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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 2040% 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 oligonucleotide treatment with cytotoxic chemotherapeutic agents demonstrated a marked increase in the sensitivity of the
prostate cancer cells. Results indicate that despite the presence of Bcl-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 Bcl-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 therapeutic 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 prostate carcinoma presenting symptomatic and/or objective response in 80% of patients. Unfortunately, progression to androgen-independence occurs in nearly
all cases within a few years.
Androgen-independent (AI) 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 [13]. Nowadays, novel therapeutics
strategies targeting the molecular basis of androgenand chemo-resistance of prostate cancer are required.
Hormone refractory prostate cancer responds poorly
to cytotoxic chemotherapy. A review of 26 trials of chemotherapy conducted between 1987 and 1991 reported that the overall response rate was 8.7%. More recently, phase II studies using taxane-based combination regimens report objective responses in 2030%
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 cancer involves targeting genes that are activated by androgen withdrawal or chemotherapy to delay or prevent
the emergence of the androgen resistant or androgenReceived: March 22, 2005.
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independent phenotype. Comparative hybridization of
high density cDNA microarrays is being used to characterize changes in thousands of genes, some of which
expressed differently after hormone treatment or chemotherapy of prostate xenografts and human tumors [4,
5]. Many genes associated with tumor cell apoptosis (e.g.
clusterin, cathepsins, Bcl-2, Bcl-xl, 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 prevention of castration-induced apoptosis or the activation of alternative growth factor pathways which in many
times delays recurrence [6, 7]. The purpose of this article is to review the rationale and progress by the use of
targeted gene therapies with antisense oligonucleotides,
which enhance tumor cell death after androgen withdrawal or taxane chemotherapy [8].
Antisense oligonucleotides/chemotherapeutics
and refractory prostate cancer. Targeting the expression 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 signal from androgen manipulation [9, 10]. Induction of apoptotic 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 translation using antisense oligonucleotides (ASOs) [5, 9]. It has
been reported that Bcl-2 ASOs induce sequence-specific 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 accelerated and time to AI 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 treatment with Bcl-2 ASOs and paclitaxel reduces the IC50 of
paclitaxel in prostate cancer cells by 90%. Furthermore,
combined treatment of mice bearing AI 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 suggest that down regulation of Bcl-2 using ASOs chemosensitizes AI prostate tumors to paclitaxel over and above
the effects of paclitaxel induced phosphorylation of Bcl-2.
Clinical studies using Bcl-2 ASOs alone or in combination with chemotherapy in prostate cancers are now underway [11, 12].
Testosterone-repressed prostate message-2
(TRPM-2), also known as clusterin, has been implicated in tissue remodeling, lipid transport, reproduction,
complement regulation and apoptotic cell death [6, 9,
12]. Since clusterin expression is induced or highly enhanced in various normal and malignant tissues undergoing apoptosis, clusterin has been regarded as a marker
for cell death and a possible mediator of apoptosis. Although clusterin was initially reported as an androgenrepressed gene in prostate tissue, the functional role of
clusterin in apoptosis remains undefined [6, 11, 12].
Emerging data suggest that clusterin functions as a chaperone-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 AI
tumors compared to androgen-dependent tumors before castration. To investigate the functional significance
of clusterin up-regulation after androgen withdrawal,
the effects of clusterin overexpression on time to AI progression after androgen ablation was evaluated by stably transfecting LNCaP cells with a clusterin/TRPM-2
cDNA expression vector. Tumor volume and serum PSA
levels increased four-fold faster after castration in clusterin over expressing LNCaP tumors compared to control tumors [14]. Furthermore, LNCaP tumors overexpressing clusterin were more resistant to paclitaxel chemotherapy and radiotherapy. The up-regulation of
clusterin in human prostate cancer tissues after castration and the accumulating findings implicating clusterin in protection of apoptosis suggests that targeting
the clusterin up-regulation precipitated by androgen
ablation may enhance castration-induced apoptosis
and delay AI progression [13, 14, 15].
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Clusterin ASOs were designed and synthesized
based on mRNA levels in a dose-dependent and sequence-specific manner. Adjuvant treatment with clusterin ASOs after castration of mice bearing Shionogi tumors decreased clusterin mRNA levels by 70% and resulted in earlier onset and more rapid apoptotic tumor
regression, with significant delay in recurrence of AI tumors and with tumor volume reductions > 80% by 50
days post castration [14]. These experiments illustrate
that clusterin ASOs enhance castration-induced apoptosis. Clusterin ASOs also increased the cytotoxic effects of paclitaxed in vitro, reducing the IC50 by 7590%.
Although clusterin ASOs had no effect on the growth of
established AI 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 expression in relation to radiation-induced cell death. Clusterin 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% after 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 adaptive cell survival mechanism that confers resistance to
androgen ablation and chemotherapy. Phase I, II clinical trials with clusterin ASOs have already been planned
and results are expected with great interest. It is likely
that novel antisense oligonucleotides for targeting expression 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 patients
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 practitioners will continue to collaborate for the benefit of patients with these new targets in focus, as we move into
the first years of the 21th century.
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ÊÎÌÁÈÍÈÐÎÂÀÍÍÎÅ ÏÐÈÌÅÍÅÍÈÅ ÀÍÒÈÑÌÛÑËÎÂÛÕ
ÎËÈÃÎÍÓÊËÅÎÒÈÄÎÂ È ÕÈÌÈÎÏÐÅÏÀÐÀÒÎÂ ÏÐÈ ËÅ×ÅÍÈÈ
ÐÅÔÐÀÊÒÅÐÍÎÃÎ ÐÀÊÀ ÏÐÅÄÑÒÀÒÅËÜÍÎÉ ÆÅËÅÇÛ
Íà ïðîòÿæåíèè ïîñëåäíèõ øåñòèäåñÿòè ëåò íàøå ïîíèìàíèå ðàêà ïðåäñòàòåëüíîé æåëåçû è ëå÷åíèÿ ýòîãî çàáîëåâàíèÿ c èñïîëüçîâàíèåì ãîðìîíàëüíîé òåðàïèè áûëî ñêîíöåíòðèðîâàíî íà êëàññè÷åñêèõ èññëåäîâàíèÿõ ×àðëüçà
Õàããèíñà, êîòîðûé óñòàíîâèë, ÷òî îïóõîëåâàÿ òêàíü ïðîñòàòû, ðàâíî êàê è íîðìàëüíàÿ òêàíü æåëåçû, ñîõðàíÿþò
íåêîòîðóþ ñòåïåíü çàâèñèìîñòè îò àíäðîãåíîâ. Ñëåäóåò îáðàòèòü âíèìàíèå íà 2040% áîëüíûõ, óñòîé÷èâûõ
ê ãîðìîíàëüíîé òåðàïèè. Òàêèå ïàöèåíòû íå÷óâñòâèòåëüíû ê ãîðìîíàëüíîìó ëå÷åíèþ ïðîäîëæèòåëüíîñòüþ 3
6 ìåñÿöåâ è óìèðàþò â ðåçóëüòàòå áûñòðîãî ïðîãðåññèðîâàíèÿ çàáîëåâàíèÿ. Ñ ïîçèöèé ìîëåêóëÿðíîé ýíäîêðèíîëîãèè çëîêà÷åñòâåííàÿ ïðîãðåññèÿ ïðè ýòîé ôîðìå ðàêà ìîæåò èíèöèèðîâàòüñÿ íåêîíòðîëèðóåìûì âîçäåéñòâèåì ôàêòîðîâ ðîñòà. Ýêñïåðèìåíòû, â êîòîðûõ ïðèìåíåíèå îëèãîíóêëåîòèäîâ êîìáèíèðîâàëè ñ öèòîòîêñè÷åñêèìè õèìèîïðåïàðàòàìè, ïðîäåìîíñòðèðîâàëè çíà÷èòåëüíîå ïîâûøåíèå ÷óâñòâèòåëüíîñòè îïóõîëåâûõ êëåòîê ïðåäñòàòåëüíîé æåëåçû. Ðåçóëüòàòû ïîêàçàëè, ÷òî, íåñìîòðÿ íà ïðèñóòñòâèå ïðå-ì ÐÍÊ Bcl-x â ðÿäå êëåòî÷íûõ ëèíèé, ýôôåêò ìîäèôèêàöèè ñïëàéñèíãà ýòîãî ïðîäóêòà ñ èñïîëüçîâàíèåì àíòèñìûñëîâûõ îëèãîíóêëåîòèäîâ âàðüèðóåò â çàâèñèìîñòè îò ïðîôèëÿ ýêñïðåññèè ãåíîâ â èññëåäóåìûõ êëåòêàõ. Ïåðåõîä îò àíäðîãåíçàâèñèìîãî ê àíäðîãåííåçàâèñèìîìó ðàêó ñîïðîâîæäàåòñÿ ðÿäîì ãåíåòè÷åñêèõ èçìåíåíèé, â òîì ÷èñëå ãèïåðýêñïðåññèåé ãåíà Bcl-2. Ãèïåðýêñïðåññèÿ áåëêà Bcl-2 ñíèæàåò óðîâåíü ïðî-àïîïòîòè÷åñêîãî îòâåòà êëåòêè íà òàêèå âîçäåéñòâèÿ, êàê îáëó÷åíèå, õèìèîòåðàïèÿ è ïîäàâëåíèå ïðîäóêöèè àíäðîãåíîâ. Òàêîé òèï òåðàïèè âûãëÿäèò ìíîãîîáåùàþùèì è ïðåäïîëàãàåò íîâûå àëüòåðíàòèâíûå âîçìîæíîñòè äëÿ ëå÷åíèÿ áîëüíûõ ðàêîì ïðîñòàòû.
Êëþ÷åâûå ñëîâà: ðàê ïðåäñòàòåëüíîé æåëåçû, àíòèñìûñëîâûå îëèãîíóêëåîòèäû, Bcl-2, êëàñòåðèí, õèìèîòåðàïèÿ, êà÷åñòâî æèçíè.
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