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Abstract

As the largest endocrine organ, adipose tissue secretes many bioactive molecules that circulate in 

blood, collectively termed adipokines. Efforts to identify such metabolic regulators have led to the 

discovery of a family of secreted proteins, designated as C1q tumor necrosis factor (TNF)-related 

proteins (CTRPs). The CTRP proteins, adiponectin, TNF-alpha, as well as other proteins with the 

distinct C1q domain are collectively grouped together as the C1q/TNF superfamily. Reflecting 

profound biological potency, the initial characterization of these adipose tissue-derived CTRP 

factors finds wide-ranging effects upon metabolism, inflammation, and survival-signaling in 

multiple tissue types. CTRP3 (also known as CORS26, cartducin, or cartonectin) is a unique 

member of this adipokine family. In this review we provide a comprehensive overview of the 

research concerning the expression, regulation, and physiological function of CTRP3.

Introduction

Since the discovery of Leptin in 1994 and then later adiponectin there has been a 

fundamental shift in how adipose tissue is viewed within the medical and research 

community, as an active endocrine organ which effects human health and physiology 

(57,87). In 2004, Wong et al. characterized a novel family of adipose tissue-derived 

cytokines, collectively called adipokines, referred to as Complement C1q Tumor necrosis 

factor-Related Proteins (CTRPs) (76), like adiponectin and tumor necrosis factor (TNF) 

these CTRPs all contain a C1q globular domain and are characterized together as the 

C1q/TNF superfamily (62). To date, this superfamily has been documented to have a wide 

range and opposing effects on metabolism, food intake, inflammation, tumor metastasis, 

apoptosis, vascular disorders, ischemic injury, and even sexual reproduction (7, 8, 25, 29, 30, 

49, 51, 57, 62, 64, 68, 69, 74-76, 81, 84, 89). The purpose of this review is to carefully 

summarize the research that has been accomplished on one of these proteins, CTRP3. A list 

of abbreviations used in this article is found in Table 1.
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History of CTRP3

Initial discovery

CTRP3 was first discovered in 2001 (43) in C3H10T1/2 mouse mesenchymal stem cells 

treated to induce chondrogenic differentiation. Because of its size and 23 Gly-X-Y repeats in 

the N-terminal collagen domain it was originally named CORS26 (Collagenous repeat-

containing sequence 26 kDa protein). Later Wong et al. (2004) identified CTRP3 as a 

member of a family of highly conserved adiponectin paralogs designated as CTRPs and 

CORS26 was renamed CTRP3 (76). Alternative names that have been used for CTRP3 are 

cartducin (1, 44) and cartonectin (56, 73), both due to the detection of CTRP3 expression in 

developing cartilage.

Structure

Analysis of the primary structure predicts that CTRP3 is a highly hydrophilic secreted 

protein, with an N-terminal hydrophobic signal peptide, and no transmembrane domains 

(43). Experimental work confirms that CTRP3 is a secreted protein and circulates in the 

blood, which indicates that the physiological function of CTRP3 occurs through endocrine 

mechanisms (51, 75). Additionally, CTRP3 has a series of N-terminal Collagenous repeats 

(Gly-X-Y), and a highly conserved C-terminal globular domain (76), thus placing CTRP3 

within the expanding C1q TNF Superfamily (62) (Fig. 1). CTRP3 shares sequence 

homology with adiponectin (38% in mouse and 36% in human), and is highly conserved 

(95.9% identity between human and mouse proteins) (36). Additionally, there are two splice 

variants of CTRP3 that have been identified. The longer splice variant, designated as 

CTRP3B, encodes an extra 73 N-terminal amino acids due to the retention of intron 1. 

CTRP3B contains a highly conserved N-linked glycosylation site that is not present on the 

original splice variant, CTRP3A (51). At this time the functional significance of the splice 

variants of CTRP3 are unknown as research has focused almost exclusively on CTRP3A. 

Regardless, both CTRP3A and CTRP3B are secreted proteins which are detectable in human 

serum. Although only CTRP3A has been detected in mouse serum, both variants are 

expressed in mouse adipose tissue (51, 75). One of the reasons for the difficulty in detecting 

the CTRP3B variant is that unlike CTRP3A, CTRP3B degrades rapidly unless it forms a 

higher order oligomer with CTRP3A (51).

CTRP3 is endogenously co-expressed in many tissues with other proteins within the C1q 

TNF superfamily. However, CTRP3 is unique as it does not form hetero-oligomeric 

complexes with adiponectin or any other CTRP protein (76). Most CTRP proteins will form 

hetero-oligomers with adiponectin or at least 1 other CTRP protein when coexpressed (75, 

76). However, higher-order oligomers are the primary form by which CTRP3 is found 

circulating in either human or mouse serum, indicating that CTRP3 high-order oligomeric 

complexes occur solely between its two splice variants, CTRP3A and CTRP3B (51). While 

the significance of these posttranslational modifications and higherorder structure 

formations have yet to be explored, it is likely that these modifications influence the function 

of CTRP3. Therefore, it is important to differentiate between functional studies and 

experimental findings gleaned from bacterialproduced compared with other types of 

recombinant CTRP3 protein. Bacterial-produced recombinant CTRP3 protein does not 
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possess the potentially physiologically relevant posttranslational modifications or multimeric 

structures, and may explain any observed lack of biological activity (19, 61).

Recently using the novel ligand-receptor capture method, and mammalian-cell expressed 

CTRP3, Li et al. (2016) (41) identified Lysosomal-associated membrane protein 1 

(LAMP-1) and Lysosome membrane protein 2 (LIMP II) as potential receptors for CTRP3. 

Although it remains to be determined whether either of these proteins directly mediate the 

intercellular effects of CTRP3 or act as coreceptors for a yet unidentified protein, both 

LAMP1 and LIMPII are widely expressed in a number of different tissues corresponding to 

the variety of functions attributed to CTRP3. A comprehensive list of in vitro functions 

documented for CTRP3 is listed in Table 2. CTRP3 may also act without directly initiating 

intracellular action but rather through inhibiting the binding of other ligands. For example, 

lipopolysaccharide (LPS) is a potent endotoxin that binds to Toll-like receptor 4 (TLR4) and 

promotes a cellular inflammatory response. However, even though CTRP3 does not bind 

directly to either LPS or TLR4, CTRP3 prevents their interaction through an unestablished 

mechanism (30).

Regulation

Analysis of the upstream untranslated region for CTRP3 identified a number of putative 

consensus sequences for transcription factor regulation of CTRP3 expression. The proximal 

region of the CTRP3 promoter is highly conserved between rodent and human (28), 

indicating that there are conserved functional regulation sites. These predicted regulatory 

sites include loci for the following transcription factors: specificity protein 1 (SP-1); 

Activator protein 1 (AP-1); Peroxisome proliferator-activated receptor (PPAR); Fos proto-

oncogene (c-FOS); POU domain, class 1, transcription factor 1 (Pit-1a); CCAAT-enhancer-

binding proteins-alpha/beta (C/EBP-α/β); myogenic differentiation (MyoD); c-JUN; 

transcription factor II D – “TATAA” box (TY-IID); cAMP response element-binding protein 

(CREB); GATA-binding factor 1 (GATA-1); sex-determining region Y (SRY); SRY-related 

HMG-box 5 (Sox-5); similar tomyelocytomatosis viral oncogene (c-Myc); and Retinoid X 

receptor (RXR) (53-55). However, to date, only a few transcription factors have been 

demonstrated to regulate CTRP3 expression experimentally: c-FOS, SP-1, c-JUN, and 

PPAR-gamma.

Although CTRP3, SP-1 and PPAR-gamma are induced during adipocyte differentiation, 

promoter activity assays demonstrate that PPAR-gamma, SP-1, and c-FOS are all negative 

regulators of CTRP3 expression (53, 56). Electrophoretic mobility shift assays confirmed 

that both SP-1 and PPAR-gamma (but not SRY, c-FOS, C/EBPβ, or PPAR-alpha) bind to the 

promoter region for CTRP3. To date only the transcription factor c-Jun has been shown to be 

an unequivocal positive regulator for CTRP3 transcription (28). The transcription factor c-

Jun is one of three Jun family proteins which make up the activator protein-1 (AP-1) 

transcription factor group. Chromatin immunoprecipitation assay confirmed that c-Jun binds 

to the AP-1 region (-184/-177) of CTRP3 (28), whereas, other Jun and Fos members JunB, 

JunD, FosB, Fra-1, and Fra-2 were tested by a reporter gene assay and had no effect on 

CTRP3 promoter activity (28). Further, treatment of adipocytes, in vitro, or diet-induced 

obese rats, in vivo, with the glucagon-likepeptide-1 (GLP-1) receptor agonist, Exendin-4 
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(Ex-4), increased CTRP3 expression and circulating levels through activation of the Protein 

kinase A (PKA) pathway (37,40). Briefly, the activation ofGLP-1 receptor and PKA 

pathway activates HOB1 motif within the A1 activation domain of c-JUN and promotes c-

JUN’s binding to the AP-1 region (6). However, the regulation of CTRP3 under 

physiological conditions in vivo has not yet been established. Unlike most adipokines, 

circulating CTRP3 levels are increased with fasting (51), indicating that CTRP3 levels may 

be suppressed by either insulin or activated by glucagon signaling pathways. Further, 

CTRP3 levels are negatively associated with insulin and leptin levels in high fat fed mice 

(51). Taken together, these data show a potential reciprocal relationship between food intake 

and CTRP3. However, the clinical implications have yet to be explored, especially regarding 

the significance of the by-phasic regulation of CTRP3 and lipid metabolism.

Tissues expressed

A summary of cell lines, which express CTRP3, in vitro, are listed in Table 3. CTRP3 is not 

detectable in undifferentiated adipocytes, but can be detected at 4 days of differentiation (55, 

56). These data match in vivo data which shows that CTPR3 is highly expressed in adipose 

tissue. In addition, CTRP3 is also detected during development, starting at mouse embryonic 

day 15 (43,75,76), in developing chondrocytes (43) and cartilage (44). These data have led 

to speculation that CTRP3 is essential for appropriate bone growth and development. This is 

supported by experimental evidence that demonstrates that CTRP3 stimulates the 

proliferation and differentiation of chondrogenic and osteogenic precursors, inhibits 

osteoclast activity, and is essential for appropriate bone formation in vitro (1, 27, 44, 82). 

However, a clinical association between abnormal development and deregulation of CTRP3 

protein has yet to be documented. On the other hand, CTRP3 is highly expressed in both 

osteoscarcoma and chandroblastoma cell lines but not in the MC3T3-E1 mouse osteoblast-

like non-cancer cell line (3). These data have led to speculation that elevated CTRP3 level in 

adults may be a risk factor and/or biomarker for certain types of cancer, specifically 

osteoscarcoma, but again this hypothesis remains to be tested either in vivo or in a clinical 

population.

In adult mice CTRP3 is considered an adipokine, as it is predominantly expressed in adipose 

tissue (55, 56, 75), indicating that CTRP3 may have a functional role in energy storage and 

metabolism. However, CTRP3 is also expressed in the lung, kidneys, spleen, testis, and 

macrophages with moderate expression in heart, bone, small intestine, liver, kidney, skeletal 

muscle, and vascular smooth muscle cells (1, 43, 44, 47, 51, 54, 59, 75, 76, 90). Combined 

these data indicate that CTRP3 has a variety of factors which could contribute to its 

regulation and function. In the following sections we will detail the experimental evidence 

regarding the functional activity of CTRP3 in regards to metabolism, cardiovascular health, 

inflammation, and growth and development.

Metabolism, Metabolic Disease and CTRP3

Overview

CTRP3 has been documented to have a variety of effects on metabolism. The complete 

overview of in vitro effects is listed in Table 2. Briefly, CTRP3 increases adipokine 
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secretion, attenuates inflammatory signaling, promotes proliferation, increases cellular 

differentiation, and increases hepatic lipid oxidation (39, 41, 50, 51, 58). Whereas, the in 
vivo the effects of CTRP3 are less well examined. The summary of all animal experiments 

and CTRP3 are listed in Table 4. For example, in rodents an acute injection with 

recombinant CTRP3 protein decreases serum glucose levels for up to 8-hours with no 

change to insulin levels (51). The chronic transgenic overexpression of CTRP3 had no effect 

upon glucose levels, which demonstrates the development of a potential compensatory 

mechanism (51). On the other hand, both transgenic overexpression and daily administration 

of CTRP3 were effective in attenuating high fat diet-induced hepatic insulin resistance and 

hepatic steatosis (50). Conversely, hepatic triglycerides were elevated in high fat-fed CTRP3 

knockout mice when compared to high fat-fed wild-type mice (71).Considered together, 

these data suggest that the metabolic effects of CTRP3 are specific to the liver, as no 

changes to metabolism were observed in skeletal muscle in any experimental (in vivo or in 
vitro) model examined. Interestingly, neither transgenic overexpression nor genetic deletion 

of CTRP3 resulted in a measurable metabolic effect in mice fed a low fat diet (50, 71), 

which indicates that CTRP3 may function specifically to help regulate metabolism in 

response to elevated lipid consumption.

Regardless, the clinical implications of these effects have yet to be explored, as the reported 

associations between obesity and/or type 2 diabetes (T2D) with CTRP3 levels are 

contradictory in the literature. The summary finding of all cross sectional human studies, 

which examine CTRP3 levels, are listed in Table 5. Briefly, CTRP3 levels are reported to be 

elevated (12), not different (16, 66), or reduced (5,14,52,65,72,83) with obesity and/or T2D. 

In most reports circulating CTRP3 levels are higher in women than in men (10,14,72,83), 

with one exception (52). Further complicating the relationship between CTRP3 levels and 

human health, Wager et al. (2016) reported that CTRP3 levels are elevated with obesity in 

male but are reciprocally reduced with obesity in female subjects (66). This contradictory 

gender dependent association of obesity and circulating CTRP3 levels provides some 

explanation regarding the conflicting data in the literature, as almost all the reported studies 

combined varying proportions of male and female subjects within each experimental group. 

Nevertheless, these data demonstrate that there is a gender specific regulation and function 

of CTRP3 that needs to be explored in more detail. Further, all of these studies have 

examined the total amount of CTRP3 with no attention being given to the different splice 

variants or in the multimeric structures of the circulating CTRP3. This is worth noting as 

high molecular weight adiponectin is thought to be the active form (20, 32), and similarly 

the different splice variants and multimeric structure may also contribute to the function of 

CTRP3. Lastly, the associations between circulating CTRP3 levels (splice variants and 

multimeric structures) and hepatic steatosis in human subjects have not been explored even 

though animal experiments have shown a specific hepatic effect of both CTRP3A and 

CTRP3B (51).

Human studies

To date very few experimental intervention studies have been performed with human 

subjects. The first, Wurm et al. (2007) (78) examined circulating CTRP3 levels before and 2 

hours after a glucose load (n = 20, 14 males and 6 females) and observed no change. 
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However, this study occurred before there were reliable ELISA’s developed for CTRP3 and 

examined CTRP3 levels solely though immunoblot analysis. Further complicating the results 

from this study is that although they reported the supplier (R&D Systems) they did not 

include the catalog number for the antibody used and they reported band migration of 50 

kDa for CTRP3 on a denaturing SDS-PAGE. CTRP3 has a predicted and gel migration ~30 

kDa and although the posttranslational modifications for CTRP3 could result in a higher 

than predicted migration pattern on a SDS gel, this has not been observed by other 

researchers (1, 43, 51, 70, 75). Indeed, the antibody for human CTRP3 from R&D Systems 

(R and D Systems Cat#AF7925, RRID:AB_2619735) also reports detecting a band at ~30 

kDa. Moreover, using an ELISA based method Ban et al. (2014) observed that in type 2 

diabetic patients CTRP3 levels decreased from ~150 to 50 ng/ml in response to a 2-hour oral 

glucose load (5). In light of these data and the progress within the past 9 years in CTRP3 

antibody and ELISA development, the effects of glucose on CTRP3 levels in healthy human 

subject population should be reexamined. In addition, due to the potential role of CTRP3 in 

lipid metabolism, experiments should also examine the effects of acute lipid loading on 

circulating CTRP3 levels.

Only one study has examined the effects of exercise on circulating CTRP3 levels in human 

subjects. Briefly, Choi et al. (2013) examine changes to circulating CTRP3 levels after a 3-

month exercise program (45 min cardio/20 min resistance 5×/week) in 76 obese Korean 

females (10). They found that CTRP3 levels decreased ~15% (444-374 ng/mL) after 

exercise intervention. The exercise training program also resulted in ~9% loss in body 

weight, so it is unclear if the change in CTRP3 levels are due to exercise or the reduction in 

body fat. The effects of acute exercise or exercise training on CTRP3 levels in a healthy 

human population or in the absence of weight loss have not been investigated.

Lastly, Tan et al. (2013) (65) reported that women with polycystic ovary syndrome had 

lower levels of CTRP3 than control subjects. Polycystic ovary syndrome is an endocrine 

system disorder associated with obesity, diabetes, dyslipidemia, and cardiovascular 

complications and Metformin is a common medication used in the treatment of insulin 

resistance, obesity and type 2 diabetes. CTRP3 levelswere restored with Metformin 

treatment along with a general improvement in insulin sensitivity.

CTRP3 and Cardiovascular Disease

Cardiovascular disease (CVD) is the leading cause of death in the world, accounting for 30% 

of all deaths (17). The identification of novel biomarkers indicating the progression, or 

signaling pathways which can be exploited as a treatment for CVD is a subject of ongoing 

interest for combating this disease. It is well established that obesity is a leading risk factor 

for CVD (63), however very little attention has been given to the endocrine function of 

adipose tissue and its role in CVD. In both cell culture and animal models CTRP3 has been 

shown to be protective following heart attack (myocardial infarction, MI) or stroke 

(intracerebral hemorrhage, ICH) (11,42,67,77,80,81,83,89). Table 6 contains the complete 

summary of the treatment effects of CTRP3 treatment as it related to CVD. Specifically, 

CTRP3 stimulates mitochondrial biogenesis in cardiac tissue and promotes vascular 

relaxation (85,89), whereas immediately following a MI there is a significant decrease of 
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adipose tissue CTRP3 mRNA and circulating CTRP3 protein levels (77, 81). In animals 

models of MI exogenous CTRP3 pretreatment (adenovirus-delivered or recombinant 

CTRP3) increases survival, improves postevent cardiac function, and prevents pathological 

remodeling (77, 81). Progressive remodeling after myocardial infarction (MI) is a leading 

cause of morbidity and mortality associated with MI. Specifically Transforming growth 

factor beta (TGF-β) has been reported to be involved in ventricular remodeling by 

promoting myocardial fibrosis (88). However, CTRP3 attenuates TGF-β1-induced signaling 

and pathogenic remodeling post-MI both in vivo and in vitro (77). Regarding stroke 

recovery, preconditioning with CTRP3 reduced cerebral edema, reduced blood-brain barrier 

damage, improved neurological function, and reduced oxidative stress following ICH 

(67,80). Collectively, these data illustrate the potential of CTRP3 and CTRP3-mediated 

signaling pathways as a prospective post-MI/ICH treatment targets.

CTRP3 is also demonstrated to play a large role in angiogenesis and endothelial cell 

proliferation (2, 23, 45, 81). For example, during the recovery period following rat carotid 

artery balloon-injury model CTRP3 expression increases dramatically (35). Interestingly 

CTRP3 may not act directly on the endothelial cells, but through indirect pathways mediated 

by cardiac or smooth muscles cells. Direct treatment of Human Umbilical Vein Endothelial 

Cells (HUVEC) with CTRP3 had no direct effect on capillary-like structures formation (tube 

formation), Akt phosphorylation or hypoxiainducible factor 1, alpha subunit (HIF1α) 

orVascular endothelial growth factor (VEGF) expression (81). However, conditioned media 

from primary cardiomyocytes treated with CTRP3 induced HUVEC tube formation, 

indicating the presence of CTRP3-induced cardiomyocyte-secreted paracrine factors (81). 

However, the direct effect of CTRP3 on HUVEC cells cannot be completely ruled out as Yi 

et al. (2012) (81) used bacterial expressed CTRP3 directly on HUVEC cells and used 

mammalian expressed CTRP3 in vivo. This discrepancy may indicate a post-translational 

modification is required for the CTRP3-induced effects on vascular endothelium.

As shown in Table 6, very few studies have examined the association between CVD and 

circulating CTRP3 levels in a human patient population. Specifically, Wagner et al. 2016 

(66) observed no association between the presence of CVD and CTRP3 levels among 

patients with symptoms requiring catherization for detecting the presence of coronary artery 

blockage. Whereas, Deng et al. 2015 (14), observed that both obesity and high blood 

pressure were associated with lower CTRP3 levels and Choi et al. 2014 (11) reported that 

CTRP3 concentrations in patients with acute coronary syndrome or stable angina pectoris 

were significantly decreased compared to control subjects. Further, CTRP3 concentrations 

have been shown to exhibit a significant negative association with many cardiometabolic 

risk factors (11, 83). As CTRP3 levels decrease with obesity, at least in men (66), the lower 

levels of CTRP3 may contribute to the impaired mitochondrial biogenesis in cardiac cells 

and increase the susceptibility/severity of an MI event. On the other hand, excessive 

sustained elevation of CTRP3 may also be detrimental to cardiovascular health as CTRP3 as 

promotes vascular and aortic ring calcification (90). Increase vascular calcification promotes 

arterial hardening and the development of arteriosclerosis. Regardless the associations 

between CTRP3-mediated signaling and CVD appear promising and need to be investigated 

in more detail.
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Inflammation

Metabolic syndrome is defined as a cluster of risk factors which directly increase the risk of 

CVD, T2D, and allcause mortality (4, 26). One of the major defining risk factors for 

metabolic syndrome is a chronic state of low-grade inflammation marked by elevated 

circulating proinflammatory cytokines (TNF, IL-6, and C-reactive protein). The adipose 

tissue immune response plays amajor role in the development of the chronic 

proinflammatory state (22, 26). Whereas, CTRP3 is a potential anti-inflammatory mediator, 

and is negatively associated with the proinflammatory cytokines TNF, IL-6, and C-reactive 

protein (5, 11, 12, 14, 48, 50, 52, 65, 83). In animal models, diet-induced obesity results in 

decreased CTRP3 levels concurrent with an elevation in TNF and IL-6 (50). Similarly, diet-

induced obese Ctrp3-knockout mice have an enhanced elevation of IL-6 and TNF levels 

(71). Further, transgenic overexpression of CTRP3 attenuates the high-fat diet induced rise 

in cytokine levels and more than doubles circulating soluble gp130 (sgp130) levels (50). 

Circulating sgp130 is a potent inhibitor of inflammatory cytokines such as IL-6 (24).On 

another note, although essential for regulating platelet aggregation, excessive levels of the 

cytokine thromboxane A2 are associated with the development of insulin resistance and 

arteriosclerosis (18), and are elevated in both human and mouse models of obesity (33). 

However, loss of Thromboxane synthase (TBXAS), the enzyme necessary to produce 

thromboxane A2, markedly enhances insulin sensitivity concurrent with the up-regulation of 

CTRP3, as well as other adipokines (CTRP9, CTRP12) (33). CTRP3 has also demonstrated 

potential as a treatment for a specific inflammatory disorder, IgA nephropathy (IgAN). 

IgAN is a kidney disorder caused by deposits of the protein immunoglobulin A (IgA) inside 

the glomeruli of kidney and excessive mesangial cell activation. In patients with IgAN 

CTRP3 levels are significantly reduced and the cytokines IL-6 and TGF-β are elevated (86). 

Treatment of isolated adult human mesangial cells (HMCs) with CTRP3 reduced IL-6 and 

TGF-β production and inhibited HMC activation (86). Combined these data demonstrate the 

potential of CTRP3 in the treatment of inflammatory disorders. The summary finding of all 

studies examining the connection between inflammation and CTRP3 are listed in Table 7.

LPS is a well-established endotoxin used as a model of systemic immune response, in vivo. 

In cell culture models LPS inhibits adipose tissue differentiation, induces insulin resistance, 

and prevents the expression of CTRP3 (59). Whereas, CTRP3 has been shown to specifically 

block the binding of LPS to its receptor TLR4 (13,30) and inhibit the inflammatory response 

(30). Further, in animalmodels intraperitoneal injection (IP) injection of CTRP3 (0.4ug/g 

body weight) significantly reduced the LPS-induced (IP) inflammatory response (65). 

Although intravenous administration of CTRP3 was unable to prevent LPS-induced 

inflammation, this is thought to be a dose related limitation and future studies are ongoing to 

determine the clinically relevant levels of CTRP3 administration needed to inhibit a 

systematic immune response. Further, CTRP3 potently inhibited LPS-induced IL-6 in 

monocytes isolated from healthy subjects but not in monocytes derived from subject with 

T2D (31, 70). Similarly, the anti-inflammatory effects of CTRP3 have also been observed in 

isolated primary human colonic fibroblasts (21). Combined, these data show promise for the 

use of CTRP3 and CTRP3-mediated pathways as a potential anti-inflammatory mediator. 

However, neither chronic CTRP3 deficiency nor overexpression altered the inflammatory 
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response to a sublethal challenge to LPS (48), indicating that CTRP3 levels need to be 

regulated transiently to demonstrate an anti-inflammatory effect. Regardless, the potential 

use of CTRP3 as an inhibitor of inflammation needs to be examined in more detail.

Growth, Reproduction, and Tumorigenesis

CTRP3 has been linked to normal and pathogenic cellular proliferation, growth and 

development. CTRP3 has been consistently shown to stimulate the proliferation of 

chondrogenic precursors, chondrocytes, and osteocytes, in vitro, through activation of 

ERK1/2 and PI3K pathways (1, 3, 27, 44, 82). During early development CTRP3 is detected 

in developing chondrocytes (43) and cartilage (44) which has led to the hypothesis that 

CTRP3 Is essential for normal cartilage and bone development. In support of this CTRP3 is 

appears to be essential for proper mandible formation through perichondrium maintenance 

and new cartilage formation (82). However, the role of CTRP in development may be 

dispensatory as CTRP3-knockout animals do not demonstrate a growth phenotype indicating 

a possible compensatory mechanism during development. However, CTRP3-knockout mice 

do exhibit increased susceptibility to collagen-induced arthritis, indicating CTRP3 may be 

important for the maintenance and repair of cartilage tissue (46). However, elevated CTRP3 

may also be detrimental as CTRP3 is highly secreted from and increases growth rates of 

osteosarcoma and chondroblastoma tumor cell lines indicating that CTRP3 may be linked to 

these types of cancers (54).However, no cancers have been reported in CTRP3 transgenic 

overexpressing mice, although this has not been specifically examined. Lastly, CTRP3 is 

specifically expressed in the testosterone producing interstitial Leydig cells and treatment of 

TM3 mouse Leydig cells with CTRP3 increased testosterone production (47). Although 

these findings may shed some light on the discrepancy between male and female in 

circulating CTRP3 levels, the overall clinical significance has yet to be explored.

Summary and Conclusion

Adipose tissue secretes numerous adipokines that contribute to a wide array of biological 

processes. CTRP3, is a novel and unique member of the adipokine superfamily which 

appears to have a unique roles in a variety of tissue: hepatic lipid metabolism, cardiovascular 

response to ischemia, and chondrocyte proliferation and differentiation. CTRP3 can function 

in an autocrine, paracrine, and endocrinemanner and there are many aspects of CTRP3’s 

regulation and function that have yet to be explored. In addition, CTRP3 has been 

consistently linked to activation of the PKA signaling pathway, regardless of the tissue/

treatment paradigm examined (37, 47, 80). This review should serve as a basis for the design 

of future experimental studies specifically examining: (i) the regulation of CTRP3 in 

response to food intake or exercise, (ii) associations between circulating CTRP3 levels, 

including the two different splice variants (CTRP3A and CTRP3B), and hepatic steatosis or 

osteoscarcoma in clinical population, and (iii) the associations between the different CTRP3 

isoforms (CTRP3A and CTRP3B) and multimeric structures in clinical populations, (iv) the 

potential use of CTRP3 as an inhibitor of inflammation, and (v) whether the putative 

receptors, LAMP1 and LIMPII are directly responsible for the intracellular effects of 

CTRP3 or at as coreceptors for a yet unidentified protein. Finally, the gender-specific 

regulation of CTRP3 needs to be explored in more detail (splice variants and multimeric 
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structures) especially in regards to the association between CTRP3 and human diseases such 

as non-alcoholic fatty liver disease, T2D, and metabolic syndrome.
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Didactic Synopsis

This article summarizes the current research on CTRP3 at the graduate level.

• Because of its size and repeating amino acid sequence in the collagen domain 

CTRP3 was originally named CORS26 (Collagenous repeat-containing 

sequence 26 kDa protein), but later renamed as CTRP3 as it is one of many 

members of a protein family designated as C1q TNF Related Proteins. 

CTRP3 is a secreted protein and circulates in the blood.

• Peroxisome proliferator-activated receptor-gamma (PPAR-γ), specificity 

protein 1 (SP-1), and c-FOS decreased CTRP3 expression and the 

transcription factor c-Jun is the only known transcription factor which 

increases CTRP3 expression.

• CTRP3 increases liver lipid metabolism, reduces the amount of damage and 

improves recovery following a heart attack, and inhibits inflammation.

• Although research indicates that CTRP3 appears to prevent arthritis and repair 

cartilage, CTRP3 may also increase the development of certain types of bone 

cancers osteosarcoma and chondroblastoma.

• The function of CTRP3 is still being actively investigated as well as its role in 

human health especially in regards to Fatty liver and metabolic syndrome.
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Figure 1. 
Structural overview of CTRP3. (A) Two splice variants were identified and designated as 

CTRP3A and CTRP3B. (B) Organization of the CTRP3A and CTRP3B genes and proteins. 

The human CTRP3A gene is 25.3 kb in size, consists of six exons and five introns, and is 

located on chromosome 5p13. Exons 1, 2, 3, 4, 5, and 6 of the CTRP3A gene are 171, 112, 

155, 130, 100, and 2885 bp in size, respectively. The size of each intron is also indicated. 

Exon 1B (gray square) contains a 219-nucleotide sequence found in CTRP3B cDNA, coding 

for an extra 73 amino acid residues. A potential Nlinked glycosylation site is circled. The 

consensus splice donors are shown in italic type. This figure was originally published in The 

Journal of Biological Chemistry (51) and image reproduced according to the copyright 

policy of the ASBMB. © the American Society for Biochemistry and Molecular Biology.
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Table 1

Abbreviations

SP-1: specificity protein 1

CTRP3: C1q TNF-related protein 3

LPS: Lipopolysaccharide

TLR: Toll-like receptor

MCP-1: Monocyte chemotactic protein 1

PPAR: Peroxisome proliferator-activated receptor

pIgA: Polymeric Immunoglobulin A

RANKL: Receptor activator of nuclear factor kappa-B ligand

TNF: Tumor necrosis factor

IL-6: Interleukin-6

AP-1: Activator protein 1

c-FOS: Fos proto-oncogene

Pit-1a: POU domain, class 1, transcription factor 1

C/EBP-α/β: CCAAT-enhancer-binding proteins-alpha/beta

MyoD: Myogenic differentiation

c-JUN: Jun proto-oncogene, AP-1 transcription factor subunit

TY-IID: Transcription factor II D—“TATAA”

CREB: cAMP response element-binding protein

GATA-1: GATA-binding factor 1

SRY: Sex-determining region Y

Sox-5: SRY-related HMG-box 5

c-Myc: similar to myelocytomatosis viral oncogene

RXR: Retinoid X receptor

PGC-1α: Peroxisome proliferators activated receptor-γ co-activator-1α

NRF-1/NRF-2: Nuclear respiratory factor 1/2

TFAM: Mitochondrial transcription factor A

TBXAS1: Thromboxane A synthase 1

HUVEC: Human umbilical vascular endothelial cells

ROS: Reactive oxygen species

TGF-β: Transforming growth factor beta
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Table 2

Complete Summary of the In Vitro Functions of CTRP3

Cell line Citation Type of treatment Effect

N1511 (mouse chondrogenic 
progenitor)

Akiyama et al. 
2006 (1)

10 μg/ml [E. coli produced His6-
tagged signal peptide removed]

Increased ERK 1/2, and Akt phosphorylation 
from 5 min-1 hour, but not JNK or p38 
MAPK

MSS31 (mouse endothelial cells) Akiyama et al. 
2007 (2)

1-5 μg/mL [E. coli produced 
His6-tagged signal peptide 
removed]

↑ Proliferation and migration, ↑ ERK1/2 and 
MAPK p38 within 15 min

LM8 (mouse osteosarcoma cell 
line)

Akiyama et al. 
2009 (3)

2-10 μg/mL [E. coli produced 
His6-tagged signal peptide 
removed]

CTRP3 treatment ↑ proliferation and ↑ 
ERK1/2 phosphorylation with no effect on 
migration or p38, JNK1/2, or Akt 
phosporylation

NOHS (mouse osteosarcoma cell 
line)

Akiyama et al. 
2009 (3)

2-10 μg/mL [E. coli produced 
His6-tagged signal peptide 
removed]

CTRP3 treatment ↑ proliferation and ↑ 
ERK1/2 phosphorylation with no effect on 
migration or p38, JNK1/2, or Akt

Rat vascular smooth muscle cells 
(VSMCs)

Feng et al. 2016 
(15)

Human globular CTRP3 
(Aviscera Bioscience) Catalog # 
not reported

CTRP3 promotes ATP synthesis, oxidative 
phosphorylation complex proteins, and ROS 
levels; whereas siRNA knockdown reduces 
ATP and oxidative phosphorylation complex 
proteins levels

Human primary colonic lamina 
propria fibroblasts (CLPF)

Hofmann et al. 
2011 (21)

Recombinant CTRP-3 (High Five 
insect cells)

Significantly and dose-dependently reduced 
LPS-induced IL-8 secretion in CLPF within 8 
hours after LPS exposure, whereas LPS-
induced IL-6 and TNF release was not 
affected. CTRP-3 inhibited TGF-β production 
and the expression of CTGF and collagen I in 
CLPF, whereas collagen III expression 
remained unchanged

RWPE-1 prostate cells (ATCC 
Number CRL-11609)

Hou et al. 2015 
(23)

Mammalian expressed CTRP3 (3, 
10, or 30 μg/mL)

Increased cell number in a dose-dependent 
manner at 24-72 h, and 10 μg/mL prevented 
apoptosis. Cytokeratin-19, GLRX3, and 
DDAH1 were upregulated and cytokeratin-17 
and 14-3-3 sigma were downregulated 
proteins in CTRP3-treated cells

Bone marrow macrophages (BMM) Kim et al. 2015 
(27)

Recombinant human CTRP3 was 
purchased from AdipoGen 
(catalog number not reported)

Decreased osteoclast differentiation from 
BMM treated with IL-1, 1,25(OH2)D3, 
receptor activator of nuclear factor kappa-B 
ligand (RANKL) (27), further CTRP3 
prevented mature osteoclasts from 
reabsorbing bone

Adipocyte (3T3-L1) Kopp et al. 2010 
(30)

1-10 μg/mL recombinant full 
length CTRP3 (H5 insect cells)

Suppressed LPS, lauric acid, TLR1/2, or 
TLR3 ligand-induced MCP-1 release. CTRP3 
had no effect on TLR2/6 ligand-induced 
MCP-1 release. Further, siRNA knockdown of 
CTRP3 increased MCP-1 release and 
decreased adiponectin secretion and reduced 
lipid accumulation

Primary human monocytes Kopp et al. 2010 
(30)

1 μg/mL recombinant full length 
CTRP3 (H5 insect cells)

Suppressed LPS-induced MIF and CCL4 
release in lean subjects, and MCP-1 in 
monocytes from both diabetic and lean 
subjects. Prevents Lauric acid induced release 
of IL-6 and TNF

Primary human monocytes Kopp et al. 2010 
(31)

1 μg/mL recombinant full length 
CTRP3 (H5 insect cells)

↓ LPS-induced secretion of IL-6 in 
monocytes from control but not T2D (31). 
CTRP3 did not significantly affect TNF 
secretion

H4IIE (rat hepatoma cells) Li et al. 2016 
(41)

Mammalian expressed 
recombinant CTRP3 (2 μg/mL)

Increased lipid oxidation. Also, LAMP1 and 
LIMPII were identified as potential receptors

Adipocyte (3T3-L1) Li et al. 2014 
(38)

Recombinant CTRP3 (uncited 
origin)

Increased adipocyte glucose uptake and 
decreased TNF and IL6 secretion in insulin 
resistant 3T3-L1A
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Cell line Citation Type of treatment Effect

Adipocyte (3T3-L1) Li et al. 2014 
(39)

Mammalian expressed 
recombinant CTRP3 (250 ng/mL)

↑ the secretion of adiponectin, leptin, visfatin, 
and apelin with peak detectable effect at 12 h 
(effects prevented by the addition of an 
AMPK inhibitor)

Adventitial fibroblasts Lin et al. 2014 
(42)

CTRP3 protein (10 μg/mL) 
(source/type of CTRP3 was not 
reported)

CTRP3 prevents TGF-β1 induced fibroblasts 
phenotypic conversion, proliferation, 
migration, collagen I expression, and 
connective tissue growth factor (all indicators 
of inappropriate of vascular remodeling and 
neointima formation)

HSC-2/8 (human chondrocytes) Maeda et al. 
2006 (44)

10 μg/mL [E. coli produced His6-
tagged signal peptide removed]

Increase proliferation

N1511 (mouse chondrogenic 
progenitor)

Maeda et al. 
2006 (44)

2-10 μg/mL [E. coli produced 
His6-tagged signal peptide 
removed]

Increase proliferation

TM3 mouse Leydig cells Otani et al. 2012 
(47)

Mammalian expressed full length 
(3-30 ug/mL)

Dose responsive ↑ testosterone production, ↑ 
steroidogenic acute regulatory protein mRNA 
and protein levels

L6 Myotubes (Rat) Peterson et al. 
2010 (51)

Mammalian expressed 
recombinant CTRP3 (2 μg/mL)

No effect on glucose uptake

3T3-L1A (preadipocyte) Peterson et al. 
2010 (51)

Mammalian expressed 
recombinant CTRP3 (2 μg/mL)

No effect on glucose uptake

H4IIE (rat hepatoma cells) Peterson et al. 
2013 (50)

Mammalian expressed 
recombinant CTRP3 (2 μg/mL)

Reduced intracellular intra-lipid accumulation 
and decreased de novo fatty acid synthesis. 
No effect on lipid uptake

H4IIE (rat hepatoma cells) Peterson et al. 
2010 (51)

Mammalian expressed 
recombinant CTRP3 (2 μg/mL)

Suppressed glucose production and 
gluconeogenic genes (PEPCK and G6Pase). 
Increased Akt phosphorylation with no effect 
on AMPK phosphorylation

Adipocyte (3T3-L1) Schmid et al. 
2012 (59)

siRNA knockdown of CTRP3 Reduced resistin secretion and lipolysis

Adipocyte (3T3-L1) Schmid et al. 
2012 (59)

siRNA knockdown of CTRP3 siRNA knockdown of CTRP3 reduced resistin 
secretion and lipolysis

Adipocyte (3T3-L1) Schmid et al. 
2013 (58)

siRNA-mediated cellular 
knockdown of CTRP3

siRNA-mediated cellular knockdown of 
CTRP-3 in adipocytes resulted in an 
upregulation of CTRP-5 expression

THP-1 (human—acute monocytic 
leukemia)

Weigert et al. 
2005 (70)

1 μg/mL recombinant full length 
CTRP3 (H5 insect cells)

Suppressed LPS induced: IL-6 and TNF 
mRNA and release

Adipocyte (3T3-L1) Wolfing et al. 
2008 (73)

10 ng/mL recombinant full length 
CTRP3 (H5 insect cells)

Increased adiponectin and resistin secretion 
but not promoter activity with no effect on 
IL-6 (no effect on human-derived adipocytes)

Primary cultured adult rat cardiac 
fibroblast (CF)

Wu et al. 2015 
(77)

2 μg/mL recombinant human 
gCTRP3 (Aviscera Bioscience; 
00082-01-100; E. Coli 
expressed); also used siRNA 
knockdown of CTRP3

Inhibited TGF-β1 α-induced α-SMA, III, and 
connective tissue growth factor (CTGF) 
expression [markers for myofibroblast 
differentiation]. Whereas, SiRNA knockdown 
of CTRP3 increased TGF-β1-induced α-
smooth muscle actin (α-SMA) and smooth 
muscle 22α (SM22α) collagen I, collagen III, 
and CTGF expression. Further CTRP3 
attenuated TGF-β1 induced-elevations in 
phosphor-Smad3 (Ser204)

Cardiomyocytes (adult mouse) Yi et al. 2012 
(81)

Bacterial expressed globular 
domain of mouse CTRP3

CTRP3 upregulated levels of phosphorylated 
Akt, HIF1α, and VEGF. Further 
cardiomyocyte hypoxia-induced apoptosis 
was attenuated with condition media from 
3t3-L1A adipocytes; however, this effect was 
abolished when the conditioned media came 
from 3T3-L1a cells treated with CTRP3 
siRNA

human umbilical vascular 
endothelial cells (HUVECs)

Yi et al. 2012 
(81)

Bacterial expressed globular 
domain of mouse CTRP3

CTRP3 had no effect on tube formation, Akt 
phosphorylation or HIF1α or VEGF 
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Cell line Citation Type of treatment Effect

expression. These results suggest that the in 
vivo proangiogenic effect of CTRP3 is no 
through direct mechanisms on endothelial 
cells. Further, treatment of HUVECs cell with 
condition media from primary 
cardiomyocytes treated with CTRP3 
significantly enhanced HUVEC tube 
formation

Primary meckel’s cartilage Yokohama-
Tamaki et al. 
2011 (82)

Knock-down of CTRP3 
(antisense ogliodeoxynucleotide)

Caused severe curvature deformation and 
suppressed growth

Neonatal rat ventricular myocytes Zhang et al. 2016 
(85)

0.5-4 μg/mL human recombinant 
globular and full-length CTRP3 
(Aviscera Bioscience) Catalog # 
not reported

Both increased the expression of PGC-1α, 
nuclear respiratory factors 1 and 2, and 
markers of mitochondrial biogenesis

human mesangial cells (HMCs) Zhang et al. 2016 
(86)

Full length human CTRP3 
adenovirus-mediated 
overexpression

↓ pIgA-induce IL-6 and TGF-beta secretion 
from HMC cells

Human mesangial cells (HMCs) Zhang et al. 2016 
(86)

Treated with serum polymeric 
IgA (pIgA) from control or IgAN 
patients

pIgA markedly increased IL-6 and TGF-β in 
HMCs, which were suppressed after Ad-
CTRP3 transfection

Rat cultured carotid arterial rings Zhou et al. 2014 
(90)

(1, 2, and 4 μg/mL) Recombinant 
human globular domain CTRP3 
Aviscera Bioscience 
(00082-01-100)

CTRP3 promotes vascular calcification in 
high-phosphate cultured carotid arterial rings

Rat vascular smooth muscle cells 
(VSMCs)

Zhou et al. 2014 
(90)

(1, 2, and 4 μg/mL) Recombinant 
human globular domain CTRP3 
Aviscera Bioscience 
(00082-01-100)

CTRP3 promotes β-glycerophosphate-
induced VSMC calcification and promoted 
the phenotypic transition from contractile to 
osteogenic phenotype. Increase mitochondrial 
ROS levels in VSMC
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Table 3

CTRP3 Expression In Vitro

Cell line Reference Finding

Adipose tissue collected from control (n = 
3) or diabetic (n = 3) female donors)

Schmid et al. 2012 (59) CTRP3 protein levels were higher in subcutaneous adipocytes from 
an obese compared with lean donor, no differences were observed 
from visceral adipocytes. (Note: small sample size, n = 3)

N1511 (mouse chondrogenic progenitor) Maeda et al. 2006 (44) CTRP3 is induced w/differentiation by TGF-beta

3T3-L1a (mouse preadipocyte) Schaffler et al. 2007 
(56)

Produce CTRP3 at day 4 differentiation and CTRP3 promoter 
activity was suppressed when treated with PPAR ligands: 
troglitazone (α/γ), fenofibrate (α), but not 15-Deoxy-Delta-12,14-
prostaglandin J2

3T3-L1a (mouse preadipocyte) Li et al. 2015 (37) Exendin-fragment 4 (Ex-4), a specific GLP-1 receptor agonist, 
specifically used to treat T2D, increased CTRP3 mRNA and protein 
whereas Ex-9 (and GLP-1 antagonist) or blocking activation of PKA 
(thr197) phosphorylation by H89, a selective antagonist of PKA, 
blocked Ex-4 induced increases in CTRP3. Neither H89 nor Ex-9 
had any effect on CTRP3 alone

3T3-L1a (mouse preadipocyte) Schmid et al. 2012 (59) CTRP3 is positively regulated by insulin, and inhibited by chronic 
LPS-exposure or Intracellular infection of adipocytes by S. aureus. 
Further, siRNA knockdown of CTRP3 reduced resistin secretion and 
lipolysis

MC3T3-E1 (mouse osteoblast-like cell line; 
noncancer)

Akiyama et al. 2009 (3) Neither CTRP3 mRNA or protein was detected

Human mesangial cells (HMCs) Zhang et al. 2016 (86) Polymeric IgA (pIgA) suppressed CTRP3 mRNA and protein 
whereas the IgA1 fractions (mIgA and pIgA) had no effect on 
CTRP3. Further, galactose-deficient IgA (gd-IgA; the type of IgA 
found in IgAN patients) suppressed CTRP3 mRNA levels even more 
than pIgA at identical concentrations (~60% compared with 30%)

LM8 (mouse osteosarcoma cell line) Akiyama et al. 2009 (3) CTRP3 mRNA and protein detected

NOHS (mouse osteosarcoma cell line) Akiyama et al. 2009 (3) CTRP3 mRNA and protein detected

Human omental adipose tissue explants Tan et al. 2013 (65) Metformin increased CTRP3 secretion

TM3 mouse Leydig cells Otani et al. 2012 (47) Express CTRP3
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Table 4

Metabolic Effects of CTRP3 In Vivo

Model Reference Results

Male rats HFD+low dose 
Streptozotocin

Li et al. 2014 (40) CTRP3 mRNA increased between birth and 10 weeks of age. Insulin 
resistance or T2D decreased CTRP3 (protein and mRNA) and treatment 
with Ex-4 slightly increased CTRP3

CTRP3 knockout and collagen-induced 
arthritis model

Murayama et al. 2014 
(46)

CTRP3 knockout results in severe histopathological changes

Transgenic CTRP3 overexpression 
with low or high-fat diet

Petersen et al. 2016 
(48)

LF-diet; ↑ the circulating levels of CCL11, CXCl9, CXCL10, CCL17, 
CX3CL1, CCL22, AND Scd30. HF-Diet: ↓ circulating levels of IL-5, 
TNF-α, sVEGF2, and sVEGFR3, and ↑ circulating levels soluble gp130

Transgenic CTRP3 overexpression 
with low- or high-fat diet

Peterson et al. 2012 
(50)

No metabolic effect LF-diet; on HF-diet: mild shift to lipid oxidation, ↓ 
hepatic triglyceride synthesis, ↓ hepatic stenosis, ↑ insulin sensitivity. ↓ 
circulating TNF, IL5 and cholesterol levels and more than doubled soluble 
gp130 (sgp130) levels (an inhibitor of IL-6)

Acute injection of 2 μg/g body weight 
of (mammalian expressed recombinant 
CTRP3)

Peterson et al. 2010 
(51)

↓glucose, ↑pAkt and hepatic gluconeogenesis (specifically 
phosphoenolpyruvate carboxykinase and glucose 6-phosphatase)

Viral suspension consisting of 1×109 

genomic copies of the lentivirus-
CTRP3 (Lenti-CTRP3)

Wang et al. 2016 (67) Attenuates brain injury after intracerebral hemorrhage via AMPK-
dependent pathway in rat

CTRP3 knockout mice fed a high-fat 
diet

Wolf et al. 2016 (71) No differences in metabolic factors between KO and WT; however the 
liver was smaller with a higher triglyceride content

Mouse model of myocardial infarction 
(MI); Adenovirus-mediated 
overexpression of human full-length 
CTRP3

Yi et al. 2012 (81) MI-reduced adipocyte CTRP3 mRNA and plasma protein levels. Whereas, 
replenishment of CTRP3 after MI improves survival, cardiac function, 
promotes angiogenesis
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Table 5

Cross-Sectional Studies Regarding CTRP3 Levels

Population (Male:Female) Reference Result

Newly diagnosed T2D (25:22) vs. control 
(35:28)

Ban et al. 2014(5) CTRP3 levels were lower in T2D (150 ng/mL) vs. control (249 ng/mL). 
CTRP3 was negatively associated with C-reactive protein levels and 
positively associated with insulin levels in control subjects. No 
associations were observed in T2D

126 singleton live births (67:59) Chen et al. 2016 (9) CTRP3 was positively correlated with Ponderal index (a measurement of 
thinness) and birth weight

Control (40:79), prediabetic (40:71), or 
T2D (54:65)

Choi et al. 2012 
(12)

Overall: CTRP3 levels were positively correlated with total cholesterol, 
fasting blood glucose, AST and ALT, creatinine, and C-reactive protein 
levels, and negatively correlated with estimated glomerular filtration rate. 
CTRP3 increased significantly with T2D (Normal 273, prediabetes 482, 
and T2D 516 ng/mL)

453 nondiabetic Korean adults (137:316) Choi et al. 2013 
(10)

CTRP3 levels were higher in women than men. Independently associated 
with age, sex, and triglyceride, LDL cholesterol, adiponectin, and retinol-
binding protein 4 (RBP4) levels

362 Korean adults: with acute coronary 
syndrome (49:20), stable angina pectoris 
(58:27), or control subjects (137:71)

Choi et al. 2014 
(11)

CTRP-3 levels were lower in patients with acute coronary syndrome or 
stable angina pectoris compared to control subjects. CTRP-3 levels 
negatively associated with glucose and C-reactive protein positively 
associated with HDL-cholesterol and adiponectin.

Newly diagnosed obese and hypertensive 
patients (124:83)

Deng et al. 2015 
(14)

Regardless of groups women had higher CTRP3 levels than men. Both 
obesity and High blood pressure were associated with lower CTRP3 
levels, there was no further reduction in obesity combined with high BP

Obese (33:39) and T2D (34:35) Flehmig et al. 2014 
(16)

No difference in CTRP3 levels with obesity or T2D. Of the 69 T2D, 46 
were taking metformin and CTRP3 levels were increased with metformin 
(267 vs. 343 ng/mL)

COPD patients (50:23) and healthy 
controls (29:25)

Li et al. 2015 (34) CTRP3 levels (COPD 950 ng/mL; Control 820 ng/mL) had no correlation 
to lung function. No association between CTRP-3 and CRP, TNF-α, or 
adiponectin

Lean (25:20), obese (19:24), T2D (17:24), 
and obese+T2D (22:23)

Qu et al. 2015 (52) No difference in CTRP3 between men and women (397.51 ± 122.67 vs. 
416.17 ± 131.24 ng/mL,). CTRP3 levels were reduced in obese and T2D 
and further reduced in obese+T2D. CTRP3 levels were negatively 
associated with IL-6 levels, HOMA-IR, and HbA1c

Women with Polycystic ovary syndrome 
(PCOS)

Tan et al. 2013 (65) CTRP3 levels were lower in women with PCOS (200 ng/mL) compared 
with control (330 ng/mL); Metformin intervention increased CTRP3 levels 
to (272 ng/mL). BMI, insulin, LDL, triglycerides, CRP and carotid intima-
media thickness were all negatively associated with CTRP3 levels. TNF 
levels were not associated with CTRP3

Lean (20:40) and obese (6:44) Wolf et al. 2015 
(72)

CTRP3 was inversely associated with BMI and triglyceride levels. Men 
had significantly lower CTRP3 levels compared to women (397.7 vs. 432 
ng/mL, P < 0.01)

Control (61:22) vs. metabolic syndrome 
(32:12)

Yoo et al. 2013 (83) CTRP3 concentrations exhibit a significant negative association with 
cardiometabolic risk factors and positive association with adiponectin

16 patients diagnosed with IgA 
nephropathy (IgAN) compared to 12 
controls

Zhang et al. 2016 
(86)

CTRP3 levels were lower in patients with IgAN (TGF-β and IL-6 levels 
were elevated in these patients)

Patients with symptoms requiring heart 
catheterization to diagnosis obstructive 
CAD (52:48)

Wagner et al. 2016 
(66)

No association between obstructive coronary artery disease and CTRP3 
levels. CTRP3 levels were higher in lean female than males. CTRP3 levels 
increased with obesity in males, but decreased with obesity in female 
patients
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Table 6

Summary of Cardiovascular Effects of CTRP3 Treatment

Model Reference Treatment/Measurement Effect

MSS31 (mouse endothelial cells (79)) Akiyama (2) et 
al. (2007)

1-5 μg/mL [E. coli produced His6-
tagged signal peptide removed]

↑ Proliferation and migration, ↑ 
ERK1/2 and MAPK p38 within 15 
min (2)

Rat vascular smooth muscle cells 
(VSMCs)

Feng et al. 2016 
(15)

Recombinant human globular CTRP3 
(Aviscera Bioscience, no catalog # 
provided), or siRNA knockdown of 
CTRP3

CTRP3 increase ATP synthesis and 
oxidative phosphorylation complex 
proteins, reversed with knockdown. 
CTRP3 increases mitochondrial ROS

Rat vascular smooth muscle cells 
(VSMCs)

Feng et al. 2016 
(15)

Recombinant human globular domain 
CTRP3 (Aviscera Bioscience, no 
catalog # provided)

CTRP3 increases mitochondrial 
Reactive oxygen species levels in 
VSMC

Adventitial fibroblasts Lin et al. 2014 
(42)

CTRP3 protein (10 μg/mL) (source/type 
of CTRP3 was not reported)

CTRP3 prevents TGF-β1 induced 
fibroblasts phenotypic conversion, 
proliferation, migration, and collagen 
I expression.

Primary cultured adult rat cardiac 
fibroblast (CF)

Wu et al. 2015 
(77)

2 μg/mL recombinant human gCTRP3 
(Aviscera Bioscience; 00082-01-100; E. 
coli expressed); also used siRNA 
knockdown of CTRP3

CTRP3 inhibited TGF-β1 induced 
markers for myofibroblast 
differentiation and TGF-β1 induced- 
phosphorylation of Smad3. Whereas, 
CTRP3 knockdown increased TGF-
β1-induced markers for myofibroblast 
differentiation

Rat intracerebral hemorrhage (ICH) Yang et al. 2016 
(80)

+/− lentivirus or recombinant CTRP3 
(80 μg/kg, Chimerigen, USA)

Reduced cerebral edema and blood-
brain barrier damage and improved 
neurological functions and reduced 
oxidative stress via PKA signaling 
pathway

Cardiomyocytes (adult mouse) Yi et al. 2012 
(81)

Bacterial expressed globular domain of 
Mouse CTRP3, and condition media 
from 3T3-L1a cell +/− CTRP3 siRNA

CTRP3 upregulated levels of 
phosphorylated Akt, HIF1α, and 
VEGF. Cardiomyocyte hypoxia-
induced apoptosis was attenuated with 
condition media from 3t3-L1A 
adipocytes, effect abolished with 
CTRP3 siRNA

HUVEC Yi et al. 2012 
(81)

Bacterial expressed globular domain of 
mouse CTRP3

Condition media from primary 
cardiomyocytes treated with CTRP3 
significantly enhanced HUVEC tube 
formation. No direct effect of CTRP3

Mouse-myocardial infarction (MI) Yi et al. 2012 
(81)

Adenovirus or bacterial expressed 
globular domain of mouse CTRP3

MI reduced CTRP3 levels, CTRP3 
pre-treatment improved survival rate, 
restored cardiac function, increased 
revascularization, and reduced fibrosis

Neonatal rat ventricular myocytes Zhang et al. 
2016 (85)

0.5–4 μg/mL Human recombinant 
globular and full-length CTRP3 
(Aviscera Bioscience, no catalog #)

CTRP3 increased AMPK activated 
transcription factors and restored 
hypoxia-reoxygenation injury induced 
reduction in sirtuin1, PGC-1α, 
NRF-1, complex III, and ATP content

Aortic rings from C57BL/6 mice Zheng et al. 
2011 (89)

Mammalian expressed CTRP3 (1, 3, 
and 10 μg/mL)

3 and 10 (but not 1) μg/mL of 
mammalian expressed CTRP3 caused 
significant vasorelaxation

Rat cultured carotid arterial rings Zhou et al. 
2014 (90)

(1-4 μg/mL) human globular CTRP3 
(Aviscera Bioscience, 00082-01-100)

CTRP3 promotes vascular 
calcification in high-phosphate 
cultured carotid arterial rings

Rat vascular smooth muscle cells 
(VSMCs)

Zhou et al. 
2014 (90)

(1-4 μg/mL) human globular CTRP3 
(Aviscera Bioscience, 00082-01-100)

CTRP3 Promotes β-
Glycerophosphate-Induced VSMC 
Calcification and mitochondrial 
Reactive oxygen species levels in 
VSMC
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Model Reference Treatment/Measurement Effect

Mouse: Adenine-induced chronic renal 
failure (CRF)

Zhou et al. 
2014 (90)

CTRP3 levels measured by ELISA and 
RT-qPCR or Adenovirus encoding full-
length human CTRP3

Protein CTRP3 levels increased but 
adipose mRNA expression was 
reduced with CRF. CTRP3 increased 
vascular calcification
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Table 7

CTRP3 and Inflammation

Model Reference Type of treatment Effect

Human primary colonic lamina 
propria fibroblasts (CLPF)

Hofmann et al. 
2011 (21)

Recombinant CTRP-3 (high-
five insect cells)

Significantly and dose-dependently reduced 
LPS-induced IL-8 secretion in CLPF within 8 
hours after LPS exposure, whereas LPS-induced 
IL-6 and TNF release was not affected. CTRP-3 
inhibited TGF-β production and the expression 
of CTGF and collagen I in CLPF, whereas 
collagen III expression remained unchanged 
(21)

Primary human monocytes Kopp et al. 2010 
(30)

1 μg/mL recombinant full 
length CTRP3 (H5 insect 
cells)

Suppressed LPS-induced MIF & CCL4 release 
in lean subjects, and MCP-1 in monocytes from 
both diabetic and leans subjects. Prevents Lauric 
acid induced release of IL-6 and TNF

Primary human monocytes Kopp et al. 2010 
(31)

1 μg/mL recombinant full 
length CTRP3 (H5 insect 
cells)

↓ LPS-induced secretion of IL-6 in monocytes 
from control but not T2D. CTRP3 did not 
significantly affect TNF secretion

Adipocyte (3T3-L1) Li et al. 2014 (38) Recombinant CTRP3 
(uncited origin)

Decreased TNF and IL6 secretion in insulin 
resistant 3T3-L1A

Transgenic CTRP3 overexpression 
and CTRP3 knockout

Petersen et al. 
2016 (48)

Response to sublethal dose of 
LPS challenge

No effect on IL-1β, IL-6, TNF-α, or MIP-2 
induction

LPS (1 μg i.p.) into male mice +/− 
CTRP3

Schmid et al. 2014 
(60)

Recombinant CTRP-3 (H5 
insect cells)

Intraperitoneal injection (but not IV) injection 
of CTRP-3 significantly reduced LPS-induced 
IL-6 and levels MIP-2

16 patients diagnosed with IgA 
nephropathy (IgAN) compared to 
12 controls

Zhang et al. 2016 
(86)

CTRP3 levels were lower in patients with IgAN 
(TGF-B and IL-6 levels were elevated in the 
patients)

THP-1 (human—acute monocytic 
leukemia cell line)

Weigert et al. 2005 
(70)

1 μg/mL recombinant full 
length CTRP3 (H5 insect 
cells)

Suppressed LPS induced: IL-6 and TNF 
expression and secretion
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