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Aberrant interaction of carcinoma cells with basement mem-
branes (BM) is a fundamental pathophysiological process that ini-
tiates a series of events resulting in cancer cell invasion and metas-
tasis. In this report, we describe the results of our investigations
pertaining to the events triggered by the adhesion of normal
(PNT1A) and highly metastatic (PC-3) prostate cells onto BM pro-
teins. Unlike PNT1A, PC-3 cells adhered avidly to Matrigel BM
matrix as well as to isolated collagen type IV, laminin, and heparan
sulfate proteoglycan perlecan, main BM components. This aber-
rantly increased cancer cell adhesion resulted in sustained BRCA2
protein depletion and vigorous cell proliferation, a cascade trig-
gered by 3, integrin-mediated phosphatidylinositol 3-kinase
vation leading to BRCA2 degradation in the proteasg
latter effect was orchestrated by phosphatidylinosit
pendent up-regulation of Skp2, a subunit of
protein ubiquitin complex that directly
demonstrated by coimmunoprecips
ubiquitination, and ultimate
dation. Inhibition of Sk
prevented BRCA2 d
upon cell proliferatio
dence on the role of BR
and elucidate the molecu
regulation in cancer cells
step in the biology of metasta
of this molecular pathway may
therapeutic strategies aimed at
prostate carcinoma.

Basement membranes (BM)? are thi rs of specialized
extracellular matrix (ECM) that surround and closely associate
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with epithelial and endothelial cells, muscle fibers, and nerves.
They consist mostly of collagen type IV (COL4) admixed with
laminins (LN), nidogens, and the heparan sulfate proteoglycan
perlecan (PLN) and may contain small amounts of fibronectin
(EN) (1, 2). Although the B ructural role in defining tissue
architecture and com ization has long been recog-
nized, its dynami lation of cell behavior has

BM proteins play a cru-
ncer cells must be able
ns and increase cell
ome motile, which
ing a BM directly

play a pivotal role
onse to environmental
olecules such as growth fac-
¥7), MAPK/ERK 1/2 (8, 9), and PI
ese various interactions help in modu-
of genes exerting stringent control upon cell
, and cell proliferation (12).
ular protein degradation via the ubiquitin-protea-
e pathway is a prime pathway through which cells normally
regulate processes involved in cell growth and proliferation (13,
14). There is evidence that a number of growth inhibitory mol-
ecules and tumor suppressor proteins, such as p53, p21, p27,
p130, the B, - integrin, and FOXO1, are preferentially degraded
by the ubiquitin-proteasome system in carcinoma cells (14—
17). Furthermore, E3 ubiquitin ligase family members Skp2 and
Mdm?2 have been shown to play a role in prostate cancer devel-
opment and progression (18 —20). In a previous report, we pro-
vided evidence for a novel pathological mechanism whereby
prostate carcinoma cell adhesion to collagen type I (COL1), a
major ECM protein at osseous metastatic sites, promotes can-
cer cell proliferation through depletion of BRCA2 protein, the
product of a tumor suppressor gene whose inactivation
accounts for an increased risk in cancer development (21-23).
This newly described effect resulted from B, integrin-depend-
ent activation of the PI 3-kinase pathway, which promoted
BRCA2 ubiquitination and degradation in the proteasome (24).
In this study, we extended our investigations to elucidate the
mechanisms by which 3, integrin signaling in prostate cancer
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cells resulted in BRCA2 protein degradation in the proteasome.
We also provide evidence demonstrating that the BRCA2-asso-
ciated trophic effect is not restricted to the osseous environ-
ment but is quite active in mediating cancer cell proliferation
after interaction with BM proteins.

EXPERIMENTAL PROCEDURES

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 (16, 24).

Cell Adhesion—Cell adhesion assays to ECM proteins were
carried out using 96-well tissue culture plates as described pre-
viously (24). Plates were precoated with different concentra-
tions of EN (3 wg/ml; Sigma), LN (10 wg/ml; Invitrogen), PLN
(10 ug/ml; Sigma), or COL4 (10 ug/ml; Sigma) for 16 h at 4 °C.
Coating with 10 ug/ml bovine serum albumin (Sigma) served as
negative control.

Adhesion to the BM matrix Matrigel (Sigma) was tested in
96-well plates coated with 50 ul/well of a 1:3 dilution in RPMI
medium (Invitrogen) before cell plating. Cells were starved in
serum-free methionine/cysteine-deficient RPMI 1640 (Sigma)
for 45 min at 37 °C before labeling with 100 wCi/ml *S protei

Inhibition assays we
1 h on ice in the pres
antibody to human B, i
Temecula, CA), or the mo
vascular endothelial surface
gen) used as a negative control
recorded for each experiment.

Immunoblotting Analysis and IP
were grown either onto FN (3 ug/ml
pg/ml), or COL4 (10 pg/ml) and lysé otein extracts
were analyzed by immunoblotting as deswfbed previously (24).
Where indicated, cells were pretreated for 1 h with either
P4C10 or 1C10, or the PI 3-kinase inhibitors wortmannin (0.1
uM; Sigma), LY294002 (10 pm; Calbiochem), or solvent alone
(Me,SO), or added with the proteasome inhibitor MG132 (10
uMm). The following antibodies were used: 1 pg/ml anti-BRCA2
polyclonal antibody (H-300; Santa Cruz Biotechnology, Santa
Cruz, CA), 10 ug/ml monoclonal antibody to [B-tubulin
(Sigma), 1 pg/ml polyclonal antibody to Skp2 (H-435; Santa
Cruz Biotechnology), 2 ug/ml monoclonal antibody to Mdm2
(D-12; Santa Cruz Biotechnology), 1 ug/ml anti-phospho-
AKT-Ser-473 polyclonal antibody (Santa Cruz Biotechnology),
1 png/ml anti-AKT 1/2 polyclonal antibody (H-136; Santa Cruz
Biotechnology), 0.2 ug/ml anti-phospho-ERK monoclonal
antibody (E-4; Santa Cruz Biotechnology), 0.2 ug/ml anti-ERK2
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polyclonal antibody (C-14; Santa Cruz Biotechnology), or
1:1000 dilution of anti-p85« rabbit antiserum (Sigma).
Analysis of BRCA2 ubiquitination was performed as
described previously (24). To analyze BRCA2 association with
Skp2, cell extracts were precleared and incubated overnight
with 2 ug of polyclonal antibody to BRCA2. Immunocomplexes
were recovered with protein A-Sepharose (Sigma), washed five
times with phosphate-buffered saline containing 1% Nonidet
P-40, 2 mm phenylmethylsulfonyl fluoride, 10 mm sodium flu-
oride, 1 mm sodium orthovanadate, 5 mm sodium pyrophos-
phate and were subjected to 10% SDS-PAGE under reducing
conditions followed by transfer to polyvinylidene difluoride mem-
branes. Filters were immunoblotted using 1 ug/ml monoclonal
antibody to Skp2 (Zymed Laboratories Inc., San Francisco, CA) or
2 ug/ml monoclonal antibody to BRCA?2 (clone 5.23; Chemicon)
following the manufacturers’ instructions. Alternatively, whole
cell extracts were immunopregjpitated with 2 g of monoclonal
antibody to Skp2 (Zymegd atories Inc.) and separated by
6% SDS-PAGE, and # munoblotted using 1 ug/ml
anti-BRCA2 pg 1 pg/ml polyclonal anti-

idine Incorporation—
CA2 ¢DNA (a kind
xas M. D. Anderson
t negative form of
eman, University

ology and used
§ the manufacturer’s
on assays were performed
greviously (24).

fita are reported as the mean = S.E.
fas performed by the Student’s ¢ test. All
e repeated at least twice.

Prostate Normal and Carcinoma Cells Adhere Differently to
BM—We investigated the adhesive properties of PNT1A and
PC-3 cells to LN, PLN, and COL4, major components of BM,
and to FN, a widely expressed extracellular matrix protein (25)
enriched at the prostatic stroma but a minor component in BM.
As shown in Fig. 14, PNT1A cells adhered efficiently to FN, to
alesser extent to LN and PLN (~60% of FN levels), and showed
no adhesion to COL4. Highly metastatic PC-3 cells exhibited a
reversed affinity pattern, with partial loss of adhesion to FN and
newly gained adhesion capabilities to BM proteins. Because cell
adhesion to FN, LN, COL4, and PLN (26) is mediated by inte-
grin receptors that share a common f3; subunit (a;8; to FN,
agf3; to LN, o B, a,f3;, and a8, to COL4, af3; to PLN), we
tested the effect of the 3, integrin-blocking antibody P4C10 on
cell adhesion. As shown in Fig. 1B, adhesion to FN was reduced
by 42 * 6% (p < 0.002) and 39 = 7% (p < 0.001) in PNT1A and
PC-3 cells, respectively. Adhesion to LN was inhibited by ~25%
in PNT1A and ~75% in PC-3 cells, adhesion to PLN was almost
completely inhibited in both cell types, and onto COL4 PC-3
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FIGURE 1. Prostate normal 2
A, 1.5 X 10° PNT1A or PC-3
albumin (BSA) (10 wg/ml), FN
COL4 (10 ug/ml) at 37°C for 1 h
violet. Cell adhesion was quantifiel
in an enzyme-linked immunosorbe
cells were incubated for 1 honicein
antibody P4C10 or 1C10 as control and
albumin (BSA), FN, LN, PLN, or COL4 as &
labeled PNT1A or PC-3 cells were incubatd
absence of P4C10 or 1C10 before being alld
mg of protein/well) for 1 h at 37 °C. Follo
saline washes, cells were lysed and the radioad
expressed as mean * S.E. of triplicate wells. A
three is shown.

cell adhesion was almost completely inhibited (90 * 7%, p <
0.0001).

To investigate whether these findings could be reproduced
onto naturally occurring BM layers, we tested the adhesive
properties of normal and cancer prostate cells to Matrigel, a
reconstituted BM preparation (27). As shown in Fig. 1C,
whereas PC-3 cells adhered efficiently to Matrigel in a manner
that was significantly inhibited by the anti- g, integrin-blocking
antibody (~70% inhibition, p < 0.004), normal prostate cell
adhesion was nil in the time period considered.

Adhesion of PC-3 Cells to BM Proteins Decreases BRCA2 Pro-
tein Levels in a 3, Integrin-dependent Manner—We asked
whether PC-3 cell adhesion to BM proteins exercised a modu-
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latory effect upon BRCA2 expression. To this effect, PNT1A
and PC-3 cells were grown onto plates coated with FN, LN,
PLN, COL4, or Matrigel and BRCA2 levels were assessed. As
depicted in Fig. 24, whereas PNT1A cells transiently increased
BRCA2 protein after adhesion to BM proteins (2.2 * 0.3-fold
onto FN after 2.5 h, p < 0.002), PC-3 cells exhibited almost
complete (PLN) or complete (LN, COL4, Matrigel) loss of
detectable BRCA2 after adhesion for 6 h. The strongest down-
regulatory effect was observed onto COL4, which caused
BRCA2 protein levels to decrease after only 2.5 h by 68 + 4%
(p < 0.01). BRCA2 protein levels did not recover after 12 h of
cell adhesion (data not shown). The f3; integrin-blocking anti-
body P4C10 partly rescued BRCA2 protein to 45 = 6% (p <
0.001) after 6 h onto COL4 (Fig. 2B) as well as onto other BM
proteins (data not shown). As COL4 is the most abundant com-
ponent of the BM, most of the subsequent experiments were
performed onto this BM protein.

BRCA2 Protein Depletig
Increases DNA Synthg
cascade initiateg
eration, wg

Cancer Cell Adhesion to BM
tigate whether the signaling
ad any effect on cell prolif-

s substrates (Fig. 3A).
ed no variations irre-

LN (~175%).

% (data not
fited and confirmed
g. 3B, adhesion to Matri-
09 * 27% and P4C10 inhib-
(p < 0.0002). The increase in
fiesion to BM proteins could be reversed
-3 cells with wild-type BRCA2 cDNA (Fig.
experiments, PC-3 cells were transiently trans-
vith BRCA2 cDNA or empty vector for 36 h, after which
easured BRCA?2 protein levels (upper panel) and [*H]thy-
midine incorporation upon 12 h of cell adhesion to COL4 in the
presence or absence of the proteasome inhibitor MG132 (lower
panel). After transfection, BRCA2 protein levels increased 2.3-
fold compared with mock-transfected cells. Upon COL4 adhe-
sion, BRCA2 decreased by 44 = 8% (p < 0.03) in transfected
cells, but this reduction had no effect in [BH]thymidine incor-
poration, which remained at basal levels throughout the exper-
iment. On the contrary, mock-transfected cells exhibited com-
plete disappearance of BRCA2 protein upon adhesion to COL4,
which resulted in a burst in [*H]thymidine incorporation. This
trophic effect could be reversed with the proteasome inhibitor
MG132, which decreased [*H]thymidine incorporation by 94%
(p < 0.003). Treatment of BRCA2-transfected cells with
MG@G132 resulted in BRCA2 accumulation to 245 = 29% (p <
0.001).

Skp2 Promotes BRCA2 Protein Depletion in PC-3 Cells
Adherent to BM—Because it is known that F-box proteins Skp2
and Mdm2 mediate the ubiquitin-dependent degradation of
several negative regulators of cell proliferation in cancer (17, 28,
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FIGURE 2. PC-3 cell adhesion to BM proteins decreases BRCA2 protein leves

manner. A, PNT1A and PC-3 cells were allowed to adhere to FN (3 g/ml),
(10 ng/ml), or Matrigel at 37 °Cfor 0-6 h and were washed and processg
antibody. B-Tubulin signals were used as loading controls. The blg
experiments. Bottom, BRCA2 protein levels were quantitateg
protein at 0 h, set to represent 100%. Data are expressed
PC-3 cells were incubated for 1 h onice in the preseps
control, allowed to adhere to COL4 (10 wg/ml)
branes were probed with anti-BRCA2 antibg
representative of three independent e

29), we hypothesized
involved in BRCA2 u
tion in prostate cancer
cell adhesion to COL4 hat
tein levels. As depicted in B
triggered Skp2 and Mdm2 p
184% at 2.5 h and 393 and 20
regulatory effect was significan
blocking antibody for Skp2 but no
to investigate whether manipulatid
had an effect upon BRCA2 protein [§
As shown in Fig. 4B, Skp2 knock dow. fAs resulted in
Skp2 protein cell depletion (upper pane d concomitant res-
cue of BRCA2 protein levels after adhesion to COL4 (lower
panel). Furthermore, these newly induced changes blunted
much of the new DNA synthesis upon PC-3 cell adhesion to
COL4 (Fig. 4C). BRCA2 protein depletion was independent
from any increase in Mdm?2 protein levels upon adhesion to
COL4, and Mdm?2 knock down by siRNAs did not rescue
BRCAZ2 protein levels (data not shown).

Skp2 Directly Interacts with BRCA2, Promoting Its Ubiq-
uitination—Next we examined whether changes in Skp2 expres-
sion had any effect upon BRCA2 ubiquitination in PC-3 cells
after COL4 adhesion. To this effect, cell extracts from PC-3
cells transfected with Skp2 siRNAs or mock transfectants were
prepared at various time points and immunoprecipitated with
anti-BRCA2 antibody, followed by Western blotting with an
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m points. This effect results from a
direct interaction between the two
proteins as demonstrated by coim-
munoprecipitation assays. In the
: iment shown in Fig. 5B, after
adhesion amounts of Skp2-
complex immunoprecipi-

anti-BRCA2 sharply
om detectable levels at
al amounts at 2.5 h to
lecrease after 6 h,
BRCA2 protein
avior mirrored
depicted in Fig.
etected when

=

. In Western blotting with anti-phospho-
RK activity in PC-3 cells was nil at rest and did
case after adhesion to COL4 (Fig. 64). On the contrary,
-kinase activity increased by 2-fold, remaining highly phos-
phorylated for as long as 6 h as measured by Western blotting
with anti-phospho-Ser-473 AKT. This response was dependent
on f3; integrin as pretreatment with the blocking antibody
P4C10 resulted in ~80% inhibition in AKT phosphorylation
onto COL4 (Fig. 6B). AKT phosphorylation affected BRCA2
levels as demonstrated by inhibition of PI 3-kinase activity with
wortmannin (Fig. 6C) or LY294002 (data not shown), which
increased BRCA2 protein by 4.3-fold after 2.5 h of adhesion to
COL4.

Degradation of BRCA2 by Skp2 Requires PI 3-Kinase—To
investigate whether the increase in Skp2 protein levels leading
to BRCA2 ubiquitination after PC-3 cell adhesion to COL4
results from aberrant PI 3-kinase activation, we transiently
transfected PC-3 cells with a dominant negative (Ap85) form of
the PI 3-kinase before adhesion to COL4 and analyzed protein
levels of BRCA2, Skp2, and Skp2-BRCA?2 complex and [*H]thy-
midine incorporation. As depicted in Fig. 7, transfection with
Ap85 completely prevented BRCA2 protein degradation and
Skp2 protein up-regulation (panel A) as well as the increase in
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FIGURE 3. BRCA2 protein depletion after cancer cell adhesion to BM pro-
teins increases DNA synthesis. A and B, PNT1A or PC-3 cells were preincu-
bated for 1 h on ice in the presence or absence of B, integrin-blocking anti-
body P4C10 or 1C10 as control and cultured onto PL, FN (3 ng/ml), COL4 (10
rg/ml), or Matrigel (~0.2 mg of protein/well) for 15 h. A pulse with 1 uCi/well
of methyl-[*H]thymidine was applied for the last 3 h. After washing with cold
medium, cells were solubilized and collected into scintillation vials for quan-
tification of incorporated radioactivity. Data are expressed as mean = S.E. of
triplicate wells. A representative experiment of three is shown. C, PC-3 cells
were transiently transfected with wild-type BRCA2 cDNA or empty vector
(pcDNA3) for 36 h, after which BRCA2 protein expression was determined by
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panel B) and DNA synthesis
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of carcinoma iz situ to overcome the surrounding
BM and spread into the underlying stroma has long
ined the progression to invasive carcinoma (30). In turn, for
local and distant metastasis to occur, locally invasive carcinoma
cells must be able to colocalize and eventually invade muscle,
nerves, and blood vessels, all of which are separated from the
adjacent stroma by continuous sheets of BM. Hence, a funda-
mentally abnormal interaction of carcinoma cells with BM pro-
teins must be at the core of their metastatic capabilities. Our
experimental paradigm confirmed that unlike normal PNT1A,
highly invasive PC-3 carcinoma cells exhibited inappropriate
adhesion onto the main components of the BM as well as on a
reconstituted BM matrix system. On the other hand, the ECM
glycoprotein FN enriched at the prostatic stroma and a minor
component of BM was a poor adhesive substrate for neoplastic

immunoblotting before (Control) and after 12 h of adhesion to COL4 in the
presence or absence of the proteasome inhibitor MG132 (10 um). Bottom,
PC-3 cells transiently transfected for 36 h with BRCA2 cDNA or vector alone
were allowed to adhere onto plastic or COL4 in presence of MG132 or the
solvent alone (—) and pulsed with methyl-[*H]thymidine as described in pan-
els Aand B. Data are expressed as mean = S.E. of triplicate wells. A represent-
ative experiment of three is shown.
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FIGURE 5. Skp2 directly interacts with BRCA2, promoting its ubiquitina-
tion. A, PC-3 cells were transfected with a pool of siRNAs for Skp2 or nonspe-
cific siRNAs (—); 36 h after transfection cells were allowed to adhere to COL4
for the indicated times and lysed, and protein extracts were immunoprecipi-
tated (/P) with a BRCA2 antibody. Immunoprecipitates were analyzed by
immunoblotting (/B) with anti-ubiquitin and anti-BRCA2 antibody. Blots are
representative of two independent experiments. B, PC-3 cells were allowed to
adhere to COL4 for the indicated times and lysed, and protein extracts were
immunoprecipitated with anti-BRCA2 antibody and immunoblotted with
antibodies for Skp2 and BRCA2. Blots are representative of three independent
experiments.
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ments. Bottom, BRCA2 protein levels were quanth#ed and reported as per-
centage of the amount of protein at 0 h, set to represent 100%. Data are
expressed as mean * S.E. of two independent experiments.

d B-tubulin as

PC-3 cells when compared with normal PNT1A cells. This lat-
ter observation could be partly correlated with the lower
expression of the FN receptor 3, integrin in PC-3* when com-
pared with PNT1A cells.

Another crucial finding is that after adhesion to isolated BM
proteins, particularly to COL4, highly invasive carcinoma cells
exhibit a burst in [?H]thymidine incorporation, a sensitive
measurement of new DNA synthesis and cell proliferation. This
trophic response seems to be elicited by 3, integrin adhesion, as

3 L. Moro, unpublished data.
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ed as mean = S.E. of triplicate wells. A representative experiment of
ce is shown.

a similar phenomenon was previously demonstrated onto
COLY1, a ligand for 3, integrin receptors (24). The proliferative
response after adhesion to LN and PLN was slightly weaker
than with COL4, and no effect was noticeable onto FN. When
allowed to adhere onto the BM matrix Matrigel, prostate cancer
cells exhibited a proliferation surge that was stronger than with
isolated components, suggesting cooperation rather than com-
petition among various proteins in activating proliferative
signals.

The abnormal proliferative response following PC-3 cell
adhesion onto BM was linked to a sustained BRCA2 protein
depletion and could be completely averted by wild-type BRCA2
c¢DNA transfection. This pathway seems to switch cell prolifer-
ation on and off depending on a critical amount of BRCA2
protein, as suggested by the unresponsiveness to mild reduc-
tions in BRCA2 protein after PC-3 cell adhesion to FN. Con-
versely, normal cell adhesion to FN resulted in an increase in
BRCA2 expression with no discernible effect upon DNA syn-
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thesis. Our findings add
gesting that BRCA2 also f
eration and tumor growth.
recombinant BRCA2 overexp
pancreatic adenocarcinoma cel
stantial decrease in tumorigenici
mice (31). More recently, Miyamo
Capan-1 cells exhibited an increase
sion to COL4. The mechanisms involv et well under-
stood. Normally, part of the cellular res e to DNA damage
involves the activation of an ATM/p53/Mdm?2 feedback loop
that regulates cell cycle progression and/or apoptosis in
response to relative amounts of a DNA repair complex contain-
ing BRCA2 (33-35). However, involvement of this mechanism
seems unlikely because our experiments demonstrate no rela-
tionship between B, integrin signaling and Mdm?2 levels and
suggest an alternative pathway involving Skp2 (see below). Fur-
thermore, PC-3 (and Capan-1) cells exhibit inactivating muta-
tions in the p53 gene (36, 37).

Depletion of BRCA?2 protein upon cancer cell adhesion to
BM proteins and osseous COL1 (24) occurs through protein
degradation in the proteasome. However, the precise mecha-
nisms involved had not been elucidated before. In the present
study, we have provided evidence that this event is mediated by

22106 JOURNAL OF BIOLOGICAL CHEMISTRY

Skp2, an F-box protein that associates with Skpl, Cull, and
Rocl/Rbx1 to form the SCF(Skp2) ubiquitin ligase complex
(28). Indeed, down-regulation of Skp2 by siRNA was sufficient
to rescue BRCA2 levels inhibiting the burst in cell proliferation
upon cancer cell adhesion to BM. Evidence that this mecha-
nism may be relevant in prostate cancer has also been provided
in immunohistochemical studies performed on 622 radical
prostatectomy specimens that demonstrate that Skp2 levels and
cell-labeling frequency increase dramatically in both premalignant
prostatic intraepithelial lesions and prostate carcinoma (19).
Changes in Skp2 levels are dependent upon f3; integrin-mediated
signaling for Skp2 up-regulation, and subsequent BRCA2 degra-
dation could be prevented by a 3, integrin-blocking antibody. Evi-
dence demonstrating that cell adhesion to the ECM results in Skp2
mRNA and protein up-regulation had been provided previously
(38). We confirm those results and demonstrate for the first time
that 3, integrin-mediated signaling is necessary for ECM-depend-
ent changes in Skp2 expresss
The up-regulation

llows 3, integrin adhesion is
nd could be abrogated by

ated that Skp2 directly
degradation of BRCA2. As
ss requires PI 3-kinase/AKT acti-
integrin-mediated signaling following
1on with BM proteins, a crucial physiopatho-
enon at the beginning of the metastatic cascade
and distant organs. Furthering the understanding of
molecular pathway may prove valuable in designing new
therapeutic strategies aimed at modifying the natural history of
prostate carcinoma.

Acknowledgments—We thank Dr. M. C. Hung for the BRCA2 cDNA
construct and Dr. R. Freeman for the PI 3-kinase construct.

REFERENCES

1. Kalluri, R. (2003) Nat. Rev. Cancer 3, 422—433

2. Erickson, A. C., and Couchman, J. R. (2000) J. Histochem. Cytochem. 48,
1291-1306

3. Engbring, J. A., and Kleinman, H. K. (2003) /. Pathol. 200, 465—470

4. Stewart, D. A., Cooper, C. R, and Sikes, R. A. (2004) Reprod. Biol. Endo-
crinol. 2, 1-13

5. Edlund, M., Miyamoto, T., Sikes, R. A., Ogle, R., Laurie, G. W., Farach-
Carson, M. C,, Otey, C. A,, Zhau, H. E., and Chung, L. W. (2001) Cell
Growth Differ. 12,99 -107

6. Goel, H. L., Fornaro, M., Moro, L., Teider, N., Rhim, J. S., King, M., and
Languino, L. R. (2004) /. Cell Biol. 166, 407—418

7. Goel, H. L., Moro, L., King, M., Teider, N., Centrella, M., McCarthy, T. L.,
Holgado-Madruga, M., Wong, A. J., Marra, E., and Languino, L. R. (2006)

VOLUME 281-NUMBER 31+AUGUST 4, 2006

¥T0Z ‘€2 fe N uceaIgnuiioguogsEnD Sy fbeisTiumeg, fedfiunnoyepmeg IdMe @io. | papeojumoq


http://www.jbc.org/
http://www.jbc.org/

10.
11.
12.
13.
14.
15.
16.

17.

18.
19.
20.
21.

22.
23.

24.

25.

AUGUST 4, 2006+ VOLUME 281+NUMBER 31

Cancer Res. 66, 331-342

. Juliano, R. (1996) BioEssays 18, 911-917
. Wei, J., Shaw, L. M., and Mercurio, A. M. (1998) J. Biol. Chem. 273,

5903-5907
Shaw, L. M., Rabinovitz, I., Wang, H. H., Toker, A., and Mercurio, A. M.
(1997) Cell 91, 949 —960

Downward, J. (1998) Curr. Opin. Cell Biol. 10, 262-267

Hynes, R. O. (1999) Trends Cell Biol. 9, M33-M37

Ciechanover, A. (1994) Cell 79, 13-21

Almond, J. B, and Cohen, G. M. (2002) Leukemia 16, 433443

Cardozo, T., and Pagano, M. (2004) Nat. Rev. Mol. Cell. Biol. 5, 739751
Moro, L., Perlino, E., Marra, E., Languino, L. R,, and Greco, M. (2004)
J. Biol. Chem. 279, 1692-1702

Huang, H., Regan, K. M., Wang, F., Wang, D., Smith, D. L, van Deursen,
J. M., and Tindall, D. J. (2005) Proc. Natl. Acad. Sci. U.S. A. 102,
1649 —1654

Manmillapalli, R., Gavrilova, N., Mihaylova, V. T., Tsvetkov, L. M., Wu, H.,
Zhang, H., and Sun, H. (2001) Curr. Biol. 11, 263-267

Yang, G., Ayala, G., De Marzo, A, Tian, W., Frolov, A., Wheeler, T. M.,
Thompson, T. C.,and Harper, ]. W. (2002) Clin. Cancer Res. 8, 3419 -3426
Khor, L. Y., Desilvio, M., Al-Saleem, T., Hammond, M. E., Grignon, D. ],
Sause, W., Pilepich, M., Okunieff, P., Sandler, H., and Pollack, A. (2005)
Cancer 104, 962—-967

Venkitaraman, A. R. (2002) Cell 108, 171-182

Liede, A., Karlan, B. Y., and Narod, S. A. (2004) /. Clin. Oncol. 22, 735-742
Tavtigian, S. V., Simard, J., Rommens, J., Couch, F., Shattuck-Eidens, D.,
Neuhausen, S., Merajver, S., Thorlacius, S., Offit, K., Stoppa-Lyonnet, D.,
Belanger, C., Bell, R, Berry, S., Bogden, R., Chen, Q., Davis, T., Dumon,

22482-22491
Pankov, R, and Yamd

BM Proteins Reduce BRCA2 Expression in Cancer Cells

26. Hayashi, K., Madri, J. A, and Yurchenco, P. D. (1992) J. Cell Biol. 119,
945-959

27. Kleinman, H. K., and Martin, G. R. (2005) Semin. Cancer Biol. 15,378 —386

28. Jackson, P. K., and Eldridge, A. G. (2002) Mol. Cell 9, 923-925

29. Zhou, B. P, Liao, Y., Xia, W., Zou, Y., Spohn, B., and Hung, M. C. (2001)
Nat. Cell Biol. 3, 973-982

30. Barsky, S. H,, Siegal, G. P., Jannotta, F., and Liotta, L. A. (1983) Lab. Inves-
tig. 49, 140-147

31. Wang, S. C,, Shao, R, Pao, A. Y., Zhang, S., Hung, M. C,, and Su, L. K.
(2002) Cancer Res. 62,1311-1314

32. Miyamoto, H., Murakami, T., Tsuchida, K., Sugino, H., Miyake, H., and
Tashiro, S. (2004) Pancreas 28, 38 — 44

33. Marmorstein, L. Y., Ouchi, T., and Aaronson, S. A. (1998) Proc. Natl.
Acad. Sci. U. S. A. 95, 13869 —-13874

34. Wu, K, Jiang, S. W., and Couch, F. J. (2003) J. Biol Chem. 278,
15652-15660

35. Ma, L., Wagner, ], Rice, J. J., Hu, W., Levine, A. J., and Stolovitzky, G. A.
(2005) Proc. Natl. Acad. Sci. U. S. A. 102, 1426614271

36. Spurgers, K. B., Coombes, K. R., Meyn, R. E., Gold, D. L., Logothetis, C.].,
Johnson, T.J., and McDonnell . (2004) Oncogene 23,1712-1723

37. Berrozpe, G., Schaeffer, M. A., Real, F. X, and Perucho, M.

38.
39.

Cell Biol. 153, 1381-1390

C., Albero, M. P., Martinez-
Perez-Calvo, J., Arbona, C.,
Res. 65, 3264 -3272

ite 66, 749 —760

JOURNAL OF BIOLOGICAL CHEMISTRY 22107

¥T0Z ‘€2 fe N uceaIgnuiioguogsEnD Sy fbeisTiumeg, fedfiunnoyepmeg IdMe @io. | papeojumoq


http://www.jbc.org/
http://www.jbc.org/

Up-regulation of Skp2 after Prostate Cancer Cell Adhesion to Basement
Membranes Resultsin BRCA2 Degradation and Cell Proliferation
LoredanaMoro, Arnaldo A. Arbini, Ersilia Marra and Margherita Greco

J. Biol. Chem. 2006, 281:22100-22107.
doi: 10.1074/jbc.M604636200 originally published online June 5, 2006

Access the most updated version of this article at doi: 10.1074/jbc.M604636200

Alerts:
* When this article is cited
* When a correction for this article is posted

Click here to choose from all of JBC's e-mail alerts

This article cites 45 references, 19 of which can be accessed free at
http://www.jbc.org/content/281/31/22100.full.html#ref-list-1

8T0Z ‘8T AInr uo 19nb Aq /1o aq [ mmmy/:dny woly pepeojumoq


http://www.jbc.org/lookup/doi/10.1074/jbc.M604636200
http://www.jbc.org/cgi/alerts?alertType=citedby&addAlert=cited_by&cited_by_criteria_resid=jbc;281/31/22100&saveAlert=no&return-type=article&return_url=http://www.jbc.org/content/281/31/22100
http://www.jbc.org/cgi/alerts?alertType=correction&addAlert=correction&correction_criteria_value=281/31/22100&saveAlert=no&return-type=article&return_url=http://www.jbc.org/content/281/31/22100
http://www.jbc.org/cgi/alerts/etoc
http://www.jbc.org/content/281/31/22100.full.html#ref-list-1
http://www.jbc.org/



