RESEARCH PAPER

Cell Adhesion & Migration 5:3, 249-257; May/June 2011; © 2011 Landes Bioscience

Snail negatively regulates cell adhesion
to extracellular matrix and integrin expression
via the MAPK pathway in prostate cancer cells
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Snail transcription factor induces epithelial-mesenchymal transition (EMT) in which the epithelial cells downregulate
cell-cell adhesion genes such as E-cadherin and upregulate mesenchymal genes such as vimentin, leading to increased
invasion and migration. Very little is known about the role of Snail in cellular adhesion to the extracellular matrix. We
hypothesized that Snail will lead to decreased cellular adhesion to fibronectin and collagen | matrix through integrin
regulation, concomitant with increased cell migration. Androgen-independent C4-2 cells, an aggressive subline of
androgen-dependent LNCaP cells, exhibited increased cell migration on fibronectin and collagen | as compared to LNCaP
cells, which was reversed by Snail knockdown in C4-2 cells. ARCaP and LNCaP prostate cancer cells stably transfected
with Snail displayed decreased adhesion and increased cell migration on fibronectin and collagen | as compared to
control Neo-transfected cells, which was reversed by Snail knockdown. Flow cytometry analysis revealed a decrease in
o5, 2 and B1 integrin expression in ARCaP Snail-transfected cells that was reversed in Snail knockdown cells. We also
observed an increase in ERK phosphorylation in ARCaP Snail-transfected cells as compared to control ARCaP-Neo cells,
and inhibition of the MAPK pathway with UO126 inhibitor in ARCaP Snail-transfected cells abrogated Snail-mediated
decrease in cell adhesion and reinduced a5, «2 and B1 integrin expression. Collectively, these studies define a new role
for Snail transcription factor in cell adhesion to the ECM, which may be mediated by MAPK signaling, and may be crucial

for cell detachment and subsequent metastasis.

Introduction

Prostate cancer is a common type of cancer that is found in men
of older ages. In 2009 there were an estimated 192,280 men diag-
nosed and 27,360 that died from the disease.! Those numbers are
expected to increase to 217,730 diagnosed and 32,050 deaths in
2010.!

Cell adhesion plays an integral role in cell communication
and regulation, in the development and maintenance of tissues,
stimulating signals that regulate cell differentiation, the cell cycle
and cell survival.>* To perform these functions, cells must bind
to other cells or various molecules in the extracellular matrix
(ECM).

Studies have shown that prostate cancer as well as several
other types of cancer such as breast, ovarian, colon and esopha-
geal all display a loss of cellular adhesion to the ECM or each
other as cells become cancerous and subsequently metastatic.®'
The extracellular matrix is a complex structural and functional
network of proteins and proteoglycans that can interact simulta-
neously with multiple cell surface receptors.'"'? The majority of
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these proteins are glycosylated, including a wide variety of col-
lagens, laminins, fibronectin and elastins.'? Integrins mediate the
adhesion of cells to ECM proteins and endothelial surfaces while
also playing a role in the type of surrounding interactions a cell

will have with other cells.!*1

Specifically, expression of integrin
molecules has been shown to be aberrant in melanoma, breast
and prostate cancer.”

For example, the prostate cancer cell lines DU145, PC3
and LNCaP have shown aberrant expression of numerous inte-
grins.”" The subunits a3, a4, a5 and o7 are downregulated
across several cancers while the a2 integrin displays an irregular
expression pattern.”’ The o2 integrin is downregulated in pros-
tate cancer however it is upregulated in lymph node metastasis.?’
This pattern of integrin expression is similar in several cancers.

Integrin binding also induces signaling; however, changes in
integrin expression have been associated with changes in integrin
signaling. Specifically, prostate cancer integrin signaling has led
to an increase in the FAK, MAPK and AKT signaling pathways.?’

Snail is a member of the zinc finger transcription factor that
induces Epithelial Mesenchymal Transition (EMT).? This EMT
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as compared to LNCaP cells (Fig. 1A). However, we
did not observe differences in E-cadherin expression
nor vimentin expression between LNCaP and C4-2
cells (data not shown); therefore, we do not believe
the LNCaP-C4-2 model represents an EMT model
despite increased Snail expression in C4-2 cells as
compared to LNCaP cells. Next, we examined a Snail
overexpression model using LNCaP cells that have
previously been shown to undergo EMT as shown by

relocalization of E-cadherin from the cell membrane
to the cytosol, and increased vimentin expression.?
Western blot analysis demonstrated that LNCaP
Snail transfected cells (LNCaP Snail 23) express
more Snail than the empty vector (LNCaP Neo 5)
cells (Fig. 1B). Additionally we transfected androgen-
independent ARCaP prostate cancer cells with Snail
and observed increased Snail expression in Snail
clones (Fig. 1C). We confirmed that Snail overex-

pression in ARCaP cells led to EMT as evidenced by

control. Results are representative of three independent experiments.

Figure 1. Western blot analysis for Snail expression in prostate cancer. Snail expres-
sion was determined by western blot analysis in (A) LNCaP and C4-2 cell line or (B)
LNCaP parental, control LNCaP cells transfected with an empty Neo vector (LNCaP
Neo 5) and LNCaP cells transfected stably with Snail cDNA (LNCaP Snail 23) or (C) AR-
CaP cells stably transfected with empty vector (ARCaP Neo L) or Snail cDNA (Snail A
and Snail T). (D) Expression of EMT markers, E-cadherin and vimentin, was examined
by western blot analysis in ARCaP Neo or Snail clones. Actin was utilized as a loading

decreased E-cadherin and increased vimentin expres-
sion by western blot analysis in ARCaP-Snail A and
Snail T clones as compared to ARCaP-Neo L control
(Fig. 1D).

Stable knockdown of Snail in ARCaP-Snail
and C4-2 prostate cancer cells. We next wanted to
analyze the effects of downregulation of Snail. We

process is characterized by a loss of epithelial cell traits and a gain
of mesenchymal cell traits.? Specifically, there is a loss of the epi-
thelial marker E-cadherin while a noticeable increase in vimentin
is displayed.” Metastatic cancers have been seen to go through
this EMT process as they move from a primary site to a second-
ary site that includes having a loss of cell adhesion.?! Although
the role of Snail in cell-cell adhesion is well studied, there is
scarce data on the role of Snail in celllECM adhesion. Snail has
been seen to increase both cell detachment and attachment by
altering the expression of integrins in MDCK and A431 cells.?

In our present study, Snail was overexpressed and knocked
down in several prostate cancer cell lines in order to determine
the role of Snail on cellular adhesion and migration on the ECM
in prostate cancer cells. The results showed that an overexpres-
sion of Snail in prostate cancer cells reduced cellular adhesion
while increasing migration to fibronectin and collagen I, possibly
through increased MAPK signaling and decreased a5, @2 and 31
integrin cell surface expression.

Results

Snail transcription factor expression in prostate cancer cell
lines. Snail has been shown to play a pivotal role in the progres-
sion of cells going through EMT.* To examine the role of Snail
in cancer progression we first evaluated the expression of Snail
in different cancer cell lines, including LNCaP cells that are
androgen-sensitive and C4-2, a subline of LNCaP that are more
aggressive. We observed an increase in Snail expression in C4-2
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performed stable knockdown of Snail in ARCaP
cells overexpressing Snail (ARCaP Snail T) and
C4-2 cells using shRNA constructs. Monitoring GFP revealed
high transfection efficiency in both cell lines (Figs. 2A and B).
Western blot analysis showed that in C4-2 cells, the E-8 Snail
shRNA construct led to decreased Snail expression as com-
pared to parental C4-2 and non-silencing control (C4-2 NS)
(Fig. 2C). When Snail was knocked down in ARCaP-Snail
T cells, the A-12 and B-9 Snail shRNA constructs decreased Snail
expression as compared to non-silencing control (ARCaP Snail
T NS) (Fig. 2D). Moreover, Snail knockdown in ARCaP Snail
T cells reverted EMT as shown by reinduction of E-cadherin and
inhibition of vimentin protein expression (Fig. 2E). Therefore
utilizing shRNA lentiviral vector constructs against Snail in the
Snail-overexpression, ARCaP Snail T cell line, as well as in C4-2
cells resulted in an efficient and effective knockdown of Snail
expression.

Overexpression of Snail leads to a reduced cell adhesion to
fibronectin and collagen. In order to investigate whether Snail
plays a role in cell adhesion to the ECM in prostate cancer cells
we performed a cell adhesion assay. Cellular adhesion was mea-
sured using two different ECMs, fibronectin and collagen 1. We
observed decreased cell adhesion to fibronectin and collagen I
in ARCaP Snail-overexpression cell lines (Snail A and Snail T)
as compared to control ARCaP Neo L after 20 min (Fig. 3A) or
60 min (results not shown). Moreover, ARCaP Snail T cells with
Snail knockdown (Snail T A-12 and B-9) displayed increased
cell adhesion to fibronectin and collagen I as compared to the
ARCaP Snail T non-silencing control (Fig. 3B). Similarly, we
saw a noticeable decrease in cellular adhesion to fibronectin and
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Figure 2. Stable knockdown of Snail. Snail was stably knocked down by transfection with various Snail sShRNA constructs (A-12, B-9 or E-8) or non-
silencing control (NS), and selection done with puromycin. Pictures were taken under fluorescence and brightfield to show transfection efficiency after
21 days for (A) C4-2 cells with Snail knockdown and (B) ARCaP-Snail T with Snail knockdown. Western blot analysis was performed to examine Snail
expression in (C) C4-2 cells transfected with the Snail ShRNA knockdown construct (E-8) and non-silencing control (NS); (D) ARCaP Snail T cells trans-
fected with the Snail shRNA knockdown constructs (A-12, B-9) and NS control. (E) Expression of EMT markers, E-cadherin and vimentin, was examined
by western blot analysis in ARCaP SnailT cells with stable Snail knockdown. Actin was utilized as a loading control. Results are representative of three

collagen I for LNCaP cells overexpressing Snail (LNCaP Snail
23) in relation to empty vector control (LNCaP Neo 5) and
parental LNCaP cells (Fig. 3C). Interestingly, LNCaP parental
cell lines showed very little difference in adhesion to fibronec-
tin and collagen I than their derivative C4-2 cells (Sup. Fig. 1).
However, when Snail was knocked down in C4-2 cells (C4-2
E-8) there was increased adhesion to fibronectin and collagen
I as compared to parental C4-2 and C4-2 non-silencing control
(Fig. 3D). Overall, we observed that ARCaP and LNCaP cells
overexpressing Snail resulted in decreased adhesion to fibronectin
and collagen I than the control cell lines. Conversely, knockdown
of Snail in ARCaP Snail-T and C4-2 cells results in an increased
cell adhesion potential. This result supports the idea that Snail
leads to decreased cell adhesion to fibronectin and collagen I in
select prostate cancer cells.

Overexpression of Snail leads to increased cell migration
in prostate cancer cell lines. It is known that metastatic cancer
cells and cells that undergo EMT become more migratory and
this has been associated with Snail expression.”” We investigated
migratory potential of cells with overexpression or knockdown
of Snail. Using the same fibronectin and collagen I matrices that
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were used in the prior cell adhesion assays, we conducted migra-
tion assays using Boyden chambers. As expected, ARCaP cells
overexpressing Snail (Snail A and T) were more migratory on
collagen I compared to Neo control (Fig. 4A). Concomitantly we
saw a reduction of migratory ability on collagen I in ARCaP Snail
T cells with Snail knockdown (ARCaP Snail T A-12 and B-9)
(Fig. 4B). Similarly, we saw an increase in cell migration on col-
lagen I, in LNCaP cells overexpressing Snail (LNCaP Snail 23)
as compared to parental LNCaP and control LNCaP Neo 5 (Fig.
4C). We also saw a decrease in migration on collagen I, when
Snail was knocked down in C4-2 cells (C4-2 E-8) as compared
to parental C4-2 and C4-2 non-silencing control (C4-2 NS) (Fig.
4D). Similar images were obtained for cell migration on fibro-
nectin (data not shown). The results for cell migration on fibro-
nectin and collagen I are represented quantitatively in Figure 4E.
Our results indicate that an increase in Snail expression leads to
an increase in migration on fibronectin and collagen, which can
be reversed by Snail knockdown.

Snail transcription factor overexpression reduces integrin
expression in ARCaP cells. Our data suggests that Snail has a
negative effect on the ability of prostate cancer cells to adhere
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Figure 3. Snail decreases cell adhesion to fibronectin and collagen I. Cell adhesion assays were performed on fibronectin or collagen | for 20 min, fol-
lowed by staining of adherent cells with crystal violet, solubilization of stain with Sorenson solution. Subsequent reading of OD at 590 nm are shown
for (A) ARCaP prostate cancer cell lines overexpressing Snail (Snail A and T) and control (Neo L); (B) ARCaP Snail T with knockdown of Snail (A-12 and
B-9) and compared to NS control; (C) LNCaP prostate cancer cell line overexpressing Snail (Snail 23) and its control (Neo 5); (D) C4-2 cells with Snail
knockdown (E-8) and NS control. The results are representative of experiments done in triplicate at least two times. Data represent mean + SD, *p <

to fibronectin and collagen I. Therefore flow cytometry was
used to determine if there is any variation with the expression of
the a5 integrin for fibronectin, a2 integrin for collagen and B1
integrin expression across our cell lines. Data showed that the
overexpression of Snail in ARCaP cell lines led to a decreased
expression of the a5, a2 and Bl integrins (Fig. 5A and B). There
also appears to be a trend towards recovery of a2 integrin expres-
sion once Snail is knocked down in ARCaP Snail T cells (Fig.
5C). However, Snail knockdown in ARCaP Snail T cells did
not significantly alter a5 or B1 levels (Fig. 5C). Additionally
there was a trend towards decreased a5, @2 and B1 levels in the
Snail-transfected LNCaP cells (LNCaP Snail 23) as compared to
LNCaP Neo control, although it was not statistically significant
(Fig. 5D). Snail knockdown in C4-2 cells did not lead to any
significant increase in a5, a2 and B1 integrin expression (data
not shown). Our results suggest that Snail reduces a5, a2 and 1
integrin expression in ARCaP and possibly LNCaP cells.
Inhibition of MAPK signaling pathway in ARCaP cells
overexpressing Snail leads to increased cellular adhesion and
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increased a5, o2 and (1 integrin expression. Prior studies
have shown there to be an increase of phosphorylated MAPK
in prostate cancer as it becomes more aggressive and into a
more androgen-independent state.”® We looked at the expres-
sion of phosphorylated MAPK in our Snail-transfected ARCaP
cells and found that ARCaP Snail T cells expressed more phos-
pho-ERK1/2 than ARCaP Neo L (Fig. 6A). We also saw an
increased expression level of phosphorylated AKT that has also
been associated with cancer progression (data not shown). Next,
we proceeded to see how the inhibition of these pathways would
impact the ability of our cells to adhere as well as the integrin
expression. We treated Snail-transfected ARCaP cells with the
UO126 MAPK inhibitor for various time points and observed
decreased ERK activity within 30 min up to 72 h (Fig. 6B).
Next, we performed a cell adhesion assay and flow cytometry in
order to determine a role of MAPK in this process. The results
showed that in Snail transfected ARCaP cells, inhibition of the
MAPK pathway led to increased cellular adhesion to fibronec-
tin and collagen I (Fig. 6C) and increased surface expression
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Figure 4. Snail increases migration to fibronectin and collagen I. Cell migration was performed on collagen | coated inserts in a Boyden chamber. Cells
that had migrated were stained with crystal violet and images taken for (A) ARCaP cells overexpressing Snail (Snail A and Snail T) or control ARCaP Neo
L, (B) ARCaP Snail T with knockdown of Snail (A-12 and B-9) or control (NS), (C) parental LNCaP, Snail overexpressing LNCaP cells (LNCaP Snail 23) or
control (LNCaP Neo 5), (D) parental C4-2 cells or C4-2 cells with Snail knockdown (E-8) or control NS. (E) Cell migration was performed on fibronectin-
or collagen I-coated inserts. Subsequently, the cells that had migrated were stained with crystal violet and cells counted and graphed (the experiment
was done in triplicate and five fields counted for each well). The results are representative of experiments done in triplicate at least two times. Data

of the a5, @2 and B1 integrins (Fig. 6D). However, inhibition
of the PI3K pathway with LY294002 did not lead to any sig-
nificant changes in cell adhesion or integrin expression (data
not shown). Therefore, Snail-mediated decrease in cell adhesion
and integrin expression may be regulated in part, by the MAPK
pathway.

Discussion

In our study we looked at the ability of Snail transcription fac-
tor to influence cellular adhesion to the ECM in prostate cancer
cells in vitro. Cellular adhesion is the attachment of one cell to
another or to the extracellular matrix and is regulated by cellular
adhesion molecules, including the immunoglobulin superfamily,
cadherins, integrins, occludins, etc.?’” Integrins are heterodimeric
transmembrane receptors that attach to the extracellular matrix
and play a pivotal role in several important cell functions namely
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proliferation, migration, survival, etc.”® These integrins are key in
the life of a cell; however, in several types of cancer the expression
of these integrins has become abnormal.?’

The present study correlates the expression of Snail with
prostate cancer progression, in that, the more aggressive C4-2
cell line expressed more Snail than less aggressive LNCaP cells.
Additionally, Snail overexpression in ARCaP cells led to EMT
where cells expressed less E-cadherin and more vimentin. We
had previously reported that Snail induces EMT in LNCaP and
ARCaP cells.??" We wanted to extend these studies to specifi-
cally study the role of Snail in cell adhesion to ECM.

Our study showed that increasing the levels of Snail in ARCaP
and LNCaP prostate cancer cells led to decreased cell adhesion
to the ECMs, fibronectin and collagen 1. Conversely we saw
that knocking down Snail in ARCaP Snail-overexpressing cells
(ARCaP Snail T) and C4-2 led to regaining the ability to adhere
to these same ECMs.
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Figure 5. Snail reduces a5, a2 and 1 integrin expression in prostate cancer cells. Surface integrin expression was examined by flow cytometry using
a5, a2 or B1 antibodies. (A) Mean fluorescent intensity was plotted for ARCaP Snail-overexpressing cells (Snail A and Snail T) or control (Neol). (B)
Integrin expression profile is shown for a5, a2 and 1 for ARCaP Snail-overexpressing cells (Snail A and Snail T) or control (NeoL). (C) Mean fluorescent
intensity is shown for ARCaP Snail T with Snail knockdown (B-9) or NS control or (D) parental LNCaP, LNCaP cells stably transfected with Snail (LNCaP
Snail 23) or control LNCaP Neo 5. Experiments were done in triplicate at least twice. Data represent mean + SD, *p < 0.05.

We noticed that the androgen-independent cell line C4-2 had
nominal difference of cellular adhesion to fibronectin and collagen
I, when compared to the androgen-dependent LNCaP cell line.
This was unexpected since the C4-2 cell line expresses more Snail
than LNCaP cells. However once we knocked down Snail in the
C4-2 cell line, we observed an increase in cell adhesion. This could
be due in part to Snail not being the only gene that regulates cellular
adhesion in C4-2 cells. There may be other genes that are involved
with its ability to adhere; however, by knocking down Snail, we have
shown that it does contribute to adhesion to fibronectin and colla-
gen I. Although Snail is higher in C4-2 cells as compared to LNCaP
cells, it may not be sufficient to effect cell adhesion. Conversely,
C4-2 cells may be less adherent on alternate matrices.
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In addition to observing decreased cell adhesion, we also saw
increased cell migration for ARCaP and LNCaP Snail overex-
pressing cells, when compared to the empty Neo vector. Snail
knockdown in ARCaP-Snail or C4-2 cells led decreased migra-
tion across the matrices in comparison to the non-silencing
controls.

Our study also correlated with prior studies that showed that
integrin expression is deregulated in cancers.?* One study shows
that in prostate cancer the a2 integrin is downregulated in grade
I and II tumors while expression in grade III tumors was more
heterogeneous; however, a2 was upregulated in lymph node
metastasis.”’” Another study has shown through flow cytometry
that the o4 subunit is only expressed on nontumorigenic cells
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Figure 6. Snail mediates decreased cell adhesion and integrin expression through the MAPK pathway. (A) Activated ERK (phospho-ERK) was exam-
ined in ARCaP cells stably transfected with Snail. ARCaP-Snail T clone expressed higher levels of phospho-ERK as compared to ARCaP Neo L control.
(B) ARCaP Snail T cells were treated with UO126 inhibitor for various time points and western blot analysis performed to verify that UO126 inhibited
phospho-ERK but did not affect total ERK. (C) Cell adhesion assay was performed on Snail transfected ARCaP Snail T cells with or without UO126 treat-
ment. (D) Surface expression of a5, «2 and 1 integrin was examined by flow cytometry after treatment with UO126. Black = no UO126, Red = treated
with UO126. Experiments were done in triplicate at least twice. Data represent mean + SD, *p < 0.05.

that were not able to invade across matrigel; however, tumori-
genic cells were able to invade.?* We show that Snail overexpres-
sion leads to a reduction in a5, a2 and B1 integrin expression in
ARCaP Snail and possibly LNCaP cell lines.

Although Snail knockdown in C4-2 cells led to increased
cell adhesion to fibronectin and collagen I, this did not correlate
with increased expression of a5, @2 and B1 integrins. This could
be due to the understanding that different cell lines use differ-
ent integrins to adhere to their surroundings. Specifically it has
been seen that aVB3, a3B1, a5B1, a6, allbB3, a6B4, a2p1,
a4B1 as well as others play a role in the malignant properties of
cancer.”” The DUI145 prostate cancer cell line has variations in
aVB3, a3pl, a5p1, a6 and allbB3 while PC3 has variability
among a3B1, a6B4, a2B1 and a3P1.” Additionally, it has been
shown that there are negligible differences in integrin expression
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between LNCaP and C4-2 cells.?? This could explain why there
was no differences in cell adhesion to fibronectin or collagen I
between LNCaP and C4-2 cell lines in our study.

Our study showed conflicting data to another study that
showed that Snail overexpression in MDCK and A431 cells led
to increased attachment to fibronectin.?? They further showed
that Snail overexpression correlated with increased expression
of o5 integrin. The differences may be explained by the use
of different cell lines, while they used kidney epithelial cells
(MDCK) and human epithelial vulva carcinoma (A431), we
used prostate cancer cells. Alternatively, they showed increased
expression of a5 in protein lysate and at the mRNA level, while
we focused on cell surface expression of integrins. Our study
and previous studies underscore the complexity of cellECM
interactions.
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We saw that treatment of Snail transfected ARCaP cells with
the MAPK inhibitor U126, led to increased cell adhesion to
fibronectin and collagen I. Additionally we saw an increase in a5,
a2 and B1 integrins on this same cell line treated with UO126
that would correlate with the stronger adherence observed. We
also treated ARCaP Snail T cells with PI3K inhibitor, LY294002,
but saw no significant changes to cell adhesion or integrin expres-
sion (data not shown). This supports the idea that Snail utilizes
the MAPK pathway to reduce cell adhesion to fibronectin and
collagen and integrin expression in ARCaP cells.

Overall our results show that Snail negatively regulates cell
adhesion in prostate cancer cell lines concomitant with increased
cell migration. Snail also negatively regulates a5, a2 and B1
integrin expression in ARCaP cells via the MAPK pathway.
We believe these studies may define a novel role for Snail in
celllECM interactions in human prostate cancer, which is an
important step for cells to detach, migrate and subsequently
metastasize.

Materials and Methods

Reagents and antibodies. Antibody for Snail (rabbit monoclo-
nal) was from Cell Signaling Technology (3879S). Antibodies for
Maspin (mouse monoclonal) (554292) and E-cadherin (mouse
monoclonal) (610182) were from BD Biosciences. Antibodies for
Vimentin (mouse monoclonal) (SC6260) and secondary donkey
anti goat were from Santa Cruz Biotechnology, Inc. (5C2020).
Antibodies for total ERK1/2 (9102) and phospho ERK1/2 (rab-
bit polyclonal) (9101) were from Cell Signaling Technology, Inc.
Antibodies for a5 (CBL497), a2 (CBL477) and B1 (MAB1951)
integrins were from Millipore. RNAintro GIPZ lentiviral shRNA
starter kit with A-12, B-9, E-8 and non-silencing negative control
were from Open Biosystems (Thermo Scientific, RHS4287). G418
sulfate was acquired from Calbiochem (345810). BCA protein assay
kit from Thermo Scientific (23227). Nitrocellulose membranes
were from Bio-Rad (162-0115). Amersham ECL plus was from
GE Healthcare (RPN2132). Secondary antibodies for anti rabbit
(NA934V) and anti mouse (NA931V) were from GE Healthcare.
Constitutively active Snail cDNA (8SA) was a kind gift from Dr.
Mien-Chie Hung (University of Texas, Houston, TX).

Cell lines. LNCaP cells were from ATCC. C4-2 and ARCaP
cells that were a kind gift from Dr. Leland Chung (Cedar Sinai
Medical Center, Los Angeles, CA). Cultured cells were grown
in medium (RPMI 1640) supplemented with 10% FBS, penicil-
lin and streptomycin, in a humidified atmosphere at 37°C and
5% CO,. LNCaP cells stably transfected with Snail that display
EMT have been described previously in reference 23, and were
maintained in 400 pg/ml of G418.

Stable overexpression of Snail. ARCaP cells grown to 90%
confluence in a six-well culture dish were transfected with
either 1 pg of Snail cDNA or the empty neomycin vector, using
Lipofectamine 2000 (11668-019) according to manufacturer
instructions (Invitrogen). Stable transfectants were selected by
treatment with 800 pg/ml of G418 and maintained in 400 pg/
ml G418. Selected clones were tested for Snail expression by
western blot analysis. ARCaP Snail A and ARCaP Snail T are
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representative Snail overexpressing clones, while ARCaP Neo-L
is the representative control.

Stable knockdown of Snail. Eighteen to 24 h prior to trans-
fection, ARCaP Snail T and C4-2 cells were plated at a 10 x
10 cells per well (Costar, 12-well). The next day, transfection
was performed with 1 pg of the different Snail shRNA lentivi-
ral constructs (A-12, B-9 or E-8) or non-silencing control and 5
wl of Arrest-in reagent according to manufacturer instructions.
Selection was done with 1 pg/ml of puromycin. Expression was
confirmed visually by green fluorescent protein (GFP) within the
transduced cells.

Cell adhesion assay. Ninety-six-well plates were coated with
3.67 pg/ul of rattail collagen I or 2.5 wg/cm? of fibronectin
overnight at 4°C. Wells were rinsed with 1x PBS the following
day, preheated to 37°C, for surface neutralization. Remaining
binding sites were blocked with 0.1% bovine serum albumin
(BSA) in PBS for a period of 1 h. Cells were plated with ARCaP-
Neo/Snail, ARCaP Snail-T A-12/B-9/Non-silencing (NS) con-
trol; parental LNCaP and LNCaP-Neo/Snail; parental C4-2 and
C4-2 E-8/NS at 30 x 10* per well. After incubation for 20 or 60
min, cells were treated with percoll flotation medium and percoll
fixative for 15 min, washed with PBS and treated with 0.5% crys-
tal violet staining, washed again and allowed to dry overnight.
An automated plate reader was used to quantitate cell attachment
on the next day, once each well was solubilized with Sorenson
solution, and OD read at 590 nm.

Migration assay. In vitro migratory potentials were assayed
in the ARCaP-Neo/Snail, LNCaP-Neo/Snail transfectants, as
well as the Snail knockdowns in ARCaP Snail T and C4-2 cells.
5 x 107 cells in 0.1% BSA were plated in the upper chamber of
Costar 24-well plates containing 8 pwm pore size polycarbon-
ate filter inserts coated with 3.67 pg/pl of rat-tail collagen or
2.5 pg/cm? of fibronectin, while the lower chamber contained
10% BSA. After 5 h for ARCaP or 24 h for C4-2 or LNCaP
transfected cells, cotton swabbing was performed to remove cells
that did not migrate and those that had migrated into the lower
chamber were collected fixed, stained with crystal violet and
counted.

Western blot assay. Protein lysates were made from the vari-
ous cell lines by lysing in modified RIPA buffer that included
1 mol/L Tris, 5 mol/L NaCl, 1% Triton X-100, 1 mmol/L
sodium orthovanadate and protease inhibitor cocktail (Roche).
For western blotting, equal concentrations of protein lysates
were separated on 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) gel and proteins transferred
onto nitrocellulose membrane. Membranes were blocked
in 5% milk, and then incubated with primary antibodies at
4°C overnight. Blots were then washed with TBS-T, probed
with secondary antibody and visualized with enhanced che-
miluminescence reagent ECL + according to the manufactur-
er’s instructions. They were developed on film as well as on
LAS 3000.

Flow cytometry. The a5 (Fibronectin), a2 (Collagen) and
B1 integrins were probed for, in each of our cell lines. Cells were
plated at 2 x 10° overnight, detached with citric saline, centri-
fuged down and resuspended in 2% Paraformaldehyde. After
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this they were rinsed in 1x PBS and suspended in blocking buffer
(1% horse serum) and incubated with an antibody against an
aforementioned integrin at a 1:500 concentration overnight at
4°C. Next day it was probed with a FITC conjugated secondary
antibody and ran on the Accuri C6 Flow cytometer for integ-
rin cell surface expression. Controls were cells incubated without
antibody to integrin but with secondary antibody. Experiments
were performed three times and representative data displayed.
The mean fluorescent intensity was plotted after subtracting con-
trol and background.

Treatment with inhibitor. T-75 flasks were plated with 1-2 x
10° cells, the day before beginning treatments. Once 75% con-
fluent, cells were treated with either control DMSO or 20 wM of

UO126 for specific time points and subsequently washed with
PBS before proceeding with follow up experiments.
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