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Abstract

Interfering with and preventing tumor apgiogenesis is an attractive therapeutic approach for reating cancer metas-
tases, This commentary presents treatinent sirategies that may enhance the effectiveness of anti-angiogenic therapy
by selectively targeting newly sprouting and immature vessels, inhibiting the production of angiogenic factors, and
disrupting extracellular matrices, We propose several elinical paradigms, including hormonal ablation, inlermittent
androgen suppression, chemaotherapy, und radiation therapy, that ‘injure” nascent vasculature and interrupt the cancer
cell-stromal relationship, therehy potentiating the efficacy of experimental anti-angiogenic agents. These siromal—
epithelial interactions play an important role in the development, proliferation and dissemination of prostate cancer.
as well as guiding the processes of tumor neovascularization, Successful utilization and targeting o Lumor angio-
senesis requires an increased understanding of tumor cell—stromal cell-endothelial cell relationships, most notably
the intricate intracellular signalling cascades mediated by growth factors and the extracellular matnx.

Introduction

Despite advances in prevention and early detection,
refinements in suraical echnigque, and improvements
in adjuvant radio- and chematherapy, the ability 1o cure
many men with prostate cancer remains elusive. This
i especiallv apropos (o the successiul management of
metastatic and recurrent hormone-refractory disease,
Clinical protecals using either androgen deprivation
therapy or chemotherapeutic agents have shown some
promise in treating advanced prostate cancer [1.2].
Unfortonately, the proportion and durability of com-
plete remissions have bean limited and new therapeatic
approaches are desperately needed.
Stromal-epithelial interactions are paramount 1o
the development, proliferation, and spread of prostate
cancer. Studies in our laboratory have established
that a hi-directional relationship between tumor cells
and  their swrrounding stroma confibutes o the
growth and disscmination of prostate cancer [3-3].
['hese mesenchymal—epithelial interactions are respon-
sible for maintaining the [unctonal integrity of the

nocmal adult prostate gland. Trregularities in the con-
stitnents of the stromal—epithelial milicu or aberrations
in their ineractions can induce genomic instabil
ity, enhance tumor cell proliferation, and drive both
metastatic spread and  progression oo a hormone:
refractory state. Consequently, novel therapeutic pro-
locols are being developed that target not anly prostate
umor epithelial components, but surrounding stro-
mal and extrpcellular matrix (ECM) clements as
well,

For a prostate cancer to grow and metastasize,
endothelial cells from this surrounding stroma must
be recruited to form an endogenous microcirculation
to support the developing neoplastic mass [6.7]. Sim-
ilar angiogenic processes are noccssary at sites of
metastasis if disseminated wmor cells are to become
securely entrenched and, subsequently, propagate.
Althongh prostate cancer cells produce inherent pro-
angtogenic signals, integration of downstream signal-
ing involving soluble factors and stromal and ECM
components are critical to promoting and maintaining
neovascularization (8]
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Anti-angiogenic therapy has been demonstrated o
be effective in several preclimcal solid tumor ani-
mal models (9, 1], Morcover, since stromal Factors
can aff

ot the multistep processes of both carcino-
genesis and neovasculanzabon, many of the factors
involved 1n lumor angiogencsis are alse associted
with prostate cancer proliferation, progression, and dis-
semination. Hence, these stromal factors and inter
aetions  present an attractive therapeatic target

the reatment of bormone-refractory prostate can
cer {see Figure 1L This commentary will review

Lor

the importance of prostate twmor cetl—stromal cell
interactions in twmor anglogenesis, [n oaddition, we
will conjecture how conventional therapies directed
at anterfering with the prostate tumor-stromal cell
relationship may influence the extracellular milieu in
such a manner that the anti-necplasic elfects of pata-
uve aoli-anglogenic agents are enhanced. Finally, we
will postulate how combining these twao therapeutic
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Stromal—epithelial cell injury may potentiate
anti-angiogenic therapy

We  have recently demonstrated  that squalamine,
an anti-angiogenic sterol isolated from shark liver,
has potenl anti-prostate cancer activity [11]. When
squalamine was applied concomitantly with andro-
oen withdrawal in 2 human prostate cancer xenografi
model, an absolute and lasting eradication of both
PSA and subcutaneous tumors was achieved. Mo such
result was observed in intact tumor-bearing animals
or in tumor-bearing animals treated with squalamine
post-castralion, vet subsequent to the appearance of
androgen independent lesions. Immunohistochemical
staining of responding and noo-responding  umors
indicated that combined squalamine and  castra-
tion substantally diminished integrin o, f expres-
sion,  Additional histologic data  established  thal
squalamine’s aclions were mosl polent 1n preventing
proliferation of the freshly sprouting, phenotypically
immature blood vessels that, we believe, emerge in
the tumor tissue as it acquires hormone independence,
This finding corroborated prior studies which have
determiped that sgualamine’s efficacy is sigmificantly
enhanced when tumor vasculature and cancer cells
are “injured” immediately antecedent to its application
[12,13].

Accordingly, we have developed two theories 1o
explain the powerful anti-angiogenic as well a5 anti
prostute cancer effects of coincident androgen abla-
ton and squadamine administrution. First, androgen
depriviation, may so effectively ‘stun’ the stromal-
epithelial environment that normally prevalent and
active pro-angiogenic factors are diminished, inac
tvated, or eradicated. AL tis juncture, the diming
tion of angiogenic forces may be sufficient enough
that the otherwise ineffectunl squalamine (if used in
the absence of hormone-ablation) is consequently ren
dered potent. Alternatively, during the immediate post-
orchicetomy rejuvenated profiferative phase (when
stromal-mediated and amonomous epithelial umor cell
grovath is actively acquiring hormone independence)
the cellular and vascular architecture may become
somewhat plinble and plastic, predisposing these pre-
carious cells o either ant-angiogenic or eytotoxic
effects nf squalamine,

These interesting ohservations and speculations
have led us to develop the following hypothesis:
that the effectiveness of anti-angiogenic agents can
be increascd when applicd coincident with other
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therapeutic interventions that injure components of the
stromal-epithelial miliew. This premise is particularly
plausible considering that most pro-angiogemic factors
are lecated within the stromal miliew, either as soluble
or ECM-bound factors, which affects survival of tumers
epithelium,

Tumor-siromal interactions and angiogenesis

The ouwtcomse of a patient with prostate cancer
ultimately depends upon the wmor's capacity for un-
hindered growth. local invasion, and the establish-
ment of distant metastasis, Local Tactors, produced
by mesenchyme, epithelial cells, or as a consequence
of bi-directional mesenchymal-epithelinl interactions
between prostate tumer and stromal cells, are necessary
for such profiferative. invasive, and migratory events
REIR

MNumesous cytokines and growth factors have been
implicated in cither enhancing or impairing a given
prostate tumar's inherent tmorigenic and metastatic
phenotype [ 13]. While some act directly upon the tumaor
cells, others influence prostme wmor cell prolifera
tion by modulating their interactions with the extri-
cellular matrix interactions through either soluble or
matrix-associated signaling. This can significantly alter
tumor cell heterogeneity with the propensity of select
ing androgen-independent and metastatic varants.

Angingenesis

Angiogenesis refers to the formation of new blood
vessels from pre-existing, nascent vasculatore, Tt is a
multistep sequential process invelving the recruitment
and proliferation of endothelial cells, thewr subsequent
migration to the tumor mass, morphogenesis into a
wbular structure, and maturation into a stable struc
ture [16,17]. Tt is important 1o note that the structure
of tumor vessels dilfer from those of normal tissues,
especially with regard to cellular composition, tissue
integrity, vascular permeability, and reguiation of cell
proliferation and apoptosis [18]. It is presumed that
these many differences may impart selective suscepti-
bility of tumor vessels to the effects of anti-angiogenic
apents.

The establishment and maintenance of such o vas-
cular supply is imperative o prosiate CArcinogenesis
and inwvolves the cooperation of a variety of molecules
either constituting or inhabiting the ECM. A variety of
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growth and survival factors present within the exira-
cellular matrix huve been associated with angingenesis
[19-21[. These include, but are not limited 10, TGF-¢
and #, b-FGF, 1GF-1, EGF. HGEISF, PDGE, TNF-t,
VEGE, and IL-6 und 8, As it is beyond the scope of
this commentary to discuss all of these factors in much
detail, we will bricfly mention the hest characterized
and most studied soluble pro-angiozenic factors of the
prostute cuncer cell-ECM miliew; vascular endathelial
growth factor (VEGEY (2224,

VEGF is a potent stimulatory factor for angiogenesis
andd i5 a highly specilic mitogen for vascolar endothe
huk cells, 1t has been imphicated in promuting prostate
carcinogenesis and metastasis. as well us angiopen-
esis, I s commonly accepted that VEGE influences
tumor gronwth indirectly, through angiogenic activity,
although a direct eflect has never been excluded and
mure recent dila suggests o non-aigiogenic mecha-
nism {see helow), VEGE has also been shown to stimu
laee cell migration, implicating it in tumer metastasis as
well as angiogenesis, VEGF is expressed by prostatic
cancer epithelium, und expression positively correlates
with inereasing grade and nomorigenicity [25-28]. In
the LNCaP cell line, VEGE appears to be androgen reg-
ulated, suggesting that hormone ablation therapy may
act, in part, through the inhibition of VEGE produc-
ton | 29,30]. These results, however, have been conlra.
dicted in other studics using different prostate cancer
cell models (see below),

treprin signaling

Although the BECM 15 an important determinant in
tumor cell growth, sarvival, and dissemination, s
potency depends upon successful tumor cell-ECM sig
nahng. Cell-ECM imteraction is signaled primarily
threugh integrins, which are comprised of over twenty
combinations of o and § heterodimers [14,31]. ECM-
integnin signaling has been broadly mplicated in reg-
ulating angiogenesis. as well as tumor cell motility,
miagration; and metastasis [ 14,20], In the LNCaPAC4-2
prograssion model of human prostate cancer metastasis
[32], we have documented a functional integrin switch
from e, fs o oy and e f during prostate cancer
progression. This switch appears carly in the progrés-
sion to androgen independence and has been confirmed
biochemically by immunoprecpitation of biotinylated
prostate tumor cells followed by subsequent west
ernt blotting of these products using avidin-conjugated
peroxidase antibody. We have futther demonstrated

thut integrin e, & preferentially attaches to vitronectin
and osteopontin, key components of bone matrix, and
thal osteopontin is overexpressed m pathologic speci-
mens from men with hormone-réfractary prostate dis-
casc. This 15 likewise associated with a coexistent
overexpression of integrin e, f,, Osteopontin, a poten
autocrine amd paracrine growth [actor is seereted by
both prostate cancer epithelial and bone stromal calls,
exerting a direct sumulatory effect on prostate epithe-
lial cell prolifeeation fr vitee [33].

[otegrin o, f: hus a prominent function in tuwmnor
angiozenesis [31.34). Furthermore, mntegnn g, B active
ity is modulmed by several growth [actors that reside in
the ECM, such as VEGFE. Inchick chorioallantoic mem-
brane {CAM passays, angiogenesis can be distupted by
treatment with either a cyclic peptide or monoelonal
antibody antagomst o o, fh [35), fn vive studies have
demonstrated that tumor growth can be inhibited when
integrin a8 expression is likewise constrained [36],
Since inegrin e, f influences angiogenesis, reorgani-
wation of evioskeletal structures, basement membrane
attachment, and cellular profiferation. a switch 1o inte-
orin iy M oprostate cancer may provide advaniapes
te growth ol androgen independent tumor cells ar hoth
primary and distane sites,

Clinicalty, the relationship between prostute cancer
and anglogenic factors remaing controversial [28.37-
401, In most swdies. increases in tumor angiogenesis
carrelate with Gleason grade and with progression afier
prostatectomy. Anglogenic factors me also associoted
with a heightened metastatic phenotvpe and with poor
progrosis. Furthermore, quantitation of wmoer angio-
penesis, based on microvessel density, appears to be a
promising technigue for estimating the extensivensss
and aggressiveness of a given prostute tumor s well as
predicting its response to virous forms of treatiment

Combining conventional and anti-angiogenic
approaches to treal men with advaneed
prostate cancer

Radicul prostatectomy can cure paticnts with localized
prostale cancer and it5 nse in treating such tumors in
vounger und healthy patients is generally undisputed
[41]. Monetheless, almost 3 percent of patients with
pathologically organ-confined cancer will experience
an carly relapse with recurrent discase despite success-
ful treatment of the promary lesion [42], Furthermore,
current sereening modalities il to identify a signifi-
cant subset of patients with locallv-invasive mwimors
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Recentstudies report that up 1o 34 percent ol patients
who were thought 1o hive erpan-confined lesions were
discovered o be understaged subsequent to surgery
[43—30 As aresull, the majority ol men with prostae
cancer will eventually develop disseminated disense
[46]. In addition 1o causing severe puin and morbid-
ity, such metastatic diseaze 15 the primary couse of
death in men with prostate cancer |47]. Androgen
ablation therapy is the most widely aceepted ther
apy for men with metstaue cancer. Because of its
limited duration, however, certain chemotherapeutic
agents have been incorporated in the restment of
advanced, hormone-tefractory disease. Furthermaore,
radiation therapy (with or without hormeonal therapy)
is cennmunly used to treat locally-invasive lesions than
are Lelo e be incurable by surgical means.

With regard o prostate cancer, androgen ablation
therapy, chemotherapy, and radiation therapy shoe
pwo comimon ruils. Firsh by themselves, they custom-

arily

shave s lemporiang agents resulting in dis
edse remission, but are generally inetlective in curing
advanced disease. Second. in addition 1o direedy doam-
aging prostate cancer cells; each of these trestment
maodalities induces injury to the surrounding steoma
and extracellular matrix, In fact, stedies demonstrat-
ing improved ouicomes in men with prostate cancer
after treatment with combined radiation and andro-
gen ablaton therapy attribute these lindings, 1 part,
1o the resuliant interference with the stromal—epitheliul
relationship (48], Forthenmore, p33, which can act as
a radinsensitizer, may enhance the efficacy of radia
ton therapy via its anti-angiogenic properties, such as
inducing expression of the ant-angiogenie ECM com
ponent, thrombaospondin-1 [44.30], Because of ther
individual and independent abilities (o njure compo-
nents of the extracellular miliew, androgen ablation
therapy, chemotherapy, and radiation therapy are ideal
therapentic approaches to investigate for use in concer
with ann-angiegenic agents 1o reat men with, or atnsk
for developing, advaneed prostate cancer,

Fakang all three of these reatment modalities o
consideration, we can now retlerate our hypotheses
as to how androgen ablaton therapy, chemotherapy,
and racdianon therapy may nduce suflicient injury 1o
the stromal-epithelial covironment that the effects of
the subsequent wbilization of anli-ungopenic agents
wiould be potentizted, Firsy, damage to the homeostalic
cellular components of the stromal-cpithelial milieu
might decrease, or even completely suppress, the secre
tion of soluble pro-angicgenic factors and intracellular

ill

signiding of pro-angiogenic components, inhibiting
many af the steps required for neovascularization, Such
ilterations 10 this constituency could greatly increase
the sensilivily of the tumor to anti-angiogenic ther
apy, Second, injury to the vascular endothelial cells
within the stroma could resuli in the immediate destruc-
tion of the wmar vascolature (resulting in the cessa-
tion of blood flow 1o the cancer cells) or weaken the
vessels sufficiently that their susceptibility o anack
by a second {ant-angiogenic) agent is increased, Fi-
thermore, damage to established vessels might induce
the formation of new vasculature to nourish and sus-
tain hoth the umor mass and the surrounding tissues,
of dlter the phenolype mecipicnt vascolamre so that i
acguires the more immature characteristics of pewer
vessels, 1t s generally accepted that these younger,
more inmsture vessels are mose-susceptible 1w anti-
angrogemic insult [31]. Third, immediately following
mtervention, some stromal and epithelizl twmor cells
are likely to overcome their imjuries and begin to init
ate repair pathways. in which they recapitulate a phe
natyvpically younger and more unstable contiguranon.
As the cellular architecture becomes increasingly pre
carions, these cells are more apt 1o be affected by the
anli-unglogenic agents.

Anelropen ablation therupy

Our dota from the LNCaP-castriste xenograft model
confirmed that squalamine’s actions were most potent
on the freshly sprouting, immeature hlood  vessels
that, we beligve, developed during o rejuvenated
proliferative phase of these prostate lumor cells acqguinr-
ing hormone independence. The effect was indepen-
dent of serum VEGE levels. There 15 ample evidence
that androgen application can stimulate vasculopenesis
whereas androgen deprivation can inhibit neavascular-
veation, allegedly the resolt of increased or decreased
VEGF production (respectively ). Folkman bas demon
strated that VEGF production by LNCaP cells is
under fight regolation by androgen and that andro
gen withdrawal mhibited hyvpoxic indoction of VEGF
[32]. Isaacs and associates have demonstrated that the
activity of Linomide, an oral anb-angiogeme agent
which has demonstrated elfectiveness in suppressing
hurman prostate cancer i preclinical animal studies,
wis potentiated by concurrent androgen ablation, pre-
sumatdy due to down-regulation of VECGE [3(].

It was recently demonstrated that prostale gland
growth in a rat model was regalated by the vascular
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endethelium, which, accordingly, was jself con-
trolled by testosterone stmulation [533]. In this stindy,
testosterone stmulation in castated animals caused
an escaluon of endothelial prodiferation and vessel
development, antecedent of glandular tissue regrowth,
allegedly the result of increused VEGF production,
In the Dunning prostate ndenocarcinomi model, how-
ever, castration had lole effect on VEGEF production,
despite enhancement of VEGF flk-1 receplor expres-
sion and involution of wmor vasculature [34], This
criticial ohservation sugrests that castration can affec
angiogenasis independently of VEGE production and
receptor status and allows for the identification of mul-
tiple pathways of anti-tumor anti-angiogenic activity,
The presence of many such pathways implies that
in prostate canger, a synergistic therapeutic approach
could he developed by using androgen deprivation ther-
apy along with other anti-angiogenic agents, thereby
enhancing the effectiveness of each individual reeat
ment modality [20].

Additional evidence 1o support using such o com
bined approach o managing human prostate cancer
can be found in o recent article by Fain et al. |53)
Using the Shiopogh wmor model, androgen ablation
initiadly resulted intumor invelution, in which endothe-
lal cells underwent upoptosis before neoplastic cells,
saan alter castzalion, however, the regressing vessels
began to exhibit changes in phenatype, Subsequently,
they bépan to produce large quantitics of VEGE and
both neovascularization and tumor regrowth resulted
We propose that by waorking through ane of the sey
eral putative anti-tumorfanti-angigenic pathwiys pos-
tlated above, the applicaion of an anli-angiogenic
agent coincident with castration could inhibit this neo
vascularization and tmor regrowth, hence prolonging

CUNCET remission,
fnfermittent andiogen suppression

The above data suggest that by injuring the prostae
tumor cell-stromal cell-ECM environment, casto-
tien induces degencration of vascular structures, This
appears to precede the apoptotic effects seen in the
wmaor cells themselves and can be independent of
VEGF production. As the effects of castration wane.

there is a resurgence of pro-uneiogenic influences with
resultmg vasculogenesis. These vessels are young,
tmmature, pliable, and most prone 0 being allected
by the admimstration of anli-angiogenic agents. In
this commentary, we have proposed using orehicclomy

in concert with anti-angiogenic therapy © maximize
the potemtial of each 1o repress or, hopefully, eradi
caled prostate cancer, | castration by itsell appears so
|.11'|'Ir|1:.‘~1']|:_4 s o necadjuvant te ul‘l[r-;lﬂ;_]hl:__'q'[]iu therapy,
intermiltent androgen suppression (1AS) should, theo
retically, have a more pronounced effect,

IAS has been applicd in hoth pre-clinical mod
els and in men with advanced prosiate cancer in an
attempt o profong the anti-neoplostc ellects of hor-
mone ablation therapy [56-59), The underlying hio-
logie principle of LAS is stratghiforward, Androgen
ablution mhibits proliferation of andeogen-sensitive
prostate mmor cells as well as inducing upoplosis,
In the normal prostate, androgen-induced growth and
castration-induced regression can be repeatedly cveled
using androgen replacenent and withdrawal, resped
tively, since normal prostatic epithelial cells do not
gequire the ability o grow in an androgen-deficient
covironment, In prostate cancer, however, cells that
escape the cyiotoxic elfects of hormione ablution
emerge as a papulation of androgen resistant clones.
This ultimately results in wmaor growth and metastasis,
with eventual death. Hormone-refractory tumor cells
may result from the selection of pre-existing androgen
independent cells resistant W apoptosis, of from upreg-
ulation of adaptive mechanisms to the androgen inde-
pendent state. TAS is founded on the premise that with
intermittent androgen exposure, tumor cells may delay
their progression o an androgen-independent state.
Conceivably, however, intermittent androgen exposure
can also inhibit tumor cell growth through an androgen
repressed {or hypersensitivity to androgen) status [60],
hverall, TAS may restore apoptotic potential und delay
the progression of prostate cancer cells to androgen-
independence

Few clinical tmals with [AS have been com-
pleted. 1o date. Some suggest shightly-tmproved sur
vival rates, with substantia]l improvement in gual-
ity in life [57). For our purposes, however, |AS
olfers an attractive opportunily o test our hypoth-
esis that applying anti-angiogenic sgents coinciden
with stromal injury and repair will enhance wmor
Kill. TAS involves cyclical androgen-induced growth
und castration-induced regression. With each course,
there s the same imidal injury to the stroma and
ECM seen with casurution, however under the influ-
ence of hormone repletion, there 15 o resurzence of
pre-angiogenic influences with resulting vasculogenc-
sis. These are the yvoung, immatuere, snd pliable ves-
sels most apt 10 being affected by the adminestration
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al anti-angiogenic ugents. By cvclically applying and
withdrwing androgen, intermittent androgen blockade
systematically injures tumor and viscular cells over a
prolonged period of time, This repeated siress should
prime them [or the dctions of an ant-angiogenic agent,
resuliing i the destruction of both twmer cells and the
surronnding sromm,

Chemaotherapy and radiarion therapy

External beam radiotherapy. as well as brachyther
apy, 1s frequently applicd to the treatment of local and
locally-advanced prostate cancer, Furthermore, radia-
ton therapy is commonly used to treat symptomatic
metastases, Radiaton induces significant injury to both
tumor and stromal cells [61.62]. There s oilen scar-
nng and destruction of nascent vasculature, as well
as damoge 10 the surrounding stromal and ECM com-
ponents. [n both situatons, much akin w androgen
ablation therapy, the stromal-epithelial milicw initally
experiences significant injury with damagze to stromal
cells as well as pro-angiogenic signals. With ume,
however, these cells attempt to repair the radiation
induced damage. and the stromal—epithelial compart-
ments underzo neovascularization with the potential to
support o tamor recurrence. Similarly, applyving taxol
and estramustine, two currently used agents in prostate
disease and asa paradigm for other chemotherapentic
regimens, will similarly induce injury of both endothe-
lial and epithelial wmor cells [63,64]. We propose
that the application of an anti-gngiogenic agent coingl-
dent with radio- or chemotherupy indueed injury could
inhibit stromal neovascularization and prevent tumor

recurrence.

Concluding remarks

Anti-angiegenic agenis have shown promise inosev

eral preclinical studies of prostate cancer, In pur
own experience squalamine, an aminosteral with ant-
ungiogenic properties, has demonstrated effectiveness
when applied concomitant with castration. As many
of the pro-angiogenic influences present in prostale
carcinogenesis reside with the stromal-mmaor cell-
ECM environment, it 15 nol surprising thal castration,
which induces widespread dumage withun the stroma
tin addition 1o hoving direct eylotoxac elfeces), would
polentiate the actyvity ol an ani-angogene agenl. o
this commentary, we speculute that the poleney of
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anti-angiogenic agents will be most pronounced when
applied in conjunction with ather therapeutic modah
ties that maximally injure the stromal and ECM. For
fow, this includes intermittent androgen suppression,
radiation therapy, and chemotherapy. but may, with
time, be upplicuble to gene therapy and novel molec
ular approaches being developed for the treatment of
hoth localized and advanced human prostate cance

Heferences

2 Bame KL, Tomi FM. Endocrine therapy for prostaie cancer,
Cane Treat Res 94: 68-87, 1598
3 Gleave ME, Hsieh IT, Gao C, van Eschenbach AC, Chung

LW B Accelermion of human prostate cancer growth in
hy prostate and hone fibroblasts. Cane Res 31: 37533761,
155

4. Chumg EWE: Implicanons of stromal-epithelial ineraction

i1 hurman prostite cancer growth, progression, and differen

tition, Sem Canc Biol 42 182192, 1993

Chumg  LWIE:  Stromal-epithelizl  mteractions  diccie

prostae cancer androgen independent melasiatc progres

sion, Canc Det Prev 22 (Supplement 1) 57-58, 1998

6. ERis LM, Fidler L Apgiogenesis sod Metstusis, Eur ] Canc
124 245 =2460, 1996

7. Weinstar-Saslow D, Steeg ' Anga
m the timar metastatic process: basic and spplied advinces.
FASER 1 8 400—107, 149494

% Pobvering FI: How the extracellolsr g and macrophiges

(e

15 and cole

contrbute o angiogenesi-dependent diseases, Bue ] Cane

A Z430-2437, 1996

‘olkinan I: Chmcal applications of research on angiogens
sis, Mew Engl J Med 333: 1757-1763, 1993

Wy Bechin T, Tolkman 1, Bowder T, O'Redly MS: Ann-
angingenic thesapy of experimental cancer does oot mduce
drup resistunce. Notare 390 0407, FHIT

1L Sokelofl MH, Brdiey MJ, Zhan HE, Willlams I,
Chung EWES Downregulation of integnn o, gy expression

1Akt cancer

by syuabmmme obliterates sdvanced ho
Subtutted

12 -Sills AK. Willinme JI, Tyler BM. Epstens DS, Sipos EP
[ravs 113, Melane MP, Prichford 5, Cheshere K, Ciannen FH,
Einney Wa, Chao TI nowitz M, Laterrn J, ZaslofiM,
Brem FH: Squalarmine inhibis angogenssis and solid tumaor

grivwth o vive and perturbs smbryome vascolature, Cong
Res 38: 3784-2792, 1998

13 Tleicher BA, Williams 11, Takeuckhi H, Ara G, Herbst RS,
Buxion D Potential of the aminosterol sguilamine in combi
TR Ion Ihll!'.I]'l}' iI'I it I11il|1'IrI'IJF:.-' carcinoms ond murine Lewis

lung carcmemue. Anticancer Res 18 2572575, |4y
Fh. Hraoks PC; Robe of inegnins in angiogenesis. Fur ] Canc
VA 23733479, 1996




Iy

29

a0

Bussoling B Albind A, Carnusse G, Presta M, Viglieto G
Ziche M, Persicy G Role of saluble mediaions in angingen-
esis. Eur 3 Cane 324 2800-2417. 1996 .

Ausprunk. DH, Folkman I .\|!||__
endothelial cells in preformed and newly formed blood ves
sels during lwmor anpiogenesis. Mictovase Bes 14; 53065,

w5, Pawelets N: Ficst steps in umor-rela fed INgiGeene
stw, Lab Invest 63; 334324, 100

Falkman J, Coiran B Relaton of vascubur praliferation to
turmor growth, Intermat Rev Exp Pathol 16: 207248, 1976
Felkman 1, Klagsburn M2 Angicgenic factors. Soienes 235
H2—H7, 1487

Pepper MS: Manipulating angrogensis: from basto scenes
[o the hedside. Arenoscle Throm Vase Bial |7 605-6] 9.
1997

Yoshida 5, One M, Shona T, omi H, Ishibashi T, Suzuki H.
Founwing M: Invelvement of imerleukin-8, vaseoiar endothe-
hal prowdy fucter, and basic Gbrablast groweh $actor in
lumesr neerosis facter alpha-dependent angogencsis, Mol
Cel Binchem 015023, 1997

Farraes N, Houck K, Jakeman - Lewng YW Moleculsr and
biofogical properties of the vaseular eslothelial growth fue

tor bamidy of protems, Endocrine Rey 13: 18-32, |992
Ferrura Ni Vascular endothelial srowth factor, Bur 1 Canc
I2A: 24122470, 1996

Clatfer KE Rubmyon GS: Regulion of VEGEVEF xS
s an o oells: consequences for tamor arowth und
rnetistasis, Coane Metast Hev 130 /51996

Tackson MW, Heatel Iv Tiller W Vaseobar endotheljal
growth factor expression in prostate concer and benign -
state hyperplasie. I Urol 157; 232323728, 1007

Ferrer Fa, Miller L), Andrawis RI, Kurtzman S Albersen
P, Laudone VE Krewtzer DL: Vaseular endnthelial growsh
fapnor (VEGTE) expression in human prostate eancer: i sie
and (i viter expression of VEGT by human prossate cancer
cells. f Urel 157- 232623353, 1497

Ferrer FA, Miller L, Androwis BIL Kurteman SH. Alhensen
PC. Liaudene VP, Kreutrer DL Angiopenesis and prosgle
camier: e and ievetre expression ol angiogenesis faciars
by prostate cancer cells. Urology 51: 161-167, | 965
Weidner N, Carmll PR, Flax 1, Blumenihal W, Eoikman J-
Tumor angiogenesis correlares with metastnsis in imvasive
prosuite cancer. Ame] Pallual 143 401-400, Juu3

Joseph IBIK, Nelson TH, Depmeade SR, Isaacs 1T Andro
gens replulate wascular endothelial seowth facor content
in normal and malipnant prosiaie tissue. Clin Cane Res 1
2072511, 1997

Joseph 1BJK, Isaacs IT: Potentiation ol anti-angiogenic
sbidity of Linomiide by sndrogen oblation imvalves down
regulation of vasenlar endothelinl growh facer in buman
Indrogen-responsive prostalic cancers, Cane Res 57 | 054
LO5T, 1997

Vammer JA, Cheresh DA: Infezrins and cancer. Curr Oipin Cell
Bipt B 24 730, 19%6

Thalmann GM, Ancrmis PE, Chang 3-M. Zhan HE, Kim E,
Mopwoed VI, Pathok 8, von Eschenbach AC, Chung LWE:
Androgen-independent ur progression und bone metas-
tsis n the LNCAP mode! of human prostate cancer, Cane
R 52 25TT-2581, 15094

atton und profiferation of

49

M.

[
|

1ad
p==4

50

41

45,

4R,

Chalmann GN, Anezings PE, Cliung LW K, Devall B, Farach-

Carson L Experimenis! approsches o skelets] metisisis
al laman prostate cancer, In: Raghavan [, Scher HI Leibel
S, Lange P (eds) Principles and Practice of Cienournnary
Oncology. Lippincott-Raven, Philadelphea, 1996, P -
4L

Cherisl DA Death oo blood vessel, death to g tomar, Natare
Mediciine 4: 35-396, 1907

Brooks PC, Montgomery AMP. Rasenfeld M, Reisfeld RA,
Hu T, Kher i, Cheresh DA: Integrin sipha-v et
CIIELE Bromole fmor regression by inducing agop
angiogenic bloml vessels. Cell 79: 1157=1164, 1994
Brooks PC, Clark RAF, Cheresh DA Reguirement of vas
cular imegrin alpha-v beta-3 Tor angiogenesis. Science 264:
26H-5T1, 1994

Bruwer MK, Decring RE, Brown M, Preston 513, Rigler 84,
Predictors of patholog

negvascualrty, Ciascer 73; 678672, 1)

Silbermman MA, Partin AW, Velid RW, Epstemn 11: Turtor
angiogenesis correlstcs with  propression after radieal
prositectomy but ot with pathelogic stage in Gleasan spm
5o T adenocarcinoma of the prostate. Cancer 79: 772
|17

Wigssner R Wrighe Ps, Loudy DE, Wallace €13,
Monrgemery LR, Nestok BR: Microautoradingraphic quan-
fitaticn of vascular endothebal prowth actor mBENA levels m
hurrmiamn prostate specimens containing normal and neoplas-
tic epithelinm. Exp Mal Pathol 65 17-57, (908

Brower ME: Meovascularity in human prosete cancer, |
Belldegrun A, Kichy RS, Oliver T (eds) New Perspectives
in Prosmate Cancer. Tsis, Oxford, (908, pp 71T

Paulson 13 Treatment of loculized cancer of the prostaie,
In; Lepor H, Lawson RE (eds) Prostate Disegses WH
Saunders, Philadelpla, 1993, pp 388-377

Schellhammer PF: Radical prosuectomy: patierns of local
faflure and survival, Urolngy 31 191-7, 1985

Lerner SP. Sesle-Hawkins C, Carlton CE, Scarding PT: The
sk of dying of prostate cancer in patients with clinically
Mcalized disease. I Urol 146: 1040-50, [9%]

Catalona W1, Dresner SM- Nen s parmg adicil progiate-
clomy: exiraprostale mmor extension aml preservation of
erectile function, 1 Ural 134: 1 149-55. 1485

Lo-Yasn {3, Melarran D, Wasson J, Wennberp TE: An assess
micnt of tadival prostatectomy, | Am Med Ass 269 2633-35,
R

AL 11 prosmte cancer: the role of

seher HIL Chung LWE: Bone metastasis: improviss the ther-
apentic index. Sem Oneol 210 A30-056, 1994

Shibata &, MA ), Whitlemore AS: Prostate caneed incidence
and maortality in the United States and United Kingdom. )
Mat Cane Tng) 0 1230-1231, 1904

Grantors T, Modig H, Danber 1B, Tomic R: Combised
arehicetonty ind radation therapy for senmetastatic prosate
cancer. § Ural 153% 2030-2034, 1993

Diumeeon KM, Volpert OV, Tansky MA, Bauch N Con-
trol of angiogenesis o Abroblasts by p33 regufation of
irmuehaspondin-1. Sclence 265: 1582 1384, 1004

Buley HE; p33 and response o chematherapy end radiother-
apy. Imp Adv Oncol, 1996, pp 37-56




a3

54l

wn
-1

Mukhopadhvay [}, Nagy 1A, Mupnsean El Dworak HF

brlity [aclorviscular endothelial derived

1

Vasculor perms
gronwth factor medinted signaling im mouse messemary vs
cular endothelivm, Cane Res 58 [ 2781284, 1998

tlated by vaseular endothelin

Folkinan [ 15 tssue mass mey
cells? Prostate os the first evidence (editoral), Endocrinol
13%; dad ] =42, 1908

Frank-Lissbrunt 1, Hoggstrom &, Dumber 1-E, Bergh A

ne stimuls Inggencsis and vascular TEETOW th

docninal 1349

Testiost

in the ventral prostate in castrated adult rts, B
1314536, 1998
Hupgsirom 5, Wikst F, Bergh A, Damber J-E: Expres

sion of vascular endothelial prowth foctor and its receptors

i the rat ventml prostate and Dunning R3327 PAP adeno-

carcinemi before wmd after castration. Prostate 36: 71-T%,

1G98
Jain RK. Safabakheh N, Sckell A, Chen Y, Jiang F, Benjamin
L, Yuan F, K E: Endathelinl cell death, angiogenssis,

and microvisceiar function afier castration in an andmogen-
dependent tumaor: rale of vascular endathelinl growth factor
Proc Mot Ac Science 95: 10820 08235, 1598

Sare N, Gleave ME, Bruchovsky N, Rennic PS5,
Cioldenberg 51, Lange PH, Sulbivan LI Intermittent andro
pen suppresaion delays progression w androgen-indépende
regulation of prostate specific antigen gene in the LNCaP
prostate tumoer model, 1 Ster Biochem Mol Biol 58; 139

146, 1996

Thever G, Hamilton G Curremt statos of intermitlent angdro-
1 suppressien in the treatment of prostate cancer. Urol 52

oE
153-350 100K

falh

Address for correspondence; Mitchell . Sokolofl, Depar
el

ad
i

Coldenberg S1.. Bruchovsky N, Gleave ME, Sullivan LD,
Akakura K: Intermitten! androgen suppression i the reat-
ment of prostate cancer. Lrol 47, 956-946], 1995

Higano C5, Eliis W, Russel K. Lange PH: Intermittest
androgen suppression with leuprolide and  flutamide for
pristate cancer, Urol 48; 800-304, 1996

Fhow HE, Chang 5-M, Chen B-0), Wang Y-L, Zhang H, Kao
(7, Sang QA Pathak 51, Chong LWK: Androgen-repressed
phenotype in human prostale cancer, Proc Nat Ac Science
93: 15152-13157, 199

Fajurdo LF, Berthrong M: Vascular lesions following radia
bon. Path Ann 23; 297300, 1958

Fajurdn LY Morphology of mdistion effects on normul
tigsues, In: Perez CA, Brady LW (eds) Prine Prac Rad Oncol
Lippincoit, Philadelphin, 1997, pp 143-154

Hudes OR, Matha F, Khater €, Haas N, Combfield M,
Gianonio B, Greenberpg B, Gomells L, Litwin 5, Rosss E
Roethke 5, MeAleer C: Phase 11 wal of 96-hour pacli-
raxed plus oral estromustine phospate i metasiatic hormone
1 Clin Cmeol 15: 315663, 1997

axel, estramupstine, and etopo

relractory proslile cung
Pienta KJ, Smith PC: Pac
side 1n the treatment of horm
Sem Cneol 24 (Supplement 53 72

e-relrclony proslale cuncer.
15, 1997

I
Cender,

of Urology, Box <423, Health Sciences

University of Virginia, Charlottesville; Virginin 22908, USA
el B 2436512






