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INTRODUCTION:

Prostate cancer cells [requently metastasize to bone. The bone-associated chemokines may play a
rolc in the chemoattraction of prostate cancer cells to bone. The interaction of bonc associated
chemokines with the chemokine receptors on prostate cancer cells Ieads to the activation of signaling
pathways and subsequent expression of proteases including MMP-9. The literature suggests the
chemokine, CXCI.12 formerly known as SDF-1q, and its cognate receptor CXCR4 are involved in
the metastasis of breast cancer cell to lymph node and lung(1), further several recent studies show the
existence these chemokine and chemokine receptor interactions in several types of cancers including,
prostate(2, 3), ovarian(4), melanoma(5), colon(6), pancreatic(7, 8) and glioblastoma (3, 9) tumors.
The purpose of current proposal is to demonstrate the presence of functional chemokine receptor;
CXCR4 in PC cells and clinical PC bonc mctastasis and to test the hypothesis that interaction of bone
associated CXCL12 with CXCR4 cxpressed on prostate cancer cells clicits intra cellular signaling
cvents leading to the MMP-9 gene cxpression.  The cxperiments in the current proposal were
designed to provide link between the chemoattraction of cancer towards target environment mediated
by the CXCI.12 and CXCR4, and expression of proteases by activation of cell signaling pathways in
the bone target environment.

BODY

Bone cell-associated CXCL12 stimulates CXCR4-dependent migration of prostate cancer cells.

To study the role of stromal cell-associated soluble
CXCI.12 in inducing chemomigration of PC-3 cells, we _ a0
employed a transwell co-culture system where prostate
cancer cells were cultured with cither bone stromal cells
or bone tissue conditioned medium. We showed that
purified CXCI.12, bone stromal cells, and bone tissue Fonwet
conditioned medium all stimulated chemomigration of f.n’u:«{z.«,\..(,.1;‘
PC-3 cells.  Pretreatment with anti-CXCR4 antibody | joepeabon
inhibited PC-3 ccll migration towards stromal cclls in a Ny oomaamn R
dosc dependent fashion (Figure 1A).  Pre-treatment of
PC-3 cells with anti-CXCR4 antibody similarly inhibited
bone conditioned media-induced chemomigration (Figure

1B). 'Thesc data indicated that cancer cell migration in
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‘The PI3 kinase and MAP kinasc pathways have been
shown to be activated by CXCL12/CXCR4 interaction | Figure 1. Migration of PC-3 cclls induced by
(2, 10, 11). Pretreatment of PC-3 cells with cither | pone fo CXCR&-dopenett (0 BOZ ¢el
1.Y294002 (P13 kinase inhibitor) or U0I126 (MPK | gt Ox w SR M ol bome stromal
inhibitor) abrogated CXCI.12-induced MMP-9 gene | cells. PC-3 cells were seeded in upper chamber
expression (Annual Report 04). Onc of the biological | and human fetal bone stromal cells were seeded
activitics of cancer cell-derived MMPs arc to facilitatc | in bottom well. - After 16 hours of incubation,
invasion of the cxtraccllular matrix (12, 13). Using :E?gra‘;s;r;f(,g“é:i &‘:;“:’Cc(l)reznd (B‘;”I'}’(l?_e; ceol{
matrigel coated cell culture inserts, we showed that migration was assessed in a similar fashion
pharmacological inhibition of either the PI3 kinase or | using conditioned medium from human fetal
MAP kinasc pathway abolished CXCLI12-induced | bone tissue as a chemo attractant. Experiments
chemoinvasion of PC-3 cclls (Figurc 2). LY294002 | were performed in triplicate, and the data were
appearcd to be morc potent that U0126 in inhibiting | 2n2lyzed using ANOVA. The tukey post-test

o . was performed for pair-wise comparisons, and
CXCIL.12-induced MMP-9 gene (Annual Report 04) and | « represents p valucs <0.05.
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Figure 2. CXCl.12-induced PC-3  cell R T
chemoinvasion is sensitive to P13-Kinase and MAP e e o RS
kinase inhibition. PC-3 cell invasion assay using G cE o N

. . e ) . . T
matrigel-coated transwell culture inserts. CXCL12 o : b PN T
was included in the bottom chamber as a Vo s T et R

chemoattractant. LY294002 or 0126 was included
with the cancer cells in the upper chamber as
indicated. The data were analyzed using ANOVA,
and are presented as mean L s.e. from triplicate
experiments. Tukey post-test was used for pair-wise
comparisons, and * represents p values <0.05.

tumors. Immunohistochemical analysis of Aktl and pSerd73
Akt in SCID-human PC-3 bone tumors. No primary antibodics
were used in negative control for Aktl immunostaining and

cpitope of pAkt ™7 for 30 min and entirc mixture were uscd in

thc immunostaining for pAkt 5™ * Denotes osteoclasts

protein expression as well as chemoinvasion e
residing near trabecular bone.

in prostate cancer cclls.

Figure 3. CXCLI2 activates Akt kinase in PC-3 bone

pAkt 5*7 antibodics were preadsorbed with immunogenic

CXCL12-induced Akt phosphorylation in PC-3 cells. Published results show that CXCI.12
activates Erk 1 and 2 (2), as well as Akt (11) in different prostate cancer cell lines (11). Here, we
found that CXCI.12 stimulation led to activation of Akt in PC-3 cells (Annual Report 04), and this
activation was scnsitive to pretreatment of PC-3 cells with LY294002. These data suggested that Akt
phosphorylation was mediated via the PI3 kinasc pathway. Immunohistochemical analysis of SCID-
human PC-3 bone tumors demonstrated specific staining for both Aktl and pAkt*™*™ in both cancer
cells and multinucleated osteoclasts residing near bonce trabeculac (Figure 3).

AKktl Kinasc activation is indispensable for CXCL12 induced MMP-9 genc expression, release,
migration and invasion of PC-3 cells. Previous studics showed that the three known isoforms of Akt
were expressed in prostate cancer cells (14, 15). We used a sensitive real time PCR mcthod to
quantify the relative abundance of the various Akt isoforms in our cclls (Figure 4 A). We found that
the Aktl gene is the most abundant isoform expressed in all the cell lines tested. To further
understand the role CXCI.12-induced activation of the PI3 kinase pathway in proMMP-9 secretion,
cell migration, and invasion, we employed siRNA mecthodology to knock down Aktl. Western blot
analysis of cclls transicntly transfected with Aktl siRNA showed that Akt 1 protein expression was
specifically down regulated in PC-3 cells (Figure 4B). Furthermore, down regulation of the Aktl
isoform by siRNA diminished the overall levels of 473pSer-activated Akt (Figure 4C), suggesting that
CXCI.12 signaling involves the Aktl isoform in PC-3 cells. We then stimulated the Aktl siRNA-
transfected cells and control-transfected cell with CXCL12 and found that MMP-9 scerction was
inhibited only in thc Aktl si-RNA transfected cells (Figure 4D).  Furthermore, Aktl siRNA
transfection specifically inhibited CXCL12-induced migration (Figurc 4E) and invasion (Figurc 417).
Together, these data showed that Aktl signaling was unequivocally involved in CXCI.12-induced
MMP-9 secretion, migration, and invasion by PC-3 cells.
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Figure 4. Aktl oncogene is essential for
CXCL12-induced MMP-9 gene expression, cell
migration and invasion. (A) Rcal timec PCR was
uscd to asscss gene expression of three isoforms of
Akt in a pancl of cultured ccll lines. (B)
Immunoblot analysis demonstrating  successful
knock down of Aktl cxpression using a siRNA
approach. (C) PC-3 cells transfected with cither
scrambled (scr) siRNA or Aktl siRNA were treated
with CXCI.12 for 15 min. 'lotal ccllular protcins
were immunoblotted with anti Aktl, anti pScrd73,
and anti B-actin antibodics. (D)) PC-3 cells
transfected with cither scrambled siRNA or Akt!
$siRNA were treated with CXCL12 for 16 hours.
Conditioned media were subjected 1o gelatin
zymography. (1) Migration and (F) invasion of PC-
3 cells transfected with cither scrambled siRNA or
Aktl siRNA and treated with 200ng/m! of
CXCL12. ‘Transfections  were  performed  in
triplicatc for all thc experiments, and data werce
analyzed using ANOVA and * represents p values
<0.05.

CXCL12/CXCR4 interaction leads to activation
of the NFxB response element. Recent studies
showed that activated Akt transduces signals via the
cellular activation of NF-xB transcription factor (16,
17). Among the secreted MMPs, only MMP-9 has
an NF-kB transcription factor binding element in the
promoter sequence (18), and we previously showed
that PC-3 cells are capable of responding to external
stimuli by activating NF-xB transcription factor
activity  (19). Here we evaluated whether
CXCI12/CXCR4 signaling can act via NF-xB. We
transfected PC-3 cells with an NF-kB response
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Figure 5. CXCL.12 stimulates expression of the NF-
kB response clement. PC-3 cells were transf{ected with
empty luciferase vector, pTAL-Luc vector, or NF-kB-
Luc vector. Transfected cells were treated with either
CXCL12 or TNF-a, and normalized luciferase activities
are shown. TNF-o treatment used as a positive control,
which has shown to activate NF-«B transcription factor.
The transfections were performed in triplicate, and the
data were analyzed using the student t-test. Data are
expressed as mcan + s.c. and * represents p valucs
<0.05.

clement fused to a luciferasc reporter construct.
CXCLI12 treatment of the transfected cells led to
luciferase expression demonstrating activation of the
NI'-kB response clement  (Figure 5). ‘These data

suggest that CXCL12/CXCR4-mediated PI3K/Akt activation lcads to cxpression of NI'-xB3
responsive genes.

KEY RESEARCH ACCOMPLISHMENTS

» Bone tissue associated CXCL12 stimulates CXCR4 dependent PC-3 cell chemomigration.

» CXCL12 mediated chemoinvasion of PC-3 cells is scnsitive to both PI3 kinasc and MAP kinasc
inhibitors.

» SCID-human PC-3 bone tumors express Akt protein and activated Akt protein. Tumor cells and
osteoclasts show immunoreactivity for both Akt and phosphorylated Akt protein.

» Akt 1 phosphorylation is indispcnsable for CXCL12 induced MMP-9 gence expression, scerction,
migration and invasion of PC-3 cclls.

» CXCL12/CXCR4 intcractions activates NF-xB responsc clement in PC-3 cells. p
0



REPORTABLE OUTCOMES

Abstract: Chinni, SR; Sivalogan S; Dong, 7; Trindade Filho, JC; Deng, X; Bonfil RD and Cher,
ML. CXCL12/CXCR4 signaling induccs akt activation and mmp-9 cxpression in prostatc cancer
cells.  Eleventh Annual Scientific Retreat of Prostate Cancer Foundation, Lake ‘I'ahoce, Nevada,
Octlober 21-24, 2004.

CONCLUSIONS

These results suggest that chemokine, CXCL12 and its cognate receptor CXCR4 arc expressed in
the cellular phenotypes of prostate cancer bone metastasis. Bonc associated CXCL12 could act as a
chemoattractant for circulating Prostate Cancer cells. Biological activities of prostate cancer cell
associated CXCI.12/CXCR4 interactions include expression and secretion of MMP-9. CXCI.12
induced cell signaling pathways mediate chemoinvasion of cancer cells, and activated Akt 1 kinase
is indispensable for CXCL12 mediated cellular migration and invasion of prostate cancer cells. This
data suggcsts that chemoattractive mechanisms may involve migration of cancer cclls towards bone
tissue, and that cell signaling induced by binding of the chemokine to its receptor leads to the
activation of multiple signaling pathways and subsequent release of MMPs into the local
environment. These [indings may provide a link between chemoattractive mechanisms, growth of
tumor cells in bone, and tumor-cnhanced bonc matrix turnover.
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APPENDICES

Appendix 1

CXCL12/CXCR4 SIGNALING INDUCES AKT ACITIVATION AND MMP-9 EXPRESSION
IN PROSTATE CANCER CELLS

Sreenivasa R. Chinni, Sivasakthy Sivalogan, Zhong Dong, J. Carlos Trindade Filho, R. Daniel
Bonfil and Michael I.. Cher.

Dcepartments of Urology and Pathology
Wayne State University and The Barbara Ann Karmanos Cancer Institute

Chemokines and chemokine receptor interactions facilitate the physiological migration of cells.
Hematopoictic cells home to bonc by mcans of chemo-attraction to marrow chemokines.
Intcraction of chemokines with their receptors Icads to the expression/activation of adhesion
molecules and proteases. Recent evidence suggests that a similar mechanism may be active in
cancer metastasis: expression of the chemokine CXCI.12 and its receptor CXCR4 has been
documented in several epithelial tumors. We previously showed that broad-spectrum inhibition
of matrix mctalloprotcasc (MMP) activity diminishes bone matrix turnover and proliferation of
prostate cancer (PC) cells in bone. Using specific tissuc-bascd cnzymatic activity assays, we
recently demonstrated an increase in net MMP-9 activity, but not MMP-2 or MT1-MMP activity,
in bone tissues colonized by cancer cells in vivo. The MMP-9 protein immunolocalized to
prostate cancer cells and osteoclasts.  Ilercin, we hypothesize that CXCI.12 and CXCR4
intcractions facilitates the mctastasis of prostate cancer ccells by activating intraccllular signaling
pathways lcading to the expression and release of MMP-9. Using a varicty of mcthods including
RT-PCR, TILISA, gelatin zymography, cellular motility and invasion and subcellular
fractionation of prostate cancer cells, we showed that (a) CXCR4 was expressed on prostate
cancer cells and experimental scid-human PC-3 bone tumors and CXCI.12 was expressed on
stromal cclls of bone and lung and to a lesscr extent in PC-3 cells; (b) CXCL12 induced MMP-9
gene expression and scerction in prostate cancer cells; (¢) bone stromal cells and bone tissuc
conditioned media induced the migration of PC-3 cells in a CXCR4 dependent manncer; (d)
pharmacological inhibition of PI3 kinase and MAP kinase pathways abrogated the CXCI.12
induced MMP-9 gene expression and release, and invasion of PC-3 cells; (¢) CXCI.12 induced
Aktl phosphorylation and Aktl siRNA transfections abrogated the CXCL12 induced Akt
phosphorylation, proMMP-9 sccrction, migration and invasion of PC-3 cclls; (f) CXCR4 was
localized to lipid rafts in prostate cancer cells and CXCL12 induced 1HIER2 phosphorylation in
PC-3 cells; (g) kinetics of CXCI.12 induced HIER2 and Akt phosphorylation showed that
CXCI.12 induced HER2 phosphorylation preceded Akt phosphorylation in PC-3 cells. This data
suggests that chemoattractive mechanisms may involve migration of cancer cells towards bone
tissuc, and that ccll signaling induced by binding of the chemokine to its receptor leads to the
activation of multiple signaling pathways and subscquent relcase of MMPs into the local
environment. These findings may provide a link between chemoattractive mechanisms, growth
of tumor cells in bone, and tumor-enhanced bone matrix turnover.
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