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It is now being increasingly realized that ECM is 
not an inert substance; rather it plays a significant 
role in different physiological processes and diseased 
conditions. A section of ECM-associated proteins, 
which have similar functional domains and participate 
in various important cellular functions, are grouped 
in the CCN (Cyr61, CTGF and Nov) family. There are 
6 members in the CCN family: cysteine-rich protein 61 
(Cyr61 or CCN1), connective tissue growth factor 
(CTGF or CCN2), nephroblastoma overexpressed 
protein (Nov or CCN3), Wnt-inducible secreted pro-
tein-1 (WISP-1 or CCN4), WISP-2 (CCN5) and WISP-3 
(CCN6). It is believed that CCN proteins are involved in 
a wide range of functional pathways including cellular 
adhesion, mitogenesis, migration and chemotaxis, 
cell survival, differentiation, angiogenesis and wound 
healing [1]. Obviously, many of the above-mentioned 
phenomena are also associated with cancer.

The development of cancer and the advancement 
of disease course create a series of changes in tumor 
microenvironment, which are obviously linked with dif-
ferent components of ECM. Probably, for this reason, 
it is observed that CCNs are aberrantly expressed in 
cancers of a broad range of tissues [2]. Two important 
phenomena that contribute profoundly in progression 
of cancer are blood vessels formation within tumor 

(neovascularization or angiogenesis) and evasion 
of cell death or apoptosis. Interestingly, these two 
aspects in tumor development are closely interre-
lated and also associated with other processes such 
as cell-cycle progression and proliferation. Recent 
studies have revealed a unique role of CCN proteins, 
particularly Cyr61, CTGF and Nov in modulating deve-
lopmental, physiological and pathological angiogenic 
events [3]. For instance, Cyr61 or CTGF knockout 
mice exhibit vascular defects during embryogenesis 
and fetal development, both Cyr61 and CTGF can 
promote endothelial cell growth, migration, adhesion 
and survival in vitro, and they also can regulate the 
activity of angiogenic molecules such as vascular 
endothelial growth factor (VEGF) and basic fibroblast 
growth factor (bFGF) along with other molecules of the 
ECM like collagens, matrix metalloproteases (MMPs) 
and tissue inhibitors of MMPs (TIMPs) [4]. In a study 
on glioblastoma, Pan et al. [5] observed that CTGF 
have the potential to function as an angiogenic factor 
in the process of tumor growth. Apart from regulating 
the angiogenic molecule VEGF, CCN proteins modu-
late the signals of several important proteins such as 
integrins, bone morphogenetic protein (BMP), Wnt 
and Notch [6], which could influence angiogenesis.

The effects of CCN proteins on both angiogenesis 
and apoptosis depend on the status of cells. Be-
ing a component of ECM, it is obvious that different 
CCN members exert a significant role in apoptosis; 
because, the survival process of cells is intimately 
connected with the cellular adhesion to ECM. In 
a recent study, Rho et al. [7] noticed that Cyr61 pre-
vented cisplatin-induced apoptosis by inhibiting 
caspase-3 activity in HeLa cells. However, the role of 
CTGF has been shown to be variable in different cell 
types. For instance, Fujisawa et al. [8] reported that 
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chondrocyte apoptosis was impaired by CTGF [8]. In 
human breast cancer MCF-7 cells, CTGF was found to 
be an inducer of apoptosis [9]. On the contrary, inhibi-
tion of CTGF was associated with a significant increase 
in apoptosis in different rhabdomyosarcoma cells [10].

CCN PROTEINS AND CANCER

Among various CCN proteins, a majority of studies 
have been conducted on Cyr61 or CCN1, with refe-
rence to cancer. An early study on breast cancer ob-
served that over-expression of Cyr61, CTGF, Nov and 
WISP-1 was present in 39, 55, 11 and 46% of primary 
breast tumors, respectively. Interestingly, estrogen 
receptor (ER) was found to be a valuable predictor 
for Cyr61 expression, whereas HER-2/neu status was 
a key factor for WISP-1 expression. In this study, stage 
of the disease, tumor size and lymph node status — 
all were significantly associated with the expression 
of Cyr61, CTGF and WISP-1 [11]. On the other hand, 
analysis in a cohort of 122 human breast tumors along 
with 32 normal breast tissues showed a higher level 
of Cyr61, but low levels of CTGF and Nov in tumors 
compared with normal tissue. Furthermore, signifi-
cantly raised levels of Cyr61 were associated with poor 
prognosis, lymph node involvement, metastasis and 
mortality. In contrast, both CTGF and Nov levels were 
lower in cases with poor prognostic indications [12]. 
Probably, there is an association between estrogenic 
action and Cyr61 expression. It was demonstrated in 
ER(+) MCF-7 human breast cancer cells that estradiol 
can induce both Cyr61 mRNA and protein [13]. In ad-
dition, Cyr61 was up-regulated by epidermal growth 
factor (EGF) in MCF-7 cells. Moreover, the levels of 
Cyr61 protein were found to be higher in breast tumors 
that were ER(+)/EGF-receptor(+) than those that 
were ER(-)/EGF-receptor(+) [13]. On the other hand, 
Tsai et al. [14] showed that Cyr61 was able to induce 
estrogen-independence and anti-estrogen resistance, 
and to promote invasiveness, all of which are charac-
teristics of an aggressive breast cancer phenotype. 
Similarly, Lin et al. [15] observed a remarkable resis-
tance to apoptosis in MCF-7 cells that over-expressed 
Cyr61 against chemotherapeutic agents.

Unlike breast cancer, conflicting reports exist in cas-
es of endometrial cancer. Watari et al. [16] documented 
poor survival of patients with endometrial carcinoma 
of endometrioid subtype that over-expressed Cyr61. 
However, Chien et al. [17] revealed a decreased level 
of Cyr61 in endometrial tumors compared to normal 
endometrium. Nevertheless, in their study, knockdown 
of Cyr61 expression in well differentiated Ishikawa en-
dometrial adenocarcinoma cell line stimulated cellular 
growth. Conversely, over-expression of the protein 
in the undifferentiated AN3CA endometrial cancer 
cells decreased their growth [17]. Also, Cyr61 may 
play a significant role in ovarian carcinogenesis. It has 
been observed that estrogen increased Cyr61 mRNA 
and protein levels in ovarian cancer cells [18]. Ectopic 
expression of Cyr61 enhanced the growth, whereas 
inhibition of its expression decreased proliferation and 

increased apoptosis in ovarian cancer cells. Further-
more, stable expression of Cyr61 in SK-OV-3 cells 
significantly increased tumorigenicity in nude mice [18].

In gastric cancer, Maeta et al. [19] found that 
Cyr61 expression was significantly lower in the 
advanced state of malignancy. Also, they noticed 
an inverse correlation between the expression of 
Cyr61 and MMP-7. On the other hand, Lin et al. [20] 
demonstrated a tumor promoting role of Cyr61 in 
gastric cancer cell invasion. Their results provided 
a mechanism, which showed that Cyr61 promoted 
gastric cancer cells’ invasive ability via hypoxia-in-
ducible factor-1α (HIF-1α)-dependent up-regulation 
of plasminogen activator inhibitor-1 (PAI-1). Recently, 
it has been reported that Cyr61 also promoted growth 
in glioma cells [21]. A study on primary gliomas ex-
hibited a significant association between expression 
of both Cyr61 and CTGF vs tumor grade [22]. In this 
study, over-expression of Cyr61, CTGF, Nov and WISP-
1 occurred in 48, 58, 15 and 36% of primary gliomas, 
respectively. On the other hand, in primary lung can-
cers, down-regulation of the Cyr61 and CTGF genes 
and up-regulation of the WISP-1 gene were found 
compared to the paired normal lung tissues [23]. In-
terestingly, non-small cell lung cancer (NSCLC) cell 
lines NCI-H520 and H460, which have no endogenous 
Cyr61, formed 60–90% fewer colonies after being 
transfected with a Cyr61 cDNA expression vector [24].

In different NSCLC cell lines, over-expression of 
CTGF was associated with inhibition of cellular pro-
liferation [25]. Also, the expression levels of CTGF 
in majority of lung cancer samples were shown to 
be reduced by more than 2-fold in comparison with 
matched normal samples [25]. Similarly, decreased 
CTGF expression levels were noticed in Wilms’ tumor 
and ovarian cancer [26, 27]. It was observed that CTGF 
protein expression was frequently reduced in primary 
ovarian cancers, which tended to lack CTGF expres-
sion more frequently in the earlier stages (stages I 
and II) than the advanced stages (stages III and IV)
[27]. In a study on intra-hepatic cholangiocarcinoma, 
60% cases revealed high expression of CTGF while 
expression was low in 40% cases, which surprisingly 
showed poor prognostic features compared to the 
cases with higher expression [28]. On the contrary, 
over-expression of CTGF occurred in a significant 
proportion of esophageal squamous cell carcinoma 
samples that were of a high tumor grade and meta-
static [29]. In the same manner, in a study conducted 
by Croci et al. [30], CTGF was highly expressed by both 
human and murine rhabdomyosarcoma cells and this 
matricellular protein sustained their survival.

It is believed that CCN3 or Nov exhibits tumor sup-
pressive capabilities [31]. Manara et al. [32]observed 
an association between CCN3 expression and tumor 
differentiation in rhabdomyosarcoma and cartilage 
tumors, whereas in Ewing’s sarcoma, the expres-
sion seemed to be associated with a higher risk to 
develop metastases. Amazingly, forced expression 
of CCN3 in a CCN3-negative Ewing’s sarcoma cell 
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line significantly reduced cell proliferation in vitro and 
tumorigenicity in nude mice [33]. On the contrary, 
over-expression of CCN3 was shown in metastatic 
melanoma cells compared with cells of the primary 
tumor, and xenotransplantation in immunodeficient 
mice showed a higher metastatic potential of mela-
noma cells over-expressing CCN3 [34]. However, 
Bohlig et al. [35] reported that the tumor suppressor 
p53 transcriptionally up-regulated the CCN3 gene.

Like the above-mentioned CCN family members, 
conflicting findings also have been reported in case 
of WISP-1. Yu et al. [36] observed that expression of 
WISP-1 along with Cyr61, CTGF and Nov was lower in 
the higher grade cartilaginous tumors (chondrosar-
coma). On the other hand, Khor et al. [37] found that 
the expression level of WISP-1 was associated with well-
differentiated colorectal carcinoma. However, in a study 
conducted in China, WISP-1 gene over-expression was 
found in 67% of primary rectal cancers and 2–30 times 
higher than the levels in normal matched rectal tis-
sues. Also, the mRNA expression level was correlated 
with staging, histological grade and lymph node status 
[38]. It was shown in murine models that WISP-1 levels 
were consistently elevated in pulmonary metastases 
compared to the primary tumors of highly metastatic 
D122 Lewis lung carcinoma and B16-F10.9 melanoma 
cell lines [39]. WISP-1 was demonstrated to activate 
the anti-apoptotic Akt/PKB signaling pathway, prevent 
cells from undergoing apoptosis following DNA damage 
through inhibition of the mitochondrial release of cyto-
chrome c and up-regulation of anti-apoptotic Bcl-xL, 
and protect cells from p53-dependent cell death [40]. 
On the contrary, Soon et al. [41] illustrated a negatively 
regulated pathway by WISP-1. Their study demonstra-
ted that over-expression of WISP-1 in H460 lung cancer 
cells inhibited lung metastasis and in vitro cell invasion 
and mortality.

In a study on pancreatic adenocarcinoma, WISP-2 
mRNA and protein expression was found to be very 
low and detected in a small percentage of the samples 
with different grades compared to non-cancerous 
pancreatic  tissues that expressed high levels of this 
protein [42]. The study also revealed an inverse as-
sociation between mutant p53 and WISP-2 levels. In 
a similar manner, WISP-2 mRNA and protein expression 
levels in normal salivary gland tissues were shown to be 
significantly higher than those in salivary gland tumors; 
although higher expression of the WISP-2 gene in the 
salivary gland tumor-derived cell lines was noticed 
compared with other types of human cancer cell lines 
that the investigators analyzed [43]. Several studies 
documented that WISP-2 was regulated by estrogen 
[44–46]. Ray et al. [47] observed an increase of WISP-2 
mRNA expression in relation to estradiol-17β exposure 
in xenograft tumors originated from MCF-7 breast 
cancer cells in mice; whereas WISP-2 expression was 
inhibited by anti-estrogen tamoxifen treatment. Interes-
tingly, Fritah et al. [48] reported that the WISP-2 mRNA 
transcript was undetectable in normal human mammary 
cells as well as highly aggressive breast cancer cell 

lines, but it was present in higher levels in the breast 
cancer cell lines characterized by a more differentiated 
phenotype. Moreover, they observed in breast cancer 
cells an inverse association of estrogen-independent 
growth and invasive phenotype with WISP-2 expres-
sion. In the same way, Banerjee et al. [49] showed that 
WISP-2 expression was undetectable in non-cancerous 
tissue and negligible expression in poorly differentiated 
breast cancer, while WISP-2 levels were high in non-
invasive cancer. Furthermore, WISP-2 expression was 
found to be inversely associated with lymph node status 
and mutant p53 in breast cancer [49, 50].

A study conducted on 122 human breast cancer 
and 32 normal breast tissues revealed a lower level 
of WISP-1 expression in cases with poor prognostic 
factors such as node-positive tumors, grade-III ma-
lignancy and metastasis [51]. On the other hand, the 
study noticed a reverse situation for WISP-2, which had 
greater levels of expression in node-positive cases, 
both grades II and III tumors and patients with metas-
tases; whereas WISP-3 expression did not show an 
association with any prognostic factors [51]. Neverthe-
less, Kleer et al. [52] observed that WISP-3 mRNA was 
reduced in 80% cases of inflammatory breast cancer, 
a locally advanced disease with poor prognosis.

INFLAMMATION AND CCN PROTEINS

In our body, the CCN family proteins are widely dis-
tributed and involved in diverse biological processes; 
however, very little is known about their physiological 
functions and mechanisms of action. Probably, this 
lack of knowledge is a major hindrance to explain the 
conflicting findings of various studies. Interestingly, it 
is believed that tumors are wounds that have a link with 
chronic inflammation [53, 54]. The ECM-associated 
proteins like matricellular proteins have regulatory 
functions in stroma rearrangement in both physiologi-
cal and pathological conditions; and many aspects of 
their activity are related to inflammation and immune 
response suggesting their role in bridging inflamma-
tion and cancer [55]. Therefore, the above-mentioned 
phenomena perhaps affect immensely and in a tissue- 
or organ-specific manner, which may be an important 
cause for variation among different studies. Few 
recently conducted studies demonstrated that CTGF 
contributed to the extracellular matrix accumulation 
in wound healing and abnormal amplification of CTGF 
dependent signals resulted in a failure to terminate tis-
sue repair, the conditions may have a significant role 
in cancer [56, 57]. However, the importance of CCN 
proteins in inflammation is clear; for instance, it was 
shown that bacterial inflammation induced CTGF and 
Cyr61 expression [58]. In addition, Chen et al. [59] 
found that Cyr61 was notably expressed in granula-
tion tissues in wound. Probably, Cyr61 integrates its 
activities on endothelial cells, fibroblasts, and mac-
rophages to regulate the processes of angiogenesis, 
inflammation and matrix remodeling in wound healing 
[59]. Nevertheless, only recently, the biology of inflam-
mation has begun to be understood with reference to 
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its major role in tumor development, and study of the 
inflammatory pathways shows the close interactions 
among cellular death-related pathways, tumor sup-
pressor genes and a number of growth factors such 
as the insulin-like growth factor [60].

RELATIONSHIP OF CCN WITH 

INSULIN-LIKE GROWTH FACTOR

In general, members of CCN proteins are composed 
of 4 cysteine rich modular domains: an N-terminal 
insulin-like growth factor binding protein domain, a Von 
Willebrand factor domain, a thrombospondin-1 domain, 
and a cysteine knot, heparin-binding domain (Fig. 1). 
It may be worthy to mention that both Von Willebrand 
factor and thrombospondin-1 are glycoproteins; Von 
Willebrand factor is involved in blood coagulation, 
while thrombospondin-1 has several functions like cell 
adhesion, platelet aggregation, angiogenesis, etc. 
Interestingly, there are striking similarities between 
N-terminal domain of insulin-like growth factor bind-
ing proteins (IGFBPs) and IGFBP modular domain of 
CCN proteins. For this reason, members of the CCN 
family are also grouped under the IGFBP superfamily 
(Table 1). Furthermore, several investigators have pro-
posed a larger family of secreted cysteine-rich proteins 
by inclusion of the Twisted gastrulation (TSG), IGFBP 
and CCN families, termed TIC [61, 62]. It is noteworthy 
that the twisted gastrulation protein is an antagonist of 
bone morphogenetic proteins (BMPs), which are a large 
subgroup of the TGF-β family.

CCN1 (Cyr61)
CCN2 (CTGF)
CCN3 (Nov)
CCN4 (WISP-1)
CCN6 (WISP-3)

CCN5 (WISP-2)

CN

CN

IGFBP VWC TSP-1
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Fig. 1. Structure of CCN Family Members. The CCN family 
members — CCN1 (Cyr61), CCN2 ((CTGF), CCN3 (Nov), CCN4 
(WISP-1), and CCN6 (WISP-3), have a similar structure consis-
ting of an IGF binding protein domain (IGFBP), a von Willebrand 
type-C domain (VWC), a thrombospondin domain (TSP) and 
a cysteine knot. CCN5 (WISP-2) lacks cysteine knot domain. VWC 
and TSP domains are attached to hinge region that is susceptible 
to protease cleavage

Table 1. Nomenclature of the members of CCN family
Members Other names

CCN1 Cyr61, IGFBP-rP4, IGFBP-10, CTGF-2, CEF10
CCN2 CTGF, IGFBP-rP2, IGFBP-8, HBGF-0.8, ecogenin
CCN3 Nov, IGFBP-rP3, IGFBP-9, NovH (human), mNov (mouse)
CCN4 WISP-1, IGFBP-rP8, Elm-1
CCN5 WISP-2, IGFBP-rP7, CTGF-L, CTGF-3, HICP, COP-1
CCN6 WISP-3, IGFBP-rP9

Notes: IGFBP-rP: insulin-like growth factor binding protein-related protein; 
CEF: chicken embryo fibroblast; HBGF: heparin-binding growth factor; Elm: 
expressed in low metastatic cells; HICP: heparin-induced CCN-like protein, 
COP: card-only protein.

The insulin-like growth factor (IGF) signaling sys-
tem plays a crucial role in cancer. The IGF system 
is comprised of hormone-like growth factors (IGF-I 
and II), cell surface receptors (IGF-IR, IGF-IIR and 
insulin receptor), circulating binding proteins (IGFBPs) 
and IGFBP proteases. Interestingly, members of the 
CCN protein family could bind IGF with low affinity [63]. 
However, there are only few published reports on the 

association between IGF system and CCN proteins. 
CTGF over-expression in osteopenia was found to be 
associated with reduced BMP, Wnt and IGF-I signaling 
and activity [64]. On the other hand, in ER (+) breast 
cancer cells, IGF-I was shown to enhance the expres-
sion of the WISP-2 gene [65]. Kleer et al. [66] observed 
that WISP-3 was able to decrease the IGF-I-induced 
activation of the IGF-IR and its downstream signaling 
molecules IRS1 and ERK-1/2 in SUM149 cells that 
derived from a primary inflammatory breast cancer 
(IBC) case. Probably, WISP-3 serves as an important 
growth regulatory protein of the mammary epithelium 
and controls the cellular responses to the growth 
stimulatory effects of IGF-I. Inhibition of WISP-3 en-
hanced the growth effects of IGF-I in human mammary 
epithelial cells [67].

TRANSFORMING GROWTH FACTOR-β 

AND CCN PROTEINS

It is now known that surrounding stromal elements 
play a significant role in tumorigenesis through an ac-
tive communication between cancer cells and stromal 
components by utilizing different growth factors. One 
family of these growth factors is transforming growth 
factor-β (TGF-β) that also includes activin/inhibins 
and BMPs; this large family of growth factors mobi-
lizes complex signaling networks to regulate cellular 
differentiation, proliferation, motility, adhesion, and 
apoptosis [68]. TGF-β functions via specific type I 
and type II serine/threonine kinase receptors and 
intracellular Smad transcription factors. TGF-β exerts 
tumor-suppressive effects that cancer cells elude for 
malignant progress; however, TGF-β also modulates 
processes like cell invasion, immune regulation, and 
tumor microenvironment modification, which cancer 
cells may exploit for their advantage [69]. Moritani 
et al. [70] showed that mRNAs of both Cyr61 and CTGF 
were uniformly induced by TGF-β in chondrosarcoma-
derived HCS-2/8 cells. Similarly, Parisi et al. [71] no-
ticed an increase of Cyr61 and CTGF mRNA and protein 
levels by TGF-β in murine osteoblasts. Moreover, in 
their study, TGF-β decreased Nov while increased both 
WISP-1 and WISP-2 mRNA and protein levels. Interes-
tingly, Luo et al. [72] reported that the expression levels 
of CTGF, Nov and WISP-1 were inversely correlated 
with TGF-β in leiomyomas. Nevertheless, many stu dies 
documented that the functions of CTGF and TGF-β 
are closely associated. It has been hypothesized that 
CTGF mediates several downstream actions of TGF-β 
[73]. Among various mechanisms, CTGF can bind to 
TGF-β, promote the interaction between TGF-β and 
its receptors and repress the inhibitor of the TGF-β 
signaling pathways (such as Smad7) [74].

ROLE OF INTEGRINS IN CCN FUNCTIONS

It is thought that CCN proteins mediate their func-
tions via interaction with integrins primarily. Integrins 
are transmembrane receptors for various ECM proteins 
and composed of α and β subunits. So far, 24 mem-
bers of the integrin family, formed by 18 α and 8 β 
subunits, have been identified. Interestingly, integrins 



6 Experimental Oncology 32, 2–9, 2010 (March)

relay signals bi-directionally across the cell membrane 
between ECM and cell-surface ligands on one side and 
cytoskeletal and signaling effectors on the other [75]. 
Nevertheless, several members of the integrin family, 
e. g., α6β1, αvβ3, αvβ5, etc. have been described to be 
associated with the functions of CCN proteins (Table 2) 
[2]. A number of endothelial cell integrins such as α2β1, 
α5β1, αvβ3 and αvβ5 are involved in the regulation of cell 
growth, survival and migration during angiogenesis; 
α2β1 is also implicated in lymphangiogenesis [76]. Leu 
et al. [77] showed that Cyr61-induced cell adhesion 
and tubule formation occurred through interaction with 
α6β1 in early passage endothelial cells in which integ-
rins were not activated. On the contrary, in endothelial 
cells where integrins were activated, Cyr61 promoted 
cell adhesion, migration, survival, growth factor-
induced mitogenesis and endothelial tubule formation 
through integrin αvβ3 [77]. Xie et al. [78] observed that 
over-expression of Cyr61 in glioma cells U343 led 
to the up-regulation of 7 integrins including αvβ1. 
Furthermore, they reported a tumorigenic potential 
of Cyr61, which acted via integrin-linked kinase to 
stimulate β-catenin-TCF/LEF and Akt signaling path-
ways. In a study conducted by Lin et al. [15], blocking 
of αvβ3 and αvβ5 was shown to inhibit Cyr61-mediated 
NF-B activation in MCF-7 breast cancer cells. On the 
other hand, in cutaneous wound healing process, Nov 
was found to support primary skin fibroblast adhesion 
through integrins α5β1 and α6β1, and induce fibroblast 
chemotaxis through αvβ5, together with its pro-
angiogenic activities [79]. Benini et al. [33] revealed 
that the decreased expression of α2β1 integrin along 
with increased amount of MMP-9 following the forced 
expression of Nov in Ewing’s sarcoma cells might be 
the basis for the transfected cells for increased abili-
ties of migration and invasion in matrigel. In H460 lung 
cancer cells that over-expressed WISP-1, a hindrance 
of tumor cell invasion capability and motility was no-
ticed by Soon et al. [41]. For this phenomenon, they 
described an inhibitory effect of WISP-1 on activation 
of Rac, a small GTPase important for cytoskeletal 
reorganization during cellular motility. Interestingly, 
it was observed in their study that blocking antibodies 
to αvβ5 and α1 integrins restored Rac activation, sug-
gesting an important role of integrins in the functions 
of WISP-1.

Table 2. Selected integrins that are associated with the functions of CCN 
proteins

Integrins Involved members of CCN 
family Other common ligands

α2β1 Cyr61 Collagen, laminin, E-cadherin
α5β1 CTGF, Nov Fibronectin, L1-CAM
α6β1 Cyr61, CTGF, Nov Laminin, kalinin
αDβ2 Cyr61 ICAM-3, VCAM-1
αMβ2 Cyr61, CTGF ICAM-1, fibrinogen
αvβ1 Cyr61 Vitronectin, fibrinogen
αvβ3 Cyr61, CTGF, Nov Vitronectin, fibronectin, fibrinogen, 

Von Willebrand factor, thrombospondin, 
osteopontin, tenascin

αvβ5 Cyr61, CTGF, Nov, WISP-1 Vitronectin, osteopontin
αIIbβ3 Cyr61, CTGF Fibronectin, fibrinogen

Notes: CAM: cell adhesion molecule; ICAM: intracellular CAM; VCAM: 
vascular CAM.

WNT SIGNALING AND CCN

Apart from participating in the developmental 
program of many organisms, different Wnts and com-
ponents of their downstream signaling pathways like 
β-catenin and tumor suppressor protein adenomatous 
polyposis coli (APC) have been implicated in tumori-
genesis [80]. In the canonical Wnt signaling pathway, 
β-catenin is phosphorylated by a cellular destruction 
complex that contains axin, APC and glycogen syn-
thase kinase 3β (GSK3β) in the absence of Wnt ligands. 
Subsequently, β-catenin is targeted for ubiquitin-me-
diated degradation. On the other hand, upon binding of 
Wnt ligands to the cell membrane receptor Frizzled and 
its co-receptor low density lipoprotein receptor-related 
protein (LRP), the destruction complex is inhibited 
and β-catenin finally binds to TCF/LEF proteins of the 
nucleus, which activates transcription [81].

All members of the CCN family have been shown to 
be associated with the Wnt signaling. Latinkic et al. [82] 
found in their study that Cyr61 regulated Wnt signaling. 
Si et al. [83] observed a significant up-regulation of 
Cyr61, CTGF and WISP-2 gene expression in mesen-
chymal stem cells which were stimulated with Wnt3A. 
Their study also showed Cyr61 as a direct target of 
canonical Wnt/β-catenin signaling. It has been sug-
gested that the cysteine knot (CT) domain of both 
Cyr61 and CTGF may be involved in the modulation 
of Wnt activity [84]. Osteoblasts and stromal cells 
of the transgenic mice that over-expressed CTGF 
displayed reduced Wnt/β-catenin signaling [64]. Over-
expression of CTGF in esophageal squamous carci-
noma cells resulted in the accumulation and nuclear 
translocation of β-catenin leading to activation of TCF/
LEF signaling and up-regulation of c-myc and cyclin 
D1 (two target genes of β-catenin-TCF/LEF signaling) 
[29]. Furthermore, it was observed that both CTGF 
and Nov over-expression in cells of the osteoblastic 
lineage decreased the effects of Wnt3 [85, 86]. It may 
be worthy to mention that Nov shares 50% sequence 
homology with Cyr61 and CTGF. The inhibition of Wnt 
activity by Nov is likely explained by the suppression of 
BMP-2 activity, as a close relationship exists between 
BMP-2 and Wnt signaling pathways [87].

Taneyhill and Pennica [80] screened several genes 
related with Wnt-1-induced transformation. In their study, 
all WISP proteins (WISP-1, 2 and 3) were induced by both 
Wnt-1 and β-catenin. In a similar manner, Xu et al. [88] 
reported WISP-1 as a β-catenin-regulated gene that can 
contribute to tumorigenesis. Moreover, the promoter of 
WISP-1 was cloned and shown to be activated by both 
Wnt-1 and β-catenin expression [88]. On the other hand, 
Nakamura et al. [89] found that WISP-3 protein inhibited 
Wnt signaling in developing zebra fish and mammalian 
cells by binding to BMP ligand and to the Wnt co-recep-
tors LRP6 and Frizzled, respectively.

CONCLUSIONS

The ECM is composed of diverse components such 
as glycosaminoglycans, hyaluronic acid, collagen, 
fibronectin, laminin, etc. Due to the presence of such 
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constituents, ECM serves versatile physiological func-
tions. It is obvious that different components of ECM 
play a significant role in each step of cancer progression 
such as inflammation, angiogenesis, tumor invasion and 
metastasis. A subset of ECM proteins that include CCN 
family along with other proteins like thrombospondins 
and osteopontin are grouped under matricellular pro-
teins, which probably have close interactions with other 
ECM elements and influence the pathological process 
of a variety of diseases. In fact, different members 
of CCN family have recently emerged as important 
modulators in various physio-pathological conditions 
starting from embryonic development to several health 
disorders including cancer. CCN proteins probably exert 
their functions by modifying or in close co-operation 
with several cytokines and growth factors. Therefore, 
evaluating the precise effects of different members 
of CCN family is important in order to understand their 
biological significance and development of therapeutic 
strategies based on their biological characteristics. 
The role of CCN proteins particularly in cancer is highly 
complex; depending on the carcinogenesis of specific 
sites and types, expression levels may vary. CCN pro-
teins can influence tumor progression in several ways 
such as cell survival or apoptosis, angiogenesis and by 
modulating different signaling pathways like Wnt, TGF-β 
and IGF system as summarized in Fig. 2. Interestingly, 
many studies reported anti-cancer effects or tumor 
suppressive role of CCN proteins. So, in the entire range 
of current scenario about the presence of CCN family 
members in cancer, several possibilities may have po-
tential applications, e. g., as markers for diagnosis or 
prognosis and in target treatment.

Integrins

IGFBPTGF-β

β-catenin

Wnt

CCN Family

Extracellular Matrix

Smad

TCF/LEF

Tumorigenesis

IGF-IR

IRS

Inflammation
Proliferation
Survival
Adhesion
Migration

Fig. 2. Simple model for possible pathophysiological functions 
of CCN family proteins in developing cancer as described through 
Wnt, TGF-β and IGF-system associated signaling pathways
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