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Abstract. Hepatitis C virus (HCV) infection is an important problem of public health in our country and 
worldwide. HCV infection leads to cirrhosis and in some cases to hepatocarcinoma. In the past years, HCV 
was associated with metabolic disturbances, including hepatic steatosis, dyslipidemia and insulin resistance, 
on the other hand these metabolic factors were identified to accelerate progression to cirrhosis and hepato-
carcinoma. Also in patients with chronic hepatitis C (CHC), the endocrine activity of fat tissue is disturbed 
and a large number of adipokines seem to be involved in the pathogenic mechanisms of CHC progression, 
including liver inflammation, steatosis, fibrogenesis, insulin resistance and angiogenesis. In this paper we 
summarize published data regarding the role of two novel adipokines: Visfatin and Chemerin in the patho-
genesis of HCV infection.
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Background
WHO estimates[1] that about 150 million people 

are chronically infected with hepatitis C virus (HCV), 
and over 350 000 deaths are attributed each year to 
HCV-related liver diseases. Romania is considered a 
country with high prevalence (3.23%- 4.26%), and it 
is estimated that 600000 to 800000 Romanians are 
infected with hepatitis C virus [2,3].

There are a few factors responsible for an 
accelerated progression to cirrhosis, of which 
metabolic factors came to attention in the past years. 
It is considered that HCV is associated with a number 
of metabolic disturbances, including hepatic steatosis, 
dyslipidemia, insulin resistance and type 2 diabetes 
mellitus. Also, in patients with HCV infection, the 
endocrine activity of adipose tissue is perturbed. The 
fat tissue, initially considered a non-active tissue with 
energy storage role, subsequently came to attention 
as an active tissue, with important secretory function, 
the source for a large number of bioactive molecules. 
Some of these molecules are mainly involved in glu-
cidic and lipid metabolism, some of them are involved 
in immunity and inflammation mechanisms and other 
have different other functions in tissue repair, vaso-

constriction, regulation of other hormones including 
cortisol and aldosteron. Most of these adipokines 
belong to more than one of the categories mentioned 
above and most of them are also synthesized in other 
cells than adipocytes. In table I we listed the most 
studied adipokines and their prevalent function. Serum 
levels of some adipokines are altered in some viral 
infections associated with chronic inflammation, such 
as HIV and HCV [4]. Some adipokines are involved 
in the pathogenic mechanisms of HCV infection, 
including inflammatory response, insulin sensitivity, 
fibrogenesis and liver steatosis, and they seem to play 
an important role in the evolution of chronic hepatitis 
C (CHC) to cirrhosis and hepatocarcinoma. 

Among adipokines, Leptin, Resistin and Adi-
ponectin are the first studied in CHC and their role 
is relatively well known. In this paper we intend to 
summarize published data regarding some relatively 
new adipokines, Visfatin and Chemerin, and their 
role in hepatitis C pathogenesis. 

Physiological role of Visfatin
Visfatin is an adipokine first described in 1994 as 

a Pre-B cell colony enhancing factor by Samal et al 
[5]. It has been shown to have immunomodula-
tory and proinflammatory effects, with a role in 
innate immunity by activating B-cells, dendritic cells 
(DC) and macrophages, stimulating synthesis of a 
large number of cytokines, including interleukin 1β 
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(IL1β), IL6, IL10 and tumor necrosis factor α (TNFα) 
and it acts as a chemoattractant for monocytes and 
B-cells[6,7]. Visfatin was also proved to have insulin-
mimetic activity and insulin receptor sensitizing effect 
[8,9], and numerous studies report high serum 
levels of Visfatin in patients with insulin resistance 
or diabetes mellitus [10,11,12], suggesting a positive 
feedback effect of impaired receptor sensitivity and 
hyperglycemia. However other studies failed to prove 
any insulin mimetic effects of Visfatin. Skvarca and 
Oki found no correlation between Visfatin serum levels 
and homeostasis model assessment of insulin resistance 
[13,14]. Moreover, Revollo et al reported no insulin-
mimetic activity of Visfatin in terms of adipogenesis, 
glucose uptake and insulin signaling [15]. In addition, 
Visfatin stimulates IL6 and TNFα synthesis, which 
have a role in insulin resistance [6]. Visfatin was 
also shown to stimulate angiogenesis and to inhibit 
apoptosis [7,16,17]. Dahl et al showed that Visfatin 
inhibits hepatocyte apoptosis in vitro by stimulating 
nicotinamide adenine dinucleotide (NAD) synthesis. 
On the other hand Kukla M. et al reported a negative 
correlation between Visfatin levels and portal tract 
and lobules angiogenesis in females [18]. Moreover, 
Ninomiya S et al found a correlation between Visfatin 
levels and tumor enlargement and stage progression 
in patients with hepatocarcinoma [19].

Visfatin in nonalcoholic fatty liver 
disease (NAFLD)

High serum concentrations of Visfatin were 
reported in patients with nonalcoholic fatty liver 
disease (NAFLD) [20,21]. Kukla et al reported a 
positive correlation of Visfatine serum levels with 
liver fibrosis, and no association with inflammatory 
liver activity and steatosis [22]. Lack of correlation 
with liver inflammation was also reported by Dahl 
[17]. On the other hand Aller found a positive 
correlation between Visfatin levels and liver inflam-
mation in patients with NAFLD, and no correlation 
with liver steatosis [23].

Visfatin in CHC 
There are only a few studies which evaluated 

Visfatin in CHC patients. Serum levels of Visfatin are 
higher in CHC patients [24,25], regardless of geno-
type 1 or 3 [25]. It has been suggested that Visfatin 
could have a protective role against inflammatory 
liver injury, since its levels are higher in patients 
with low grade necroinflammatory activity [24]. Its 
role in the fibrogenesis process in CHC patients is 
controversial. Both Kukla and Baranova found no 
correlation to liver fibrosis or steatosis [24, 25], while 
Huang reported a positive association to fibrosis grade 
and histological activity index scores. Huang also 
evaluated the association with antiviral treatment 
response and found no correlation between Visfatin 
levels and treatment response rates [26].

Although its role remains incompletely clarified, 
all the data available suggest that Visfatin is involved 
in important pathogenic mechanisms of CHC.
Physiological role of chemerin

Chemerin is a chimeric protein synthesized mainly 
in hepatocytes and fat tissue [27,28], with both pro-
inflammatory and anti-inflmmatory effects. Chemerin 
acts as a chemoattractant for macrophages, dendritic 
cells (DC), and NK cells [29, 30] and it stimulates 
macrophage adhesion to vascular cell adhesion 
molecule 1 (VCAM1) and fibronectin [31]. On the 
other hand, Cash et al reported anti-inflammatory 
properties of Chemerin-derived protein C15 in a 
mouse peritonitis model, by inhibiting TNFα and 
IL6 [32], although later on the C15 protein it was 
described as an inactive compound on cells express-
ing ChemR23 - the principal receptor of Chemerin. 
However, the same authors reported ChemR23-
dependent anti-inflammatory properties of Chemerin 
in a mouse pneumonia model [33].

Chemerin role in glucidic metabolism is also 
controversial. High serum levels of Chemerin were 
reported in humans with both type 1 and type 2 dia-
betes mellitus or impaired glucose tolerance[34-36]. 

Adipokines with metabolic functions Adipokines with role in 
inflammation

Other adipocyte-derived 
hormones

Leptin
Resistin (in mouse)

Adiponectin
Visfatin

Chemerin
Vaspin

Retinol binding protein 4
Apelin

Omentin

Resistin (in humans)
MCP-1

Interleukin-1
Interleukin 6
Interleukin 8

TNFα

Renin
Angiotensin I and II

ACE
PAI-1
TGFβ

11β HSD1

Table I. Most studied adipokines and their prevalent roles
Legend: MCP-1 - Monocyte Chemotactic Protein-1;TNFα - Tumor Necrosis Factor α; ACE- Angiotensin Converting Enzime; PAI-1 - Plasminogen 
activator Inhibitor 1; TGFβ- Transforming Growth Factor β; 11β HSD1 - 11 βhydroxysteroid dehidrogenase
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It was shown to increase glucose intolerance in 
mouse models [37] and to inhibit glucose intake 
and accentuating glucose intolerance in human 
skeletal muscle cells by acting on insulin receptor 
substrate 1 [38]. However, other authors reported a 
positive effect of Chemerin in the sense of increasing 
glucose intake in mouse adipocytes [39]. 

Although both Bozaoglu and Kaur studies 
concluded that Chemerin stimulates angiogenesis by 
acting as an endothelial growth factor [40,41], which 
might suggest a role in carcinogenesis, Kukla found 
no relation between Chemerin levels and angiogenesis 
in portal tract [18]. Moreover, Chemerin acts as a 
chemoattractant for DC and NK cells, with role in 
antitumor immunity, which suggests a protective role 
against cancer. Lin et al found low serum levels of 
Chemerin correlated with tumor size, histological 
grade and poor survival rates in patients with 
hepatocarcinoma [42] and Zhao et al reported 
chemerin levels positively correlated to histological 
grade, NK infiltration and better survival rates in 
patients with non-small cell lung cancer [43]. 

The role of chemerin in NAFLD and CHC
High levels of Chemerin were found in NAFLD 

patients [44-46], and it seems to be correlated to NAFLD 
activity score, portal inflammation, fibrosis [45] and 
ballooning degeneration of hepatocytes [46]. 

There are few data published regarding the role 
of Chemerin in CHC. Kukla et al reported high levels 
of Chemerin in CHC patients compared to controls, 
and found a negative association to necroinflamma-
tion grade, and no correlation with fibrosis scores, 
although, as the authors themselves pointed, the study 
did not include patients with advanced fibrosis [47]. 
Subsequently the same authors reported no associa-
tion of Chemerin levels with hepatic angiogenesis 
in CHC patients [18]. 

These findings suggest that Chemerin is an 
important element in the pathogenesis of CHC, espe-
cially in the inflammatory mechanisms, although fur-
ther investigations are required to clarify its role.

Discussions
Multiple studies reported the contribution of 

different adipokines to the development of metabolic 
abnormalities in (NAFLD) and CHC and their role 
in fibrogenesis and angiogenesis, and some of them 
seem appropriate for predictive models and even as 
target molecules for future treatments against fatty 
infiltration, fibrosis and insulin resistance. Moreover, 
the serum level of some adipokines seems to be 
correlated with higher or lower rates of sustained 
response to antiviral treatment and they might 
prove useful in the future as response predictors. 
Although in the past 15 years numerous articles in 

this field were published, some results seem to be 
contradictory and the complex interactions between 
HCV, adipocyte secretion, inflammatory response and 
pathogenic mechanisms of chronic hepatitis remain 
insufficiently clarified.

„ACKNOWLEDGEMENT: This paper is sup-
ported by the Sectoral Operational Programme 
Human Resources Development (SOP HRD) 2007-
2013, financed from the European Social Fund and 
by the Romanian Government under the contract 
number POSDRU/107/1.5/S/82839“

References
1.	 WHO Hepatitis C Fact sheet N°164, July 2012. World 
Health Organisation 2012 www.who.int/mediacentre/fact-
sheets/fs164/en/index.html Acces date: 3rd sept 2012.
2.	 Gheorghe L, Csiki IE, Iacob S, Gheorghe C, Smira 
G, Regep L.The prevalence and risk factors of hepatitis C 
infection in adult population in Romania: a nationwide sur-
vey 2006-2008. Journal of Gastrointestinal and Liver Disease 
2010; 19:373-379. 
3.	 Voiculescu M, Iliescu L, Ionescu C, et al. A cross-
sectional epidemiological study of HBV, HVC, HDV and HEV 
prevalence in the subCarpathian and south-eastern region 
of Romania. Journal of Gastrointestinal and Liver Disease 
2010;19:43-48.
4.	 Aramă V, Tilişcan C, Ion D, et al. Serum adipokines 
and HIV viral replication in patients undergoing antiretroviral 
therapy. GERMS. 2012;2(1):12-17
5.	 Samal B, Sun Y, Stearns G, Xie C, Suggs S, McNiece I. 
Cloning and characterization of the cDNA encoding a novel 
human pre-B-cell colony-enhancing factor. Mol. Cell. Biol. 
1994; 14: 1431–1437.
6.	 Moschen AR, Kaser A, Enrich B et al. Visfatin, an 
adipocytokine with proinflammatory and immunomodulating 
properties. J. Immunol. 2007; 178:1748–58 
7.	 Luk T, Malam Z, Marshall JC. Pre-B cell colony-enhanc-
ing factor (PBEF)/visfatin: visfatin novel mediator of innate 
immunity. J. Leukoc. Biol. 2008; 83:804–16.
8.	 Fukuhara A, Matsuda M, Nishizawa M et al. Visfatin: 
a protein secreted by visceral fat that mimics the effects of 
insulin. Science. 2005; 307:426–30. 
9.	 Sun Q, Li L, Li R, et al. Overexpression of visfatin/PBEF/
Nampt alters whole-body insulin sensitivity and lipid profile 
in rats. Ann. Med. 2009;41:311–20 
10.	 Chang YH, Chang DM, Lin KC, Shin SJ, Lee YJ. Vis-
fatin in overweight/obesity, type 2 diabetes mellitus, insulin 
resistance, metabolic syndrome and cardiovascular diseases: a 
meta-analysis and systemic review. Diabetes. Res. Clin. Pract. 
2011;27;6:515-527 
11.	 Lan JJ, Chen XN, Chen XP et al. The relationship be-
tween visfatin and HOMA-IR in hypertensive patients, and 
the effect of antihypertensive drugs on visfatin and HOMA-IR 
in hypertensive patients with insulin resistance Diabetes. Res. 
Clin. Pract. 2011; 94;1:71-76      
12.	 Shaker O, El-Shehaby A, Zakaria A, et al. Plasma visfatin 
and retinol binding protein-4 levels in patients with type 2 
diabetes mellitus and their relationship to adiposity and fatty 
liver. Clin. Biochem. 2011;44;17-18:1457-1463 
13.	 Skvarca A, Tomazic M, Krhin B, Blagus R, Janez A. 
Adipocytokines and insulin resistance across various degrees 
of glucose tolerance in pregnancy. J Int Med Res. 2012; 
40;2:583-589

Rădulescu Mihaela Andreea et al.



Therapeutics, Pharmacology and Clinical Toxicology154

14.	 Oki K, Yamane K, Kamei N, Nojima H, Kohno N. Circu-
lating visfatin level is correlated with inflammation, but not with 
insulin resistance. Clin Endocrinol (Oxf) 2007;67:796–800
15.	 Revollo JR, Korner A, Mills KF, et al. Nampt/PBEF/
Visfatin regulates insulin secretion in beta cells as a systemic 
NAD biosynthetic enzyme. Cell Metabolism. 2007;6:363–75  
16.	 Adya R, Tan BK, Punn A, Chen J, Randeva HS. Visfatin 
induces human endothelial VEGF and MMP-2/9 production 
via MAPK and PI3K/Akt signalling pathways: novel insights 
into visfatin-induced angiogenesis. Cardiovasc. Res. 2008; 
78:356–65. 
17.	 Dahl TB, Haukeland JW, Yndestad A et al. Intracellular 
nicotinamide phosphoribosylotransferase protects against he-
patocyte apoptosis and is down-regulated in nonalcoholic fatty 
liver disease. J. Clin. Endocrinol. Metab. 2010; 95:3039–47. 
18.	 Kukla M, Berdowska A, Gabriel A et al. Association 
between hepatic angiogenesis and serum adipokine profile 
in non-obese chronic hepatitis C patients. Polish Journal of 
Pathology. 2011; 62;4:218-228
19.	 Ninomiya S, Shimizu M, Imai K et al. Possible Role of 
Visfatin in Hepatoma Progression and the Effects of Branched-
Chain Amino Acids on Visfatin-Induced Proliferation in 
Human Hepatoma Cells. Cancer Prevention Research. 2011; 
4;12:2092-2100  
20.	 Romanowska A, Lebensztejn DM. Evaluation of serum 
visfatin concentrations in children with nonalcoholic fatty liver  
disease. Pol. Mekur. Lekarski. 2010;28;168:459-61.
21.	 Akbal E, Kocak E, Tas A, Yuksel E, Koklu S. Visfatin 
Levels in Nonalcoholic Fatty Liver Disease. J Clin Lab Anal. 
2012;26;2:115-119
22.	 Kukla M, Ciupinska-Kajor M, Kajor M et al. Liver vis-
fatin expression in morbidily obese patients with nonalcoholic 
fatty liver disease undergoing bariatric surgery. Polish Journal 
of Pathology. 2010;61;3:147-153
23.	 Aller R, de Luis DA, Izaola O, Sagrado GM et al. Influ-
ence of Visfatin on Histopathological Changes of Non-alcoholic 
Fatty Liver Disease. Dig. Dis Sci. 2009; 54;8:1772-1777 
24.	 Kukla M, Zwirska-Korczala K, Gabriel A et al. Visfatin 
serum levels in chronic hepatitis C patients. J. Viral. Hepat. 
2010;17:254–60. 
25.	 Baranova A,  Jarrar MH, Stepanova M et al. Association 
of Serum adipocytokines with Hepatic Steatosis and Fibrosis in 
Patients with Chronic Hepatitis C. Digestion 2011;83:32–40 
26.	 Huang JF, Huang CF, Yu ML et al. Serum visfatin is 
correlated with disease severity and metabolic syndrome 
in chronic hepatitis C infection. J. Gastroenterol. Hepatol. 
2011;26;3:530-535 
27.	 Ernst MC, Sinal CJ. Chemerin: at the crossroads of 
inflammation and obesity. Trends in  Endocrinology and Me-
tabolism. 2010;21:660–7.
28.	 Muruganandan S, Parlee SD, Rourke JL, Ernst MC, 
Goralski KB, Sinal CJ. Chemerin, a novel peroxisome 
proliferator-activated receptor g (PPAR g) target gene that 
promotes mesenchymal stem cell adipogenesis. J Biol Chem 
2011;286:23982–95.
29.	 Wittamer V, Franssen JD, Vulcano M et al. Specific 
recruitment of antigen-presenting cells by chemerin, a novel 
processed ligand from human inflammatory fluids. J. Exp. 
Med. 2003;198:977–85.
30.	 Moretta A, Marcenaro E, Parolini S, Ferlazzo G, Moret-
ta L. NK cells at the interface between innate and adaptive 
immunity. Cell Death and Differentiation. 2008;15:226–33. 
31.	 Hart R, Greaves DR. Chemerin contributes to inflam-

mation by promoting macrophage adhesion to VCAM-1 and 
fibronectin through clustering of VLA-4 and VLA-5. J Immunol. 
2010;185:3728–39.
32.	 Cash JL, Hart R, Russ A et al. Synthetic chemerin-derived 
peptides suppress inflammation through ChemR23. J Exp. Med. 
2008. 205:767–75.  
33.	 Luangsay S, Wittamer V, Bondue B et al. Mouse 
ChemR23 is expressed in dendritic cell subsets and macrophag-
es, and mediates an anti-inflammatory activity of chemerin in 
a lung disease model. J Immunol. 2009;183:6489–99.
34.	 Stuart AAV, Schipper HS, Tasdelen I et al. Altered 
Plasma Adipokine Levels and in Vitro Adipocyte Differentia-
tion in Pediatric Type 1 Diabetes. J Clin Endocrinol Metab. 
2012;97;2:463-472.
35.	 Toenjes A, Fasshauer M, Kratzsch J, Stumvoll M, Blueher 
M. Adipokine Pattern in Subjects with Impaired Fasting Glucose 
and Impaired Glucose Tolerance in Comparison to Normal Glu-
cose Tolerance and Diabetes. PLoS One. 2010;5;11: e13911.
36.	 El-Mesallamy HO, El-Derany MO, Hamdy NM. Serum 
omentin-1 and chemerin levels are interrelated in patients 
with Type 2 diabetes mellitus with or without ischaemic heart 
disease. Diabet Med. 2011;28;10:1194-1200. 
37.	 Ernst MC, Issa M, Goralski KB, Sinal CJ. Chemerin 
exacerbates glucose intolerance in mouse models of obesity 
and diabetes. Endocrinology. 2010;151;5:1998-2007. 
38.	 Sell H, Laurencikiene J, Taube A et al. Chemerin Is a 
Novel Adipocyte-Derived Factor Inducing Insulin Resistance 
in Primary Human Skeletal Muscle Cells. Diabetes. 2009; 
58;12: 2731-2740.
39.	 Takahashi M, Takahashi Y, Takahashi K et al. Chemerin 
enhances insulin signaling and potentiates insulin-stimulated 
glucose uptake in 3T3-L1 adipocytes. FEBS Lett. 2008. 
582:573–8.
40.	 Bozaoglu K, Curran JE, Stocker CJ et al. Chemerin, 
a Novel Adipokine in the Regulation of Angiogenesis. J Clin 
Endocrinol Metab. 2010;95;5:2476-2485.
41.	 Kaur J, Adya R, Tan BK, Chen J, Randeva HS. Identifi-
cation of chemerin receptor (ChemR23) in human endothelial 
cells: Chemerin-induced endothelial angiogenesis. Biochem 
Biophys Res Commun. 2010;391;4:1762-1768.
42.	 Lin W, Chen YL, Jiang L, Chen JK. Reduced Expression 
of Chemerin is Associated with a Poor Prognosis and a Lowed 
Infiltration of Both Dendritic Cells and Natural Killer Cells in 
Human Hepatocellular Carcinoma. Clinical Laboratory. 2011; 
57;11-12: 879-885.
43.	 Zhao S, Li C, Ye YB, Peng F, Chen Q. Expression 
of Chemerin Correlates With a Favorable Prognosis in 
Patients With Non-Small Cell Lung Cancer. LabMedicine. 
2011;42;9:553-557.
44.	 Yilmaz Y, Yonal O, Kurt R et al. Serum levels of omen-
tin, chemerin and adipsin in patients with biopsy-proven 
nonalcoholic fatty liver disease. Scand J Gastroenterol. 2011; 
46;1:91-97. 
45.	 Sell H, Divoux A, Poitou C et al. Chemerin Correlates 
with Markers for Fatty Liver in Morbidly Obese Patients and 
Strongly Decreases after Weight Loss Induced by Bariatric 
Surgery. J Clin Endocrinol Metab. 2010;95;6:2892-2896. 
46.	 Kukla M, Zwirska-Korczala K, Hartleb M et al. Serum 
chemerin and vaspin in non-alcoholic fatty liver disease. Scand 
J Gastroenterol. 2010;45;2:235-242.
47.	 Kukla M, Zwirska-Korczala K, Gabriel A et al. Chemer-
in, vaspin and insulin resistance in chronic hepatitis C. J Viral 
Hepat. 2010; 17: 661–667.

Adipokines in chronic hepatitis C




