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Adipokines are cytokines produced by adipocytes that may mediate inflammatory processes, whilst
adipocyte-derived proteins may have the converse effect. C1q/TNF-related protein-3 or CTRP3 is a novel
adipokine that is expressed and released by most types of human tissues including adipose tissue. This
adipokine, considered as an adiponectin, can normalize blood glucose by several mechanisms. In addi-
tion, it can modulate the expression/secretion of other cytokine and adipokines leading to lower insulin
resistance in peripheral tissues. Beneficial effects of CTRP3 against hyperglycemia-induced complications
in the kidney and eye have been reported. In this review, we have presented the latest findings on the
in vitro and in vivo hypoglycemic effects of CTRP3, followed by the findings on the preventive/thera-
peutic effects of CTRP3 adipokines against diabetes related complications.

© 2019 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The global incidence of diabetes mellitus (DM) is increasing
resulting in diabetes related complications [1], with increased
morbidity and mortality due to diabetes related kidney disease and
cardiovascular disease [2e4]. The pathophysiology of DM is not
fully understood though the role of the inflammatory responses
appears to be important [5e7]. Indeed there is evidence suggesting
that inflammatory mediators play a major role in the pathophysi-
ology of DM by impairing beta cell function and impairing insulin
signal transduction leading to insulin resistance and DM [8,9]. In
this context, different inflammatory mediators such as interleukin
(IL)-1, IL-6, IL-18, TNF-a (tumor necrosis factor alpha), ICAM
(intracellular cell adhesion molecules), VCAM (vascular cell
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adhesion molecules) have been introduced as markers of insulin
resistance [8e10]. Less commonly cytokines may improve insulin
sensitivity [11] and in this context we have evaluated the effects of a
newly introduced adipocyte derived cytokine named C1q/TNF-
related protein-3 in modulating the insulin signaling pathway
and how it may be involved in DM pathophysiology.
2. C1q/TNF-related Protein-3

Adipocytes are able to express and release a wide variety of
proteins such as adipokines and adiponectins that have hormone
properties, and so introducing adipose tissue as the largest endo-
crine organwithin the human body [12]. After discovering leptin by
Scherer and coworkers in 1994 as the first protein expressed and
secreted by adipocytes, hundreds of proteins have been subse-
quently identified and purified [13]. These proteins are mainly of
two classes of adipokines or adiponectins that canmodulate insulin
sensitivity and are therefore involved in the molecular patho-
physiology of DM [11].

C1q/TNF-related protein-3 or CTRP3 is a novel adiponectin
protein secreted by adipose tissue that may have modulatory ef-
fects on insulin sensitivity [14,15]. CTRP3 was discovered and

mailto:habib.yari@yahoo.com
mailto:sahebkara@mums.ac.ir
mailto:amir_saheb2000@yahoo.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dsx.2019.04.047&domain=pdf
www.sciencedirect.com/science/journal/18714021
www.elsevier.com/locate/dsx
https://doi.org/10.1016/j.dsx.2019.04.047
https://doi.org/10.1016/j.dsx.2019.04.047
https://doi.org/10.1016/j.dsx.2019.04.047
https://doi.org/10.1016/j.dsx.2019.04.047
https://doi.org/10.1016/j.dsx.2019.04.047


H. Yaribeygi et al. / Diabetes & Metabolic Syndrome: Clinical Research & Reviews 13 (2019) 1923e19271924
cloned by Maeda et al., in 2001 as an inducer for chondrocyte
growth and skeletal development in mice and was named as
CORS26 (Collagenous repeat-containing sequence 26 kDa protein)
due to the 23 Gly-X-Y repeats at its N-terminal domain [16]. Later,
Wong et al., in 2004 reported seven highly conserved isoforms of
CTRPs all of which have C1q-like globular domains at the C ter-
minus similar to the globular domain homology of TNF-a, therefore
named as C1q/TNF-related protein-3 or CTRP3 1e7 [16]. However,
additional types of CTRPs such as CTRP 8e15 have been identified
subsequently [17]. Because of the high expression of CTRP3 in
developing cartilage, it is also so-called as cartonectin or cartducin
[12,17].

In addition to chondrocytes in cartilage, CTRP3 is highly
expressed by adipose tissue and secreted into the blood where it
circulates and acts in the same manner as an endocrine hormone
[16,18e20]. There are two variants of CTRP3 that differ bymolecular
weight, CTRP3-A (40 kD) and CTRP3-B (32 kD) that are both formed
by variant splicing [19]. They differ in structure since CTRP3B has a
highly conserved N-linked glycosylation site with an additional
73 amino acids at the N-terminal region, whilst this is absent in
CTRP3A, the original isoform [12,19]. However, both isoforms are
expressed by human adipocytes, and both form heterooligomers
that affords protection from proteolytic enzymes and both are
detectable in human plasma as well as in peritoneal fluid sur-
rounding visceral adipose tissue [12,20,21]. CTRP3B has a shorter
half-life than CTRP3A and is quickly removed from the circulation if
not bound with the A isoform [20]. In mammalian cell lines, CTRP3
forms higher-order oligomers by disulfide bonds via its N-terminal
cysteine residues [17,20]. CTRP3 is expressed by most human tis-
sues such as lung, liver, bone, chondrocytes, testis, kidneys, vascular
smoothmuscle cells, spleen, macrophages, monocytes, ovary, brain,
heart, small intestine, placenta, skeletal muscle as well as adipo-
cytes [12], and its serum concentration is estimated to be about
1± 0.3 mg/ml [19].

The mechanism of action is not clear for CTRP3, but there is
evidence that it may bind or inhibits a variety of proteins such as
lysosomal-associated membrane protein 1 (LAMP-1), lysosome
membrane protein 2 (LIMP II), toll-like receptor 4 (TLR4) and
lipopolysaccharide (LPS) [22,23]. CTRP3 has a long untranslated
upstream segment in its gene and a wide variety of macromole-
cules and enzymes such as Peroxisome proliferator-activated re-
ceptors (PPARs); cAMP response element-binding protein (CREB);
specificity protein 1 (SP-1); GATA-binding factor-1 (GATA-1);
cytomatosis viral oncogene (c-Myc); transcription factor II D e

“TATAA” box (TY-IID); Fos proto-oncogene (c-FOS); transcription
factor-1 (Pit-1a); CCAAT-enhancer-binding proteins-alpha/beta (C/
EBP-a/b); c-JUN; Protein kinase A (PKA); Activator protein 1 (AP-1);
sex-determining region Y (SRY); SRY-related HMG-box 5 (Sox-5);
myogenic differentiation (MyoD) and Retinoid X receptor (RXR) can
modulate its expression or regulate related signaling pathways
[12,24e28].

3. CTRP3 and metabolism

CTRP3 is highly expressed in adipose tissue suggesting a role in
modulation of metabolic pathways and regulation of lipid meta-
bolism [17,29]. In vitro and in vivo studies have established that
CTRP3 induces adiponectin release, stimulates lipid peroxidation in
liver tissue, induces cellular proliferation and differentiation, and
inhibits of inflammatory responses [12,17,19]. CTRP3 release and
the induction of resistin release by adipocytes, increase triglyceride
storage by Phospho-p38 mitogen-activated protein kinases (p-p38
MAPK) and phospho-extracellular signaleregulated kinases (p-
ERK) dependent pathways, Akt (Protein kinase-B (PKB)) activation
and reduction in hepatic gluconeogenesis are suggested
[15,17,22,30,31]. Moreover, it has been demonstrated by Wolf et al.,
in 2015 that lower circulatory levels of CTRP3 are correlated to lipid
metabolism dysregulation and obesity [32]. Therefore, CTRP3 has
important regulatory effects on metabolic pathways especially on
lipidmetabolism and plays a significant role in the pathophysiology
of metabolic dysfunction such as in nonalcoholic fatty liver disease
(NAFLD) and DM [17,32,33].

4. CTRP3 and glucose homeostasis

Recent evidence has suggested that CTRP3 plays a major role in
glucose homeostasis and stabilizing blood glucose within the
normal physiological range [19]. Reduced levels of CTRP3 gene
expression are associated with impaired insulin signaling and
lower insulin sensitivity [34]. Circulatory levels of CTRP3 are lower
in diabetic patients compared to normoglycemic subjects, sug-
gesting that CTRP3 may be a novel biomarker of impaired normal
homeostasis of glucose and chronic hyperglycemic [34e36]
(Table 1).

As noted above, adiponectins can improve insulin resistance and
may induce insulin sensitivity in insulin-dependent peripheral
tissues [36]. Choi and coworkers in 2013 reported that the benefi-
cial effects of exercise on insulin sensitivity are related to CTRP3
expression [43]. They demonstrated that a combined exercise
program improved insulin sensitivity by induction of CTRP3
expression in adipocytes [43]. Moreover, Fadaei et al., in 2016
suggested that decreased levels of CTRP3 are associatedwith higher
insulin resistance, TNF-a, HbA1c (Glycosylated hemoglobin) and a
greater risk of DM [44]. Tan et al., in 2013 reported that circulatory
levels of insulin were inversely related to CTRP3 expression, sug-
gesting positive effects of CTRP3 in insulin sensitivity [45]. Also,
they found that treatment by metformin; that is a known insulin
sensitizer; increased CTRP3 expression level suggesting that met-
formin may acts at least partly via CTRP3 expression [45].

Promotion of the Akt signaling pathway and subsequent
downstream effects is another possible way by which CTRP3 in-
duces insulin sensitivity in peripheral tissues [12,29,41]. Hou and
coworkers in 2014 demonstrated that CTRP3 induces the Akt
signaling pathways [41], and Peterson and colleagues in 2010 re-
ported that recombinant CTRP3 induced Akt/PKB signaling path-
ways lead to more insulin sensitivity [19]. Hou et al., in 2015
reported that CTRP3 promoted the PI3K/Akt signaling molecular
pathway that may improve insulin signaling [42].

Li and coworkers recently reported that insulin resistance and
beta cell dysfunction occurring in gestational diabetes were asso-
ciated with lower CTRP3 levels [40]. They also found that a higher
body mass index (BMI) was correlated to lower fasting and post-
prandial CTRP3 plasma levels [40]. Deng and coworkers in 2015
demonstrated that CTRP3 is an independent factor affecting insulin
resistance and related cardiovascular complications [46]. They
compared the parameters of insulin resistance between diabetic
patients and normal subjects and found that C1q/TNF-related
protein-3 circulatory levels were inversely correlated to insulin
resistance related parameters in obese patients [46]. Li and col-
leagues in 2014 reported that CTRP3 is a potent modulator for the
release of other adipokines such as leptin, visfatin, resistin and
adiponectin [39], and treatment with CTRP3 improved insulin
sensitivity by inducing adiponectin expression/secretion in insulin
resistant 3T3-L1 adipocytes [39].

Insulin sensitizing effects of CTRP3 may be related to its anti-
inflammatory properties in adipocytes since it can inhibit lipo-
polysaccharide (LPS) signaling; a toxic molecule involved in
inflammation in adipose tissues [22]. Kopp et al., in 2010 suggested
that CTRP3 significantly suppressed inflammatory responses in
obese patients with DM by the prevention of LPS binding to its



Table 1
Possible molecular mechanisms by which CTRP3 exerts its hypoglycemic effects (TLR4¼ toll like receptor type 4, MD-2¼myeloid differentiation factor 2, MCP-1¼monocytes
chemoattractant protein-1, PBK¼ protein kinase b, IL-6- interleukin 6, TNF-a¼ tumor necrosis factor alpha, LPS¼ lipopolysaccharide, Glut4¼Glucose transporter type 4,
G6pase¼ gluconeogenesis as glucose-6-phosphatase, PEPCK¼ Phosphoenolpyruvate carboxykinase).

Possible Hypoglycemic Potential Effects References

Anti-inflammation Inhibits LPS binding to TLR4/MD-2 and so suppresses further toxic effects, reduces TNF-a, MCP-1, and IL-6
expression/release

[22,37,38]

Correction of Serum Lipid Profile Corrects lipid metabolism leading to better serum lipid profile [29,32]
Hepatic Gluconeogenesis Reduces hepatic glucose output by suppressing G6Pase and PEPCK expression [19]
Modulation of other adipokines Modulates leptin, visfatin, apelin, resistin and adiponectin release leading to more insulin sensitivity [39]
Beta Cell Function Improves islets cells and induces more insulin secretion [40]
Glu 4-4 Expression Increases Glut4 and PKB mRNA expression [37]
Insulin Signaling Activation Induces Akt/PKB signaling pathways leading to more insulin sensitivity, increases PKB mRNA expression,

induces p-p38 MAPK and p-ERK signaling pathways leading to more insulin sensitivity in adipocytes
[12,22,29,37,41,42]
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receptor, TLR4/MD-2 and so reducing monocyte chemoattractant
protein-1 (MCP-1), TNF-a and IL-6 in adipocytes [22]. They
observed that CTRP3 induced p-p38 MAPK and p-ERK signaling
pathways leading to enhanced insulin sensitivity in adipocytes [22].
Li et al., in 2014 found that CTRP3 increased glucose consumption
and induced insulin sensitivity via a decrease of the inflammatory
mediators of TNF-a and IL-6 in 3T3-L1 insulin resistant adipocytes
[37]. They demonstrated that treatment with recombinant CTRP3
protein increased GLUT4 (glucose transporter type 4) and PKB
mRNA expression resulting in insulin sensitivity [37]. Supporting
evidence was provided by Wolf et al., in 2015 who reported that
CTRP3 knockout mice have higher circulatory inflammatory cyto-
kines such as IL-6 and TGF-b than wild type, suggesting that CTRP3
regulates systemic inflammation and may inhibit inflammation-
induced disorders such as insulin resistance and DM [38].

In addition to anti-inflammatory effects, CTRP3 may improve
hyperglycemia via a reduction of hepatic glucose output [19].
Peterson et al., in 2010 showed that CTRP3 markedly reduced he-
patic gluconeogenesis and glucose delivery independent of insulin
sensitization by down-regulation of gluconeogenic enzymes in
liver tissue [19]. They reported that CTRP3markedly suppressed the
expression of two key enzymes involved in hepatic gluconeogen-
esis, namely glucose-6-phosphatase (G6Pase) and Phosphoenol-
pyruvate carboxykinase (PEPCK), thus reducing glucose synthesis
by hepatic cells [19].

CTRP3 may provide a new therapeutic target for DM [47], and it
was shown that a reduction of CTRP3 expression/secretion was
accompanied with a greater risk of DM in both normal and obese
young adults, suggesting that CTRP3 may play an essential role in
its pathophysiology [47]; therefore, modulation of CTRP3 expres-
sion/release may provide preventive effects against metabolic dis-
order as well as DM [47]. In this context, CTRP3 can reduce glucose
output and decrease blood glucose in both normal and insulin-
resistant animals by inhibition of hepatic gluconeogenesis and in-
flammatory responses [19,38].
Table 2
Some beneficial effects of CTRP3 against diabetic complications (AMPK¼ Adenosine
Transducer and Activator of Transcription proteins, NAFLD¼ non-alcoholic fatty liver dis
acyltransferase, DGAT¼Diacylglycerol O-acyltransferase).

Diabetic Complications Possible Beneficial Effects of CTRP3

Diabetic Cardiomyopathy Prevents of diabetic cardiomyopathy by amelioration of
to better insulin signaling,

Diabetic Nephropathy Inhibits of proliferation of glomerular mesangial cells, o
inactivates JAK2/STAT3 signaling pathway

Diabetic Retinopathy Prevents of diabetic retinopathy by amelioration of VCA
NAFLD Protects from NAFLD by improve of lipid metabolism, d

serum lipid profile and reduction of triglyceride conten
5. CTRP3 and diabetic complications, a new possible
therapeutic target

CTRP3 may be important in the pathophysiology of diabetes
complications such as. diabetic retinopathy and diabetic nephrop-
athy [48] (Table 2). Ma and coworkers in 2017 showed that CTRP3
prevented diabetic cardiomyopathy by the amelioration of in-
flammatory responses and AMPKa (Adenosine mono phosphate-
activated protein kinase a) and Akt activation leading to better
insulin signaling in the H9c2 cells of diabetic rats [48]. Yan and
colleagues in 2017 reported that CTRP3 deficiency was correlated to
proliferative diabetic retinopathy and also, had an inverse associ-
ationwith VCAM-1 expression [36]. They also found that treatment
with recombinant CTRP3 in cultured human retinal microvascular
endothelial cells (HRMECs) reduced high glucose high lipid
(HGHL)-dependent VCAM-1 production via an AMPK-dependent
mechanism [36].

Recently, Hu and coworkers in 2018 reported that CTRP3 over-
expression inhibited the proliferation of glomerular mesangial
cells, attenuated reactive oxygen species generation, and reduced
extracellular matrix expansion, resulting in the prevention of dia-
betic nephropathy by inactivation of the JAK2/STAT3 (Janus kinases
2/Signal Transducer and Activator of Transcription proteins)
signaling pathway [49]. In addition, it has been shown that CTRP3
treatment in animals fed a high fat diet protected them against
NAFLD [29,50]: Peterson and colleagues in 2013 observed that
treatment with CTRP3 can potentially protect animals fed a high fat
diet from NAFLD by improvement of lipid metabolism through the
down-regulation of three key enzymes involved in triglyceride
synthesis, namely Glycerol-3-phosphate Acyltransferase (GPAT),
acylglycerolphosphate acyltransferase (AGPAT), and Diacylglycerol
O-acyltransferase (DGAT) resulting in an improvement of the serum
lipid profile and reduction of triglyceride content in the liver [29].

This recent evidence suggests that CTRP3 may be considered as
a new therapeutic target in the prevention/treatment of diabetic
complications [49]; however, further clarification is needed.
mono phosphate-activated protein kinase a, JAK2/STAT3¼ Janus kinases 2/Signal
ease, GPAT¼Glycerol-3-phosphate Acyltransferase, AGPAT¼ acylglycerolphosphate

Reference(s)

inflammatory responses and AMPKa and Akt activation leading [48]

xidative stress, reduces extracellular matrix expansion, [49]

M-1 expression via an AMPK-dependent mechanism, [36]
own-regulation of GPAT, AGPAT, and DGAT and so improve of
t in liver

[29,50]
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6. Conclusion

C1q/TNF-related protein-3 or CTRP3 is a novel adipokine that is
expressed and secreted by diverse tissues, including adipocytes
that has potent modulatory influences on glucose homeostasis.
Recent evidence has shown that CTRP3 significantly induced in-
sulin sensitivity and normalized blood glucose by mechanisms that
are still not completely understood. However, CTRP3 has potent
anti-inflammatory properties that may contribute its hypoglycemic
properties. In addition, CTRP3 may increase GLUT4 expression and
enhance Akt signaling pathways involved in insulin signaling,
thereby increasing insulin sensitivity in insulin-dependent tissues.
Moreover, CTRP3 may potentially improve plasma lipids resulting
in an improvement in insulin resistance. In addition to normalizing
glucose levels CTRP3 may modulate the underlying molecular
mechanisms involved in diabetic complications (through a reduc-
tion in inflammation) and thus may have potential as a new ther-
apeutic target against DM and its complications.
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