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MINIREVIEWS

Throughout the past six decades, our understanding of cancer of the prostate and the treatment of the disease
using endocrine therapy has been centred on the classical investigations of Charles Huggins, which established that
tumor tissue of the prostate as well as the normal tissue of the gland retained some degree of androgen dependence.
Attention must now be focussed on the 20-40% of patients who are resistent to endocrine therapy. These patients
are non-responders to conventional endocrine treatment after 3 to 6 months, quickly progress and die of the
disease. In terms of molecular endocrinology related to the progressive stage of the disease, it would be expected
that the cancer is being driven by the uncontrolled action of growth factors. Experiments combining oligonucleo-
tide treatment with cytotoxic chemotherapeutic agents demonstrated a marked increase in the sensitivity of the
prostate cancer cells. Results indicate that despite the presence of Bel-x pre-mRNA in a number of cell types, the
effects of modification of its splicing by antisense oligonucleotides vary depending on the expression profile of the
treated cells. The transition from androgen-dependent to androgen non-dependent prostate cancer is accompanied
by a number of molecular genetic changes, including overexpression of the Bcl-2 gene. Overexpression of Bel-2
protein decreases the pro-apoptotic response to such cellular insults as irradiation, chemotherapy, and androgen
withdrawal. The future looks promising and this kind of treatment offers a novel approach to alternative therapeu-
tic options for advanced prostate cancer. Although numerous chemotherapeutic regimens have been evaluated for

patients with hormone-refractory prostate cancer, none has improved survival.
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Androgen withdrawal remains the only effective form
of systemic therapy for patients with advanced pros—
tate carcinoma presenting symptomatic and/or objec—
tive response in 80% of patients. Unfortunately, pro—
gression to androgen-independence occurs in nearly
all cases within a few yeatrs.

Androgen-independent (Al) disease remains the
main problem to deal with an attempt to improve the
survival and the quality of life of patients with advanced
prostate cancer [1-3]. Nowadays, novel therapeutics
strategies targeting the molecular basis of androgen-
and chemo-resistance of prostate cancer are required.
Hormone refractory prostate cancer responds poorly
to cytotoxic chemotherapy. A review of 26 trials of che—
motherapy conducted between 1987 and 1991 report-
ed that the overall response rate was 8.7%. More re—
cently, phase Il studies using taxane—based combina-
tion regimens report objective responses in 20-30%
and PSA responses in > 50% of cases.

It is interesting and somehow ironic to note that in
matter of prostate cancer and drugs, similar agents were
used to kill or provoke cascade of events that contribute
to the development of a chemoresistant phenotype. One
strategy to improve therapies in advanced prostate can—
cer involves targeting genes that are activated by an-
drogen withdrawal or chemotherapy to delay or prevent
the emergence of the androgen resistant or androgen—
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independent phenotype. Comparative hybridization of
high density cDNA microarrays is being used to charac—
terize changes in thousands of genes, some of which
expressed differently after hormone treatment or che—
motherapy of prostate xenografts and human tumors [4,
5]. Many genes associated with tumor cell apoptosis (e.g.
clusterin, cathepsins, Bcl-2, Bel-xI, various IGFBPs, etc)
are up-regulated soon after the androgen withdrawal.
Targeting genes are up-regulated after chemotherapy
or androgen withdrawal and this result either to the pre—
vention of castration-induced apoptosis or the activa—
tion of alternative growth factor pathways which in many
times delays recurrence [6, 7]. The purpose of this arti—
cle is to review the rationale and progress by the use of
targeted gene therapies with antisense oligonucleotides,
which enhance tumor cell death after androgen with—
drawal or taxane chemotherapy [8].

Antisense oligonucleotides/chemotherapeutics
and refractory prostate cancer. Targeting the expres—
sion of Bcl-2 and clusterin-TRPM-2 will be highlighted.
Bcl-2 belongs to a family of related genes whose proteins
regulate a final common pathway controlling programmed
cell death in both normal and abnormal cell populations
[8]. Bcl-2 levels increase after androgen withdrawal and
in hormone refractory prostate cancer, which supports the
hypothesis that Bcl-2 expression confers resistance to
androgen withdrawal by blocking the usual apoptotic sig—
nal from androgen manipulation [9, 10]. Induction of apo—
ptotic cell death after androgen ablation or chemotherapy
may be enhanced through functional inhibition of Bcl-2.
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One method to inhibit Bcl-2 function is to block transla—
tion using antisense oligonucleotides (ASOs) [5, 9]. It has
been reported that Bcl-2 ASOs induce sequence—specif-—
ic reduction in Bcl-2 mRNA and protein levels in prostate
and other cancer cells in vitro, and inhibited tumor growth
and serum PSA increases in mice after castration [10].
Time to complete remission post castration was acceler—
ated and time to Al recurrence was significantly prolonged.
Bcl-2 ASOs also enhanced chemosensitivity in prostate
xenograft models. Paclitaxel treatment induces Bcl-2
phosphorylation and consequently inhibits formation of
Bcl-2/Bax heterodimer formation [11]. Combined treat-
ment with Bcl-2 ASOs and paclitaxel reduces the IC, of
paclitaxel in prostate cancer cells by 90%. Furthermore,
combined treatment of mice bearing Al human prostate
LNCaP or Shionogi mouse tumors with Bcl-2 ASOs plus
paclitaxel significantly inhibited the tumor growth compared
to treatment with either agent alone. These findings sug—
gest that down regulation of Bcl-2 using ASOs chemosen—
sitizes Al prostate tumors to paclitaxel over and above
the effects of paclitaxel induced phosphorylation of Bel-2.
Clinical studies using Bcl-2 ASOs alone or in combina-—
tion with chemotherapy in prostate cancers are how un—
derway [11, 12].

Testosterone-repressed prostate message-2
(TRPM-2), also known as clusterin, has been implicat-
ed in tissue remodeling, lipid transport, reproduction,
complement regulation and apoptotic cell death [6, 9,
12]. Since clusterin expression is induced or highly en—
hanced in various normal and malignant tissues under-
going apoptosis, clusterin has been regarded as a marker
for cell death and a possible mediator of apoptosis. Al-
though clusterin was initially reported as an androgen—
repressed gene in prostate tissue, the functional role of
clusterin in apoptosis remains undefined [6, 11, 12].
Emerging data suggest that clusterin functions as a chap-
erone-like protein similar to small heat shock proteins
important for cytoprotection in various disease states and
during periods of pathological stress [13].

In Shionogi tumors and human prostate cancer
specimens, clusterin expression is up-regulated more
than ten—fold after castration and overexpressed in Al
tumors compared to androgen—dependent tumors be—
fore castration. To investigate the functional significance
of clusterin up-regulation after androgen withdrawal,
the effects of clusterin overexpression on time to Al pro—
gression after androgen ablation was evaluated by sta—
bly transfecting LNCaP cells with a clusterin/TRPM-2
cDNA expression vector. Tumor volume and serum PSA
levels increased four—fold faster after castration in clus—
terin over expressing LNCaP tumors compared to con—
trol tumors [14]. Furthermore, LNCaP tumors overex—
pressing clusterin were more resistant to paclitaxel che—
motherapy and radiotherapy. The up-regulation of
clusterin in human prostate cancer tissues after cas—
tration and the accumulating findings implicating clus—
terin in protection of apoptosis suggests that targeting
the clusterin up-regulation precipitated by androgen
ablation may enhance castration-induced apoptosis
and delay Al progression [13, 14, 15].

Clusterin ASOs were designed and synthesized
based on mRNA levels in a dose—-dependent and se—
quence-specific manner. Adjuvant treatment with clus—
terin ASOs after castration of mice bearing Shionogi tu—
mors decreased clusterin mRNA levels by 70% and re—
sulted in earlier onset and more rapid apoptotic tumor
regression, with significant delay in recurrence of Al tu—
mors and with tumor volume reductions > 80% by 50
days post castration [14]. These experiments illustrate
that clusterin ASOs enhance castration-induced apop-
tosis. Clusterin ASOs also increased the cytotoxic ef—
fects of paclitaxed in vitro, reducing the IC, by 75-90%.
Although clusterin ASOs had no effect on the growth of
established Al tumors, clusterin ASOs, synergistically
enhanced paclitaxed—-induced tumor regression in both
the Shionogi and PC-3 models [5, 6, 12, 15].

It has been also evaluated the role of clusterin ex—
pression in relation to radiation—induced cell death. Clus—
terin expression in PC-3 cells after radiation was found
to be up-regulated in a dose—dependent manner in vitro
by 70% up to 12 Gy and in vivo by 84% up to 30 Gy [16].
Clusterin—overexpressing LNCaP cells are sensitive to
irradiation with significantly lower cell-death rates (23%
after 8 Gy) compared to parental LNCaP cells (50% af-
ter 8 Gy) 3 days after irradiation. Inhibition of clusterin
expression in PC-3 cells using clusterin ASOs before
radiation significantly decreased PC-3 cell growth rate
and plating efficiency, and enhanced radiation—-induced
apoptosis both in vitro and in vivo [16, 17].

Conclusions. In conclusion, these findings illustrate
that clusterin up—regulation after castration is an adap—
tive cell survival mechanism that confers resistance to
androgen ablation and chemotherapy. Phase |, Il clini-
cal trials with clusterin ASOs have already been planned
and results are expected with great interest. It is likely
that novel antisense oligonucleotides for targeting ex—
pression of critical cell-survival genes in combination
with selected chemotherapeutics such as taxanes will
provide a much more effective treatment for advanced,
hormone refractory prostate cancer. Patients must be
treated with our minds on the new and exciting science
of tomorrow, but today, with our hearts on the patient’s
quality of life. The practice of medicine is still more or
less an art, but it is hoped that urologists, scientists,
oncologists and primary health care general practitio—
ners will continue to collaborate for the benefit of pa-
tients with these new targets in focus, as we move into
the first years of the 21" century.
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KOMBUHUPOBAHHOE NMPUMEHEHUE AHTUCMbICJI0BbIX
OJIUTOHYKNEOTMAOB N XUMNONPEMNAPATOB MNPU IEHEHUU
PE®PAKTEPHOI'O PAKA NMPEACTATEJIbHOWU XEJIE3bI

Ha npots:keHun HocjieJHUX LIeCTUAECSITH JIeT Hallle TIOHNMaHHe paKa MpeCcTaTeIbHOI Jkee3bl U JIeUeHus 3Toro 3a00-
JIeBaHUsI € UCIIOIb30BaHHEM TOPMOHAJIBHOM Tepamnuy ObLTO CKOHIIEHTPHPOBAHO Ha KJIACCHUECKUX HccienoBaHusix Yapibaa
XarruHca, KOTOPbIii YCTaHOBUII, UTO OIIyXO0JIeBasi TKaHb IIPOCTAThl, PABHO KaK U HOPMaJIbHasl TKaHb »KeJie3bl, COXPaHSIOT
HEKOTOPYIO CTelleHb 3aBUCHMOCTH OT aHzporeHoB. Cienyer oOpatuth BHMManue Ha 20—40% OOJBHBIX, YCTOWUMBBIX
K TOpMOHaJIbHOI Tepanuy. Takye MmanueHTs! HEUYBCTBUTEIbHbI K TOPMOHAJIBHOMY JIEYEHHUIO MPOJOJIKUTENBHOCTBIO 3—
6 MecsilieB U yMHUPAIOT B pe3yJbTaTe ObICTPOro InporpeccupoBanus 3adosesanus. C no3uuuii MoJIeKyISpHON IHAOKPHU-
HOJIOTHH 3JI0KavyeCTBEeHHasl Tporpeccusi Npu 3toil popme paka MoKeT UHUIMUPOBATHCSI HEKOHTPOJIMPYEMbIM Bo3Jeii-
ctBUeM (baKTOPOB POCTa. JKCIEPUMEHTBI, B KOTOPHIX MPHUMEHEHHE OJMIOHYKIEOTHI0B KOMOMHHPOBAIHN C UTOTOKCH-
YecKMMM XMMHOIIpenapaTaMy, IPoeMOHCTPUPOBAIN 3HaUMTeIbHOE MOBbIIIeHHE YYBCTBUTEILHOCTU OIYXOJEBbIX KJe-
TOK TpeZicTaTeNbHO skesie3bl. Pe3yibTaThl MoKa3aam, uto, HecMoTps Ha npucytcrue nmpe-M PHK Bel-x B psze kietou-
HbIX JHUi, 3¢ dexT Moaudukanyy cruaiicuira 3Toro NPoAyKTa ¢ UCNOJIb30BaHUEM aHTHCMBICTIOBBIX OJIUTOHYKJIEOTH-
JI0B BapbHpyeT B 3aBUCUMOCTH OT NPodIIsl dKCIPeccHU TeHOB B HccieayeMbIx kietkax. [lepexor ot aHaporensasucu-
MOT0 K aH/IPOT€HHEe3aBUCHMOMY PaKy COINPOBOKIAETCS PSAZIOM reHeTHIeCKUX U3MeHeHMil, B TOM 4YycJie THIlepIKCIpeccH-
eii rena Bcl-2. Tunepakcnpeccus 6enka Bel-2 cHibkaeT ypoBeHb MPo-anonTOTHYECKOTO OTBETa KJIETKH Ha TaKkue BO3/eili-
CTBUS, Kak 00JIyYeHre, XMMUOTEPAIUs U No/IaBJeHie IPOAYKLUY aHAporeHoB. Takoil THUII Tepanuu BHITJISIIUT MHOI000e-
IIAIOLIMM U TpeJoaraeT HOBble ajbTePHATHBHbIE BO3MOKHOCTH /ISl JIeUeHHUs] OOJIbHBIX PAKOM MPOCTAThI.
Kntouesvie caosa: pak npescratesbHOil 3xee3bl, aHTHCMBICIOBbIE OJUTOHYKJIeoTHabI, Bel-2, k1acTepuH, XuMuorepa-
n¥sl, Ka4ecTBO KU3HM.
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