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INTRODUCTION

The prostate epithelial and stromal compartments interact to regulate prostate development and function, in
part through the tight regulation of glandular apoptosis and proliferation. These interactions are mediated by
various factors that include hormones and cytokines. Specific signaling by androgens is required for prostate
development and maintenance of function through the stimulation of proliferation and inhibition of apoptosis of
prostatic epithelial cells (Hayward and Cunha, 2000; Montgomery et al., 2001). Cytokines such as EGF, IGF,
and TGF-R isoforms can also in-turn stimulate the expression of the androgen receptor (AR) in an androgen-
independent fashion (Byrne et al., 1996; Culig et al., 1996). Often the development and progression of prostate
cancer is dependent on androgens and their receptor for prostate cellular proliferation and differentiation. As
a result, its inhibition has been the primary therapy for metastatic prostate cancer and much effort has been
devoted to elucidating the role of the androgen receptor in prostate cancer. As a result of androgen ablation
TGF-R1 expression levels transiently elevate and regression of benign prostate hyperplasia as well as prostate
cancer cells for the most part occur. Better understanding of prostate androgen responsiveness is critical since
androgen-signaling antagonists are currently used in treating patients with malignant prostate cancer, benign
prostate hyperplasia, and as a chemoprevention of prostate cancer in clinical trials. However populations of
hormone-non-responsive cancer cells unfortunately frequently arise. The central hypothesis of this proposal is
that TGF-R signaling in the prostatic fibroblasts contributes to normal prostatic epithelial differentiation; when
this signal is altered in the case of some cancers the differentiation status of the epithelia is altered.

TGF-R isoforms (TGF-31, R2, R3) have long been established as physiological regulators of prostate growth
because of their ability to inhibit cell proliferation and mediate apoptosis (Kyprianou and Isaacs, 1989; Martikainen
et al., 1990). TGF-Rs exert their effects through binding to the TGF-3 type Il receptor (TRRII) and subsequent
recruitment of the type | receptor (TRRI) for downstream cytoplasmic signaling through multiple parallel signaling
pathways (Attisano and Wrana, 2002). TGFR plays a key role in the steroidal regulation of tissues and in the
important growth regulation axis existing between androgenic signaling, smooth muscle differentiation and
epithelial proliferation. The present proposal seeks to address the role of TGFR signaling in mouse prostate
tissue under in vivo conditions in light of signaling pathways identified through studies in cell lines. In order to
understand the role of TGF-R in the prostate we have developed and studied mouse models, that employ the
Cre-lox methodology to conditionally ablate TRRII expression in the stromal fibroblasts (Bhowmick et al., 2004)
and those that express the large SV40 T antigen transgene (TAG) in the prostate epithelia (from collaborator,
Dr. Robert Matusik, Vanderbilt U., TN) (Kasper et al., 1998). The proposal was based on preliminary data
that ablation of TRRII in fibroblasts results in preneoplastic prostate intraepithelial neoplasia (PIN) lesions and
prostate-specific TAG expression results in PIN and progression of focal adenocarcinoma (Kasper et al., 1998).
We proposed to develop mice that expressed both TAG in the prostate epithelia and concomitant loss of TRRII
in the stromal fibroblasts (mouse model termed TNT) to examine epithelial and stromal differentiation (Task1).
Since these TNT mice were not thought not to be able to live past 8 weeks of age, we also proposed to rescue
the prostatic tissues from these mice as xenografts and further study differences in cellular differentiation and
androgen responsiveness (Task2).
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BODY

Stromal TGF-3 responsiveness is associated with prostatic
tumor progression

We focused on how the TGFR signaling pathway
components may be involved in prostate cancer progression
and subsequent regression. It was not feasible to study
prostate cancer progression in the mouse model that expressed
both SV40 large T-antigen (TAg) in the prostate epithelia
and concomitant loss of TRRII in the stromal fibroblasts
(mouse model termed TNT) due to early lethality (Task1).
The expression of the SV40 large T antigen by the prostatic
epithelia, driven by the probasin promoter in transgenic
mice, results in primarily in PIN lesions by 12-15 week of age
with occasional foci of adenocarcinoma. Initial studies in
recombining prostatic stromal cells from Flox and FRKO mice
with the 12T7f epithelial organoids proved to be interesting. The
recombined tissues were xenografted under the renal capsule
for 8 weeks. After which time, some of the host mice were
castrated. This phenotype was reminiscent of that observed in
the FRKO mice. Through tissue recombination xenografting, ?g%lé:gf le.o g]rr(])igtiztait%nreosfpc\)/xgt :égers]g“tnoga:]?jsrgogrgﬁ
we were able to show that TAg expressing prostatic epithelia 2" esponsiv .
also become refractile to androgen ablation when grafted with ﬁ]bolgggn'pr(g‘s)tagsfbrz\; eizﬂ Etzragrs dEg‘;%rzf f/:(i)thm%lglg
prostate stromal cells deficient in TGF-R signaling (Figure zgenovirus and allografted in the renal capsules of
1). Additionally, the phenotype of the TAg prostatic epithelia, male SCID mice. Host mice were castrated for three
that normally form preneoplastic PIN lesions, develop normal days. Tissues were harvested on day six (n=12) and
prostatic morphology when recombined with wild type or Subjected to H&E staining (upper panels) as well as
Tgfbr2'€2€2 (control) stromal cell. However, the combination Iblﬂc')\lerll_) St(%;"”?gfgfgi{ﬁgz,fﬁige'gz ‘}’éfbiggﬁ?“% a(f[ﬁlrlg
of TAg epithelia with Tgfbr2®* stromal cells developed moyse’ prostates were transduced with SFRP-2
into adenocarcinoma reproducibly. Thus together it would adenovirus and allografted in the renal capsules of
suggest that the stromal cells mediate the size and androgen male SCID mice. Host mice were castrated for three

responsivity of the prostate ans well as prostate cancer. days. Tissues were harvested on day six (n=12) and
subjected to H&E staining (upper panels) as well as

Co TUNEL staini I Is) fi toti Il
The loss of TRRII expression in the prostate stroma can lead (bliown). szpéggt (p%"gﬁ{vepzr;,?tﬁé,i;’fT?Jp,\?EL" ;)Coscigvg

to adenocarcinoma staining was not statistically different between GFP-
The Tgfbr2° mouse model was used to study if the Tgfbr2'1€ and SFRP-2-Tgfbr2">">€ allografts
loss of TRRII in the prostatic stroma contributes to prostatic ézé,’iﬁ'&’eeszta?ﬁfg ?rz Splfggagt Ql%sfglrvz?sﬁglggggtts“\\fvglg
adenocarcinoma progression. The Tgfbr2“0 mouse prostates . 5. & ~F f
. . ) statistically greater than GFP-Tgfbr2° allografts (P
develop PIN lesions by six weeks of age, as previously reported y5ye = 0}6873)_ (C) Tissue rec%mbinations %f 12T(7f
(Figure 2A) (Bhowmick etal.,2004). Electron microscopy further LADY epithelial organoids and Tgfbr2° prostatic
revealed the loss of epithelial differentiation, as there were no stromal cells were allografted in SCID mice for six
secretory vesicles in the six-seven week old Tgfbr2*<° mouse ){’;’ﬁg&;h ngt htcr)lset Qﬁgﬁinﬁergeﬁgfn l_%':sf r?}?ggo\‘llv'gﬁg
H H i H floxE2/ .
ﬂgftate eplthelle}[I (;eIIS,qumpageBd tTT? glgl)\lre_sence In Tgft)er castrated seven days prior to harvesting the prostatic
mouse prostates (Figure 2B). IS assumed 10 D€ a grafts. Tissue recombinants were harvested at week
precursor of prostate adenocarcinoma, the progression of the six (n=4) and subjected to H&E staining (upper panel)
disease was expected under long-term observation. Since the as well as TUNEL staining (lower panel) for apoptotic
Tgfbr2"K° mice die by seven weeks of age, the prostates were EilllDSY(bergi\tA;]ne)llial(Do)rggﬁ%lijc?s r:ﬁgm%?g:'z?sgfo Cgrog;?g
Tescued at six we_eks, and aIIograftgd to the ren_al capsule of stromal cells were allografted in SCID mice for six
|mmunoco¥np£om|sed male SCID mice. Twenty five percent of \eeks. The host mice were given SFRP-2 adenovirus
the Tgfbr2™Pk© prostates developed into adenocarcinoma by through out the grafting period. Host mice were
seven months following grafting (Figure 2C). Tissue rescued castrated seven days prior to harvesting the prostatic
prostates from six-week old Tgfbr2f>€2fo€2 mice under the grafts. Tissue recombinants were harvested at week
same conditions were histologically normal by H&E staining. Z'SX\fv”eTl‘g:r.l‘%,s\l“éjlj_e;tfiﬂiaog'?l‘?ﬁv::ap'g'r?g)(?grp:ggstgﬁg
Immunohistochemistry for the expression of TRRII confirmed cejis ~(brown). Percent positive epithelial TUNEL
a significant decrease in TRRIl expression in the stromal positive staining in tissue recombinations of 12T7f
compartment of Tgfbr2fPK° prostates (Figure 2D). LADY epithelial organoids and SFRP-2-Tgfbr2/so
Epithelial proliferation and differentiation markers were allografts was sta?s%ug_?_lw EIJ_rAegt\‘?r th?ﬂ tlholse in tissue
used to evaluate development of prostate adenocarcinoma. fécombinations o 7 epithelial organoids

- fspKO =
The mitotic rate of the prostatic epithelium of Tgfbr2feko gréglthfaFr’ iﬁgftgﬁes Zsaﬂ?ngrafts (P value = 0.0472).
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mice was four-fold greater than that from Tgfbr2fo<€
a2 mice in the seven-month progression model, as
determined by quantitating phosphorylated-histone H3
expression (Figure 3A). The mouse dorsolateral prostate
(mDLP) antibody was used to localize secretions found
in differentiated prostatic epithelium, was present in the
Tgfbr2io€2ioE2 tissues but was focally absent in Tgfbr2/seo
tissues (Figure 3B) (Donjacour et al., 1990). Then
mDLP staining in both normal and malignant rescued
tissues confirmed the prostatic origin of the tissues. P63
expression was basally localized in the Tgfbr2floxE2foxE2
tissues, as expected (Figure 3C) (Kurita et al., 2004). In
contrast, p63 positive cells were rare and scattered in the
Tgfbr2PK0 prostate rescues, supportive of the progression
of adenocarcinoma and indicating a disruption of the

Figure 2. The loss of TRRIl expression in the prostatic
stroma of mice leads to transformation of adjacent
epithelia. A. Histologic comparison of Tgfbr2fox€2foxE2 (|eft)
and Tgfbr2PKO (right) mouse prostates by H&E staining
suggest Tgfbr2*°mouse prostates develop PIN by 6 weeks
of age. B. Electron microscopy indicates the absence of
secretory vesicles in Tgfbr2"° mouse prostates compared
to their presence in Tgfbr2ioxE2iox€2 grostates. Scale bar
represents 2 uym. C. Following tissue rescue of Tgfbr2fox€
floxE2 gnd Tgfbr2PK° prostates for seven months, the histology
of the Tgfbr2/#<° prostates progressed to adenocarcinoma
while the Tgfbr2iox€2foxE2 prostates maintained a wild type
phenotype. D. Immunohistochemistry for TRRII expression
of the rescued tissues showed positive stroma and epithelial
staining in the Tovr2loE2foxE2 hrostates, yet only epithelial
staining in the Tgfbr2PK° prostates. Scale bar represents
50 ym for panels A, C, and D.
Figure 3. Tgfbr2frk© prostates develop adenocarcinoma

.. in seven months. A. Phosphorylated-histone H3 staining
basal cell layer. Another reported marker for prostatic of the mitotic cells suggested higher proliferation rate in the

adenocarcinoma progression, Twist, was detected only Tgfyroeeko prostates rescues than the normal Tgfbr2mE
in the Tgfbr2™° tissue rescues that progressed to foxe2 prostates rescues. The mean + standard deviation of
adenocarcinoma (Figure 3D) (Hotz et al., 2007; Kwok positive staining is indicated in each panel (P < 0.01, n =

et al., 2005; Zhang et al., 2007). Our data showed for 6 for both test and control). B. Immunohistochemistry for

: ; PR dorsolateral prostate (DLP) was detectible control Tgfbr2io
the first time that loss of TRRII expression in the stroma o, prostates, but often lost in the Tgfbr2#° tissue rescues.

induced prostate tumorigenesis in mice. C. Immunohistochemistry for p63 revealed disorganized

staining pattern in the prostates of Tgfbr2®<° compared
Wnt3a mediates increased tumorigenicity of prostate to Tgfbr2fxE2fx€2 D Immunohistochemistry for Twist
tumors by Tafbr2e£C mouse prostate stroma expression was positive in the adenocarcinoma Tgfbr2s"<©
In light of the observed Twist expression and recent {iSsues. but not expressed in the Tgfbr2">*/b* prostates.

ST o . . " The sections were nuclear counterstained with hematoxylin
publications indicating the importance of Wnt signaling (pye). Scale bar represents 50 pm.
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Figure 4. Tgfbr2™° prostatic stromal cells have elevaied
Wnt3a expression. A. The screening of 19 Wnt isoforms by
real-time PCR revealed specific Wnt isoforms to have greater
mMRNA expression by cultured Tgfbr2®KO prostatic stromal cells
relative to control, Tgfbr2io€2foxE2 stromal cells. Each dot represents
a comparative expression level of a Tgfbr2K° sample relative to the
average expression level of the Tgfbr2ioE2ix€2 sggmples (baseline).
The data were normalized to 18s ribosomal RNA expression. The
dotted horizontal line is at the value of 1 representing no difference
from the Tgfbr2i>€2foE2 gyerage. The thick horizontal lines indicate
the medians within each group. (There are 3 data (83.9, 88.0,410.1)
in Wnt3a and 1 (51.5) in Wnt10b that are out of the plot range.)
B. Western blot confirmed specifically Wnt3a protein expression
was greater in Tgfbr2°KO prostatic stromal cells compared to that
from Tgfbr2foxE2fexE2 cells. C. Cell counting was used to measure
LNCaP cell proliferation following incubation with Tgfbr2fioxE2/foxe2
or Tgfbr2PKO prostatic stromal conditioned media. The addition of
Wnt3a neutralizing antibody inhibited LNCaP cell proliferation in
a dose dependent manner. The graphs indicate mean + standard
deviation (P < 0.01, n =12).

in prostate cancer progression, we screened for the expression of nineteen Wnt ligand isoforms as putative
paracrine mediators of the loss of TGF-3 responsiveness in the stromal cells. Reverse transcription real-time
PCR analysis of Tgfbr2floxE2/floxE2 and Tgfbr2©PK° prostatic stromal cells revealed that four out of nineteen
Wnt ligands had elevated expression in Tgfbr2=°° cells relative to Tgfbr2fio€2foE2 cells (Figure 4A). Among
them, Tgfbr2PK© stromal cells had a median Wnt3a elevation of 4-fold over Tgfbr2fio<E2foE2 cells, Wnt 5a, Wnt 6,
and Wnt 10b were also expressed at higher levels by Tgfbr2° cells, however, viable antibodies for these Wnt
isoforms were not available to perform further confirmatory studies. Elevated Wnt3a expression was confirmed at
the protein level by Western blot detection (Figure 4B). The Wnt3a neutralizing antibody reduced the proliferative
effect of Tgfbr2fspKO conditioned medium in a dose dependent manner. LNCaP cell proliferation was decreased
to comparable levels as cells grown in Tgfbr2io<E2fexE2 conditioned medium in the presence of 10 ng/ml Wnt3a
neutralizing antibody.

To determine if the tumorigenic effects of the prostatic stroma were a result of paracrine signaling, tissue
recombination techniques were used to combine cultured Tgfbr2ix€2foxE2 or Tgfhr2PkO prostatic stromal cells with
adult wild type mouse prostatic epithelial organoids. Following allografting the tissue recombinants into syngenic

Figure 5. Tgfbr2©kO prostatic stromal cells increase tumorigenicity of prostate epithelial cells. A. Tissue recombinant

of Tgfbr2ioE2fioxE2 or Tgfr2°K0 mouse prostate stromal cells with wild type mouse prostate organoids recapitulated the
histology of the respective intact mice. B. The gross representations of the LNCaP/Tgfbr2*k° tumors in renal xenografts
were larger than control, LNCaP/Tgfbr2x€2fexE2 tymors. Tumor volumes calculated using Image J software were graphed
as mean + standard deviation (P < 0.01, n = 6). Scale bar represents 4 mm. C. H&E for the LNCaP/Tgfbr2foxE2/loxt2 gnd
LNCaP/Tgfbr2fspKO recombinant tumors histology showed little difference. D. Immunohistochemistry for phosphorylated-
histone H3, indicated the mitotic index of LNCaP/ Tgfbr2©° tumors to be greater than LNCaP/Tgfbr2x€2foxE2 tymors. The
mean positive staining is indicated in each panel + standard deviation (P < 0.01, n = 6). The scale bar in panel A repre-
sents 50 um for panels A, C, and D.
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C57/BI6 male mice for eight weeks, we found that the Tgfbr2fo€
floxE2 stroma-associated prostatic grafts were comparable to intact
prostates of wild type mice. The Tgfbr2K° stroma-associated
prostatic grafts developed PIN lesions, recapitulating the intact
Tgfbr2®eK0 prostates (Figure 5A). These results revealed that
paracrine factors affected prostatic epithelial differentiation and
established the tissue recombination methodology as a viable
model for subsequent grafting experiments. To enable the study of
stromal-epithelial signaling in adenocarcinoma, we developed a
chimeric model of mouse prostatic stromal cells with LNCaP cells,
an established human prostate cancer epithelial line. A five-fold
increase in gross tumor volumes was observed in recombinants
of LNCaP/Tgfbr2%°*© compared to tumors of LNCaP/Tgfbr2fx€
fiox€2 recombinants (Figure 5B). Although the histology of the
two chimeric tissues was not appreciably different (Figure 5C),
immunohistochemistry of phosphorylated-histone H3 revealed
increased mitosis in LNCaP/Tgfbr2©° tissue recombinants
compared to LNCaP/Tgfbr2fiex€2foxE2 recombinants (Figure 5D).
Together, the loss of TRRIl expression in the stroma initiated
paracrine transformation of normal epithelia and supported

tumor progression of prostate cancer.
Next, host mice harboring the chimeric LNCaP/Tgfbr2fko
Figure 6. Wnt3a neutralizing antibody inhibits tu- tiSsue recombinants were treated with the Wnt3a neutralizing
morigenic progression of LNCaP/Tgfbr2/ko tis-antibody or isotype IgG control. The antibodies were injected
sue recombinants. Wnt3a neutralizing antibody or intra-peritoneally two weeks following xenografting. Although
isotype control IgG was i. p. injected to the hosted the gross tumor size between the isotype IgG control and the
SCID mice twice a week for two weeks, started two \WWnt3a neutralizing antibody were not appreciably different, the
weeks post-grafting. A. Histology by H&E showed histology of the tumors revealed areas of necrosis associated
increased necrotic areas in the tumors from Wnt3a wjth mice treated with the neutralizing antibody compared to
antibody injected mice, compared to the ones from contro| (Figure 6A). Further immuno-localization for cells under
ﬁﬁmgoelrrg;%epé'ggﬁgtf;Isbz\/g:ls;'cea‘fizlg‘dei)h tBHect;:;f;?Srgoing apoptosis confirmed 2.3-fold greater number in tumors
treated with Wnt3a neutralizing antibody compared treated with the_Wnt3a ngutrallzmg antibody compared tq th.e
to control by Apop-tag immunohistochemistry (P < contrpl (p value = 0.001, Fl_gure 6B). Thgre was a lack of mitotic
0.01, n = 8). C. Immunohistochemistry of phospho- C€llS in the areas of necrosis, as determined by phosphorylated-
rylated-histone H3 showed less mitotic cells in the histone3 immuno-localization. The mitotic rate in the surviving
tumors from Wnt3a treated mice compared to con- tumors from neutralizing antibody treated mice was significantly
trol (P < 0.01, n = 6). The mean + standard deviation less than that in isotype control mice (p value = 0.002, Figure
is indicated in each panel. The scale bar represents 6C). Thus, down regulation of TGF-R signaling in the prostatic
100 pm for panel A and 50 um for panels B and C.  stromal compartments is associated with canonical Wnt signaling

in the adjacent epithelia to support tumor initiation and further tumor progression. Blocking Wnt3a activity in
tumors deficient in stromal TGF-[3 signaling was effective in reducing tumor growth.

TRRII expression is lost in stromal cells of human prostate adenocarcinomas

Finally, to explore the role of stromal TGF-f3 signaling in human prostate cancer progression, we localized
TRRIlI expression by immunohistochemistry of 140 benign and malignant prostate tissues. Prostate samples
from patients who underwent radical prostatectomy were obtained from Vanderbilt University and Imgenex Co.
These patients received no documented treatment before surgery. The tissues were grouped based on Gleason
score and compared based on the staining for TRRII in the prostatic stroma (Figure 7). The TRRII antibodies
that tested positive and negative in the respective Tgfbr2iox€2foxE2 gnd Tgfbr2PKO prostates in Fig 1D were used
for these immunohistochemical studies. TRRII was highly expressed in epithelial cells of all prostate samples
examined. The stromal TRRII staining pattern, albeit less intense, was representative of >95% of the tissue in
each array spot based on blinded pathology scoring (Figure 7). Stromal TRRII was expressed in 85% of the
tissues associated with benign epithelia. In contrast, an average 31% of the prostate cancer tissues with Gleason
scores 6-10 maintained stromal TRRII staining. Further the clinical correlates, pre-surgical serum PSA expression
and age (p value=0.97, 0.31, respectively), did not statistically distinguish between benign and prostate cancer
in this population. There was no correlation of stromal TGF-[3 expression and a specific Gleason score. As the
proportions of stromal TGF-R expression for malignant samples were relatively similar to each other than that of
benign samples, counts in malignant samples were combined and compared to the benign group. Multivariant
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analysis suggested the odds of positive stromal TRRII is 11.5 times as high in the benign group compared to the
malignant group (with 95% power; confidence interval: 4.2 to 31.3; p value < 0.0001).

KEY RESEARCH ACCOMPLISHMENTS

We provide in vivo data supporting stromal TGF-[3 signaling can regulate prostate cancer androgen
responsiveness in a tissue recombination model.

We showed that Wnt5a is expressed by the prostatic stroma following androgen ablation in a short
window.

The activation of Wnt5a is regulated by TGFR responsivity of the prostatic stroma

Specific inhibition of the Frizzed receptor 2 in the epithelial compartment can result in regression of
prostates that were otherwise refractile to androgen ablation.

Whnt3a in downregulated by TGF-R stromal signaling.

The neutralization of Wnt3a can reduce the tumorigenesis induced by the loss of TGF-3 signaling in the
stroma.

The loss of TGF-3 receptor Il expression is observed in human prostate adenocarcinoma associateded
stromal cells.

Figure 7. Immunohistochemistry for TGF-R type |l receptor (TRBRII) expression is not detectable in stromal cells of human
prostate adenocarcinomas. The pathologic grade of the representative immunohistochemistry images are indicated as
benign or Gleason score. Note TR3RIl was consistently expressed in epithelial cells, but often lost in stromal cells of neoplastic

tissues. Scale bar represents 50 um. The table indicates the distribution of tissue pathology with positive histochemical
TRRII staining in the stromal compartment.
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context of tumor growth.

Role: Mentor

F31 GM079879 Placencio (PI) 6/01/07 — 5/31/11

NIH/NRSA Pre-doctoral training grant

TGF-beta and Androgen Signaling During Prostate Regression

The project identifies the mechanism the prostate stroma regulates prostate regression following androgen
ablation. Paracrine signaling pathways involving TGF-3, Wnt, and androgen signaling are studied.

Role: Mentor

U54 CA126505 Matrisian (P1) 10/1/06 — 09/30/11

Paracrine TGF-R signaling in tumor initiation and progression

Our project in this program project is to examine the role of downstream TGF- signals in prostate epithelial
neoplastic progression using xenografting and mathematical models.

Role: Project Co-director (Project 2)

Products

CDNA construct, cell lines, and animal models developed

. Development of a in vivo tissue recombination model that incorporates large T antigen expressing
prostatic epithelia with stromal cells deficient in TGF[ responsivity.

. Transgenic mouse line termed FRKO/TOPGal that enables the study of canonical Wnt signaling in the

context of stromal cells deficient for TGF[} responsivity.
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CONCLUSION

Surgery and androgen ablation therapy remains the major treatment for prostate cancer. However, within a year
of treatment >80% of prostate cancer becomes androgen independent as a result of documented mutations in AR
(50%) and unknown factors (50%). In this study, we showed that the Wnt3a neutralizing antibody inhibited LNCaP
cell proliferation promoted by Tgfbr2%PC prostatic stromal cells. The in vivo experiment revealed neutralizing
Wnt3a mediated more areas of cell death due to necrosis and apoptosis in LNCaP tumors accompanied by lower
rate of mitosis compared to those treated with the IgG isotype control. Like other targeted monoclonal antibody-
based therapies in the clinic, the Wnt3a neutralizing antibody was well tolerated by the host mice. Thus such
Wnt antagonists may prove effective for prostate cancer patients, specifically those with undetectable stromal
TRRII expression. We conclude that disruption of TGF-3 signaling in the prostatic stromal cells up regulates the
expression of Wnt3a to promote tumorigenesis in a paracrine manner.

New treatments are required that are more effective irrespective of the structure of the AR in the cancerous
epithelial cells. Based on the studies described, androgen ablation therapy can cause paracrine Wnt signaling
by the stromal compartment. Wnt ligand expression is apparently a mechanism for maintaining prostatic
tissues in the absence of androgens. Thus, the administration of androgen ablation therapy to subjects with
hormone refractile prostatic epithelia would not only be ineffective, rather have counter-indications for further
aggressiveness of the cancer. Future prostate cancer therapies would most likely benefit by not only antagonizing
the traditional androgen signaling pathway, but acting on Wnt signaling as well. This would allow therapies to
target both the epithelial and stromal compartments as well as androgen dependent and independent tumor cells.
Understanding paracrine interactions of TGF-, androgen, and Wnt signaling in regulating prostate regression
fosters the advancement of therapeutic options.

The progression of the grafted prostate tissue rescues fromTgfbr2"<° mouse to adenocarcinoma led us focus
on the consequence of the loss of TGF-R signaling in the stroma on malignant progression. Although PIN
lesions spontaneously developed in the Tgfbr2° mouse prostates by 5-7 weeks of age, it was not clear if
the model supported further progression to adenocarcinoma (Bhowmick et al., 2004a). Due to early lethality of
the Tgfbr2PK° mice, we used tissue rescue and recombination grafting techniques to reveal the long-term role
of stromal TGF- signaling in tumor progression. As only 25% of the Tgfbr2®"© mouse prostates progressed
to adenocarcinoma, we chose to use an established human prostate cancer cell line, LNCaP, to further study
the paracrine impact of the loss of TGF-3 responsiveness in the stroma. LNCaP cells do not express functional
TGF-B receptors (Guo and Kyprianou, 1999). Thus, the resulting differences in the tumor size between Tgfbr2fox€
flxE2 and Tgfbr2 KO prostatic stroma associated tissue recombinants (Figure 5) were due to TGF-R signaling
differences in the tumor microenvironment. It is likely stromally derived factors normally suppressed by TGF-3
signaling, accelerated LNCaP tumor progression. A candidate approach identified Wnt3a as one such TGF-}
regulated cytokine, subsequently was shown to have an important role in tumor survival. Elevated Wnt signaling
is attributed in the initiation and progression of prostate cancer with relatively infrequent mutations in the pathway
(Yardy and Brewster, 2005). This study provides a mechanism for the elevated Wnt activity in prostate epithelia.
The loss of TRRII expression in the stroma of 69% of human prostatic cancer tissues and the resulting signaling
repercussions suggests the relatively frequent evidence of elevated Wnt signaling in prostate cancer can be a
result of paracrine activity. The data further supports stromal TGF-3 signaling to be a tumor suppressor in the
prostate (Bhowmick and Moses, 2005; Bhowmick et al., 2004b).
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