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Functional membrane androgen receptors (mAR) have previously been described in MCF-7 breast cancer cells. Their
stimulation by specific testosterone albumin conjugates (TAC) activate rapidly non-genomic FAK/PI3K/Rac1/Cdc42
signaling, trigger actin reorganization and inhibit cell motility. PI3K stimulates serum and glucocorticoid inducible
kinase SGK1, which in turn regulates the function of mAR. In the present study we addressed the role of SGK1 in mAR-
induced apoptosis. TAC-stimulated mAR activation elicited apoptosis of MCF-7 cells, an effect significantly potentiated
by concomitant incubation of the cells with TAC and the specific SGK1 inhibitors EMD638683 and GSK650394. In line
with this, TAC and EMD638683 activated caspase-3. These effects were insensitive to the classical androgen receptor
(iAR) antagonist flutamide, pointing to iAR-independent, mAR-induced responses. mAR activation and SGK1 inhibition
further considerably augmented the radiation-induced apoptosis of MCF-7 cells. Moreover, TAC- and EMD638683
triggered early actin polymerization in MCF-7 cells. Blocking actin restructuring with cytochalasin B abrogated the TAC-
and EMD638683-induced pro-apoptotic responses. Further analysis of the molecular signaling revealed late de-
phosphorylation of FAK and Akt. Our results demonstrate that mAR activation triggers pro-apoptotic responses in
breast tumor cells, an effect significantly enhanced by SGK1 inhibition, involving actin reorganization and paralleled by
down-regulation of FAK/Akt signaling.

Introduction

Expression of membrane androgen receptors (mARs) has been
described in various tumor cells including prostate,1-6 breast,7,8

and colon9,10 cancer as well as gliomas.11 Their activation by spe-
cific membrane impermeable testosterone albumin conjugates
(TAC) triggers various, classical androgen receptor (iAR)-
independent non-genomic, signaling pathways that govern cellu-
lar outcomes including secretion, apoptosis and motility (for
recent reviews see12,13). In particular, in MCF-7 breast cancer
cells stimulation of functional mAR’s was reported to activate
rapidly the FAK/PI3K/Rac1/Cdc42 signaling that may trigger
profound actin reorganization and significantly inhibit cell motil-
ity.8 However, the initiation of mAR-induced pro-apoptotic
responses in MCF-7 cells, as described in other tumor cell
types7,9,14,15 has not been addressed.

Recently, we have reported that the serum and glucocorticoid
inducible kinase SGK1 is implicated in the regulation of tumor
growth in vivo, particularly in colonic tumors.16,17 SGK1

facilitates cell survival mediated by the classical androgen receptor
(iAR).18,19 In addition, in a recent study we have shown that
SGK1 may similarly regulate mAR functions.20 Indeed, SGK1
was shown to enhance colon tumor cell migration via vinculin
de-phosphorylation, a mechanism that was abrogated by mAR
activation.20 These findings imply a possible cross talk of SGK1
with membrane androgen receptors signaling and function. Since
SGK1 is a downstream effector of PI3K implicated in pro-
survival mechanisms16 and PI3K is triggered by mAR stimulation
in MCF-7 cells8 we addressed the possible role of SGK1 in mAR-
initiated pro-apoptotic responses. In the present study we report
for the first time a strong pro-apoptotic response to mAR stimu-
lation that is significantly enhanced upon inhibition of SGK1 in
mAR-stimulated MCF-7 cells. Moreover, combined SGK1 inhi-
bition and mAR activation potentiates the radiation-induced
apoptosis of MCF-7 cells. Our results indicate for the first time
that mAR activation in combination with SGK1 inhibition and
radiation may provide a powerful novel anti-tumorigenic strategy
in the combat against breast cancer.
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Results

TAC induces strong apoptotic response in MCF-7 human
breast cancer cells that is enhanced by SGK1 inhibition

mAR expression has been previously reported in MCF-7
cells.8 Here we first examined whether mAR activation induces
apoptosis, as already described in prostate and colon tumor
cells.12 By using FACS analysis, we report strong pro-apoptotic
response in MCF-7 cells treated for 24 h with 100 nM TAC
(Fig. 1). In line with this finding caspase 3 was activated as early
as 4 hours and up to 24 hours upon TAC stimulation of MCF-7
cells (Fig. 2). Since SGK1 is a pro-survival kinase, acting down-
stream of PI3K, we further examined whether the SGK1-specific
inhibitors may influence the TAC-induced breast tumor growth

control. For this we used EMD638683 (50 mM) and
GSK650394 (1mM) that are selective SGK inhibitors and
EMD638683 is highly effective in vivo.21 FACS analysis revealed
that combined treatment of MCF-7 cells with both the SGK1
inhibitors and TAC significantly enhanced the TAC-induced
apoptotic response (Fig. 1), reaching a maximum rate of 50%
after combined treatment. Moreover, results shown in Fig 1 indi-
cate that early apoptosis was significantly higher than late apopto-
sis. Whether this finding may reflect a partial post-treatment
recovery of the cells or experimental limitations in the treatment
efficacy remain to be elucidated. SGK1 inhibitors in combination
with TAC significantly up-regulated caspase 3 activity further
(Fig. 2). These findings indicate that SGK1 inhibition interferes
with mAR-induced signaling and function and potentiates the

Figure 1. Early and late apoptosis of MCF-7 breast cancer cells treated by TAC and SGK1 inhibitors EMD638683 and GSK650394. (A) Original dot-
plots (PI/Annexin V) of a representative expriment demonstrating an increase of cell events in the lower right quadrant (early apoptosis) and upper right
quadrant (late apoptosis) in TAC- and TACCEMD638683- or TACCGSK650394- treated group in the presence and absence of 1 mM flutamide. (B,C) Flow
cytometry results after a 24h treatment in the absence (control) or presence of 100 nM TAC, 50 mM EMD638683, combination of TACCEMD638683, in
the presence or absence of 1 mM flutamide, or 1 ml solvent (DMSO) following staining with FITC conjugated Annexin V and propidium iodide (PtdIns).
Presented results are arithmetic means§ SEM (nD 6) of the percentage gated MCF-7 cells binding Annexin V but not propidium iodide (early apoptosis,
B), or both Annexin V and propidium iodide (late apoptosis, C). * (P< 0 .05), ** (P< 0 .01) and *** (P< 0.001) indicate significant differences to respective
value of untreated control. &&& (P < 0 .01) indicates significant differences of TACCEMD638683-treated cells to respective values of TAC-treated cells
(unpaired t-test). Note that no differences are observed between presence or absence of 1 mM flutamide.
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apoptotic response in MCF-7 breast cancer cells. We have further
addressed the possible involvement of the classical intracellular
androgen receptor (iAR) in the observed TAC effects on MCF-7
cells. For this, both, apoptosis and caspase 3 activity were mea-
sured in the presence of the androgen receptor antagonist fluta-
mide. As shown in Figures 1 and 2 the apoptotic responses and
the activation of caspase 3 remained unchanged under all experi-
mental conditions in the presence of 1 mM flutamide, implying
an iAR-independent, mAR-induced effect.

mAR activation and SGK1 inhibition enhance radiation-
induced cell growth control

Since radiation is widely used in human tumor treatment, we
further analyzed whether mAR activation and SGK1 inhibition
may interfere with radiation-induced cell death. For this, MCF-7
cells were treated for 24 h with TAC (100 nM), EMD638683
(50 mM) or the combination of both and then irradiated or not
(as described in materials and methods). Apoptosis was assessed
following incubation for additional 72 h. As shown in Figure 3
the radiation-induced early and late apoptosis was significantly
enhanced in cells pretreated with TAC or EMD638683, while
combined treatment of the irradiated cells with both agents fur-
ther potentiated the pro-apoptotic responses.

Actin redistribution controls the mAR and SGK1-governed
pro-apoptotic responses

Previous studies revealed that early actin reorganization regu-
lated by mAR activation govern the TAC-induced pro-apoptotic

responses in prostate2,14 and colon9 cancer cells. Moreover, actin
redistribution has been reported to be a prominent mAR
response in MCF-7 cells.8 In line with these reports, strong and
transient actin polymerization was evident in MCF-7 cells upon
mAR activation as documented by the significant decrease of the
G/F-actin ratio (Fig. 4). This effect was manifested as early as 15
minutes and persisted for 60 minutes upon TAC treatment.
Interestingly, inhibition of SGK1 by EMD638683 induced in
addition rapid and transient actin polymerization (Fig. 4), imply-
ing that SGK1 signaling is involved in the reorganization of actin
architecture in breast cancer cells. We further examined whether
actin remodeling is involved in the mAR- and SGK1-regulated
apoptosis of MCF-7 cells. For this, cells were pretreated with the
actin cytoskeleton inhibitor cytochalasin B (1 mM) that blocks
actin polymerization prior to the stimulation of mAR by TAC
and inhibition of SGK1 by EMD638683. The estimation of
early and late apoptosis was followed by FACS analysis. As shown
in Figure 5 A,C,D the pro-apoptotic effects were clearly inhib-
ited, while caspase 3 activation (Fig. 5B) was abolished, indicat-
ing that actin restructuring is a crucial step involved in the pro-
apoptotic signaling mechanism of MCF-7 breast cancer cells.

mAR activation and SGK1 inhibition induce late FAK and
Akt dephosphorylation in MCF-7 cells

We have further addressed the identification of possible sig-
naling molecules that may be implicated in mAR-induced pro-
apoptotic responses regulated by SGK1 in MCF-7 cells. For this
we assessed the phosphorylation state of the Focal Adhesion
Kinase FAK. FAK is important for normal cell survival mainte-
nance, while disruption of FAK signaling initiates loss of sub-
strate adhesion and apoptotic responses.22 As shown in
Figure 6A, the ratio of phosphorylated FAK to the total FAK
protein decreased significantly after long term (24 h) incubation
of the cells with TAC, or TAC plus EMD638683 respectively.
FAK signaling may activate downstream molecules such as
PI3 K/Akt.22,23 For this we further analyzed the phosphorylation
state of Akt. In line with the observed FAK dephosphorylation a
significant decrease of the ratio of phosphorylated Akt to total
protein content became evident in MCF-7 cells, incubated for
24 hours with TAC or TAC plus EMD638683 (Fig. 6B). Taken
together these results imply the long-term downregulation of a
central pro-survival signaling pathway in mAR and SGK1-gov-
erned pro-apoptotic responses in MCF-7 cells.

Discussion

The present study discloses the novel finding that mAR activa-
tion by testosterone albumin conjugates along with SGK1 inhibi-
tion triggers strong pro-apoptotic responses in MCF-7 human
breast cancer cells. The significant role of SGK1 in the mAR-
induced apoptotic response was established for the first time, and
shown to be enhanced substantially by the specific SGK1 inhibi-
tors EMD638683 and GSK650394. Interestingly, using the
anti-androgen flutamide alone or in combination with TAC or
EMD did not impact on cell fate, indicating that the classical

Figure 2. Caspase 3 activation of MCF-7 breast cancer cells treated
by TAC and SGK1 inhibitor EMD638683. After 2, 4, 6, and 24h expo-
sure in the absence (control) or presence of 100 nM TAC, 50 mM
EMD638683 or TACCEMD638683 in the presence or absence of 1 mM
flutamide, or 1 ml solvent (DMSO), cells were stained with conjugated
inhibitor of active Caspase-3 (FITC-DEVD-FMK) and measured by FACS.
Graph is showing arithmetic means § SEM (n D 6) of the percentage
gated MCF-7 cells. ** (P < 0 .01) and *** (P < 0.001) indicate significant
differences to respective value of untreated control (unpaired t-test). ##
(P < 0 .01) indicates significant differences of TACCEMD638683 treated
cells to respective values of TAC-treated cells. Note that no differences
are observed between presence or absence of 1 mM flutamide.
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intracellular AR may not be involved in the membrane androgen
receptor actions. Moreover, we report that mAR activation and
SGK1 inhibition in combination to radiotherapy further potenti-
ated the radiation-induced apoptosis of MCF-7 cells. These find-
ings prove a functional cross-talk of mAR activation with SGK1
signaling that may govern pro-apoptotic responses in breast
tumor cells.

SGK1 is a family member of the SGK pro-survival kinases act-
ing downstream of PI3 K, implicated in tumor growth.16,17,24,25

SGK1 is also involved in the signaling of migration.26 In addi-
tion, SGK1-dependent Ca2C signaling was recently proposed as
a novel mechanism regulating the actin cytoskeleton in mast
cells.27 Our findings showing reorganization of actin architecture
in breast cancer cells upon SGK1 inhibition fully supports this

hypothesis. The possible crosstalk of SGK1 with membrane tes-
tosterone signaling and actin reorganization has been recently
addressed.20 It was shown that the enhanced migratory and inva-
sive potential of colon tumor cells expressing the active mutant
of SGK1 was strongly inhibited upon stimulation of membrane
androgen receptors by testosterone and testosterone conjugates.20

These results imply a significant role of this pro-survival kinase
acting downstream of PI3K in membrane-initiated testosterone
actions. Although a direct short term phosphorylation of endoge-
nous SGK1 upon mAR stimulation was not observed in MCF7
cells (data not shown), it is reasonable to assume that the inhibi-
tion of SGK1 potentiates the mAR-dependent pro-apoptotic
effect as a result of the inhibition of this important pro-survival
factor.

Figure 3. SGK1 inhibitor EMD638683 enhances radiation-induced apoptosis in TAC-treated MCF-7 cells. Original dot-plots (PI/Annexin V) of a rep-
resentative expriment demonstrating an increase of cell events in the lower right quadrant (early apoptosis) and upper right quadrant (late apoptosis) in
(A) non-irradiated TAC- and TACCEMD638683-treated cells and (B) 4 Gy irradiated TAC- and TACCEMD638683-treated MCF-7 cells. (C,D) Flow cytometry
results after a 24h treatment in the absence (control) or presence of 100 nM TAC, 50 mM EMD638683, combination of TACCEMD638683, or 1 ml solvent
(DMSO) in non-irradiated- (white bars) or 4 Gy irradiated- (black bars) MCF-7 cells following staining with FITC conjugated Annexin V and propidium
iodide (PtdIns). Results represent arithmetic means § SEM (n D 6) of the percentage gated MCF7 cells binding to Annexin V but not propidium iodide
(early apoptosis, C), and to both Annexin V and propidium iodide (late apoptosis, D). ** (P < 0 .01) and *** (P < 0,001) indicate significant differences to
respective values of untreated control. # (P < 0 .05), ## (P < 0 .01) and ### (P < 0 .001) indicate significant differences of irradiated cells to respective val-
ues of non-irradiated cells. $ (P < 0 .05), $$ (P < 0 .01) and $$$ (P < 0 .001) indicate significant differences to respective values of irradiated control. &&&
(P < 0 .001) indicates significant difference of irradiated TACCEMD638683-treated cells to respective values of irradiated TAC-treated cells (unpaired t-
test). x (P < 0 .05), indicates significance between TAC-treated and TACCEND-treated non-irradiated cells.
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An additional novel finding of the present work is the
observed strong enhancement of the pro-apoptotic responses
after combined treatment of irradiated MCF-7 cells with both
agents, reaching a maximal 65% apoptotic rate that may reflect
the margins in the treatment efficacy of this cell line. These find-
ings suggest that mAR activation by TAC and SGK1 inhibition
in combination to radiation may substantially improve tumor
regression in human breast cancer cells and further support recent
findings on EMD638683 action in colon tumor cells.28 How-
ever, since existing reports so far do not support the role of apo-
ptosis in radiation-induced clonogenic inactivity of solid
tumors,29-31 further studies are now needed to analyze in detail
the clinical significance of these interactions.

Recent observations have shown that actin reorganization ini-
tiated by androgens is controlling various cellular functions
including apoptosis in mAR-stimulated human prostate and
colon cancer cells.9,10,14 The role of actin reorganization is under-
scored by our present observations, showing clear inhibition of
the mAR and SGK1-governed apoptotic response in breast can-
cer cells pre-treated with cytochalasin B that blocks the observed
actin reorganization. Taken together these findings suggest a piv-
otal role of actin reorganization that may link membrane-initi-
ated steroid hormone actions to the regulation of cellular

Figure 4. Effects of TAC and TACCSGK1 inhibitor EMD638683 in
actin polymerization dynamics in MCF-7 cells. Arithmetic means §
SEM (n D 4 independent experiments) of G/F actin ratio (normalized) in
MCF-7 breast cancer cells without or with prior treatment with 100 nM
TAC, 50 mM EMD638683, or combined TACCEMD638683 for 15, 30 and
60 minutes. * (P < 0 .05), ** (P < 0 .01) and *** (P < 0 .001) indicates sta-
tistically significant differences to respective value of untreated control.
# (P< 0 .05) indicates significant differences of TACCEMD638683 treated
cells to respective values of TAC-treated cells.

Figure 5. Cytochalasin (B)inhibits the pro-apoptotic effects in TAC-, EMD638683- and TACCEMD638683-treated MCF-7 cells. Original dot-plots
(PI/Annexin V) (A) of a representative expriment demonstrating TAC-, EMD638683 and TACCEMD638683-treated MCF7 cells in the presence of 1 mM
cytochalasin B. Flow cytometry results after a 24h treatment in the presence of 1 mM cytochalasin B of MCF-7 cells treated with 100 nM TAC, 50 mM
EMD638683 or TACCEMD638683 following staining with conjugated inhibitor of active Caspase-3 (FITC-DEVD-FMK) (B), with FITC conjugated Annexin V
(C) and propidium iodide (PtdIns) (D). Presented results are arithmetic means § SEM (n D 6). Note that no significant effects of TAC and EMD638683-
treatment were observed in the presence of 1 mM cytochalasin B.
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responses in tumor cells and further support the recently postu-
lated key role of actin remodeling in apoptosis, cell death and
aging.32-35 However, despite various molecular mechanisms that
have been proposed to establish a link between early actin redis-
tribution and late cellular outcomes,14,34-37 the molecular basis
of these interactions is still not well understood (for a recent
review see 38).

Our present findings further revealed late down-regulation of
FAK and Akt signaling upon mAR stimulation and SGK1 inhibi-
tion in breast cancer cells. Although late FAK and Akt activation
status may not provide direct mechanistic insights, these results pro-
vide additional molecular indications supporting the pro-apoptotic
response of the cells that could be partially correlated with the
molecular signaling governing cell survival and motility responses,
as this has been previously reported in various tumor cells.23 Further
work is now needed to address this important issue.

Conclusions

In the present study we report for the first time that SGK1 is
involved in membrane-initiated testosterone pro-apoptotic
actions in tumor cells. Inhibition of SGK1 by specific inhibitors
enhances mAR-induced apoptosis in MCF-7 breast cancer cells.

This interaction involves early actin
reorganization and late FAK and Akt
inactivation. In addition, mAR activa-
tion and concomitant SGK1 inhibition
potentiates considerably the radiation-
induced cell death of breast tumor cells.
These findings imply that mAR activa-
tion in combination with SGK1 inhibi-
tion and radiation may offer a novel
anti-tumorigenic option in the treat-
ment of breast cancer.

Materials and Methods

Cell cultures
MCF-7 mammary adenocarcinoma

cells, provided from ATCC were cul-
tured in 1:1 Dulbecco’s Modified Eagle
Medium (DMEM)/Ham’s F12
medium supplemented with 10% fetal
bovine serum (FBS), 2 mM L-gluta-
mine, 30 mM NaHCO3, 16 ng/ml
insulin and 50 mg/ml penicillin/strep-
tomycin. Cells were maintained in a
humidified atmosphere of 5%, CO2 in
25 cm2 or 75 cm2 flasks. Subcultivation
was performed with Ca2C and Mg2C

free phosphate buffer saline (PBS) con-
taining 0.25% trypsin and 5 mM
EDTA. Based on previous titration

experiments,3,8,9 for mAR stimulation we have used throughout
this study the non-permeable androgen derivative testosterone-
BSA (TAC, Sigma-Aldrich) in a concentration of 100 nM. In
distinct experiments, the anti-androgen drug flutamide (1 mM,
Sigma), the SGK1-specific inhibitors EMD638683 (50 mM)
and GSK650394 (1 mM), as well as the actin cytoskeleton-dis-
rupting agent cytochalasin B (1 mM, Sigma-Aldrich) were used
as indicated.

Irradiation of MCF-7 cells
Irradiation was performed at 37�C using a Gulmay RS225 X-

ray machine (Gulmay limited, Chertsey, UK) with a dose rate of
1.0 Gy/minute and the exposure factors of 200 kVp, 15 mA and
0.5-mm Copper additional filtering. 2.0 £ 105 cells were seeded
in 6-well plates and cultured with fresh culture medium for 24 h,
after which 100 nM testosterone-BSA was applied in the pres-
ence or absence of EMD638683 (50 mM) for 24h. For compari-
son, the cells were treated with the solvent DMSO and one
solvent control was analyzed with each set of experiments. The
cells were subsequently exposed to 4 Gy. After further incubation
for 72h the apoptosis of cells was analyzed utilizing flow cytome-
try (BD FACS Calibur, BD Biosciences).

Figure 6. Effects of TAC and TACCSGK1 inhibitor EMD638683 on FAK and Akt phosphorylation
in MCF-7 cells. (A) MCF-7 cells were stimulated with 100 nM TAC, 50 mM EMD638683 or combined
TACCEMD638683 for 24 h. Following cell lysis equal amounts of total lysates were immunoblotted
(IB) with a specific antibody against phospho-FAK and total FAK. Immunoblots were analyzed by den-
sitometry. The intensity of phospho-FAK was normalized to the intensity of the corresponding total
FAK band. Blots are from a representative experiment, whereas the relative fold decrease are indicated
as mean values § SEM from n D 3 independent experiments with that of untreated cells taken as 1
(*P < 0.05; **P < 0.01 ***P < 0.001). (B) MCF-7 cells were stimulated with 100 nM TAC, 50 mM
EMD638683 or combined TACCEMD638683 for 24h. Following cell lysis equal amounts of total lysates
were immunoblotted (IB) with a specific antibody against phospho-Akt and total Akt. Immunoblots
were analyzed by densitometry. The intensity of phospho-Akt was normalized to the intensity of the
corresponding total Akt band. Blots are from a representative experiment, whereas the relative fold
decrease are indicated as mean values § SEM from n D 5 independent experiments with that of
untreated cells taken as 1 (*P < 0.05; **P < 0.01).
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FACS analysis

Apoptosis assay
The quantification of apoptotic cells was estimated by flow

cytometry using the Annexin-V-FITC/Propidium iodide (PI)
apoptosis detection kit in accordance with the manufacturer’s
instructions (Mabtag). Briefly, 2.0 £ 105 cells were seeded into
6-well plates and after indicated treatment, the cells were har-
vested, washed with cold PBS and then suspended in annexin V
binding buffer containing annexin V-FITC solution and propi-
dium iodide (PtdIns). The cells were incubated in the dark for
20 minutes at room temperature and then measured immediately
yielding a FL-1 vs FL-2 dot plot in FACS (BD FACS Calibur,
BD Biosciences).

Caspase-3 activation
Active caspase-3 was measured by CaspGlow Fluorescein

Active Caspase-3 Staining kit from BioVision adhering to the
manufacturer’s instruction. Briefly, 1.0 £ 105 cells were sus-
pended in 100 ml complete DMEM, stained for 1 hour with
0.2 ml active caspase-3 FITC antibody under cell culture condi-
tions. The cells were then washed once in 200 ml wash buffer
supplied in the kit and resuspended in 200 ml wash buffer for
immediate FACS analysis.

Estimate of actin cytoskeleton dynamics
MCF-7 cells were incubated with 100 nM testosterone-BSA

in the presence or absence of 50 mM EMD638683 for the indi-
cated time periods. The actin cytoskeleton dynamics were esti-
mated by FACS analysis as described previously.39 In brief, cells
were fixed with paraformaldehyde (4%, 15 min, 20�C), washed
3 times with PBS, permeabilized with 0.1% Triton X-100
(5 min, 4�C), washed 3 times with PBS plus 0.1% FCS, and
then stained with 5 mg/ml DNaseI Alexa-488 and phalloidin
Alexa-647 (1:100) (Molecular Probes). The G-actin/F-actin ratio
was calculated using the mean fluorescent intensity measured by
FACS. Decrease of this ratio indicates actin polymerization.40,41

Western blotting
Cells were incubated with 100 nM testosterone-BSA in the

presence or absence of 50 mM EMD638683 for 24 h, washed
twice with ice-cold PBS and suspended in ice-cold lysis buffer
(50 mM Tris/HCl, 1% TritonX-100 pH 7.4, 1% sodium deox-
ycholate, 0.1% SDS, 0.15% NaCl, 1 mM EDTA, 1 mM
sodium orthovanadate) containing a protease inhibitor cocktail
(Sigma). The protein concentration was determined using the
Bradford assay (BioRad). Sixty mg of protein were solubilized in

sample buffer at 95�C for 5 min and resolved by 10% SDS-
PAGE. For immunoblotting proteins were electro-transferred
onto a PVDF membrane and blocked with 5% nonfat milk in
TBS-0.10% Tween 20 at room temperature for 1 h. Then, the
membrane was incubated with anti-phospho-FAK (Tyr397;
1:1000, Cell Signaling), anti-FAK (1:1000, Cell Signaling), anti-
phospho-Akt (Thr308; 1:1000, Cell Signaling), anti-Akt
(1:1000, Cell Signaling) at 4�C overnight. After washing (TBST)
and subsequent blocking the blot was incubated with secondary
anti rabbit antibody (1:2000, Cell Signaling) for 1 h at room
temperature. After washing, antibody binding was detected with
the ECL detection reagent (Amersham).

Statistical analysis
All results are presented as means § SEM, while n represents

the number of independent experiments. Significance was
assessed using unpaired student’s t-test or ANOVA as appropri-
ate. p-values < 0.05 were considered statistically significant. Sta-
tistical analysis was performed with GraphPad InStat version
3.00 for Windows 95, GraphPad Software, www.graphpad.com.
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