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Abstract
Colorectal cancer (CRC) is a major health problem 
causing significant morbidity and mortality. Previous re-
sults from various studies indicate that CRC tumorige-
nicity encompasses tumor microenvironment, empha-
sizing the complex interacting network between cancer 
cells and nearby host cells, which triggers diverse sig-
naling pathways to promote the growth and spread of 

cancer cells. The CCN family proteins share a uniform 
modular structure, mediating a variety of physiological 
functions, including proliferation, apoptosis, migration, 
adhesion, differentiation, and survival. Furthermore, 
CCN proteins are also involved in CRC initiation and 
development. Many studies have shown that CCN 
members, such as CCN1, CCN2, CCN3, Wnt-induced 
secreted protein (WISP)-1, WISP-2, and WISP-3, are 
dysregulated in CRC, which implies potential diagnostic 
markers or therapeutic targets clinically. In this review, 
we summarize the research findings on the role of CCN 
family proteins in CRC initiation, development, and 
progression, highlighting their potential for diagnosis, 
prognosis, and therapeutic application. 
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Key words: Microenvironment; Colorectal cancer; CCN 
proteins; Tumorigenicity; Cancer progression

Core tip: Colorectal cancer (CRC) is a major health 
problem causing significant morbidity and mortality. 
Many studies have revealed that CCN members, such 
as CCN1, CCN2, CCN3, Wnt-induced secreted protein 
(WISP)-1, WISP-2, and WISP-3, are dysregulated in 
CRC, which implied potential diagnostic markers or 
therapeutic targets clinically. In this review, we sum-
marize the research findings on the role of CCN family 
proteins in CRC initiation, development, and progres-
sion, highlighting their potential for diagnosis, progno-
sis, and therapeutic application, as well as discussing 
future perspectives.
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INTRODUCTION
Both mortality and morbidity associated with colorectal 
cancer (CRC) have been increasing exponentially over 
the past several decades, and this disease is a major health 
problem worldwide[1-3]. Although the regulatory events 
in CRC progression are diverse, microenvironment plays 
crucial roles in controlling CRC cell proliferation, apop-
tosis, replication, motility, angiogenesis, and metastasis[4-6]. 
Though our knowledge about the contents and interac-
tions of  the microenvironment in CRC is increasing, 
the cytokines within this compartment are still not well-
understood. Chronic inflammation is also a key predis-
posing factor in CRC[7], especially inflammatory bowel 
disease (IBD)-related CRC. The inflammatory-related 
cytokines secreted from surrounding active stromal cells, 
immune cells, even tumor cells may stimulate the activa-
tion of  more inflammation-associated molecules, such 
as transcription factors or microRNAs which could pro-
mote advanced colon carcinogenesis process[7,8]. Further-
more, many studies recently have shown that cancer and 
host cell-derived cytokines or chemokines drive the tran-
sition of  tumor-associated macrophages (TAMs) towards 
an M2 phenotype from M1[9], which exert immnunosup-
pressive activity and induce cancer proliferation, apop-
tosis, autophagy, angiogenesis, and distal metastasis[10,11]. 
These signaling molecules also function to manipulate 
epigenetic modifications, such as DNA methylation and 
acetylation, which regulate post-transcriptional activities 
of  possible downstream gene(s) in CRC initiation and 
progression[12]. The functions and underlying mechanisms 
of  these cytokines are still to be clarified.

The effects of  these cytokines in microenvironment 
are being studied including identification of  the tar-
geted and executioner cells of  the cytokine, regulatory 
mechanism(s) of  the secreted protein, and protein(s) that 
are involved in the process. As the understanding of  the 
components and their interactions in microenvironment 
is important, we aimed to summarize the recent advances 
in the understanding of  the molecular basis of  CRC in 
this review. 

MICROENVIRONMENT IN CRC
The characters in microenvironment include cancer cells 
and host cells, for example, fibroblasts, TAMs, dendritic 
cells, lymphocytes, monocytes, endothelial and lymphatic 
cells. The interacting network between cancer cells and 
host cells is highly regulated, and is not completely de-
fined. Receptors present within cells specifically respond 
to cytokines and act to form the unique microenviron-
ment. Signaling pathways driven by growth factors, 
including epidermal growth factor, hepatocyte growth 
factor, or c-Met, and signaling proteins, such as trans-
forming growth factor (TGF)-α, Wnt, sonic hedgehog, 
Notch, insulin, integrins, Src, and Ras, can significantly 
promote the transformation. The transformation process 
from single crypt lesions through colorectal adenomas 
to CRC can promote the spread of  cancer cells to distal 

organs[13-20]. Moreover, signaling activates not only tumor 
cells, but also normal cells in the immediate environment 
such as TAMs, fibroblasts, and endothelial cells. 

Since IBD is a paradigm of  cancer-related inflamma-
tion, patients affected by IBD are at an increased risk of  
developing neoplasia. Transformed epithelial cells are able 
to secrete various inflammatory mediators, such as inter-
leukin (IL)-1, IL-6, COX-2, and TNF-α, to affect proin-
flammatory leukocytes, endothelial cells, and fibroblasts 
to further establish a tumor-promoting microenviron-
ment[11]. Therefore, some studies indicated that massive 
macrophage infiltration is correlated with CRC growth 
and progression. These TAMs resemble M2-polarized 
macrophages and have been shown to promote tissue 
remodeling and angiogenesis to secrete cytokines[21]. 
CRC cells create or modify a microenvironment that is 
conducive to metastasis colonization and angiogenesis, 
which provides a rationale for efforts to enhance cancer 
progression. Chemokines, cytokines, growth factors, 
and inflammatory mediators confer the infrastructures 
of  CRC microenvironment, and their concentrations 
decide the cellular and molecular signaling transduction 
and functional outcome[22,23]. Thus, these small molecules 
orchestrate the responses to stimuli and help regulate this 
unique fine-tuned system.

CCN PROTEINS IN CRC 
MICROENVIRONMENT
The CCN family was firstly described by P. Bork in 1993, 
and contains connective tissue growth factor/CCN2, 
cysteine-rich 61 (Cyr61/CCN1), and nephroblastoma 
overexpressed/CCN3, as well as Wisp-1/elm1 (CCN4), 
Wisp-2/rCop1 (CCN5), and Wisp-3 (CCN6). The CCN 
proteins all show a common multimodular organization, 
and contain an N-terminal signal peptide followed by 
four structural domains resembling insulin-like growth 
factor binding proteins, Von Willebrand factor, thrombo-
spondin, and cysteine knot containing family of  growth 
regulator-like module (CT) (Figure 1). They are involved 
in various physiological and pathological events, including 
proliferation, apoptosis, migration, adhesion, differentia-
tion, and survival[24,25]. They also participate in the devel-
opment of  connective tissue such as cartilage and bone, 
nervous system, muscle, kidney, and bone marrow. More-
over, wound healing, bone fracture repair, pathological 
fibrosis, and tumorigenesis are all regulated by CCN pro-
teins[26-28]. Recently, many studies have shown that these 
proteins play crucial roles in CRC progression, including 
cell migration, invasion, adhesion, and distal metastasis. 
In this paper we review the current knowledge regarding 
the implication of  CCN proteins in CRC.

CORRELATION OF CCN PROTEIN WITH 
ADVANCED CRC PROGRESSION
CCN proteins are believed to be multifunctional signaling 
molecules, and have been found to be involved in a va-
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riety of  CRC initiation and development events. Experi-
mental data indicated that CCN1 (also known as Cyr61) 
overexpression increased Matrigel invasion in vitro, which 
required integrin αvβ5, and promoted lung metastasis 
formation in vivo[29]. Moreover, local recurrence after ra-
diotherapy in CRC often occurs within preirradiated stro-
ma, and CCN1 has been found to be overexpressed in 
these areas and correlated with invasion and metastasis[29]. 
However, CCN1 is not highly expressed in advanced 
stages of  CRC, and one may suggest that CCN1 may be 
crucial in the early stage of  CRC development and play a 
role as an early prognostic biomarker[30,31]. CCN1 is an an-
giogenic factor, and may function through the ability of  
CCN1 to bind and activate cell surface integrins[32]. Us-
ing SW620, H460, and TE-7 cell lines and their isogenic 
variants with altered CCN1 expression, Jandova et al[33] in 
2012 had proved that migration of  CRC cells is CCN1- 
and αώβ5-dependent. 

CCN2 (also named CTGF), a 36-38 kD cysteine-rich 
peptide containing 349 amino acids, is predominantly 
identified in fibroblasts, endothelial cells, smooth muscle 
cells, and cartilaginous cells[34]. TGF-β enhances CCN2 
synthesis, and CCN2 is a typical downstream mediator 
of  this major inflammatory mediator[34,35]. Although these 
two proteins share many functions in common, there are 
still many aspects of  tumor regulation which are differ-
ent. We have found that CCN2 inhibits CRC metastasis 
and acts as an independent prognostic marker. Mechanis-
tically, CCN2 could inhibit the β-catenin/TCF signaling 
pathway and cause matrix metalloproteinase 7 down-
regulation[36]. 

Clinically, peritoneal carcinomatosis (PC) has a very 
poor prognosis and is treated palliatively. CCN2 has been 
suggested to be a therapeutic agent, and can be used as 
a predictor of  PC in CRC[37]. Low CCN2 expression in 
tumor samples was associated with an 8-fold increase 
in the peritoneal recurrence rate compared with tumors 
with high levels of  CCN2 expression[37]. CCN2 alters cel-
lular function, including adhesion which is the first and 
most crucial step of  PC. CCN2 treatment could enhance 
cell adhesion in normal fibroblast 293T cells, but signifi-
cantly decreased CRC adhesion ability[37] in vitro and in 
vivo. Although high expression of  CCN2 is the hallmark 

of  good prognosis of  CRC, its roles in CRC cell differ-
entiation and proliferation are still under investigation. In 
previous studies, Cunningham et al[38] showed that CCN2 
expression was positively correlated with α-smooth 
muscle actin expression, which in turn indicated a poten-
tial role for CCN2 in myofibroblast-mediated fibrosis as-
sociated with ileal carcinoids. Moreover, Kaltsas et al[39] in 
2010 demonstrated that CCN2 involved in the neoplastic 
transformation into ileal carcinoids is positively corre-
lated with tumours larger than 1 cm. Jacobson et al[40] in 
2012 also indicated that CCN2 expression is the hallmark 
of  ileal carcinoids, and potentially is highly related to sev-
eral functions including cell migration and anti-apoptosis, 
which proposes an oncogenic role of  CCN2 in the pro-
gression of  well-differentiated CRC and other tumors.

Wnt-induced secreted protein (WISP)-1 is the fourth 
member of  CCN family, which was identified to be a 
Wnt-1- and β-catenin-regulated protein[41-44]. WISP-1 
transcript was reported to be overexpressed in 80 % of  
human colon carcinomas[43], and immunohistochemistry 
studies of  WISP-1 further supported this result. A com-
parative study of  47 CRCs exhibited positive interplays 
between Wnt-1, WISP-1, survivin, and cyclin-D1 proteins 
in CRC tumorigenicity[41]. Furthermore, WISP-1 may 
be used as a specific diagnostic and prognostic marker 
in CRC[42]. However, the precise underlying mechanism 
is still lacking and needs further investigations. WISP-2 
and WISP-3 are parts of  the CCN family, and have been 
showed to play crucial roles in angiogenesis and carcino-
genesis[32]. The mRNA expression of  WISP-2, but not 
WISP-1, was significantly decreased in CRC, compared 
to normal colonic mucosa[43]. Davies et al[44] in 2010 also 
showed that WISP-2 demonstrated the opposite pattern 
with lower levels of  expression in CRC cancer cells com-
pared to normal controls. The WISP-2 gene is considered 
a tumor suppressor gene, however, the molecular mecha-
nism is not defined. The WISP-3 gene is located on 6q22-
6q23, and its cellular function is linked to chondrocyte 
growth and cartilage integrity[45]. Previous studies showed 
that WISP-3 could be an oncogene in CRC[43,44], especially 
microsatellite instability subtype of  CRC[25]. However, 
WISP-3 transcript levels showed no significant differenc-
es between cancer and normal groups[44]. According to 
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Figure 1  CCN proteins share a conserved multimodular organization. WISP: Wnt-induced secreted protein; Cyr-61: Cysteine-rich 61; NOV: Nephroblastoma 
overexpressed; CTGF: Connective tissue growth factor; IGFBP: Insulin-like growth factor-binding proteins; VWC: Von Willebrand factor; TSP: Thrombospondin; CT: 
Cysteine knots.

Chang CC et al . Microenvironment and colorectal cancer



Lett 2008; 262: 77-86 [PMID: 18187256 DOI: 10.1016/
j.canlet.2007.11.040]

5	 Schwitalla S, Ziegler PK, Horst D, Becker V, Kerle I, Begus-
Nahrmann Y, Lechel A, Rudolph KL, Langer R, Slotta-
Huspenina J, Bader FG, Prazeres da Costa O, Neurath MF, 
Meining A, Kirchner T, Greten FR. Loss of p53 in enterocytes 
generates an inflammatory microenvironment enabling in-
vasion and lymph node metastasis of carcinogen-induced 
colorectal tumors. Cancer Cell 2013; 23: 93-106 [PMID: 
23273920 DOI: 10.1016/j.ccr.2012.11.014]

6	 Sund M, Zeisberg M, Kalluri R. Endogenous stimula-
tors and inhibitors of angiogenesis in gastrointestinal 
cancers: basic science to clinical application. Gastroenterol-
ogy 2005; 129: 2076-2091 [PMID: 16344073 DOI: 10.1053/
j.gastro.2005.06.023]

7	 Schottelius AJ, Dinter H. Cytokines, NF-kappaB, mi-
croenvironment, intestinal inflammation and cancer. 
Cancer Treat Res 2006; 130: 67-87 [PMID: 16610703 DOI: 
10.1007/0-387-26283-0_3]

8	 Okayama H, Schetter AJ, Harris CC. MicroRNAs and in-
flammation in the pathogenesis and progression of colon 
cancer. Dig Dis 2012; 30 Suppl 2: 9-15 [PMID: 23207927 DOI: 
10.1159/000341882]

9	 Shirabe K, Mano Y, Muto J, Matono R, Motomura T, 
Toshima T, Takeishi K, Uchiyama H, Yoshizumi T, Taketomi 
A, Morita M, Tsujitani S, Sakaguchi Y, Maehara Y. Role of 
tumor-associated macrophages in the progression of hepato-
cellular carcinoma. Surg Today 2012; 42: 1-7 [PMID: 22116397 
DOI: 10.1007/s00595-011-0058-8]

10	 Mantovani A, Germano G, Marchesi F, Locatelli M, Biswas 
SK. Cancer-promoting tumor-associated macrophages: new 
vistas and open questions. Eur J Immunol 2011; 41: 2522-2525 
[PMID: 21952810 DOI: 10.1002/eji.201141894]

11	 Erreni M, Mantovani A, Allavena P. Tumor-associated Mac-
rophages (TAM) and Inflammation in Colorectal Cancer. 
Cancer Microenviron 2011; 4: 141-154 [PMID: 21909876 DOI: 
10.1007/s12307-010-0052-5]

12	 Lee JH, Kang MJ, Han HY, Lee MG, Jeong SI, Ryu BK, Ha 
TK, Her NG, Han J, Park SJ, Lee KY, Kim HJ, Chi SG. Epi-
genetic alteration of PRKCDBP in colorectal cancers and its 
implication in tumor cell resistance to TNFα-induced apop-
tosis. Clin Cancer Res 2011; 17: 7551-7562 [PMID: 21980136 
DOI: 10.1158/1078-0432.CCR-11-1026]

13	 Espinoza LA, Tone LG, Neto JB, Costa RS, Wang QJ, Ballejo 
G. Enhanced TGFalpha-EGFR expression and P53 gene 
alterations contributes to gastric tumors aggressiveness. 
Cancer Lett 2004; 212: 33-41 [PMID: 15246559 DOI: 10.1016/
j.canlet.2004.03.037]

14	 Xie Q, Liu KD, Hu MY, Zhou K. SF/HGF-c-Met autocrine 
and paracrine promote metastasis of hepatocellular carcino-
ma. World J Gastroenterol 2001; 7: 816-820 [PMID: 11854908]

the findings, WISPs may play crucial but contrasting roles 
in CRC, which demonstrated that WISP-1 could be an 
oncogene, but WISP-2 might tend to be a tumor suppres-
sor gene and WISP-3 gene still needs further clarification 
(Table 1). 

CONCLUSION
Microenvironmental regulation is crucial in cancer bi-
ology. In this compartment, many effecter host cells, 
immune cells, cytokines, chemokines, inflammatory pro-
teins, besides intestinal microbiota (not discussed), are 
orchestrated to form the infrastructure of  CRC. The in-
teraction is complicated and but has potential therapeutic 
applications. In this review, we have extensively discussed 
the secreted proteins called CCN family, which function 
in many physiological and pathological processes, and 
showed their important regulatory roles in CRC microen-
vironment. Although genetic and epigenetic alternations 
drive the transformation of  normal enterocytes into 
neoplasia, CCN family proteins mediate significant com-
munications between CRC and host cells.

 Understanding the detailed mechanisms involved in 
CCN-mediated regulation will provide further insight into 
the progression and metastasis of  CRC. Furthermore, the 
utility of  CCN family proteins to regulate metastasis and 
invasion/angiogenesis suggests that these growth factors 
may be relevant candidates or targets for CRC treatment.
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