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Abstract The gain of plasticity by a subset of cancer cells is
a unique but common sequence of cancer progression from
epithelial phenotype to mesenchymal phenotype (EMT) that
is followed by migration, invasion and metastasis to a dis-
tant organ, and drug resistance. Despite multiple studies, it
is still unclear how cancer cells regulate plasticity. Recent
studies from our laboratory and others’ proposed that
CCN5/WISP-2, which is found intracellularly (in the nucle-
us and cytoplasm) and extracellularly, plays a negative
regulator of plasticity. It prevents the EMT process in breast
cancer cells as well as pancreatic cancer cells. Multiple
genetic insults, including the gain of p53 mutations that
accumulate over the time, may perturb CCN5 expression
in non-invasive breast cancer cells, which ultimately helps
cells to gain invasive phenotypes. Moreover, emerging ev-
idence indicates that several oncogenic lesions such as miR-
10b upregulation and activation of TGF-β-signaling can

accumulate during CCN5 crisis in breast cancer cells. Col-
lectively, these studies indicate that loss of CCN5 activity
may promote breast cancer progression; application of CCN5
protein may represent a novel therapeutic intervention in
breast cancer and possibly pancreatic cancer.
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Human breast cancer: an overview

Breast cancer, a genetically heterogeneous disease (Lichy et
al. 2000; Polyak 2011), is the most commonly identified
malignant disease in Western women after nonmelanocytic
skin cancer. It attacks one in eight women (~12%), impact-
ing nearly every family worldwide. It is estimated that more
than 1 in 4 cancers are breast cancer. Approximately 30% of
these women will develop the invasive form of the disease,
which is ultimately incurable. Therefore, it is a major health
issue for women. Incidence of breast cancer generally
increases with age. Women approaching or at menopause
have an increased risk of breast cancer. In addition to age,
several other factors (i.e., personal and environmental) are
associated with the development of this disease. Fortunately,
the breast cancer related death rate has been reduced recent-
ly due, in part, to early diagnosis and decreased intake of
carcinogenic hormones or other unknown factors. However,
our current therapeutic options for advanced stages of breast
cancer are still fairly limited and ineffective. Thus, there is a
need to better understand the molecular basis of the genesis
of breast cancer and its progression in order to design
targeted, molecularly based therapies.

Like other cancers, the genesis of ductal carcinoma in the
breast is the result of unprogrammed genetic and epigenetic
changes, which lead to mal-regulation of cellular growth.
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Nevertheless, a foremost clinical turning point in the pro-
gression of this disease is the formation of an “invasive
front” (invasion and metastatic spread to the distant organs)
through the changes in the adhesive and migratory capabil-
ities of non-invasive breast cancer cells (Christofori 2006).
The invasive front is a complex, multistep process in which
primary tumor cells invade adjacent tissue, enter the systemic
circulation (intravasation), translocate through circulation,
extravasate into a secondary site, re-colonize/homing and
expand for metastatic growth of cancer cells (Christofori
2006). In recent years, multiple studies have revealed the
participation of several protein-encoding genes and non-
coding genes such as miRNA in the formation of an invasive
front (Christofori 2006). However, the specific molecular
changes needed to execute the initial step of the noninvasive
to invasive phenotypic switch remain an enigma. Loss of
cellular adhesion and increased cell motility are the funda-
mental aspects of the invasive front (Gupta and Massague
2006). Therefore, identification and characterization of mol-
ecules that control adhesion and cell motility are critical to
our understanding of cancer dissemination.

Most human tumors including human breast tumors are
epithelial in origin. However, the noninvasive to invasive
phenotypic switch is often associated with the loss of epi-
thelial phenotype and acquisition of a fibroblast or
mesenchymal-like phenotype [epithelial-mesenchymal tran-
sitions (EMT)] (Kang and Massague 2004; Radisky 2005;
Liang 2011). Although initially some researchers believed
that there is no convincing evidence for conversion of
epithelial cells into mesenchymal cell lineages in vivo and
therefore did not consider EMT important for neoplasia
(Tarin et al. 2005), several studies from different laborato-
ries established that EMT is an important and coordinated
series of events through the dysfunction of certain genes
including, but not limited to E-cadherin, where epithelial
cells lose many of their epithelial features including polarity,
cell-cell interactions and remodeling of cytoskeleton and
acquired mesenchymal properties (Thiery 2003; Kang and
Massague 2004; Shah and Gallick 2007). EMT was initially
attributed as an important feature of embryogenesis (Thiery
and Sleeman 2006). However, recently, several studies have
manifested that EMT is a vital step in the progression of
many cancers including ductal adenocarcinoma in the breast
(Kang and Massague 2004) (Radisky et al. 2005; Trimboli et
al. 2008). The involvement of several proteins with different
pathobiological functions (i.e., Snail, Twist, p53, RANKL,
CXCR4 and ligands) and their molecular cross talks have
been reported to trigger EMT followed by invasive changes
(Muller et al. 2001; Kang and Massague 2004; Thiery and
Sleeman 2006; Jones et al. 2006; Aylon and Oren 2007; Oren
and Bartek 2007; Weisz et al. 2007). Nevertheless, the defi-
nite mechanism underlying EMT during carcinogenic devel-
opment of breast cancer remains unclear.

The p53 transcriptional factor is a tumor suppressor pro-
tein and a vital component for the regulation of normal
cellular physiology (Friend 1994; Levine 1997; Rozan and
El-Deiry 2007; Kastan and Berkovich 2007). Functions of
normal p53 protein are frequently mislaid in various human
cancers including breast tumors primarily through the muta-
tions or deletions of this gene (Hollstein et al. 1991; Kastan
et al. 1991; Vogelstein et al. 2000). Accumulating evidence
indicates that the mutational changes, which prolonged the
half-life of this protein, not only perturb the normal tumor
suppressor function of this gene, but also simultaneously
exhibit a dominant negative effect and gain new tumor-
promoting functions through the inactivation of DNA
damage response genes or transactivation of target genes
associated with the cell proliferation, apoptosis, tumorigen-
esis and tissue invasiveness including EMT (Cadwell and
Zambetti 2001; Willis et al. 2004; Bossi et al. 2006; Song et
al. 2007; Kastan 2007). However, the possible mechanism
of p53 mutant mediated induction of invasive front remains
elusive.

Structural, biological and pathobiological properties
of CCN5/WISP-2

CCN5 [which is also known as WISP-2 (Wnt-1-induced
signaling protein-2)] is a ~29 kDa secreted protein identified
as a member of CCN [Cyr61(cysteine rich 61), CTGF
(connective tissue growth factor), and Nov (nephroblastoma
over-expressed gene)] family of matricellular proteins (Jun
and Lau 2011) which plays a critical role in growth factors’
mediated cell proliferation (Banerjee et al. 2005; Dhar et al.
2007b). This family shares conserved multimodular
domains with diverse biological functions (Pennica et al.
1998; Brigstock 2003; Holbourn et al. 2008; Jun and Lau
2011), which include angiogenesis, stem cell differentiation
and carcinogenesis (Pennica et al. 1998; Brigstock 2003;
Schutze et al. 2005; Holbourn et al. 2008; Jun and Lau
2011). Although CCN5 protein is mainly localized in cyto-
plasm (Saxena et al. 2001), it is also sometimes localized
transiently in the nucleus of different breast cancer cells
for diverse functional needs (Russo and Castellot 2010;
Wiesman et al. 2010; Sabbah et al. 2011). The nucleotide
and protein sequence of CCN5 exhibits a 30–40% sequence
homology within other family members, largely CCN4
(WISP-1) and CCN6 (WISP-3) that contain an IGF-
binding protein type (IGFBP) domain, a Von Willebrand
type C (VWC) domain, a Thrombospondin-1 (TSP-1) do-
main and C-terminal Cysteine-knot (CT) domain. The mod-
ular architectures of CCN5 are identical with other family
members except in their C-terminal Cysteine-knot (CT)
domain, which is absent in the CCN5 gene (Pennica et al.
1998) (see Fig. 1). Although the functional roles of these
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four modules in these genes are unclear, it can be speculated
that each individual domain may play critical biological
functions under a specific microenvironment and niche,
such as TSP-1 motif is necessary for the regulation of
endothelial cell proliferation (Karagiannis and Popel
2007). CCN5 has both growth promoting and growth arrest-
ing competence, depending on cell types and the microen-
vironment of the cells. For example, overproduction of
CCN5 by EGF or IGF-1 is required for the mitogenic action
in estrogen-receptor-positive, non-invasive breast tumor
cells (Banerjee et al. 2005; Sengupta et al. 2006; Dhar et
al. 2007b), while it acts as a growth arrest specific (gas)
gene in vascular smooth muscle cells and prostate cancer
cells (Lake and Castellot 2003). In addition, it is most likely
that CCN5 plays a preventive role in the progression of
pancreatic cancer as it participates in morphological alter-
ations from mesenchymal to epithelial transition (MET) of
pancreatic adenocarcinoma cells (Dhar et al. 2007a) and
breast cancer cells (Banerjee et al. 2008).

The roles of CCN5/WISP-2 in breast carcinogenesis

CCN5 has been implicated as having an important role in
carcinogenesis with particular relevance to human breast
disease (Saxena et al. 2001; Banerjee et al. 2003; Banerjee
et al. 2005). Our studies have shown for the first time that
CCN5 is differentially expressed in breast tumor cell lines
and human breast samples (Saxena et al. 2001). Its expres-
sion is mainly detected in non-invasive breast cancer cell
lines and noninvasive lesions (i.e., ADH and DCIS) com-
pared with adjacent invasive lesions where expression levels
are gradually decreased to an undetected level as the disease
progresses from well-differentiated to poorly differentiated
stages (Fig. 2) (Banerjee et al. 2003; Banerjee et al. 2008).
Collectively, these studies suggest a preventive role of
CCN5 in the progression of human breast cancer. Our in
vitro results were further supported by other studies (Davies
et al. 2007; Fritah et al. 2008; Sabbah et al. 2011). However,
the results of the immunohistochemical analysis in human
tissue samples of Davies et al. (Davies et al. 2007)

contradicted its own in vitro data as well as our in vivo
results. It does not corroborate our claim as it proposed
opposite reports (Davies et al. 2007). This is because their
studies were not designed to evaluate the CCN5 expression
profile in different non-invasive and invasive breast tumor
samples. Accordingly, our studies are not in agreement with
the work of Davies et al. 2007 (Davies et al. 2007).

CCN5 expression can be induced by various stimulants
(i.e., estrogen, progesterone and growth factors such as IGF-
1, EGF, PMA and serum) and it seems to be essential to one
element of the multi-component, hormones and growth
factor-induced mitogenic response in ER-positive, non-
invasive breast tumor cells (Inadera et al. 2000; Zoubine et
al. 2001; Inadera et al. 2002; Banerjee et al. 2003; Banerjee
et al. 2005; Ray et al. 2005; Fritah et al. 2006; Sengupta et
al. 2006; Dhar et al. 2007b) (Figs. 3 and 4). We found that
CCN5/WISP-2 is a 17β-estradiol (E2; natural estrogen) -
induced early as well as late response gene in ER-α positive
MCF-7 cells, and the expression was continuously increased
to reach a maximum level at 24 h. The estrogen effect can be
blocked by a pure antiestrogen (ICI 182,780) (Banerjee et
al. 2003). Non-transformed human mammary epithelial cells
(HMEC) in which CCN5/WISP-2 expression was undetect-
ed, responded to 17β-estradiol by up regulating the CCN5
gene after stable transfection of human estrogen receptor-α
(hER-α). This response provides further supporting evi-
dence that active ER-α is critical for the upregulation of
CCN5 in HMEC. Overexpression of CCN5 mRNA by
estrogen may be accomplished by both transcriptional acti-
vation and stabilization (Banerjee et al. 2003).

Estrogen has been considered a potent stimulator of pro-
liferation, differentiation, maturation, angiogenesis and other
crucial functions of target tissues and organs (Sengupta et al.
2004; Teede 2007; Watson et al. 2010). These effects of
estrogen are usually elicited through classical intracellular
estrogen receptors (ERs; nuclear receptor). Despite this fact,
multiple studies found that estrogen can rapidly influence
cellular physiology in many cell types via the activation of
a diverse array of intracellular non-nuclear/non-genomic
signaling pathways (Wehling 1997; Watson et al. 1999;
Kousteni et al. 2001; Manolagas and Kousteni 2001; Levin

Fig. 1 Modular structures of WISP-subfamily of CCN family growth
factors. There are three genes under WISP (Wnt-1-induced signaling
protein) sub-family. These include WISP-1/CCN4, WISP-2/CCN5 and

WISP-3/CCN6. The modular domains of WISP-subfamily are analo-
gous except in their C-terminal domains, which is absent in the CCN5/
WISP-2 gene

The role of CCN5 in breast cancer 65



2002; Pedram et al. 2002; Sengupta et al. 2004). For example,
rapid induction of intracellular Ca2 + (Bulayeva et al. 2005)
and G-protein signaling (Wyckoff et al. 2001), activation of
extracellular regulated kinases (ERK1/2) (Ballare et al. 2003;
Watson et al. 2005), PI3K, and MAPK-ERK (Simoncini et al.
2000; Pedram et al. 2002; Levin 2003), or inhibition of TSP-1
expression (Sengupta et al. 2004) can be achieved by estro-
gen treatment. Although, mechanistic details of these non-
genomic actions are poorly understood, some of the rapid
effect can be mediated through the binding of E2 with

membrane-ERs (mER) (Manolagas and Kousteni 2001;
Levin 2002; Sengupta et al. 2004). Our studies suggest that
the rapid transcriptional activation CCN5/WISP-2 by estro-
gen in breast cancer cells could be mediated through non-
genomic pathways by activating mER-α-MAPK signaling,
while delayed transcriptional activation is mediated through a
direct transcriptional activation effect (genomic effect) via a
classical intracellular estrogen receptors (Banerjee et al. 2003)
that interact with a specific response element (ERE) on pro-
moter or coregulators of the general transcription machinery
(Beato et al. 1989). These concepts are developed from our
studies which indicated that rapid action of estrogen on
CCN5/WISP-2 expression (Banerjee et al. 2003) can be
blocked by MAPK inhibitor (U0126) (Dhar K et.al. unpub-
lished data) (Fig. 3). Interestingly, the non-genomic pathway
is also involved in IGF and EGF-induced upregulation of
CCN5/WISP-2 in ER positive breast cancer cells (Banerjee
et al. 2005; Dhar et al. 2007b) (Fig. 4).

Although mitogen-induced up-regulation of CCN5/
WISP-2 participates in cell proliferation events of ER pos-
itive breast cancer cells, the basal level of CCN5 exhibits no
mitogenic response in these cells (Banerjee et al. 2005;
Sengupta et al. 2006; Dhar et al. 2007b), but rather, it protect
cells from gaining invasive phenotypes. For example, si-
lencing of CCN5 in MCF-7 non-invasive carcinoma cells by
CCN5-specific shRNA significantly enhances motility and
EMT, and it modulates the expression of some genes asso-
ciated with invasive phenotypes of cancer cells (Banerjee et
al. 2008; Dhar et al. 2008; Fritah et al. 2008). In CCN5
knockout ER-α positive breast cancer cells, IGF-1 and EGF
lost their mitogenic effect (Banerjee et al. 2005; Dhar et al.
2007b), but possibly gained aggressive phenotypes (i.e.,

Fig. 2 Pathobiological
implication of CCN5/WISP-2.
CCN5/WISP-2 is differentially
expressed in different cellular
environments of normal breast
and breast cancer samples.
CCN5/WISP-2 expression in
undetected or minimally
detected in normal breast
epithelial and its expression is
predominantly in the nucleus.
CCN5/WISP-2 over expressed
in non-invasive breast cancer
cells and its expression gradu-
ally disappears as the disease
progressed from non-invasive
to invasive cancers with or
without ER-α positivity. Highly
aggressive cells show no ex-
pression of CCN5/WISP-2

Fig. 3 Regulation of CCN5/WISP-2 by estrogen. Estrogen up regu-
lates CCN5/WISP-2 expression through both genomic and none ge-
nomic signaling pathways. Constitutively expressed CCN5 in breast
cancer epithelial cells shows no effect on proliferation. In contrast,
estrogen-induced upregulation of CCN5/WISP-2 is associated with the
estrogen-induced proliferation of ER-positive breast cancer cells.
mER-α: membrane estrogen receptor-α; ER-α: nuclear ER-α; ERE:
estrogen-response element
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migration and invasion) (Banerjee et al., Manuscript in
preparation) (Fig. 4). In contrast, induced expression of
CCN5 or supplementation of CCN5 protein in CCN5 (-)
invasive cancer cells reduces the rate of proliferation, mi-
gration and invasion (Fritah et al. 2008; Banerjee et al.
2008). Collectively, the contrasting pathobiological roles
(i.e., their participation in steroids and growth factors-
induced proliferation and their protection of cells from
EMT, migration and invasion) of CCN5 under different
microenvironments suggest that CCN5 may be a two-faced
cancer gene, and the major role of CCN5, at least under
culture conditions, is to protect the cells from gaining inva-
sive phenotypes. However, to confirm this hypothesis thor-
ough investigations are warranted.

Although CCN5/WISP-2 has been recognized as an
estrogen-response gene by multiple studies, regulation of
ER-α by CCN5/WISP-2 has also been appreciated by recent
in vitro study (Fritah et al. 2008) and a CCN5-conditional

tri-transgenic mouse model (Majumder et al. 2011). The in
vitro studies showed that the knocking down of CCN5
expression in breast cancer cells markedly reduced the ex-
pression of ER-α expression. The CCN5-conditional tri-
transgenic mouse model demonstrated that the activation
of CCN5 in breast ductal epithelial cells by administration
of doxycycline (a derivative of tetracycline) significantly
induces ER-α expression and activity along with no mor-
phological changes. The functional relevance of CCN5 me-
diated activation of ER-α in ductal epithelial cells in the
breast is uncertain and therefore, further investigations are
needed.

CCN5 is a negative regulator of micro-RNA 10b

Advances in high throughput transcriptome studies have
produced an explosion of new information about the

Fig. 4 CCN5/WISP-2 plays
critical roles in EGF and IGF-1-
induced cell proliferation and
migration and invasion. EGF
and IGF-1 growth factors regu-
late breast cancer cell prolifera-
tion or migration and invasion
under two different micro-
environments. In ER-α−CCN5
positive microenvironment,
EGF and IGF-1 induce cell
proliferation, while in CCN5
negative microenvironment
they help breast cancer cells
migrate to and invade the dis-
tant places
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mammalian genome and indicate many different complex
families of RNAs are transcribed from the mammalian
genome. Many small non-coding RNAs (micro-RNAs),
counterpart of transcriptome, are among the greatest sur-
prises. They have been identified with both biological
functions (Lu et al. 2005), as well as pathobiological func-
tions including the regulation of tumorigenesis in various
organs through modulation of oncogenic or tumor suppres-
sor pathways (Esquela-Kerscher and Slack 2006; Calin and
Croce 2006a, b; Blenkiron et al. 2007; Ma and Weinberg
2008; Ventura and Jacks 2009; Xiang and Wu 2010; Yu et
al. 2010; Farazi et al. 2011; Song et al. 2011). In 2007,
Weingberg’s laboratory identified micro RNA (miRNA)
miR-10b, which plays a critical role in micro-invasion
and metastasis of breast cancer cells (Ma et al. 2007), and
therefore they anticipated a therapeutic importance of miR-
10b in inhibition of metastatic growth of breast cancer (Ma
et al. 2010). They also found that miR-10b is induced by a
transcription factor, TWIST, a pro-metastatic gene (yang et
al. 2004), through direct binding to the putative promoter
of miR-10b. TWIST-induced miR-10b inhibits translation
of homeobox D10 (HOXD10), resulting in the increased
expression of the pro-metastatic gene RHOC (Ma et al.
2007; Steeg 2007). Recently, we found that under CCN5/
WISP-2 deficient (knockout) microenvironment the stabil-
ity and activity of HIF-1α protein markedly increased in
breast cancer cells, which ultimately leads to the increase
in TWIST-1 mediated miR-10b expression parallel with
migration and invasion of these cells (Haque et al. 2011).
This effect can be repealed by restoring CCN5/WISP-2
in deficient cells through genetic manipulations (i.e.,
enforced ectopic expression of CCN5/WISP-2) (Haque et
al. 2011). HIF-1α stabilization in CCN5-deficient cells is
enhanced by c-Jun N-terminal kinase (JNK) (Haque et al.
2011). However, the activation is presumably mediated
through the phosphorylation of this protein by the p42/
p44 MAPK signaling pathway as MAPK is activated in
CCN5/WISP-2 knockout cells (Haque et al. 2011) (Haque
et.al. unpublished data) and is essential for promoting HIF-
1α phosphorylation in quiescent cells (Richard et al.
1999). The present finding does not concur with the pre-
vious view (Gort et al. 2008) that TWIST-1 is a direct target
of HIF-2α but not HIF-1α. The rational of this inconsis-
tency is uncertain. However, one could anticipate that the
regulation of TWIST-1 by HIFs could be specific to cell
types and microenvironments, a possibility that requires
further investigation. Significantly, these studies suggest,
on the basis of our findings, that CCN5/WISP-2-induced
inhibition of miR-10b expression in breast cancer cells is
critical for the anti-invasive function of this gene (Dhar et
al. 2008; Banerjee et al. 2008; Fritah et al. 2008), and is
mediated through the inhibition of JNK-HIF-1α-TWIST1
signaling cascades (Fig. 5).

Transforming growth factor β (TGF−β)-signaling
is blocked by CCN5/WISP-2

The gain of invasive phenotypes of breast cancer cells is
dependent on the gain of the plasticity of epithelial tumor
cells, which help in migration and invasion of these cells.
The gain of this plasticity is achieved through epithelial to
mesenchymal transition (EMT) (Kalluri and Weinberg
2009). Multiple signaling pathways have been shown to
promote EMT in various cancers (Kalluri 2009). Despite
having both tumor growth promoting and inhibiting roles of
TGF-β-signaling in breast carcinogenesis (Singh et al.
2010; Novitskiy et al. 2011), many studies found TGF-β-
signaling can induce EMT under specific microenviron-
ments (Sato et al. 2010; Takahashi et al. 2010). TGF-β-
signaling-induced EMT is Smad 3/4 dependent, which elim-
inates the p53 tumor suppressor function by activating the
E3 ubiquitin ligase (Araki et al. 2010) which degrades this
protein. Recent studies of Sabbah et al. (2011) found that
CCN5 is an upstream negative regulator of TGF-β-
signaling (Sabbah et al. 2011), and they anticipate that an
anti-invasive role of CCN5 may be mediated through TGF-
β-signaling (Fig. 5). The studies showed that RNAi-based
loss of CCN5/WISP-2 in non-invasive ER positive MCF-7
breast cancer cells increased key components of TGF-β
signaling (i.e., TGF-β RII, and a target of the Smad signal-
ing pathway PAI1) which ultimately induces EMT. This

Fig. 5 EMT is regulated by CCN5/WISP-2 through the modulation of
multiple signaling pathways in breast cancer cells. CCN5/WISP-2 is a
negative regulator of EMT. It blocks miR-10b expression and TGF-β-
signaling in breast cancer cells, which are prime regulators of EMT in
breast cancer cells. The mutant p53 proteins, which are also EMT
inducers, activate the EMT event in breast cancer cells through the
down regulation of CCN5/WISP-2

68 S.K. Banerjee, S. Banerjee



study claimed that CCN5 could possibly act as a transcrip-
tional repressor, and this could be achieved through associ-
ation with histone deacetylase 1.

Gain of carcinogenic function of p53 tumor suppressor
gene suppresses CCN5/WISP-2 expression in breast
cancer cells

Mutations (principally, but not exclusively, missense) in the
p53 tumor suppressor gene are the most common genetic
insult in breast cancer and these mutations are intimately
associated with the aggressiveness of this disease and poor
survival rates (Gasco et al. 2002). Our studies found that over
expression of the p53 mutant protein is inversely correlated
with CCN5 expression in pancreatic cancer samples (Dhar et
al. 2007a) and breast cancer samples (Dhar et al. 2008). We
also found that ectopic expression of p53 mutants suppresses
CCN5 expression in breast cancer cell lines for the induction
of invasive phenotypes, including the induction of morpho-
logic changes from the epithelial-to-mesenchymal type along
with the alterations of hallmark proteins of these cell types and
an augmentation of the migration of these cells (Banerjee et al.
2008). Interestingly, the studies also found that mutant p53-
mediated-silencing of CCN5 can be overruled by estrogen
treatment, which transcriptionally activated CCN5 expression
in these cells. Moreover, p53-mutant-induced invasive pheno-
types can be mimicked by blocking the CCN5 expression
through RNAi. Thus these studies postulated that p53 mutant
proteins may exert their malignant behavior through the inac-
tivation of CCN5 (Fig. 5). However, it is uncertain how the
mutant p53 silences CCN5 expression in non-invasive breast
cancer cells to potentiate invasive phenotypes.

Summary and future goal

An increasing number of publications report that in ad-
vanced cancer cells an inactivation of CCN5/WISP-2 pro-
motes EMT and hence contributes to the progression of
breast and pancreatic cancers. These studies would predict
that reactivation of CCN5, either alone or in combination
with current therapeutic regimens, could provide a unique,
alternative strategy for treating breast and pancreatic cancer.
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