
metastatic prostate carcinoma but, after an average
of 18 to 24 months5,6, the patients relapse with an-
drogen-refractory tumor that also become resistant
to cytotoxic chemotherapeutic agents, cancer cell
apoptotic evasion being a molecular force driving
the tumoral progression. Therefore the urgency of
developing more effective therapies for prostate
carcinoma is caused not only by the projected in-
crease in its incidence but also by the temporary
sensitivity of hormone-refractory prostate cancer to
currently used cytotoxic agents. Quinazoline-de-
rived α1-adrenoceptor antagonists (doxazosin, tera-
zosin, prazosin), by counteracting cancer cell prolif-
eration via apoptosis induction, may have the po-
tential of reversing prostate cancer growth7-9.

Apoptosis and Anoikis: Morphological
Features and Biochemical Pathways

Apoptosis or programmed cell death – cell sui-
cide – is an active energy-requiring and gene-di-
rected mechanism, that results in removing un-
wanted or damaged cells. This process is charac-
terized by sequential morphological features such
as chromatin condensation, nuclear fragmentation,
cytoplasmic blebbing and budding, loss of cell
junctions, cell shrinkage and convolution, which
finally lead to cell breaking-up into membrane-
bound fragments, known as “apoptotic bodies”,
that are ingested by macrophages. Whereas the
apoptosis of reticulo-endothelial cells is dominat-
ed by nuclear changes, the apoptotic process of
glandular epithelial cells, such as those of the
prostate gland, requires the aforesaid alterations in
cytoplasmic morphology and in cell-cell and cell-
extracellular matrix (ECM) interactions. Although
apoptosis is an evolutionary conserved process,
genome comparison shows that the complexity of
apoptotic machinery is vastly increased in verte-
brates compared with Drosophila melanogaster
and Caernorhabditis elegans10,11.

59

Abstract. – In patients with androgen-sen-
sitive prostate cancer androgen-deprivation
therapy leads to apoptosis of hormone-depen-
dent cells but it may select out androgen-refrac-
tory clones. The apoptosis of prostate cancer
cells induced by quinazoline-derived αα1-adreno-
ceptor antagonists (doxazosin, terazosin, pra-
zosin) counteracts cell proliferation and may
have the potential of reversing or delaying
prostate cancer growth. Elucidation of the bio-
molecular mechanisms whereby quinazoline-αα1-
adrenoceptor-antagonists are able to induce
anoikis and apoptosis in androgen-refractory
prostate cancer cells would be favorable for de-
signing effective therapeutic regimens in the
management of advanced prostate cancer.
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Introduction

Prostate cancer is the second commonest ma-
lignancy in men, with an estimated incidence in
the USA of 232,090, in 20051 and it is the third
leading cause of death in men worldwide (9% of
all male cancer deaths in European Union2). The
incidence of prostate cancer is rising rapidly in
most countries and it is expected to increase sub-
stantially in the next future because of worldwide
growth of the older population together with
widespread prostate specific antigen testing3.

When prostate carcinoma is diagnosed, therapy
can be deferred until symptoms appear – watchful
waiting – or straight-away carried out with radical
prostatectomy, external beam radiotherapy or
brachytherapy, hormones (testosterone-lowering
therapies, antiandrogen treatment, combination
therapy4). Hormone therapy is the main measure for

European Review for Medical and Pharmacological Sciences 2007; 11: 59-64

Apoptosis induction by quinazoline-derived 
α1-blockers in prostate cancer cells:
biomolecular implications and clinical relevance

C. ALBERTI

Surgical Semeiotics, University of Parma (Italy)

Corresponding Author: Contardo Alberti, MD; cell: +39.335.69.48.342



60

At the molecular level, apoptosis is a series of
well-regulated events involving various subcellu-
lar systems and it is mainly mediated by the acti-
vation of the caspases (interleukin-converting en-
zyme, ICE-like cysteine proteases). There are two
main pathways leading to caspase activation: the
first – intrinsic or receptor independent pathway
– includes Bax (Bcl-2 associated x-protein)
translocation from cytosol into mitochondria, Bak
(Bcl-2 antagonist killer) mitochondrial protein ac-
tivation, release of several mitochondrial apopto-
genic proteins such as cytochrome C, Ca++- and
Mg++-dependent endonuclease G, SMAC (second
mitochondria-derived activator of caspase), which
activate caspase 9, that, in turn, activates caspase
3, whereas the second – extrinsic or receptor-de-
pendent pathway – depends on the activation of
death-receptor Fas/APO1 (apoptosis inducing
protein 1) and underlying Fas-associated death
domain protein, FADD, by a specific ligand FasL.
Fas is expressed in several cells while FasL is
present only in a more restricted number of tis-
sues; Fas-FasL system is activated by some con-
ditions and drugs, including several cytotoxic
agents. Besides Fas/AP01, the most well studied
death receptor is p55 TNF-R1 (tumor necrosis
factor-receptor 1) that is activated when
crosslinked by TNF-α10. At first, as far as estrin-
sic pathway is concerned, caspase 8 is activated
and, in turn, it may, either directly or through the
caspase 7 involvement, activate procaspase 3 →
caspase 3 downstream. Caspase 3, as a crucial
key mediator of both pathways, induces, through
proteolytic cleavage of 85 kDa poly (ADP-ribose)
polymerase-1 (PARP-1), DNA fragmentation10-12.
Bcl (B cell lymphoma)-2 genes, that are associat-
ed with mitochondria, endoplasmic reticulum and
nuclear membrane, increase cell survival by in-
hibiting apoptosis and their inappropriate activa-
tion can lead to cancer, while caspase-3, by cleav-
ing them, enhances the apoptotic process10,11.
Thapsigargin, that is able to block the endoplas-
mic reticulum ATPase-dependent Ca++pump and,
therefore, to increase cytosol calcium, may be an
apoptosis-inducing agent10.

TGF-β (transforming growth factor-β) is ubiq-
uitous multifunctional growth factor that is able to
counterbalance cell proliferation by increasing
apoptosis. TGF-β-mediated apoptotic process fol-
lows a complex signaling pathway involving spe-
cific TGF-β receptor II (TGF-β RII), Smad (Sma,
Drosophila + Mad-mother against decapentaple-
gia, Caernorhabditis) cascade, and, finally, cas-
pase 3 activation and nuclear fragmentation7,13-16. 

Induction of apoptosis has been recognized
as the main mechanism of anticancer cytotoxic
treatments including chemotherapy and radio-
therapy, particularly through p53-dependent
apoptotic process11,17. In addition to p53, other
apoptosis regulatory genes, such as Bax and
Bak, have been found to play crucial roles in
determining sensitivity to anticancer agents.
Mutations in genes promoting apoptosis or
overexpression of Bcl-2 have been found to be
associated with poor response to several cyto-
toxic drugs such as cisplatin, vincristine, cy-
tarabine, paclitaxel as well as to radiations. In-
sensitivity to apoptotic signals allows neoplas-
tic cells to sustain growth under hypoxia and
oxidative stress conditions and promote tumor
angiogenesis by HIF, hypoxia inducible fac-
tor11,18,19.

As far as prostate gland is concerned, a com-
plex balance between cell proliferation and apop-
tosis is fundamental to normal prostate growth.
Disruption of this homeostasis, because of apop-
totic evasion and/or uncontrolled proliferation,
inevitably leads to tumorigenesis, the aptitude of
a cancer cell population to grow exponentially
representing an imbalance between cell prolifera-
tion and cell death9-11,19,20. In fact, with regard to
tumor pattern, malignant cells may either acquire
stem cell-like properties or may themselves be
malignant stem cell clones.

The prostate secretory epithelial cells are criti-
cally dependent on androgen for survival and
they begin to regress about 12 h after androgen-
ablation, when the levels of 5-α-reductase/DTH
(dihydrotestosterone) fall below that needed to
inhibit the involution13. TGF-β1 plays a key role
in inducing apoptosis of androgen-sensitive
prostate epithelial cells, whereas an overexpres-
sion of clusterin-gene, also designated testos-
terone repressed prostate message-2 (TRPM-2),
protects them from apoptotic process promoted
by this growth factor, thus suggesting that the
absolute tissue concentration or the timing of
clusterin expression may be crucial in modulat-
ing the sensitivity of the cells to apoptotic stim-
uli10-14. Down-regulation of clusterin with specif-
ic antisense oligonucleotides sensitizes andro-
gen-indipendent prostate cancer cells to cytotox-
ic agents16.

Testosterone-lowering therapies and antian-
drogen treatments are known to induce apopto-
sis in both normal and neoplastic androgen-de-
pendent prostate cells. Luteinizing hormone
releasing hormone (LHRH) antagonists

C. Alberti



cetrorelix and abarelix have been found to pro-
mote apoptosis in prostate cancer cell lines
more rapidly than the LHRH agonists10. In pa-
tients with androgen-dependent prostate can-
cer, hormone therapy leads to apoptosis of hor-
mone-sensitive cell and to tumor regression
but it may actually select out androgen-inde-
pendent clones4-7.

Apoptosis following loss of cell anchorage –
anoikis – occurs in normal epithelial cells when
integrin-mediated EMC contacts are lost, thus
preventing the spread elsewhere of epithelial
cells that are detached from matrix8,21-23. Integrins
regulate interactions between cells and ECM by
converting mechanical forces arising from matrix
to biochemical intracellular signals24. The ECM
acts as regulator of the adjacent epithelial cells
and the basement membrane plays a stabilizing
role on nuclear function by plasma-membrane,
cytoskeletal actin polymers and nuclear matrix
interactions. In glandular epithelial cells, such as
those of the prostate gland, the disruption of the
interactions between the cell membrane integrins
and ECM is a critical step in the apoptotic path-
way. Whereas the normal epithelial cells are an-
chorage-dependent and the loss of their adhesion
to ECM affects intracellular signaling pathways
that lead to apoptosis, malignant tumor cell in-
stead survive and proliferate without anchorage
by evading anoikis13,25.

ECM anchorage protects cells from Fas death
receptor-induced apoptosis, while ECM detach-
ment induces Fas-mediated cell death by increas-
ing the expression level of Fas and by decreas-
ing, on the other hand, the expression level of c-
Flip, an endogenous antagonist of caspase 8.
Therefore detachment-induced apoptosis results
from activation of the Fas by its specific ligand
FasL, hence Fas-FADD complex formation and,
in sequence, caspase 8 → 3 activation26. Bim
(Bcl-2 interacting mediator of apoptosis) is a
critical mediator of anoikis in epithelial cells; its
expression is strongly induced after cell detach-
ment while its downregulation, caused by inter-
fering RNA (RNAi), blocks anoikis. Disanchor-
age-induced expression of Bim requires lack of
β1-integrin attachment, downregulation of EGF
(epithelial growth factor) receptor expression and
inhibition of Erk pathway27. Dap3 (death-associ-
ated protein 3) is a pro-anoikis GTP-binding pro-
tein: its overexpression increases caspase activa-
tion that is induced by cell detachment whereas
its down-regulation by antisense oligonucleotide
inhibits anoikis28. 

On the contrary, Fak (focal adhesion kinase),
a non receptor protein tyrosine kinase, when
activated by integrins, can suppress anoikis
while caspase 3, that is able to cleave Fak, al-
lows the apoptosis8,29,30. Src expression and ac-
tivity contribute to tumorigenicity by inducing
resistance to anoikis via an increased phospho-
rilation of Akt, a mediator of cellular survival
pathway, whereas decreased Src expression by
transfection with anti-sense Src vectors rises
the susceptibility to anoikis31. Phosphatidyli-
nositol-3-kinase (PI3-K)/Akt and mitogen-acti-
vated protein kinases (MAPKs) induce anoikis-
suppressing effects and promote cell prolifera-
tion by phosphorilation of certain transcription
factors such as c-fos, c-jun and c-myc, which
then induce gene expression, leading to DNA
synthesis24.

Apoptosis Induction by Quinazoline
based α1-blockers in prostate cancer 

In addition to improvement in lower urinary
tract symptoms due to dynamic component –
smooth muscle tone – of the benign prostatic hy-
perplasia, the quinazoline derived α1-adrenocep-
tor antagonists (prazosin, doxazosin, terazosin),
but not sulfonamide based tamsulosin, have been
shown to induce apoptosis in benign and malig-
nant prostate cells8,32,33. 

Quinazoline, C8H6N2, is a compound made-up
of two fused six-membered simple aromatic
rings (benzene ring + pyrimidine ring) while
sulfonamide, -SO2NH2, is a functional group
made-up of sulfone group connected to amine
group. Intriguely, even Tarceva and Iressa, two
HER1 (human epidermal growth factor receptor
1)-TK (tyrosine kinase) reversible inhibitors,
and GW-572016, a dual HER1/HER2-TK re-
versible inhibitor, are quinazoline-based com-
pounds; instead EKB-659, an irreversible
HER1-TK inhibitor, as well as linomide, is
quinoline (benzopyridine, C9H7N)-derived sub-
stance. Besides to promote the apoptosis and in-
hibit the angiogenesis, HER-TK inhibitors, un-
like quinazoline-α1-blockers, are also able to in-
duce cell-cycle arrest34.

Induction of apoptosis in prostate cancer cells
by quinazoline α1-blockers in associated with ac-
tivation of specific receptor dependent or extrin-
sic apoptotic pathway, that involves caspase
downstream until the nuclear fragmentation. In
fact, doxazosin induces FAAD recruitment and,
in sequence, caspase 8 → 3 activation, thus im-
plicating Fas death receptor-mediated apoptosis;
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on the other hand, suppression of doxazosin-in-
duced apoptosis by caspase 8 inhibitors, supports
the involvement of caspase 8 in this apoptotic
process33. 

Quinazoline α1-blockers may be stimulating
anoikis by influencing cell adhesion since they
are able to reduce Fak levels either by decreasing
its expression at transcriptional level or/and by
promoting its caspase 3-mediated cleavage8,22,30.
Maspin, a mammary serine protease inhibitor
with tumor suppressive activity, “enhances”, in
the meaning that improves, the “apoptotic thresh-
old” of prostate cancer cells in response to quina-
zoline-derived α1-adrenoceptor antagonist doxa-
zosin35. On the other hand, Bcl-2 overexpression
in prostate cancer cells significantly inhibits dox-
azosin-induced anoikis36.

Irreversible inhibition of α1-adrenoceptors
with phenoxybenzamine does not abolish the
apoptotic effect of quinazoline α1-blockers on
human prostate cancer cells, because their
apoptotic activity is independent of antagonis-
tic action against α1-adrenoceptors7,37. On the
other hand, doxazosin-induced activation of
caspase 3 is not abolished by norepinephrine
and by other α1-adrenoceptor agonists, thus
confirming the non-adrenergic nature of this
process7,8,37,38. Moreover, it is highly unlikely
that quinazoline α1-blockers may be involved
in controlling prostate cancer cell growth by in-
hibiting α1-adrenoceptor-mediated mitogenic
responses via PI3-K/PKC (protein kinase C) –
MAPKs pathway leading to DNA synthesis. In-
stead quinazoline α1-adrenoceptor antagonists
may induce apoptosis by involving activation
of TGF-β signaling14,34,39. 

In addition to anoikis induction, quinazoline
α1-blockers are able to suppress prostate cancer
vascularity by inhibiting the growth of vascular
endothelial cells trough modulation of VEGF
(vascular endothelial growth factor)-mediated
angiogenesis and by interfering with FGF-2 (fi-
broblast growth factor-2) activity36,40.

Moreover, combinations of doxazosin with ei-
ther etoposide or adriamycin have synergistic cy-
totoxic effects on androgen-refractory human
prostate DU 145 and PC-3 cancer lines. The syn-
ergistic activity of doxazosin and adriamycin can
be explained by cross-talking mechanisms be-
tween doxazosin-induced apoptotic signaling and
adriamycin related IP3-K/PGK/MAPKs pathway.
The antagonistic effects of doxazosin and pacli-
taxel may refer to interfering action of taxanes,
as well as epothilone-macrolides, with dynamic

equilibrium of tubulin polymerization/depoly-
merization, that is a different mechanism from
adriamycin41,42.

Conclusions

Hormone therapy is the treatment of choice
for locally advanced and metastatic prostate can-
cer but, after a short period, the patients relapse
with an androgen-refractory tumor that, what’s
more, becomes resistant to second-line hormone
manipulations (estrogens, corticosteroids,
adrenolytics) and to several cytotoxic drugs like
vinblastine, cisplatin, taxanes, mitoxantrone,
etoposide, usually in combination therapy with
estramustine phosphate. Overexpression of Bcl-2
or expression of mutant p53 have been associat-
ed with resistance to these agents as well as radi-
ations10,43. The challenges in the implementation
of effective therapeutic modalities, including
gene therapy and vaccines, for advanced prostate
carcinoma, reflect the dramatic condition of can-
cer cell apoptosis evasion in the development of
drug-resistance6,9,20.

A tremendous amount of knowledge, over the
past years, on genetics and molecular pathways
of tumorigenesis has provided the opportunity
for the discovery of new agents specifically de-
signed to target critical molecular steps involved
in cancer progression; as far as apoptosis is con-
cerned, the challenge remains how these infor-
mations may be used to kill selectively tumor
cells while sparing normal cells11.

Efforts have been made to restore apoptotic
process in cancer cells by using either antago-
nists of antiapoptotic proteins (Bcl-2 and Bcl-xL)
or, on the contrary, death receptor activators such
as tumor necrosis factor-related apoptosis induc-
ing ligand (TRAIL) or, even more, agonists of
proapoptotic proteins such as caspases (for a per-
spective approach, cancer cell-targeted caspase-
releasing nanoparticles)11,44,45. 

The apoptotic effect elicited by quinazoline-de-
rived α1-adrenoceptor antagonists in androgen re-
fractory prostate cancer cell lines, together with
their antiangiogenetic effects, may have clinical
relevance in therapeutic management of advanced
prostate cancer7,36,40. An interesting point, on this
subject, will be the combined use of these drugs
with other cytotoxic agents46-50 targeting both hor-
izontally and vertically at certain steps in the mol-
ecular pathways of anoikis-apoptosis.
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Moreover it is likely that doxazosin might in-
hibit growth and/or induce apoptosis in prostate
cancer cells even by interfering with their 1A-
and 1B- receptor targets of serotonin, that is re-
leased by prostate neuroendocrine cells and has
an important growth factor role, together with
several neuropeptides, in hormone refractory
prostate cancer cell proliferation51.
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