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ABSTRACT

Quinazoline-derived selective o.-1 adrenoreceptor
antagonists: doxazosin and terazosin are clinically effec-
tive drugs for relieving the symptoms associated with

a dynamic component of benign prostatic hyperplasia
(BPH). In the last years, the additional mechanisms
responsible for long-term clinical activity of both drugs
were revealed. Doxazosin and terazosin have been dem-
onstrated to induce apoptosis in benign and malignant
prostate cells via an a.-1 adrenoreceptor independent
mechanism. Our aim is to present the recent data on
those supplementary curative properties of certain o.-1
blockers.

The presented data come from the recent experimen-
tal and retrospective studies concerning the apoptotic
activity of quinazoline-derived a-1 blockers.

The evidence, mostly from /n vitro experiments, supports
the theory that the apoptotic activity of quinazoline -
based a-1 blockers against prostate cells is related to
their interactions with cell signaling pathways and mul-
tiple cellular processes including apoptosis, angiogenesis,
and adhesion. Moreover, it has been postulated that in
clinic quinazoline-derivatives may be an effective thera-
peutic strategy for advanced prostate cancer, especially
while applied in combination with currently used che-
motherapeutic agents.

The present review reveals a new therapeutic value of
quinazoline-based o-1 adrenoreceptor antagonists. In
the future, drugs containing quinazoline compound
might become of clinical significance in prostate cancer
management.

INTRODUCTION
Benign prostatic hyperplasia

BPH etiology

Benign prostatic hyperplasia (BPH) is one of the most common
age-related urological diseases. It affects about 70% of men over
the age of 70 [1]. Although BPH is not a life-threatening disorder,
its symptoms, in particular urinary obstruction, frequency and noc-
turia, have a severe negative impact on the quality of life [2]. The
etiology of BPH remains not fully understood and it appears not
to be associated with other chronic conditions such as diabetes
or hypertension [3, 4]. It is believed that age-related changes in

hormonal status constitute the predominant factor in the develop-
ment and progression of the disease. In a healthy prostate, tissue
homeostasis is maintained due to the physiological level of andro-
gens. Androgens by the requlation of growth factors e.g.: epithelial
growth factor (EGF), keratinocyte growth factor (KGF), insulin-like
growth factor (IGF) and tumor growth factor (TGF) influence the
interactions between stromal (smooth muscle) and epithelial com-
ponents of the prostate [5]. Because of the balance between cell
proliferation and apoptosis, the size of the prostate gland remains
constant. Destabilization of androgen-dependent molecular mech-
anisms responsible for growth and proliferation is considered to
be the major cause of glandular enlargement (static component of
BPH). The increase of prostate size is due to the significant increase
of stromal components. In healthy gland stroma: epithelium ratio is
2 :1against 5 : 1in BPH [6]. Dynamic component of BPH is related
to the increase of the prostatic smooth muscle tone that is requ-
lated by the activation of a.-1 adrenoreceptors. Both augmentation
of prostate volume and increased o-1- adrenoreceptor-mediated
smooth muscle tone are responsible for bladder outlet obstruction
and the lower urinary tract symptoms (LUTS) including: urinary fre-
quency, urgency, weak stream, and nocturia.

a-1 adrenoreceptor antagonists for BPH treatment

Due to their well established relieving action, with a rapid
onset on smooth muscles tone, o-1 adrenoreceptor antagonists
have been widely and safely used in the management of BPH and
hypertension. At present, they are the treatment of choice for BPH.
They significantly (by an average 20-309%) increase the maximal
urinary flow rate and improve the symptoms of LUTS [7]. However,
this quick o-1 adrenoreceptor-mediated action on the dynamic
component of BPH does not fully explain the well documented
long-term clinical efficacy of quinazoline-derived a-1 blockers.
Activation of other molecular mechanisms, the nature of which is
still under investigation, are likely to contribute to the full spectrum
of therapeutic effects of these agents.

Prostate cancer

Prostate cancer etiology

The incidence of prostate cancer (PC) is rising steadily and con-
stitutes the most common cancer in men and second leading cause
of cancer death in the USA [8]. Radical surgery or radiotherapy
constitutes a common treatment regimen for the localized disease.
The major therapeutic option for an advanced PC (growth of PC
cells is initially hormone-dependent) is androgen ablation with
luteinizing hormone-releasing hormone (LHRH) analogs or surgical
castration. Nevertheless, after an average 18 months of treatment
PC progresses inevitably from hormone-responsive to castration-
resistant lethal form, where this therapy is no longer efficient.
At present, there is no treatment for hormone refractory PC that
would significantly increase the survival rate [9].

Cell lines described in the review
Most of the evidence comes from /n vitro studies using benign:
normal human prostate epithelial cells (PrEC), benign prostatic hy-
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perplasia (BPH-1), smooth muscle prostatic cells (SMC-1) and ma-
lignant prostatic cell lines /.e.: androgen-sensitive metastatic lymph
node PC (LNCaP), androgen-insensitive: metastatic brain PC (DU-
145), and metastatic bone PC (PC-3) [10].

Quinazoline-derived a-1 adrenoreceptor antagonists-
structure and specific activity

Two of the a-1 adrenoreceptor antagonists, doxazosin and
terazosin, exhibit a common feature of their chemical configu-
ration; a quinazoline ring, of a similar structure to that of the
purine ring forms the center of the compound and is believed
to be responsible for specific and analogous activities of both
drugs. Due to their particular chemical structure, in addition to
their effects on smooth muscle cell tone, doxazosin and tera-
zosin, have been recently demonstrated to possess the ability
to induce apoptosis in benign (SMC-1) and malignant prostate
cells (PC-3 and DU-145) in a dose-dependent manner without
affecting cell proliferation [11, 12]. This mechanism is uninhib-
ited by norepinephrine hence independent of their capacity to
antagonize a-1 adrenoreceptor [11, 13], and, more importantly,
it seems to be independent of hormone sensitivity status of the
cells [13]. Interestingly, Benning and co-workers have demon-
strated that /n vitro, normal prostate epithelial cells (PrEC) were
less sensitive to doxa- [terazosin-induced apoptosis than their
malignant counterparts (LNCaP and DU-145) [13]. Furthermore,
it was suggested that apoptosis of SMC caused by these agents
might be one of the most important mechanisms responsible for
their long-term therapeutic effects in BPH. The maximal level
of SMC apoptosis (15% of cells) was observed in prostate biopsy
specimens after 3 months' treatment and remained elevated till
one year of continuous application of doxazosin [14]. Subsequent
clinical study by the same group confirmed the previous findings
in a larger population of 138 patients and showed that terazosin
has a similar effect on cell death induction. Moreover, SMC ap-
optosis in post-treatment prostate biopsy specimens correlated
with symptoms score improvement in 34 out of 65 doxazosin
and 9 out of 42 terazosin treated BPH patients [15]. These find-
ings explain the therapeutic impact of quinazoline-based a.-1
blockers on the static component of BPH and have implied their
possible application in the management of hormone-dependent
and hormone-naive prostate cancer.

This article provides an up-dated review of currently available
findings of /in vitro and in vivo studies on the impact of quina-
zoline-derived a-1 adrenoreceptor antagonists and, in particular,
doxazosin, on cell survivalfapoptosis in BPH and prostate cancer.

Mechanisms of quinazoline-induced apoptosis
in prostate cells

Accumulated experimental data suggests that the apoptotic ac-
tivity of quinazoline - based a-1 blockers against prostate cells
are due to their interactions and effects on: 1. cell signaling path-
ways: i. growth factors loops associated with activity of tyrosine
kinase (TK), phosphatidylinositol 3-kinase (PI3K) and serine/threo-
nine kinase (AKT) ii. growth factors and, in particular, transforming
growth factor beta 1 signaling (TGF-B1) 2. cellular processes: i. cell
adhesion to the extracellular matrix; ii. angiogenesis; iii. expression
of several pro-apoptotic agents, enzymes and inhibitors of apop-
tosis (IAP); 3. synergistic activity with radio- and chemotherapy
[19-28].

1.i. Growth factors and TK/PI3K/AKT pathway. Significance of PTEN.

Growth factors (GFs) e.g. EGF, IGF and TGF activate a TK receptor
at a cellular membrane. When two subunits (p85 and p110) of PI3K
bind, PI3K is activated and its downstream target is AKT. AKT, while

activated (phosphorylated), promotes cell survival by inhibiting ap-
optosis and increasing proliferation. AKT has been reported to have
anti-apoptotic activity and shown to inactivate several pro-apop-
totic proteins, including BAD, FKHR, GSK3p, procaspase 9 as well as
activate anti-apoptotic agents including mTOR, MDM2 [9, 29]. The
PI3K pathway is disrupted in a wide spectrum of human cancers
and has been described recently as one of the main growth factor
survival pathway in PC [30, 31]. Further, it has been suggested that
the activation of this pathway might be critical for the survival of
PC cells under the condition of androgen suppression. Therefore,
PI3K pathway appears important in PC progression, particularly in
the absence of androgens, and in the final development of hor-
mone refractory state [32].

Phosphatase and tensin homologue deleted on chromosome 10
(PTEN) is a tumor suppressor gene, which negatively regulates the
PI3K pathway, being frequently mutated in the advanced stages of
PC (in almost 50% of hormone refractory tumors [33, 34]). Thus,
when PTEN is inactive or downregulated, the PI3K pathway is acti-
vated leading to PC cells growth and survival [35]. In recent studies
both phosphorylation of AKT and/or loss of PTEN expression were
correlated with PC aggressiveness [36-38]. A recent in vitro study
in PC-3 cells shows the ability of doxazosin to induce apoptosis
via inhibition of the PI3K pathway. The experimental evidence re-
veals that the mechanism of doxazosin-induced apoptosis is (c.-1
adrenoreceptor independent) and most likely is mediated through
the inhibition of phosphorylation of AKT or through dephosphor-
ylation of p-AKT [16]. In this study, Shaw et al. also suggest that
structural modifications of doxazosin might have generated a novel
group of apoptotic agents with improved efficacy in blocking in-
tracellular AKT activation. Other research supporting this theory
reports that quinazoline-based a-1 adrenoreceptors antagonists
compete with ATP binding to TK, inhibiting, in this way, various in-
tracellular pathways [39]. This natural capacity of doxazosin and
terazosin to interact with kinases appears to be mediated through
the specific quinazoline-like structure.

1.ii. Growth factors and TGF B1

Growth of prostate epithelial cells is stimulated and maintained
by a number of GFs such as EGF, TGF, and IGF secreted by stromal
cells following androgen stimulation [40]. EGF and TGF seem to play
a dominant role in prostatic cell proliferation and survival. On the
other hand, TGF B1 has been shown to possess an apoptotic and
anti-proliferative potential in human prostatic epithelial cells. llio
et al. suggested that apoptotic activity of doxazosin on human pro-
static stromal cells is mediated /n vitrothrough an autocrine action
of TGF B1 [17]. Glassman and colleagues showed in benign epithe-
lial and stromal prostatic biopsy tissue specimens from men treated
for BPH, that doxazosin-mediated up-regulation of TGF 31 could be
the predominant mechanism of apoptosis [18]. Results of in vivo
study by Yang et al. supports the theory of TGF B1- mediated pro-
apoptotic action of doxazosin. They used an MPR, a mouse prostate
reconstitution model mimicking human BPH, in which TGF B1 was
transduced into a single cell population derived from the mouse
urogenital sinus and then reimplanted under the renal capsule. In
doxazosin treated TGF B1 transduced MPRs mice, a dose-depend-
ent, a-1 adrenoreceptor-independent increase in epithelial cell ap-
optosis as well as a 30% reduction in wet weight of prostate gland
were observed [19]. Interestingly, Zhao et al. did not observe any
change, at the RNA level, in TGF B1 expression in doxazosin treated
normal and BPH stromal cells. Therefore, this study does not sup-
port the conjecture that TGF B1 is involved in apoptotic activity of
doxazosin in normal and BPH stromal cells. They reported instead
an involvement of TNF a signaling pathway (not TNF o itself) in
doxazosin treated cells [41]. However, doxazosin was considered to
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mediate PC-3 cells apoptosis by initially inducing the expression of
TGF B1 and subsequently by up-regulating lxBo [20].

2.i. Anoikis

Cell-extracellular matrix attachment (mediated mainly by in-
tegrins) and their interactions are necessary for growth and sur-
vival of epithelial cells. Anoikis is a specific process leading to the
disruption of integrin-mediated epithelial cell contact with extra-
cellular matrix (ECM) [42]. Most cells when they lose contact with
ECM undergo detachment-induced apoptosis. Anoikis-resistance
(ability to survive when detached from the tumor site) correlates
with cell malignant potential and plays a pivotal role in the meta-
static process. Doxazosin leads to anoikis by inhibition of cell adhe-
sion to the ECM. /n vitro study confirms the ability of doxazosin to
induce anoikis in benign stromal and epithelial components of the
prostate as well as in LNCaP and PC-3 cells. Anoikis was observed
both in benign and malignant cell lines, although PC-3 cells were
more refractory to the effect of doxazosin. This study also shows an
increase in caspase 3 activity and decrease in focal adhesion kinase
(FAK) without significant effect on integrin linked kinase (ILK) in
doxazosin treated PC-3 cells [21]. Kaledjian et al. further investi-
gated effects of quinazolines on cell-ECM attachment in PC-3 cells
and showed doxazosin induced a decrease in PC cells adhesion to
gelatin and collagen but not to fibronectin. They observed as well
that, the effect could be antagonized by Bcl-2 [22]. A recent study
supports the theory that doxazosin has an impact on cell-ECM
interactions. Garrison and Kyprianou showed a significant reduc-
tion at the mRNA levels of certain integrins and major changes in
E-cadherin, B catenin, laminins and selectins in doxazosin treated
PC-3 cells [23].

2.ii. Angiogenesis

Angiogenesis is a complex process enabling cancer cells to spread
and grow. Therefore, targeting this process is of great therapeutic
value in cancer management. Using an /n vitro model of PC-3 and
PC-3 transfectant clones overexpressing the Bcl-2 (PC-3/Bcl-2),
Kaledjian et al. reported that doxazosin treatment results in anti-
angiogenic effect by leading to transient, 6 to 12 hours, down reqgu-
lation (2-fold decrease) of VEGF in PC-3 cells. In transfected PC-3
cells the effect of quinazoline based compounds antagonists on
VEGF expression is partially reversed by Bel-2. However, doxazosin
does not lead to any significant change in the expression of hypox-
ia inducible factor-1a (HIF-1a) neither in PC-3 nor in PC-3/Bcl-2
cells [22]. Furthermore, it has been recently reported that doxazosin
suppresses /n vitro angiogenesis and growth of human umbilical
vein endothelial cell (HUVEC) via disruption of VEGF and fibroblast
growth factor 2 (FGF-2)-mediated interactions. Doxazosin antago-
nizes the VEGF-mediated angiogenic response of HUVEC cells by
restraining cell adhesion to fibronectin and collagen-coated sur-
faces and inhibiting cell migration [24]. Although clinical data con-
cerning quinazoline-based a-1 adrenoreceptor antagonist induced
apoptosis still remain very scant, there is some evidence to suggest
that terazosin decreases prostate tumor vascularity, induces ap-
optosis in prostate cancer cells and reduces tissue PSA expression
[25]. The ability to inhibit cell migration and prevent angiogenesis,
cell adhesion, and invasion makes quinazoline-derivatives a very
promising tool in the management of tumor associated angiogen-
esis in advanced PC [24].

2. iii. Pro-apoptotic agents and inhibitors of apoptosis.
Significance of Bcl-2.

The Bcl-2 family of proteins comprises the Bel-2 group (i.e. Bel-xL
and Bcl-w) which inhibits apoptosis and the Bax (i.e. Bak and Bok)
and Bim (i.e. Bik, Bad and Bid) groups which promote cell death.

The apoptotic effectors consist of proteolytic enzymes - proteases,
termed caspases, which trigger cell death. Caspases are activated
by promoters of apoptosis and down regulated by inhibitors. These
enzymes play a pivotal role in the final stages of the apoptotic
process. Bel-2 is believed to suppress the release of caspase-3 and
is supposed to be a predictor of aggressive tumor behavior. Bel-2
up-regulation seems to be one of the predominant mechanisms of
PC progression [43]. It was reported that high resistance to apopto-
sis (poor therapeutic response) is more likely to occur if the expres-
sion of Bcl-2 is high and Bax low [43]. In addition, Bcl-2 is reported
to have a high potential of inhibiting apoptosis by influencing an-
giogenesis. Bcl-2 overexpression in PC-3 cells (PC-3/Bcl-2) results
in a partial reversion of doxazosin-mediated decrease of VEGF and
therefore, inhibition of angiogenesis.

Fas/CD95 and TRAIL/Apo3 are the receptors at the cell mem-
brane, which upon ligand binding activate a death receptor-me-
diated pathway. Recently, Garrison and Kyprianou reported doxa-
zosin-induced temporary changes in the expression of several reg-
ulators of apoptosis, including up-regulation of Bax and Fas/CD95,
and down-regulation of Bel-xL and TRAIL/Apo3. Doxazosin induced
apoptosis in benign (BPH-1) and malignant (PC-3) prostate cells
was mediated by the activation of caspase-8 and caspase-3 that
occurred within the first 6 to 12 hours of treatment. The apoptotic
effect was then reversed by specific caspase-8 inhibitor, confirm-
ing that in both cell lines, cell death was mediated by caspase-8
[23]. Partin et al. further showed a strong activation of caspase-3
in doxazosin treated PC-3 cells [20]. Chiang and colleagues dem-
onstrated increased expression of Bax and activated caspase-3 in
doxazosin treated mice [26]. They suggested that doxazosin, given
chronically at a very high dose, might have been useful for prevent-
ing prostate tumor formation, decreasing prostate tumor weight
as well as limiting or even suppressing metastasis. Yono et al. re-
ported that long-term a-1 adrenoreceptor blockade with high dose
of doxazosin changes the expression of several hundred genes in
the rat prostate (39 of them take part in cell death, proliferation,
growth) and up-regulates the expression of anti-apoptotic media-
tor - clusterin [27].

3. Doxazosin with radio- and chemotherapy

Neither radio- nor chemotherapy is considered to be much ef-
fective in hormone refractory prostate cancer, although there are
some experiments trying to make PC cells more sensitive to the
effects of the systemic therapy. There are data suggesting that dox-
azosin has a radiosensitizing effect. PC-3 cells were treated with
doxazosin prior to and after the exposure to ionizing radiation.
Synergistic apoptotic effect on cell cultures was observed suggest-
ing that doxazosin could be used in combination with radiotherapy
for treatment of castration resistant tumors. Radiosensitizing effect
was independent of a-1 adrenoreceptor blockade and did not seem
to be correlated neither with caspase-3 nor with Bax protein ex-
pression. The mechanism underlying this activity currently remains
unknown [28]. Study by Cal et al., has demonstrated doxazosin-
mediated cytotoxity in DU-145 and PC-3 cells. Furthermore, the
study shows that the combination of doxazosin with some chemo-
therapeutics /e adriamycin or etoposide has synergistic cytotoxic
activity in these PC cells. Therefore, the authors have postulated
that doxazosin could be a new cytotoxic drug either used alone
or combined with the above agents in the treatment of hormone
refractory disease [44].

CONCLUSIONS

The understanding of molecular pathways of the cell cycle are
critical in cancer-research studies. In particular, revealing and
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clarifying molecular mechanisms involved in the pro-apoptotic
action of quinazoline derivatives ie. doxazosin and terazosin,
clinically established and accepted agents, and their interactions
with the recognized molecular pathways could provide a biological
basis for the design of advanced cancer therapies. New and safe
quinazoline-based compounds could be of paramount significance
in the management of static component of BPH and in at present
untreatable hormone refractory prostate cancer. Further, subse-
quent modulation of these molecular mechanisms might open
new possibilities of effective therapeutic strategies to revert the
malignant process.

Acknowledgements:

The authors acknowledge to have participated in the research project evaluat-
ing the effect of doxazosin on prostate cancer cells death supported by Medical
University of todz 502-15-499, British Council WAR/341/72 & WAR/342/97 and
Pfizer Independent Research Grant (IRG): 2004-0737.

REFERENCE

1. Magoha GA: Medical management of benign prostatic hyperplasia: a re-
view. East Afr Med J 1996; 73: 453-456.

2. Donovan JL, Kay HE, Peters TJ et al: Using the ICSOoL to measure the im-
pact of lower urinary tract symptoms on quality of life: evidence from
the ICS-'BPH’ Study. International Continence Society--Benign Prostatic
Hyperplasia. Br J Urol 1997; 80: 712-721.

3. Michel MC, Mehlburger L, Schumacher H et al: Effect of diabetes on lower
urinary tract symptoms in patients with benign prostatic hyperplasia. J Urol
2000; 163: 1725-1729.

4. Michel MC, Heemann U, Schumacher H et al: Association of hypertension
with symptoms of benign prostatic hyperplasia. J Urol 2004; 172: 1390-
1393.

5. Culig Z, Hobisch A, Cronauer MV et al: Regulation of prostatic growth and
function by peptide growth factors. Prostate 1996; 28: 392-405.

6. Shapiro E, Becich MJ, Hartanto V, Lepor H: The relative proportion of strom-
al and epithelial hyperplasia is related to the development of symptomatic
benign prostate hyperplasia. J Urol 1992; 147: 1293-1297.

7. Chapple CR: Selective alpha 1-adrenoceptor antagonists in benign prostatic
hyperplasia: rationale and clinical experience. Eur Urol 1996; 29: 129-144.

8. Greenlee RT, Murray T, Bolden S, Wingo PA: Cancer statistics, 2000. CA
Cancer J Clin 2000; 50: 7-33.

9. Feldman BJ, Feldman D: The development of androgen-independent pros-
tate cancer. Nat Rev Cancer 2001; 1: 34-45.

10. Mitchell S, Abel P, Ware M et al: Phenotypic and genotypic characterization
of commonly used human prostatic cell lines. BJU Int 2000; 85: 932-944.

11. Kyprianou N, Chon J, Benning CM: £ffects of alpha(1)-adrenoceptor (alpha(1)-
AR) antagonists on cell proliferation and apoptosis in the prostate: therapeu-
tic implications in prostatic disease. Prostate Suppl 2000; 9: 42-46.

12. Kyprianou N, Benning CM: Suppression of human prostate cancer cell
growth by alphal-adrenoceptor antagonists doxazosin and terazosin via
induction of apoptosis. Cancer Res 2000; 60: 4550-4555.

13. Benning CM, Kyprianou N: Quinazoline-derived alpha1-adrenoceptor an-
tagonists induce prostate cancer cell apoptosis via an alpha1-adrenocep-
tor-independent action. Cancer Res 2002; 62: 597-602.

14. Kyprianou N, Litvak JP, Borkowski A et al: /nduction of prostate apoptosis by
doxazosin in benign prostatic hyperplasia. J Urol 1998; 159: 1810-1815.

15. Chon JK, Borkowski A, Partin AW et al: Alpha 1-adrenoceptor antagonists
terazosin and doxazosin induce prostate apoptosis without affecting cell
proliferation in patients with benign prostatic hyperplasia. J Urol 1999;
161:2002-2008.

16. Shaw YJ, Yang YT, Garrison JB et al: Pharmacological exploitation of the
alpha 1-adrenoreceptor antagonist doxazosin to develop a novel class of
antitumor agents that block intracellular protein kinase B/Akt activation.
Journal of Medicinal Chemistry 2004; 47: 4453-4462.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

llio KY, Park Il, Pins MR et al: Apoptotic activity of doxazosin on prostate
stroma in vitro is mediated through an autocrine expression of TGF-beta1.
Prostate 2001; 48: 131-135.

Glassman DT, Chon JK, Borkowski A et al: Combined effect of terazosin and
finasteride on apoptosis, cell proliferation, and transforming growth factor-
beta expression in benign prostatic hyperplasia. Prostate 2001; 46: 45-51.
Yang G, Timme TL, Park SH et al: Transforming growth factor beta 1 trans-
duced mouse prostate reconstitutions: Il. Induction of apoptosis by doxa-
zosin. Prostate 1997; 33: 157-163.

Partin JV, Anglin IE, Kyprianou N: Quinazoline-based alpha 1-adrenoceptor
antagonists induce prostate cancer cell apoptosis via TGF-beta signaling
and | kappa B alpha induction. Br J Cancer 2003; 88: 1615-1621.

Walden PD, Globina Y, Nieder A: /nduction of anoikis by doxazosin in pros-
tate cancer cells is associated with activation of caspase-3 and a reduction
of focal adhesion kinase. Urol Res 2004; 32: 261-265.

Keledjian K, Kyprianou N: Anoikis induction by quinazoline based alpha
7-adrenoceptor antagonists in prostate cancer cells: antagonistic effect of
pcl-2.1 Urol 2003; 169: 1150-1156.

Garrison JB, Kyprianou N: Doxazosin induces apoptosis of benign and ma-
lignant prostate cells via a death receptor-mediated pathway. Cancer Res
2006; 66: 464-472.

Keledjian K, Garrison JB, Kyprianou N: Doxazosin inhibits human vascular
endothelial cell adhesion, migration, and invasion. J Cell Biochem 2005; 94:
374-388.

Keledjian K, Borkowski A, Kim G et al: Reduction of human prostate tu-
mor vascularity by the alpha1-adrenoceptor antagonist terazosin. Prostate
2001, 48:71-78.

Chiang CF, Son EL, Wu GJ: Oral treatment of the TRAMP mice with doxa-
Z0sin suppresses prostate tumor growth and metastasis. Prostate 2005; 64:
408-418.

Yono M, Foster HE Jr, et al: Molecular classification of doxazosin-induced
alterations in the rat prostate using gene expression profiling. Life Sci 2005;
77:470-479.

Cuellar DC, Rhee J, Kyprianou N: Alphai-adrenoceptor antagonists ra-
diosensitize prostate cancer cells via apoptosis induction. Anticancer Res
2002; 22: 1673-1679.

Luo J, Manning BD, Cantley LC: Targeting the PI3K-Akt pathway in human
cancer: Rationale and promise. Cancer Cell 2006; 127: 20-26.

Kremer CL, Klein RR, Mendelson J et al: Expression of mTOR signaling
pathway markers in prostate cancer progression. Prostate 2006; 66:
1203-1212.

Mulholland DJ, Dedhar S, Wu H, Nelson CC: PTEN and GSK3 beta: Key regu-
lators of progression to androgen- independent prostate cancer. Oncogene
2006; 25: 329-337.

Murillo H, Huang HJ, Schmidt U et al: Role of PI3K signaling in survival
and progression of LNCaP prostate cancer cells to the androgen refractory
state. Endocrinology 2001; 142: 4795-4805.

Koksal IT, Dirice E, Yasar D et al: The assessment of PTEN tumor suppressor
gene in combination with Gleason scoring and serum PSA to evaluate pro-
gression of prostate carcinoma. Urologic Oncology-Seminars and Original
Investigations 2004; 22: 307-312.

Feilotter HE, Nagai MA, Boag AH et al: Analysis of PTEN and the 10q23
region in primary prostate carcinomas. Oncogene 1998; 16: 1743-1748.
Bertram J, Peacock JW, Fazli L et al: Loss of PTEN is associated with progres-
sion to androgen independence. Prostate 2006; 66: 895-902.

Malik SN, Brattain M, Ghosh PM et al: /mmunohistochemical demonstra-
tion of phospho-Akt in high Gleason grade prostate cancer. Clin Cancer Res
2002; 8: 1168-1171.

Ayala G, Thompson T, Yang G et al: High levels of phosphorylated form of
Akt-1in prostate cancer and non-neoplastic prostate tissues are strong pre-
dictors of biochemical recurrence. Clin Cancer Res 2004; 10: 6572-6578.
McMenamin ME, Soung P, Perera S et al: Loss of PTEN expression in paraf-
fin-embedded primary prostate cancer correlates with high gleason score
and advanced stage. Cancer Res 1999; 59: 4291-4296.

CENTRAL EUROPEAN JOURNAL OF UROLOGY 2009/62/4




MACIEJ SALAGIERSKI, MAREK SOSNOWSKI

39.

40.

41.

42.

43.

44,

CENTRAL EUROPEAN JOURNAL OF UROLOGY 2009/62/4

Partin JV, Anglin IE, Kyprianou N: Quinazoline-based alpha 1-adrenoceptor
antagonists induce prostate cancer cell apoptosis via TGF-beta signaling
and | kappa B alpha induction. Br J Cancer 2003; 88: 1615-1621.

Barton J, Blackledge G, Wakeling A: Growth factors and their receptors:
new targets for prostate cancer therapy. Urology 2001; 58: 114-122.

Zhao H, Lai F, Nonn L et al: Molecular targets of doxazosin in human pros-
tatic stromal cells. Prostate 2005; 62: 400-410.

Frisch SM, Screaton RA: Anoikis mechanisms. Curr Opin Cell Biol 2001; 13:
555-562.

Catz SD, Johnson JL: BCL-2 in prostate cancer: a minireview. Apoptosis
2003; 8: 29-37.

Cal C, Uslu R, Gunaydin G et al: Doxazosin: a new cytotoxic agent for pros-
tate cancer?BJU Int 2000; 85: 672-675.

Correspondence
Maciej Salagierski
| Department of Urology
113, Zeromskiego Street
90-549 todz, Poland
phone: +48 42 639 35 31
msalagierski@yahoo.com






