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Abstract— Chronic low-grade inflammation is now widely accepted as one of the most
important contributors to metabolic disorders. Glycoprotein 130 (gp130) cytokines are
involved in the regulation of metabolic activity. Studies have shown that several gp130
cytokines, such as interleukin-6 (IL-6), leukemia inhibitory factor (LIF), oncostatin M
(OSM), ciliary neurotrophic factor (CNTF), and cardiotrophin-1 (CT-1), have divergent
effects on adipogenesis, lipolysis, and insulin sensitivity as well as food intake. In this review,
we will summarize the present knowledge about gp130 cytokines, including IL-6, LIF,
CNTF, CT-1, and OSM, in adipocyte biology and metabolic activities in conditions such as
obesity, cachexia, and type 2 diabetes. It is valuable to explore the diverse actions of these
gp130 cytokines on the regulation of the biological functions of adipocytes, which will
provide potential therapeutic targets for the treatment of obesity and cachexia.
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INTRODUCTION

To date, more than 10 cytokines in the interleukin-6
(IL-6) cytokine family, such as IL-6, leukemia inhibitory
factor (LIF), oncostatin M (OSM), ciliary neurotrophic
factor (CNTF), cardiotrophin-1 (CT-1), interleukin-11
(IL-11), and interleukin-27 (IL-27) have been discovered.
All of these cytokines regulate a variety of complex bio-
logical processes, such as hematopoiesis, immune activity,
inflammation, pregnancy, reproduction, the cardiovascular
system, osteoclast formation, and neuronal survival [1].
Because all of these IL-6 family cytokines utilize glyco-
protein 130 (gp130) as a common signaling pathway
through their unique receptor system, they are commonly
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referred to as gpl30 cytokines. Specifically, each 1L-6
family cytokine binds to its specific receptor x-subunit,
followed by the activation of the common receptor subunit
gp130. The functional pleiotropy of these IL-6 family
cytokines is partially attributed to their specific receptor
«-subunit, and the redundancy among the cytokines is
achieved by the common receptor subunit gp130 [2]. For
example, IL-6 and IL-11 transduce signals via the induc-
tion of a gp130 homodimer after binding to IL-6 receptor o
(IL-6¢c0) and IL-11Rex, respectively. CNTF and CT-1 ini-
tially bind to their specific o« receptors and then form a
heterodimer with the signal-transducing gp130 receptor 3
(gp130 (3) and LIF receptor (3 (LIF (3) to transduce signals.
LIF and OSM directly induce the formation of the gp130R
B/LIF (3 and gpl30R [3/OSM receptor heterodimers, re-
spectively [3].

In the past decade, numerous noteworthy studies have
focused on adipose tissue physiology. Many of these stud-
ies have indicated that adipose tissue dysfunction is a key
underlying mechanism that contributes to obesity and type
2 diabetes. Targeting the regulation of adipocyte biology
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will provide a promising method for the treatment of
obesity and type 2 diabetes [4]. Inflammatory cytokines
regulate the proliferation and apoptosis of adipocytes and
are involved in the modulation of lipolysis and lipid syn-
thesis through autocrine and paracrine mechanisms [5]. In
recent years, it has been revealed that gp130 cytokines
exert a wide range of biological functions in the regulation
of adipocyte biology, and they may provide promising anti-
obesity therapeutic targets [6]. Therefore, it is valuable to
provide insight into the various roles of gp130 cytokines in
metabolic activities and to understand their contributions to
metabolic disorders. The present review focuses on the role
and potential mechanisms of gp130 cytokines, including
IL-6, LIF, CNTF, CT-1, and OSM, in regulating adipocyte
biology and metabolic activity.

INTERLEUKIN-6

IL-6 is a pleiotropic cytokine that is secreted by
adipose tissue and various cell types. In healthy humans,
IL-6 produced by adipose tissue accounts for 15-35% of
the circulating levels [7]. Obese individuals have increased
blood levels of IL-6 compared with healthy individuals [8].
However, until now, it has remained unclear whether the
increased production of IL-6 plays a harmful role or a
protective role in obesity. A growing number of publica-
tions from recent years have supported the pro-
inflammatory effect of IL-6. These reports have revealed
that an increased production of IL-6 is attributed to insulin
resistance partly by upregulating SOCS3, a protein that
binds and inhibits insulin receptors [9], while the neutral-
ization of IL-6 selectively improves obesity-induced insu-
lin resistance [10]. Notably, numerous studies have shown
that IL-6 levels are greatly increased in obese humans, and
the increased IL-6 is strongly correlated with increased
body weight index and waist circumference [11-13]. In
contrast to the conclusion that IL-6 is a negative factor in
metabolic homeostasis, a study revealed that IL-6-deficient
(IL-6"") mice developed mature-onset obesity, insulin re-
sistance, and increased liver inflammation in response to a
high-fat diet (HFD) [14, 15]. In addition, based on an
experiment in mice with a myeloid cell-specific deletion
of the IL-6R«x chain, Mauer et al. [16] reported that the
disruption of IL-6 receptor (IL-6R) signaling was associat-
ed with insulin resistance and metabolic disorders when the
mice were fed an HFD. Furthermore, in mice that were fed
an HFD, the absence of IL-6R signaling in macrophages
increased their tendency towards developing a pro-
inflammatory “M1 phenotype.” Increased IL-6 levels
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potentiate the M2 activation of adipose tissue macrophages
by upregulating the expression of IL-4Ra in the context of
diet-induced obesity to attenuate inflammatory responses
and metabolic disorders. In parallel, IL-6 may inhibit M1
activation by saturated fatty acids and other inflammatory
cytokines. Thus, IL-6 regulates the activation of adipose
tissue alternative macrophages to attenuate inflammatory
responses, improving insulin resistance.

It has been suggested that the pro-inflammatory effects
of IL-6 signaling appear to be mediated by the “trans-
signaling” (the binding of an IL-6 and soluble IL-6Ra
complex to cell surface gp130), while the anti-
inflammatory effect is mediated by classic signaling through
IL-6Ra and gp130 [17, 18]. A soluble form of gp130 is the
natural decoy receptor for the IL-6/soluble IL-6R complex
and can therefore limit trans-signaling [19]. Mice with a
selective blockade of IL-6 trans-signaling, as a result of the
genetic overexpression of soluble gp130 (sgp130Fc), exhib-
ited increased adipogenesis in response to an HFD [20].
Moreover, unlike mice with complete ablation of IL-6 sig-
naling (IL-6 ' "mice) that exhibited hyperlipidemia,
increased hepatosteatosis and liver inflammation when fed
an HFD [14], the selective blockade of IL-6 trans-signaling
did not exacerbate HFD-induced hyperlipidemia,
hepatosteatosis, or liver inflammation. In addition, the in-
flammation and fibrosis induced by macrophage accumula-
tion has been revealed as a major mechanism of adipose
tissue dysfunction in obesity [21-23], while the selective
blockade of IL-6 trans-signaling induced by the overexpres-
sion of sgp130Fc has been shown to prevent macrophage
accumulation and fibrosis in the white adipose tissue of mice
fed an HFD [20]. This study suggested that it is possible that
the selective blocking of IL-6 trans-signaling in adipose
tissue may prevent adipose tissue dysfunction in obese
conditions. Similarly, a study of the central nervous system
indicated that a central application of IL-6 in mice sup-
pressed feeding and improved glucose tolerance; however,
blocking IL-6 trans-signaling in the brain abrogated the
ability of IL-6 to suppress feeding, indicating that IL-6
trans-signaling is essential for the appetite suppression asso-
ciated with IL-6 in the central nervous system [24].

Excessive lipolytic activity and impaired lipogenic
capacities in adipocytes are some of the main causes of
metabolic disorders [25]. A high dose of IL-6 can stimulate
lipolysis and fat oxidation in human or mouse adipocytes
in vivo and in vitro [26, 27]. Additionally, in the condition
of cachexia, IL-6 promoted a switch from white to brown
fat by increasing UCP-1 expression, which leads to in-
creased lipid mobilization and energy expenditure [28].
However, although IL-6-mediated lipolysis that is mainly
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restrained to visceral adipose tissue could reduce lipid
stores by promoting the release of free fatty acids, it in-
creases ectopic fat accumulation, which leads to increased
hepatic and cardiac fat levels and insulin resistance [29—
32]. In contrast to its effect on visceral adipocytes [32, 33],
IL-6 activation in subcutaneous adipose tissue induced
leptin-mediated intestinal glucagon-like peptide 1 (GLP-
1) release, which could enhance insulin secretion and
thereby counteract insulin resistance in obesity [34, 35].
Collectively, these studies have indicated that the contro-
versy related to the favorable and unfavorable effects of IL-
6 in metabolic homeostasis may be related to its compli-
cated signaling biology and depot-dependent action.

LEUKEMIA INHIBITORY FACTOR

The earliest studies evaluating LIF in animals were
aimed at assessing its effect on hematopoiesis [36]. Later,
LIF was found to regulate the growth and differentiation of
a wide variety of cell types and to be involved in processes
such as inflammation, neural development, and fertiliza-
tion [37]. In adipocytes, LIF promoted preadipose cells to
express the early adipogenic transcription factors C/EBPf3
and C/EBP & via the mitogen-activated protein kinase
cascade (MAPK), which induced adipocyte differentiation
[38]. However, other findings have shown that LIF
prevented adipogenesis in bone marrow stromal cells
[39]. Furthermore, in 3T3-L1 cells, studies have indicated
that LIF did not modulate adipogenesis [40, 41]. These
inconsistent results may be related to the different devel-
opmental stages of the cells and tissues.

LIF promotes fat loss and decreases fat stores in the
body. An earlier study reported that LIF secreted by a
melanoma cell line contributed to cancer cachexia [42].
When recombinant murine LIF was injected into mice, it
caused significant weight loss [43]. Therefore, it has been
proposed that LIF might induce weight loss through its
catabolic effects. However, the in-depth mechanism of LIF
in controlling lipolysis has not been studied. In cultured
adipocytes, Maurren K et al. [44] found that LIF promoted
lipolysis by decreasing lipoprotein lipase (LPL) activity.
Most recently, Gurpreet K et al. [45] showed that LIF-
induced lipolysis was dependent on its receptors, LIFR-«
and gp130, which stimulated the signal transducer and
activator of transcription (STAT)1 and STAT3 pathway
and ultimately activated adipose triglyceride lipase
(ATGL)-mediated lipolysis. These results suggested that
LIF has a direct contribution to peripheral fat loss by
promoting adipocyte lipolysis. In addition to the effect of
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LIF on peripheral lipolysis, a previous study performed by
Elena et al. [46] also revealed that intracerebroventricular
injection of a recombinant adeno-associated viral vector
encoding LIF (rAAV-LIF) resulted in a dose-dependent
reduction in serum leptin levels. Notably, this reduction in
leptin was accompanied by suppressed food intake and loss
of fat instead of increased food intake. Similar results were
also obtained by Gurpreet K et al. [45], who showed that the
injection of recombinant LIF into leptin-deficient (ob/ob)
mice, which is a murine model of hyperphagia, resulted in a
persistent decrease in food intake and loss of fat mass and
body weight, suggesting that LIF might directly induce
hypophagia independent of signaling via the leptin receptor.
This effect of LIF on the inhibition of food intake was
directly mediated by the pro-opiomelanocortin (POMC)
neurons in the arcuate nucleus of the hypothalamus. This
study showed that arcuate POMC neurons express the LIF
receptor and that LIF stimulates the release of the anorexi-
genic peptide «-MSH in POMC neurons, which is partly
similar to leptin. Transgenic mice lacking gp130 in their
POMC neurons failed to respond to LIF [47, 48]. Collec-
tively, targeting LIF may provide a potential therapeutic
treatment against both obesity and cachexia by regulating
lipolysis balance and food intake.

CILIARY NEUROTROPHIC FACTOR

The ciliary neurotrophic factor (CNTF) was identified
as a neurotrophic factor and was evaluated as a therapeutic
tool for patients with motor neuron diseases [49]. Interest-
ingly, during the trials that investigated CNTF, CNTF
administration resulted in unexpected weight loss [50].
Furthermore, treatment with CNTFAx15, a second-
generation CNTF analog, caused weight loss in obese
C57BL/6J mice [51]. Studies have demonstrated that, in
brown adipocytes, CNTF enhanced 33-adrenergic expres-
sion; activated metabolic signaling pathways such as
MAPK, PI3K, Akt, and p70 S6 kinase; and upregulated
the expression of PGC-1«, PPAR«, and UCP-1 [52, 53].
All these changes promote energy consumption. In white
adipocyte tissue, CNTF treatment promoted mitochondrial
biogenesis, enhancing fatty acid oxidation and reducing
lipogenic capacity, thereby reducing triglyceride stores in
white adipocytes [53]. In addition, Matthew et al. [54]
found that CNTF induced insulin sensitization in skeletal
muscle and liver, preventing acute lipid-induced insulin
resistance. Additionally, they also found that CNTF,
through the CNTFRo-IL-6-gp130f3 receptor complex, in-
creased skeletal muscle fatty acid oxidation and reduced
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insulin resistance by activating AMP-activated protein ki-
nase (AMPK) [55]. These results indicate that CNTF exerts
direct peripheral anti-obesogenic effects by promoting en-
ergy consumption and improving insulin resistance.

In addition to the direct effects of CNTF on peripheral
adipose and muscle tissue, studies have shown that CNTF
plays an important central role in regulating metabolism
homeostasis. Like the central action of leptin, intracerebro-
ventricular injection of CNTF promoted adipose tissue ap-
optosis and reduced peripheral fat mass [56]. Additionally,
central administration of CNTF induced cell proliferation in
feeding centers of the murine hypothalamus; moreover,
many of the new cells expressed neuronal markers and
showed functional phenotypes relevant to energy-balance
control. This result suggested that the sustained central
effects of CNTF on energy balance are linked to its promo-
tion of hypothalamic neurogenesis [57]. Later, Gregory R
et al. [54] found that intraperitoneal injection of CNTFax5
reduced food intake by inhibiting hypothalamic AMPK
activity. Importantly, the effects of CNTF,x;5 persisted in
the context of diet-induced obesity, whereas the effects of
leptin on AMPK signaling were reduced. Therefore, both
the peripheral and central effects of CNTF highlight its
potential role in the therapeutic treatment of obesity.

CARDIOTROPHIN

CT-1 has been shown to support cardiomyocyte sur-
vival and hypertrophy in vitro and to increase heart weight
and ventricular weight in vivo [58]. Similar to other gp130
cytokines, CT-1 is partly derived from adipose tissue and
participates in the control of adipocyte physiology and en-
ergy metabolism. An early in vitro study revealed that
chronic CT-1 treatment resulted in decreased fatty acid
synthase and insulin receptor substrate-1 protein expression
in 3T3-L1 adipocytes; moreover, chronic CT-1 treatment
resulted in decreased insulin sensitivity as demonstrated by
decreased insulin-stimulated glucose uptake [59]. Further-
more, the effects of CT-1 were mediated by the JAK/STAT
and MAPK signaling pathways in fat cells in vitro and
in vivo [59]. In contrast, a study performed by Moreno-
Aliaga et al. [60] showed that CT-1 null mice (CT”" mice)
developed decreased energy expenditure, mature-onset obe-
sity, insulin resistance, and hypercholesterolemia despite
reduced food intake. Acute treatment with recombinant
CT-1 decreased blood glucose in an insulin-dependent man-
ner and promoted fatty acid oxidation. Similarly, chronic
administration of CT-1 reduced food intake, enhanced ener-
gy expenditure, and upregulated genes implicated in the
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control of lipolysis, fatty acid oxidation, and mitochondrial
biogenesis in the white adipocyte tissue and genes typifying
the brown fat phenotype. Similarly, in adipose tissue, CT-1
has been shown to promote lipolytic activity by promoting
the PKA-mediated phosphorylation of perilipin and
hormone-sensitive lipase (HSL) and increasing ATGL con-
tent [61]. Additionally, this study also found that CT-1 was
capable of regulating the secretory pattern of adipokines by
adipocytes; decreasing the production of pro-inflammatory
adipokines, including leptin, resistin, and visfatin; and stim-
ulating the secretion of apelin [62], which elevates insulin
sensitivity and glucose utilization in adipose and muscle
tissues [63]. These studies strongly support the idea that
CT-1 is a promising therapy for obesity since it promotes
energy utilization, improves insulin sensitivity, and inhibits
the appetite and inflammatory reactions.

Although experimental research has implicated the
favorable effects of CT-1 in regulating metabolic homeo-
stasis, inconsistent results have been obtained from human
studies regarding the relationship between CT-1 and obe-
sity. Studies performed in patients with diabetes, hyperten-
sion, or metabolic syndrome have found that obese patients
showed lower levels of CT-1 than non-obese patients;
moreover, serum levels of CT-1 were inversely correlated
with body mass index (BMI) [64, 65]. These results have
also been found in non-diabetic obese subjects [66]. Con-
versely, in a population of 137 apparently healthy subjects,
obese patients had increased serum levels of CT-1 com-
pared with the serum levels of the normal weight subjects
[67]. A study performed in overweight/obese children
demonstrated that weight loss accompanied decreased se-
rum levels of CT-1; moreover, decreased CT-1 levels were
strongly associated with a reduction in cholesterol levels
and metabolic syndrome risk [68]. These discrepant results
may be due to the different study populations and lack of
adjustment for possible confounding factors of CT-1.

ONCOSTATIN M

OSM is a gpl30 cytokine that shares substantial
sequence homology with LIF [69, 70]. OSM exhibits a
variety of biological effects, depending on the target cells,
by binding to a heterodimeric membrane receptor compris-
ing the OSM-specific 3 subunit (OSMR f3) [71]. OSM is
synthesized by various inflammatory cells, such as activat-
ed T cells, neutrophils, eosinophils, and macrophages. In
adipose tissue, OSM is not produced from adipocytes but is
derived from cells in the stromovascular fraction, including
macrophages. OSMR {3 is expressed in adipocytes [72].
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Tadasuke [73, 74] and colleagues revealed that OSM
receptor 3 subunit-deficient (OSMR ") mice exhibited
mature-onset obesity, severe hepatic steatosis and insulin
resistance; moreover, the occurrence of insulin resistance
preceded obesity in the OSMR B~ mice. Additionally,
these OSMR 3~ mice exhibited more M1 phenotypes of
adipose tissue macrophages with augmented adipose tissue
inflammation. Treatment with OSM improved obesity,
adipose tissue inflammation, insulin resistance, and hepatic
steatosis in both diet-induced obese and 0b/0b mice. Func-
tionally, OSM directly changed the phenotype of adipose
tissue macrophages from the M1 type to the M2 type, which
inhibited inflammation in the adipose tissue. In the liver,
OSM directly induced lipolysis and suppressed lipogenesis,
promoting fatty acid oxidation. In addition, OSM increased
the expression of active GLP-1 in the intestines and thereby
suppressed food intake [72, 75]. In contrast to these studies,
David et al. [72] demonstrated that OSM expression is
elevated in rodents and humans with obesity/type 2 diabe-
tes. Moreover, in humans, OSM levels in the subcutaneous
fat positively correlated with body weight and insulin levels
and had an inverse correlation with glucose disposal rates.
In contrast to the effects of other gp130 cytokines, adding
OSM to cultured adipocytes increased the secretion of plas-
minogen activator inhibitor 1 (PAI-1), which is known to
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have profound effects on tissue fibrosis and results in adi-
pose tissue dysfunction. These results indicated that in-
creased adipose tissue-derived OSM promotes a metaboli-
cally unfavorable phenotype, which contrasted with the
studies performed by Tadasuke et al. [73, 74].

Vascular endothelial growth factor (VEGF) is involved
in promoting angiogenesis [76]. It has been demonstrated
that OSM induced increased VEGF production and vessel
density in both subcutaneous and visceral adipose tissue by
activating the JAK/STAT pathway [77], and this increased
VEGEF expression and vessel density might support angio-
genesis in adipose tissue. Conversely, a previous study
showed that OSM inhibited the adipogenesis of 3T3-L1
cells and mouse embryonic fibroblasts (MEFs) through the
Ras/extracellular signal-regulated kinase (ERK) and STAT
5 signaling pathways [41, 78]. Therefore, it is necessary to
further determine the overall function of OSM in the regu-
lation of adipose physiology in obese conditions.

CONCLUSION

Although the functions and mechanisms underlying
the action of gp130 cytokines in adipose tissue have not
been fully elucidated, gp130 cytokines have divergent

Fig. 1. Effects of IL-6, LIF, CNTF, CT-1, and OMS on the regulation of adipocyte biological processes and energy metabolism activities.
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regulatory effects on food intake, insulin sensitivity, lipol-
ysis, lipogenesis, and inflammatory activity in adipose
tissue (summarized in Fig. 1). Additionally, these cytokines
share gp130 as a common signal transducer in their recep-
tor complex and activate common signaling pathways,
including JAK/STAT and MAPK (ERK1 and 2) [79].
Analysis of gp130 signaling revealed that these gp130
cytokines exerted differential crosstalk signaling capabili-
ties in both cultured adipocytes in vitro and adipose tissue
in vivo [6]. Therefore, further research is needed to explore
the changes in gp130 cytokine expression in the adipose
tissue of obese individuals and the overall and mutual
effects of these gp130 cytokines on the regulation of ener-
gy metabolism. A more in-depth study of these diverse
actions of gp130 cytokines in regulating the biological
process of adipose tissue is essential to develop new ther-
apeutic strategies for the treatment of obesity and cachexia.
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