Biochemical and Biophysical Research Communications 438 (2013) 116-121

Contents lists available at SciVerse ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

p130Cas controls the susceptibility of cancer cells to TGF-B-induced
growth inhibition

@ CrossMark

Yong Seok Kang?, Da Eun Jeong®, Eun Kyung Lee ¢, Woo Keun Song **, Wook Kim *

2 Department of Life Science, Bio Imaging and Cell Dynamics Research Center, Gwangju Institute of Science and Technology, Gwangju 500-712, South Korea
b Department of Molecular Science and Technology, Ajou University, Suwon 443-749, South Korea
€ Department of Biochemistry, College of Medicine, The Catholic University of Korea, Seoul 137-701, South Korea

ARTICLE INFO ABSTRACT

Article history:
Received 8 July 2013
Available online 18 July 2013

Transforming growth factor-beta (TGF-B) suppresses the initiation of tumorigenesis by causing arrest at
the G1 phase of the cell cycle. The loss of the antiproliferative function of TGF-p is a hallmark of many
cancers. Here we report that p130Cas plays a role in determining the cellular responsiveness to TGF-p-
induced growth inhibition in some cancer cells. An analysis of the tyrosine phosphorylation levels of

Keywords: p130Cas revealed higher levels of phosphorylation in cancer cell lines (MCF7 and A375) than in corre-
E?F(_)Bcas sponding normal cell lines (MCF10A and MEL-STV). In contrast to normal cells, the cancer cells showed
Smad resistance to not only TGF-B-induced Smad3 phosphorylation and p21 expression, but also growth inhi-
Cancer bition. However, silencing p130Cas using siRNA was sufficient to restore Smad3 phosphorylation and p21

EMT expression, as well as the susceptibility to TGF-p-induced growth inhibition. Interestingly, the stable
overexpression of p130Cas accelerated TGF-B-induced epithelial-mesenchymal transition. Our results
suggest that elevated expression and tyrosine phosphorylation of p130Cas contributes to the resistance
to TGF-B-induced growth inhibition, and thus to the initiation and progression of human cancers that

harbor an active integrin signal.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

p130Cas (Crk-associated substrate, 130 kDa), the product of the
breast cancer anti-estrogen resistance 1 gene, is an adaptor protein
that is a tyrosine-phosphorylated protein by v-Src-dependent cel-
lular transformation and the v-Crk oncogene [1,2]. p130Cas has-
multiple protein-protein interaction domains, and has a great
influence on actin cytoskeleton regulation, cell migration, cell sur-
vival, and apoptosis, and especially on the cooperation of integrin
with receptor tyrosine kinases, including EGF, estrogen, and VEGF
receptors [3-6]. Extensive work has shown that p130Cas is critical
for the initiation of tumorigenesis and maintenance of the prolifer-
ative capacity of human cancers [7]. The overexpression of
p130Cas promotes mammary tumorigenesis and metastasis [7-
9], and is correlated with poor prognosis in breast cancer patients
[10,11]. Recent studies have extended this notion to the transform-
ing growth factor (TGF)-B signaling pathway [12,13].
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TGF-B signals are transduced by receptor serine/threonine ki-
nases (RS/TKs) and intracellular effectors called Smads [14], which
are implicated in a variety of cellular functions, such as prolifera-
tion, apoptosis, and differentiation [15,16]. In response to TGF-B
stimulation, Smad2 and Smad3 are phosphorylated at the C-termi-
nal $*225XS*2> motif by the TGF-p type I receptor (TPRI) [14]. Phos-
phorylated Smad2/3 forms a complex with Smad4, and then
translocates into the nucleus, in which the complex leads to the
transcription of target genes that include cell cycle inhibitor p21
[17,18]. As a consequence, TGF-B induces growth arrest at the G1
phase in most cell types,including normal epithelial, endothelial,
and hematopoietic cells, as well as primary fibroblasts of embry-
onic origin [19,20]. Thus, the TGF-B/Smad cascade has been re-
garded as a tumor suppressor pathway, and reducing the
responsiveness of cancer cells to its tumor suppressor activity is
critical for tumorigenesis in epithelia [21].

The loss of the growth-inhibitory function of TGF-B is a hall-
mark of many cancers. It has been well known that TGF-B also
has pro-oncogenic effects, including enhanced epithelial-mesen-
chymal transition (EMT) and increased invasiveness, coupled with
a resistance of the cells to TGF-B-induced growth inhibition and an
increased production of TGF-B [21]. Several studies suggest that
this transition of the TGF-B signal toward oncogenesis may result
from changing thebalance between canonical and noncanonical
pathways [13,21]. However, the detailed molecular mechanism
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has not been firmly investigated. Recently, we reported that inte-
grin signaling counteracts the inhibitory effects of TGF-B on cell
growth, and that p130cas acts as an important mediator for inte-
grin-dependent TGF-B suppression through its direct interaction
with Smad3 [12]. This inhibitory role of p130Cas in the TGF-p sig-
naling pathway was further confirmed in another study, in which it
was shown that p130Cas is required for mammary tumor growth
and TGF-B-mediated metastasis through the regulation of Smad2/
3 activity [13]. Here, we tried to determine whether the
p130Cas-mediated control of TGF-p signaling contributes to chang-
ing the net cellular readout of the TGF-p signal from tumor sup-
pression to tumor promotion,contributing to the initiation and
progression of human cancers.

2. Materials and methods
2.1. Cell culture and transfections

Human Kkeratinocyte (HaCaT), human breast cancer (MCF-7),
and human melanoma cells (SK-MEL-2, SK-MEL-28 and A375)
were cultured in Dulbecco’s modified Eagle medium (DMEM) with
10% fetal bovine serum. MEL-STV immortalized melanocytes were
cultured in DMEM with 5% fetal bovine serum [22]. MCF10A nor-
mal breast epithelial cells were cultured in DMEM/F12 supple-
mented with 5% horse serum, 10 pg/ml insulin, 20 ng/ml EGF,
0.5 pg/ml hydrocortisone, and 100 ng/ml cholera toxin (all from
Sigma). All transfections were carried out using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA) or GeneExpresso 8000 (Inno-
Vita, Gaithersburg, MD, USA) according to the manufacturer’s
instructions. HaCaT cell clones stably expressing p130Cas were ob-
tained by transfection with pcDNA3.0-p130Cas, followed by selec-
tion for 1-2 weeks in G418 (GIBCO BRL). TGF-B1 was purchased
from R&D Systems (Minneapolis, MN).

2.2. Immunoprecipitation and western blot analysis

Cells incubated with or without TGF-1 (2 ng/ml) were lysed in
modified RIPA buffer (50 mM Tris-HCl at pH 7.4, 150 mM NacCl, 1%
NP-40, 0.25% sodium deoxycholate, 10 mM NaF, 1 mM PMSF,
1 mM sodium orthovanadate, 10 uM leupeptin, 1.5 uM pepstatin
and 10 pg/ml aprotinin). For the analysis of endogenous Smad3-
Smad4 and Smad3-p130Cas interaction, the lysates were immuno-
precipitated with anti-Smad3 N Ab [17], followed by western blot-
ting with anti-Smad4 mAb (Santa Cruz Biotechnology) or anti-
p130Cas mAb (BD Transduction Laboratories, San Jose, CA). The
tyrosine phosphorylation of p130Cas was analyzed by immunopre-
cipitation with anti-Cas2 Ab, followed by immunoblotting with
anti-phosphotyrosine mAb (4G10, Upstate Biotechnology, Lake
Placid, NY). Anti-Cas2 was obtained from Dr. Hismaru Hirai. Wes-
tern blot analysis was carried out using anti-Smad3 Ab (Zymed
Laboratories, South San Francisco, CA), anti-phospho-Smad3 Ab
(a kind gift of Edward B. Leof, Mayo Clinic Cancer Center, MN),
anti-tubulin mAb (Sigma), and anti-p21 mAb (BD Transduction
Laboratories).

2.3. Silencing of endogenous p130Cas with small interfering RNA
(siRNA)

Cells were depleted of p130Cas using siRNA corresponding to
nucleotides 2366-2384 (CCCACAAGCUGGUGUUACU dT dT) of hu-
man p130Cas (Bioneer, Seoul, Korea) [17]. Cells were transiently
transfected with siRNA for p130Cas in Opti-MEM I medium (Invit-
rogen) using Lipofectamine 2000 reagent (Invitrogen) following
the manufacturer’s instructions. Scramble siRNA (Bioneer) was
transfected as a negative control. Four hours later, the Opti-MEM

I medium was replaced with complete culture medium. TGF-B1
was added to the cultures 24-36 h after the transfection, and the
effects of the down-regulation of p130Cas were assessed at 48-
60 h.

2.4. Immunofluorescence

Cells were treated withTGF-B, fixed, permeabilized, blocked,
and incubated with anti-E-Cadherin (BD Bioscience Transduction
Laboratories, Lexington, KY) and anti-B-Catenin (BD Bioscience
Transduction Laboratories), followed by staining with Alexa
Fluor-conjugated secondary Ab (Invitrogen). Actin was visualized
by Alexa 488-conjugated phalloidin (Invitrogen). Images were ob-
tained using an Olympus confocal microscope FV1000 (Olympus,
Tokyo, Japan) with FV10-MSASW software.
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Fig. 1. Expression and phosphorylation levels of p130Cas and Smad3 in normal and
cancer cell lines. (A) Levels of total (p130Cas) and tyrosine-phosphorylated p130Cas
(pY-p130Cas) were determined by immunoprecipitation using anti-Cas2 Ab,
followed by western blotting with anti-Cas mAb or anti-phosphotyrosine mAb
(4G10) in normal cells (MCF10A and MEL-STV) and their corresponding cancer cells
(MCF7, SK-MEL-2, SK-MEL-28 and A375). (B) MCF10A and MCF7 cells were treated
with or without TGF- (2 ng/ml) for 30 min, and the cell lysate was subjected to
immunoprecipitation and western blotting for the indicated proteins. (C) MEL-STV,
A375, and SK-MEL-2 cells were treated with or without TGF-B for 30 min, and the
cell lysate was subjected to immunoprecipitation and western blotting for the
indicated proteins.
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2.5. 3H-Thymidine incorporation assays

Cells were seeded to a density of 2 x 10° cells/well in six-well
plates, and then incubated for 24 h with or without TGF-$1. Cells
were labeled for the last 3 h with 4 pCi of *H-thymidine, fixed in
10% tricholoacetic acid, and lysed in 0.2 M NaOH. *H-thymidine
incorporation into the DNA was measured using a scintillation
counter.

2.6. Statistical analysis

Quantitative data are presented as the mean + SEM. The differ-
ences between mean values were compared statistically by Stu-
dent’s t-test. Comparisons were performed using Graphpad Prism
(GraphPad Software). A p value of <0.05 was considered statisti-
cally significant.

3. Results

3.1. Comparison of phosphorylation levels of p130Cas and Smad3 in
the normal and their corresponding cancer cells

We previously reported thatintegrin-stimulated, tyrosine-phos-
phorylated p130Cas inhibits the TBR-I-dependent phosphorylation
of Smad3, and reduces its transcriptional activity [12]. This led to
the inhibition of p15 and p21 expression, and facilitated cell cycle
progression from the G1 to the S phase [12]. In this regard, the anti-
proliferative function of TGF-B is lost in cancer, sometimes as a re-
sult of mutations that directly inactivate components of the TGF-B/
Smad signaling pathway [19,21]. In addition, the enhanced expres-
sion of integrin-coupled signaling effectors, including FAK, Src, and
p130Cas, or their tyrosine phosphorylation, has been implicated in
the induction and proliferation of a wide variety of human cancers
[3,10,23-27]. This prompted usto test whether TGF-B-resistance in
some cancers could reflect the negative regulation of TGF-B/Smad
signaling by p130Cas. Consistent with this idea, analysis of the
tyrosine phosphorylation levels of p130Cas revealed higher levels
of phosphorylation in some cancer cell lines (human breast
(MCF7) and skin (SK-MEL-2, SK-MEL-28 and A375) cancer cells)
than in corresponding normal cell lines (MCF10A and MEL-STV,
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Fig. 1A). We further analyzed the level of TGF-p-induced Smad3
phosphorylation, Smad3-Smad4 interaction, and p130Cas-Smad3
interaction in these cells by co-immunoprecipitation and western
blot analysis. MCF7 breast cancer cells showed lower levels of
phospho-Smad3 and Smad3-Smad4 interaction and higher levels
of p130Cas-Smad3 interaction than MCF10A normal breast epithe-
lial cells (Fig. 1B). Likewise, A375 or SK-MEL-2 melanoma cells
showed lower phospho-Smad3 and Smad3-Smad4 interaction,
and higher levels of p130Cas-Smad3 interaction than MEL-STV
immortalized human melanocytes (Fig. 1C). These data suggest
that the resistance of MCF-7 and A375 cancer cells to TGF- signals
might result from the elevated tyrosine phosphorylation of
p130Cas.

3.2. Effect of p130Cas knockdown by siRNA on TGF-p-induced Smad3
phosphorylation and growth inhibition

We next determined whether the elevated expression and
phosphorylation of p130Cas affects the resistance to TGF-B-in-
duced Smad3 phosphorylation observed with MCF-7 and A375
cancer cells. It has already been shown in a previous report that
the knockdown of endogenous p130Cas, even when incomplete,
leads to increases in TGF-B-induced Smad3 phosphorylation, p21
expression, and growth inhibition in normalcells [12]. Consistent
with this, TGF-B functioned as a powerful inducer of Smad3 phos-
phorylation in MCF10A normal breast epithelial cells, whereas this
effect of TGF-B was largely absent in MCF7 cells (Fig. 2A). Similar
differences in the effects of TGF-p on Smad3 phosphorylation were
observed when A375 cells were compared with MEL-STV cells
(Fig. 2B), suggesting that TGF-B alone is not sufficient to induce
Smad3 phosphorylation in A375 and MCF7 cancer cells. After the
knockdown of p130Cas, however, a dramatic induction of Smad3
phosphorylation was observed with both MCF7 (Fig. 2A) and
A375 (Fig. 2B) cancer cells.

We next investigated whether the knockdown ofp130Cas also
modulates the expression of the CDK inhibitor p21, a major tran-
scriptional target of the TGF-B pathway. In contrast to MCF10A
and MEL-STV cells, MCF7 and A375 cancer cells were insensitive
to TGF-B-induced p21 expression, whereas silencing p130Cas in
these cancer cells was sufficient to restore TGF-B-induced p21
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Fig. 2. Silencing of p130Cas increases TGF-B-induced Smad3 phosphorylation. (A and B) Cells were transfected with control or p130Cas siRNA as described in the Section 2.
The resultant transfectants were treated with TGF-B for 30 min and then subjected to western blotting for the indicated proteins.
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Fig. 3. Silencing of p130Cas restores the sensitivity of cancer cells to TGF-B-induced p21 expression and cell cycle arrest. (A-C) Cells were transfected with control or p130Cas
siRNA as described in the Section 2. The resultant transfectants were treated with TGF-p for 24 h and then subjected to western blotting for the indicated proteins (A and B)
and 3H-thymidine incorporation assays (C). *H-thymidine incorporation in (C) was calculated as a percentage of that seen in control-siRNA-transfectants not treated with
TGF-p. Data are shown as the mean + SEM from three independent experiments. *P <0.05 versus siRNA-control; *P <0.05; ##P <0.01 versussiRNA-control treated with TGF-p.

expression (Fig. 3A and B). Consistently, both MCF7 and A375 cells
appear resistant to TGF-B-induced growth inhibition (Fig. 3C). After
knockdown of p130Cas, however, the susceptibility to TGF-p-in-
duced growth inhibition was restored in both cancer cells
(Fig. 3C). These results suggest that elevated levels of p130Cas
make a key contribution to the resistance of cancer cells to TGF-
B-induced growth inhibition.

3.3. Effect of p130Cas on TGF-p-induced epithelial-mesenchymal
transition (EMT)

TGF-B is proposed to suppress tumor growth in early tumori-
genesis but to promote pro-oncogenic activities such as tumor cell
motility and invasion in late stages through the induction of epi-
thelial-mesenchymal transition (EMT) [28,29]. To assess whether
p130Cas affects the TGF-B-induced EMT, we used HaCaT keratino-

cytes stably transfected with an empty vector (HaCaT-Vector) or
p130Cas (HaCaT-p130Cas). In the absence of TGF-B, HaCaT-Vector
cells had an epithelial-like morphology with E-cadherin, actin
cytoskeleton, and B-catenin arranged in a cortical pattern at
cell-cell junctions. Upon TGF-ptreatment, HaCaT-Vector cells ac-
quired spindle-shaped fibroblast-like morphology with the delo-
calization of E-cadherin and B-catenin, as well as the formation
of actinstress fibers (Fig. 4). Interestingly, stable overexpression
of p130Cas in HaCaT cells accelerated the morphological changes
induced by TGF-B (Fig. 4), suggesting that p130Cas promotes
TGF-B-induced EMT.

4. Discussion

We have previously provided evidence that under physiological
conditions, p130Cas interacts with Smad3 and reduces its
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Fig. 4. p130Cas promotes epithelial-mesenchymal transition (EMT). Confluent HaCaT human keratinocytes stably transfected with empty vector (HaCaT-Vector) or p130Cas
(HaCaT-p130Cas) were treated with TGF-p for 48 h and then subjected to immunofluorescent staining for the indicated proteins.

phosphorylation by TBR-I, thereby reducing levels of p15 and p21
and facilitating cell cycle progression from the G1 to S phases
[12]. Thus, we have proposed p130Cas as a general inhibitor that
functions at an early step in the TGF- signaling pathway, as op-
posed to regulating subsets of Smad3-mediatingresponses, such
as growth inhibition through the expression of cell cycle regulators
(p15 and p21) [12]. However, we did not determine in this report
whether the p130Cas-mediated control of TGF-B signaling contrib-
utes to the initiation and progression of human cancers. Here, we
demonstrate the oncogenic role of p130Cas on the resistance to
TGF-B-induced growth inhibition, a hallmark of many cancers,
and TGF-B-induced EMT. In normal cells, cell cycle progression
was inhibited in the presence of TGF-B by inducing Smad3 phos-
phorylation and p21 expression. Cancer cells, in contrast, espe-
cially breast cancer and melanoma cells, showed high levels of
expression or tyrosine phosphorylation of p130Cas (Fig. 1A). A re-
cent tyrosine phosphorylation profiling study consistently revealed
increased tyrosine phosphorylation of p130Cas in basal breast can-
cer cells [30]. Elevated levels of expression or tyrosine phosphory-
lation of p130Cas were positively correlated with the resistance of
MCF7 and A375 cells to TGF-B-induced Smad3 phosphorylation,
p21 expression, and growth inhibition. Silencing p130Cas using
siRNA was sufficient to restore TGF-B-induced Smad3 phosphory-
lation and p21 expression, and, in turn, the sensitivity of the cells
to TGF-B-induced growth inhibition. Thus, we propose that during
mammary tumorigenesis, the aberrant up-regulation of p130Cas
diminishes the responsiveness of a cell to the canonical TGF-B sig-
naling by the complex formation, thereby limiting the tumor-sup-
pressive functions of TGF-B, and consequently contributing to the
initiation of human cancers.

In addition to the role as a tumor suppressor, TGF-B also has
oncogenic activity by promoting invasion and metastasis during
tumor progression [21,31]. Several lines of evidence implicate dys-
regulated activation of the noncanonical TGF-B signaling during
the conversion of TGF-B from a tumor suppressor to a promoter
of its growth and metastasis [13,32-34]. One of the tumor-promot-
ing effects of TGF-B is the induction of EMT [29,31,35], and many
types of carcinoma cell lines undergo partial or complete EMT in

response to chronic TGF-B exposure over a period of days [36],
which causes a spindle-shaped mesenchymal appearance with in-
creased motility and invasiveness through a loss of the epithelial
phenotype, including a reduction in E-cadherin and B-catenin lev-
els and an increase in actin stress fibers [37]. Interestingly, we
found using immunofluorescence analysis that the stable expres-
sion ofp130Cas accelerated TGF-B-induced EMT (Fig. 4). This study
is in general agreement with recent works that showed a role for
the p130Cas protein family in EMT [38-42]. The p130Cas protein
family member NEDD9 regulated EMT in breast [39,41] and mela-
noma [42] cancer cells, as well as p130Cas served as a scaffold to
facilitate signaling that switches from the epithelial to mesenchy-
mal phenotype in pancreatic cancer cells [40]. As described previ-
ously, p130Cas is often overexpressed or hyperphosphorylated,
especially during breast cancer and melanoma progression, and
integrin B1 signaling, an upstream of p130Cas, is necessary for
the noncanonical TGF-B activation and EMT in mammary epitheli-
alcells [43]. Furthermore, although integrins have not traditionally
been thought of as proto-oncogenes, there are data that suggest
integrins play an important, cooperative role during tumor induc-
tion by activated oncogenes. Thus, our findings may provide new
insight into the mechanisms underlying the oncogenic conversion
of TGF- signaling from a tumor suppressor function to a pro-met-
astatic function. Although recent studies have provided the molec-
ular mechanism underlying p130Cas as a regulatory component in
TGF-B signaling [12,13], it will be worthwhile in the future to ex-
plore the additional details by which p130Cas regulates TGF-p-in-
duced EMT, as well as to develop a useful method to directly
control p130Cas activity in vivo.
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