
Abstract. BRCA2 is central to an utterly diverse biological
behavior elicited after integrin-mediated normal and prostate
cancer cell adhesion to basement membrane (BM) and
extracellular matrix (ECM) proteins. Unlike normal cells,
adhesive stimuli in cancer cells activate PI 3-kinase/AKT
signaling resulting in BRCA2 degradation and unchecked
cancer cell proliferation and metastasis. However, the precise
mechanisms involved in normal BRCA2 homeostasis are
unknown. We investigated ERK and AKT phosphorylation
in normal (PNT1A) and cancer (PC-3) prostate cells after
adhesion to ECM and the effects upon BRCA2 and cell proli-
feration. PNT1A cell adhesion to ECM triggered MAPK/ERK
signaling resulting in upregulation of BRCA2 mRNA and
protein, with negligible effects upon cell proliferation. Dis-
ruption of MAPK/ERK with PD98059 prevented any BRCA2
upregulation inhibiting DNA synthesis below basal levels.
PC-3 cells exhibited a defective MAPK/ERK pathway that
was unresponsive to adhesion to the ECM, which instead
triggered PI 3-kinase/AKT signaling leading to BRCA2
protein depletion and cell proliferation. Reconstitution of
MAPK/ERK by recombinant expression of a constitutively
active form of MAPK kinase 1 (MEK1) effectively reversed
the neoplastic phenotype by increasing BRCA2 expression
and preventing any aberrant cell proliferation at rest and upon
interaction with ECM proteins. Our results suggest that
aberrant loss of MAPK/ERK activity in prostate cancer may
play a pivotal role in the malignant phenotype, and provide
evidence that interventions aimed at bypassing the signaling
block are able to effectively reverse neoplastic unchecked cell
proliferation.
Introduction

In adult human prostate, the relationship between cell proli-
feration and cell death is a precise balancing act that prevents
organ involution or overgrowth. Upon neoplastic trans-
formation this equilibrium is ultimately deranged leading
to abnormal organ growth and tumor formation (1). Both
processes are exquisitely regulated by a continuous cross-talk
between cells and the surrounding microenvironment. Chemical
stimuli such as growth factors or physical interaction with BM
or ECM proteins activate diverse cell signaling pathways that
exert control over cell proliferation and survival (2-5). The
MAPK/ERK (mitogen-activated protein kinase/ extracellular-
regulated kinase) and PI 3-kinase (phosphatidyl inositol 3-
kinase)/AKT signaling pathways are two major transducers of
extracellular stimuli through modulation of the expression of
genes exerting stringent control upon cell survival, motility,
and cell proliferation (6,7). ERK accumulation in the nucleus
regulates transcription factors involved in DNA synthesis (8),
cell differentiation (9,10), and promotion of acinar formation
in the normal prostate (11). Similarly, the PI 3-kinase/AKT
signaling pathway regulates many cellular processes that are
critically involved in cell proliferation and survival (12). The
role of these pathways in oncogenesis has been extensively
investigated and altered expression/activity of many of their
components has been implicated in human cancer (13).

BRCA2 is a tumour suppressor gene whose inactivation
accounts for an increased risk of developing breast and
ovarian cancer in women and prostate cancer in men (14-16).
In addition to its well known role in orchestrating DNA
repair, there is preliminary evidence suggesting that BRCA2
may also suppress tumour development by inhibiting cancer
cell growth (17). Previously, we described a novel pathological
mechanism whereby prostate carcinoma cell interaction with
BM proteins or to the osseous ECM protein collagen type I
(COL1) would promote cancer cell proliferation through
depletion of BRCA2 protein. The downregulatory effect upon
BRCA2 results from activation of the PI 3-kinase pathway,
which promotes Skp2-mediated BRCA2 ubiquitination and
degradation in the proteasome, and could be prevented by
intervening to disrupt this pathway (3,5). This aberrant behavior
is exclusive to cancer cells since normal prostate cell adhesion
to ECM proteins does not cause depletion of BRCA2 protein
or increase in cell proliferation (3,5).
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In this study, we concentrated our effort to understand the
biological mechanisms that may affect BRCA2 homeostasis
in normal cells, and its relationship with cell proliferation.
We demonstrate that unlike cancer cells, normal prostate cell
adhesion to ECM induces activation of the MAPK/ERK
pathway, which results in BRCA2 transcriptional upregulation
and controlled cell growth. Furthermore, cancer cell trans-
fection with a constitutively active MAPK/ERK is sufficient
to reverse the neoplastic phenotype by upregulating BRCA2
and blocking any abnormal cell proliferation upon adhesion
to ECM proteins.

Materials and methods

Cell culture. PNT1A cells (a human prostate normal cell line
established by immortalization of normal adult prostate
epithelial cells) and PC-3 cells (a human prostate carcinoma
cell line derived from a bone metastasis) were kept in culture
as described previously (3,18).

Immunoblot analysis. PNT1A and PC-3 cells were grown
onto laminin-1 (LN-1, 10 μg/ml), COL1 (10 μg/ml) or
collagen type 4 (COL4; 10 μg/ml) and then lysed in phosphate-
buffered saline (PBS, pH 7.4) containing 1% Nonidet P40,
2 mM phenylmethylsulfonyl fluoride, 10 μg/ml aprotinin,
10 μg/ml leupeptin, 10 mM sodium fluoride, 1 mM sodium
orthovanadate, and 5 mM sodium pyrophosphate. Where
indicated, cells were pre-treated at 37˚C with the MAPK/ERK
kinase 1 (MEK1) inhibitor PD98059 (50 μM; Calbiochem,
Darmstadt, Germany), or the PI 3-kinase inhibitors wort-
mannin (0.1 μM; Sigma), LY294002 (10 μM; Calbiochem),
or solvent alone (dimethyl sulfoxide, DMSO). The protein
content of each lysate was quantified using the Bio-Rad Dc
protein assay reagent (Bio-Rad, Richmond, CA) according to
the manufacturer's protocol. Protein extracts (100 μg) were
electrophoresed through 6 or 10% SDS-polyacrylamide gel
under reducing conditions according to Laemmli (19) and
transferred to polyvinylene difluoride membranes (Millipore,
Bedford, MA) in 25 mM Tris and 192 mM glycine (pH 8.3)
containing 20% methanol. Membranes were blotted with
either 1 μg/ml polyclonal rabbit anti-BRCA2 antibody (H-300;
Santa Cruz Biotechnology, Santa Cruz, CA), 10 μg/ml mono-
clonal antibody to ß-tubulin (Sigma), 1 μg/ml polyclonal
rabbit anti-phospho-AKT-Ser 473 antibody (Santa Cruz
Biotechnology), 1 μg/ml polyclonal rabbit anti-AKT 1/2
antibody (H-136; Santa Cruz Biotechnology), 0.2 μg/ml anti-
phospho-ERK monoclonal antibody (E-4; Santa Cruz Biotech-
nology), 0.2 μg/ml polyclonal rabbit anti-ERK2 antibody
(C-14; Santa Cruz Biotechnology) for 16 h at 4˚C in Tris-
buffered saline/Tween-20 (TBS-T) (20 mM Tris, pH 7.5,
150 mM NaCl, 0.1% Tween-20). Membranes were washed
thrice in TBS-T and incubated with a 1:2500 dilution of
horseradish-peroxidase-conjugated goat affinity-purified
antibody to either rabbit or mouse IgG (Amersham Bio-
sciences, Milan, Italy) for 1 h at room temperature. Afterwards,
proteins were visualized using the enhanced chemilumi-
nescent system (ECL, Amersham Biosciences) according
to the manufacturer's instructions. Densitometric values
from immunoreactive bands were obtained using a GS-700
imaging densitometer (Bio-Rad).

RNA extraction and RT-PCR. Cells were plated onto LN-1,
COL1 or COL4, washed twice with cold PBS and total cellular
RNA was isolated using the TRIzol reagent (Invitrogen Life
Technologies) following the manufacturer's instructions. The
amount of BRCA2 mRNA was measured by semi-quantitative
reverse transcription as described (3). Glyceraldehyde 3-phos-
phate dehydrogenase (GAPDH) RT-PCR was performed as
control (3).

[3H]Thymidine incorporation. Thymidine incorporation
assays were utilized to assess cell proliferative index. Briefly,
after 24-h starvation, cells were plated in 96-well plates
(10,000 cells/well) and grown for 15 h either on plastic (PL),
LN-1, COL1 or COL4-coated wells. Where indicated, cells
were preincubated for 1 h at 37˚C with wortmannin, PD98059
or solvent alone (DMSO), before plating. During the last 3 h
of the 15-h culture, cells were pulsed with 1 μCi/ml methyl-
[3H]thymidine (Amersham Biosciences), washed thrice with
PBS at 0˚C, and dissolved in 10% SDS. Radioactivity was
measured in a scintillation counter (Beckman Instruments).

Transient transfection. Cells were seeded into 6-well dishes
at 4-5x105 cells/well. After 24 h, transient transfections were
performed using Lipofectamine 2000 (Invitrogen) according
to the manufacturer's instructions. The DNA sequence against
which small interfering RNA (siRNA) for BRCA2 was
created is AACAACAAUUACGAACCAAACUU (3). Double-
stranded RNA was transfected into the cells as 0.3 μg of
siRNA/well. Transient transfections with wild-type BRCA2
cDNA (a kind gift of Dr M.C. Hung, University of Texas
M.D. Anderson Cancer Center, Houston), constitutively
active MEK1 cDNA (a generous gift of Dr M. Cobb,
University of Texas, Southwestern Medical Center, Dallas),
or empty vector (pcDNA3, Invitrogen) were performed as
described previously (3). Cells were harvested 36-96 h after
transfection and used in immunoblotting, RT-PCR and
[3H]thymidine incorporation assays.

Statistical analysis. Data are reported as the mean ± SE.
Statistical analysis was performed by the Student's t-test. All
experiments were repeated at least twice.

Results

PNT1A cell adhesion to ECM triggers ERK phosphorylation.
Epithelial cell interaction with adhesive substrates has been
shown to activate the MAPK/ERK (20,21) and PI 3-
kinase/AKT signaling pathways (22,23). Prostate cells are
no exception and normal PNT1A cells exhibit detectable
levels of ERK phosphorylation at rest by Western blot
analysis with anti-phospho-ERK. After adhesion to the BM
protein LN-1, these levels increased by 2.2-fold after 2.5 h
and remained elevated for up to 6 h (Fig. 1). Basal PI 3-
kinase phosphorylation levels were also detectable at rest as
measured by Western blotting with anti-phospho-Ser 473
AKT. However, they did not show any variations after cell
adhesion to LN-1 (Fig. 1). On the other hand, PC-3 cells
were characterized by complete absence of MAPK/ERK
activity at rest, and no changes ensued after cell adhesion
to LN-1 (Fig. 1). Instead, they showed 2-fold higher basal
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AKT phosphorylation levels when compared to PNT1A,
and these levels doubled after 2.5 h of substrate adhesion
remaining highly phosphorylated for as long as 6 h. Similar
behavior was noted onto COL1 (data not shown).

PNT1A cell adhesion to ECM increases BRCA2 mRNA and
protein levels. To investigate whether cell interaction with
ECM proteins has an effect upon BRCA2 expression, PNT1A
and PC-3 cells were grown onto plates coated with LN-1. In
normal PNT1A cells, BRCA2 levels doubled after 2.5 h but

by 6 h they had returned to basal levels (Fig. 2A). This effect
was likely related to transcriptional activation since BRCA2
mRNA increased by ~55% at 2.5 h and remained elevated
throughout the experiment (Fig. 2B). On the contrary, PC-3
cells responded to the adhesive substrate by swiftly removing
any BRCA2 protein to undetectable amounts after 6 h.
This resulted largely from a mechanism acting at the post-
transcriptional level as BRCA2 mRNA levels after 6 h of
adhesion in concomitant absence of BRCA2 protein were
~65% of basal levels (Fig. 2B). However, a transcriptional
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Figure 1. PNT1A cell adhesion to extracellular matrix proteins triggers ERK phosphorylation. PNT1A and PC-3 cells were allowed to adhere to laminin-1 (LN-1)
at 37˚C for 0 to 6 h, washed, and lysed. After 10% SDS-PAGE proteins were transferred onto membranes and probed with anti-phospho-ERK (P-ERK) or anti-
phospho-Ser 473 AKT (P-AKT). Subsequently, membranes were stripped and blotted with anti-ERK2 (ERK2) or anti-AKT 1/2 (AKT 1/2) as control. The
blots are representative of three independent experiments. To construct the lower graphic representation, phosphorylation levels were quantitated and reported
as percentage of phosphorylated protein at 0 h in PNT1A cells, set to represent 100%. Data are expressed as mean ± SE of three independent experiments.

Figure 2. PNT1A cell adhesion onto extracellular matrix proteins increases BRCA2 mRNA and protein levels. (A) PNT1A and PC-3 cells were allowed to
adhere to laminin-1 (LN-1) for the indicated time, washed, and processed for immunoblotting. Membranes were probed with anti-BRCA2 antibody using
ß-tubulin as loading control. The blots are representative of three independent experiments. At the bottom, BRCA2 protein levels were quantitated and
reported as percentage of the amount of protein at 0 h, set to represent 100%. Data are expressed as mean ± SE of three independent experiments. (B) PNT1A
and PC-3 cells were allowed to adhere to LN-1 for the indicated time, washed, and processed for BRCA2 mRNA semi-quantitative RT-PCR. Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) mRNA RT-PCR was used as internal control. At the bottom, BRCA2 mRNA levels were reported as percentage of
transcript at 0 h, set to represent 100%. Data are expressed as mean ± SE of three independent experiments.
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downregulation contributes to this effect within the first 2.5 h
as measurable mRNA rapidly decreased by ~84% after 2.5 h,
to subsequently recover to basal levels. Similar behaviour
was noted onto COL1 (3).

MAPK/ERK modulates BRCA2 expression in PNT1A cells.
To investigate whether BRCA2 upregulation in PNT1A
cells is linked to the observed increase in ERK activity, we
determined the effects of the ERK1/2 upstream inhibitor
PD98059 on BRCA2 protein levels (Fig. 3). Pre-incubation
of PNT1A cells with PD98059 for 1 h completely inhibited
ERK phosphorylation at  rest  (data not shown) and
prevented any increase in BRCA2 protein after 2.5 h
adhesion to LN-1 (98%±5% of basal levels; Fig. 3A) or to
COL1 (data not shown). Furthermore, PD98059 prevented
any increase in BRCA2 mRNA after adhesion to LN-1
(93% and 97% of basal levels at 2.5 and 6 h, respectively,
Fig. 3B). PD98059 had no discernible effect upon PC-3 cells.
Pharmacological inhibition of AKT phosphorylation in PC-3
cells with wortmannin or LY294002 (data not shown) had
a positive effect upon BRCA2 protein, which increased by

4.3-fold after 2.5 h of adhesion to LN-1 (Fig. 3A). Inhibition of
the PI 3-kinase did not affect BRCA2 protein levels in
PNT1A cells.

Activation of MAPK/ERK sustains normal prostate cell proli-
feration after interaction with ECM. To investigate whether
MAPK/ERK signaling has any effect upon normal PNT1A
cell proliferation after interaction with LN-1, we measured
DNA incorporation of [3H]thymidine in presence or absence
of PD98059. DNA synthesis in PNT1A cells onto LN-1 was
indistinguishable from cells grown onto plastic (Fig. 4A).
Nevertheless, this ‘basal’ level of [3H]thymidine incorporation
was inhibited by >90% (p<0.0001) after MAPK/ERK inhibition
with PD98059 (Fig. 4B). Furthermore, siRNA assays suggested
that the cell growth inhibitory effect was mediated by the
decrease in BRCA2. Since BRCA2 levels were completely
knocked down four days after transfection with BRCA2
double-stranded RNA, we tested cell proliferation upon
adhesive substrates at 48 h, when BRCA2 levels were
~60% of starting amounts (data not shown). As shown in
Fig. 4C, new DNA synthesis decreased by 47% (p<0.02).

MORO et al: BRCA2 IN PROSTATE MALIGNANT TRANSFORMATION220

Figure 3. MAPK/ERK modulates BRCA2 expression in PNT1A cells. (A)
PNT1A and PC-3 cells were pre-treated with 50 μM PD98059 (PD98), a
MEK1 inhibitor, or 0.1 μM wortmannin (WM), a PI 3-kinase inhibitor, or
the solvent alone (DMSO), then allowed to adhere to laminin-1 (LN-1) for the
indicated times, washed, lysed and processed for immunoblotting. Membranes
were probed with anti-BRCA2 antibody using ß-tubulin as loading control.
At the bottom, BRCA2 protein levels were reported as percentage protein at
0 h, set to represent 100%. Data are expressed as mean ± SE of three inde-
pendent experiments. (B) PNT1A cells were pre-treated for 1 h at 37˚C with
50 μM PD98059 (PD98) or the solvent alone (DMSO), then allowed to
adhere to LN-1 for the indicated times, washed and processed for BRCA2
mRNA semi-quantitative RT-PCR. Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) mRNA RT-PCR was used as internal control. At the bottom,
BRCA2 mRNA levels were reported as percentage of the amount of transcript
at 0 h in DMSO-treated cells, set to represent 100%. Data are expressed as
mean ± SE of three independent experiments.
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Inhibition of the PI 3-kinase pathway with wortmannin did
not affect PNT1A cell proliferation (Fig. 4B). Comparable
results were obtained onto COL1 (data not shown).

Constitutive activation of MAPK/ERK increases BRCA2
expression and inhibits DNA synthesis in prostate cancer cells.
Since MAPK/ERK signaling seems to be crucial in BRCA2
homeostasis and controlled cell proliferative response upon
normal cell interaction with ECM proteins, we hypothesized
that ERK reconstitution into PC-3 cells may have an effect
upon the neoplastic phenotype. To test this hypothesis, we
transfected PC-3 cells with a constitutively active form of
MAPK/ERK kinase 1 (MEK1) and measured [3H]thymidine
incorporation onto PL, LN-1, COL4 and COL1. As shown in
Fig. 5A, activation of the MAPK/ERK pathway resulted in a
dramatic inhibition of cancer cell proliferation onto PL (81%
decrease, p<0.001) and prevented any proliferative response
triggered by ECM proteins (p<0.001). MAPK/ERK-dependent
inhibition of PC-3 cell proliferation was accompanied by a
sustained increase in BRCA2 mRNA and protein levels at
rest (2.1- and 2-fold increases, respectively; p<0.01) that
persisted after 6 h onto adhesive proteins (Fig. 5B-C).

Discussion

Aberrant cancer cell interactions with BM and ECM proteins
play a crucial role in the biology of metastasis (24). Reduced
cell-cell interactions and increased cell adhesion to an
adjacent BM confers motility, which along with the capacity
of degrading/remodeling a BM directly relates to their
metastatic potential (25). This cell behavior partly results
from changes in the expression and/or usage of various
adhesion receptors, including integrins (26). Integrins are
transmembrane adhesion receptors for ECM proteins that

not only provide physical anchoring cell support but play a
pivotal role in triggering intracellular signaling in response to
environmental changes through interactions with molecules
such as GTPases, growth factor receptor tyrosine kinases
(2,4), MAPK/ERK 1/2 (20,21), and PI 3-kinase/AKT
(22,23). Ras/Raf/MEK/ERK and PI 3-kinase/PTEN/AKT
play critical roles in signal transduction that exert control
upon cell differentiation, cell-cycle progression, and survival
(12,27). Mutations or constitutional activation of these path-
ways may lead to deregulated cell growth and cancer (28).
Furthermore, these pathways may interact with each other to
regulate growth, and in some cases tumorigenesis (29).

Normal prostate cells exhibit detectable levels of phos-
phorylated ERK and AKT at rest. Upon cell interaction with
ECM proteins, signal transduction likely originating at
integrin receptors results in 2.2-fold increase in MAPK/ERK
phosphorylation with no detectable changes in AKT phos-
phorylation. The increase in ERK phosphorylation results in
transient upregulation of BRCA2 protein expression. This is
partly controlled at the transcriptional level as demonstrated
by a concomitant increase in BRCA2 mRNA that is ablated
after treatment with the MEK1 inhibitor PD98059. These
data are in agreement with a recent report showing an increase
in BRCA2 mRNA in response to ERK activation in normal
mammary epithelial cells by analysis of the ERK1,2 trans-
criptome (30). Upregulation of BRCA2 mRNA levels has
also been described in fibronectin-adherent immortalized
murine embryonic stem cells in response to expression of
ß1A integrin (31), the predominantly expressed ß1 integrin
variant in normal prostate cells (18) and major cellular
receptor for LN, COL and fibronectin (32,33). Whether
expression of this integrin in absence of a ligand is
sufficient to affect BRCA2 mRNA levels in normal prostate
cells remains to be proven. However, preliminary evidence
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Figure 4. Activation of MAPK/ERK sustains normal prostate cell proli-
feration after interaction with extracellular matrix proteins. (A) PNT1A and
PC-3 cells were allowed to adhere to either plastic (PL) or laminin-1 (LN-1)
for 15 h and pulsed with 1 μCi/well methyl-[3H]thymidine during the last 3 h.
Cells were washed with cold medium, lysed, and cell remnants collected in
scintillation vials for incorporated radioactivity measurement. (B) PNT1A
cells preincubated with PD98059 (PD98), wortmannin (WM), or solvent
alone (DMSO) were allowed to adhere to LN-1 for 15 h and pulsed as
described above. Results are mean ± SE of triplicate determinations. A
representative experiment of three is shown. (C) PNT1A cells transfected to
express an interfering RNA for BRCA2 or treated with the transfection reagent
alone were allowed to adhere to LN-1 for 15 h and pulsed as described
above. Data are expressed as mean ± SE of triplicate wells. A representative
experiment of three is shown.
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supporting this contention comes from experiments
demonstrating upregulation of BRCA2 expression onto
integrin-independent adhesive substrates (3). The biological
processes sustained by basal ERK-mediated BRCA2
upregulation in normal prostate cells do not result in
measurable cell proliferation by [3H]thymidine DNA
incorporation assays. However, disruption of this axis with
PD98059 is sufficient to halt any basal [3H]thymidine DNA
incorporation, likely through interference with cell cycle
progression. Available evidence suggests that BRCA2
mediates  G2/M-phase control  of  the  cell cycle by
interacting with a novel protein, BRCA2-associated factor 35
(BRAF35), which is able to bind to branched DNA
structures (34). The expression of BRAF25, a BRAF35
alternative spliced variant present in the normal prostate, is
dramatically reduced in low-grade prostate cancer and
completely absent in advanced prostate cancer (35,36),
suggesting that BRCA2/BRAF mediated regulation of cell
cycle progression may be impaired after neoplastic trans-
formation. 

The homeostasis between BRCA2 expression, ERK and
AKT signaling, and cell proliferation is derailed in prostate
carcinoma. Our experiments demonstrate that PC-3 cells
exhibit negligible levels of phosphorylated ERK that are

unresponsive to agonists such as cell adhesion onto ECM
proteins. The new equilibrium in neoplastic cells seems to be
one where integrin initiated signaling is transduced through
PI 3-kinase/AKT pathway as demonstrated by high levels
of phosphorylated AKT at basal state and after cell adhesion
onto BM components LN-1, COL4 (5), and osseous COL1
(3). These results are also in agreement with previous studies
reporting high levels of AKT phosphorylation and decreased
ERK phosphorylation in vivo in samples from high-Gleason
grade prostate cancer (37-39). A plausible explanation would
relate to loss of PTEN (phosphatase and tensin homologue
deleted from chromosome 10) (40) activity in PC-3 cells (41).
PTEN is a lipid phosphatase that cleaves a D3 phosphate of
PIP3, an important activator of AKT that when left unchecked
engenders a constitutively active PI 3-kinase/AKT pathway
(42). High levels of phosphorylated AKT would directly
suppress Raf/MEK/ERK by phosphorylating and inactivating
Raf-1, an upstream regulator of the MAPK/ERK pathway
(29). Furthermore, we demonstrate herewith for the first
time that the transfection of a constitutive active form of
MAPK/ERK kinase 1 is sufficient to reverse the neoplastic
PC-3 cell phenotype by inhibiting cancer cell proliferation at
rest and preventing any inducible cell proliferation upon
adhesion to ECM proteins. The restored homeostasis is likely
related to newly found intracellular BRCA2 mRNA and
protein replenishment, as suggested by our previous studies
(3,5). In this paradigm, BRCA2 seems to function by exercising
a stringent control upon cell proliferation capable of positive
and negative feedback in the normal cellular environment,
and its absence due to neoplastic cell transformation results
in unchecked cell proliferation that is triggered by PI 3-kinase/
AKT signaling after cell interaction with the ECM. These
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Figure 5. Constitutive activation of MAPK/ERK increases BRCA2 expression
and inhibits DNA synthesis in prostate cancer cells. (A) PC-3 cells trans-
fected with constitutively active form of MEK1 (CA-MEK) or empty vector
were allowed to adhere to plastic (PL), laminin-1 (LN-1), collagen type IV
(COL4) or collagen type I (COL1) for 15 h, and pulsed with 1 μCi/well
methyl-[3H]thymidine during the last 3 h. Cells were washed with cold
medium, lysed, and cell remnants collected in scintillation vials for incorporated
radioactivity measurement. Data are expressed as mean ± SE of triplicate
wells. At the top, ERK phosphorylation was measured in PC-3 cells 24 h
after transfection with CA-MEK by immunoblotting with a-phospho-ERK
(P-ERK) antibody. Anti-ERK2 (ERK2) immunoblotting served as control.
A representative experiment of three is shown. (B and C) PC-3 cells were
transiently transfected with CA-MEK cDNA or empty vector (pcDNA3) for
24 h, after which BRCA2 mRNA (B) and protein (C) expression were
determined by RT-PCR and immunoblotting, respectively, before (Control)
and after 6 h of adhesion to LN-1 (B and C) or COL4 (C). A representative
experiment of three is shown. At the bottom of panel C, BRCA2 protein
levels were quantitated and reported as percentage of protein at 0 h (Control),
set to represent 100%. Data are expressed as mean ± SE of three independent
experiments.
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results would support recent reports suggesting a role for
activated ERK in mediating drug-induced apoptosis or
inhibition of cell proliferation in PC-3, as well as ovarian and
breast cancer cells (43-47).

Our results suggest that loss of MAPK/ERK activity in
prostate cancer plays a major role in the malignant phenotype,
due in part to the ensuing loss of BRCA2 protein that leads to
unchecked cancer cell proliferation upon cell interaction with
BM and ECM proteins. Further studies aimed at elucidating
the precise molecular mechanisms through which BRCA2
is able to function as a cellular check-point in normal and
cancer cells may potentially uncover new molecular targets sus-
ceptible of modifying the natural history of prostate carcinoma.
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