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Chemerin in Non-Alcoholic Fatty Liver Disease — Up or Down?
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Chemerin (previously known as tazarotene-induced gene-2 or
retinoic acid receptor responder-2) is an adipokine whose systemic
levels are increased in human and rodent obesity [1-5]. Chemerin is
an attractant for immune cells and may play a role in the recruitment
of tissue macrophages [6]. This adipokine also regulates adipogenesis
and glucose metabolism [2,7,8]. Chemerin is released as a proprotein
with low biological activity, and extracellular C-terminal processing
by distinct proteases generates bioactive polypeptides which exert
pro- or antiinflammatory effects [6,7]. Hence, local and systemic levels
of bioactive chemerin depend on proteolytic processing and are not
simply related to chemerin protein concentrations determined by
commercially available ELISAs or immunoblot techniques.

It is well known that chemerin is expressed in the liver and
hepatocytes produce plenty of chemerin which is also secreted by
these cells [2,9,10]. Hepatic stellate cells release low levels of this
protein while chemerin mRNA is not detected in Kupffer cells [10].
Chemerin is a ligand of the chemokine-like receptor 1 (CMKLR1)
which is expressed by hepatocytes, hepatic stellate cells and Kupfter
cells suggesting that chemerin affects liver cell function [11]. Chemerin
regulates adipogenesis, and insulin response of skeletal muscle cells
and adipocytes, and future studies have to identify downstream targets
of this protein in liver cells [8,12,13].

In adipocytes chemerin is induced by proinflammatory cytokines,
Lipopolysaccharide (LPS), Free Fatty Acids (FFA) and insulin [12,14-
17], which are all increased in obesity [18-20], and this may contribute
to elevated systemic chemerin. Three studies recently published
investigated whether these metabolites also regulate hepatocyte
chemerin synthesis [9,10,21]. IL-6 has, however, no effect on chemerin
mRNA, cellular and soluble protein, and LPS does notincrease chemerin
protein in Primary Human Hepatocytes (PHH) [9,10]. Chemerin
mRNA expression, total and bioactive chemerin concentrations
in the supernatants of mouse hepatocytes are not regulated by TNF
[3]. In PHH TNF even lowers chemerin in cell supernatants without
changing cellular levels [10]. Therefore, inflammation contributes to
higher adipocyte chemerin synthesis but seems not to raise hepatocyte
chemerin production.

Insulin increases adipocyte chemerin whereas mRNA expression is
not induced in PHH [9,16,17]. FFA have no effect on chemerin mRNA
and cellular protein levels in PHH while palmitate tends to lower
chemerin in the respective supernatants [9,10]. Palmitate even strongly
reduces chemerin mRNA and protein in the supernatants of HepG2
cells [21]. Thus, in contrast to adipocytes, increased lipid storage in
hepatocytes, which is used as an in-vitro model for liver steatosis, does
not induce chemerin in primary hepatocytes and may even reduce its
level in hepatoma cells [9,10,14,21].

Leptin and TGFP1, which play a central role in liver fibrosis,
elevate soluble chemerin while cellular protein is not altered in PHH
[10,20,22]. Farnesoid X receptor is reduced in NAFLD [23], and its
agonist GW4064 increases chemerin in HepG2 cells and in the liver
of mice [21]. Food restriction and refeeding do not affect hepatic
chemerin mRNA while adipose tissue expression is reduced upon
prolonged fasting and increased by refeeding [24].

These data suggest that adipocyte chemerin is upregulated
by metabolites with a function in obesity associated metabolic
complications while hepatocyte chemerin is mostly not affected or

even reduced. The in-vitro data further surmise that hepatic chemerin
synthesis might be not grossly changed in non-alcoholic fatty liver
disease (NAFLD).

NAFLD is a common liver disease with a higher incidence in
obesity. NAFLD is associated with insulin resistance and is referred
to as the hepatic manifestation of the metabolic syndrome. The term
NAFLD encompasses liver steatosis, Non-alcoholic Steatohepatitis
(NASH), liver cirrhosis and hepatocellular carcinoma. Excess storage
of fat in the liver is believed to sensitize the organ to further insults and
to promote inflammation and fibrosis [20,25-27].

Chemerin mRNA expression has been determined in fatty liver of
db/db and ob/ob mice and was found unaltered or induced, respectively
[2,13]. Mice fed a high fat diet have increased hepatic chemerin mRNA
while protein is unchanged in the liver of these animals and in the
liver of ob/ob mice [10]. Hence, raised mRNA levels may not translate
to higher cellular protein while released chemerin may very well be
increased. In humans hepatic chemerin mRNA expression positively
correlates with BMI, and steatosis grade [9] and mRNA levels tend to
be higher in patients with liver steatosis compared to controls [9,10].
Anyway, decreased hepatic chemerin mRNA in db/db mice, animals
fed a high fat diet for two months and human fatty liver has also been
described [21].

Fatty liver may progress to NASH in a subgroup of patients [20,26]
which is characterized by inflammation and eventually liver fibrosis.
An animal model widely used to study NASH is feeding rodents a
methionine choline deficient diet (MCD) which causes massive hepatic
triglyceride storage, inflammation and fibrosis [27]. While one study
has found increased hepatic chemerin protein, a second study describes
reduced mRNA levels in this animal model. Serum chemerin is shown
to be lower in MCD fed animals in accordance with reduced body
weight while systemic chemerin is also found to be similar compared
with chow fed animals [10,21]. Mice fed an atherogenic diet known
to cause hepatic steatosis, inflammation and fibrosis have a trend to
higher hepatic chemerin protein while serum chemerin is increased
most likely because of higher body weight [10,14]. In humans liver
chemerin mRNA positively correlates with NAFLD activity score, and
is induced in patients with NASH [9,28]. Serum chemerin is found
increased and unchanged in human NASH, and elevated levels are
partly associated with higher BMI of the NAFLD patients [9,28-30].

Higher levels of chemerin in hepatic venous serum compared
to portal venous serum of patients with liver cirrhosis indicate
that chemerin is released by the cirrhotic liver [5]. It has not been
clarified yet whether chemerin is also secreted by the liver of healthy
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probands or NAFLD patients. Further studies are needed to find out
whether the liver contributes to circulating chemerin. In patients with
chronic hepatitis C serum chemerin is strongly increased and this
may be related to higher hepatic and/or adipocyte synthesis and / or
inappropriate clearance of this protein from the circulation. Of note,
in these patients systemic chemerin is even negatively associated with
hepatic necro-inflammatory grade [31].

Hepatocellular carcinoma (HCC) develops in patients with chronic
liver diseases [20,25]. Chemerin protein is significantly lower in HCC
tissue compared with paracarcinomatous liver tissue and is associated
with the number of dendritic and natural killer cells [32]. It is suggested
that chemerin contributes to recruitment of immune cells in HCC, and
lower levels of this adipokine are associated with poor prognosis [32].

In summary, data published so far are inconclusive concerning
abundance of chemerin in NAFLD, thus, additional studies are
needed regarding this subject. Although discrepant findings on the
protein level may be partly related to the use of different antibodies
with divergent affinities for chemerin isoforms, discrepant data on
mRNA expression showing increased and decreased chemerin in
NAFLD can't be explained by the different specificities of the applied
techniques. Chemerin might be differentially expressed according to
steatosis, fibrosis and inflammation grade in NAFLD. Species-specific
differences may also exist. Of note, CMKLRI is found decreased in
rodent NASH liver while mRNA is increased in human NASH liver
[9,11] and further research is necessary to clarify hepatic expression
and function of chemerin and CMKLRI in NAFLD. Chemerin is
activated by proteolytic processing [6,7], and assays to measure local
bioactivity have to be performed. Several studies found that serum
chemerin is similar in males and females while others show that
adipose tissue expression and serum levels are associated with gender
suggesting that sex may also be relevant when studying expression of
chemerin in NAFLD [4,5,33,34].

Acknowledgement
Charalampos Aslanidis is acknowledged for helpful discussions.
References

1. Bozaoglu K, Bolton K, McMillan J, Zimmet P, Jowett J, et al. (2007) Chemerin
is a novel adipokine associated with obesity and metabolic syndrome.
Endocrinology 148: 4687-4694.

2. ErnstMC, Issa M, Goralski KB, Sinal CJ (2010) Chemerin exacerbates glucose
intolerance in mouse models of obesity and diabetes. Endocrinology 151:
1998-2007.

3. Parlee SD, Ernst MC, Muruganandan S, Sinal CJ, Goralski KB (2010) Serum
chemerin levels vary with time of day and are modified by obesity and tumor
necrosis factor-{alpha}. Endocrinology 151: 2590-2602.

4. Stejskal D, Karpisek M, Hanulova Z, Svestak M (2008) Chemerin is an
independent marker of the metabolic syndrome in a Caucasian population--a
pilot study. Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub 152:
217-221.

5. Weigert J, Neumeier M, Wanninger J, Filarsky M, Bauer S, et al. (2010)
Systemic chemerin is related to inflammation rather than obesity in type 2
diabetes. Clin Endocrinol (Oxf) 72: 342-348.

6. Yoshimura T, Oppenheim JJ (2008) Chemerin reveals its chimeric nature. J
Exp Med 205: 2187-2190.

7. Ernst MC, Sinal CJ (2010) Chemerin: at the crossroads of inflammation and
obesity. Trends Endocrinol Metab 21: 660-667.

8. Roh SG, Song SH, Choi KC, Katoh K, Wittamer V, et al. (2007) Chemerin-
-a new adipokine that modulates adipogenesis via its own receptor. Biochem
Biophys Res Commun 362: 1013-1018.

9. Docke S, Lock JF, Birkenfeld AL, Hoppe S, Lieske S, et al. (2013) Elevated

20.

21.

22.

23.

24.

2

()}

26.

27.

28.

29.

30.

3

=

hepatic chemerin gene expression in progressed human non-alcoholic fatty
liver disease. Eur J Endocrinol [Epub ahead of print].

. Krautbauer S, Wanninger J, Eisinger K, Hader Y, Beck M, et al. (2013)

Chemerin is highly expressed in hepatocytes and is induced in non-alcoholic
steatohepatitis liver. Exp Mol Pathol 95: 199-205.

. Wanninger J, Bauer S, Eisinger K, Weiss TS, Walter R, et al. (2012) Adiponectin

upregulates hepatocyte CMKLR1 which is reduced in human fatty liver. Mol
Cell Endocrinol 349: 248-254.

. Sell H, Laurencikiene J, Taube A, Eckardt K, Cramer A, et al. (2009) Chemerin

is a novel adipocyte-derived factor inducing insulin resistance in primary human
skeletal muscle cells. Diabetes 58: 2731-2740.

. Takahashi M, Takahashi Y, Takahashi K, Zolotaryov FN, Hong KS, et al.

(2008) Chemerin enhances insulin signaling and potentiates insulin-stimulated
glucose uptake in 3T3-L1 adipocytes. FEBS Lett 582: 573-578.

. Bauer S, Wanninger J, Schmidhofer S, Weigert J, Neumeier M, et al. (2011)

Sterol regulatory element-binding protein 2 (SREBP2) activation after
excess triglyceride storage induces chemerin in hypertrophic adipocytes.
Endocrinology 152: 26-35.

. Kralisch S, Weise S, Sommer G, Lipfert J, Lossner U, et al. (2009) Interleukin-

1beta induces the novel adipokine chemerin in adipocytes in vitro. Regul Pept
154: 102-106.

.Tan BK, Chen J, Farhatullah S, Adya R, Kaur J, et al. (2009) Insulin and

metformin regulate circulating and adipose tissue chemerin. Diabetes 58:
1971-1977.

.Bauer S, Bala M, Kopp A, Eisinger K, Schmid A, et al. (2012) Adipocyte

chemerin release is induced by insulin without being translated to higher levels
in vivo. Eur J Clin Invest 42: 1213-1220.

. Berg AH, Scherer PE (2005) Adipose tissue, inflammation, and cardiovascular

disease. Circ Res 96: 939-949.

.Boden G (2008) Obesity and free fatty acids. Endocrinol Metab Clin North Am

37: 635-646, viii-ix.

Buechler C, Wanninger J, Neumeier M (2011) Adiponectin, a key adipokine in
obesity related liver diseases. World J Gastroenterol 17: 2801-2811.

Deng Y, Wang H, Lu Y, Liu S, Zhang Q, et al. (2013) Identification of chemerin
as a novel FXR target gene down-regulated in the progression of nonalcoholic
steatohepatitis. Endocrinology 154: 1794-1801.

Browning JD, Horton JD (2004) Molecular mediators of hepatic steatosis and
liver injury. J Clin Invest 114: 147-152.

Lu Y, Ma Z, Zhang Z, Xiong X, Wang X, et al. (2013) Yin Yang 1 promotes
hepatic steatosis through repression of farnesoid X receptor in obese mice.
Gut .

Stelmanska E, Sledzinski T, Turyn J, Presler M, Korczynska J, et al. (2013)
Chemerin gene expression is regulated by food restriction and food restriction-
refeeding in rat adipose tissue but not in liver. Regul Pept 181: 22-29.

. Clark JM (2006) The epidemiology of nonalcoholic fatty liver disease in adults.

J Clin Gastroenterol 40 Suppl 1: S5-10.

Goossens GH (2008) The role of adipose tissue dysfunction in the pathogenesis
of obesity-related insulin resistance. Physiol Behav 94: 206-218.

Larter CZ, Yeh MM (2008) Animal models of NASH: getting both pathology and
metabolic context right. J Gastroenterol Hepatol 23: 1635-1648.

Sell H, Divoux A, Poitou C, Basdevant A, Bouillot JL, et al. (2010) 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 95: 2892-2896.

Kukla M, Zwirska-Korczala K, Hartleb M, Waluga M, Chwist A, et al. (2010)
Serum chemerin and vaspin in non-alcoholic fatty liver disease. Scand J
Gastroenterol 45: 235-242.

Yilmaz Y, Yonal O, Kurt R, Alahdab YO, Eren F, et al. (2011) Serum levels of
omentin, chemerin and adipsin in patients with biopsy-proven nonalcoholic fatty
liver disease. Scand J Gastroenterol 46: 91-97.

.Kukla M, Zwirska-Korczala K, Gabriel A, Waluga M, Warakomska I, et al.

(2010) Chemerin, vaspin and insulin resistance in chronic hepatitis C. J Viral
Hepat 17: 661-667.

Endocrinol Metab Synd
ISSN:2161-1017 EMS, an open access journal

Volume 2 ¢ Issue 2 + 1000e117


http://www.ncbi.nlm.nih.gov/pubmed/17640997
http://www.ncbi.nlm.nih.gov/pubmed/17640997
http://www.ncbi.nlm.nih.gov/pubmed/17640997
http://www.ncbi.nlm.nih.gov/pubmed/20228173
http://www.ncbi.nlm.nih.gov/pubmed/20228173
http://www.ncbi.nlm.nih.gov/pubmed/20228173
http://www.ncbi.nlm.nih.gov/pubmed/20363880
http://www.ncbi.nlm.nih.gov/pubmed/20363880
http://www.ncbi.nlm.nih.gov/pubmed/20363880
http://www.ncbi.nlm.nih.gov/pubmed/19219210
http://www.ncbi.nlm.nih.gov/pubmed/19219210
http://www.ncbi.nlm.nih.gov/pubmed/19219210
http://www.ncbi.nlm.nih.gov/pubmed/19219210
http://www.ncbi.nlm.nih.gov/pubmed/19558533
http://www.ncbi.nlm.nih.gov/pubmed/19558533
http://www.ncbi.nlm.nih.gov/pubmed/19558533
http://www.ncbi.nlm.nih.gov/pubmed/18809717
http://www.ncbi.nlm.nih.gov/pubmed/18809717
http://www.ncbi.nlm.nih.gov/pubmed/20817486
http://www.ncbi.nlm.nih.gov/pubmed/20817486
http://www.ncbi.nlm.nih.gov/pubmed/17767914
http://www.ncbi.nlm.nih.gov/pubmed/17767914
http://www.ncbi.nlm.nih.gov/pubmed/17767914
http://www.ncbi.nlm.nih.gov/pubmed/23935128
http://www.ncbi.nlm.nih.gov/pubmed/23935128
http://www.ncbi.nlm.nih.gov/pubmed/23935128
http://www.ncbi.nlm.nih.gov/pubmed/23906870
http://www.ncbi.nlm.nih.gov/pubmed/23906870
http://www.ncbi.nlm.nih.gov/pubmed/23906870
http://www.ncbi.nlm.nih.gov/pubmed/22118966
http://www.ncbi.nlm.nih.gov/pubmed/22118966
http://www.ncbi.nlm.nih.gov/pubmed/22118966
http://www.ncbi.nlm.nih.gov/pubmed/19720798
http://www.ncbi.nlm.nih.gov/pubmed/19720798
http://www.ncbi.nlm.nih.gov/pubmed/19720798
http://www.ncbi.nlm.nih.gov/pubmed/18242188
http://www.ncbi.nlm.nih.gov/pubmed/18242188
http://www.ncbi.nlm.nih.gov/pubmed/18242188
http://www.ncbi.nlm.nih.gov/pubmed/21084441
http://www.ncbi.nlm.nih.gov/pubmed/21084441
http://www.ncbi.nlm.nih.gov/pubmed/21084441
http://www.ncbi.nlm.nih.gov/pubmed/21084441
http://www.ncbi.nlm.nih.gov/pubmed/19233230
http://www.ncbi.nlm.nih.gov/pubmed/19233230
http://www.ncbi.nlm.nih.gov/pubmed/19233230
http://www.ncbi.nlm.nih.gov/pubmed/19502420
http://www.ncbi.nlm.nih.gov/pubmed/19502420
http://www.ncbi.nlm.nih.gov/pubmed/19502420
http://www.ncbi.nlm.nih.gov/pubmed/22924572
http://www.ncbi.nlm.nih.gov/pubmed/22924572
http://www.ncbi.nlm.nih.gov/pubmed/22924572
http://www.ncbi.nlm.nih.gov/pubmed/15890981
http://www.ncbi.nlm.nih.gov/pubmed/15890981
http://www.ncbi.nlm.nih.gov/pubmed/18775356
http://www.ncbi.nlm.nih.gov/pubmed/18775356
http://www.ncbi.nlm.nih.gov/pubmed/21734787
http://www.ncbi.nlm.nih.gov/pubmed/21734787
http://www.ncbi.nlm.nih.gov/pubmed/23507574
http://www.ncbi.nlm.nih.gov/pubmed/23507574
http://www.ncbi.nlm.nih.gov/pubmed/23507574
http://www.ncbi.nlm.nih.gov/pubmed/15254578
http://www.ncbi.nlm.nih.gov/pubmed/15254578
http://www.ncbi.nlm.nih.gov/pubmed/23348961
http://www.ncbi.nlm.nih.gov/pubmed/23348961
http://www.ncbi.nlm.nih.gov/pubmed/23348961
http://www.ncbi.nlm.nih.gov/pubmed/23328001
http://www.ncbi.nlm.nih.gov/pubmed/23328001
http://www.ncbi.nlm.nih.gov/pubmed/23328001
http://www.ncbi.nlm.nih.gov/pubmed/16540768
http://www.ncbi.nlm.nih.gov/pubmed/16540768
http://www.ncbi.nlm.nih.gov/pubmed/18037457
http://www.ncbi.nlm.nih.gov/pubmed/18037457
http://www.ncbi.nlm.nih.gov/pubmed/18752564
http://www.ncbi.nlm.nih.gov/pubmed/18752564
http://www.ncbi.nlm.nih.gov/pubmed/20375212
http://www.ncbi.nlm.nih.gov/pubmed/20375212
http://www.ncbi.nlm.nih.gov/pubmed/20375212
http://www.ncbi.nlm.nih.gov/pubmed/20375212
http://www.ncbi.nlm.nih.gov/pubmed/20095887
http://www.ncbi.nlm.nih.gov/pubmed/20095887
http://www.ncbi.nlm.nih.gov/pubmed/20095887
http://www.ncbi.nlm.nih.gov/pubmed/20809771
http://www.ncbi.nlm.nih.gov/pubmed/20809771
http://www.ncbi.nlm.nih.gov/pubmed/20809771
http://www.ncbi.nlm.nih.gov/pubmed/20002564
http://www.ncbi.nlm.nih.gov/pubmed/20002564
http://www.ncbi.nlm.nih.gov/pubmed/20002564

Citation: Buechler C (2013) Chemerin in Non-Alcoholic Fatty Liver Disease — Up or Down? Endocrinol Metab Synd 2: e117. doi:10.4172/2161-
1017.1000e117

Page 3 of 3
32.Lin W, Chen YL, Jiang L, Chen JK (2011) Reduced expression of chemerin is chemerin in obesity: adipose depot specificity and gender dimorphism. Mol
associated with a poor prognosis and a lowed infiltration of both dendritic cells Cells 33: 591-596.
and natural killer cells in human hepatocellular carcinoma. Clinical laboratory . .
57- 879-885. 34. Martinez-Garcia MA, Montes-Nieto R, Fernandez-Duran E, Insenser M,
Luque-Ramirez M, et al. (2013) Evidence for masculinization of adipokine gene
33. Alfadda AA, Sallam RM, Chishti MA, Moustafa AS, Fatma S, et al. (2012) expression in visceral and subcutaneous adipose tissue of obese women with
Differential patterns of serum concentration and adipose tissue expression of polycystic ovary syndrome (PCOS). J Clin Endocrinol Metab 98: E388-396.

Endocrinol Metab Synd

Volume 2 ¢ Issue 2 + 1000e117
ISSN:2161-1017 EMS, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/22239017
http://www.ncbi.nlm.nih.gov/pubmed/22239017
http://www.ncbi.nlm.nih.gov/pubmed/22239017
http://www.ncbi.nlm.nih.gov/pubmed/22239017
http://www.ncbi.nlm.nih.gov/pubmed/22544171
http://www.ncbi.nlm.nih.gov/pubmed/22544171
http://www.ncbi.nlm.nih.gov/pubmed/22544171
http://www.ncbi.nlm.nih.gov/pubmed/22544171
http://www.ncbi.nlm.nih.gov/pubmed/23337724
http://www.ncbi.nlm.nih.gov/pubmed/23337724
http://www.ncbi.nlm.nih.gov/pubmed/23337724
http://www.ncbi.nlm.nih.gov/pubmed/23337724

	Title
	Corresponding author
	Acknowledgement
	References

