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Abstract Systemic lupus erythematosus (SLE) is a chronic
autoimmune disorder characterized by multisystem organ
involvement and unclear pathogenesis. Several adipokines
synthesized in the adipose tissue, including leptin, adipo-
nectin, resistin, and chemerin, have been explored in
autoimmune rheumatic diseases, especially SLE, and
results suggest that these mediators may be implicated in
the pathogenesis of SLE. However, the current results are
controversial. In this review, we will briefly discuss the
expression and possible pathogenic role of several impor-
tant adipokines, including leptin, adiponectin, resistin, and
chemerin in SLE.

Keywords Systemic lupus erythematosus - Adipokines -
Leptin - Adiponectin - Resistin

Hong-Miao Li and Tian-Ping Zhang have contributed equally to this
work and should be considered co-first authors.

< Hai-Feng Pan
panhaifeng1982@sina.com

Dong-Qing Ye
ydgahmu@gmail.com; ydq@ahmu.edu.cn

Department of Epidemiology and Biostatistics, School of
Public Health, Anhui Medical University, 81 Meishan Road,
Hefei 230032, Anhui, People’s Republic of China

Anhui Provincial Laboratory of Population Health
and Major Disease Screening and Diagnosis, Hefei,
People’s Republic of China

Department of Rheumatology, Anhui Provincial Hospital,
Hefei, People’s Republic of China

Graduate School, Wannan Medical College, West of
Wenchang Road, University Park, Wuhu 241002, Anhui,
People’s Republic of China

@ Springer

Introduction

Systemic lupus erythematosus (SLE) is a chronic, multi-
system, inflammatory connective tissue disorder. The eti-
ology and pathogenic mechanisms of SLE have not yet
been clearly elucidated. Currently, the adipose tissue has
been considered as an organ with immune functions, and it
produces several mediators, such as tumor necrosis factor
alpha (TNF-o), interleukin 6 (IL-6), interleukin 1 (IL-1),
chemokine ligand 2 (CCL2), complement components, all
of which participate in the innate immune response as pro-
inflammatory mediators [1]. Thus, the white adipose tissue
(WAT) is regarded as the largest endocrine organ, secreting
a variety of mediators called adipokines (also known as
adipocytokines) [2]. Adipokines include a variety of
cytokines, peptide hormones, and enzymes mainly syn-
thesized and secreted by adipocytes and immune cells
which infiltrate adipose tissue that play a role in a wide
variety of biological functions, especially in inflammatory
and immune processes [3]. In SLE patients, metabolic
alterations are often observed, which may be due to the
disease, the genetic background, or the treatment [4]. Given
the function of adipokines during inflammatory responses,
numerous studies regarding the role of adipokines in SLE
as well as other autoimmune and inflammatory-related
diseases are emerging. While there are conflicting reports,
most studies have shown increased serum/plasma levels of
leptin, adiponectin, and resistin in SLE patients [5-15]. The
levels of adipokines may be influenced by metabolic sta-
tus—metabolic syndrome, diabetes mellitus type 2, insulin
resistance (IR), and nonalcoholic fatty liver disease. In this
review, we briefly summarize our current understanding on
the role of the most widely studied adipokines, including
adiponectin, leptin, resistin, and chemerin, in the devel-
opment and metabolic alterations of SLE.
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Adipokines

Adipose tissue had been regarded only as the body energy
storage, mechanical defense against injuries, and a ther-
moregulator for many years [16]. With the discovery of
adipokines, many scientists showed great interest in the
contribution of adipose tissue to body homeostasis. The so-
called adipokines or adipocytokines are proteins mainly
produced by the WAT. More recently, WAT is described
as an active endocrine organ, which secretes a wide variety
of adipokines, including both ubiquitous molecules (such
as TNF-a and IL-6) and specific molecules (such as adi-
ponectin, leptin, resistin, and visfatin) [17]. Later studies
revealed that adipokines play an important role in many
metabolic processes, not only the regulation of appetite,
energy homeostasis, vascular hemostasis, blood pressure,
the metabolism of carbohydrates and fats, but also the
regulation of immune response and systemic inflammatory
processes [3]. According to their action on inflammation,
these adipokines can be classified into two types, one is
mainly act as pro-inflammatory effects, like leptin, resistin,
IL-6, TNF-a, and the other is predominantly anti-inflam-
matory effects, such as adiponectin and IL-10 [18].

Studies have revealed that obesity is a risk factor for
many inflammatory and autoimmune diseases like SLE, in
terms of incidence, disease severity, and outcomes, as well
as for the overall cardiovascular risk [17]. Obesity is a state
of chronic low-grade systemic inflammation that brings
about the release of lipids, aberrant adipokines, and pro-
inflammatory cytokines from adipose tissue [19]. Adipoki-
nes are pleiotropic molecules that contribute to this low-
grade inflammatory state creating a cluster of metabolic
disorder and autoimmune diseases [20]. Dysfunction of the
adipose tissue characterized by adipocyte hypertrophy and
dysfunction has been linked to chronic inflammation and IR,
which caused the dysregulation of the expression of
adipokines [19]. The expression and pathogenic role of
adipokines including leptin, adiponectin, resistin, and che-
merin have been assessed in several autoimmune rheumatic
diseases, especially SLE and RA. Studies have shown
increased levels of leptin and adiponectin in SLE, but cor-
relation with disease activity is questionable. In RA, studies
have also revealed elevated levels of leptin and adiponectin,
and correlation with disease activity and joint erosion, but
the results are contradictory [2, 15, 21].

Immunological functions of adipokines
Leptin
Leptin was the first identified adipokine and was initially

dubbed the “antiobesity hormone.” Leptin is a 16-kDa
nonglycosylated polypeptide hormone discovered by

positional cloning of a single gene mutation in the ob/ob
mouse in 1994 [22]. It is encoded by the obese (ob) gene,
the murine homolog of human LEP gene. Leptin is mainly
produced by WAT, consisting of a bundle of four o-he-
lices, and its circulating levels are positively correlated
with body mass index (BMI) [23]. It decreases food intake
and stimulating energy expenditure by acting on specific
hypothalamic nuclei, where leptin induces anorexigenic
factors as cocaine amphetamine-related transcript (CART)
and suppressing orexigenic neuropeptides such as neu-
ropeptide Y (NPY) [24]. Leptin exerts its biological actions
through the activation of leptin receptor (OB-R), which
belong to the class 1 cytokine receptor superfamily and are
encoded by the diabetes (db) gene [25]. Alternative splic-
ing of the db gene produces six different isoforms of leptin
receptors, but only the long isoform Ob—Rb appears to be
necessary for the signal transduction of the leptin [26].
Leptin and its receptors are expressed in different tissues
including the central nervous and the cardiovascular sys-
tems, and in immune system cells [27]. Serum concentra-
tions of leptin are positively related to body fat or energy
balance of adipocytes, and associated with food intake,
insulin levels, and sex hormones with higher concentra-
tions in women than in men [28].

As a hormone with pleiotropic actions, leptin is involved
in a variety of physiological functions, including fertility,
bone metabolism, angiogenesis, inflammation, and immune
responses, especially in several autoimmune diseases [26].
Investigations have shown that leptin is increased during
acute infection and inflammation, indicating that leptin is
act as a pro-inflammatory cytokine. It enhances macro-
phages phagocytosis activity and induces them to produce
several pro-inflammatory cytokines, such as IL-1, IL-6, and
TNF-o [29]. Recently, Laetitia et al. [30] observed that
leptin and the stimulated production could disturb the
immune system via different signaling pathways such as
JAK2/STAT3 and mTOR, allowing tumor growth. Fur-
thermore, it can stimulate the proliferation of T cells,
promotes memory T cells differentiation toward T-helper 1
(Thl), and protects T cells from corticosteroid-induced
apoptosis [31, 32]. Leptin can also inhibit the differentia-
tion of CD44 T cells into regulatory T cells and affect
dendritic cell (DC) maturation and function, while it could
lead to impaired cytotoxicity of NK cells [33].

Adiponectin

Adiponectin, a 244-amino acid protein, is also called adipo-
cyte complement-related protein of 30 kDa (acrp30), adipose
most abundant gene transcript 1 (apM1), adipoQ, or gelatin-
binding protein of 28 kDa (GBP28) [34]. Adiponectin is one
of the most abundant peptide hormones derived from adipose
tissue. It belongs to the collagen super family, sharing
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homologies with type VIII and type X collagens and com-
plement factor Clq [29]. It is mainly synthesized by WAT,
circulating as low molecular weight trimers (LMW) in
plasma. LMW isoform may assemble through disulfide bonds
to form a middle molecular weight (MMW) isoform or a high
molecular weight (HMW) isoform. The multimeric forms as
well as the globular form of adiponectin are found in the
circulation while monomeric adiponectin is only occurred in
adipocytes [35]. Adiponectin exerts its action via three
specific receptors (AdipoR1, AdipoR2, and T-cadherin).
AdipoR1 is predominantly expressed in skeletal muscle,
AdipoR2 is found more abundantly in the liver, while
T-cadherin is mainly expressed in the cardiovascular system
[36]. The human adiponectin gene is located on 3q27 chro-
mosome, a locus linked with susceptibility to diabetes and
cardiovascular diseases [37, 38]. Ablation of the adiponectin
gene has no dramatic effect in knockout mice on a normal
diet, but when placed on a high-fat sucrose diet they develop
severe IR and exhibit lipid accumulation in muscles [39].

Circulating adiponectin levels tend to be low in obese
patients and increase with weight loss [40, 41]. Many studies
have revealed that adiponectin produced anti-inflammatory
effects. Adiponectin is an insulin-sensitizing adipokine [35].
Higher adiponectin levels could enhance insulin sensitivity,
while low adiponectin plasma levels are associated with type
2 diabetes mellitus, dyslipidemia, hypertension, and coro-
nary artery disease [42]. It also promotes glucose uptake and
free fatty acid oxidation in skeletal muscle and the liver.
Moreover, it inhibits the expression of TNF-o and modulates
transformation of macrophages into foam cells to exert the
protective effects on the vascular wall [29]. Furthermore,
adiponectin also exhibits its anti-inflammatory effects on
immune system. It suppresses differentiation and activation
of M1 macrophages by downregulating pro-inflammatory
cytokines, such as TNF-o and IL-6 in macrophages, while it
promotes M2 macrophage proliferation and expression of
anti-inflammatory M2 markers like IL-10 [43]. Interestingly,
both TNF-o0 and IL-6 suppressed adiponectin production,
suggesting the existence of a negative feedback between
adiponectin and pro-inflammatory cytokines [44]. Recently,
adiponectin has been shown to activate major signaling
pathways that suppress cancer cell proliferation and to
induce apoptosis [45].

However, some other reports demonstrate pro-inflam-
matory action of adiponectin [26, 27]. Serum concentration
of adiponectin is elevated in patients with classic autoim-
mune inflammatory conditions. The anti- and pro-inflam-
matory effects of adiponectin may in part result from the
changes in the relative proportion of its various isoforms. It
has been confirmed that HMW adiponectin mainly exerts
pro-inflammatory effects and serves as a marker for
severity of CAD, suggesting that the ratio of the isoforms
may determine adiponectin action.

@ Springer

Resistin

Resistin, known as adipocyte-secreted factor (ADSF) or
found in inflammatory zone 3 (FIZZ3), is a 12.5-kDa
cysteine-rich proteins that belongs to the resistin-like
molecules (RELMs) family [46]. It was discovered in 2001
and was initially described as a mediator of IR [47]. There
are marked interspecies differences in the source of pro-
duction and structure of this protein. The production of
resistin is restricted to adipocytes in rodents, while in
humans it is mainly produced by circulating and WAT-
resident peripheral blood mononuclear cells (PBMCs).
Resistin receptor and its signaling pathways have not been
identified, but toll-like receptor (TLR) 4 was proposed to
mediate resistin inflammatory responses in human cells
[48]. Serum resistin levels are known to increase with
obesity in both mice and humans, so that it has been pro-
posed as potential link between obesity and diabetes [46].

To date, resistin has consistently been shown to promote
IR in animal models. However, the effect of this adipokine
in humans is still controversial [48]. In humans, resistin
may instead be involved in inflammatory processes rather
than in the modulation of glucose homeostasis [29]. Kry-
siak et al. [42] found that resistin induces the production of
IL-6, IL-1B, and TNF-o by PBMCs. Additionally, several
pro-inflammatory cytokines increase resistin expression,
indicating that resistin can increase its own activity by a
positive feedback mechanism. Resistin also increases the
expression of cytokines and adhesion molecules in vascular
endothelial cells, thus contributing to atherogenesis [29].
Moreover, high plasma resistin levels were found to cor-
relate with impaired renal function in patients with chronic
kidney disease [49].

Chemerin

Chemerin, also known as tazarotene-induced gene 2
(TIG2) and retinoic acid receptor responder 2 (RARRES2),
is a novel identified chemoattractant adipokine. It is an
18-kDa inactive proprotein mainly expressed in adipose
tissue, and it is activated by posttranslational C-terminal
cleavage [50]. Chemerin acts via the G-protein-coupled
receptor chemokine-like receptor 1 (ChemR23 or
CMKLR1) [51]. ChemR23 is expressed in various leuko-
cyte families, including monocytes and macrophages,
myeloid dendritic cells (mDC) and plasmacytoid dendritic
cells (pDC), microglial cells and NK cells [52-54]. In
macrophages, ChemR23 is downregulated by pro-inflam-
matory cytokines and TLR ligands, but upregulated by
TGF-B, suggesting a potential involvement of chemerin in
the recruitment of macrophages with an anti-inflammatory
phenotype, during the resolution phase of inflammation and
wound healing [55, 56]. In vitro experiments showed that
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chemerin acts as a chemotactic factor for plasmacytoid
DCs [57]. So it may plays dual roles as a broad spectrum
antimicrobial protein and as a leukocyte attractant for
macrophages, dendritic cells, and NK cells in host defense
[58]. In addition to leukocyte families, ChemR23 expres-
sion was also observed in a growing number of non-
leukocyte cell populations, including preadipocytes and
adipocytes, chondrocytes, osteoclasts, skeletal muscle
cells, and endothelial cells [53, 59—61]. In chondrocytes,
chemerin and its receptor are expressed and increase the
production of several pro-inflammatory cytokines, like
TNF-o, IL-1B, and IL-6 [53]. In endothelial cells,
ChemR23 is significantly upregulated by pro-inflammatory
cytokines (TNF-a, IL-1, and IL-6) [61].

Circulating levels of chemerin are increased in chronic
inflammatory diseases such as ulcerative colitis (UC) and
Crohn’s disease (CD) [54]. A recently study showed that in
human skin cultures, chemerin is significantly downregu-
lated by IL-17 and IL-22, whereas it is upregulated by acute
phase cytokines oncostatin M and IL-1B. Thus, it may play
an important role in skin barrier defense against microbial
pathogens [62]. Chemerin levels also correlate with serum
concentrations of TNF-o,, IL-6, and CRP and may reflect the
inflammatory status associated with obesity [63]. In animal
models, obesity and diabetes were associated with elevated
circulating chemerin levels [64]. (Table 1).

Adipokines in SLE

SLE is a chronic inflammatory connective tissue disorder
with multiple cellular and serological alterations and
poorly understood pathogenesis. It is generally accepted

Table 1 Potential role of adipokines in SLE

that SLE may attribute to a combination of genetic and
environmental factors with a prominent autoimmune
component. The disease is characterized by a multitude of
autoantibody production, formation of immune complexes,
tissue inflammation in multiple organs, and high levels of
pro-inflammatory cytokines in blood. Patients with SLE
often have a series of clinical manifestations like malar
rash, oral ulcer, renal damage, nervous system disorders.
SLE patients often have the symptom of metabolic syn-
drome, accelerating the development of atherosclerosis and
higher prevalence of IR [65]. It has been found that SLE is
associated with increased risk of cardiovascular diseases
(CVDs), and the incidence of CVDs is increased when
obesity is present in patients with SLE. The significance of
adipokines in these disorders suggests that it may play an
important role in the development and progression of SLE.

Leptin and SLE

Previous studies on leptin have provided important infor-
mation on the relationships between metabolic state and
immune system function. Not only the endocrine system,
but also the immune response, is influenced by adipocytes
through numerous adipokines. Recently, emerging evi-
dence suggests that leptin is implicated in the pathogenesis
of many autoimmune diseases like SLE. However, the role
of leptin in this disease is controversial. Serum/plasma
leptin expression levels in SLE patients have been inves-
tigated in many studies, but with contradictory results
(Table 2). Several studies indicated that higher serum
leptin levels might contribute to systemic inflammation in
SLE patients [6, 8, 14, 66—68]. Leptin levels are increased
in pediatric systemic lupus [11, 69]. Chung et al. [5] found

Adipokines Potential role in SLE

Pro- or anti-inflammatory

Leptin Upregulate IL-1, IL-6, and TNF-o
Secret cytokine

Activate monocytes and macrophages
Regulate CD4+ T cells

Regulate dendritic cell

Adiponectin Downregulate TNF-o, MCP-1, and IL-6

Pro-inflammatory

Anti-inflammatory

Express anti-inflammatory cytokines Arg-1, Mgl-1, and IL-10

Decrease T cell recruitment

Resistin Upregulate IL-6, IL-1B, and TNF-o

Pro-inflammatory

Upregulate cytokines and adhesion molecules

Lipid accumulation

Chemerin Upregulate TNF-o, IL-1p, and IL-6

Pro-inflammatory

Chemotactic function for macrophages, dendritic cells, and NK cells

Skin barrier defense
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Table 2 Serum/plasma leptin expression levels in SLE

Author Study year Disease Parameter Increase/decrease Correlation with
compared with controls disease activity

Afroze et al. [6] 2014 Human SLE Serum leptin levels Increase NA

Al et al. [70] 2009 Children SLE Serum leptin levels Increase No correlation

Barbosa et al. [67] 2014 Human SLE Serum leptin levels Increase NA

Chung et al. [5] 2009 Human SLE Plasma leptin levels Increase No correlation

De Sanctis et al. [4] 2008 Human SLE Serum leptin levels Decrease No correlation

Elwakkad et al. [11] 2007 Juvenile SLE Serum leptin levels Increase No correlation

Garcia-Gonzalez et al. [14] 2002 Human SLE Serum leptin levels Increase No correlation

Hutcheson et al. [68] 2014 Human LN Serum leptin levels Increase NA

Kim et al. [8] 2010 Human SLE Serum leptin levels Increase No correlation

McMahon et al. [72] 2011 Human SLE Plasma leptin levels Increase NA

Ryan et al. [93] 2006 Mice SLE Plasma leptin levels Increase NA

Sada et al. [66] 2006 Human SLE Plasma leptin levels Increase NA

Vadacca et al. [71] 2009 Human SLE Serum leptin levels Increase Positive correlation

Vadacca et al. [85] 2011 Human SLE Serum leptin levels Increase Positive correlation

Wislowska et al. [10] 2008 Human SLE Serum leptin levels No significant difference No correlation

NA not available, SLE systemic lupus erythematosus

that patients with SLE have increased concentrations of
leptin independent of age, race, sex, and BMI, suggesting
that additional factors drive leptin production or alter the
relationship between obesity and leptin in SLE. They also
showed an association between leptin and IR, the metabolic
syndrome, CRP, erythrocyte sedimentation rate (ESR),
LDL cholesterol, and triglycerides in SLE. Similarly,
Vadacca et al. [70] demonstrated that leptin correlated with
insulin levels, HOMA-IR, MeS, triglycerides, BMI, weight
to height (W/H) ratio, systolic and diastolic blood pressure,
and disease activity index (SLEDAI) among SLE patients
and positively correlated with vascular stiffness. Moreover,
they found that leptin level was an independent risk factor
for coronary heart disease and could be a useful tool in
evaluating the importance of CVD risk factors. Another
similar study showed that high leptin levels greatly
increase the risk of subclinical atherosclerosis in SLE and
are also associated with an increase in inflammatory
biomarkers of atherosclerosis such as pro-inflammatory
HDL, Lp(a), and OxPL/apoB100 [71]. Leptin receptor
gene (LEPR) polymorphism and elevated leptin levels are
associated with increased susceptibility of SLE in Kashmiri
population [6]. High leptin levels may help to identify
patients with SLE at risk of atherosclerosis. It is possible
that leptin might promote atherosclerosis based on the
mechanism that leptin has been shown to increase accu-
mulation of cholesterol esters in foam cells, especially in
hyperglycemic conditions [72]. It also activates circulating
monocytes, induces monocyte proliferation [73], and
upregulates endothelial cell production of monocyte
chemoattractant protein [74]. In vitro, leptin treatment
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stimulates monocyte production of TNF-o and IL-6 [75]. In
addition, leptin has been shown to promote Thl responses
in normal human CD4+ T cells and in (NZB XNZW) F1
lupus-prone mice through inducing RORYy transcription,
whereas its neutralization in these autoimmune-prone mice
inhibits Th17 responses. Another study showed that leptin
directly reduces the number of regulatory T cells and
increases the number of Th17 cells, providing a mechanism
by which leptin deficiency ameliorates SLE lesions [76].
Chen et al. [77] showed that leptin and NAP-2 act syner-
gistically to promote MSC senescence through enhance-
ment of the PI3K/Akt signaling pathway in SLE patients.
Furthermore, the short form ObRa has the capacity in vitro
to activate JAK2 and ERK?2 and to phosphorylate IRS-1 in
a leptin-dose manner, thus indicating its important role in
SLE pathogenesis [78].

Nevertheless, other groups have demonstrated lower or
unchanged circulating leptin levels in SLE patients com-
pared to healthy control [4, 10]. Wislowska et al. [10]
showed that no correlation was found between serum leptin
levels and disease activity of SLE, nor between serum
leptin levels and disease damage index. De Sanctis et al. [4]
demonstrated that leptin levels were significantly lower in
patients with SLE. Our recent meta-analysis demonstrates
no significant difference in plasma/serum leptin levels
between the entire group of SLE patients and controls.
However, plasma/serum leptin levels are significantly
higher in the subgroup of SLE patients from an Asian
population >40 years of age and with a BMI < 25 [15].
The differences among these studies may be due to dif-
fering disease severity and treatment modalities. According
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to above data, the role of leptin in SLE is controversial, but
most studies were prone to think that this adipokine is
positively correlated with inflammatory status of SLE
patients.

Adiponectin and SLE

Several studies have shown elevated levels of this adipokine
in SLE patients [4, 5, 12]. Toussirot et al. [7] found that
serum adiponectin levels were significantly higher in
patients with SLE than controls. There was no significant
correlation between adiponectin and fat mass measurements.
Additionally, the relationships between ESR and adipo-
nectin were found to be negatively correlated, whereas no
relationship was observed between adiponectin and CRP or
IL-6 levels. Adiponectin is an insulin-sensitizing adipokine.
It can decrease plasma glucose and increase insulin sensi-
tivity by inhibiting gluconeogenesis in the liver and by
activating fatty oxidation in skeletal muscles. Despite higher
adiponectin levels, patients with SLE were more insulin-
resistant and had a higher prevalence of T2D and hyper-
tension compared with controls [66]. Sada et al. [66] found
that although adiponectin levels were higher in SLE patients
than controls, patients with IR showed significantly lower
adiponectin levels than patients without IR. Serum levels of
adiponectin were inversely correlated with HOMA-IR in
SLE patients, suggesting that adiponectin plays an important
role in developing IR in SLE. In addition, adiponectin was
significantly higher in the SLE patients with plaque, and it
was found to serve as independent predictors of carotid
plaque [79, 80]. It is now well known that adiponectin has
beneficial effects on endothelial cells and endothelial func-
tion and is also cardioprotective. Adiponectin inhibits mac-
rophage to foam cell transformation and reduces
intracellular cholesteryl ester content in human macro-
phages. It protects against myocardial ischemia and helps to
limit the inflammatory response to acute myocardial injury
[36]. For unknown reasons, the endothelial dysfunction
characteristic of SLE drives a higher adiponectin level,
which nevertheless is not effective in protection. Therefore,
increased adiponectin concentration could represent a com-
pensatory mechanism to existing vascular damage [81].
Adiponectin also induces the production of anti-inflamma-
tory mediators such as IL-10 and IL-1 receptor antagonist.
Furthermore, adiponectin may suppress IL-2 induced NK
cytotoxicity and inhibit B cell lymphopoiesis in stromal cell
culture through the activation of prostaglandin synthesis
[25]. Inflammatory cytokines such as TNF-o and IL-6 are
able to inhibit adiponectin gene expression and protein
secretion [36]. On the other hand, there is now some evi-
dence that high molecular weight (HMW) adiponectin exerts
pro-inflammatory biological functions inducing the secretion
of IL-6 by monocytes [82]. More recently, adiponectin has

been related to SLE renal involvement. Urinary levels of
adiponectin are significantly elevated in SLE patients with
renal involvement. Noteworthy is the fact that only HMW
adiponectin isoform has recently been found in urine of
patients with active lupus nephritis (LN), but not in urine of
healthy individuals, and its content correlated with SLE
severity. Because HMW isoform has been demonstrated to
induce IL-8 and monocyte chemotactic protein (MCP)-1
production, higher amounts of this isoform may result in
pro-inflammatory properties of adiponectin in this group of
patients. Adiponectin is better to use as a supplemental index
for assessment of renal function comparing with other
diagnostic parameters such as anti-dsDNA antibodies in
SLE patients [83, 84]. But only one study showed positive
association between adiponectin levels and SLEDALI scores,
suggesting that this cytokine in SLE might be involved in
disease activity and also inducing related complications
[83]. By contrast, some other studies found no significant
difference in adiponectin levels between SLE patients and
controls and its correlation with clinical manifestations or
SLEDAI [67, 70, 71, 85]. Table 3 shows studies on ser-
um/plasma levels of adiponectin in SLE patients. In sum-
mary, adiponectin may exert bidirectional effects of pro- and
anti-inflammatory in SLE. The pro-inflammatory effects of
adiponectin are specifically caused by its HMW isoform,
while LMW adiponectin does not seem to affect inflam-
matory cytokine production.

Resistin and SLE

There is no agreement as for concentrations and function of
resistin in SLE, because of a limited number of studies and
their inconsistent results. Baker et al. showed the correla-
tion between serum resistin levels and the severity of
inflammation in SLE patients [86]. The diagnosis of SLE
was significantly associated with increased resistin levels
independent of age, race, renal function, body mass index
(BMI), high-sensitivity CRP (hsCRP), hypertension, dia-
betes, and steroid use. In SLE patients, the resistin level
was positively correlated with glomerular filtration rate
(GFR), hsCRP, ESR, homocysteine, and disease duration
[86]. They also reported that resistin level had no signifi-
cant correlation with markers of IR or body adiposity,
including homeostatic model assessment or BMI. Further-
more, resistin levels were significantly higher in SLE cases
with coronary artery calcification (CAC) compared to those
without CAC [86]. The mechanism by which resistin is
increased in patients with SLE remains unknown, but
postulated explanations include changes in renal function,
direct effects of inflammatory mediators on resistin pro-
duction, alterations in fat distribution, or some combination
of these mechanisms [86]. In other studies, no significant
differences in resistin concentrations were found between
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Table 3 Serum/plasma adiponectin expression levels in SLE

Author Study Disease Parameter Increase/decrease Correlation with

year compared with controls  disease activity
Al et al. [70] 2009  Children SLE Plasma adiponectin levels No significant difference No correlation
Barbosa et al. [67] 2014 Human SLE Serum adiponectin levels No significant difference NA
Chung et al. [5] 2009 Human SLE Plasma adiponectin levels Increase No correlation
De Sanctis et al. [4] 2008 Human SLE Serum adiponectin levels Increase No correlation
Gronwall et al. [80] 2014  Human SLE Plasma adiponectin levels Increase NA
Loghman et al. [§3] 2014 Human SLE Urinary adiponectin levels Increase Positive

correlation
McMahon et al. [71] 2011 Human SLE Plasma adiponectin levels No significant difference NA
Reynolds et al. [79] 2010 Human SLE Plasma adiponectin levels Increase NA
Rovin et al. [12] 2005 Human SLE Plasma and urinary adiponectin levels Increase NA
Rovin et al. [84] 2006 Human SLE Adiponectin levels of cell culture Increase NA
supernatants
Sada et al. [66] 2006 Human SLE Plasma adiponectin levels Increase NA
Toussirot et al. [7] 2010  Human systemic Serum adiponectin levels Increase NA
autoimmune
diseases

Vadacca et al. [70] 2009 Human SLE Plasma adiponectin levels No significant difference NA
Vadacca et al. [85] 2011 Human SLE Serum adiponectin levels No significant difference No correlation

NA not available, SLE systemic lupus erythematosus

SLE patients and control subjects [4, 5, 70]. However, one
study has revealed a relatively weak association between
resistin and ESR but no association with CRP, IL-6, and
TNF [5]. Although resistin measurements did not differ
between patients and controls, resistin was clearly associ-
ated with general inflammation, renal disease, treatment
with glucocorticosteroids, and bone loss [9]. There are also
data indicating that resistin levels are inversely associated
with renal function and possibly contribute to a low-grade
inflammation in patients with chronic renal dysfunction
[49]. However, our recent meta-analysis suggests that there
was no significant difference in serum resistin level
between SLE patients and normal controls [21]. Due to the
small number of studies and different patient selection
criterion, the correlation between resistin and SLE remains
to be further elucidated.

Chemerin and SLE

Chemerin is abundant in human epidermis and plays a
determinant role in skin inflammatory processes. It seems
to support many anti-bacterial activities in the exudates
from primary skin cultures [8, 14]. These data suggest that
chemerin may contribute to skin defense by both recruit-
ment of DCs and acting as an anti-bacterial agent in epi-
dermis. Interestingly, the use of a chemerin peptide has
been proposed to help wound closure and re-epithelializa-
tion [87]. William et al. [52] showed that recombinant
chemerin induced the transmigration of plasmacytoid and
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myeloid DCs across an endothelial cell monolayer.
ChemR234 DCs were also observed in dermis from nor-
mal skin, whereas Langerhans cells were negative. Che-
merin expression was selectively detected on the luminal
side of high endothelial venules in secondary lymphoid
organs and in dermal endothelial vessels of lupus erythe-
matosus skin lesions. This finding, together with the
selective expression of the cognate ligand on the luminal
side of high endothelial venules and inflamed endothelium,
suggests a key role of the ChemR23/chemerin axis in
directing plasmacytoid DC trafficking. Similarly, Yin et al.
[88] found that skin pDC and chemerin production were
increased in response to ultraviolet B irradiation among
mouse model. Thus, elevated chemerin expression posi-
tively correlates with pDC accumulation in UVB-irradiated
skin and are closely involved in the development of skin
lesions of lupus erythematosus patients.

Available evidences also suggest that chemerin plays a
significant role in renal homoeostasis. It has been shown
that chemerin presence in tubular and lymphatic epithelial
cells in the kidney may serve as a marker of LN occur-
rence, and that its circulating levels correlate with renal
function both in patients with normal glomerular filtration
rate and in patients with renal disease [89-91]. Giuseppe
et al. [90] found that ChemR23-positive DCs could infil-
trate the kidney tubulointerstitium in patients with severe
LN, suggesting that the ChemR23/chemerin axis may play
a role in the recruitment of DCs within the kidney in LN
patients. Collectively, these findings suggest a role of the
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chemerin/ChemR23 system in the recruitment of pDCs in
the development of SLE.

Adipokines as potential therapeutic targets
for SLE

Due to its crucial roles in inflammation and proliferation
cascade, adipokines may have promise as a potential
therapeutic target for SLE. As leptin promotes macrophage
phagocytosis of apoptotic bodies in SLE and subsequent
availability of apoptotic-derived antigen to T cells, an
inhibition of this process via leptin blockade might be
helpful to improve clinical symptoms in SLE. A recent
study found that leptin-treated mice had a significant
increase in macrophage phagocytosis of apoptotic cells
when compared to control mice that had been treated with
vehicle [92]. In addition, leptin-deficient mice demonstrate
decreased Th17 cells and elevated Treg cells [76, 93].
These results imply that limiting the leptin signaling could
have effects in the modulation of autoimmune responses in
SLE. More recently, Amarilyo et al. [94] revealed that
leptin can promote T cell survival by modulating T cell
apoptosis via an increased expression of Bcl-2 and can
favor the proliferation of autoreactive T cells in NZB/W
lupus-prone mice. This ability of leptin to promote lupus T
cell autoimmunity suggests the possibility of a therapeutic
targeting of leptin in SLE. Vila et al. [95] indicated that,
although metabolic alterations, mainly leptin resistance in
the BWFI1 mice, slow down the progression of autoim-
munity, the presence of hyperinsulinemia and the sustained
insulin stimulation of organs that remain insulin sensitive,
such as the liver and potentially the kidneys, facilitates the
overexpression and activity of the mTOR system and the
appearance of the clinical symptoms of SLE. If these
findings can be extrapolated to humans, subclinical IR,
sustained over time, could be the key factor for the
development of clinical SLE in subjects with an autoim-
mune-prone genetic background. It also has been reported
that mice with experimental lupus that lack adiponectin
develop more severe disease than wild-type mice, sug-
gesting the involvement of adiponectin in regulating dis-
ease activity [96]. The current findings showed that the
deficiency of adiponectin in a lupus model results in
exacerbated disease [96, 97]. It is also possible that
autoimmune disease states result in the development of
“adiponectin resistance” that leads to an elevation of adi-
ponectin levels. Thus, adiponectin deficiency in the context
of a mouse model of established autoimmunity leads to
more robust disease when compared to adiponectin-suffi-
cient controls [98]. All these above findings suggest that
treatment strategies targeting adipokines signalings may
have some positive effects in patients with SLE and other

autoimmune diseases. However, it should be noted that we
are still very far from a therapeutic application, firstly
because the data are still scarce and because the pleiotropic
role of these adipokines to block them may have many
unintended consequences.

Conclusion

Although much remains to be explored about roles of
adipokines in SLE, the data from in vitro and in vivo
models are now accumulating to support the potential
effect of adipokines in this disease. However, patients with
SLE often coexist with primary liver disorders, and non-
alcoholic fatty liver diseases (NAFLD) are the most com-
mon attributed cause for liver biochemical abnormalities.
Recent studies showed that obesity patients with SLE are
more likely to develop liver diseases [99, 100]. Moreover,
chronic hepatitis may disturb adipokines synthesis and
change their serum levels and tissue expression. Indeed,
current studies are still controversial, and many of these
demonstrated their pathogenic action in SLE mostly
through their pro- or anti-inflammatory properties. With the
insights we have gained, however, there is evidence that
adipokines may have great influence on SLE and it may
become useful to develop novel interventions with the aim
of improving outcomes for SLE patients. Therefore, further
studies are required, especially in human systems, to
comprehensively explore the role of adipokines in SLE.
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