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The Emerging Roles of CCN3 Protein in Immune-Related Diseases
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The CCN proteins are a family of extracellular matrix- (ECM-) associated proteins which currently consist of six secreted proteins
(CCN1-6). CCN3 protein, also known as nephroblastoma overexpressed protein (NOV), is a member of the CCN family with
multiple biological functions, implicated in major cellular processes such as cell growth, migration, and differentiation. Recently,
CCN3 has emerged as a critical regulator in a variety of diseases, including immune-related diseases, including rheumatology
arthritis, osteoarthritis, and systemic sclerosis. In this review, we will briefly introduce the structure and function of the CCN3
protein and summarize the roles of CCN3 in immune-related diseases, which is essential to understand the functions of the
CCN3 in immune-related diseases.

1. Introduction

The name of the CCN family derived from the acronym of
the first three discovered proteins, namely, cysteine-rich pro-
tein 61 (CYR61, CCN1), connective tissue growth factor
(CTGF, CCN2), and nephroblastoma overexpressed (NOV,
CCN3) [1–3]. The other three members, WISP1 (CCN4),
WISP2 (CCN5), and WISP3 (CCN6), are considered Wnt-
inducible secreted proteins, participating in the Wnt signal-
ing pathway. All the CCN members (except for CCN5) share
four conservative homologous domains following an N-
terminal secretion signal-peptide: insulin growth factor-
binding protein (IGFBP), von Willebrand factor type C
(vWC), thrombospondin type 1 repeat (TSP-1), and
carboxy-terminal knot domain (CT) [4]. CCN5 is the partic-
ular one that lacks the CT domain. The CCN members are
matricellular proteins, and their main function is to facilitate
the interaction between cells and extracellular matrix (ECM)
rather than maintaining structural stability. As secreted pro-
teins, CCNs have crucial roles in multiple biological pro-
cesses through combination with heparan sulfate
proteoglycan (HSPG), different types of integrators, and

other noncanonical receptors [5–8]. CCNs promote the
adhesion, mitosis, and migration of human fibroblasts
through interaction with integrins α6β1, αvβ3, αvβ5, and
HSPG which also play a critical role in the process of mediat-
ing fibroblast adhesion [4, 9, 10]. Moreover, it has been
shown that adhesion of CCN1 to fibroblasts can induce apo-
ptosis, while adhesion to endothelial cells can promote cell
survival [11]. CCN2 can also bind to integrins αvβ3 and
HSPG, which induces the rat activated hepatic stellate cell
adhesion [12]. Although CCN3 shares homologous struc-
tures with CCN1 and CCN2, it is quite different in some bio-
logical functions. For example, CCN3 is not necessary for
embryonic development compared to CCN1 and CCN2
[13]. However, CCN3 can induce angiogenesis through the
ligands αvβ3 and α5β1 [14].

CCN3/NOV (nephroblastoma overexpressed) was first
isolated from the myeloblastosis-associated virus- (MAV-)
induced nephroblastoma in day-old chicks [3]. In human
early embryonic development, CCN3 is widely expressed in
the derivative of all three germ layers [15]. In adult mammals,
high CCN3 expression is observed in endotheliocytes,
smooth muscle cells, fibroblasts, and chondrocytes [14, 16,
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17]. Besides, Dombrowski et al. first discovered that CCN3
can be produced by regulatory T cells (Treg) [18]. CCN3
exerts biological functions through binding different recep-
tors. It is reported that CCN3 could directly act on endothe-
lial cells by binding integrins αvβ3 and α5β1 to promote cell
adhesion, migration, and cell survival in vitro and induce
angiogenesis, while these observations can be blocked by
CCN3 inhibitors [14]. Furthermore, the aberrant expression
of CCN3 is also involved in fibrosis and cancers [19, 20].
CCN3 may inhibit the activity of NOTCH1 by binding to
the extracellular domain of NOTCH1 in CML [21], and the
CCN3 protein secreted by prostate cancer (PCa) could
recruit macrophages and promote their differentiation into
the M2 phenotype [22]. CCN2 is the most well-known
fibrosis-related protein in the CCN protein family. At pres-
ent, the anti-CCN2 antibody (FG-3019) has been used in
clinical trials of patients with idiopathic pulmonary fibrosis
and has achieved significant therapeutic effects [23]. Barbe
et al. found that in animal fibrosis models, FG-3019 treat-
ment can increase the expression level of CCN3 in muscles
[24]. CCN3 has been shown as a negative regulator of
CCN2 to antagonize the fibrogenesis effect of CCN2 and fur-
ther to inhibit the progression of fibrosis [25].

Immune-mediated diseases refer to a group of diseases
characterized by dysregulated immune responses, eventually
leading to the damage of cells, tissues, and even organs. Sev-
eral articles reported that CCN3 is involved in the regulation
of immune cell function, such as the regulation of Treg and
hematopoietic stem cell function, while other CCN family
molecules are rarely reported in these years [18, 26, 27]. Fur-
thermore, it has been found that the abnormal level of CCN3
is connected with immune regulation and immune-mediated
diseases. Although the precise mechanism remains unclear,
the insight into CCN3-mediated biological regulation could
allow us a better understanding of the emerging role of
CCN3 in immune-mediated diseases.

2. CCN3 in Pathophysiological Disorders

2.1. The Role of CCN3 in Endothelial Cell Function. It has
been demonstrated that CCN3 maintains cardiovascular
homeostasis by regulating VSMC and endothelial cell func-
tion [14, 16]. Lin et al. found that purified recombinant
human CCN3 could mediate endotheliocyte adhesion
through integrins αvβ3, α6β1, and α5β1. Meanwhile,
CCN3 can mediate endothelial cell migration as a ligand of
α5β1 and αvβ3 [14]. In addition, CCN3 exerted an inhibitory
effect on VSMC proliferation and migration to resist neointi-
mal hyperplasia. Further study found that CCN3 upregulated
the cyclin-dependent kinase inhibitors p15 and p21 partly
through the Notch signaling pathway independently of
TGF-β signaling [16]. To further explore the function of
CCN3 in regulating endothelial inflammation, Lin et al.
found that KLF2, a factor that inhibited endothelial proin-
flammation progress, could increase the expression of
CCN3 in HUVECs. Next, by exposing HUVECs infected
with adenovirus-CCN3 to TNF-α or IL-1β, the adhesion
molecules and VCAM-1 were strongly inhibited. On the con-
trary, knockdown of CCN3 markedly enhanced VCAM-1

expression induced by TNF-α stimulation. Mechanically,
they found that CCN3 exerted a negative effect on NF-κB
accumulation induced by inflammatory cytokines [28].
These observations suggest that CCN3 played a vital role in
regulating the endothelial cell function.

2.2. The Role of CCN3 in Fibrosis. The process of fibrosis
involves a series of sequential and complex steps including
the transient activation of fibroblasts, the proliferation of
fibroblasts, and the production of excessive extracellular
matrix (ECM), which is regulated by numerous cytokines
such as transforming growth factor (TGF) and platelet-
derived growth factor (PDGF) [29]. Studies have shown that
all CCN family members, as matricellular protein, are related
to fibrosis [30–33]. CCN2, as the downstream effector of
TGF-β, has been implicated in the process of the initial
period of fibrosis. Conversely, CCN3 could counter the
downstream of the TGF-β signal pathway to inhibit fibrosis.
CCN3 and CCN2 act as a yin and yang regulator to adjust the
fibrosis development [34].

A previous study has shown that TGF-β regulates CCN2
function through MEK1, YAP1, or TAK1, while inhibiting
these molecules will not affect the role of TGF-β on the
CCN3 expression in human skin fibroblasts. Therefore, it is
believed that the regulation of CCN3 was suppressed by some
unknown factors [35]. The previous fibrosis models in vitro
and in vivo have proved that CCN3 is a negative regulator of
CCN2 and able to block the accumulation of ECM [25, 36].
In the recent TGF-β induced fibrotic models of renal fibro-
blasts, the increased expression of CCN2 and depressed level
of CCN3 were detected in the conditional media [37]. In the
chronic fibrosis induced by muscle overuse, researchers
observed that the CCN3 expression was improved following
the treatment of the CCN2 inhibitor (FG-3019) [24].
Although it was later found that CCN3 did not have a notice-
able effect to attenuate the liver fibrosis due to hepatocyte apo-
ptosis which occurred simultaneously [38], the correlations
between CCN3 and antifibrosis actions have been identified
in a variety of diseases such as chronic overuse muscle fibrosis,
glomerular and tubulointerstitial renal fibrosis, and systemic
sclerosis [24, 39–41]. Thus, a hypothesis was proposed which
also paid attention to the fact that the ratio of CCN2 : CCN3
and balancing the interaction of CCN proteins might be an
important measure for the treatment of fibrosis [19].

2.3. The Role of CCN3 in Tumor Proliferation. It is clear that
the levels of CCN3 are abnormal in some certain tumors.
However, the role of CCN3 in the tumor is exceedingly com-
plex, because the functions of CCN3 have been shown to dif-
fer in various types of malignancies [42]. Maillard et al. found
that CCN3 was expressed predominantly in prostate cancer
cell lines as well as the lymph node metastases compared with
normal prostate epithelial cells [43], and similar results were
obtained in cervical cancer, bone malignancies, and benign
adrenocortical tumors [44–47]. In addition, Chen et al. first
reported that prostate cancer- (PCa-) secreted CCN3 had
the capacity to recruit macrophages and promote their differ-
entiation to an M2 phenotype, and macrophage migration
was induced by conditioned media (CM) from various PCa
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cells and was inhibited by an anti-CCN3 neutralizing anti-
body. These functions of CCN3 might be associated with
PCa-derived CCN3-induced focal adhesion kinase
(FAK)/AKT/NF-κB signaling, which also lead to increased
VEGF expression and increased tube formation in endothe-
lial progenitor cells [22]. These observations suggested that
CCN3 was associated with cancer staging and prognosis as
well as contributing to tumorigenesis or metastasis formation
On the other hand, CCN3 can also negatively regulate some
other kinds of tumor growth, such as melanoma, glioblas-
toma, and chronic myeloid leukemia [42, 48, 49]. The
decreased expression of CCN3 was investigated in the inva-
sion melanoma cells, and CCN3 transduction lessened the
invasion through restraining the MMP-2 and MMP-9 activ-
ities [48]. The cell growth of the K562 CML cell line stably
transfected with CCN3 was significantly decreased, especially
the number of cells in the subG0 phase increased. Further-
more, the apoptosis of K562 cells treated with CCN3 and
imatinib was enhanced, suggesting that CCN3 may affect
the process of cell mitosis and enhance imatinib-induced cell
apoptosis in CML [49]. Consistently, CCN3 could act as an
antiproliferative protein by influencing the cell cycle of glio-
blastoma cells [50].

3. The Roles of CCN3 Protein in Immune-
Related Diseases

3.1. Rheumatoid Arthritis (RA). Previous studies has shown
that CCN1, CCN2, CCN4, and CCN5 are highly expressed
in OA and RA knee cartilages, while CCN3 and CCN6 can
hardly be detected in OA and RA cartilages. However, the
CCN3 gene was highly expressed in OA and RA synovial sam-
ples compared with normal joint tissues [51]. RA is a chronic
systemic autoimmune disease that eventually leads to cartilage
and bone destruction and joint dysfunction. However, the role
of CCN3 in rheumatoid arthritis (RA) remains elusive.
Recently, our data showed that the serum CCN3 level of RA
patients was obviously increased in RA, and the immunohisto-
logical analysis revealed a considerable increased deposition of
CCN3 in the joint tissues fromRA patients, but not in the con-
trol tissues from OA patients [52]. This may be due to the use
of different antibodies in the test. IL-6 and TNF-α are critical
inflammatory factors in the RA progression [53]; our data
demonstrated that CCN3 positively connected with IL-6
expression but no statistical difference with TNF-α [52]. Our
work suggested that CCN3 may serve as a biomarker for
inflammation and disease activity in RA, but the mechanism
of CCN3 remains to be deeply elucidated. Besides, the expres-
sion of CCN1 was also higher in RA but was inversely corre-
lated with RA disease activity [54, 55]. Therefore, further
studies on the function of CCN proteins are needed to resolve
the specific regulatory mechanism of CCN proteins in the
development of RA.

3.2. Osteoarthritis (OA).OA, a major clinical problem among
the ageing population, is characterized by articular cartilage
degeneration and synovial inflammation. CCN3 was highly
expressed in articular chondrocytes in the normal rat articu-
lar cartilage [17], but it has an apparent decline in a monoio-

doacetic acid- (MIA-) induced osteoarthritic model [56].
Consistently, another research also confirmed that the
CCN3 expression was reduced in the cartilage tissue of OA
patients and OA rat models [57]. These data suggested that
the expression of CCN3might be a protective role in cartilage
degeneration. Of note, exogenous recombinant CCN3
administration increased the accumulation of proteoglycan
and the expression of tenascin-C and lubricin, protected the
damage of articular cartilage surface, positively modulated
chondrogenesis, and attenuated the progress of OA [56].
Furthermore, recombinant CCN3 or CCN3 overexpression
could also ameliorate IL-1β-induced osteoarthritis
response by reducing extracellular matrix catabolism and
inducing cartilage protection in vitro via decreasing the
level of HMGB1, reversing the increase of MMP, inhibit-
ing the activation of PI3K/AKT/mTOR pathway, and pro-
moting cell autophagy [57]. However, CCN3 dramatically
suppressed the proliferation and activity of osteoblast and
has an inhibitory effect on osteoblast differentiation by
its involvement of the BMP and Notch signaling pathways,
and higher phosphorylation of Smad1/5 was observed in
CCN3 knockout mice [58, 59]. CCN3 positively regulates
articular chondrocytes but inhibits osteoblast differentia-
tion and acts as an inhibitor of bone regeneration. There-
fore, the mechanisms of CCN3 in the bone metabolism
need further to be explored.

3.3. Glomerulonephritis (GN). Most of GN are thought to be
immune mediated with abnormal regulation of both
humoral immunity and cellular immunity, which cause the
different sites of glomerular injury such as endothelial cell
and mesangial area and result in various histopathological
alterations including fibrosis, mesangial cell proliferation,
and glomerular sclerosis [60]. Recently, CCN3 was suggested
to play a crucial role in the development of some certain
types of glomerulonephritis. It was shown that CCN3 could
inhibit the fibrotic pathway by reducing the TGF-β-stimu-
lated CCN2 expression and blocking the accumulation of
extracellular matrix (ECM) such as collagen type I [25],
which was further confirmed an in vitro model of diabetic
renal fibrosis [36]. In consistency, exogenous recombinant
CCN3 treatment dramatically downregulated the fibrosis-
related factor (CCN2, Col1a2, TGF-β1, and PAI-1) mRNA
in the kidney cortex of diabetes nephritis [40]. Similar obser-
vations were investigated in the culture of human mesangial
cells; exogenous rCCN3 effectively controlled ECM forma-
tion and improved the TGF-β induced MMP expression
[61]. Additionally, Roeyen et al. also found that CCN3 could
act as an endogenous inhibitor of mesangial cell growth and a
modulator of PDGF-induced mitogenesis in vitro [62]. In the
experimental vascular proliferative nephritis model, the
expression of glomerular CCN3 was increased in accordance
with the decreased proliferation of mesangial cells. Further-
more, the proangiogenic and antiangiogenic effects of
CCN3 in experimental glomerulonephritis have been deter-
mined [63]. Their observations indicate that CCN3 contrib-
utes to repairing glomerular endothelial injury and
mesangial proliferation changes. Therefore, the CCN3 pro-
tein can be considered a potential therapeutic target for
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glomerulonephritis. However, further studies should be
explored because the regulation of CCN3 in immune
response during the development of nephritis remains
unknown.

3.4. Metabolic Diseases. Type 2 diabetes mellitus (T2MD) has
not been considered a typical immune-related disease; how-
ever, the disorder of the immune system in T2MD have
already been found in adipose tissue, the liver, pancreatic
islets, the vasculature, and circulating leukocytes which leads
to insulin resistance and inflammation eventually. Recent
investigation shows that serum CCN3 correlated positively
with adiposity-related parameters and insulin resistance
indices, which is the first study to focus on the serum concen-
tration of CCN3 in newly diagnosed T2MD (nT2MD) in
humans [64], and a strong relationship between plasma
CCN3 and obesity was also detected by measuring hundreds
of adults suffering from hyperlipidemia and/or receiving
lipid-lowering treatment and/or having a high BMI
(>30 kg/㎡) [65]. Consistently, it was shown that the
CCN3-/- mice gained less body weight and improved the glu-
cose tolerance and insulin sensitivity along with lower
inflammation in the adipose tissue compared with wild-
type controls when facing high-fat diet, although insulin pro-
duction remained roughly in equal level. Interestingly, the
absence of CCN3 led to a significant decrease expression of
several proinflammatory cytokines and chemokines in the
adipose tissue, which was associated with a change in the
macrophage profile (M1-like to M2-like) [66]. CCN3 can
also affect the phagocytosis of macrophages; macrophage
from CCN3-/- mice leads to the increase of oxLDL uptake
and foam cell formation through upregulated CD36 and
SRA1 expressions. At the atherosclerotic lesions, Apoe-/- with
CCN3 depletion increased their lipid plaque formation, mac-
rophage infiltration, and the expression of monocyte chemo-
tactic protein 1 compared to Apoe-/-mice in vivo with high-
fat feed [67]. Additionally, CCN3 has been found to be a
new target for the transcription factor, FoxO1, which is a
prominent mediator of insulin signaling in pancreatic β-cells.
Activation of FoxO1 increased the expression of CCN3 in
transgenic mice. On the other hand, CCN3 could inhibit
the proliferation of β-cells, leading to the decline of insulin
secretion in pancreatic β-cells [68]. Taken together, CCN3
antagonists can be regarded as a potential therapeutic strat-
egy for T2MD. However, most studies have focused on the
association between CCN3 and T2MD, while few have
reported type 1 diabetes mellitus (T1DM). It is noteworthy
that further studies are needed to explore the mechanistic
details of CCN3 in T1MD.

3.5. Multiple Sclerosis (MS). It have been demonstrated that
CCN3 expression could be detected in the nervous system
[15, 69]; the roles of CCN3 in the central nervous system also
have gained a lot of attention. Dombrowski et al. firstly
reported that CCN3, as a growth-regulating protein, was pro-
duced by regulatory T cells (Treg). Anti-CCN3 antibody
treatment or depleting CCN3 from Treg-conditioned media
could abolish or inhibit the Treg-induced oligodendrocyte-
differentiating effect and promyelinating effect. Furthermore,

the treatment with recovered CCN3 significantly strengthens
brain slice myelination [18]. Subsequent further study has
found that increased CCN3 expression was observed in the
progression of myelination in vivo. However, there is no sig-
nificant difference between CCN3 knockout and wild-type
control mice in the proliferation and differentiation of oligo-
dendrocyte progenitor cell. Therefore, it is speculated that
CNS cells cocultured with glial cells are affected by CCN3,
which indirectly affects the differentiation of OPC [70]. A
recent data from clinical samples showed that the serum
CCN3 level was positively correlated with the CSF CCN3
level. In addition, the CCN3 mRNA expression was higher
in peripheral immune cells (PBMC) of MS patients com-
pared with the healthy control group [71]. Therefore, the
myelin regeneration function of Tregs and CCN3 can be
offered as potential encouraging treatment prospects for
multiple sclerosis, while further experiments should be per-
formed to address the mechanism.

3.6. Systemic Sclerosis (SSc). SSc is a chronic connective tissue
disease characterized by diffuse or localized skin involvement,
which is classified as an autoimmune rheumatic disease. Dif-
fuse microangiopathy, inflammation, autoimmunity, and vis-
ceral and vascular fibrosis in multiple organs are mainly
pathophysiologic processes of SSc [72]. CCN3 has been
proved to be involved as part of the processes above, including
antifibrosis and proangiogenesis effects [25, 63]. A study by
Lemaire et al. showed that CCN3 plays a counterregulatory
role in matrix formation by inhibiting the matrix assembly
of fibrillary protein-1, providing a steady-state feedback mech-
anism for the control of extracellular matrix. These results are
directly related to the early diffuse SSc skin [41]. Besides, the
dermal capillary damage of the SSc patients’ skin was associ-
ated with downregulation of CCN3 in dermal vessels and
endothelial cells. Blocking CCN3 of human dermal microvas-
cular endothelial cells (HDMECs) can inhibit angiogenesis,
and HDMECs can promote angiogenesis of SSc HDMECs
[73]. Actually, other CCN family members also participate in
the pathological process of SSc [74]. In the bleomycin-
induced model of skin scleroderma, the loss of CCN2 resulted
in resistance to bleomycin-induced fibrosis, including the
decrease of skin thickness, collagen production, and the loss
of α-SMA-expressing myofibroblasts [75]. The previous stud-
ies have shown that CCN3 is a negative fibrosis of CCN2 and
able to block the accumulation of ECM [25, 36]. Thus, CCN3
may be identified as a promising approach for SSc treatment.

4. Conclusion

Numerous basic studies on CCN3 have been explored in
immune-related diseases; however, its role and mechanism
in the pathogenesis of diseases remain elusive. In the current
review, we tried to comprehensively summarize the contribu-
tion of CCN3 in the development of immune-mediated dis-
ease (Table 1). Of note, the biological effects of CCN3 are
best known as the fibrosis inhibitor and proangiogenic factor,
and these functions can be observed in many immune-
related diseases. However, the regulation of CCN3 on
immune cell function is only observed in certain cells, such
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as Treg and macrophages. These findings suggest that
CCN3 might indirectly affect the immune cell function,
which leads to the development of immune-related dis-
eases. In addition, the receptors of CCN3 should be
explored in the other immune cells. Previous studies
almost focused on exploring the effects of CCN3 on ani-
mal models and in vitro experiment. Recent studies pro-
vide more and rich data from clinical samples [52, 64,
71, 73]. Although CCN3 targeted therapy has not been
used in clinical immune diseases, we believe that the appli-
cation of the anti-CCN2 antibody in clinical trials will
contribute to further clinical research of CCN3 to a certain
extent. As mentioned above, the CCN2 blocking antibody
can increase the expression of CCN3 in the muscle and
inhibit the progression of fibrosis in the model [24]. This
also means that the CCN proteins have the same domain,
and their functions show synergistic stimulation or inhibi-
tion to a certain extent. Therefore, further studies, particu-
larly a clinical study, are required to fully understand the
pathophysiological function of CCN3 in immune-related
diseases, which helps to develop immunomodulatory ther-
apeutics against the abnormal immune response.
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