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Abstract levels. This finding suggests that adiponectin may have
a role in modulating the progression of hepatic steatosis
Hepatic steatosis is commonly seen in the patients with in HCV infected patients.

chronic hepatitis C virus (HCV) infection. HCV is closely
associated with lipid metabolism, and viral steatosis is
more common in genotype 3 infection owing to a direct Peta V, Torti C, Milic N, Foca A, Abenavoli L. Adiponectin
cytopathic effect of HCV core protein. In non-genotype serum level in chronic hepatitis C infection and therapeutic
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INTRODUCTION

Hepatitis C virus (HCV) infection is a common liver
disease with an estimated 3% of the world’s population
chronically infected with this viral pathogen. The majority
of the infected individuals (60%-80%) develop chronic
hepatitis C (CHC), which is associated with progressive
liver fibrosis and a risk of cirrhosis after 20 years'™.
About 20%-30% of chronic HCV infections are
associated with hepatic steatosis, type II diabetes, insulin
resistance (IR) and cardiovascular diseases”. Hepatic
steatosis, defined as an excessive lipid accumulation in the

cytoplasm of hepatocytes, is a frequent histological feature
in the patients chronically infected with HCV. However,
the mechanisms that have induced hepatic steatosis in
HCV-infected patients are difficult to understand, due to
the possible co-existence of several factors'”. Different
studies have shown that there are three main types of
steatosis defined in the HCV patients: metabolic steatosis,
viral steatosis and a “middle ground” between metabolic
and viral mechanisms'™. The first type has been described
in the patients infected with HCV who also suffer from
other metabolic disorders such as obesity, dyslipidemia
and diabetes mellitus"”. Metabolic steatosis is primarily
linked with HCV genotype 1, but one study has shown the
absence of the relationship with viral load and the severity
of steatosis in the patients infected by genotype 1", Viral
steatosis develops in the absence of other steatogenic co-
factors and is linked with HCV genotype 3 infection'",
In viral steatosis lipid accumulation in hepatocytes may
be the result of a direct cytopathic effect of HCV core
protein. Different experiments conducted 7 vitro and in
transgenic mice, have suggested that the nucleocapsid
protein of HCV may be involved in the pathogenesis
of triglyceride accumulation in hepatocytes' >, Some
other experiments have provided a correlation between
the level of intrahepatic HCV genotype 3 ribonucleic
acid (RNA) and severity of the steatosis'! and identified
specific “steatogenic” sequences in HCV-3, particularly
phenylalanine (F) has been shown to be specifically
associated with higher levels of lipid accumulation in
cellular models 7z vitrd"”. All these findings are also
supported by the observation that the degree of liver
steatosis is directly related to the level of HCV replication
as measured by serum HCV RNA, at least in the patients
with HCV-3 infection in the absence of confounding
metabolic causes of steatosis' .

The third type of steatosis can be considered a
“middle ground” between the first and the second one.
Undoubtedly, this kind of steatosis is a combination of
viral and metabolic factors and is associated with a direct
interference of HCV core protein in the intracellular,
post-receptorial pathways of insulin. This evidence,
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mostly found in the HCV genotype 1b patients, has
convinced some authors to coin the term virus associated
steato—hepatitis[1
involvement of HCV in steatosis. Some insights into
the pathways of steato-hepatitis are defined by impaired
lipid accumulation due to hepatic loss of adiponectin

7,18 .
¥ Numerous studies have shown the

receptors, which play an important role in fatty acid
accumulation by elevating the expression levels of
the enzyme AMP-activated protein kinase (AMPK),
acetyl-CoA carboxylase (ACC), fatty acid synthase,
liver gluconeogenic enzyme and phosphoenol pyruvate
carboxy kinase due to HCV infection'™"™
studies have shown that steatosis is strongly correlated

I Various

negatively with adiponectin in the patients with chronic
HCV infection, and this finding suggests that adiponectin
may have a role in modulating the progression of
hepatic steatosis, fibrosis and inflammation™. The main
objective of this review is to discuss the biological effect
of adiponectin and its receptors in the progression
of liver steatosis in the HCV-infected patients and the
possible role of adiponectin as a therapeutic target for
the treatment of fatty liver diseases.

PHYSIOLOGICAL AND HEPATO-
PROTECTIVE ROLE OF ADIPONECTIN

Adipose tissue is an active endocrine organ which

sectetes a number of hormones involved in glucose/lipid
metabolism. Adiponectin is a soluble matrix protein
expressed exclusively by adipocytes and hepatocytesm.
Recent studies have demonstrated adiponectin mRNA
expression in liver after injury and skeletal muscle and that
its expression and serum levels are reduced in humans
and animals with obesity and insulin resistance”?.
Adiponectin exists in three forms: low molecular weight
trimers, medium molecular weight hexamers, and high
molecular weight (HMW) multimers.

HMW adiponectin is thought to have more biological
activity than other two forms. Human adiponectin
gene is located at chromosome 3q27, and it codes for a
244 amino acid polypeptide. The primary sequence of
adiponectin contains a signal peptide at the N-terminus,
short hypervariable region and C-terminal half of the
protein with a globular domain™.

Adiponectin expression is reduced in obesity"””,
insulin resistance and type 2 diabetes, and the plasma
concentrations are inversely related to body weight,
especially visceral adipositym’w. Adiponectin is also
inversely associated with other traditional cardiovascular
risk factors, such as blood pressure, low-density lipoprotein
cholesterol and triglyceride levels®" and is positively
related to high-density lipoprotein cholesterol levels™. A
Recent research has indicated that adiponectin has anti-
inflammatory properties, producing the anti-inflammatory
mediator interleukin (IL)-10 in primary human monocytes,
monocyte-derived macrophages and dendritic cells. In
addition, adiponectin significantly impaired the production
of the pro-inflammatory cytokine interferon-y in human
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Figure 1 Molecular pathways involved in anti-steatotic effect of adiponectin. The interaction between adiponectin receptor and APPL1 causes activation of
AMPK. AMPK inhibits ACC by phosphorylation. Inhibition of ACC increases fatty acid oxidation by blocking the production of malonyl-CoA, the allosteric inhibitor of
carnitine palmitoyl transferase 1. AMPK downregulates the expression of SREBP1c, a transcription factor that regulates different genes involved in lipid synthesis.
Finally, APPL1 stimulates PPAR-c., another transcriptional factor controlling genes involved in fat oxidation. APPL1: Phosphotyrosine interaction, PH domain and
leucine zipper containing 1; AMPK: AMP-activated protein kinase; ACC: Acetyl-CoA carboxylase; SREBP1: Sterol regulatory element-binding protein 1; PPAR-a.:
Peroxisome proliferator-activated receptor alpha; CPT-1: Carnitine palmitoyl transferase 1; ACOX: Acyl-CoA oxidase; LCAS: Long chain acyl-CoA synthetase.

§
J

33 . . . . .
macrophages””. promotes the interaction between adiponectin and its

Adiponectin exerts its action via its two receptors, receptors and the AMPK activation. The interaction
adiponectin receptorl (Adipo R1) and Adipo R2. In between adiponectin receptor and APPL1 causes
mice, Adipo R1 is expressed abundantly in skeletal phosphorylation and activation of AMPK and AMPK
muscles, while Adipo R2 is considered as the primary phosphorylates ACC. The inhibition of ACC reduces
transcript in liver. Adipo R1 and Adipo R2 are structurally lipid synthesis and increases fatty acid oxidation by

related integral plasma membrane proteins with seven blocking the production of malonyl-CoA, the allosteric
membrane-spanning domains. AdipoR1 possesses inhibitor of carnitine palmitoyl transferase 1, which is the
high affinity to the globular form of adiponectin and rate-limiting enzyme in fatty acid oxidation™"",
low affinity to full-length adiponectin, whereas Adipo Moreover, AMPK downregulates the expression of
R2 exhibits intermediate binding affinity to both the sterol regulatory element-binding protein 1c, a transcription
globular and the full-length adiponectinm]. Adipo R1 factor that regulates cholesterol and lipid synthesis”*.
and R2 mediate increased AMPK activities, peroxisome Finally, adiponectin stimulates PPAR-q., a transcriptional
proliferator-activated receptor alpha (PPAR-qy) activities, factor controlling different genes involved in fat oxidation,
fatty-acid oxidation and glucose uptake[ss]. To confirm the such as acyl-CoA oxidase and long chain acyl-CoA
physiological role of these receptors, Adipo R knockout synthetase™ (Figure 1).
mice have been generated, and in wild-type mice, Recent data suggest that gut bacteria contribute to
adiponectin have lowered plasma glucose levels, whereas differences in body weight, insulin sensitivity, glucose
this effect of adiponectin has completely been abrogated metabolism and liver steatosis, in fact the imbalance of
in Adipo R1 and R2 double knockout mice™, small intestinal bacterial overgrowth occurs in a large
It is known that adiponectin and its receptors have percentage of patients with chronic liver diseases, and
hepato-protective role in fatty liver diseases and steatosis has been associated with the severity of steatosis™. Tn
developmentps’m. Adiponectin is believed to protect particular some studies showed that the use of antibiotics
hepatocytes from triglyceride accumulation by increasing to alter gut microbiota in obese mice reduces body
B-oxidation of free fatty acid and/or decreasing de novo weight, improves fasting glycaemia, glucose tolerance,
free fatty acid production in hepatocytesm. Indeed, it and increases adiponectin levels. However, it is not clear
has been shown that adiponectin stimulates AMPK in how the gut microbiota plays a role in the production
different tissues including liver. The precise mechanisms of adiponectin in adipose tissue, but this finding suggest
whereby adiponectin activates AMPK remain to be that the gut microbiota could be a novel target for
determined. However, phosphotyrosine interaction, treating metabolic diseases, in fact high adiponectin levels
PH domain and leucine zipper containing 1 (APPL1), enhance the insulin sensitivity and glycogen storage and
an adaptor protein, appears to be the molecule that decrease triglyceride accumulation!™*,
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ADIPONECTIN AND LIVER STEATOSIS IN
CHRONIC HEPATITIS C INFECTION

Liver steatosis is a histological feature of CHC. CHC-
related steatosis is chiefly virus-induced in HCV genotype
3 infection, while the host factors seem to play the major
pathogenic role in HCV genotype non-3 infection. The
evidence suggests that steatosis has an important role in
the progression of liver fibrosis in CHC.

It has been demonstrated that adipocytokines are
involved in the pathogenesis of non-alcoholic fatty liver
disease, and the decreased plasma adiponectin levels are
related to liver steatosis'"”. Hypoadiponectinemia has been
implicated in the development of obesity-related morbidities
such as dyslipidemia and cardiovascular diseases'™
In addition, it is known that hypoadiponectinemia
enhances hepatic steatosis, inflammation, fibrosis, and
hepatocarcinogenesis in animal models of liver diseases'.
Some studies have shown that steatosis is strongly
correlated negatively with adiponectin in the patients with
CHC infection™ . These findings indicate a significant
relationship between hepatic steatosis and adiponectin
level. However, the role of adiponectin in HCV induced
steatosis is still not completely understood, but the
relationship between adiponectin low levels and liver
steatosis is probably due to the ability of adiponectin
to protect hepatocytes from triglyceride accumulation
by increasing (-oxidation of free fatty acid and thus
decreasing de novo free fatty acid production™”

To clarify this point Durante-Mangoni ¢z a/*” have
found lower serum adiponectin levels and higher levels
of tumour necrosis factor-o, (TNF-a) in the chronic
HCV patients. The higher tumour necrosis factor-a levels
have particulatly been observed in the patients with low
adiponectin levels, and especially, in the patients infected
whit HCV genotype-3. The extension of steatosis has
inversely been correlated with adiponectin levels™”.

The substantial evidence in the available literature
demonstrates that TNF-a inhibits adiponectin expression,
and the decreased TNF-a level possibly contributes to the
increased adiponectin level™". The expression level of
adiponectin in cultured adipocytes has significantly been
reduced by co-culture with macrophages or upon the
exposure to the conditioned media from macrophages,
suggesting that macrophage secreted factors, possibly
TNF-q, are responsible for repressing adiponectin
production®™. Moreover, Bruun ¢/ a/*” have shown
that the increase in TNF-g and IL-6 serum levels and
decrease in adiponectin serum levels may be involved in
insulin resistance. During the HCV infection, the immune
response against HCV releases reactive oxygen species
(ROS) from sequestered phagocytes and activates Kupffer
cells in the liver™". High levels of ROS can activate nuclear
factor kappa-light-chain-enhancer of activated B cells
(NF-kB), which is a transctiption factor. As a consequence
of NF-kB activation, the expression of a variety of
cytokines is increased, including tumour necrosis factors

(INF-¢ and TNF-), IL-1, 6 and interferon-y"™.
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TNF-q modulates adipocytes and induces changes and
reductions in the production of cytokines, adiponectin
and leptin[‘r’z’s()l. Thus, the reduced levels of adiponectin
may increase influx and synthesis of free fatty acids into
the liver of the patients with HCV infection, generating
liver steatosis (Figure 2) 0,

Jonsson ez al” have studied 194 patients with chronic
HCV to assess the relationship between serum adiponectin
levels and hepatic steatosis. The authors have found that
a decreased serum level of adiponectin is associated with
steatosis only in males, so they have suggested that the
role of adiponectin in the HCV infected patients might
be linked to gender™. Various studies hypothesized a
possible interaction between HCV core protein-PPARs-
adiponectin. It has been reported that the HCV core
protein impairs the expression of the PPAR-o which
plays an important role as a target of adiponectin in
lipid metabolism!". Undoubtedly, the administration of
recombinant adiponectin has been shown to increase
PPAR-a ligand activity and the administration of a
PPAR-y agonist is associated with a significant increase of
adiponectin levels and reversal of steatosis "7,

In another study, Ashour ¢/ a/*! have demonstrated
that the Egyptian patients with HCV genotype-4
infection and with steatosis have shown the reduced
serum levels of adiponectin, with a significant inverse
correlation between adiponectin level and steatosis grade,
homeostatic model assessments index, body mass index
and fibrosis stage. Moreover, they have proved that serum
levels of adiponectin and leptin show no significant
differences between males and females!®

Corbetta ¢ a/* have hypothesized that hyperadi-
ponectinemia might be sustained by down-regulation
of hepatic Adipo Rs. In order to test this hypothesis,
they have assessed the expression levels of Adipo R1
and Adipo R2 in CHC biopsies and have shown that
Adipo R2 mRNA levels are similar in normal liver and
HCV-infected liver biopsies, but the Adipo R1 mRNA
expression levels have been reduced in HCV-infected
liver biopsies compared with normal liver biopsies. This
reduction was also confirmed at protein level™.

Tiftikei ez a/*” have shown that the leptin-to-adiponectin
ratio is significantly reduced in the HCV chronic patients.
The increased leptin concentration, corrected by reduced
adiponectin values (leptin-to-adiponectin ratio), has been
linked to the development of metabolic abnormalities®”,
so the data obtained by Tiftikci about a reduced leptin-to-
adiponectin ratio in the chronic HCV patients, lend a new
support to the argument that protein adiponectin may be
involved in the pathogenesis of liver injury in the patients
with HCV infection.

In contrast with these results, Aksdz e a/** have
suggested that a decrease in the level of adiponectin
may be associated with metabolic disorders, independent
from chronic HCV infection. In fact, they have tried to
investigate the effects of the virus in the patients without
visceral obesity and metabolic disorders, so they have
suggested that a decrease in the level of adiponectin may
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Figure 2 Liver steatosis induced by down-regulation of adiponectin and its receptor in chronic hepatitis C virus infection. HCV core protein associated with
the mitochondria leads to increased ROS that activates NF-kB. As a consequence of NF-kB activation, expression of a variety of cytokines is increased, including
TNF-q,, IL-6 and INF-y. TNF-a. modulates adipocytes and induces reduction in the production of adiponectin and its receptor. Reduced levels of adiponectin induce
the increase in the synthesis of free fatty acids and reduce B-oxidation, causing liver steatosis in the HCV chronic infected patients. HCV: Hepatitis C virus; NF-«B:
Nuclear factor kappa-light-chain-enhancer of activated B cells; IL: Interleukin; IFN-y: Interferon-y; TNF-a.: Tumour necrosis factor o; ROS: Reactive oxygen species.

be associated with metabolic disorders in association
with HCV infection, but HCV virus alone has not altered
adiponectin serum concentration'

Different studies showed the influence of genetic
factors in the development of HCV-induced liver
steatosis. In this contest Valenti ez 2/* have suggested that
rs738409 single nucleotide polymorphism of patatin-like
phospholipase domain-containing 3 (PNPLA3), encoding
for a protein variant (1148M) that influences hepatic
triglycerides accumulation and the susceptibility to fibrosis
and steatosis, may represent a genetic determinant of
serum adiponectin levels in non-alcoholic fatty liver disease
(NAFLD) and CHC patients. In another work Valenti
et al™” showed that this genetic variant in CHC patients
affects steatosis development, is independently associated
with fibrosis and cirrhosis, and may influence response to
antiviral treatment. Finally Nakamura ez a/”"! showed that
in Japanese CHC patients there is no association between
PNPLA3 rs738409 genotype, hepatic steatosis or liver
fibrosis, suggesting that in HCV infection the mechanism
of hepatic steatosis might be different from that of
NAFLD.

ADIPONECTIN AS THERAPEUTIC
TARGET

The biological effect of adiponectin and its receptors and
their hepato-protective role in fatty liver diseases suggest
that controlling the level of adiponectin receptors might
be an important therapeutic target for the treatment of
fatty liver diseases. There are no data on the potential
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therapeutic role of adiponectin in HCV chronic infection,
but thetre are a lot of data showing that adiponectin is a
therapeutic strategy for the treatment of insulin resistance,
metabolic syndrome and steatosis that are common
features of CHC, especially, in the patients infected with
genotypes 3 and 1 virus. On the other hand, hepatic
steatosis and IR reduce the probability of achieving a
sustained virological response to pegylated interferon
and ribavirin combination therapym, so reducing liver
steatosis can be useful as a response to antiviral treatment
in the patients with chronic HCV infection. Adiponectin
replacement therapy is not yet available as a treatment
option, but an alternative approach would be to identify
and use the classes of the agents that can induce secretion
or expression of adiponectin. In this context, some
reports indicate that thiazolidinediones (TZDs) might
up-regulate adiponectin, possibly, by increasing its rate
7 TZDs may up-regulate adiponectin
by generating small adipocytes that express and sectrete
adiponectin and/or directly activating adiponectin gene
transcription™"

of secretion

"9 Other studies have shown that the
inhibitors of the renin-angiotensin pathway, such as
angiotensin converting enzyme inhibitor, increase serum
adiponectin concentration, in fact, the blockers of the
angiotensin pathway promote adipocyte differentiation””.

Xu et al™ have reported the identification of two
structurally related natural compounds, astragaloside 1I
and isoastragaloside [ , from the medicinal herb Radix
Astragali, that increase adiponectin secretion in primary
adipocytes, without any effects on other adipokines. An
alternative approach could be the design of the agents
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that serve as adiponectin mimetics. AMPK activators fall
into such category because numerous adiponectin effects
might be mediated zia activation of AMPK. Moreover,
the design of stable peptides or drugs, structurally and
biologically simulating adiponectin production, could be
another alternative! .

In vitro studies have shown that adiponectin reduces free
fatty acid-induced CD95/Fas expression and apoptosis of
HepG2 hepatoma cells, which suggests that this hormone
has a protective role with promising therapeutic implications,
in fact, the receptor mediated apoptosis is a prominent
feature in vatious liver diseases, including HCV chronic
infection™. Finally, it is known that adiponectin has anti-
inflammatory activity and this can be a promising therapeutic
implication in numerous diseases including HCV. The anti-
inflammatory effects attributed to adiponectin include the
inhibition of TNF-a production and activity, inhibition of
NF-«B activation and the induction of anti-inflammatory
cytokines™".

CONCLUSION

Steatosis development and CHC infection are clearly
linked; about 20%-30% of chronic HCV infections
are associated with hepatic steatosis. The biological
mechanisms of the undetlying steatosis occurtence and the
progression to the liver disease are not entirely understood
and are probably due to a number of factors: direct
effect of the virus, genetic factors, metabolic syndrome
and other unknown factors. The recent data suggest a
significant link between hepatic steatosis and adiponectin
low level. It is known that adiponectin and its receptors
have hepato-protective role in fatty liver diseases and
steatosis development. This relationship is probably due to
the ability of adiponectin to increase B-oxidation of free
fatty acid and to decrease de novo free fatty acid production.
However, the role of adiponectin in HCV induced
steatosis is still not completely understood. The biological
effect, the hepato-protective role and the anti-inflammatory
activity of adiponectin suggest that controlling the level
of adiponectin, by increasing adiponectin production and
using the drugs that structurally and biologically stimulate
adiponectin, might be a potential therapeutic tool for the
treatment of fatty liver diseases including steatosis induced
by HCV chronic infection.
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