrogate markers of atherosclerotic burden (Carotid
Intima Media Thickening or plaques) have been reviewed
recently elsewhere!”. Data from our and other groups
indicate that viral (HCV viral load) and host features (liver
histology changes) are likely to contribute to increased
vascular risk in these individuals"™"'"*?, Interestingly, Adi-
nolfi ez al"™ have recently reported that HCV infection is
a risk factor for human ischemic stroke.

The mechanisms underlying excess cardiovascular risk
include both HCV direct vessel colonization and indirect
mechanism associated with HCV infection such as pro-
atherogenic cardiometabolic derangement, ze., HCADS
per se, increased expression of pro-inflammatory cyto-
kines and adhesion molecules, hyperomocysteinemia and
steatosis ",

CONCLUSION

We have discussed data favoring the interpretation of
steatosis as an example of successful viral strategy. HCV
steatosis fulfills all requirements expected to occur in oz-
der to perpetuate HCV life cycle.

Indeed, for steatosis to develop, the host’s metabolic
pathways are engaged giving life to a variant (HCADS)
of the commonly occurring metabolic syndrome. Such
an HCADS will typically display, further to steatosis,
the corollary of ordinary metabolic syndrome including
IR, hyperuricemia and expanded visceral adipose tissue.
However, given that intermediate products of the choles-
terol biosynthetic pathway rather than cholesterol itself
are necessary to HCV replication, HCV will perturb the
distal biosynthetic pathway, eventually leading to hypo-
cholesterolemia.

A better understanding of the physiology of HCADS
will likely result in a more successful handling of disease
with improved antiviral success rates.
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