
METABOLIC ASPECTS OF CHRONIC
HEPATITIS C

Chronic hepatitis C (CHC) has a num-
ber of features that suggest that it should
be recognized not only as a viral disease
but also as a metabolic liver disease that
encompasses insulin resistance (IR), liver
steatosis, impaired glucose tolerance or
type 2 diabetes mellitus (T2DM) and dis-
turbances in lipid metabolism (Figure 1).
Hepatitis C virus (HCV) has been shown
to induce IR by direct action and by pro-
motion of inflammatory processes
and/or fibrosis (Figure 2). The observa-

tion that successful treatment improves
insulin sensitivity supports a direct
causal role of HCV in IR development
(1). Increasing data suggest that IR is
closely related to the extent of steatosis
and inflammatory activity in the liver
(2,3). IR is an independent predictor of
the progression of fibrosis (2,3). A clini-
cally important factor is the negative in-
fluence of IR on the rate of sustained vi-
rological response to antiviral treatment
(4,5). IR also appears to increase the risk
of developing hepatocellular carcinoma
(6). Liver steatosis is closely related to IR.

It appears more frequently in patients
with CHC than in the general population
(7). Data indicate that steatosis, indepen-
dently of its metabolic or viral origin,
contributes to liver injury and faster pro-
gression of fibrosis (8,9).

Adipose tissue acts as a store of energy
and as an active endocrine organ. Adipo-
kines (adipocytokines)—agents secreted
primarily by adipocytes—modulate lipid
and glucose metabolism and insulin sen-
sitivity (10). In addition to their well-
 established role in controlling adipose
tissue physiology, adipokines have been
shown to be involved in regulation of the
inflammatory response, angiogenesis
and fibrogenesis (11,12). As a result, adi-
pokines together with IR seem to play a
distinct role in the pathogenesis of liver
disease. CHC is another disease in which
adipokines may represent a link between
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Chronic hepatitis C (CHC) is generally a slowly progressive disease, but some factors associated with rapid progression have
been identified. Steatosis, independently of its metabolic or viral origin, leads to liver injury and fibrosis. It is suggested that hepa-
titis C virus may contribute to a wide spectrum of metabolic disturbances—namely, steatosis, insulin resistance, increased preva-
lence of impaired glucose tolerance, type 2 diabetes mellitus and lipid metabolism abnormalities. Adipokines, which are pro-
duced mainly by adipose tissue, may influence the inflammatory response and insulin sensitivity and contribute to the
development of metabolic abnormalities in CHC and also regulate fibrogenesis and angiogenesis. Visfatin was described as an
adipokine with immunomodulating and proinflammatory properties that promotes B-cell maturation and enhances activation of
leukocytes, synthesis of adhesion molecules and production of proinflammatory cytokines. Visfatin exerts insulin-mimetic effects,
decreases plasma glucose levels and regulates cell energy balance. Chemerin stimulates chemotaxis of dendritic cells,
macrophages and natural killer (NK) cells toward the site of inflammation. On the other hand, it inhibits synthesis of proinflamma-
tory mediators and enhances adiponectin production, influences adipocyte differentiation and maturation and regulates glu-
cose uptake in adipocytes. Vaspin expression in human adipose tissue seems to be a compensatory mechanism associated with
obesity and insulin resistance. Vaspin suppresses leptin, tumor necrosis factor (TNF)-α and resistin expression. Leptin protects against
liver steatosis but accelerates fibrosis progression and exacerbates the inflammatory process. In contrast, adiponectin exerts a he-
patoprotective effect. In this report, data indicating a possible role of these adipokines in the pathogenesis of chronic hepatitis
are summarized.
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viral infection, steatosis, metabolic dis-
turbances and disease progression. It has
been suggested that some adipokines
exert a protective effect and others a neg-
ative effect in CHC (11–13). Recent stud-
ies have shown that obesity is associated
with a chronic, low-grade inflammatory
state that induces dysregulation of
adipocytokines and contributes to IR and
T2DM (14,15). Hepatic cirrhosis is more
prevalent in obese individuals than in
the general population, and obesity is an
independent risk factor for liver fibrosis
in nonalcoholic steatohepatitis (NASH),
alcohol-induced liver disease and CHC

and development of hepatocellular carci-
noma (HCC) (16–22).

CHARACTERISTICS AND ACTION OF
ADIPOKINES

The role of adipokines in CHC has not
yet been clearly defined (11,12,23). The
family of adipokines is still growing.
Novel adipokines such as visfatin,
chemerin and vaspin were recently de-
scribed. The better known adipokines are
adiponectin and leptin, but their role in
CHC is confusing and the results of stud-
ies are contradictory (11,12). Given the
properties of adipokines mentioned

above, they are likely to play a pivotal
role in CHC.

A better understanding of the patho-
genic role of novel adipokines in the in-
flammatory process and in mechanisms
underlying IR development and fibrosis
progression in CHC may have a prophy-
lactic implication in preventing progres-
sion of liver fibrosis and improving re-
sponse to antiviral therapy.

VISFATIN CHARACTERISTICS
Visfatin, also known as nicotinamide

phosphoribosyltransferase (Nampt) and
pre–B-cell colony-enhancing factor 1
(PBEF-1), has multiple biological func-
tions and is produced by a variety of
cells. The main sources of visfatin are
lymphocytes, monocytes, neutrophils,
hepatocytes, adipocytes and pneumo-
cytes. Increased levels of visfatin are
found in both acute and chronic inflam-
matory diseases (24,25). Visfatin was
originally cloned as a putative cytokine
shown to enhance the maturation of
B-cell precursors in the presence of in-
terleukin (IL)-7 and stem cell factor. It
was therefore named PBEF (26). Visfatin
is an adipokine with immunomodulat-
ing and proinflammatory properties. It
was reported to be a cytokine that pro-
motes B-cell maturation and inhibits
neutrophil apoptosis (26,27). Visfatin en-
hances activation of leukocytes, synthe-
sis of adhesion molecules and produc-
tion of proinflammatory cytokines
(24,25). Visfatin also stimulates proan-
giogenic activity (28). On the other
hand, visfatin is reported to exert in-
sulin-mimetic effects in cultured cells
and to lower plasma glucose levels in
mice by binding to and activating the
insulin receptor (29). However, the
physiological relevance of visfatin is still
uncertain because its plasma concentra-
tion is 40- to 100-fold lower than that of
insulin despite having similar receptor-
binding affinity (29,30). Visfatin exerts a
cardioprotective effect during myocar-
dial infarction and has been suggested
to play a protective role in nonalcoholic
fatty liver disease (NAFLD) (31,32).
Fukuhara et al. (29) reported that vis-
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Figure 2. Pathogenesis of IR in CHC.

Figure 1. Metabolic aspects of CHC.



fatin is enriched in the visceral fat of
both humans and mice and that its
plasma levels increase during the devel-
opment of obesity. However, the rela-
tionship between the amount of adipose
tissue and obesity is still unresolved
(33–39). Visfatin has the ability to regu-
late the cell cycle and carcinogenesis
(24,25). Finally, visfatin is a nicoti-
namide phosphoribosyltransferase
(Nampt) enzyme that catalyzes the first
step in the biosynthesis of nicotinamide
adenine dinucleotide (NAD) from
nicotinamide. Therefore, visfatin plays a
pivotal role as regulator of cell energy
balance (24,25,40). The action of visfatin
is shown in Figure 3.

VISFATIN AND NECRO-INFLAMMATORY
ACTIVITY IN CHRONIC HEPATITIS

Serum visfatin concentration in pa-
tients with CHC infected with genotype
1b was found to be significantly higher
than in healthy controls (38). There was
no association between the serum vis-
fatin level and body mass index (BMI).
Interestingly, visfatin serum concentra-
tion was significantly higher in patients
with CHC patients with a lower BMI
(<25 kg/m2) than in overweight patients
with a BMI ≥25 kg/m2 (38). Another
study showed that there was no differ-
ence in visfatin serum levels between pa-

tients infected with HCV genotype 1 and
those infected with genotype 3 (41).

Serum visfatin was found to be nega-
tively related to the grade of necro-in-
flammatory activity in CHC (38), suggest-
ing that visfatin may be a regulator of the
inflammatory process in CHC. The high-
est levels were seen in subjects with mini-
mal inflammatory activity. Significantly
lower levels were found in patients with
moderate or severe inflammatory activity,
but were still twice as high as in the con-
trol group (38). These results indicate
possible protective properties of visfatin
in CHC. A similar protective effect of vis-
fatin against hepatocyte injury was de-
scribed in NAFLD. Serum visfatin in pa-
tients with NAFLD was significantly
increased compared with both lean and
obese healthy controls (32). Visfatin levels
decreased markedly when NASH was di-
agnosed (32,42). However, it was still sig-
nificantly higher than in both lean and
obese healthy controls (32). In another
study, Gaddipati et al. (43) showed that
visceral visfatin levels decreased signifi-
cantly in patients with NASH compared
with patients with simple or moderate
steatosis. Aller et al. (42) found that serum
visfatin in patients with NAFLD was re-
lated to the grade of portal inflammation
and predicted that the presence of portal
inflammation, as in CHC, was not related

to BMI. However, there was no associa-
tion between serum visfatin and intensity
of lobular inflammation in NAFLD (42).
Moreover, the visceral visfatin levels
were higher in non-NAFLD subjects (43).
The observed decrease of visceral visfatin
levels was independent of BMI and IR.
On the basis of these findings, the au-
thors pointed to the protective role of vis-
fatin in NAFLD (43). The positive correla-
tion between serum visfatin and
γ-globulins found in patients with CHC
additionally points to its involvement in
the inflammatory process (38).

Visfatin was found to induce the syn-
thesis of IL-6 in peripheral blood
mononuclear cells and dendritic cells
(25). IL-6 stimulates hepatocytes to pro-
duce various proinflammatory cytokines
(44). On the other hand, IL-6 plays a piv-
otal role in liver regeneration and has a
protective role against hepatocyte injury
during the ongoing inflammatory pro-
cess in the liver parenchyma (45). These
observations may additionally support a
protective role of visfatin against the
liver injury.

A study by Dahl et al. (46) in patients
with NAFLD showed that liver visfatin
expression and its serum level were
markedly decreased, with no difference
between simple steatosis and NASH.
Within the liver, visfatin was located to
hepatocytes. An intriguing finding of this
study was that visfatin inhibited apopto-
sis of hepatocytes in vitro. The antiapop-
totic effect of visfatin in hepatocytes in-
volved enzymatic synthesis of NAD (46).
Because hepatocyte apoptosis is an im-
portant feature of chronic hepatitis,
downregulation of visfatin in advanced
inflammatory processes has possible
pathogenic consequences and also sug-
gests a hepatoprotective role for visfatin.

TNFα is a proinflammatory
cytokine/adipokine that is elevated and
positively associated with the inflamma-
tory activity grade and fibrosis stage in
CHC (47,48). Visfatin increases TNFα
production in human peripheral blood
mononuclear cells and in murine liver
hepatocytes (25). TNFα initiates apopto-
sis in hepatocytes (49) and upregulates
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Figure 3. Action of visfatin. ROS, reactive oxygen species.



expression of vascular adhesion mole-
cule-1 (VCAM-1) and intercellular adhe-
sion molecule-1 (ICAM-1) in liver en-
dothelial cells, facilitating migration of
leukocytes to the inflammation site (50).
Visfatin may also induce VCAM-1 and
ICAM-1 synthesis directly in endothelial
cells and leukocytes by activation of nu-
clear factor (NF)-κB (25,51). Both these
adhesion molecules are significantly in-
creased in CHC (47,52), and serum
ICAM-1 concentration is associated with
the inflammatory activity grade (47).
These findings suggest that visfatin di-
rectly, together with TNFα, or through
induction of TNFα, may enhance pro-
duction of adhesion molecules and there-
fore may have a pivotal role in the regu-
lation of the necro-inflammatory process
in the liver and facilitates migration of
immune cells to the site of inflammation.
On the other hand, in patients with
NAFLD, TNFα levels in visceral adipose
tissue were shown to be inversely associ-
ated with visceral visfatin levels, sug-
gesting that TNFα downregulates vis-
fatin expression (43).

These interesting but contradictory ob-
servations indicate that further studies
are necessary to elicit the exact role of
visfatin in liver tissue inflammation
(24,25,32,38).

VISFATIN AND ANGIOGENESIS IN
CHRONIC HEPATITIS

Angiogenesis is another phenomenon
observed in CHC, which influences dis-
ease progression (53,54). In CHC, the an-
giogenesis is markedly increased and
positively associated with necro-inflam-
matory activity and fibrosis stage (55). It
has not been resolved as to whether an-
giogenesis merely represents a homeo-
static mechanism aimed at ensuring an
adequate oxygen supply to the site of in-
flammation or whether it has an addi-
tional pathogenic role leading to liver tis-
sue damage facilitating fibrogenesis (54).
Development of fibrosis results in con-
striction of fibroblasts, sinusoid capillar-
ization and disturbance of the liver archi-
tecture and, together with accumulation
of inflammatory cells that occur in viral

hepatitis, may increase resistance of liver
tissue to blood flow and oxygen supply
(56). Under these circumstances, an an-
giogenesis switch occurs, leading to an
increase in the proangiogenic factors con-
tributing to vascular remodeling and for-
mation of new vessels (56). On the other
hand, the process of liver chronic wound
healing typical of fibrogenic chronic liver
diseases is characterized by an overex-
pression of the same proangiogenic
growth factors (54). Also, the exact role
of the virus in pathogenesis of angiogen-
esis has not been clearly defined. Vascu-
lar endothelial growth factor (VEGF) and
hepatocyte growth factor are the main
proangiogenic agents (54), levels of
which were found to be significantly in-
creased in CHC (13,57). Matrix metallo-
proteinases (MMPs) and their tissue in-
hibitors also play a key role in
angiogenesis development and progres-
sion. They regulate remodeling and deg-
radation of the extracellular matrix and
therefore facilitate proliferation and mi-
gration of endothelial cells (ECs), which
results in the formation of new blood
vessels (58).

Visfatin was found to induce expres-
sion of genes and proteins for MMP-2,
MMP-9 and VEGF and its receptor
(VEGF-R2) in human umbilical vein en-
dothelial cells in a dose-dependent man-
ner (28). Simultaneously, visfatin inhibits
expression of genes and proteins for tis-
sue inhibitors of matrix metallopro-
teinases (TIMP)—TIMP-1 and TIMP-2.
Inhibition of VEGF and VEFG-R2 results
in downregulation of the expression of
MMPs induced by visfatin (28). Visfatin
increases proliferation, migration of ECs
and formation of new blood vessels in a
dose-dependent manner. Moreover, it de-
creases apoptosis of ECs (28).

Visfatin influences the angiogenic pro-
cess by activation of phosphatidylinositol
3-kinase (PI3K), protein kinase B
(PKB/Akt) and extracellular signal-regu-
lated kinase 1/2 (ERK1/2) (p42/p44 mi-
togen-activated protein kinase [MAPK])
(28). Because angiogenesis and enlarged
extracellular matrix production promote
fibrosis, the ability of visfatin to increase

MMPs, VEGF and its receptor and to in-
hibit TIMP synthesis illustrates its poten-
tial involvement in the pathogenesis of
these processes in chronic hepatitis.
However, further investigations are nec-
essary to determine the exact role of vis-
fatin in these processes.

VISFATIN, INSULIN RESISTANCE AND
STEATOSIS IN CHRONIC HEPATITIS

Recently, more attention has been fo-
cused on the metabolic aspects of CHC.
IR is a hallmark of metabolic distur-
bances. HCV may evoke IR both directly,
with its core protein, or indirectly, by in-
duction of cytokines (1). The mechanism
of IR in CHC is complex and still not
clearly defined (1,59,60) and is described
in Figure 2. Exacerbation of IR augments
fibrosis progression and inflammatory
activity (1–3,59). Markedly reduced
phosphorylation of some mediators of
the insulin pathway—for example, PI3K,
PKB/Akt and MAPK, observed in CHC,
provokes disturbances of carbohydrate
and lipid metabolism (1,60). Visfatin in-
creases phosphorylation of all of these
mediators (28). Moreover, visfatin in-
creases phosphorylation of insulin recep-
tor substrate (IRS)-1 (61), which is inhib-
ited by proinflammatory cytokines and
direct action of the virus (1,60). This ob-
servation shows that the potential pro-
tective action of visfatin against IR is en-
hanced by HCV. Additionally, visfatin
improves insulin receptor sensitivity (29)
and owing to its action as nicotinamide
phosphoribosyltransferase (Nampt) in-
creases synthesis of NAD and nicoti-
namide mononucleotide, enhancing pan-
creatic β cells and improving insulin
production and secretion (24). Alongside
the direct effect of the virus, TNFα and
IL-6 play an important role in IR devel-
opment. Levels of both of these agents
are significantly increased in CHC
(47,48). The ability of visfatin to induce
their synthesis might suggest its adverse
effect on insulin sensitivity (25). A fur-
ther observation pointing to the unfavor-
able role of visfatin in glucose metabo-
lism is its influence on NF-κB synthesis
and release of reactive oxygen species
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(25,51). Further investigations are neces-
sary to delineate the precise role of vis-
fatin in regulation of IR, not only in
CHC.

The relationship between visfatin and
liver steatosis in CHC is also unresolved.
No association was found between the
grade of liver steatosis and serum visfatin
concentration in patients with CHC in-
fected with genotype 1b (38). It should be
mentioned that steatosis was present in
35% of patients with CHC and, in the ma-
jority, it encompassed <33% of the lobule
area. The small area of steatosis was a
limitation of this study, impeding clear in-
terpretation of the results obtained (38).
Similar results were found by Baranova et
al. (41) in patients with CHC infected with
genotype 1b or 3. On the other hand,
Aller et al. found that serum visfatin was
not related to steatosis grade and did not
differ between patients with low-grade
(<33% of the lobule area) and high-grade
(>33% of lobule area) steatosis in over-
weight and obese patients with NAFLD,
but IR was significantly increased in a pa-
tient with NAFLD with high-grade steato-
sis (42). In another study, Gaddipati et al.
(43) showed that a significant decline in
the visceral adipose tissue visfatin level
was associated with the grade of steatosis
in patients with NAFLD (43).

Visfatin was found to decrease the
serum cholesterol level and increase per-
oxisome proliferator–activated receptor
(PPAR)-γ expression (61). However,
Chang et al. (37) reported that visfatin
mRNA expression in visceral adipose tis-
sue was positively correlated with fast-
ing triglycerides, total cholesterol levels
and steady-state plasma glucose mea-
sured with a modified insulin suppres-
sion test, but not with BMI in obese men
and women (BMI 42.01 and 38.89 kg/m2,
respectively) (37). Moreover, mRNA vis-
fatin expression was strongly correlated
with the TNFα gene in subcutaneous and
visceral fat. A study by Catalan et al. (62)
found that total cholesterol, high-density
lipoprotein (HDL) cholesterol and
triglycerides were significant and inde-
pendent determinants of circulating con-
centrations of visfatin in obese patients

(BMI 44.9 kg/m2). A positive correlation
after BMI adjustment was found with the
hepatic enzymes alanine aminotrans-
ferase (ALT), aspartate aminotransferase
and γ-glutamyltransferase, which are
commonly increased in obese patients
with fatty liver disease.

Visfatin as a regulator of cell energy
controls NAD synthesis. NAD is a coen-
zyme with important roles in a variety of
biological processes, partly through acti-
vation of sirtuin-1 involved in control of
the metabolic processes (63). It has been
suggested recently that an increase of sir-
tuin-1 exerts protective effects against the
development of NAFLD in rats, prevent-
ing lipid accumulation in the liver (64).
Presuming that steatosis results from IR
and lipid abnormalities, visfatin is proba-
bly an important participant in the
pathogenesis of liver steatosis in CHC.

VISFATIN AND FIBROSIS IN CHRONIC
HEPATITIS

Many studies point to an essential role
for some adipokines in the pathogenesis
of liver fibrosis (11,12). Circulating vis-
fatin levels are significantly decreased in
liver cirrhosis of different origin—namely,
posthepatic, alcohol and biliary cirrhosis,
compared with healthy controls, presum-
ably owing to decreased hepatic expres-
sion and production (65). The different
underlying etiologies of liver cirrhosis
had no significant impact on plasma vis-
fatin levels or on hepatic visfatin produc-
tion. Patients in the early clinical stages of
cirrhosis—child class A liver cirrhosis—
already had decreased plasma visfatin
levels that were, however, significantly
higher than those of patients with child
class B or C liver cirrhosis. Plasma vis-
fatin in cirrhosis is not associated with IR
and plasma glucose but correlates with
hepatic glucose production and the arte-
rial ketone body ratio, indicating a poten-
tial link between the NAD-generating
properties of visfatin and metabolism
(65). In patients with NAFLD, there was
no difference between individuals with
and without fibrosis, but there were no
data clarifying whether any of the pa-
tients analyzed had cirrhosis (42).

Similarly, there was no association be-
tween fibrosis stage and serum visfatin
level in patients with CHC, either those
infected with genotype 1b (38) or geno-
type 3. Nevertheless, the levels of visfatin
were significantly higher than in healthy
volunteers (41). Visfatin concentration
did not differ between patients with por-
tal, periportal or bridging fibrosis. How-
ever, the lack of cirrhotic patients in the
investigated group limits useful interpre-
tation of the results. IR is a well-defined
risk factor for liver fibrosis (1–3), but hy-
perglycemia per se also induces fibrosis
progression (66). Additionally, regulation
of synthesis and activity of MMPs and
their tissue inhibitors by visfatin (28) sug-
gest that visfatin may influence liver fi-
brosis progression. Visfatin, with its abil-
ity to reduce the glucose level and
increase insulin sensitivity (61), might po-
tentially inhibit the fibrotic process.
Moreover, activation of MMPs might fa-
cilitate removal of the extracellular matrix
and suppress fibrosis progression.

The potential positive and negative as-
pects of visfatin action in liver pathology
are summarized in Table 1. In view of the
multifunctional properties of visfatin,
further investigations are required to re-
solve its role in the pathogenesis of
chronic hepatitis.

CHEMERIN CHARACTERISTICS
Another member of the growing adi-

pokine family is chemerin, also known as
tazarotene-induced gene 2 (TIG2) or retinoic
acid receptor responder protein 2
 (RARRES2). Chemerin is a chemoattrac-
tant protein that acts as a ligand for the
G-protein–coupled receptor: chemokine
receptor–like 1 (CMKLR1) (also known
as chemerin receptor 23 [ChemR23]).
Chemerin is a protein secreted in an in-
active form as prochemerin and acti-
vated through C-terminal cleavage by in-
flammatory and coagulation serine
proteases (67). In humans, chemerin
mRNA is highly expressed in white adi-
pose tissue, liver and lungs, while its re-
ceptor, CMKLR1, is predominantly ex-
pressed in immune cells as well as
adipose tissue (68).
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On the one hand, chemerin was found
to stimulate chemotaxis of dendritic cells,
macrophages and NK cells toward the
site of inflammation (10,69–71), and on
the other hand, it was found to inhibit
synthesis of proinflammatory mediators
and to enhance adiponectin production
(10,71,72). Chemerin has been associated
with autocrine/paracrine signaling for
adipocyte differentiation and maturation.
It regulates glucose uptake in adipocytes
and stimulates lipolysis (68,73,74). Stud-
ies using mature human adipocytes, 3T3-
L1 cells and in vivo studies in mice
showed that chemerin stimulates the
phosphorylation of MAPK, ERK1 and
ERK2, which are involved in mediating
lipolysis and the insulin-signaling path-
way (73). Blocking chemerin or its recep-
tor induces synthesis of IL-6 and the in-
sulin receptor while decreasing
expression of glucose transporter 4
(GLUT4) and adiponectin (73). Serum
chemerin levels in humans are related to
BMI, concentration of triglycerides and
total cholesterol, levels of blood pressure
and IR (68,73–76). The action of chemerin
is shown in Figure 4.

CHEMERIN AND NECRO-
INFLAMMATORY ACTIVITY IN CHRONIC
HEPATITIS

The only available study investigating
serum chemerin in CHC showed that its
serum concentrations were higher in pa-

tients with CHC than in the control group
(77). Similarly to visfatin, serum chemerin
levels were negatively associated with
necro-inflammatory activity grade. The
highest concentration was observed in pa-
tients with minimal inflammation,
whereas the lowest was in individuals
with moderate/severe inflammation.
However, the concentration was still more
than twice as high as in healthy volun-
teers (77). These results suggest that
chemerin is an adipokine involved in the
inflammatory process in CHC. The de-
crease of serum chemerin when inflam-

mation is more severe may be explained
by the fact that chemerin may bind to its
receptor on activated inflammatory cells
and migrate to the site of inflammation,
aggravating the inflammatory response
and hepatocyte injury. NK cells play a
pivotal role in innate immunity against
HCV infection in acute hepatitis C, help-
ing to eradicate the virus. The ability of
chemerin to activate NK cells shows its
potential involvement in the antiviral re-
sponse in acute hepatitis C. The relation-
ship between necro-inflammatory activity
and chemerin was also observed in
NAFLD. The study showed that serum
chemerin was significantly increased in
patients with NASH compared with those
with simple steatosis. Moreover, the
NAFLD activity score was positively as-
sociated with serum chemerin (76).

On the other hand, chemerin inhibits
production of proinflammatory TNFα
and IL-6 (72). As mentioned above, both
these cytokines are upregulated in CHC
(44,47). Chemerin restricts the harmful
proinflammatory activity of these cy-
tokines by inhibiting their synthesis
(10,72) and may exert a protective effect
against liver injury. These findings sug-
gest that chemerin may, on the one hand,
initiate and strengthen the acute phase of
the inflammatory response, but on the
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Table 1. Potential positive and negative aspects of visfatin action in CHC.

Potential negative action Potential positive action

Increase of IL-6 synthesis

Increase of TNFα production
Stimulation of VCAM-1 synthesis
Increase of ICAM-1 synthesis
Enhancement of monocytes
Stimulation of transmigration and adhesion 
of macrophages

Activation of NF-κB
Upregulation of reactive oxygen species
Increase of IL-1β synthesis
Stimulation of HCC development
Enhancement of angiogenesis; increase of 
VEGF synthesis and activity; increase of 
VEGF-R2 expression

Improvement of insulin sensitivity
Increase of glucose uptake
Decrease of glucose release from 
hepatocytes

Increase of MMPs synthesis and activity
Inhibition of TIMP synthesis and activity
Increase of PPARγ expression and 
decrease of serum cholesterol level

Inhibition of hepatocyte apoptosis
Regulation of NAD synthesis
Activation of sirtuin-1

Figure 4. Action of chemerin.



other, it may facilitate the extinguishing
or reduction of chronic inflammation.

CHEMERIN AND INSULIN RESISTANCE
IN CHRONIC HEPATITIS

Inhibition of TNFα and IL-6 by
chemerin upregulates IRS-1 phosphory-
lation and enhances adipocytes insulin
sensitivity (72,74). These observations
may point to a possible action of
chemerin in regulation of IR. However,
another study showed that chemerin in-
duces IR in human skeletal muscle cells
(78). Chemerin influences phosphoryla-
tion of IRS-1, PKB/Akt and glycogen
synthase kinase 3. Additionally, it acti-
vates p38MAPK, NF-κB or ERK1/2.
Serum chemerin was positively corre-
lated with the level of C-reactive protein,
fasting insulin, triglycerides, ALT activity
and the homeostasis model of insulin re-
sistance (HOMA-IR) in patients with
type 2 diabetes (79) and nondiabetic
obese patients (80). There was no rela-
tionship between serum chemerin and
HOMA-IR, waist circumference, serum
lipids concentrations, fasting insulin and
ALT activity in patients with NAFLD
(76). Similarly, in CHC, there was no as-
sociation between serum chemerin and
HOMA-IR, waist circumference, serum
lipids concentration or fasting insulin
(77). Serum chemerin did not differ sig-
nificantly between CHC patients with
HOMA-IR ≥3 and <3. The limitation of
the study was that it did not include
obese patients with CHC, and the aver-
age BMI of the patients studied was 25.0
kg/m2 (77). Therefore, definitive analysis
of the influence of chemerin on insulin
sensitivity and association with BMI in
patients with CHC is difficult.

CHEMERIN AND FIBROSIS IN CHRONIC
HEPATITIS

The observation of a higher chemerin
level in hepatic venular blood than in
systemic arterial and portal blood sug-
gests that the liver is a pivotal source of
this adipokine (79). Moreover, its concen-
tration in hepatic venular blood was
higher in patients with child A liver cir-
rhosis than in those with child B or C

liver fibrosis (79). In patients with CHC,
there was no association between serum
chemerin and fibrosis stage (76). How-
ever, serum chemerin concentration
tended to be higher in patients with more
advanced fibrosis. Clear interpretation of
the results was limited because the study
included patients with portal and peri-
portal fibrosis but not patients with cir-
rhosis (76). Definitive exclusion of an as-
sociation between chemerin and liver
fibrosis is not possible because of the abil-
ity of chemerin to enhance synthesis of
transforming growth factor (TGF)-β (72).
Chemerin activates the pathway depen-
dent on PI3K/Akt and MAPK in ECs, ac-
tivating angiogenesis and synthesis of
MMPs (81). The ability of chemerin to in-
duce production of MMPs suggests its
possible involvement in the pathogenesis
of liver fibrosis and points to its potential
antifibrogenic effect.

The potential positive and negative as-
pects of chemerin action in the liver are
summarized in Table 2.

VASPIN CHARACTERISTICS
Vaspin (visceral adipose tissue–de-

rived serine protease inhibitor) is an adi-
pokine that has been isolated from both
visceral and subcutaneous white adipose
tissue. Visceral vaspin expression signifi-
cantly correlated with BMI, percentage of
body fat and the level of plasma glucose
after 2 h of oral glucose tolerance testing,
whereas its subcutaneous expression sig-
nificantly correlated with waist-to-hip
ratio, fasting plasma insulin concentra-

tion and glucose infusion rate during the
steady state of a euglycemic-hyperinsu-
linemic clamp. Insulin sensitivity, to-
gether with percentage of body fat, ap-
peared to be the strongest determinant of
subcutaneous vaspin expression. Some
studies indicated that the induction of
vaspin mRNA expression in human adi-
pose tissue might be a compensatory
mechanism associated with obesity and
IR (82,83). Vaspin suppresses leptin,
TNFα and resistin expression (10). Ad-
ministration of recombinant vaspin sig-
nificantly improved insulin sensitivity
and glucose tolerance (84). The character-
istics of vaspin action are presented in
Figure 5.

VASPIN IN CHRONIC HEPATITIS
Contrary to serum visfatin and

chemerin, vaspin concentration decreased
significantly in patients with CHC and
was not associated with inflammatory ac-
tivity (77). Vaspin correlated positively
with fasting glucose in patients with CHC
(77). This result supports other findings
that the induction of vaspin mRNA ex-
pression in human adipose tissue might
be a compensatory mechanism associated
with obesity and IR (82,83). As mentioned
above, vaspin suppresses leptin, TNFα
and resistin expression (10). Amelioration
of the inflammatory process may help to
improve IR. The lower levels of vaspin
found in patients with CHC (77) may re-
sult in TNFα overexpression and IR de-
velopment and therefore more pro-
nounced disease progression.
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Table 2. Potential positive and negative aspects of chemerin action in CHC.

Potential negative action Potential positive action

Decrease of IL-6 synthesis
Activation of NK cells

Stimulation of transmigration and adhesion 
of macrophages

Enhancement of monocytes and dendritic 
cells

Activation of NF-κB
Increase of IL-1β synthesis
Enhancement of angiogenesis, increase of 
VEGF synthesis and activity

Upregulation of TGFβ production

Improvement of insulin sensitivity
Increase of glucose uptake
Decrease of glucose release from 
hepatocytes

Increase of MMPs synthesis and activity
Stimulation of IL-10 production
Decrease of TNFα production



There was no association between the
severity of hepatic fibrosis and the level of
vaspin. Nevertheless, serum vaspin was
higher, although not significantly, when
fibrosis was more advanced (77). That
study group did not include patients with
CHC with cirrhosis, which limits data in-
terpretation and may influence the associ-
ation between cytokine levels found in
that study and the stage of fibrosis (77).

However, the possibility of an associa-
tion of vaspin with fibrogenesis cannot
be excluded. Vaspin decreases produc-
tion of a profibrogenic factor (leptin [10]),
but in an analyzed group of patients
with CHC, no association was found be-
tween vaspin and leptin serum concen-
trations. Moreover, leptin concentration
was not related to the stage of fibrosis
(77). Additionally, upregulation of vaspin
as a compensatory mechanism in IR may
also protect against fibrosis development
and progression.

Similarly, a study on patients with
NAFLD showed that their vaspin serum
level was lower than that in healthy con-
trols (76). Levels of vaspin were signifi-
cantly upregulated in patients with
NASH compared with patients with sim-
ple steatosis. There was no difference in
vaspin concentration between NAFLD
patients with different grades of lobular
and portal inflammation or with various
fibrosis stages. Vaspin was positively as-
sociated with hepatocyte ballooning de-
generation (76). On the other hand, a
study by Aktas et al. (85) showed that
vaspin was a predictor of liver fibrosis in
NAFLD, independent of potential con-
founders, including metabolic parame-

ters. Serum vaspin levels showed a sta-
tistically significant association with liver
fibrosis. After stepwise linear regression
analysis, serum vaspin levels were the
only independent predictor of liver fibro-
sis scores in patients with NAFLD (85).
All these results suggest a possible in-
volvement of vaspin in liver fibrogenesis,
but further investigations are necessary
to elucidate its exact role in liver fibrosis.

In human studies, Youn et al. (86)
found sexual dimorphism in the level of
circulating vaspin, with a higher concen-
tration in women than in men only in
normal glucose-tolerant patients but not
in patients with T2DM. Elevated serum
vaspin was associated with obesity and
impaired insulin sensitivity in normal
glucose-tolerant patients, whereas T2DM
seemed to abolish this correlation (86).
Similarly, Seeger et al. (87) found that
vaspin serum concentration was signifi-
cantly higher in women and that gender
was an independent predictor of circulat-
ing vaspin. There was no difference in
vaspin serum concentration between men
and women in both NAFLD and CHC
(76,77). Vaspin levels were not associated
with IR or BMI in CHC (77). HOMA-IR
was significantly higher in patients with
CHC, but there was no difference in
vaspin level between patients with differ-
ing HOMA-IR values (77). Hepatitis C
virus may induce IR by direct action on
the insulin-signaling pathways (1,84),
therefore influencing our results.

LEPTIN CHARACTERISTICS
Leptin is a protein encoded by the

obese (ob) gene (88). Expression of leptin

is predominant in adipose tissue and is
determined mainly by the status of en-
ergy stores in white adipose tissue and
the size of adipocytes (89). Leptin recep-
tors (ObR) are expressed in a broad
range of peripheral tissues, including the
liver, and have isoforms as a result of al-
ternative splicing. The level of secretion
of leptin is associated with the fat mass
and provides antiobesity signals, regulat-
ing food intake, sympathetic tone and
energy expenditure in conditions of en-
ergy excess. Obese patients have an in-
creased leptin concentration. This is the
result of leptin resistance in these sub-
jects, which is caused by abnormal leptin
transport and disturbances in ObR sig-
naling, including overexpression of the
suppressor of cytokine signaling-3
(SOCS3), an agent that inhibits leptin sig-
naling (90). Leptin influences innate and
adaptive immunity. Leptin-deficient mice
are protected from injury in models of
autoimmune disease and T-cell–mediated
hepatitis induced by concanavalin A in-
jection (91,92). On the other hand, leptin-
deficient mice are more susceptible to
bacterial and viral infections, and this re-
flects increased hepatotoxicity after ad-
ministration of endotoxin (93). Leptin
generally acts as a proinflammatory
agent and participates in protection from
bacterial and viral infections. In the dam-
aged liver, leptin exacerbates the inflam-
matory response, via NF-κB-mediated
stimulation of chemokine expression
such as monocyte chemoattractant
 protein-1 (94).

LEPTIN IN CHRONIC HEPATITIS
Since Potter et al. (95) first demon-

strated that rat hepatic stellate cells
(HSCs) express leptin during the process
of transactivation, more attention has
been focused on its role in hepatic fibro-
sis. Leptin appeared to be an essential
prerequisite for the development of liver
fibrosis (95,96). In mice, deficiency of lep-
tin or impaired leptin receptor signaling
reduces fibrogenesis, whereas adminis-
tration of recombinant leptin during
acute or chronic liver injury increases fi-
brogenesis (97,98). Fibrogenesis in the
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Figure 5. Action of vaspin.



liver results from the activation of differ-
ent cell types. Leptin promotes fibrogen-
esis indirectly by activation of Kupffer
cells, macrophages and sinusoidal en-
dothelial cells through upregulation of
TGFβ1 production (11,12,96,99,100) and
directly by activation of HSCs (100,101).
Leptin increases expression of procolla-
gen I, TGFβ1 and α-smooth muscle actin
in activated HSCs (96,100). It promotes
fibrogenesis by stimulation of TIMPs and
inhibition of MMP-1 (102,103). Leptin
seems to increase proliferation and to in-
hibit apoptosis of HSCs through ERK
and the Akt-dependent pathway (104).
The involvement of leptin in liver fibro-
sis regulation is summarized in Figure 6.

Activated HSCs lead to leptin overex-
pression, whereas low leptin levels in
quiescent HSCs are related to increased
synthesis of adiponectin (105). An addi-
tional action of leptin that is important in
fibrogenesis is its regulation of hepatic
angiogenesis (106). Activation of ObRs in
HSCs contributes to increased produc-
tion of VEGF and angiopoietin-1 and up-
regulates monocyte chemoattractant pro-
tein-1 (94). Leptin also acts on ECs,
stimulating their proliferation and pro-
duction of reactive oxygen species (107).
Recently, leptin has been shown to pro-
mote HCC development, both directly
and through upregulation of angiogene-
sis (11,108). ObRs are expressed at higher
levels in HCC, especially in poorly dif-
ferentiated HCCs, which exert higher
vascularization and ObR expression.
Moreover, leptin promotes proliferation,
migration and invasiveness of HCC cells
(109). Therefore, in chronic liver diseases,
leptin may facilitate HCC development
by promotion of fibrogenesis, induction
of angiogenesis and direct stimulation of
the proliferation of cancer cells via the
ERK/MAPK and PI3K/Akt pathways
(108,109).

The role of leptin in steatosis, inflam-
mation, fibrosis and IR in CHC is still not
clearly understood. Increased levels of
leptin have been found in patients with
CHC compared with healthy controls in
some studies (13,77,110), whereas in other
studies, comparable (111) or even lower

leptin levels have been described (112).
The estimation of a possible role of leptin
in fibrogenesis in CHC has produced con-
flicting results. A relationship with fibro-
sis severity was found in some (113,114)
but not in other reports (13,77,115). Serum
leptin was found to be higher in patients
with cirrhosis during the course of
chronic viral hepatitis (20 due to chronic
hepatitis B and 15 due to CHC) (116).
Moreover, another study showed a signif-
icant association between serum leptin
and fibrosis stage in HCV- and hepatitis B
virus–infected patients (117).

Leptin protects against fatty liver di-
rectly by activation of adenosine
monophosphate–activated protein kinase
(AMPK) (10) and also by lowering the
expression of sterol regulatory element
binding protein (SREBP)-1 (91). Fatty
liver in obese patients with higher levels
of leptin may result from IR. The associa-
tion of steatosis with leptin concentration
in CHC is also unclear (118). In one

study, leptin levels were correlated with
steatosis grade only in univariate analy-
sis (119). Another study showed an asso-
ciation but only in patients infected with
genotype 1 but not with genotype 3 HCV
(118). Other reports did not demonstrate
changes in leptin concentrations with
changes in steatosis grade (77,111,114).

In summary, these studies indicate that
although serum leptin levels may be al-
tered in patients with CHC, results for an
association between serum leptin and
liver histology in these patients are con-
flicting. Further studies must be per-
formed to ascertain more precisely the
role of leptin in CHC. The influence of
leptin on liver tissue histology is de-
scribed in Figure 7.

ADIPONECTIN CHARACTERISTICS
Adiponectin circulates in complexes of

different size, but its metabolic activities
are mostly associated with the high–mol-
ecular weight form (10). Adiponectin
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Figure 6. Leptin and liver fibrosis. NADPH, nicotinamide adenine dinucleotide phosphate-
oxidase; ROS, reactive oxygen species; SEC, sinusoidal endothelial cell.



binds to two specific receptors, AdiopoR1
and AdipoR2. AdiopR2 is mainly ex-
pressed in the liver, whereas AdipoR1 is
found in other tissues, including skeletal
muscles (120). The main downstream ef-
fector for AdiopR2 is PPARα, whereas for
AdipoR1, it is AMPK (106). Adiponectin
serum levels are inversely related to body
fat mass and are decreased in obesity and
T2DM. Adiponectin exerts an insulin-sen-
sitizing effect in adipose tissue, skeletal
muscles and liver (10,121).

ADIPONECTIN IN CHRONIC HEPATITIS
Adiponectin has a hepatoprotective

and antifibrogenic effect in cases of liver
injury and protects against liver steatosis
(122,123). In NAFLD and alcoholic hepa-
titis, adiponectin attenuates inflammatory
activity and steatosis by downregulating
SREBP-1 activity and suppressing TNFα
production (124,125). Moreover,
adiponectin increases PPARα expression
in the liver (11,12,124,126). A modest in-
crease in adiponectin concentration in
ob/ob mice leads to an increase of PPARγ
expression in the adipose tissue and ame-
liorates necro-inflammatory activity. In
this model, adiponectin provides signals
that transport triglycerides to the adipose
tissue, sparing the liver and the skeletal
muscles, and reduces IR (11,12,127).

Adiponectin also affects glucose me-
tabolism via AMPK activation, which

downregulates glucose synthesis in the
liver (128). Moreover, adiponectin in-
hibits protein tyrosine phosphatase 1B,
which results in an improvement of in-
sulin sensitivity (100,128).

Adiponectin and leptin both counter-
act ectopic fat deposition, but they have
opposite effects on the inflammatory pro-
cess. Adiponectin ameliorates inflamma-
tion because it increases synthesis of an-
tiinflammatory IL-10, decreases
production of TNFα and IL-6 and in-
hibits the activation of NF-κB (124,129).
On the other hand, the inflammatory
process downregulates adiponectin syn-
thesis and decreases its level in serum.
Studies on leptin-deficient mice have
shown that ob/ob mice are protected
from T-cell–mediated hepatitis, whereas
lipodystrophic mice, which lack both
adiponectin and leptin, are not, suggest-
ing a pivotal role for adiponectin in pro-
tection from liver damage. Moreover,
adiponectin administration protected
both lipodystrophic and ob/ob mice,
whereas leptin administration worsened
their condition (11,12,130). Adiponectin
also blocks Fas-mediated hepatocyte
apoptosis, which is implicated in CHC
pathogenesis (131).

Adiponectin reduced fibrogenesis in
mice treated with CCl4. This effect was
independent of its metabolic action and
was associated with modulation of HSCs,

which express both adiponectin receptors
(105). A pivotal step in the antifibrogenic
action of adiponectin is mediated by acti-
vation of AMPK (11,12,132). Adiponectin
activation of AMPK disrupts leptin-
 mediated hepatic fibrosis by upregulating
SOCS3 in mice. Adiponectin stimulates
MMP-1 activity and blocks leptin-
 induced TIMP-1 expression in mice HSCs
(133). The hepatoprotective activity of
adiponectin is described in Figure 8.

Studies of adiponectin in CHC have
produced conflicting results. Some in-
vestigations showed that serum
adiponectin was not altered in CHC
(134,135), but others showed that
adiponectin levels were significantly
lower in CHC (136,137) and, addition-
ally, were associated with high viral load
and genotype 2 infection (134). CHC
with metabolic syndrome was associated
with lower adiponectin levels and
higher IR. IR and visceral obesity were
independently associated with
adiponectin levels (136).

Results are contradictory also for the
relationship between serum adiponectin
concentrations and histopathological al-
teration in the liver in CHC (138). Petit et
al. (137) found a correlation between
serum adiponectin concentration and he-
patic steatosis, but in the study by Jons-
son et al. (139), such a relationship was
found only in men with CHC. In the
study by Durente-Mangoni et al. (140),
hypoadioponectinemia in CHC was asso-
ciated with the grade of hepatic steatosis,
and a changed balance between
adiponectin and TNFα was suggested.
Patients with HCV genotype 4 infection
with steatosis showed lower serum
adiponectin levels and higher levels of
leptin. Low adiponectin levels in these
patients were independently and in-
versely associated with the grade of
steatosis and HOMA-IR (141). In patients
infected with HCV genotype 3,
adiponectin levels were reduced, inde-
pendently of the extent of steatosis.
Adiponectin levels are increased after
successful antiviral treatment (142).
Moreover, patients with HCV genotype 1
infection had significantly higher IR than
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Figure 7. Influence of leptin on liver tissue alterations in chronic hepatitis. FFA, free fatty
acid; ROS, reactive oxygen species.



patients with genotype 2 infection and
lower serum adiponectin concentration
(134,143). This observation points not
only to the direct influence of HCV on
adiponectin synthesis, but also to a geno-
type-specific difference in inducing IR
and adiponectin level. There are two pos-
sible explanations: the influence of the
degree of histopathological changes in
the liver on adiponectin concentration
(143) or the existence of HCV-specific dif-

ferences in AdipoR1 and AdipoR2 gene
 expression (134).

Additionally, low adiponectin levels
are associated with poor response to an-
tiviral therapy (144). In the study by
Palmer et al. (145) high concentrations of
total and high–molecular weight
adiponectin were related to the presence
of a cellular immune response against
HCV, suggesting a pivotal role for
adiponectin in the regulation of immu-

nity in CHC. The study by Latif et al.
(146) showed that serum adiponectin lev-
els inversely correlate not only with the
grade of steatosis and histological activ-
ity index, but also with the stage of fibro-
sis (146).

Adiponectin together with IR seems to
be implicated in hepatocarcinogenesis.
Serum levels of leptin and insulin,
HOMA and BMI were significantly
higher, and serum adiponectin was sig-
nificantly lower, in patients with HCC at
the time of tumor detection than in con-
trol patients >5 years after sustained vi-
rological response (147). Hepatic fibrosis
may be closely related to the emergence
of HCC after sustained virological re-
sponse. IR and adipocytokine disorders
may be implicated in hepatocarcinogene-
sis after sustained virological response,
in part by promoting hepatic fibrosis
(147). The protective action of
adiponectin in chronic hepatitis against
fibrosis, inflammation and steatosis is de-
scribed in Table 3.

In conclusion, adipokines are impor-
tant participants in the pathogenesis of
chronic hepatitis. However, many as-
pects of their action and influence on
liver disease pathogenesis need to be ex-
tensively investigated and elucidated.

SUMMARY
1. CHC is associated with metabolic

abnormalities. 
2. Metabolic abnormalities and obesity

promote progression of chronic liver dis-
ease in CHC and NAFLD.

3. Studies on adipokines as pivotal reg-
ulators of metabolic processes and in-
flammatory response carried out over the
past few years suggest that adipokines
play a role in pathogenesis of inflamma-
tory reaction and fibrogenesis in the liver
during chronic hepatitis, including CHC
and NAFLD. Adipokines play a role in a
pathogenesis of chronic hepatitis indi-
rectly by regulation of metabolic
processes and directly by interfering with
the inflammatory process and fibrosis.

4. Regulation of insulin sensitivity by
adipokines seems to play a key role in fi-
brosis progression. 
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Table 3. Protective action of adiponectin in chronic hepatitis against fibrosis, inflammation
and steatosis.

Fibrosis Inflammation Steatosis

Improvement of insulin sensitivity
Inhibition of oxidative stress and reactive oxygen species production

Activation of AMPK

FFA, free fatty acid.

Inhibition of Kupffer cells
Decrease of TNFα synthesis
Suppression of NF-κB activity
Suppression of hepatocyte death

Decrease of TGFβ synthesis
Suppression of connective 
tissue growth factor
expression

Inhibition of α-smooth
muscle actin expression

Suppression of platelet-
derived growth
factor–mediated HSCs’
proliferation and migration

Stimulation of HSCs’ apoptosis

Inhibition of VCAM-1 and
ICAM-1 production

Induction of IL-10 synthesis
in Kupffer cells

Promotion of apoptosis
debris clearance

Stimulation of FFA oxidation
and decrease of FFA
synthesis

Activation of PPARα
Downregulation of SREBP-1c
synthesis

Inhibition of de novo
lipogenesis

Figure 8. Influence of adiponectin on liver tissue alterations in chronic hepatitis. FFA, free
fatty acid; ROS, reactive oxygen species.



5. Adiponectin and leptin are the best
known adipokines. Adiponectin exerts
hepatoprotective action, whereas leptin
promotes fibrosis progression. 

6. Recent studies point to the potential
role of novel adipokines (visfatin,
chemerin and vaspin) in chronic hepati-
tis pathogenesis.

7. Data relating to visfatin, chemerin
and vaspin in CHC and NAFLD are
limited. Further investigations involving
a larger number of patients are required
to better determine the exact role of
novel adipokines in CHC and NAFLD.
Precise evaluation of the role of adipo-
kines in chronic hepatitis would facili-
tate management and new therapeutic
approaches.
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