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Introduction

Nowadays adipocytes are not anymore considered 
a passive storage of fat tissue and their metabolic 
functions are not limited to energetic homeostasis 
and thermogenesis alone. Indeed, it has been widely 
demonstrated that adipocytes produce a complex 
cohort of cytokines, called adipokines, which per-
form endocrine, paracrine, and autocrine effects. 
Adipokines are neuromodulators, growth factors, 
proteins of the complement system, acute phase 
proteins, stress hormones, and proteins involved in 
glucose homeostasis.1 Circulating levels of specific 
adipokines correlate with the amount of adipose 

tissue in the human body. Changes in adipokine 
titers define an impairment in the balance between 
proinflammatory and antiinflammatory cytokines. 
This is in keeping with the hypothesis of a complex 
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homeostatic function performed by adipocytes, 
which have also been defined as an endocrine 
organ.2

It is widely known that obesity impairs the phys-
iological balance of cytokines. Hypertrophy of adi-
pocytes in obese individuals leads to a state of local 
hypoxia which subsequently causes necrosis asso-
ciated changes in local immune response.3,4 
Obesity defines a shift in the anti-inflammatory/
pro-inflammatory balance due to migration of 
monocytes to necrotic clusters in the center of adi-
pose tissue.5 The resulting low grade inflamma-
tion, whether due to obesity or to autoimmune 
diseases, leads to an increase in cardiovascular 
risk.6,7 High-fat diet and obesity lead to CD4+ 
Foxp3+ regulatory T cells depletion in men, which 
defines reduced insulin sensitivity.8,9 iNK (invari-
ant natural killer) is a subset of NK lymphocytes 
that is widely expressed in white adipose tissue; 
these lymphocytes are thought to promote an anti-
inflammatory effect by producing cytokines 
belonging to the Th2 group, such as IL-4, IL-13,10 
and IL-10, which can avoid the insulin-desensitiz-
ing effects of TNF-a on adipocytes.11 Lynch et al.12 
observed that hypertrophic adipose tissue expressed 
a decreased concentration of iNK, while the num-
ber of proinflammatory macrophages increased.

A specific subset of lymphocytes, called B regu-
latory lymphocytes, are constitutively expressed in 
white adipose tissue. Their cytokine pattern 
includes IL-10 and TGF-beta which exert an anti-
inflammatory effect and in the obese population 
this subset is less expressed leading to a progres-
sive proinflammatory condition.13 It is important to 
emphasize the action performed by macrophages 
as scavenger cells of necrotic adipocytes, as it leads 
to a local increase of IL-17 and TNF-alfa.14 Patients 
with autoimmune rheumatic diseases such as rheu-
matoid arthritis (RA), osteoarthritis (OA), systemic 
lupus erythematosus (SLE), systemic sclerosis 
(Ssc), and vasculitis among others, display a high 
prevalence of obesity and consequently an altered 
balance of adipokines toward a pro-inflammatory 
condition,15 compared to general population.16 For 
example, obesity has been shown to be associated 
with an increased incidence of RA.17

Adipokines may play a central role in controlling 
the immune response and have been shown to play 
a crucial role importance in the pathogenesis of 
arthritic diseases.18 The divergence between the 
adipokine concentration in serum and synovial 

fluid depends on many factors: the difference of 
molecular weight may play a role in this process, 
although adipokines with a similar molecular 
weight such as leptin and resistin showed different 
concentrations in the synovium and serum, which is 
in keeping with a local production of adipokines, as 
has been shown for leptin in cortical bone.19 The 
distribution undergoes many adjustments influ-
enced by multiple factors such as the presence of 
inflamed synovium or serum binding proteins.20

This review aims to summarize the evidences on 
the importance of adipokines in inflammatory and 
degenerative musculoskeletal diseases.

Adiponectin

Adiponectin is a 30 kDa protein characterized by a 
structure similar to that of the complement protein 
C1q secreted by adipocytes. Various forms of adi-
ponectin have been described: the globular form, 
the trimeric form (low molecular weight, LMW), 
the hexameric form (middle molecular weight, 
MMW) and the multimeric (high molecular weight, 
HMW) adiponectin, and each of these form exerts 
a specific biological effect.21 Adiponectin has 
shown anti-diabetic, anti-inflammatory and anti-
atherogenic effects,22 indeed it is a TNF-alfa inhib-
itor and vice versa.23,24 But the actual role of 
adiponectin with respect to diseases typically fea-
tured by a high level of pro-inflammatory cytokines 
such as autoimmune diseases is still unclear. In 
addition, cardiovascular diseases, such as hyper-
tension, have been shown to express an altered bal-
ance of adipokines including adiponectin.25,26 In 
vitro studies showed anti-inflammatory effects of 
adiponectin, as a decreased expression of IL-8 in 
aortic endothelial cells stimulated by TNF-alfa was 
shown,27 conversely a ceased expression of the 
anti-inflammatory cytokine IL-10 in human mac-
rophage, has been observed.28 In a case series of 
patients with sarcoidosis, high levels of serum adi-
ponectin were observed and it was associated with 
clinical features such as arthritis or arthralgia, sug-
gesting an anti-inflammatory role in attenuating 
the inflammatory cascade of the disease.29 In addi-
tion, exposure to adiponectin has been shown to 
reduce the adhesion of monocytes to endothelial 
cells and the conversion of macrophages to foam 
cells,30 thus hampering the genesis of atherosclero-
sis. Despite the positive in vitro effects demon-
strated by adiponectin, several studies have shown 
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that low doses of the cytokine did not show any 
future cardiovascular event.31 Low serum levels of 
adiponectin have also been found in a series of 
cases with chronic low back pain and could take on 
clinical significance as a marker between the acute 
and the chronic phase of the disease, although more 
studies are needed to clarify this finding.32 Serum 
adiponectin levels were found to be lower in obese 
subjects, conversely weight loss and reduction in 
the average size of adipocytes is associated with an 
increase in serum adiponectin levels.33,34 The sali-
vary glands in patients with Sjogren’s disease 
showed stronger expression of adiponectin and 
adiponectin receptor. The significance for this 
altered expression is still unknown, but it may be 
linked to the aberrant production of cytokines by 
the glandular cells.35

Adiponectin and rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic, ankylosing, 
and progressive inflammatory polyarthritis charac-
terized by an autoimmune pathogenesis, mainly 
affecting the synovial joints. In addition to the joints, 
RA can become a systemic disease that defines lung 
fibrosis, uveitis, pleuropericarditis, or a small-
medium size vessel vasculitis. The effect of biologi-
cal immunosuppressive drugs used in RA lacks 
mutual agreement regarding the influence exerted on 
serum adipokine levels as many studies show con-
flicting data. A recent work has shown that serum 
adiponectin level is an independent risk factor for 
assessing disease activity in R since it is directly 
associated with the DAS28-ESR score and is not 
affected by biological disease-modifying anti-rheu-
matic drugs, jak-inhibitors, and the patient’s BMI.36 
Other papers showed lower serum adiponectin level 
after 4 months treatment with tocilizumab,37 while 
some authors did not observe any difference after 
treatment with anti IL-6.38 In recent years, many 
authors have focused attention on possible connec-
tions between adiponectin gene polymorphisms and 
susceptibility to autoimmune diseases. A Chinese 
study showed a significantly higher prevalence of a 
specific adiponectin gene polymorphism (rs1063539) 
in RA patients positive to anticyclic citrullinated 
peptide (anti-CCP), than in anti-CCP negative 
patients.39 In patients with severe rheumatoid arthri-
tis, refractory to conventional disease modifying 
anti-rheumatic drugs, who were undergoing anti-
TNF therapy, adiponectin concentrations inversely 

correlated with triglycerides/HDL cholesterol ratios, 
total cholesterol/HDL cholesterol ratios, and high 
fasting plasma glucose levels. Therefore, in this 
inflammatory arthritis low adiponectin levels clus-
tered with metabolic syndrome features that are 
implicated in the development of accelerated athero-
sclerosis.40 Furthermore, in non-diabetic patients 
with ankylosing spondylitis, another chronic inflam-
matory arthritis that, unlike RA, has a predominant 
spinal involvement, a significant correlation between 
adiponectin concentrations and insulin sensitivity 
was revealed. In these patients, a marginally signifi-
cant negative correlation between adiponectin serum 
levels and the body mass index was also observed.41

Adiponectin and ankylosing spondylitis

Ankylosing spondylitis (AS) is a chronic systemic 
inflammatory disease that primarily affects the 
axial skeleton (cervical, dorsal, lumbar, and sacro-
iliac joints), but also peripheral joints (e.g. hip and 
shoulder), leading to progressive fibrosis and ossi-
fication (ankylosis) of the involved structures. 
Adiponectin serum levels have been found higher 
in AS patients with hip involvement and synovitis 
and/or enthesitis of peripheral joints than patients 
who did not have these features.41 Some authors 
found significantly increased serum adiponectin 
levels in AS patients receiving infliximab than 
controls, but others did not found differences in 
serum adiponectin levels between controls and AS 
patients.42 Miranda-Filloy et al.41 disclosed a posi-
tive correlation between insulin sensitivity and adi-
ponectin serum levels in AS patients. This effect is 
due to the action of adiponectin on glucose uptake 
by skeletal and cardiac muscle, and inhibition of 
glucose production by the liver43

Adiponectin and osteoarthritis

Osteoarthritis is a chronic disease typical of elder 
age, which causes damage to the cartilage and sur-
rounding tissues; it is characterized by pain, stiff-
ness, and loss of function. The correlation between 
serum and synovial levels of adiponectin in osteoar-
thritis patients has been investigated in several stud-
ies. Adiponectin titer in both serum and in synovial 
fluid was shown to be related to disease activity. 
Orellana et al.44 observed a positive correlation 
between synovial adiponectin levels, local inflam-
mation markers, and the WOMAC (Western Ontario 
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and McMaster Universities Osteoarthritis) disease 
activity index in elderly women with knee osteoar-
thritis. Surprisingly, the serum adiponectin level was 
lower in the obese population: in this group it was a 
weaker indicator of disease activity than in the non-
obese population. But the role of this cytokine in 
osteoarthritis is still unclear as different works have 
shown contrasting data. In fact, while some studies 
account adiponectin as one of the main local anti-
inflammatory factors,67 other authors have observed 
opposite results, supporting a potential protective 
role exerted by adiponectin.45

Adiponectin and systemic sclerosis

Adiponectin plays an important role in preventing 
the fibrotic proliferation occurring during systemic 
sclerosis, and this effect appears to be linked to 
several molecular mechanisms. As a matter of fact 
this cytokine suppresses Th2 CD4+ lymphocytes 
polarization and their pro-fibrotic effects; further-
more a low serum level of adiponectin has been 
observed in many patients with systemic sclerosis 
during the early stages of the disease.46,47 Marangoni 
et al.48 observed that skin biopsies from patients 
with systemic sclerosis express a lower cellular 
phosphorylated AMPK level, which in turn reflects 
lower serum adiponectin levels. The expression of 
adiponectin in lung and gastric tissue subjected to 
biopsy in patients with end-stage systemic sclero-
sis, showed an inverse correlation with the amount 
of fibrosis of these tissues; while healthy controls 

showed strong cytokine expression, especially in 
the larger and thinner vessels of the lungs.49 This 
finding may be partially explained by the anti-
fibrotic effect of adiponectin, as it has been shown 
to attenuate liver fibrosis and prevent myocardial 
fibrosis.50,51 In cutaneous systemic sclerosis, a neg-
ative correlation between clinical activity and dis-
ease duration has been observed.52,53 Evidence that 
IL-17 serum titer is linked to the extent of skin 
fibrosis54 implies a connection between adipokines 
and systemic sclerosis. Zhang et al.55 demonstrated 
that adiponectin suppresses the differentiation of 
Th17 and Th1 cells, while in murine models it has 
been observed that a deficiency of the resistin-Like 
Molecule (RELM) causes a decrease in the popula-
tion of Th17 and Th1 cells (Figure 1).

Leptin

In 1994, following the discovery of a new protein, 
the first of the adipokine family called leptin,56 
many hopes raised for the obese population as this 
new protein seemed to be the missing link for a 
comprehensive understanding of the pathophysio-
logical mechanisms and energy balance process in 
this population.57 This discovery drew the attention 
of the scientific community and in the following 
years many other adipokines were described.58 
Leptin is a 16 kDa glycosylated protein that exerts 
its functions by binding to the leptin receptor, a 
class I cytokine receptor. This protein has two iso-
forms: the first is soluble and characterized by a 

Figure 1. Simplified graphic showing adiponectin implications in autoimmune diseases.
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short cytoplasmatic domain, while the second is 
represented in almost every organ and is involved 
in the JAK/STAT pathway.59 This cytokine plays a 
role in the hypothalamic–pituitary–adrenal (HPA) 
axis by inducing hypothalamic cells to increase 
anorexigenic factors and lower orexigenic factors,60 
in order to regulate appetite and food intake. The 
HPA axis is responsible for the production of gluco-
corticoids and responds to the secretion of pro-
inflammatory factors such as IL-6 or TNF-alfa. It 
was observed that mice with a leptin receptor defi-
ciency showed a dramatic lowering of CD4+ T 
lymphocytes.61 The expression of this receptor by 
almost all immune cells, as well as its influence on 
HPA axis, suggests an important role played by lep-
tin in regulating immune system.62,63 Recently Caso 
et al.64 showed that the serum level of leptin in 
patients with psoriatic arthritis (PsA) sine psoriasis 
correlates positively with C reactive protein and 
BMI, while in PsA with psoriasis the serum level of 
leptin correlates with IL-6 serum level but not with 
CRP (C reactive protein).

Leptin and rheumatoid arthritis

The direct association of serum leptin level and 
clinical activity index in RA is unclear as several 
studies have shown contrasting data, for example 
Taghadosi et al. compared the serum leptin levels of 
a group of healthy people to that of a group of RA 
patients. They observed a positive association 
between BMI and serum leptin levels in RA patients, 
but this was not true between leptin levels and DAS 
28, while a direct proportionality between the dis-
ease activity score-28 (DAS-28) and the BMI in 
patients with rheumatoid arthritis. Remarkably, lep-
tin levels were higher in obese and overweight pop-
ulation compared to RA patients.65 On the other 
hand, some studies support the reliability of serum 
leptin levels in order to describe the extent of dis-
ease activity. Several studies have shown that serum 
leptin concentration was independently associated 
with the DAS-28 score.66 This evidence is also 
valid for the synovial leptin concentration as well, 
in fact the synovial/serum leptin ratio was signifi-
cantly higher in erosive RA than in non-erosive RA, 
which in turn was higher than the synovial leptin 
concentration in healthy controls.67 A study in 
patients treated with anti-TNF-alfa also showed a 
positive correlation between the serum level of lep-
tin and DAS 28 and, in conjunction with a good 

clinical response, both leptin and DAS 28 lower 
their score after treatment with anti-TNF-alfa.68 As 
noted above, there is no general agreement on the 
clinical significance of leptin, in fact Hoffman 
et al.37 did not observe any change in leptin levels 
after treatment with anti-IL-6 drugs. Other studies 
have hypothesized the possible increase of IL 6 and 
IL 8 production by leptin via the JAK2/STAT3 
pathway in patients with rheumatoid arthritis.69 
Leptin has been shown to have a certain influence 
on the immune system through the effect exerted on 
lymphocytes, In fact a leptin deficiency causes a 
lower CD4+ T lymphocytes count with a conse-
quent reduced proliferation.70 Adipokines may 
acquire significance as regards the response to 
treatment. In fact Xibillé-Friedmann et al.71 have 
shown that leptin serum level at the baseline may 
predict the clinical response in RA patients that ini-
tiate DMARD treatment. In RA patients undergo-
ing anti-TNF therapy due to disease severity, there 
was found a strong positive correlation between 
body mass index of the patients and serum levels of 
leptin.72 It was also the case for patients with RA 
undergoing intravenous therapy with the anti-IL-6 
receptor-tocilizumab. Moreover, a significant 
reduction of leptin levels was observed in these RA 
patients following one single intravenous infusion 
of the anti-IL-6 receptor tocilizumab.73 However, 
no statistically significant differences in the geno-
type or allele frequencies of the LEP rs2167270 
gene polymorphism between RA patients and con-
trols were seen.74 Also, in patients with moderate-
to-severe cutaneous psoriasis undergoing anti-TNF 
therapy, leptin correlated with metabolic syndrome 
features and inflammation. In this regard, in these 
patients with moderate-to-severe psoriasis, leptin 
concentration correlated with correlated with 
C-reactive protein and with systolic and diastolic 
blood pressure before the onset of the anti-TNF-
adalimumab therapy. A negative correlation with 
insulin sensitivity was also found.75

Leptin and ankylosing spondylitis

Some authors described higher leptin serum levels 
in AS patients with active disease than in healthy 
controls,76 while others found lower circulating 
levels of the adipokine than in controls.42 Similarly, 
some studies did not find any correlation between 
Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI) and leptin serum levels in a group 
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of AS patients41 while in another study, a positive 
correlation between BASDAI and serum levels of 
leptin has been observed in AS patients.76 Treatment 
with anti-TNF a did not lead to significant varia-
tions in the circulating levels of leptin41 even after 
a 6 months of infliximab treatment.77 Interestingly, 
when AS patients were stratified according to sex, 
women showed higher serum leptin levels than 
men.41

Leptin and osteoarthritis

Recent works show that adipokines may play an 
important role in linking obesity, adipose tissue, and 
inflammation in diseases such as osteoarthritis.78 
More and more evidence support an important role 
played by the presence of a low-grade inflammation 
in the pathogenesis of osteoarthritis,79 whose patho-
genesis is no longer attributable to mechanical dam-
age alone. Initially, OA was thought to be due solely 
to mechanical wear damage, but has subsequently 
also been linked to an immune pathogenesis, which 
is in keeping with the chronic and relapsing behavior 
of the disease. This behavior would be sustained by 
the altered Th1 lymphocytes activity80 which in turn 
is influenced by the circulating levels of leptin. 
Leptin has shown to enhance the Th1 phenotype by 
stimulating the production of TNF-alfa and IL-2.81 
There is still conflicting evidence regarding the path-
ogenic mechanism by which leptin causes cartilage 
damage. Leptin itself does not seem to damage joint 
tissue, but a double face role was evidenced. It has 
been shown that Leptin synovial titer enhances the 
local expression of inflammatory cytokines such as 
IL-6, which potentiates proteoglycan catabolism82 
and IL-1, which in turn stimulates cartilage degrada-
tion by increasing the expression of metallopro-
teases.83 Interestingly, CD4 T cells from OA patients, 
when exposed to leptin react with a strong produc-
tion of pro-inflammatory cytokines such as IL8, 
IL-6, and MIP-1 alfa, while this reaction was absent 
in CD4 T cells from heathy subjects.84 On the other 
hand low concentrations of leptin have shown to 
improve the production of proteoglycan and type II 
collagen while higher concentrations stimulate artic-
ular cartilage cells.85 Although some correlation was 
observed between the level of synovial leptin and the 
disease activity during osteoarthritis,86 a study that 
included obese women pointed out that the level of 
synovial leptin was related to the level of IL-6 and 
serum leptin but not with the disease activity.44 

Several studies found higher levels of leptin in the 
serum of patients with OA than in healthy controls87 
and, furthermore, it was related to the presence of 
osteophytes, bone marrow edema, meniscal abnor-
malities, and synovitis,88 but this result was absent in 
similar studies.89

Leptin and systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a multisys-
temic autoimmune disease occurring predomi-
nantly in younger women. Lourenço et al.90 
observed an interesting correlation between leptin 
and SLE. The serum leptin level was assessed in 
two groups of mices with pristine induced-SLE; 
the first group was deficient in leptin while the sec-
ond was wild-type. The second group developed 
lupus like disease followed by an increase in IgG, 
ANA, and ENA; while the first group did not 
encounter the development of such autoantibodies. 
This evidence showed that that leptin may play a 
role in the pathogenesis and progression of the dis-
ease; furthermore, high levels of leptin worsen kid-
ney disease and the development of autoantibodies. 
Demir et al.91 pointed out that leptin serum level 
may play a potential role in premenopausal female 
patients with SLE as a marker of subclinical ath-
erosclerosis, since a direct correlation with the 
carotid intima media thickness was demonstrated. 
However, other studies showed that leptin titer was 
correlated with BMI and CRP in SLE patients, but 
not with coronary atherosclerosis.92

Visfatin

Visfatin is a novel adipokine broadly known as  
nicotinamide phosphoribosyltransferase (NAMPT), 
studied for its implications in oncology and  
neurology.93,94 Visfatin is mainly expressed in vis-
ceral fat versus subcutaneous fat, but it is not lim-
ited to fat tissue as it is expressed in the lungs, 
kidney, bone marrow, and heart.95,96 The homology 
of the highly conserved protein sequence in multi-
ple species such as the human, mouse, dog, and 
invertebrate sponge suggests an important role of 
this adipokine,97–99 whose expression in the carti-
lage and synovium100 plays a potential role in the 
physiopathology of musculoskeletal diseases.101 
Visfatin exerts a pro-inflammatory role by inducing 
the production of TNF-alfa, IL-6, IL1-beta in 
CD14+ monocytes and modulating the MAPK 
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pathway and the activation of NF-kB signaling.102 
Recently the expression of visfatin following local 
hypoxia has been mainly linked to the activation of 
the Janus kinase pathway.103

Visfatin serum levels in RA patients has been 
linked to disease activity, while a decrease in vis-
fatin levels during the first 3 months of therapy has 
been shown to be predictive for a long-term DAS28 
improvement.104 Conversely, the serum level of 
visfatin has not shown any correlation with disease 
activity in juvenile idiopathic arthritis (JIA) despite 
effective treatment, but a higher visfatin level may 
have a potential role as a negative predictor of 
treatment, identifying patients more likely to cease 
methotrexate, which is a first line treatment in JIA; 
this evidence could thus lead to earlier use of sec-
ond-line treatments.105 Hulejová et al.106 did not 
found any correlation between visfatin levels and 
disease activity and acute phase reactants in AS 
patients. Similarly, AS patients on long term treat-
ment with infliximab did not show any significant 
correlation between visfatin levels and disease 
activity.41 Behcet’s syndrome patients had lower 
serum levels of visfatin in both the active and qui-
escent phases of the disease compared to healthy 
controls, likely due to genetic suppression by pro-
inflammatory cytokines such as TNF-alfa and 
IL-6107 (Figure 2).

Chemerin-1

Chemerin, known as retinoic acid receptor responder 
protein 2 (RARRES2), has been shown to be 
expressed in various tissues. Initially it was found in 
stimulated cultures of psoriatic skin,108 in exudate 
from synovial fluids of RA patients with,109 but then 
it was also found in white adipose tissue. Chemerin 
recruits dendritic cells to migrate to visceral adipose 
tissue, where they produce interferon-1 which  
triggers the pro-inflammatory response of mac-
rophages.110 This is in keeping with the high  
levels of chemerin observed in autoimmune inflam-
matory diseases such as psoriasis, SLE, or Crohn’s 
disease.111 The chemerin receptor (ChemR23) is 
expressed in endothelial cells and is significantly 
up-regulated by pro-inflammatory cytokines112 and 
chemerin serum titers was associated with I-cam 
and E-selectin levels,113 which in turn are expressed 
on endothelial cells after activation by pro-inflam-
matory cytokines, such as IL-1 or TNF-alfa.

Chemerin and kawasaki disease

Zhang et al.114 showed that chemerin serum levels 
are higher during the acute stage of Kawasaki dis-
ease compared to febrile and healthy controls of the 
same age; in a recent work, chemerin serum levels 
were observed to be higher in Kawasaki disease 

Figure 2. Simplified graphic showing leptin and visfatin implications in autoimmune diseases.
MIP: Macrophage inflammatory protein; SLE: systemic lupus erythematosus.
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patients who do not respond to intravenous immu-
noglobulins (IVIG) treatment than in responders. 
After 48 h of IVIG treatment, the responder group 
showed a significant reduction in serum chemerin 
levels, unlike the non-responder group. This evi-
dence could support the therapeutic choice in 
Kawasaki disease.115

Chemerin and SLE

It has been shown that skin lesions observed in 
SLE selectively express chemerin, unlike the skin 
of healthy individuals.116 ChemR23 is expressed 
on plasmacytoid dendritic cells (P-DC), which are 
claimed to play an important role in the pathogen-
esis of SLE.117 Tubular epithelial cells from SLE 
patients have been shown to express chemerin, 
deviant from healthy subjects, which may play a 
role and recruit immune cells during lupus 
nephritis.118

Chemerin and systemic sclerosis

Recently Sawicka et al.119 studied the serum levels 
of visfatin and chemerin in patients with systemic 
sclerosis in terms of clinical manifestations and 
duration of the disease and compared them with 
the levels in the healthy population. Serum levels 
of chemerin were significantly elevated in patients 
with systemic sclerosis, especially in the diffuse 

cutaneous subgroup, compared with the heathy 
population. No changes in serum levels of the 
cytokine were found in relation to the duration of 
the disease. The same was observed in patients 
with decreased forced vital capacity (FVC) meas-
ured by spirometry and the presence of interstitial 
lung disease (ILD), but interestingly, the chemerin 
level patients in the late stage group correlated pos-
itively with FVC when patients were divided into 
two groups, one early- and middle-stage group and 
one late-stage group; similarly, the late-stage group 
showed an inverse correlation between serum 
chemerin levels and fibrosis observed in high-res-
olution computed tomography (HRCT) of the lung 
(Figure 3).

Omentin

Omentin/intelectin-1 is an adipokine that was first 
described in Paneth cells, but subsequently was also 
expressed in lung, placenta, heart, and ovary.120,121 
In vitro studies demonstrated an inhibitory effect 
that omentin exerts through modulation of TNF-alfa 
phosphorylation, Janus kinase pathway activa-
tion122,123 and NF-kB pathway through suppression 
of nuclear accumulation of p65, NF-kB promoter 
activity, and attenuation of LPS-induced inflamma-
tion in macrophages.124 This anti-inflammatory 
effect is consistent with the inverse correlation 
found between synovial omentin-1 and radiographic 

Figure 3. Simplified graphic showing chemerin implications in autoimmune diseases.
FVC: forced vital capacity; IVIG: intravenous immunoglobulin.
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severity of osteoarthritis.125 On the other hand, 
omentin levels in the synovial fluid of patients with 
osteoarthritis were higher than in RA patients,126 
suggesting a possible role of omentin in OA devel-
opment. Serum levels of omentin are inversely cor-
related with inflammatory cytokines such as IL-6 
and TNF-alfa.127 The determined serum levels of 
omentin were elevated in patients with juvenile idi-
opathic arhtrtis.128 The same evidence was found in 
patients with PsA129 compared to healthy and psori-
atic controls. A recent study has shown that low 
omentin serum levels are associated with cardiovas-
cular (CV) risk factors in axial spondyloarthritis 
(axSpA). Also, the omentin rs12409609 minor allele 
seems to downregulate the expression of omentin in 
these patients with this inflammatory arthritis. These 
data support a potential role of omentin as a cardio-
vascular risk biomarker in axSpA.130

Omentin and SLE

Zhang et al.131 investigated the possible association 
between specific adipokine polymorphisms and 
susceptibility to SLE, but no significant result was 
found, except for the omentin-1 rs13376023 A 
allele, which showed that it defined susceptibility 
to oral ulcers; for resistin rs3745367 AA genotype 
and A allele frequencies, which were more frequent 
in renal involvement.

Meteorin-Like

IL-41 or meteorin-like is a cytokine discovered in 
2004 that was initially studied mainly for its neuro-
trophic role,132 but it was later found that this 
cytokine is expressed by activated macrophages in 
skin and mucous membranes, while IL-17 and 
TNF-alfa increase its production.133 Recently 
Bridgewood et al.134 demonstrated the presence of 
high levels of IL-41 in the synovial fluid of patients 
with psoriatic arthritis and in rheumatoid arthritis, 
while normal levels were assessed in patients 
affected by osteoarthritis. They also showed that 
the main source of local IL-41 is the stromal cells of 
enthesis, although other cells may be involved in 
this process in inflammatory conditions.

Vaspin

Vaspin (visceral adipose tissue-derived serine pro-
tease inhibitor) is a novel cytokine, that belongs to 
the serine-protease inhibitor group. Initially, it was 
shown that the intake of vaspin defined a reduction 
in insulin resistance and improved glucose toler-
ance in obese mice.135 Recently, it was shown that 
vaspin is adipocyte-specific and that its expression 
in subcutaneous adipose tissue decreases with 
increasing fat mass136 and it may define a protec-
tive effect exerted on white adipose tissue, by 

Figure 4. Schematic representation of the role of adipokines in rheumatological diseases and cardiovascular risk. Depending on 
the rheumatological disease, adipokines may increase or restrain the low grade inflammation.
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influencing gene expression toward improved 
insulin resistance.135 Zieger et al.137 compared the 
expression of the NfKb inflammatory pathway of a 
native adipocyte cell line with another line overex-
pressing visfatin, and it was found both in vitro and 
in vivo that when stimulated with IL-1 beta almost 
no increases in IL-6 and TNF-alfa were observed 
in the cell line overexpressing visfatin, whereas the 
native cell line responded with an increase in pro-
inflammatory cytokines.

Vaspin and Psoriatic Arthritis

Although vaspin serum levels have been shown to 
be higher in PsA patients than in the healthy popu-
lation, clinical activity in these patients is not sig-
nificantly correlated with serum vaspin levels.138 
On the other hand, patients affected by psoriasis 
showed a positive correlation between serum levels 
of vaspin and PASI, while during clinical remis-
sion, serum vaspin levels were lower than in healthy 
controls.139

Retinol Binding Protein 4

Retinol Binding protein 4 was initially identified as an 
adipocyte factor involved in the pathogenesis of type 2 
diabetes.140 The exact role of this protein is not yet 
known as conflicting data on its purported are availa-
ble. While Young et al.141 observed a direct link 
between insulin resistance, obesity, and serum levels of 
this cytokine, other studies have not obtained the same 
result.142 The serum and synovial level of RBP-4 was 
recently assessed for the first time in a series of patients 
with osteoarthritis, resulting in a high level of the 
cytokine either in synovial fluid or in serum, and a cor-
relation with the level of MMP-1 was pointed out.143 
However, in a study that included 101 patients with 
rheumatoid arthritis, retinol-binding protein 4 serum 
levels did not correlate with the presence of insulin 
resistance and β-cell function. Therefore, the mecha-
nisms leading to insulin resistance in patients with this 
chronic inflammatory disease may be different from 
those occurring in obesity or diabetes.144 Interestingly, 
in non-diabetic patients with ankylosing spondylitis, a 
single infusion of the anti-TNF monoclonal antibody 
infliximab led to significant reduction of retinol-bind-
ing protein 4 serum levels (Figure 4).145

Irisin

A recently discovered myokine/adipokine called 
irisin is drawing more and more attention because 

of multiple effects exerted on several tissues such 
as fat, brain, muscle, and bone. The expression of 
PGC1α (PPARγ coactivator-1 α) by muscle cells 
increases as a response to physical activity, which 
in turn enhances the expression of Fndc5, a mem-
brane protein cleaved, and secreted as a hormone 
called irisin. This hormone influences the pheno-
type of adipose cells toward a “browning differen-
tiation,” but it is believed that the beneficial effects 
of this adipokine go well beyond the only fat metab-
olism. In vivo work assessed the effects of a direct 
injection of the hormone in mice, resulting in 
reduced diet-induced obesity and improved glucose 
homeostasis,146,147 although such effects could also 
result from browning differentiation of fat cells. 
Lavrova et al.148 assessed the serum level of irisin in 
a case series of patients affected by RA and they 
observed that a lower serum level is associated to a 
higher DAS28 score, extra-articular manifestations, 
and lower 25-OH vitamin D serum level. Another 
study disclosed significant lower levels of serum 
irisin in RA patients with sleep disturbances, while 
an inverse correlation with the duration of morning 
stiffness duration and the DAS28 score.149

Conclusions

Adipokines exert their biological effects by several 
mechanisms which are still not fully understood. 
The complex network and the different concentra-
tion of pro and anti-inflammatory cytokines in the 
serum depends on many factors such as underlying 
disease, ethnic group, treatment, etc. While some 
adipokines have shown an anti-inflammatory effect, 
others have been shown to increase the expression 
of pro-inflammatory cytokines such as IL-17 or 
TNF-alfa. Population heterogeneity and different 
methods used in the determination of cytokines 
could lead to conflicting data. The serum level of 
various adipokines has been shown to predict dis-
ease severity index, as observed for leptin in SLE or 
chemerin in KD. In several papers leptin has been 
shown to be independently correlated with the RA 
disease activity index, also reflecting the improve-
ment in clinical condition after anti-TNF treatment; 
nevertheless, it was not true for anti-IL-6. Leptin has 
been shown to exert a pro-inflammatory role which 
in turn defines clinical worsening in SLE and in OA. 
This group of adipokines could become a therapeu-
tic target in the near future, although a comprehen-
sive understanding of the underlying pathogenic 
mechanisms is required. Other adipokines, such as 
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visfatin, have been shown to predict long-term 
response to therapy in RA patients, when reduced 
serum levels were observed during the first 3 months 
of therapy. Adipokines may represent a great oppor-
tunity in the near future for understanding autoim-
mune and rheumatological diseases, for choosing 
more individualized and effective treatments, and as 
a possible follow-up tool. Further research is needed 
to elucidate the influence of cytokines in degenera-
tive musculoskeletal diseases. The lack of previous 
papers and the limited case series are important lim-
itations of current knowledge, especially with regard 
to recently discovered adipokines.
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