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Abstract

Systemic lupus erythematosus (SLE) is a multi-factorial autoimmune-mediated disease with hyper-stimulation of immune cells especially
the T lymphocytes. By this method, it might facilitate the systematic damages in multiple tissues and organs. Otherwise, SLE is also
correlated with diverse cardio-metabolic comorbidities, including dyslipidemia, insulin resistance, and hypertension. It is worth-noting
that the risk of cardio-metabolic disorders is significantly higher compared with the healthy patients which was reported as approximately
one-third of SLE patients were proved as obesity. Notably, current focus is shifting to implementing cardio-metabolic protective strategies
as well as elucidating underlying mechanisms of lupus-mediated obese status. On the other hand, adipocyte, as the most abundant
endocrine cell in fat tissue, are dysfunctional in obese individuals with aberrant secretion of adipokines. It is proposing that the adipokine
might link the pathology of cardio-metabolic disorders and SLE, whereas the related mechanism is complicated. In the current review,
the functions of adipokine and the potential mechanisms by which the adipokine link cardio-metabolic disorders and SLE was well listed.
Furthermore, the recommendations, which identify the adipokine as the potential therapeutic targets for the treatment of cardio-metabolic
disorders and SLE, were also summarized.
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1. Introduction
Systemic lupus erythematosus (SLE) is a multi-

factorial autoimmune-mediated disease which is character-
ized by the hyper-stimulation of immune cells, especially
the T lymphocytes, further facilitating the systematic dam-
ages and posing serious to human health [1]. Several or-
gans, including renal, cardiovascular, and central nervous
systems (CNS), could be influence aberrant under the dis-
ease’s condition [2]. Importantly, the SLE patients pre-
sented a susceptibility of life-threatening complications,
such as infections. Furthermore, the cardio-metabolic dis-
orders, including dyslipidemia, hypertension, and obese,
could explain the higher morbidity in SLE patients than
that in health individuals [3]. As a consequence, emerg-
ing research interest in SLE since it embraces complex net-
work of inflammatory response in the pathology of cardio-
metabolic disorders.

Given that it has been firmly established that SLE
is associated with cardio-metabolic disorders, attention
is shifting into exploring the strategies as well as eluci-
dating underlying mechanisms of lupus-related diseases.
Accumulating evidence assumes that diverse adipokines
might embrace vital roles in regulating the development of
SLE and cardio-metabolic disorders [4]. As reported, the
adipocyte is considered as a container for storing excess
energy and a source of hormones [5]. Within metabolic

syndrome, the adipocyte is enlarged and dysfunctional with
excessive adipokine production into circulation. Some
adipokines, such as leptin and tumor necrosis factor-α
(TNF-α), have pro-inflammatory properties which modu-
lates the inflammatory related disorders, such as psoria-
sis, rheumatoid arthritis (RA), and SLE. Other adipokines,
such as adiponectin and omentin, display anti-inflammatory
role. Imbalance of pro-inflammatory adipokines and anti-
inflammatory adipokines in obese patients facilitate in-
flammation and oxidative stress, which amplifies cardio-
metabolic disorders [6]. Concerning this notion, a positive
relationship of SLE and obesity has been put forward to
further explore the interaction between two diseases. In-
deed, the prevalence of obesity in patients with SLE ranges
from 3.3% to 45.2% and is increased by almost 2-fold when
compared to the general population [7]. Nevertheless, the
mechanism is not fully illustrated. In this review, the role of
adipokines in linking cardio-metabolic disorders and SLE
were well-summarized. In addition, the evidence identify-
ing a potential therapeutic target aiming at cytokines for the
clinical management of these two diseases were also listed.

2. Prevalence and Pathology of
Cardio-Metabolic Disorder and SLE

Although not yet fully illuminated, several genetic
pre-disposition-related or environmental related factors
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contribute to the pathogenic progression of SLE. Subse-
quently, it was firstly reported that SLE has a greater ten-
dency with cardio-metabolic diseases [8]. In 2005, Oeser
et al. [9] conducted a clinical trial which contained 100
patients with SLE, aiming at exploring the relationship be-
tween body mass index (BMI) and the serum levels of pro-
inflammatory cytokines, such as erythrocyte sedimentation
rate (ESR) and interleukin-6 (IL-6). After analysis, the
authors demonstrated that obese/over-weight patients em-
braced aberrant metabolic rate and higher serum levels of
pro-inflammatory cytokines. Given that SLE is considered
as a chronic systemic inflammatory disease induced by ex-
cessive production of pro-inflammatory cytokines, these re-
sults suggested that obesity was independently correlated
with the progression of SLE. Thus, weight loss might im-
prove functional capacity and decrease risk factors linking
obesity and SLE [9]. Similar findings were shown in an-
other clinical trial conducted by Correia and colleague. The
authors enrolled 170 SLEwomen and found that about 92%
patients were classified as being well nourished. Notably,
in terms of BMI, malnutrition was found in 1.2% of the pa-
tients, overweight in 35.3%, and obesity in 27.8%, shed-
ding lights on that the SLE individuals had inadequate nu-
tritional status and food intake [10]. In 2019, Teh et al.
[11] also re-examined the relationship between the preva-
lence between obesity and SLE. The trial contained 137
subjects and verified that obesity was significantly corre-
lated with systemic lupus erythematosus disease activity
index (SLEDAI) and current use rate of steroid. Mean-
while, the authors also demonstrated that obesity was cor-
related with disease activity, resultantly indicating that obe-
sity might be strongly correlated with the prevalence of
SLE which could be also considered as an important tar-
get for improving SLE outcomes [11]. More recently, a
Mendelian randomization study conducted by Huang et al.
[12] aiming to elucidate the causal relationship among pro-
inflammatory cytokines, obesity, and SLE. After analysis,
the authors found that obesity was associated with 25 cy-
tokines, and 3 cytokines were associated with SLE, includ-
ing chemokine (C-C motif) ligand 27 (CCL-27) and IL-18.
In reverse, SLE was associated with 18 cytokines, and 2
cytokines were associated with obesity, including inflam-
matory protein-10 (IP-10) and macrophage inflammatory
protein-1β (MIP-1β) [12]. As a consequence, these find-
ings showed a strong relationship between the prevalence
of obesity in SLE.

Aside from the established relationship between obe-
sity and SLE, other obese related complications have been
also considered for the pathogenic progression of SLE. Im-
portantly, several obese related metabolic disorders, includ-
ing hyperlipidemia, hypertension, and impaired fasting glu-
cose, were shown to influence the prevalence of SLE in
clinical trials from different countries. For instance, it is
note-worthing that a meta-analysis enrolled 47 studies con-
taining about 8500 subjects and showed that the prevalence

of metabolic syndrome in SLE patients was 0.26. Compar-
ing to the control individuals, the SLE patients presented a
high risk of metabolic syndromes, indicating that SLE were
more susceptible to cardio-metabolic disorders compared
with the control population [13]. Another independent
study proved that obesity could be a cause of auto-immune
diseases although this finding remains controversial [14].
Owing to a high-fat diet (HFD) could induce the progres-
sion of over-weight, the association between a HFD and
SLE should be recognized and considered. More recently,
DelOlmo-Romero et al. [15] conducted a clinical trial to
determine the prevalence ofmetabolic syndrome and the as-
sociations with SLE clinical characteristics in Spanish pop-
ulation. Notably, the authors demonstrated that metabolic
syndrome were present in approximately 15% patients with
SLE. In addition, patients with metabolic syndrome pre-
sented increased SLEDAI and the serum levels of comple-
ment C3, proposing that metabolic syndrome were associ-
ated with the progression of SLE [15]. Via using a microar-
ray data set of SLE and metabolic syndrome from the Gene
Expression Omnibus (GEO) database, Wang et al. [16]
identified 153 genes enriched in immune- and metabolic-
related pathways. As shown by the scRNA-seq results,
TNFSF13B gene and OAS1 gene possessed the highest di-
agnostic efficacy which were positive correlated with the
pathways for the metabolism of cholesterol [16].

Conclusively, the status of cardio-metabolic disorder
might importantly facilitate the SLE severity; simultane-
ously, SLE also occurs frequently in obese subjects. How-
ever, the mechanisms is not illuminated. Also, under the
obese status, the quality as well as quantity of adipocytes
might be also affected. This might also influence the pro-
gression SLE synchronously.

3. Different Adipokines in Regulating SLE
and Cardio-Metabolic Disorders

The dysfunctional adipocyte could synthesize and pro-
duce multiple inflammatory related adipokines, such as
adiponectin, resistin, and interlukin-1 (IL-1), which sub-
sequently induces inflammatory response. Since the in-
flammatory response could be observed under the obese
and SLE status, it is vital to find a fundamental under-
standing of these adipokines in linking SLE and cardio-
metabolic disorders. On the other hand, given that SLE and
metabolic syndrome shares the same risk factors, includ-
ing inflammatory response and hyperlipidemia, it is rea-
sonable to propose that the underlying mechanism in link-
ing cardio-metabolic disorders and SLEmight be explained
by diverse adipokines. The roles of adipokines in linking
cardio-metabolic disorders and SLE is summarized in Ta-
ble 1 and Fig. 1.

3.1 Adiponectin
Adiponectin is exclusively synthesized and released

by adipocyte which presents the function through three spe-
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Fig. 1. The summary of the function of different adipokines in linking SLE and obesity. SLE-signature adipokines could modulate
the metabolism of adipose tissue with triglyceride (TG) metabolism and thereby increase risk of obesity. Multiple inflammatory related
adipokines, such as leptin, chemerin, fetuin-A, and lipocalin-2, could promote the inflammatory response and promote disease develop-
ment; whereas other adipokines, including adiponectin, shows anti-inflammatory effects. The figure was produced via the Photoshop
software 21.1.0.106. (https://www.adobe.com/cn/creativecloud/roc/business.html). Abbreviation: IL, interleukin; TNF, tumor necrosis
factor; SLE, systemic lupus erythematosus; CVD, cardiovascular disease.

cific receptors, including receptor 1 (AdipoR1), receptor
2 (AdipoR2), and T-cadherin [17]. Notably, it has been
shown that adiponectin could enhance insulin sensitivity
and fatty acid oxidation, consequently reducing serum fatty
acid concentrations and improving anti-inflammatory re-
sponse. Since the important role of inflammatory response
in obesity, type 2 diabetes mellitus (T2DM), and hyper-
lipidemia, adiponectin embraces a protective role in the
pathogenic progression of metabolic syndrome [18].

Increasing evidence has shown the altered levels of
adiponectin under obese status via basic experiment or clin-
ical trials. For instance, Zhang et al. [19] demonstrated
that the serum concentrations of adiponectin were signif-
icantly reduced; meanwhile, the authors also found that
the levels of adiponectin were negatively associated with
the serum levels of pro-inflammatory cytokines. Thereby,
adiponectin could suppress the anti-inflammatory function
on immune system. Notably, it is shown that adiponectin
could exhibit the M1 macrophage simulation, whereas it
could stimulate M2macrophage proliferation by promoting
the anti-inflammatory M2 markers expression, such as IL-
10 [20]. On the other hand, adiponectin is also an insulin-
sensitizing adipokine. It is demonstrated that higher serum
adiponectin concentrations could enhance insulin sensitiv-
ity, while reduced adiponectin concentrations might facil-
itate the development of T2DM [21]. In another research,
adiponectin is confirmed to promote the synthesis of nitric

oxide (NO) in several endothelial cells, such as macrophage
and hepatocyte, via stimulating the phosphatidylinositol-3
kinase/Akt (PI3K/Akt) pathway [22]. Similar results could
be found in another independent research conducted by Liu
et al. [23], which showed that in mice, adiponectin could
protect against lipopolysaccharide (LPS)-related apoptosis
during metabolic disorder by influencing the PI3K/AKT
signaling pathways. Concerning on this notion, the re-
duced adiponectin contents could be identified as a risk
factor for endothelial dysfunction. More recently, Samaha
et al. [24] used the obese mice model and found that via
adipo-Ron, as a new-discovered adiponectin receptor ago-
nist, could positively modulate adiponectin expression with
activation of adenosine monophosphate activated protein
kinase (AMPK) pathway and subsequent improvement in
inflammatory and oxidative signaling, indicating a novel
therapeutic strategy for obesity.

On the other hand, the important role of adiponectin in
SLE has also been given substantial attention. It has been
confirmed that plasma adiponectin levels were increased in
patients with SLE compared to healthy controls, a finding
that was replicated in different research, suggesting that the
adiponectin could affect the pathogenesis of SLE [25,26].
A meta-analysis, which was conducted by Zhang et al.
[27] and enrolled 7 studies of SLE, also showed that serum
concentrations of adiponectin in SLE patients were signifi-
cantly higher compared with those in normal controls whe-
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Table 1. Diverse adipokines and the function on obesity and SLE.
Adipokines Basic function Function on SLE Function on obesity

Adiponectin Anti-inflammatory Inversely correlated with SLE severity Decreased in obese patients
Anti-atherogenic Increase in SLE patients Protect against metabolic dysfunction

Inhibit inflammatory response Possess anti-inflammatory properties
Inhibit the NF-κB signaling pathway

Leptin Pro-inflammatory Increased in SLE Positively correlated with BMI
Increase Th-1 lymphocyte Regulate feeding behavior through the central nervous system
Decrease Th-2 lymphocytes

Promote pro-inflammatory cytokines

Chemerin Pro-inflammatory Involved in the recruitment of pDC Positively correlated with BMI
Promotes the pDC transmigration Promote the adipogenesis differentiation

Visfatin Pro-inflammatory Enhance antimicrobial peptides in keratinocyte Positively correlated with obesity
The gene is up-regulated in SLE patients Induce dyslipidemia
Activate T lymphocytes in immune system Inhibits the expression of metalloproteinases

Omentin Anti-inflammatory Lower levels in psoriatic patients compared to the healthy controls Increases insulin sensitivity in human adipocytes
Increased after treatment of psoriasis Risk factor for insulin resistance

Attenuate the TNF-α-induced adhesion molecule expression and
monocyte adhesion

Omentin-1 is positively correlated with plasma level of
adiponectin and is inversely correlated with BMI or WHR

Fetuin-A Inhibit the lipid efflux Induces pro-inflammatory adipokines FFA could enhance the production of fetuin-A
Modulate inflammatory response Promotes transformation of M2-phenotype macrophages into

M1-phenotype macrophages
Reduce after treatment of weight loss

Increased in SLE patients

Lipocalin-2 A component of innate immune system Increased in SLE patients Increased in obese patients
Induces apoptosis Positively correlated with IL-1β Positively correlated with BMI

Modulate inflammatory response Induce dyslipidemia
Abbreviations: NF-κB, nuclear factor kappa B; BMI, body mass index; pDC, plasmacytoid dendritic cells; TNF, tumor necrosis factor; IL, interleukin; FFA, free fatty acid; WHR, waist hip rate;
Th, T-help lymphocyte.
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reas not in atherosclerotic patients. Similar results could
be shown in another meta-analysis [28]. In addition, Logh-
man et al. [29] conducted a clinical trial and found that
the urinary concentrations of adiponectin were increased in
SLE patients with renal involvement. Concerning on this
notion, the measurement of urinary adiponectin concentra-
tion might be helpful to discriminate impaired from nor-
mal renal function in SLE patients [29]. Another research
conducted by Carbone et al. [30] demonstrated that high
serum adiponectin was associated with accelerated carotid
atherosclerosis in SLE young women, proposing a possible
therapeutic target to improve vascular risk stratification in
daily clinical practice. More recently, Kamel et al. [31]
verified that the circulating adiponectin levels were corre-
lated with the development of SLE. Taken together, given
that the inflammatory response shares in both obesity and
SLE, it might be reasonably to speculated that adiponectin
could influence the pathological progression of those two
diseases by inflammatory related signaling pathway.

On the contrary, Dan et al. [32] used the Mendelian
randomization study which did not show a causal associa-
tion between adiponectin and SLE. Similarly, some stud-
ies found no significant alteration of adiponectin levels in
SLE patient [33,34]. Concerning on these inconsistent re-
sults, adiponectin might exert bidirectional effects in SLE.
It is still required to have large-scale trials to further elu-
cidate the accurate relationship between serum levels of
adiponectin and the risk of SLE with the underlying mech-
anisms.

3.2 Resistin

Resistin, a 12.5-kDa cysteine-rich protein and discov-
ered in 2001 which belongs to the resistin-like molecules
family, has been considered as adipocyte-secreted factor
and initially as a mediator of insulin resistance and its re-
lated metabolic disorders, such as type 2 diabetes mellitus
and obesity [35]. As reported, resistin is prominently pro-
duced by white adipocyte and peripheral blood mononu-
clear cell in mammals, indicating a role of resistin in mod-
ulating obesity and inflammatory response. Indeed, it has
shown that the circulating concentrations of resistin were
significantly up-regulated in obese mice and in human be-
ings [36]. Resistin expression is also shown to be associated
with lipid profiles and inflammatory status in obesity and
atherosclerotic groups [37]. Additionally, resistin has also
consistently been demonstrated to induce insulin resistance
and type 2 diabetic disorders in mice [38]. Nevertheless,
the function of resistin in human beings is still controver-
sial from the results. As demonstrated, resistinmight partic-
ipate in inflammatory response [14]. Multiple research has
demonstrated that resistin could promote the synthesize and
release pro-inflammatory adipokines, including IL-6 and
IL-12 by peripheral blood mononuclear cell, indicating a
vital role of resistin in modulating pathological progression
of inflammation [39]. Reversely, it is verified that those

inflammatory related cytokines could also up-regulate the
expression content of resistin, suggesting a positive feed-
back mechanism whereby resistin regulates inflammatory
response and its related disorders, such as SLE [40]. In
addition, recent study showed another function of resistin
as to facilitate the expression of adhesion molecules, resul-
tantly might contributing to the atherosclerotic plaque for-
mation and coronary artery diseases, highlighting resistin
as a candidate therapeutic or diagnostic target for cardio-
vascular disease [41]. Also, another Multi-Ethnic Study of
Atherosclerosis found that increased resistin concentrations
were strongly correlated with heart failure, more promi-
nently in HF with reduced ejection fraction than in heart
failure with preserved ejection fraction. With in-depth re-
search, it proposed a potential mechanism by which resistin
controls the metabolic and cardiovascular related disorders
is promoting the inflammatory response [42].

To date, since the inconsistent results, there is no
agreement as for concentrations and function of resistin in
regulating the risk of SLE. As shown, a study revealed that
the risk of SLEwas correlated with increased serum resistin
concentrations independent of BMI, atherosclerosis, and
steroid use history. Notably, the circulating resistin con-
centrations were positively associated with glomerular fil-
tration rate, erythrocyte sedimentation rate, and homocys-
teine under the SLE conditions [43]. It is worth-noting that
since insulin resistance is more prevalent in SLE patients
than controls, one potential mechanism whereby resistin
influence the risk of metabolic disorders and SLE might
focus on the role of resistin in insulin resistance. Though
the mechanism by which resistin is up-regulated under the
SLE condition remains unclarified, multiple postulated ex-
planations, such as affecting the renal function, altering the
adipose distribution, or direct modulating the mediators on
resistin production, could provide several potential mecha-
nisms [44].

Similar with the discordant results showing the lev-
els of adiponectin in SLE, no statistical discordance in re-
sistin were observed between SLE patients and the healthy
controls in some other clinical trials [25,45]. In this study,
though the measurements of resistin did not alter sig-
nificantly between the patients and the controls, resistin
was strongly correlated with the systemic inflammatory
response, renal failure, and the glucocorticosteroids use
[46]. One meta-analysis confirmed no difference in serum
resistin concentration between the SLE patients and the
healthy controls [47]. Consistently, Duan et al. [48] used
a two-sample univariable Mendelian randomization analy-
ses demonstrated that the resistin was not identified as an
independent risk factor for SLE, revealing no evidence to
support that resistin as a risk factor for SLE. Conclusively,
since the different subject enrolling criterion, the relation-
ship between resistin with SLE still remains to be illus-
trated.
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3.3 Leptin

Leptin is produced by adipocyte mainly in white fat
tissue. Notably, leptin and its receptors were expressed
in multiple diverse tissues, suggesting multiple functions
of leptin in cardio-metabolic progressions including fertil-
ity, angiogenesis, and inflammatory response [28]. As re-
ported, leptin is being identified as an essential modulator
of whole-body energy homeostasis in mammals via affect-
ing the food intake and enhancing the energy expenditure,
suggesting that leptin has a vital role in metabolic related
disorders [49]. Consistent with this notion, emerging evi-
dence demonstrated that the circulating concentrations level
of leptin were increased significantly in obese/over-weight
subjects, which were also positively associated with BMI.
Meanwhile, it is also revealed that the leptin levels were
correlated with several inflammatory related skin diseases,
including psoriasis, suggesting a regulatory role of leptin
in linking obesity and inflammatory response. A meta-
analysis evaluated the plasma levels of adipokines in psori-
atic patients and confirmed that the leptin levels were signif-
icantly increased, either under the fasting or the postpran-
dial condition, indicating that the increased leptin contents
might originate from both adipocyte and keratinocyte and
endothelial cell. Concerning on this notion, it is reason-
ably to speculate that leptin might influence the pathologi-
cal development of obesity and skin diseases, such as SLE,
via modulating the inflammatory response in multiple cell
types. Indeed, it is shown that the circulating levels of lep-
tin were significantly increased in patients with SLE which
might also induce the inflammatory response [49,50]. Also,
the similar alteration of serum leptin concentrations were
also increased in pediatric systemic lupus [51].

In addition, another clinical trial confirmed that the
serum leptin contents were significantly associated with
insulin levels, BMI, and SLEDAI among SLE patients.
Meanwhile, since the altered leptin concentrations were
also positively associated with vascular stiffness, these
findings indicated that leptin could be considered as an in-
dependent risk factor for coronary heart disease (CHD) and
could be used for evaluating the cardio-metabolic risk fac-
tors [45]. Consistent with this finding, McMahon et al. [33]
showed that the excessively production of leptin might up-
regulate the risk of subclinical atherosclerosis in SLE via
enhancing the inflammatory related biomarkers, including
lipoprotein(a) and oxidated apolipoprotein-B100. Notably,
leptin was shown to directly reduce the number of regu-
latory T lymphocyte and increase the number of T-help-
17 (Th-17) lymphocyte, proposing a potential mechanism
whereby leptin deficiency improve the skin lesions in SLE
patients [52]. More recently, Chen et al. [53] found that
the intervention of leptin and neutrophil-activating peptide-
2 could promote the senescence progression of Mesenchy-
mal stem cells via the enhancement of the PI3K/Akt sig-
naling pathway in SLE patients, indicating the important

role of leptin in SLE pathogenesis. However, the accurate
association between leptin and SLE remains to be further
elucidated.

3.4 Chemerin

Chemerin is a chemoattractant adipokine which in-
volves in inflammatory response, atherosclerosis, and dys-
lipidemia [6]. Multiple cell types, such as adipocyte, en-
dothelial cell, and keratinocyte, have been confirmed to
regulate the serum levels of chemerin in human beings
[54]. As a chemokine, chemerin presents the chemotac-
tic feature through interacting with other receptors. For in-
stance, chemerin could combine with both G protein cou-
pled receptor 1 and chemokine CC-motif receptor-like 2
(CCRL2), which subsequently inducesmetabolic disorders.
As shown, the CCRL2 receptors, which is expressed by
the keratinocyte, could promote the cellular binding ca-
pacity and the transmigration of plasmacytoid dendritic
cell, suggesting that the interaction between chemerin with
CCRL2 might influence the inflammatory progression of
multiple skin diseases, including psoriasis and SLE [55].
As an important adipokine, the serum concentrations of
chemerin were well-established to be up-regulated under
the obese conditions in mammals, with the positive associ-
ation with BMI and serum obese related biomarkers, such
as triglyceride (TG) and low-density lipoprotein cholesterol
(LDL-C), pointing to a regulatory function of chemerin in
the pathological development of atherosclerotic related dis-
eases [56]. Emerging evidence has shown that the gene
expression contents of CHEMERIN were significantly up-
regulated during the differentiation of pre-adipocyte; mean-
while, the increased circulating levels of chemerin might
reversely induce the adipogenic differentiation, resulting in
the hyperplasia and hypertrophy of adipocyte which indi-
cated the important role of chemerin in modulating obese
progression [57]. With in-depth investigation, Lin et al.
[58] confirmed that the beige adipocyte was significantly
restricted by the chemerin-CCRL2 axis via inhibiting the
cyclic adenosine monophosphate (cAMP) signaling path-
way, resultantly interrupting a feed-forward circuit between
adipocyte and innate immunity which is required for cold-
induced beige fat and thermogenesis.

On the other hand, chemerin could modulate the intra-
cellular metabolism in keratinocyte and adipocyte, which
might further promote inflammatory response in epider-
mis and fat tissue. Notably, to explore this hypothesis,
the authors intervened the HaCaT cells and the human pri-
mary keratinocyte with recombinant chemerin protein and
demonstrated that chemerin could promote the production
and secretion of several inflammatory related adipokines,
including IL-6, IL-12, TNF-α, which further stimulate the
nuclear factor kappa B (NF-κB) signaling pathway. In ad-
dition, chemerin could significantly constrain the deacety-
lase activity of sirtuintype-1 (SIRT-1) through the augmen-
tation of reactive oxygen species (ROS) production [59]. In
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dermis, it has been shown that chemerin could promote the
migration of plasmacytoid cell and modulate the extracel-
lular regulated protein kinases 1 and 2 (ERK1/2) [60]. Sim-
ilar with this finding, Yin et al. [61] confirmed that the skin
plasmacytoid dendritic cell and chemerin production were
increased in response to ultraviolet B irradiation in mice.
Moreover, the increased gene expression of CHEMERIN
was positively associated with the accumulation of plasma-
cytoid dendritic cell in ultraviolet-b (UVB)-irradiated skin,
indicating a modulating role of chemerin in the develop-
ment of skin lesions of SLE [61]. Recently, it is also sug-
gested that chemerin might influence the renal homoeosta-
sis. Indeed, the concentration of chemerin in lymphatic ep-
ithelial cell of kidneys is shown to serve as amarker of lupus
nephritis occurrence which is also associated with the renal
function [62]. Collectively, these findings provided the evi-
dence showing a role of chemerin in the recruitment of plas-
macytoid dendritic cell during the pathological progression
of SLE. Taken together, the potential mechanism whereby
chemerin links obesity and SLE might be the promotion of
NF-κB signaling pathway through regulating of SIRT-1 ac-
tivity and induce the inflammatory cascade response.

3.5 Visfatin
Visfatin is an inflammatory related adipokine which

is significantly expressed mainly by adipocytes and
macrophages. According to the results, visfatin is con-
firmed to play an important role in promoting cardio-
metabolic related disorders, such as cardiovascular disease,
T2DM, and atherosclerosis [63]. Besides, visfatin also
has multiple pro-inflammatory actions in multiple inflam-
matory related benign tumor or malignant tumor includ-
ing breast cancer, lung cancer, and leiomyomas [64]. Via
in-depth research, Zaidi et al. [63] used the breast can-
cer cell and verified that visfatin treatment could enhance
both sphere diameter and the protein expression of octamer-
binding transcription factor 4 (OCT4). The serum vascular
endothelial growth factor (VEGF) contents were induced
via visfatin therapy which were reduced via using the vis-
fatin inhibitor, named FK866.

Visfatin is also confirmed to be strongly and positively
associated with abdominal obesity, whereas the serum con-
centrations of visfatin is negatively associated with high
density lipoprotein cholesterol (HDL-C) [65]. Chang et
al. [66] conducted a systemic meta-analysis and found
that the serum visfatin contents were higher in patients
with metabolic syndrome, with pooled log odds ratios of
1.164 and 2.902, respectively. In addition, the visfatin
concentrations were also positively correlated with insulin
resistance. Given that insulin resistance might promote
the obese progression, those findings could propose that
the visfatin is promising for predicting obesity, diabetes,
and metabolic syndrome [66]. Using male Wistar rats,
Al-Suhaimi et al. [67] confirmed that thymoquinone sig-
nificantly reduced the circulating concentrations of aspar-

tate transaminase (AST), alanine transaminase (ALT), and
visfatin whereas up-regulated the circulating adiponectin
concentrations, revealing that in obese and diabetic condi-
tions, visfatin deficiency inhibited the signaling pathway of
Janus Kinase/Signal transducer and activator of transcrip-
tion 3/PI3K (JAK/STAT3/PI3K) [67].

Aside from the role of visfatin in obesity, it is firstly
demonstrated by Chung et al. [25] that the serum concen-
trations of visfatin were significantly higher in SLE individ-
uals compared to those in healthy control individuals. The
similar alteration of serum visfatin levels in SLE patients
could be found in another clinical trial conducted by De
Sanctis and the colleagues [68]. Via in-depth investigation,
Ozgen et al. [69] explored the association between visfatin
with carotid intima-media thickness (cIMT). However, the
results might not show the causal relationship mentioned
above [69]. More recently, Shaker et al. [70] also con-
firmed that the circulating visfatin concentrations in SLE
patients with active lupus nephritis were higher compared
with those in the healthy control subjects. In addition, the
SLEDAI score and circulating visfatin concentrations were
also demonstrated to be associated. Also, the circulating
visfatin concentrations were up-regulated in SLE individ-
uals with active lupus nephritis and were correlated with
the disease severity scores. Taken together, the results sug-
gested that the serum visfatin could be identified as a non-
invasive biomarker for evaluating the severity and the risk
stratification of SLE [70]. Given the well-established role
of visfatin in affecting the pro-inflammatory adipokines,
it is reasonably speculated that the underlying mechanism
whereby visfatin links obesity and SLEmight be promoting
the progression of pro-inflammatory response.

3.6 Omentin

Omentin, also named intelectin, was first detected in
adipocyte isolated from visceral omental tissue [71]. Ac-
cordingly, omentin is confirmed to have two isoforms,
as omentin-1 and omentin-2, with omentin-1 being the
main form in human circulation [72]. Emerging evidence
showed omentin possessed multiple roles, including insulin
resistance, inflammatory response, atherogenic plaque for-
mation, and oxidative stress-decreasing effects, indicating
an important function of omentin in modulating cardio-
metabolic disorders [73]. In details, omentin is posi-
tively associated with serum concentrations of adiponectin
and is negatively correlated with BMI or waist-hip ratio
(WHR), indicating a regulatory function in pathogenic pro-
gression of obesity [74]. Another clinical trial suggested
omentin could be considered as an independent predictor
of metabolic syndrome and obesity among adolescents in
northeast China [75]. By analyzing the data from severely
obese women undergoing intraoperative wedge liver biopsy
during the bariatric surgery, the authors showed that the
hepatic omentin-1mRNA levels were lower in patients with
advanced steatosis [76]. It is also verified that the cardio-
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metabolic protective function of omentin is induced by the
improved endothelial cell survival, including the progres-
sion of increased endothelial nitric oxide synthase (eNOS)
and suppressed inflammation response or oxidative stress
[77]. Concerning on this notion, omentin is currently iden-
tified as an excellent therapeutic target in several diseases,
including T2DM, cardio-metabolic diseases, inflammatory
diseases, and cancer.

Aside from the role in cardio-metabolic disorder, the
function of omentin in inflammatory response has been
given substantial attention in recent years. Omentin em-
braces a function in vascular smooth muscle cells which
could attenuate the TNF-α-induced adhesion molecule ex-
pression and monocyte adhesion [78]. Similar results could
be found in another independent research [79]. Otherwise,
it should be noticed that besides the protective role against
inflammatory response, omentin is also proposed to com-
bine with the galactofuranosyl residues which locates on
the walls of various bacteria [80]. Administering omentin-
1 was shown to block cartilage degradation by inhibiting
the production of pro-inflammatory cytokines, revealing
omentin-1 is a potential therapy for the treatment for inflam-
matory related diseases [81]. Nonetheless, it is shown that
the circulating concentrations of omentin-1 in SLE patients
were not different from the healthy controls [82]. Also,
the single nucleotide polymorphisms (SNPs) of OMENTIN
gene were also not correlated with the genetic background
of SLE in Chinese patients [83]. Whereas concerning on the
modulatory function of omentin in inflammatory response
and in producing pro-inflammatory cytokines, it is reason-
ably to infer that omentin might also influence the progres-
sion of SLE. Further studies focusing on the mechanisms
whereby omentin links SLE and obesity are still required.

3.7 Chemerin

Chemerin is translated as a 163 amino acid pre-
proprotein which is secreted as a 143 amino acid (18
kDa) proprotein following proteolytic cleavage of a sig-
nal peptide [84]. Currently, parallel lines of investigation
supported that chemerin could be considered as a novel
adipokine which might modulate adipocyte development
and metabolic function. Emerging evidence from human
experimental data indicated that circulating concentrations
of chemerin were up-regulated in obese patients [85]. With
in-depth research, it is shown that expression and secre-
tion chemerin were increased dramatically with adipogenic
progression. However, the loss of CHEMERIN gene ex-
pression in pre-adipocytes might disturb the differentia-
tion into mature adipocytes [86]. Besides, chemerin is
also confirmed to serve as a chemoattractant for multiple
immune and inflammatory related cells which resultantly
induce inflammatory response within white adipocyte un-
der the obese condition [87]. On the other hand, the or-
phan G protein-coupled receptor chemokine-like receptor-1
(CMKLR-1) is shown to be expressed in human endothe-

lial cells which might be up-regulated by the excessive
production of pro-inflammatory cytokines, including TNF-
α, IL-6, and IL-1β [57]. Recent study also demonstrated
that chemerin could stimulate the key angiogenic path-
ways and promote the development of angiogenesis in vitro
[58]. By using the adipocyte-specific endothelial nitric ox-
ide synthase (eNOS/NOS3) knockout mice, the authors ver-
ified that despite less weight gain, those mice presented in-
creased blood pressure, associated with exacerbated vascu-
lar dysfunction and remodeling [86]. Among the differen-
tially expressed adipokines, the authors also found an up-
regulation of chemerin, suggesting that deletion of NOS3
in adipocyte could potentiate hypertension and vascular re-
modeling via chemerin [86]. In conclusion, the findings in-
dicated that chemerin could have an important role in mul-
tiple metabolic and inflammatory related pathway which
might induce the pathological development of obesity and
its related cardio-metabolic disorders.

Aside from the well-established role in obesity and
metabolic disorders, increasing evidence also revealed
chemerin is abundant in human epidermis which exhibited
a modulatory function in inflammatory processes within
skin cells. Though it is still required more large-scale
clinical trial to explore the relationship between chemerin
with the pathogenesis of SLE, several potential mechanisms
whereby chemerin influences the cell metabolism which
subsequently induces inflammatory response and SLE. For
instance, it seems to support multiple anti-bacterial activi-
ties in the exudates from primary skin cultures, proposing
that chemerin might contribute to skin defense through re-
cruiting dendritic cells and acting as an anti-bacterial agent
in epidermis [88]. Recombinant chemerin was also shown
to promote the transmigration of plasmacytoid and myeloid
dendritic cells across an endothelial cell monolayer. In ad-
dition, the expression level of chemerin was selectively de-
tected on the luminal side of high endothelial venules in
dermal endothelial vessels of skin lesions under the SLE
condition [89]. These results, together with the cognate
ligand on the luminal side of inflammatory endothelium,
proposes an essential function of chemerin in plasmacy-
toid dendritic cell trafficking. Consistent with this no-
tion, another independent research found that the plasma-
cytoid dendritic cell and chemerin concentrations were sig-
nificantly up-regulated [61]. Taken together, the increased
chemerin expression and concentrations is positively asso-
ciated with plasmacytoid dendritic cell accumulation which
are also strongly involved in the development of skin le-
sions under the status of SLE. Nevertheless, it is required
to conduct more basic research or clinical trials to deeply
investigate the relationship and the underlying mechanism
by which chemerin links obesity and SLE.

3.8 Fetuin-A

Fetuin-A is synthesized by hepatocyte and adipocyte
and secreted into circulation at high contents in human
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beings [90]. The free fatty acids (FFA) in circulation
could significantly promote the synthesis and production
of fetuin-A in hepatocyte and adipocyte via stimulating
the NF-κB signaling pathway [91]. Growing evidence
showed the important role of fetuin-A inmodulating cardio-
metabolic disorders. For instance, reduced circulating con-
centrations of fetuin-A might directly inhibit the cardiac
function via inducing the cardiac fibrosis and calcifica-
tion, resultantly modulating the pathological progression
of atherosclerotic plaque formation and cardiovascular dis-
eases [92]. In addition, the serum levels of fetuin-A might
be reduced in obese patients via the treatment of weight
loss, indicating that fetuin-A might be correlated with the
development of cardio-metabolic disorders [91]. With in-
depth research, it is shown that fetuin-A not only induced
inflammation in adipocyte but also acts as an upstream reg-
ulator of silent information regulator-1 (SIRT1) cleavage
and AMPK stimulation [93]. Using human in vitro differ-
entiated adipocytes, the authors found that fetuin-A could
promote the low-grade chronic inflammatory response and
could inhibit adiponectin production, suggesting a vital
modulatory role of fetuin-A in the obese pathophysiology
[94]. The similar crosstalk of fetuin-A and adiponectin
could be found in another research [95].

Aside from the vital function in metabolic disorders,
the role of fetuin-A in the inflammatory response, both the
systemic and the tissue-specific, has gained substantial at-
tention in the past several decades. As reported, fetuin-
A induces the release of inflammatory related adipokines
which inhibits the cholesterol efflux in macrophage [96].
The adipocyte-derived fetuin-A could also induce transfor-
mation of M2-phenotype macrophage into M1-phenotype
macrophage, consequently facilitating the inflammatory re-
sponse [97]. Since SLE is a well-reported systemic inflam-
matory disease, it is reasonably to speculate that fetuin-
A might regulate the pathogenic of SLE. Indeed, Lee et
al. [98] enrolled 76 SLE patients and found that among
1157 proteins quantified, 153 were differentially expressed
in urine samples from SLE, including α-1-acid glycopro-
tein 1, fetuin-A, and ceruloplasmin. More recently, another
independent case-control clinical trial revealed that fetuin-
A were decreased in SLE patients, and the concentrations
were negatively associated with cIMT. Moreover, there is
a strong positive association between fetuin-A with anti-
dsDNA and SLEDAI, proposing that fetuin-A level might
be considered as a novel serum biomarker of disease activ-
ity in SLE patients [99].

3.9 Lipocalin-2 (LCN2)

Lipocalin-2 is a circulatory protein responsible for the
transportation of small and hydrophobic molecules [100].
It is present in a large variety of cell types, including neu-
trophil, hepatocyte, adipocyte, macrophages, prostate, and
renal cells. Different functions have been associated with
lipocalin-2 which contain antibacterial, anti-inflammatory,

and protection against cell stress [85]. Concerning on this
notion, lipocalin-2 is identified as a biomarker for acute
and chronic injury in different organs, including kidneys,
heart, and lungs. For instance, using male mice, the authors
demonstrated that lipocalin-2 could regulate the mitochon-
drial phosphor-lipidome remodeling, dynamics, and func-
tion in brown adipose tissue [101]. Recently, Javaid et al.
[102] confirmed that the TNF-α-induced nitric oxide syn-
thase (NOS)-like receptor thermal protein domain associ-
ated protein-3 (NLRP-3) inflammasome could significantly
modulate the adipocyte dysfunction via adipocyte-derived
lipocalin-2. On the other hand, lipocalin-2 is also identified
as a key regulator of scavenger receptor-B1 (SR-B1) which
might subsequently influence the HDL metabolism, induc-
ing the pathological progression of atherosclerotic related
coronary disease [103]. Through 12weeks of high-intensity
interval training, it is shown that the levels of lipocalin-2
might be improved in obese men [74].

It has been confirmed since 2010 that the neutrophil
gelatinase-associated lipocalin-2 could be considered as a
vital predictor of renal disease activity in SLE patients, and
a significant predictor for flare in patients with a history of
biopsy-proven nephritis [104]. Consistently, another inde-
pendent research also showed that the 24-hour urinary ex-
cretions of neutrophil gelatinase-associated lipocalin-2 in
the SLE group was significantly up-regulated [105]. Also,
these findings have been replicated in several clinical trials
[106,107]. Recently, Gómez-Puerta et al. [108] investi-
gated whether levels of lipocalin-2 was the biomarkers to
differentiate patients with lupus nephritis among SLE pa-
tients. Notably, the urinary lipocalin-2 was higher in pa-
tients with active lupus nephritis, suggesting that lipocalin-
2 was a useful biomarker for the identification of renal
involvement and discrimination of active lupus nephritis
among SLE patients [108]. Since IL-1β promotes the de-
velopment of obesity and SLE synergistically as mentioned
above, it could be speculated that the regulatory feature of
lipocalin-2 in linking SLE and obesity might be through in-
flammatory response.

4. Therapeutic Strategy for Obesity and SLE
via Adipokines

Increasing evidence verified that the weight loss via
diet control or daily exercise might effectively improve
the development of SLE. To be more specific, the au-
thors confirmed that a low fat diet (LFD) might reduce the
plasma contents of leptin and increase the plasma contents
of adiponectin, revealing that lifestyle modification might
be the supplement for pharmacologic therapy in SLE in-
dividuals with cardio-metabolic disorders [109]. Notably,
other research provided the notion that regulation inflam-
matory related adipokines might also improve obesity and
SLE synchronously. A recent study revealed that the leptin-
treated mice exhibited increased macrophage phagocytosis
of apoptotic cells while comparedwith the control subjected
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[110]. On the contrary, the LEPTIN gene-deficient mice
presented decreased Th-17 cells and elevated Treg cells, im-
plying that leptin could regulate the inflammatory responses
in SLE and obesity [52]. Consistent with this finding, an-
other study also showed that leptin could induce T cell sur-
vival by modulating T cell apoptosis via an increased ex-
pression of Bcl-2, proposing the possibility of a therapeutic
targeting of leptin in SLE and obesity [111].

On the other hand, the SLE mouse models with lack
adiponectin could facilitate more severe disease compared
to the wild-type mouse models, indicating the involvement
of adiponectin in regulating disease activity of SLE and
obesity. As a result, the deficiency of adiponectin in the
context of a mouse model of established auto-immunity
could induce more robust disease while compared with the
adiponectin-sufficient controls [112]. Importantly, Su et al.
[113,114] also confirmed that recombinant apolipoprotein-
A5 and apolipoprotein-A1 could significantly influence
the differentiation of human adipose tissue-derived stro-
mal cells into mature adipocytes. Since apolipoprotein-A1
is the main protein within HDL particle which plays a vi-
tal function in influencing the process of inflammatory re-
sponse, the results suggested a potential therapeutic strategy
for SLE and obesity which could use those two apolipopro-
teins. Concerning on the notion that some adipokines,
such as leptin, chemerin, visfatin, and fetuin-A, have pro-
inflammatory effects, further attentionmight be paid on cre-
ate a biologic agent aiming at those pro-inflammatory cy-
tokines. However, since there is short of the research on
these novel adipokines, the ability for the novel agents in
SLE therapy might be lower compared to the agent for the
classical pro-inflammatory adipokines, such as IL-1β, IL-
6, and TNF-α. Taken together, all the findings shed lights
on that therapeutic strategies targeting inflammatory related
adipokines might have positive functions in patients with
SLE and obesity. Nevertheless, it should be noted that it
is still far from a therapeutic application, since the data
are scarce and the pleiotropic function of those adipokines
might have multiple unintended consequences.

5. Conclusions
As mentioned in the current review, a strong associa-

tion could be found between obesity, SLE, and adipokines.
Accordingly, SLE and cardio-metabolic disorders might
not be causal whereas could be a shared patho-physiological
progression. Concerning on this notion, further basic ex-
periments and clinical trials focusing on the elucidating
the causal associations are significant. In the daily clini-
cal practice, a final decision, which is made to select the
therapeutic strategy, should be used to a SLE patient, and
it seems vital to identify synchronously the weight man-
agement is also involved in the treatment. In a word, the
patients with SLE might not only be assessed from a der-
matological but also from a metabolic perspective feature,
and the interactions of SLEwith different comorbidities, es-

pecially cardio-metabolic disorders, might indicate the re-
quirement for a multidisciplinary strategy in the treatment
of the individuals with SLE and cardio-metabolic disorders.

Future research is necessary to fully illustrate the func-
tions of diverse adipokines in the individuals with SLE and
its comorbidities. As a consequence, the assessment of the
serum inflammatory related adipokines concentrations, in
well-phenotype individuals with SLE, is of great signifi-
cance for the further understanding the disease in the clini-
cal practice. According to the findings, diverse adipokines
might be identified as the mediator of cutaneous inflam-
matory response, proposing a function of adipokines in the
pathological development of SLE and cardio-metabolic dis-
orders.
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