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Abstract: Obesity is defined as abnormal or excessive accumulation of adipose tissue, closely associated with the increased risk of 
various comorbidities, especially type 2 diabetes mellitus (T2DM). Adipose tissue is a complex structure responsible for not only fat 
storage but also releasing adipokines which may play roles in the pathogenesis and could be developed into biomarkers for diagnosis, 
treatment and prognosis of obesity-related metabolic diseases. This review aims to summarize several adipokines discovered recently 
that have promising functions in obesity and T2DM. Among them, the levels of FSTL1, WISP1 and Asprosin in subjects with obesity 
or diabetes are commonly higher than in normal controls, suggesting that they may be pathogenic. Inversely, SFRP5, Metrnl, NRG4 
and FAM19A5 may serve as the protective factors. 
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Introduction
Obesity has become a global epidemic, which is spiraling out of control. With the prevalence of obesity, obesity-related 
problems such as T2DM, are also rapidly increasing. To discover the pathophysiological mechanisms between obesity 
and T2DM becomes particularly important for preventing and alleviating obesity related diabetes. Studies have found 
that adipose tissue can not only store fat, but also be an endocrine organ,1 secreting a variety of bioactive factors, 
collectively known as adipokines. As early as 1987, adipose tissue was identified as a main site for metabolism of sex 
steroids2 and production of adipsin,3 an endocrine factor that is markedly down-regulated in rodent obesity. The 
subsequent identification and characterization of leptin4 in 1994 firmly established adipose tissue as an endocrine 
organ. Adipokines secreted by adipose tissue have been identified that either promote inflammatory responses or 
contribute to the resolution of inflammation. An imbalance of pro- and anti-inflammatory adipokines leads to obesity- 
linked metabolic dysfunction.5 Restoring the balance would be the method for treating obesity and its complications. Our 
review focuses on describing a few newly discovered adipokines in chronological order of being identified as an 
“adipokine”. Their functions in metabolism have been proved in past studies, but some are disputable or the specific 
action pathway is still unclear. A summary of researches progress so far seems necessary to provide the basis for further 
exploration on their potentials as biomarkers for diagnosis, treatment, and prognosis in obesity and T2DM (Table 1).

Pro-Inflammatory Adipokines
The upregulated adipokines in the state of obesity and insulin resistance (IR) generally have pro-inflammatory effects, 
leading to the form of a chronic inflammatory state and contributing to metabolic dysfunction.

FSTL1 Promotes Adipogenesis, Inflammation and IR
Preclinical Studies
Follistatin like 1 (FSTL1) was originally cloned from an osteoblast cell line as transforming growth factor-β (TGF-β) 
stimulated clone 36 (TSC-36) in 1993.6 Later, it was reported as a pro-inflammatory molecule in 2006, which led to 
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severe paw swelling and arthritis in mouse paws.7 FSTL1 expression was increased in adipose tissues of obese mice.8 

During the switch from chow diet to high fat diet (HFD), FSTL1 deletion mice gained less body weight, fat mass, and 
glucose level than the control group. FSTL1 promoted adipogenesis by inhibiting the conversion of PPARγ to p-PPARγ 
through the integrin/FAK/ERK signaling pathway,9 and could activate NFκB and JNK signaling pathways, critical in 
obesity-induced inflammation and IR, in adipocytes and macrophages.8 Insulin-stimulated phosphorylation of both Akt 
and IRS-1 was markedly reduced by FSTL1 treatment, which impaired insulin signal transduction in 3T3-L1 adipocytes.8 

Further, FSTL1 expression in adipose tissue10 and circulation11 rose dramatically in response to acute physical activity in 
rodents.

Clinical Studies
Serum levels of FSTL1 were significantly higher in patients with overweight/obese8,10 or newly diagnosed T2DM10 than 
in control subjects. Furthermore, a positive correlation between FSTL1 levels and body mass index (BMI), waist-to-hip 
ratio (WHR), fasting blood glucose (FBG), 2-hour post–glucose load blood glucose (2h-BG), glycated hemoglobin 
(HbA1c), triglyceride (TG), total cholesterol (TC), and HOMA-IR was observed. On the other hand, morbid and super 
obesity were potentially associated with a decline in plasma FSTL1 levels.12 In the intervention study, acute physical 
activity was found to significantly increase the circulating FSTL1 concentration in young, healthy participants.10,13

Together, FSTL1 is a potential mediator of adipogenesis, inflammation and IR. Prospective cohort studies are 
warranted to gain more evidence of the causality between FSTL1 and metabolic disorders. In addition, adenovirus 
mediated overexpression of FSTL1 or blocking its actions through neutralizing antibodies in animals will directly 
elucidate the role of FSTL1 in the pathogenesis.

WISP1 /CCN4 Boosts IR and Islet β Cell Proliferation
Preclinical Studies
Wingless-type inducible signaling pathway protein 1 (WISP1, also known as CCN4), a target gene of the canonical Wnt 
signaling pathway and a member of the CCN family of extracellular matrix proteins,14,15 has been confirmed as a pro- 
inflammatory adipokine in 2015.16 HFD-fed mice demonstrated upregulated WISP1 expression in epididymal adipose 
tissue.16 Knockdown of WISP1 in HFD-fed mice significantly attenuated hepatic steatosis and skeletal muscle IR via 
reversing inflammation-associated JNK phosphorylation. Treatment with WISP1 significantly increased lipogenesis- 

Table 1 Newly Discovered Adipokines’ Effect on the Pathogenesis of Obesity and T2DM

Adipokines Obesity T2DM

Positive Effects Negative Impacts

FSTL1 ↑adipogenesis9 – ↑IR8

↓insulin signal transduce8

WISP1/CCN4 ↑hepatic steatosis17 ↑β cell proliferation19 ↑skeletal muscle IR17

↓insulin action18

Asprosin ↑appetite24 – ↑hepatic glucose release22 and blood glucose27,28

↑β cell inflammation, dysfunction, apoptosis25,26

SFRP5 – ↑glucose clearance and insulin sensitivity43 ↑hyperglycemia and glucose intolerance44

↓β cell proliferation45

Metrnl/Subfatin ↑energy expenditure55 ↑glucose tolerance55,56 –
↑β cell proliferation57

NRG4 ↓adiposity74 ↑insulin sensitivity74 ↑hepatic gluconeogenesis78

↓fatty liver72,77 ↑insulin secretion76

FAM19A5 – – –

Notes: “↑”and “↓” represent “promote” and “inhibit” respectively.
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associated gene expression and TG accumulation in hepatocytes and suppressed insulin signaling in C2C12 skeletal 
muscle cells, which was abrogated after NFκB-, JNK-, and TLR4-knockdown.17 In vitro studies on primary human 
skeletal muscle cells (hSkMCs) and murine AML12 hepatocytes also showed that recombinant WISP1 directly impaired 
insulin action by inhibiting the Akt signaling pathway.18 Meanwhile, WISP1 promoted endogenous and transplanted 
adult mice pancreatic β cell proliferation depending on Akt signaling, exhibiting potential therapeutic use to prevent or 
delay the appearance of diabetes.19

Clinical Studies
WISP1 mRNA expression was elevated in visceral adipose tissue (VAT) rather than in subcutaneous adipose tissue (SAT) 
in human subjects, correlated positively with fasting insulin and negatively with insulin sensitivity. Reduction of WISP1 
mRNA expression in SAT was observed after the weight loss with a low-calorie diet.16 Both mRNA expression in VAT 
and serum levels of WISP1 were increased in obese men.18 Patients with T2DM had higher levels of circulating WISP1, 
associated with central abdominal fat mass.20 A conflicting study reported no difference in WISP1 concentrations 
between individuals with normal glucose tolerance (NGT) and with T2DM but revealing the positive correlations 
between circulating WISP1 with BMI, body fat percentage, TG, hip circumference and fatty liver index.21

More prospective clinical studies would be valuable to establish the causal relationship of WISP1 on obesity and 
T2DM. Further cell or molecule studies are needed to precisely determine the role of this promising adipokine in the 
pathogenesis of diseases.

Asprosin Elevates Blood Glucose and Impairs β Cells
Preclinical Studies
Asprosin, the C-terminal cleavage product of profibrillin, was found as a novel adipokine in patients with Neonatal 
Progeroid Syndrome (NPS) in 2016.22 It performs two critical fasting-related functions (hepatic glucose production and 
appetite stimulation) using the same cAMP second messenger system, although using different spatiotemporal mechan
isms at two distinct organs. Upon secretion by white adipose, Asprosin travels to the liver, stimulating the release of 
glucose by binding to the OLFR734 receptor.22,23 It also crosses the blood-brain barrier to hypothalamus, where it 
stimulates appetite by activating orexigenic AgRP neurons and inhibiting anorexigenic POMC neurons.24 Animal 
experiments demonstrated that Asprosin could induce islet β cell inflammation, dysfunction and apoptosis through 
TLR4/JNK-mediated signaling25 and promote β cell apoptosis by inhibiting the autophagy of β-cell via AMPK-mTOR 
pathway.26 The administration of Asprosin increased blood glucose level in healthy mice while there was no change in 
diabetic ones.27 On the other hand, intraperitoneal injection of Asprosin-specific monoclonal antibody could drop plasma 
Asprosin levels, lower appetite and body weight and reduce blood glucose in mouse models.22,28 Asprosin-neutralizing 
antibody is a kind of dual-effect pharmacologic therapy that targets at both overnutrition and hyperglycemia.

Clinical Studies
Decreased levels of plasma Asprosin have been observed in NPS patients associated with reduced appetite and extreme 
leanness22,24 and in anorexia patients,29 whereas pathological increase in circulating Asprosin is related to obesity30,31 

and T2DM.32–34 Asprosin is also expressed in human placenta and elevated in the plasma of pregnant women with 
gestational diabetes (GDM) and their offspring.35 The postprandial Asprosin level is apparently lower than the fasting in 
individuals with NGT, but not in T2DM patients. In another word, the alteration of meal-related circadian oscillation of 
Asprosin may be affected by T2DM.36,37 Clinical trials have explored the influences of diet, exercise, drugs and surgery 
on circulating Asprosin. A trial showed that rapid coffee consumption led to lower energy, fat intake and circulatory 
Asprosin. Rapid caffeine metabolizers were more likely to benefit from the consumption of more than two cups of coffee 
per day (≥15cpw) by reducing their BMI.38 An 8-week Nordic Walking training at maximal fat oxidation intensity 
decreased the concentration of Asprosin in the blood as well as visceral obesity in young women with metabolic 
disorders.39 Blood samples of 10 men and 10 women who performed a single 20-s bicycle sprint were collected before 
exercise, in the 3s, 15s, 30s, and 60s of recovery, and 24h after competition. Whereas the single anaerobic effort induced 
an increase in Asprosin secretion only in women.40 Metformin or SGLT2 inhibitors treatment could lower circulating 
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Asprosin levels in patients with newly diagnosed T2DM.41,42 Blood Asprosin levels decreased significantly 6 months 
after bariatric surgery, and Asprosin concentrations before bariatric surgery were associated with the weight reduction 
magnitude.31

Despite advances in the understanding of Asprosin’s function, the reproducibility of some data produced in this field 
is waiting for proof. The secretion and action mechanism and the regulating factors are unclear.

Anti-Inflammatory Adipokines
In addition to the pro-inflammatory adipokines described above, adipose tissues also secrete a number of anti- 
inflammatory factors, which have shown beneficial effects on adiposity and insulin action.

SFRP5ʹs Effect on Moderating IR and Blood Glucose is Controversial
Preclinical Studies
Secreted frizzled-related protein 5 (SFRP5) is an anti-inflammatory adipokine discovered in 2010.43 Its expression was 
reduced in white adipose tissue of obese HFD mice. SFRP5-deficient mice fed with HFD exhibited elevated F4/80 and 
CD68, macrophage-mediated inflammation markers, in epididymal adipose tissue and impaired glucose clearance and 
insulin sensitivity compared with the wildtype mice, which was significantly improved after two weeks’ intravenous 
injection of SFRP5. In vitro, upregulation expression of SFRP5 in 3T3-L1 adipocytes prevented the inflammatory and 
insulin-resistant state by binding with Wnt5a and neutralizing JNK activation in macrophages and adipocytes via 
paracrine and autocrine mechanisms.43 However, a report provided contradictory findings that elevated hyperglycemia 
and glucose intolerance was observed by overexpressing SFRP5 in obese, prediabetic mice. Conversely, anti-SFRP5 
monoclonal antibody (mAb) therapy improved these phenotypes in vivo.44 In addition, SFRP5 was downregulated in 
pancreatic islets from obese rodents and humans, correlated with activated canonical Wnt signaling, promoting prolif
eration in primary islet cells and in the β cell line INS1E. Its expression in β cells could be positively modulated by IGF 
binding protein 3 (IGFBP3) secreted from visceral adipose tissue.45

Clinical Studies
In human studies, individuals with obesity,46–48 T2DM,47–50 metabolic syndrome (Mets),51 or Polycystic ovary syndrome 
(PCOS)47 generally exhibited lower SFRP5 levels in blood than normal controls. Circulating SFRP5 levels were 
positively associated with insulin sensitivity, high density lipoprotein cholesterol (HDL-C) and adiponectin, but nega
tively with BMI, WHR, HbA1c, FBG, 2h-BG and HOMA-IR. Another study showed that increasing concentrations of 
SFRP5 were independently and significantly associated with T2DM.52 After treated with metformin53 for 3 months, 
serum SFRP5 of PCOS patients significantly increased than that before administration. 16 weeks’ treatment with 
liraglutide47 rose plasma SFRP5 levels and reduced HOMA-IR and BMI moderately, suggesting increases in insulin 
secretion and sensitivity and decreases in weight.

SFRP5 is an adipokine which acts as an inhibitor of Wnt signaling pathway. It has been suggested to exert anti- 
inflammatory and insulin-sensitizing effects, however, contradictory data has also been reported. Prospective studies will 
improve our understanding of its functions in metabolism. Further exploration of the biological mechanisms may pave 
the way for SFRP5 to serve as a potential novel treatment option for obesity and T2DM.

Metrnl/Subfatin Improves Glucose Tolerance and β Cell Proliferation
Preclinical Studies
Meteorin-Like (Metrnl/Subfatin) was identified as a novel adipokine in 2014, dramatically expressed in subcutaneous fat 
of both rodents and humans.54 It can be induced in muscle after exercise and adipose tissue upon cold exposure, and is 
present in the blood. Increasing circulating levels of Metrnl stimulated energy expenditure and the gene expression 
associated with anti-inflammatory cytokines and improved glucose tolerance in obese/diabetic mice.55 An intraperitoneal 
injection of recombinant Metrnl improved glucose tolerance in mice with HFD-induced obesity or T2DM via a Ca2+- 
CAMKK2-AMPK-HDAC5-GLUT4-p38-TBC1D1 signaling pathway.56 Metrnl could also ameliorate β cell function by 
inhibiting apoptosis and promoting proliferation of it through activating the Wnt/β-catenin pathway in T2DM mice.57 
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Global Metrnl knockout increased blood TG by 14% and decreased TC by 16% and HDL-C by 24%, reflecting Metrnl ‘s 
beneficial aspect on the regulation of lipid metabolism.58

Clinical Studies
The clinical evidences regarding its circulating levels in obesity and T2DM are conflicting. Some studies showed less 
circulatory Metrnl levels in obese or T2DM patients compared with the control group,59–62 correlated with higher FBG, 
2h-BG, fasting insulin, HOMA-IR, HbA1c, high-sensitive C-reactive protein (hs-CRP), interleukin-6 (IL-6), and tumor 
necrosis factor-a (TNF-a). Others demonstrated either an increase63–65 or no significant change.66,67 Clinical trials have 
revealed that the weight loss via low calorie diet (LCD), combined training (CT) or bariatric surgery (BS) could rise 
Metrnl levels, in correlation to the improvement in glucose and lipid homeostasis. In LCD and BS patients, serum Metrnl 
concentrations significantly increased after 3 months, but returned to baseline after 12 months.68 Besides, another study 
reported remarkably enhanced circulatory Metrnl levels 12 months after BS.69 CT for 16 weeks increased brown adipose 
tissue (BAT) thermogenic activity as well as serum Metrnl levels.70 Metformin treatment did not increase the serum 
Metrnl levels after 12 weeks.60

Although Metrnl has shown emerging effects in obesity, T2DM and dyslipidemia, there are conflicts in the clinical 
results. Besides, a myriad of work still needs to be done to explore its structure-function relationship and regulatory 
mechanism with various signaling pathways in related diseases.

NRG4 Ameliorates IR, but Augments Hepatic Gluconeogenesis
Preclinical Studies
Neuregulin-4 (NRG4), a member of the ErbB ligand family, was firstly described in 1999.71 Then it was identified as 
a previously unknown BAT-enriched secreted factor attenuating hepatic lipogenic signaling and preserving glucose and 
lipid homeostasis in obesity in 2014.72 NRG4-deficient mice upon HFD gained more body weight, higher plasma TG 
concentrations, pronounced hepatic steatosis and exacerbated glucose intolerance and insulin resistance compared with 
controls.72 Similarly, mice with ErbB4 deletion developed into Mets when fed with a medium-fat diet (MFD).73 On the 
contrary, transgenic expression of NRG4 resulted in the prevention of HFD-induced adiposity and fatty liver, and the 
improvement of insulin sensitivity.72,74,75 In vitro experiments, NRG4 gave a pronounced effect on insulin secretion in 
the rat insulinoma cell line.76 The promotion of adipocyte browning by n-3 polyunsaturated fatty acids was accompanied 
by an elevation of NRG4 expression via the PPARG pathway. NRG4 directly prevented lipid accumulation in HepG2 
cells.77 Collectively, these findings provided the evidence in support of the potential health benefits of NRG4 in 
managing obesity and obesity-associated diseases. On the other hand, NRG4 knockdown in liver attenuated hepatic 
gluconeogenesis via suppressing PEPCK, G6Pase and PGC-1α expression in diabetic mice, reminding that NRG4 
specific-silencing in liver will provide a potential therapeutic strategy for T2DM.78

Clinical Studies
Several observational studies have showed that circulating NRG4 concentrations were inversely associated with the risk of 
obesity,79 T2DM72,80 or Mets.81,82 Subjects with lower NRG4 levels had higher FBG, fasting insulin, HOMA-IR, HbA1c, TC, 
TG, and hs-CRP. Controversially, other researchers found that serum NRG4 level was elevated in T2DM.83–85 Serum NRG4 
increased significantly in response to a 3-week ω-3 polyunsaturated fatty acids dietary protocol.86 Plasma levels of NRG4 were 
improved in three training protocols: high-intensity interval training (HIIT), circuit resistance training (CRT), and moderate 
intensity continuous training (MICT) compared with the control group. What is more, the increase was greater in HIIT and CRT 
compared with the MICT.87 After 24 weeks, metformin therapy resulted in a significant increase of NRG4 levels compared with 
the baseline and the placebo group.88

The phenotype of mice with either a gain or loss of NRG4 function suggest that reduced NRG4 may be causally 
linked to obesity-related impaired glucose metabolism. Prospective cohort studies are warranted to gain more evidence in 
humans. In addition, the exact mechanisms of how NRG4 exerts these beneficial effects are not entirely clear.
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FAM19A5ʹs Impact on T2DM is Unclear
Preclinical Studies
In 2004, a small secretory protein family was found in humans and mice, which is composed of five highly homologous 
genes, called TAFA1-5. TAFA mRNAs are highly expressed in specific brain regions, but rarely in other tissues.89 In 
2018, researchers found that family with sequence similarity 19 member A5 (FAM19A5/TAFA5) was a new type of 
protective factor, highly expressed in human and mouse adipose tissue. It significantly inhibited the proliferation and 
migration of vascular smooth muscle cells and the proliferation of carotid intima after balloon injury via the binding 
receptor S1PR2 in mice. HFD could induce the downregulation of FAM19A5 expression in adipose tissue.90

Clinical Studies
Plasma FAM19A5 in patients with nonalcoholic fatty liver was significantly lower than that in the control group, and 
there was a significant negative correlation between FAM19A5 and BMI, visceral fat, alanine aminotransferase, aspartate 
aminotransferase, liver hardness and carotid intima-media thickness.91 The latest research showed that serum FAM19A5 
levels were apparently decreased in the obese children compared with healthy controls. Negative correlations were 
detected between FAM19A5 and BMI as well as FBG and fasting insulin.92 Inversely, it was found that serum FAM19A5 
concentrations in T2DM patients were higher than that in non-diabetic subjects, and positively correlated with WC, 
WHR, FBG and HbA1c.

93

What we can see is that FAM19A5 is so novel that there are few researches about it. Whether and how FAM19A5 
participates in obesity, IR and T2DM are waiting for our attention in the future.

Conclusion
Taken together, adipokines act as the promising candidates which have been shown to possess properties of mediating 
glycolipid metabolism. Generally, overexpression of pro-inflammatory adipokines or lack of anti-inflammatory adipo
kines in rodent experiments are causally linked to the occurrence and development of obesity and T2DM. The pro- 
inflammatory adipokines increase whereas the anti-inflammatory adipokines decrease in obese rodents and humans, 
associated with corresponding metabolic indicators of adiposity and T2DM. It is worth discussing that, as previously 
reviewed,94 adipokines, such as, IFN-γ and IL-10, can be raised in T2D patients, but not generally favor pro- 
inflammation. The impaired Th1/Th2 ratios were implicated with a delicate balance existing within diverse metabolic 
conditions. Consistent with this view, our review provides controversial human studies about the four anti-inflammatory 
adipokines, proving that their circulating levels are abnormally elevated in patients with T2DM. Based on this point, 
maybe we should pay more attention to the relationship between the balance of multiple adipokines and metabolic 
diseases in the future, rather than just focusing on one factor. There is still a lot waiting to be explored. For example, 
some contradictory data need to be corroborated in large sample sizes. Clinical cohort studies to demonstrate the causal 
relationship between adipokines and metabolic diseases are required to carry out. Few preclinical studies about the 
pathophysiological molecular mechanisms by which adipokines act have been conducted. There will be a long way to go 
before adipokines can be put into clinical trials and applied in humans.
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