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ABSTRACT

Adipokines, pleiotropic molecules pro-
duced by white adipose tissue (WAT)
have attracted the attention of scientists
since 1994. The role of adipokines in
metabolic syndrome is known and fixed.
Adipokines exerting a variety of meta-
bolic activities have contributed to the
ethiopathogenesis and the consequenc-
es of metabolic syndrome. Furthermore,
adipokines are involved in the regulation
of inflammatory processes and autoim-
munity in the light of pathogenesis of
connective tissue diseases. Given some
evidence for the influence of adipokines
in metabolic syndrome, there may be a
link between CVDs and rheumatic dis-
eases. This review provides an overview
of the literature focusing on the role of
adipokines in rheumatic diseases by
putting special emphasis on the poten-
tial role of leptin, resistin, adiponectin,
chemerin, visfatin and novel adipokines
in connective tissue diseases.

Introduction

In 1994, the year in which Zhang et al.
discovered leptin, there was a break-
through in the perception of adipose
tissue functions (1). Since then white
adipose tissue (WAT) has been con-
sidered as an active endocrine and im-
mune organ, which has a significant
regulatory function and influence on
maintaining systemic homeostasis,
participates in a number of metabolic,
immunologic, inflammatory, fibrogen-
esis processes and synthesises biologi-
cally active substances — adipokines.
Hormones of white adipose tissue
influence numerous immune system
cells: lymphocytes, macrophages, fi-
broblasts. It is known that adipocytes
secrete approximately 50 different
adipokines (2). Among cytokines pro-
duced by adipose tissue, the most well-
known are the following: adiponectin,
leptin, resistin and, to a lesser extent,
visfatin, chemerin and others. There
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are numerous articles on the study of
these substances in rheumatoid arthri-
tis, systemic lupus erythematosus, an-
kylosing spondylitis, osteoarthritis and
systemic sclerosis. The present paper
offers an extensive review of selected
WAT hormones in connective tissue
systemic diseases.

Leptin

Leptin is a 16-kDa non-glycosylated
peptide hormone produced primarily
by adipose tissue cells. The discovery
of leptin in 1994 revolutionised the im-
portance of white adipose tissue, which
is not only an energy storage but also
a significant endocrine and regulatory
organ. Leptin is encoded by obese gen
(ob) located on chromosome 7q31.3.
Leptin synthesis occurs mainly in adi-
pocytes, but also in the hypothalamus,
pituitary gland, skeletal muscles, mam-
mary gland and epithelium of the ali-
mentary tract. The main role of leptin
is the influence on metabolism and ap-
petite. Negative energy balance leads to
a drop in leptin synthesis and secretion
of appetite enhancing neurotransmitters
such as: neuropeptide Y, orexin, galanin
and melanin-concentrating hormone
(MCH) (3). Leptin secretion exhibits
daily variability, with the peak dur-
ing night hours [3]. Leptin production
depends on the level of insulin, sexual
hormones, interleukin 1, TNF-a and
other inflammatory mediators. Leptin
exerts its biological action through ac-
tivation of its receptor (ObR). This re-
ceptor belongs to the type 1 cytokine
superfamily receptor members, and
has three different types: long (Ob-Rb),
short (Ob-Ra, ¢, d, f) and soluble (Ob-
Re), named OBR, LEPR or LR. Leptin
receptors can be found in immune cells,
macrophages, T cells, NK and poly-
morphonuclear cells. The intracellular
domain of OBRb belongs to Janus ki-
nase signal transduction system (JAK2/
STAT3). This is the key physiological
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and metabolic pathway (4, 5). Not only
JAK/STAT, but also MAPK/ERK and
AMP-activated protein kinase (MAPK)
and PI3K/Akt are involved in leptin
signalling and molecular mechanisms
(5). Leptin plays a modulatory, and
basically proinflammatory role. This
adipokine has an impact on immunity
by activation a proliferation of mac-
rophages and maturation of dendritic
cells, it downregulates apoptosis of neu-
trophils, eosinophils and dendritic cells
(5). Moreover, leptin exhibits similar
structural and functional characteristics
tothe IL-6 cytokine family, increases
an inflammation by regulation of Thl
(Ilymphocytes T helper type 1) depend-
ent response and production of pro-in-
flammatory cytokines by macrophages
such as TNF-a, IL-6 and IL-12 and in-
duces CD69, CD25, CD38 and CD71
(5-7). Leptin stimulates secretion and
maturation of thymocytes and activa-
tion of Th1 and B cells. It also inhibits
production of regulatory T cells. Leptin
stimulates the production of intrerfer-
one (IFN-vy) and IL-2 in T-lymphocytes
(8). Furthermore, leptin has protec-
tive properties toward lymphocytes T
against corticosteroid induced apopto-
sis, increases expression of adhesion
molecules such as intracellular adhesion
molecule-1 (ICAM-1) and very late an-
tigen-2 (VLA2) which contributes to
activation and migration of the cells to
the inflammation site (9). Regarding
B cells and immunoregulation, leptin
modulates them to produce cytokines
such as IL-6, IL-10 and TNF-a. by acti-
vating Janus kinase 2/signal transducer
and activator of transcription -3 (JAK?2/
STAT-3) and p38MAPK/extracellular-
regulated kinase /2 (ERK1/2) signalling
pathways (10).

Some authors report that leptin can be
an important factor linking obesity, the
metabolic syndrome and cardiovascular
disorders. It is involved in body weight
regulation and has proatherogenic role
(11). Patients with metabolic syndrome
(MetS) had higher leptin levels com-
pared with individuals without MetS.
What is more, leptin was strongly cor-
related with insulin sensitivity and
waist circumference. Serum leptin lev-
els predict MetS development indepen-
dently from obesity (12). Yadav et al.
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showed a significant positive correla-
tion of serum leptin levels with insulin
resistance, triglycerides and a negative
correlation with HDL-cholesterol (13).
Due to the fact that leptin induces chon-
drocyte apoptosis in cartilage and in-
creases metalloproteinase activity and
similarly to interferon vy and IL-1, acti-
vates nitric oxide synthase II, acts pro-
inflammatory in chondrocyte cells (14)
(Fig. 1). This mechanism is responsible
for leptin participation in pathogenesis
of connective tissue systemic diseases,
especially in rheumatoid arthritis (RA).
Furthermore, it has been noted that
leptin exhibits proinflammatory and
proatherogenic action in the course of
RA (11). Tian et al. indicated increased
serum leptin concentrations in patients
with RA. Therefore, it could be possible
to treat patients with RA and reduce the
damage of the joints by blocking leptin
signal path (5). Targonska-Stepniak ez
al. reported higher serum leptin levels
among RA patients with erosive joint
disease compared to those without ero-
sions. It may indicate that high serum
levels of leptin may increase the risk
of progressive joint destruction (11).
Yoshino er al. stated that serum leptin
levels were related to CRP levels in RA
patients (15). However, some studies
have not stated the differences in the
serum leptin levels among RA patients
compared to controls (16-19). Anders
et al. have not observed the correlation
between serum leptin levels and dis-
ease activity in RA patients (20). Due
to high level of TNF-a in RA, scientists
assessed correlation between anti-TNF
therapy in RA patients and serum lep-
tin levels. TNF-a blockers are effective
in treatment of RA patients and reduce
CV (cardiovascular) mortality compar-
ing to disease modifying anti-rheumatic
drugs. However, the beneficial effect of
anti-TNF-a therapy and decreased CV
mortality in RA patients seem not to be
mediated by serum leptin levels (21).
Gonzalez-Gay et al. reported about 33
patients with RA on periodical treat-
ment with anti-TNF therapy. The study
conducted by the authors shows a posi-
tive correlation between body mass in-
dex of RA patients and serum leptin
levels (21). Data on the role of leptin as
a predictor of disease activity in RA are
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controversial. On the one hand, there
was no correlation between serum lep-
tin levels and most clinical and labora-
tory parameters of disease activity and
inflammation. Actually, in the patients
with severe RA, circulating leptin con-
centrations constitute a manifestation
of adiposity as it is observed in sub-
jects without RA (21). Hirle et al. also
reported that serum leptin concentra-
tions in RA patients were not decreased
by 12 weeks anti-TNF-a treatment
(adalimumab) (19). On the other hand,
Xibillé-Friedmann et al. examined in
their study whether leptin serum levels
can predict disease activity or response
to treatment with NSAIDs (non-steroid
anti-inflammatory drugs, prednisone
or DMARDs (disease-modifying anti-
rheumatic drugs) in RA patients at regu-
lar follow-up. The authors found that
baseline leptin levels can predict disease
activity in all RA patients (22).

To sum up, the results of different clini-
cal studies suggest that leptin may be
engaged in the inflammation and joint
damage of RA patients.

The role of leptin in ankylosing spon-
dylitis (AS) is unclear. Park et al. found
association between leptin levels, CRP,
IL-6 and disease activity in AS patients
(23). For instance, Miranda-Filloy et al.
assessed leptin concentrations in non-
diabetic AS patients treated with anti-
TNF-a therapy. The authors discovered
no correlation between leptin concentra-
tions and disease duration, ESR, C-reac-
tive protein. There was also no change in
leptin levels after infliximab therapy. In
conclusion, in non-diabetic patients with
ankylosing spondylitis on treatment with
the anti-TNF-oa-blocker infliximab, lep-
tin did not correlate with disease activity
or systemic inflammation (24).

There are reports in which high leptin
concentrations run the risk of increased
connective tissue disease morbidity.
Garcia-Gonzales showed increased lep-
tin concentration in women with sys-
temic lupus erythematosus (SLE) com-
pared to healthy women. Patients with
SLE had no association between leptin
levels and SLEDAI score, age, duration
of disease, or prednisone doses (25-27).
Chung et al. tested the hypothesis that
concentrations of leptin were altered
in SLE and associated with coronary
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Fig. 1. Schematic representation of effects of leptin,
resistin and adiponectin on pathogenetic processes in
rheumatoid arthritis and ankylosing spondylitis. Adi-
pokines regulate disease acitivity, inflammation and
joint injury in rheumatic diseases.

atherosclerosis, insulin resistance and
inflammation. Patients with SLE had
increased serum concentrations of lep-
tin and higher concentrations of leptin
were associated with insulin resistance,
BMI and CRP in patients with SLE
(26). Vadacca et al. assessed leptin lev-
els and its relationship with stiffness
parameters (diameter changes of the
carotid artery between systole and dias-
tole during a cardiac cycle in a colour-
coded duplex sonography) and disease
activity index (SLEDAI) in women
with SLE. Median leptin levels were
higher in SLE patients compared with
healthy controls and correlated with
disease activity (SLEDAI) and vascular
stiffness (27).

Taking everything into account, these
data may suggest a significant proin-
flammatory role of leptin in SLE pa-
tients and its association with clinical
features of metabolic syndrome.
Studies on leptin in systemic sclerosis
(SSc) are diverging. Winsz-Szczotka et
al. obtained decreased leptin concentra-
tions in serum of patients with SSc and
postulated a clear link between lepti-

naemia and disease duration, ESR level
and Rodnan skin score (28). Similar re-
sults were obtained by Kotulska et al.
who revealed decreased leptin concen-
trations in blood serum of patients with
SSc. The authors hypothesised that
corticosteroids, thyroid hormones, the
autonomic nervous system, the renin-
angiotensin system may affect serum
leptin level, or what is interesting, an
impairment of alimentary track may be
responsible for this phenomenon (29,
30). Contrarily, Pehlivan et al. recorded
increased serum leptin concentrations
in patients suffering from SSc com-
pared to control group. Moreover, there
was a positive correlation between
leptin and TNF-a, ESR and BMI. In-
triguingly, leptin concentrations in pa-
tients with SSc were higher compared
to healthy people with the same BMI.
It is also worth paying attention to the
fact that increased leptin concentrations
lead to decrease in appetite and cachex-
ia in patients with SSc (30).

To sum up, the role of letpin in SSc is
controversial and requires further study.
Taking into consideration other diseases
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connected with chronic inflammation
like psoriasis, there is an interesting
study of Pina er al. who assessed leptin
levels in 29 non-diabetic patients with
moderate-to-severe psoriasis who com-
pleted 6 months of therapy with anti-
TNF-a adalimumab. In patients with
moderate-to-severe psoriasis leptin lev-
els correlated with metabolic syndrome
features, CRP, insulin resistance and in-
flammation, but no significant changes
in leptin concentrations during anti-
TNF-a therapy were found (31).
Making provision for all the above-
mentioned data, leptin may be involved
in the development of connective tis-
sue diseases and it may play an impor-
tant role in the inflammation.

Resistin

Resistin is a 12,5kDa protein discov-
ered in 2001 which belongs to the pro-
tein family FIZZ3 (“found in inflamma-
tory zone 3”). Resistin gen (RETN) is
located on chromosome 19p13. Tran-
scription of this gene is induced by pro-
inflammatory cytokines (TNF-a, IL-1§3,
IL-6) and lipopolysaccharide (LPS) and
inhibited by PPARY (peroxisome pro-
liferator activated receptor v). Resistin
exists in two forms: as a heksamer or
more bioactive trimer. Glucose metabo-
lism modulating feature of resistin is
associated with suppressor of cytokine
signalling 3-SOCS3, which is inhibitor
insulin transduction in adipocytes (32).
Recently, TLRs4 were suspected to me-
diate resistin inflammatory responses
in human cells, due to resistin recep-
tor remains unknown (33). Glucocor-
ticosteroids, growth hormone, thyroid
hormone, vitamin A, pro-inflammatory
cytokines and also insulin and glucose
may have an effect on regulation of re-
sistin gene expression (34). Moreover,
resistin is secreted in chronic inflam-
mation and participates in the develop-
ment of inflammatory response. Higher
resistin concentrations occur during
infections. Significant correlation was
established between resistin concentra-
tions and inflammatory markers, e.g. C-
reactive protein (35). What seems to be
interesting the role of resistin in disease
related to chronic inflammation pro-
cesses, such as t.2 diabetes, chronic kid-
ney disease and chronic infections (36).
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Resistin increases VCAM-1, ICAM-1
expression, intensifies MCP-1 action
and activates endothelium cells which
release endothelin 1 (35). Resistin ad-
versely affects endothelium function
by increased production of peroxides
which leads to impairment of blood
vessel dilating (35). Furthermore, ab-
normalities in the course of angiogen-
esis were associated with the develop-
ment of diseases such as coronary heart
disease, malignancies, diabetes, chronic
inflammation, atherosclerosis (35).
Resistin is responsible for maintaining
carbohydrate homeostasis. Therefore it
plays a significant role in the develop-
ment of metabolic syndrome. Resistin
may be a link between obesity and dia-
betes (37). Steppan et al. reported about
association of increased resistin levels
with obesity and visceral fat, insulin re-
sistance, diabetes mellitus type 2, while
others denied such information (37, 38).
Interestingly, Norata et al. proposed the
hypothesis concerning the role of re-
sisitn and its association with inflamma-
tory markers in development of MetS
and its correlation with metabolic pa-
rameters like BMI, glucose, lipids as a
secondary effect (39).

A role for resistin in pathology of RA
was explored. Senolt et al. stated that re-
sistin was connected with disease activ-
ity and joint destruction (40). Likewise,
Bokarewa er al. investigated increased
resistin concentrations in the synovial
fluid and described a positive correla-
tion between resistin and IL-6 concen-
trations and the number of leukocytes in
the synovial fluid in RA patients (41).
It can be suggested that resistin is pro-
duced in the inflamed joints (35). To
confirm these data, Forsblad et al. re-
ported the correlation of resistin levels
with agonist of the IL-1 receptor in post-
menopausal women with RA. Resistin
was associated with increased inflam-
mation, particularly by the acute-phase
reactant IL-1Ra antagonising IL-1f3,
joint destruction and glucocorticoster-
oids (42). Schiffler et al. proved correla-
tion between resistin serum levels in the
blood serum and CRP, ESR and TNF-a
in patients with RA. Furthermore, these
scientists reported about increased lev-
els of resistin in synovial fluid from RA
patients compared to healthy patients
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(43). What is more, Gonzalez-Gay et al.
showed that anti-TNF-o therapy (peri-
odical treatment with infliximab) de-
creased resistin serum levels in patients
with RA. The obtained results showed
also strong association between serum
resistin levels and markers of inflam-
mation, particularly with CRP, but also
supported a potential role of resistin in
the inflammatory cascade in RA (44).
The role of resistin is assumed to be in-
volved in AS pathogenesis. Kocabas et
al. reported higher serum resistin levels
in AS patients, but no correlation be-
tween resistin concentrations and ESR,
CRP and BASDALI was observed (45).
Similarly, Syrbe er al. found elevated
serum resistin levels in 86 AS patients
(46). Although anti-TNF-a therapy in
AS patients has a beneficial effect, re-
sistin levels and inflammatory markers
were not changed during this therapy
(47). Recent studies showed no corre-
lation between resistin concentrations,
disease activity and inflammatory mark-
ers in patients with AS, probably as a
result of prolonged biological therapy
(45,47).

Additionally, resistin may act as a mark-
er of inflammation in other rheumatic
disorders like SLE. However, results
seem to be contradictory. Almehed et al.
described a positive correlation between
serum resistin levels, general inflam-
mation, bone loss and renal disease in
patients with SLE compared to controls
(48). What is more, Hutcheson et al.
found increased resistin expression in
both sera and urine from lupus nephri-
tis (LN) patients compared to matched
controls. Serum resistin, but not urine
resistin, was correlated with parameters
of renal dysfunction in LN. Serum re-
sistin levels may be useful marker of
renal dysfunction in LN patients, al-
though further studies are necessary
to determine if resistin has functional
consequences in LN (49). In contrast,
Huang er al. showed opposite results,
finding no differences between serum
resistin levels in SLE patients compared
to healthy controls (50).

Furthermore, resistin plays an impor-
tant role in pathogenesis of SSc. This
adipokine causes endothelium dys-
function and affects the proliferation of
endothelial cells in patients with SSc.
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Verma et al. demonstrated that resis-
tin increases endothelin 1 promoter,
the factor that causes vasoconstriction
playing essential role in the pathogen-
esis of SSc (51). Olewicz-Gawlik et al.
studying resistin concentration in the
blood serum of 34 patients with SSc
obtained significantly higher levels
of this adipokine compared to control
group (52). Moreover, Adrych er al.
demonstrated elevated resistin concen-
trations as a possible cause of fibrosis
in chronic pancreatitis. It may also sug-
gest the potential role of resistin in the
pathogenesis of fibrosis in SSc (53).
Moreover, a positive association be-
tween parameters of disease activity
in psoriasis and resistin concentrations
were disclosed among patients with
moderate-to-severe psoriasis. Pina er al.
observed a correlation between resistin
and metabolic features and disease se-
verity in psoriasis patients treated with
anti-TNF-a therapy (31). A positive
correlation between parameters of dis-
ease activity (BSA- body surface area
and PASI- psoriasis area and severity
index), CRP level and resistin concen-
trations were described (31).

Taking everything into consideration,
many clinical studies indicate that re-
sistin may act as an inflammatory me-
diator in connective tissue diseases.

Adiponectin

Adiponectin is biologically active pro-
tein described by Scherer et al. in 1995
(54). This hormone is built of 244 ami-
no acids and has molecular weight of 33
kDa and it has sequences homologous
to collagen type VIII, and X and Clq
complement component. Adiponectin is
coded by ACDC gene (APM1). Human
serum contains three main adiponectin
oligomers: of low (LMW), medium
(MMW) and high (HMW) molecular
weight. Adiponectin acts via two recep-
tors, AdipoR1 found mainly in skeletal
muscles and another AdipoR2 in liver.
Transduction of the adiponectin signal
by AdipoR1 and AdipoR2 involves the
activation of AMPK (AMP-activated
protein kinase) (55). A gene of the hor-
mone is regulated on the transcription
level by the PPAR (peroxisome pro-
liferator activated receptor). What is
more, adiponectin via the p38 MAPK
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pathway induces IL-6 production and
metalloproteinase-1 in synovial fibro-
blasts (56).

Not all mechanisms of adiponectin reg-
ulation have been understood so far, but
it is known that adiponectin influences
numerous metabolic processes and sys-
temic homeostasis. One of the basic
biochemical functions of the hormone is
5’ AMP-activated protein kinase phos-
phorylation in muscles. Adiponectin in-
creases insulin sensitivity of tissues. Ad-
ditionally, it stimulates phosphorylation
and inactivation of acetyl-CoA carboxy-
lase, intensifies fatty acid beta-oxidation
in skeletal muscles. It stimulates trans-
location of glucose transporter GLUT-
4, thus it increases glucose uptake.
Adiponectin stimulates liver gluconeo-
genesis (57). Adiponectin, depending
on the isoform has a modulatory effect
on the immune system: protein with
HMW (high molecular weight) acts
pro-inflammatory, whereas protein with
LMW (low molecular weight) exhib-
its anti-inflammatory action (58). Adi-
ponectin has antiatherogenic and pro-
tective action for endothelium, inhibits
formation of macrophages and foam
cells. Adiponectin stimulates angiogen-
esis in damaged vessels and inhibits
endothelial apoptosis. What is more, it
inhibits production of pro-inflammatory
cytokines, i.e. TNF-a, interleukin-6,
interleukin-10, IFNy. Adiponectin in-
creases nitrous oxide synthesis. It inhib-
its expression of some of the endothelial
adhesion molecules VCAM-1, ICAM-1
and E-selectins (59).

Moreover, hypoadiponectinaemia con-
tributes to the development of athero-
sclerosis, ischaemic heart disease and
congestive heart failure. Adiponectin
concentrations are inversely propor-
tional to body weight, BMI, NT-proB-
NP, triglyceridaemia and low HDL
(high-density lipoprotein) concentra-
tions (60). Adiponectin levels are low
in obese patients and have a tendency
to increase when they loose weight
(61). Adiponectin secretion is inhibited
by proinflammatory cytokines, perhaps
the inflammation may be an important
factor leading to hypoadiponectinaemia
in insulin-resistant and obese patients
(62). In the contrary, a physical exer-
tion increases adiponectin levels and

expression of its receptors (63). Fur-
thermore, many literature data indicate
the adiponectin as a protective MetS
biomarker. Bae ef al. showed a negative
correlation between MetS score and se-
rum adiponectin levels (64). Kotani and
Sakane suggested leptin:adiponectin
ratio may be a marker to detect MetS
(65). Adiponectin is a multifunctional
protein with strong anti-inflammatory
and antifibrotic properties and due to
that, it can participate in the develop-
ment of autoimmune diseases. Adi-
ponectin inhibits action of cytokines,
including platelet-derived growth fac-
tor (PDGF-BB) and fibroblast growth
factor (66-68).

Furthermore, adiponectin is involved in
pathogenesis of RA. In contrast to pro-
tective role of adiponectin in MetS, there
are studies indicating on proinflamma-
tory activity of this adipokine in joints
with possible matrix degeneration (12).
It increases inflammation in joints, has a
proinflammatory effect on chondrocytes
and contributes to destruction of carti-
lage (69). Adiponectin stimulates chon-
drocytes to produce proinflammatory
cytokines: IL-6, IL-8, iNOS (70). As a
matter of fact, some studies show that
adiponectin may cause joint destruction
in RA by activating MMP-1 and MMP-
3 (71). Schiffler et al. in their study ob-
tained high adiponectin levels in blood
serum and synovial fluid in patients
with RA compared to healthy patients
(43). In another approach, Gonzalez-
Gay et al. assessed correlation between
adiponectin concentrations and cardio-
vascular risk factor in severe RA. In this
study, the authors have found a negative
correlation between adiponectin con-
centrations and triglicerides/HDL ratio,
total cholesterol/HDL ratio and plasma
glucose levels. However, BMI did not
correlate with adiponectin concentra-
tions. What is more, the authors found
an independent negative correlation of
high-grade inflammation (CRP levels)
with circulating adiponectin concentra-
tions in patients with severe RA (72).
High-grade inflammation was indepen-
dently and negatively correlated with
circulating adiponectin concentrations
whereas low adiponectin levels clus-
tered with metabolic syndrome features
such as dyslipidaemia and high plasma
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glucose levels which may indicate on
contribution to atherogenesis in RA.
The authors investigated RA patients
treated with anti-TNF-a-antagonist
(infliximab) and found that adiponec-
tin concentrations did not change after
infliximab therapy (72). In RA patients
undergoing anti-TNF-a therapy, low
serum adiponectin concentrations were
not dependent on TNF-a but circulating
adiponectin concentrations may be in-
volved in cardiovascular risk in RA (72).
A different approach was developed by
Xibillé-Friedmann et al. where the au-
thors assessed whether serum adiponec-
tin levels can predict disease activity
or response to treatment with NSAIDs
(non-steroidal anti-inflammatory drugs,
prednisone or DMARDs (disease-
modifying anti-rheumatic drugs) in RA
patients at regular follow-up. Baseline
adiponectin levels were not associated
with clinical activity neither with ther-
apy under NSAIDs nor DMARDs. The
report showed that adiponectin can not
be a predictor of therapeutic response in
RA patients (22).

The role of adiponectin in AS was also
investigated. Some studies report no
differences between adiponectin levels
among AS patients and healthy controls
(73). Miranda-Filoy et al. in their study
assessed if disease activity, systemic
inflammation and metabolic syndrome
were potential determinants of circu-
lating adiponectin levels in ankylosing
spondylitis (AS) patients undergoing
TNF-a antagonist therapy. The present-
ed study showed that in non-diabetic
patients with AS serum adiponectin
levels did not correlate with disease
activity. Interestingly, in non-diabetic
ankylosing spondylitis (AS) patients
undergoing anti-TNF-a therapy, adi-
ponectin concentration correlated with
insulin sensitivity (47).

The role of adiponectin in SLE has not
been entirely explained. Some authors
demonstrated higher plasma concentra-
tions in patients with SLE compared
to healthy people (74, 75). The values
of adiponectin were independent, even
after reduction body mass index (74).
What is more, Rovin et al. reported
that urine adiponectin levels increased
significantly with renal flare compared
to renal SLE without flare, hence urine
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adiponectin may be a biomarker of
renal flare in SLE (75). It is worth de-
liberating the fact that HMW isoform
of adiponectin was detected in urine
of patients with acute lupus nephritis
comparing to healthy individuals (75).
Additionally, Chung et al. also report-
ed increased plasma concentrations
in SLE patients (26). These authors
showed that adiponectin concentrations
were negatively correlated with BMI,
systolic blood pressure, dyslipidaemia
and presence of MetS (26). Similarly,
Sada et al. have reported about higher
adiponectin levels in SLE patients. Fur-
thermore, adiponectin was significantly
higher in SLE patients without insulin
resistance. Hence, the authors suggest-
ed that adiponectin may have an impact
on insulin resistance in SLE patients
(76).

Arakawa et al. and Masui et al. demon-
strated lowered adiponectin expression
in patients with SSc, in blood serum as
well as in the affected skin. Further-
more, the authors obtained significantly
lower adiponectin concentrations in dif-
fuse type of the disease compared with
patients with limited SSc (ISSc) (77,
78). Interestingly, the authors suggest-
ed correlation of decreased adiponectin
level with activation of fibrotic process
in the early stage of diffuse SSc (dSSc).
Masui et al. suggested that adiponectin
may be a marker of fibrosis and disease
activity in SSc (78). In addition, Masui
et al. reported lower adiponectin levels
in blood serum in patients with dSSc
and interstitial lung disease before cy-
clophosphamide treatment and, after
intravenous therapy with the medica-
tion, they noted significant increase of
this adipokine, especially after the first
pulse (79). Tomcik et al. emphasised
the correlation between low adiponec-
tin levels in blood serum with skin-fold
thickness in patients with SSc (80).
Moreover, TGFp (transforming growth
factor 3) is involved in initiation of fi-
brosis process in SSc. One of the en-
dogenous anti-fibrotic mechanisms is
PPARY activity, which blocks TGFf-
dependent response (Fig. 2). Due to the
strong effect of PPARY on adiponectin
gene expression, it is supposed that de-
creased PPARY expression is involved
in progression of skin fibrosis in pa-
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SSc - Systemic Sclerosis

SLE - Systemic Lupus Erythematosus

TNF-a - Tumor Necrosis Factor-a

CRP - C-reactive Protein

ESR - Erythrocyte Sedimentation Rate

TGF-p - Transforming Growth Factor-§

PPARY - Peroxisome Proliferator Activated Receptor-y

Fig. 2. Schematic representation of the biological impact of adipokines (resistin, leptin, adiponectin,
visfatin and chemerin) on systemic sclerosis and systemic lupus erythematosus.

tients with SSc (81). Due to anti-in-
flammatory properties of adiponectin it
has been determined that ESR and CRP
levels are negatively correlated with
adiponectin levels, especially in 1SSc
(78). The scientists reported that due to
antiatherogenic adiponectin properties
the HDL cholesterol level was directly
proportional to the HDL level and nega-
tively correlated with disease duration.
Therefore, longer disease duration is
connected with higher cardiovascular
incident risk (80).

Chemerin

Chemerin is an active protein with
weight 18 kDa, built of 137 amino ac-
ids. It was identified in 2003 by two
independent research teams, includ-
ing Medera et al. and Wittamer et al.
(82, 83). Chemerin acts via the orphan
G-coupled receptor chemokine-like re-
ceptor 1 (CMKLRI1 or ChemR 23) and
CCRL-2 (chemokine C-C motif recep-
tor-like2). ChemR23 activation occurs
through p42/44 MPK and AKT phos-
phorylation. This multifunctional re-
ceptor causes induction of macrophag-
es migration, although it may play also
anti-inflammatory role. CCRL-2 named
also “decoy receptor”, presents chemer-
in in close related tissues, is activated
by MCP-, -2,-3, RANTES and synovial
fluid of RA patients (84). Chemerin and
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its receptor are expressed mainly in adi-
pose tissue (85). ChemR23 is expressed
by endothelial cells, and it is upregulat-
ed by proinflammatory cytokines such
as IL-1f3, IL-6 and TNF-a. (79).

Name chemerin originates from chimer-
ic effect on tissues: anti-inflammatory
via CMKLR1 receptor (chemokine-like
receptor 1) or pro-inflammatory via
ChemR23 receptor activation. Chemer-
in exhibits two opposite actions. On
the one hand it intensifies inflamma-
tory processes, stimulates chemotaxis
of dendritic cells, macrophages and NK
cells to inflammation sites. Neverthe-
less, on the other hand it inhibits pro-
duction of inflammatory mediators and
pro-inflammatory cytokines (TNF-a
and I1-6) and stimulates adiponectin
synthesis. Chemerin is connected with
chronic inflammation and plays an im-
portant role in congenital and acquired
cellular immunity (85).

Bazaoglu et al. described chemerin
as an adipokine, which plays a role in
pathogenesis of obesity in MetS. The
authors reported strong correlation
between chemerin serum levels with
BMI, triglicerides and blood pressure
in obese patients. Therefore, chemerin
may be assumed as a biomarker of met-
abolic syndrome (86).

Intriguingly, chemerin stimulates leu-
kocytes migration to sites of inflamma-
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tion and also increases inflammatory
signalling in chondrocytes, so it seems
that chemerin is involved in joint in-
flammation (87). Chondrocytes stimu-
late expression both chemerin and its
receptor and IL-1f increases chemerin
expression (88). To support this, Berg
et al. have demonstrated that recom-
binant chemerin is able to enhance the
production of several proinflammatory
cytokines such as TNF-a, IL-1§, IL-
6, IL-8 and MMPs (MMP-1, MMP-2,
MMP-3, MMP-8 and MMP-13) in hu-
man articular chondrocytes (89). These
factors may develop degradation of
extracellular matrix causing joint in-
flammation and result in irreversible
destruction of cartilage in RA. Inter-
estingly, chemerin was found in syno-
vial fluid in RA patients and chemerin
protein was found in cell supernatants
of synovial fibroblasts (87). Galligan
et al. found CCRL2 (chemokine C-C
motif receptor-like2) expression on all
infiltrating neutrophils and on some
macrophages obtained from the syno-
vial fluid of RA patients (90). In vitro
studies of primary neutrophils revealed
that CCRL2 messenger RNA (mRNA)
was rapidly up-regulated following
stimulation with lipopolysaccharide or
TNF-a. Inflammatory products present
in the synovial fluid activate CCLR2,
supporting role of this receptor CCRL2
as a functional receptor that may be in-
volved in the pathogenesis of RA (87).
Chemerin and ChemR23 were found
in SLE skin biopsies (91). In vitro
chemerin acts as a chemotactic factor
for plasmacytoid dendritic cells (91).
Vermi et al. suggested that chemerin is
involved in migration and accumula-
tion of plasmacytoid dendritic cells in
inflamed tissues in SLE patients. More-
over, chemerin reactivity was observed
in 64% of LE biopsies on endothelial
cells and in the granular layer keratino-
cytes (92). Furthermore, De Palma et
al. detected chemerin expression in
renal tubular epithelial cells in patients
with lupus nephritis (93). Further stud-
ies are required focusing on the role of
chemerin in SLE.

Akamata et al. investigated a potential
role of chemerin in the development
of SSc. Increased chemerin expres-
sion in dermal blood vessels in SSc

patients may be associated with the
development of digital ulcers (94).
In the obtained results chemerin was
up-regulated in small blood vessels in
SSc lesional skin, while it was down-
regulated in fibroblasts surrounded with
thickened collagen bundles. Chemerin
is down-regulated in SSc dermal fibro-
blasts by autocrine TGF-f, while it is
up-regulated in SSc dermal blood ves-
sels through endothelial Flil deficiency.
The decreased expression of chemerin
was significantly reversed by TGF-31
antisense oligonucleotide in cultured
SSc dermal fibroblasts and chemerin
expression was markedly decreased in
dermal fibroblasts of bleomycin-treated
mice. Furthermore, scientists explored
a negative correlation between serum
chemerin levels and estimated glomer-
ular filtration rate in SSc patients with
renal dysfunction. In SSc patients with
normal renal function, patients with
digital ulcers had higher serum chemer-
in levels than those without (94).

Visfatin

Visfatin is a 53kDa protein for the first
time described in 2004 by Fukuara et
al. (95). It is secreted by adipocytes and
macrophages infiltrating the adipose
tissue. Visfatin has been initially rec-
ognised as pre-B-cell colony enhancing
factor (PBEF), which enhances differ-
entiation of B-cell precursors in synergy
with IL-7 and stem cell factor. On the
cellular level visfatin activates insulin
receptor through transductal molecules
chain reactions: phosphorylation recep-
tor substrates (insulin receptor substrate
1,2, IRS-1,2), activation of protein ki-
nase B and mitogen-activated protein
kinase (MAPK) (96). Specific visfatin
receptor has not been identified yet.
Visfatin has enzymatic activity, nico-
tinamide  phosphoribosyltransferase,
it participates in carbohydrate and fat
metabolism. It affects lipid metabo-
lisms via other adipokines, insulin-like
growth factor (IGF), and interleukins
(IL-7, IL-6, TNF-a). Moreover, vis-
fatin stimulates monocytes to produce
proinflammatory cytokines such as IL-
1,IL-6 and TNF-a (97).

Visfatin is connected with develop-
ment of such diseases as: atherosclero-
sis, metabolic syndrome, obesity, lung
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diseases, renal failure and some liver
diseases (98). However, Olszanecka-
Glinianowicz et al. in their study on
obese women did not find any correla-
tion between visfatin levels and meta-
bolic syndrome. On the other hand, the
authors suggested that visfatin/insulin
ratio could be a good prognosing factor
for development insulin resistance and
MetS in obese individuals (99).
Visfatin seems to play a role as a poten-
tially pro-inflammatory and catabolism-
increasing factor in RA, even though
the exact mechanism is not fully under-
stood. For instance, visfatin stimulates
the production and activity of matrix
metalloproteinases (MMPs) and joint
destruction in RA patients (100). Otero
et al. demonstrated increased circulat-
ing visfatin concentrations in patients
with RA compared to healthy controls
(101). Results concerning visfatin lev-
els in RA patients treated with anti-
TNF-a are controversial. Most studies
found decreased visfatin levels upon
anti-TNF-a therapy (102, 103), while
others did not show such a correlation
(104). In RA non-diabetic patients un-
dergoing anti-TNF-o therapy there was
no correlation between circulating vis-
fatin levels and clinical and laboratory
parameters of disease activity or meta-
bolic syndrome. In addition, visfatin
serum levels did not change after inf-
liximab therapy. The beneficial effect
of anti-TNF-a therapy seems to be not
mediated by serum vistin levels (104).
Hulejovd et al. investigated whether
visfatin plays a role in AS or not and
they found out that visfatin levels did
not correlate with disease activity in
AS. The authors concluded that base-
line levels of visfatin did not predict the
change of disease activity or function-
al ability in patients with ankylosing
spondylitis (105). Similarly, Miranda-
Filloy et al. did not find a correlation
between visfatin levels and disease du-
ration, ESR, CRP in AS patients under-
going anti- TNF-a therapy, but visfatin
concentration correlated with insulin
resistance (24).

There is very little information in the
literature about visfatin in SLE. Studies
concerning visfatin and SLE present con-
flicting results. Visfatin activates human
leukocytes and induces the production
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of IL-1B, TNF-a, and especially IL-6
(106). Chung et al. stated higher levels
of visfatin in SLE patients compared to
controls which may reflect inflammation
in SLE, although they did not correlate
with metabolic or inflammatory media-
tors such as BMI, insulin resistance and
CRP (26). On the other hand, Ozgen et
al. investigated visfatin levels and inti-
ma-media thickness in 26 SLE patients,
discovering no significant association
between visfatin levels in SLE patients
compared to controls (100).

Visfatin appears to be involved in the
pathological process of inflammatory
autoimmune diseases, including RA
(101), so this adipokine may play also a
pathogenetic role in SSc, but these data
need evaluation. Although, previous
reports did not show any correlation
between visfatin levels and SSc (94),
Masui et al. demonstrated higher serum
visfatin concentrations in patients with
prolonged course of diffuse SSc (107).
In obtained results there was no differ-
ence in serum visfatin levels among
SSc, deSSc, IeSSc and healthy controls.
However, Serum visfatin levels were
significantly elevated in late-stage of
dSSc (disease duration >3 years), but
not in early or mid-stage dSSc com-
pared with healthy controls, suggest-
ing that visfatin is involved in certain
pathological processes in late-stage
dSSc. Furthermore, the authors hypoth-
esise that visfatin may contribute to the
resolution of skin sclerosis in late-stage
dcSSc via an anti-fibrotic effect on der-
mal fibroblasts and Th1 polarisation of
the immune response (107).

Novel adipokines

Vaspin (serpinA12) is recently discov-
ered adipokine (108). The adipokine
vaspin is mainly expressed in white
adipose tissue and exhibits various
beneficial effects on obesity-related
processes (108). The administration of
recombinant vaspin to obese mice im-
proved glucose tolerance and insulin
sensitivity, identifying this adipokine as
an insulin sensitiser (108).

The risks of insulin resistance and
higher risk of atherosclerosis are in-
creased in chronic inflammatory dis-
eases including RA (RA). Ozgen et al.
assessed vaspin levels in patients with
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RA founding higher vaspin levels in RA
patients compared to controls (109).
Furthermore, Senolt et al. measured
levels of vaspin in the synovial fluid of
patients with RA and found that they
were higher in those with osteoarthritis
(110). Cantarini et al. were to evaluate
vaspin serum levels in patients affected
by juvenile idiopathic arthritis (JIA), in
comparison to healthy controls, and to
correlate circulating levels to param-
eters of disease activity. Vaspin serum
level did not show statistical significant
differences between JIA children with
active joints and those with no active
joints (111). Moreover, in contrast to
in RA, vaspin level declines in active
Behget’s disease, and these results sug-
gest that different chronic inflammatory
diseases exert different influences on
adipokines (109).

Omentin is a 40kDa protein secreted
by omental adipose tissue and it was
previously identified as intelectin. It
is expressed in visceral fat tissue and
probably regulates insulin action (112).
Obesity decreases omentin levels and
its gene expression. Serum omentin
levels positively correlated with plasma
adiponectin levels and high-density li-
poprotein and inversely correlated with
waist circumference and BMI, all in-
cluded in MetS (113). Interestingly, an
omentin mRNA expression occured in
omental adipose tissue of patients with
Crohn’s disease, hence omentin could
be a new prognosing factor for poten-
tially involved in chronic inflammatory
diseases (114).

Omentin has a protective effect against
vascular inflammation and pathological
remodelling leading to atherosclerosis
as well as a vasodilatory effect. In a
very recent study Miura et al. reported
about omentin in SSc patients. Serum
omentin levels were significantly de-
creased in diffuse cutaneous SSc pa-
tients compared with limited cutane-
ous SSc patients, though comparable
between total SSc patients and healthy
controls (Table 1.) In diffuse SSc, pa-
tients with a disease duration of 5 years
or less had serum omentin levels signif-
icantly lower than those with a disease
duration of more than 5 years. In total
SSc, serum omentin levels were signifi-
cantly higher in patients with elevated
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right ventricular systolic pressure than
in the others, while serum omentin lev-
els did not correlate with fibrotic and
systemic inflammatory parameters.
These results suggest that a loss of
omentin-dependent protection against
vascular inflammation and remodelling
may be related to pathological vascular
events of early diffuse SSc. The eleva-
tion of serum omentin levels may serve
as a marker of vascular involvement
leading to pulmonary arterial hyperten-
sion in SSc, which is possibly due to
the compensatory induction of omentin
against the increased pulmonary vascu-
lar tone (115).

Cantarini et al. assessed omentin serum
levels in patients with JIA in compari-
son to healthy controls and parameters
of disease activity. This study showed
that omentin was significantly higher in
JIA patients in comparison to healthy
controls. In addition, the authors report-
ed that omentin serum levels were sig-
nificantly correlated with the presence
and the number of active joints (111).
Apelin is a quite novel bioactive pep-
tide that was originally identified as
the endogenous ligand of the orphan
G protein-coupled receptor APJ (116).
This adipokine is produced mainly by
adipocytes and endothelial cells (117).
Apelin may act as a marker of CV risk
disease due to the fact that it stimulates
NO (nitric oxide) release (118). What is
more, insulin upregulates the apelin ex-
pression making this adipokine attrac-
tive prognostic factor in diabetes (119).
Low apelin levels have been detected in
patients with high LDL levels and type
2 diabetes mellitus, both of which were
associated with an increased risk for
atherosclerosis (119).

It is worth emphasising the fact that,
Di Franco et al. assessed apelin levels
in early RA and found them lower than
in controls. The authors suggested a po-
tential role of apelin in pathogenesis of
rheumatic diseases (120). Furthermore,
scientists wanted to detect if there was
a correlation between apelin levels in
RA patients treated with anti-TNF-a
therapy and BMI or insulin resistance.
Unfortunately, no correlation was found
7).

In another study, the influence of anti-
TNF-a therapy (infliximab) on apelin
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Table I. The levels of particular adipokine in relevant connective tissue disease.

Rheumatic disease

Adipokine RA SLE SSc AS Reference

Leptin T T { ND 5,14,19,21,25-28, 30
Resistin T T T ND 41-45,47,48,53
Adiponectin T ) 3 ND 26,43,74-79
Chemerin T T T ND 87,94

Visfatin T T T ND 26,101, 107

Vaspin T ND ND ND 109, 110

Omentin ND ND N ND 112, 115

Apelin { ND ND ND 120

Lipocalin-2 T ND ND ND 129

ND: no data; SLE: systemic lupus erythematosus; RA: rheumatic arthritis; SSc: systemic sclerosis;

AS: ankylosing spondylitis.

levels was analysed in AS patients.
A single dose of the biological drug
caused a reduction of apelin levels, al-
though this decrease was not statistical
significant (121).

Lipocalin-2 (LCN-2) a 25kDA glyco-
protein, also known as neutrophil ge-
latinase-associated lipocalin (NGAL),
uterocalin, 24p3, and siderocalin (122).
It is supposed that WAT is a main source
of LCN-2, although it was isolated
from neutrophil granules (123). What is
significant, Lipocalin-2 concentrations
were associated with inflammatory
markers and some metabolic param-
eters. Yan et al. reported that LCN-2
was highly expressed in adipocytes and
this expression was regulated by obesi-
ty inducing insulin resistance (124). In
addition, hyperglycaemia, glucocorti-
coids and TNF-a stimulated insulin re-
sistance, which induces the expression
of Len-2 (125). In study of Jang et al.
patients with MetS have higher Lcn-2
levels than those without MetS (126).
Lipocalin-2 is expressed in chondro-
cytes and in these cells the LCN-2
expression was regulated by leptin,
adiponectin, LPS, IL-1f3 and dexa-
methasone (127). What is more, the
MMP-9/Lipocalin-2 complexes have
been found in patients with knee os-
teoarthritis, and they may be involved
in matrix degeneration (128). Katano
et al. assessing lipocalin-2 levels in
synovial fluid of RA patients obtained
significantly higher LCN-2 levels in pa-
tients with RA than in those with osteo-
arthritis (129). Furthermore, the authors
reported that granulocyte macrophage

colony-stimulating factor (GM-CSF)
can be involved in pathogenesis of RA
by upregulating LCN2 in neutrophils,
followed by the induction several en-
zymes, such as cathepsin D, transi-
tional endoplasmic reticulum ATPase
(TERA), and transglutaminase 2 (tg2)
in synoviocytes, which could stimulate
proliferation of synovial cells and infil-
tration of inflammatory cells inside the
synovium (129).

Conclusions

1. The implications between adipokines
and connective tissue diseases are
very complex.

2. Depending on the type of adipokine
they encompass a variety of influ-
ences on metabolic status and in-
flammatory process in CTD.

3. One of the major adipokines, leptin,
can be a predictor of disease activity
in patients with RA.

4. Although anti-TNF-a therapy has a
beneficial effect on disease activity
in RA, it does not exert any on adi-
pokines serum levels.

5. Further studies are needed to define
the possible role of adipokines in
CTD.
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