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Surgery, radiation or hormonal therapy are not adequate to control prostate
cancer. Clearly, other novel treatment approaches, such as gene therapy, for
advanced/recurrent disease are desperately needed to achieve long-term
local control and particularly to develop effective systemic therapy for meta-
static prostate cancer. In the last decade, significant progress in gene therapy
for the treatment of localised prostate cancer has been demonstrated. A
broad range of different gene therapy approaches, including cytolytic,
immunological and corrective gene therapy, have been successfully applied
for prostate cancer treatment in animal models, with translation into early
clinical trials. In addition, a wide variety of viral and nonbiological gene
delivery systems are available for basic and clinical research. Gene therapy
approaches that have been developed for the treatment of prostate cancer
are summarised.
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1. Introduction

Prostate cancer is the most commonly diagnosed type of male malignancy, which is
the second leading cause of cancer death in men, and is exceeded only by lung cancer.
Conventional prostate cancer therapies used in routine clinical practice, including
surgical (for local disease), radiation or androgen-withdrawal hormonal therapy as
monotherapy or in combination, does not appear to be adequate to control prostate
cancer, which ultimately leads to distant metastasis and morbidity [1]. The develop-
ment of resistance to these treatment regimens often occurs in advanced or recurrent
cancer. A major disadvantage of conventional prostate cancer therapies is the limited
effect on metastasis development. Because androgen-independent prostate cancer
cells eventually lead to death, successful strategies to modify the biological behaviour
of these cells may have the most significant clinical impact [2]. Clearly, other novel
treatment approaches, such as gene therapy, for advanced/recurrent and metastatic
disease are desperately needed to achieve long-term local control and particularly to
develop effective systemic therapy for metastatic prostate cancer [3].

A growing body of evidence suggests that prostate cancer development is a
multistep process characterised by a combination of genetic and phenotypic altera-
tions of prostate cells as well as surrounding normal cells that result in tumour
expansion, invasion and metastasis. To our knowledge the molecular pathogenesis
of prostate cancer initiation and development is not completely defined so far; sev-
eral factors (such as alterations in signal transduction pathways, stimulation of
angiogenesis, inhibition of apoptosis) that correlate with tumour progression have
been discovered [4-7].

Manipulation of genes involved in tumour progression represents an important
approach for therapeutic intervention in prostate cancer. Cancer gene therapy is
the selective transfer of recombinant DNA, using viral and nonviral gene delivery
vectors, into malignant cells as well as tumour-associated cells for therapeutic pur-
poses. Gene therapy has emerged as a potential approach for both localised and
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metastatic prostate cancer. Several biological features of the
prostate make it an attractive target for the development of
gene therapy strategies in combination with radiotherapy or
chemotherapy for the treatment of prostate cancer. The
accessibility of the prostate gland allows local administration
of a desirable gene therapy vector for treatment of localised
disease, which should prevent major obstacles associated with
systemic gene delivery methods, including hepatic clearance,
broad tropism and immune system response. It is important
that the prostate gland is an accessory organ and, as such,
cytoreductive approaches that eliminate prostate cancer cells
are tolerable. Also, the prostate represents a tissue that is suit-
able for gene therapy because several unique tissue-specific
antigens including human osteocalcin (hOC), prostate-spe-
cific antigen (PSA), prostate-specific membrane antigen,
human kallikrein 2 and probasin are highly expressed in
prostate cancer [8]. So far, several prostate tissue-specific,
tumour-specific and synthetic promoters have been success-
fully applied for transcriptional targeting of prostate cancer.
This circumstance provides a degree of greater latitude in the
gene therapy specificity that may not be appropriate for
other tumour types [9]. In general, the current available strat-
egies for gene therapy for prostate cancer can be divided into
two large groups: cytoreductive (including cytolytic gene
therapy and immunomodulation) and corrective (including
restoration of tumour suppressor genes or repression of onco-
genes) (Table 1). Several approaches including immunomod-
ulatory [10-13] or gene-directed enzyme/prodrug gene therapy
[14,15] have shown therapeutic effect in clinical trials without
substantial toxic effects when used alone or in combination
with radiotherapy. In this review, gene therapy and delivery
approaches that were developed in the last decade for the
treatment of prostate cancer will be summarised.

2. Gene therapy cytoreductive approaches

2.1 Gene-directed enzyme/prodrug therapy
Gene-directed enzyme/prodrug therapy, or suicide gene ther-
apy, involves the delivery of a specific enzyme that can produce
cell death through the conversion of an inactive nontoxic prod-
rug into a cytotoxic drug metabolite. Specifically targeted
expression of the prodrug-activating enzyme avoids systemic
toxicity, and results in high drug concentration in the tumour
mass and an improved therapeutic index compared with sys-
temic drug administration. The key element of a gene-directed
enzyme/prodrug therapy system is a gene that encodes an
enzyme, which converts a prodrug to an active cytotoxic drug.
Importantly, prodrug-activating enzymes are normally absent
or poorly expressed in mammalian cells. This means that
tumour-targeting of gene therapy, using specific delivery vehi-
cles, restricts enzyme expression to the transduced tumour cells
and adjacent surrounding tumour cells through diffusion of the
drug metabolite to generate a bystander effect.

One of the most widely used suicide gene/prodrug systems
for prostate cancer uses the herpes simplex virus-thymidine

kinase (HSV-TK) in combination with antiherpetic drugs
such as ganciclovir (GCV) or its analogues (acyclovir and val-
acyclovir) [16]. The HSV-TK/GCV system is characterised by
the effective phosphorylation of GCV into a toxic compound
that is incorporated into DNA during its replication. This
incorporation into guanine sites in newly synthesised DNA
chains causes termination of synthesis and the selective killing
of dividing cells by activation of apoptosis pathways. A
number of adenoviral (Ad) vectors encoding the HSV-tk gene
were injected intratumourally and produced tumour growth
inhibition in subcutaneous prostate cancer xenografts in com-
bination with GCV administration [16-19]. In addition, the
HSV-TK/GCV system sensitised prostate cancer cells to ion-
ising radiation [20] or castration-induced androgen withdrawal
therapy [21].

Another well-studied gene-directed enzyme/prodrug system
is cytosine deaminase/5-fluorocytosine (CD/5-FC), which has
been investigated intensely during the last decade. Several stud-
ies have evaluated the effects of the CD/5-FC system in pros-
tate cancer [22-26]. CD is a bacterial or yeast enzyme that can
convert the antifungal agent 5-FC into the chemotherapy agent
5-fluorouracil (5-FU). Importantly, 5-FU is able to diffuse
across the cell membrane into adjacent cells without passing
through the gap junctions, which results in a more powerful
bystander effect [27]. However, certain cancers demonstrate rela-
tive resistance to 5-FU because of the poor efficiency of conver-
sion of 5-FU into its toxic metabolites. Escherichia coli uracil
phosphoribosyltransferase (UPRT) is a pyrimidine salvage
enzyme that catalyses the synthesis of uridine 5′-monophos-
phate (UMP). As 5-FU is directly converted into 5-FUMP by
UPRT in microorganisms, the transfer of UPRT into tumour
cells reportedly induces a more efficient conversion of 5-FU
into 5-FUMP, which results in enhanced cytotoxicity of 5-FU.
Furthermore, a combination of UPRT with the CD/5-FC sys-
tem has been reported to increase 5-FC killing of cancer cells
including prostate carcinoma [25]. In an extensive series of pre-
clinical studies the replication-competent Ad5-CD/TKrep
encoding CD:HSV-TK fusion gene demonstrated potent
tumour cell radiosensitisation activity [15].

Currently, several alternative suicide gene/prodrug systems
using various prostate cancer-specific promoters and gene
delivery systems are under intense investigation; for example,
the prodrug CB-1954 (5-[aziridin-1-yl]-2,4-dinitrobenza-
mide) is activated by E. coli nitroreductase (NTR) to a potent
DNA-crosslinking agent. A system based on purine nucleo-
side phosphorylase and 9-([f ]-M-2-deoxyerythropento-furan-
osyl) 6-methylpurine prodrug has also been used in prostate
cancer [28]. A series of clinical trials of CTL-102, a replication-
defective adenovirus expressing NTR, was initiated in patients
with primary or secondary liver cancer, head and neck cancer,
or prostate cancer [29]. In addition, Ad-mediated NTR expres-
sion under the control of a PSA promoter followed by
CB-1954 treatment produced prostate cancer cell death
in vitro [30] and in subcutaneous xenograft models [31].
Another E. coli enzyme, purine nucleoside phosphorylase
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(PNP), converts the prodrug 9-(β-D-2-deoxy-erythropento-
furanosyl)6-methylpurine to the toxic compound 6-methyl-
purine, which is capable of killing quiescent and proliferating
cells when incorporated in mRNA or DNA during synthesis.

Table 1. The current strategies for prostate cancer gene 
therapy .

Vector Transgene Promoter Ref.

Suicide gene therapy
Ad
Ad
Ad
Ad
Ad
Ad

HSV-TK
CD:HSV-TK
CD
UPRT
NTR
PNP

RSV
HSP70
PSMA
CAG
CMV
PSA

[16]
[17]
[22]
[25]
[31]
[32]

Induction of apoptosis
Ad
Ad
Ad
Ad
Ad
Ad

Bax
Bad
TRAIL
FasL
mda-7/IL-24
RTVP-1

GT
ARR2PB
CMV
CMV
CMV
CMV

[34]
[37]
[40]
[45]
[47]
[52]

Oncolytic virotherapy

HSV-1 [53]

NDV [55]

VSV [56]

Ad
Ad

Ad

Ad

Ad

E1A
E1A
E1B
E1A
E1B
E1A
E1B
E1A

PSA/PSE
hOC
hOC
Probasin
PSA/PSE
PSA/PSE
hK2
hTERT

[57]
[59]
[60]
[61]
[62]

Cytotoxic gene therapy 

Plasmid DTA PSA [63]

Ad rNIS CMV [66]

Immunomodulatory gene therapy

Ad
Ad

mIL-12
mIL-12 + B7-1

CMV
CMV

[72]
[73]

Retrovirus IFN-β MoMuLV(p/e) [74]

Ad PSA CMV [76]

Plasmid IL-2 CMV [11]

Ad mIL-3 CMV [78]

Restoration of tumour suppressor gene

Ad
Ad
Ad
Ad
Ad
Ad

p21
p53
p16
pHyde
C-CAM1
PML

CMV
CMV
CMV
RSV
CMV
CMV

[81]
[83]
[90]
[96]
[97]
[99]

Suppression of oncogene

Antisense oligonucleotides
c-myc [100]

Bcl-2 [102]

C-raf [105]

clusterin [106]

cIAP-1 [107]

MDM2 [108]

PKCα [109]

Insulin-like growth factor 
binding protein-5

[110]

DNA polymerase-α/
topoisomerase II α

PSA [111]

Ribozymes

AR [113]

IGF-I [114]

RAD51 [116]

Human metallothionein 
class II 

[117]

FGF-BP [118]

PKCα [119]

Survivin [120]

c-Met [121]

Ad
Ad
Ad
Ad

sKDR
sFGFR1
FGFR2IIIβ
sFv against 
HER2/neu

VEGF
CMV
CMV
CMV

[122]
[123]
[124]
[125]

ARR2PB: Dihydrotestosterone-inducible probasin-derived promoter; Bcl: B-cell 
leukaemia; CAG: Composed cytomegalovirus immediate-early enhancer and a 
chicken f-actin promoter; C-CAM1: Cell adhesion molecule 1; CD: Cytosine 
deaminase; cIAP-1: Inhibitor of apoptosis protein-1; CMV: Cytomegalovirus; 
DTA: Diphtheria toxin A chain; FasL: Fas ligand; FGF-BP: Fibroblast growth 
factor-binding protein; GT: Synthetic GAL4-responsive promoter consisting of 
five GAL4-binding sites and a TATA box; HER: Human epidermal growth factor 
receptor; hOC: Human osteocalcin; hK2: Human glandular kallikrein 
promoter; HSP70: Human inducible heat-shock protein 70 promoter; 
HSV: Herpes simplex virus; hTERT: Human telomerase reverse transcriptase; 
IFN: Interferon; IGF: Insulin-like growth factor; MDM2: Mouse double 
minute 2; mIL: murine interleukin; MoMuLV(p/e): Moloney murine leukaemia 
viral promoter/enhancer; NDV: Newcastle disease virus; NTR: Nitroreductase; 
PKCα: Protein kinase Cα; PML: Promyelocytic leukaemia gene; PNP: Purine 
nucleoside phosphorylase; PSA: Prostate-specific antigen; PSE: Prostate-
specific enhancer; PSMA: Prostate-specific membrane antigen; rNIS: Rat 
sodium iodide symporter; RSV: Rous sarcoma virus; RTVP: Related to testes-
specific, vespid and pathogenesis protein; sFGFR: Soluble fibroblast growth 
factor receptor; sKDR: Soluble vascular endothelial growth factor receptor 2; 
TK: Thymidine kinase; TRAIL: Tumour necrosis factor-related apoptosis-
inducing ligand; UPRT: Uracil phosphoribosyltransferase; 
VSV: Vesicular stomatitis virus.

Table 1. The current strategies for prostate cancer gene 
therapy (continued).

Vector Transgene Promoter Ref.
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The PNP gene was delivered by a replication-deficient Ad vec-
tor under the control of a PSA promoter fragment, which
induced cytotoxicity in vitro and significantly suppressed the
growth of human prostate tumours in nude mice as well as
increased their survival compared with control animals [32].
Recently, ovine Ad vectors encoding the PNP gene under
transcriptional control of the Rous sarcoma virus (RSV) or
PSME/probasin hybrid promoter were formulated with cati-
onic lipid for enhanced infectivity, and were injected intratu-
mourally and produced tumour growth inhibition in
subcutaneous androgen-sensitive and -independent human
prostate cancer xenografts in combination with fludarabine
phosphate; an approved chemotherapy agent for leukaemia
treatment [33].

2.2 Induction of apoptosis
The most common form of programmed cell death is apop-
tosis, which regulates tissue homeostasis. Clonal expansion
and tumour growth are the result of the deregulation of the
balance between cell proliferation and apoptosis. Sup-
pressed apoptosis is an important distinctive feature that
contributes to the malignant phenotype of prostate cancer.
In addition, the ability of a cancer cell to respond to a
chemotherapeutic agent is believed to be due, in part, to its
apoptotic capacity. Thus, specific induction of apoptotic
potential is a rational approach for cancer gene therapy. The
cellular apoptotic machinery is mediated by a family of
cysteine proteases known as caspases. Two of the major
pathways for caspase activation in mammalian cells have
been discovered. The intrinsic apoptotic pathway can be
induced by the release of cytochrome c from mitochondria
through elevations in the levels of pore-forming pro-apop-
totic Bcl-2 family proteins such as Bax. Translocation of
Bax homodimer to the mitochondria can trigger the release
of cytochrome c and activate the caspase pathway causing
apoptotic death of mammalian cells. In the cytosol, cyto-
chrome c binds and activates Apaf-1, allowing it to bind
and activate procaspase-9. Active caspase-9 and -8 have
been shown to directly cleave and activate the effector pro-
tease, caspase-3. Several Ad vectors encoding the bax gene
under transcriptional control of tumour-specific promoters
were tested in vitro and in prostate cancer xenograft models.
These studies demonstrated that bax overexpression pro-
duced prostate tumour cell death by activating the mito-
chondrial pathway [34-36]. In addition, gene therapy using
bax in combination with the pro-apoptotic gene bad was
more effective in experimental models of androgen-depend-
ent or -independent prostate cancer in comparison with bax
or bad alone [37]. Ad-mediated overexpression of caspase-7
induced apoptosis in parental LNCaP prostate cancer cells
and in Bcl-2-transfected cells, which express this antiapop-
totic gene [38]. Replication-deficient Ad vectors expressing
caspase-1 and -3 under the transcriptional control of the
cytomegalovirus (CMV) promoter were also evaluated for
experimental prostate cancer therapy [39].

The extrinsic pathway can be induced by the engagement
of death receptors on the cell surface by members of the TNF
superfamily of cytokines, which includes the TNF-related
apoptosis-inducing ligand (TRAIL/Apo2L) and Fas ligand
(FasL; CD95L/APO-1L). These proteins recruit adapter pro-
teins to their cytosolic death domains, which then bind the
death effector domain containing procaspases, particularly
procaspase-8. TRAIL is of particular interest in the develop-
ment of cancer therapeutics as it preferentially induces apop-
tosis of tumour cells with little or no effect on normal cells.
TRAIL can trigger caspase activation and result in rapid apop-
tosis through the binding of specific proapoptotic receptors. It
has been demonstrated that TRAIL gene delivery using Ad
vectors produces prostate cancer cell killing through the
induction of apoptosis pathways in vitro and inhibits tumour
growth after intratumoural injection in human prostate can-
cer xenografts [40,41]. Furthermore, doxorubicin pretreatment
sensitised TRAIL-resistant cells to TRAIL-induced apoptosis
[42], and the administration of an Ad vector encoding TRAIL
at the site of tumour growth in combination with radiation
treatment produced significant suppression of the growth of
DU145 androgen-independent human prostate tumour
xenografts in athymic nude mice [43].

In addition, FasL gene delivery, using Epstein–Barr virus-
based plasmid vectors conjugated with cationic polymers [44]

or recombinant Ad vectors [45,46], has been shown to induce
apoptosis in a number of prostate cancer cells that were resist-
ant to apoptosis induction by the anti-Fas antibody and mem-
brane-bound FasL. A melanoma differentiation-associated
gene-7, mda-7/IL-24, has demonstrated profound and selec-
tive activity against prostate carcinoma in vitro and in vivo,
with minimal toxicity to normal cells. Ad-mediated expres-
sion of mda-7/IL-24 resulted in growth inhibition in human
prostate cancer cell lines via the induction of apoptosis. mda-
7/IL-24 selectively induces G2/M arrest and apoptosis in can-
cer cells by promoting mitochondrial dysfunction and reactive
oxygen species production, as well as an alteration of the ratio
of pro- to antiapoptotic Bcl-2 protein family members [47-49].
In addition to its direct effect on cancer cells resulting in
apoptosis, the secreted form of the MDA-7/IL-24 protein acts
as a cytokine and has shown antiangiogenic activity [50].
Recently, a mouse related to testes-specific, vespid and patho-
genesis protein-1 (mRTVP-1) gene was identified as a direct
target of p53, with proapoptotic activities in various cancer
cell lines including prostate cancer [51]. AdmRTVP-1-medi-
ated gene overexpression increased apoptosis and demon-
strated therapeutic efficacy in an orthotopic metastatic mouse
model of prostate cancer [52].

2.3 Oncolytic virotherapy
Conditional oncolytic virotherapy has employed replication-
competent viral vectors that specifically kill tumour cells and
represents a promising tool for prostate cancer treatment. A
major advantage of replicative oncolytic viral vectors is that
their number should increase via viral replication within

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Kaliberov & Buchsbaum

Expert Opin. Drug Deliv. (2006) 3(1) 41

infected tumour cells, and the resulting viral progeny can
infect neighbouring cancer cells within the tumour mass.
G207 is an attenuated/replication-competent HSV-1 mutant
that lacks both copies of ICP34.5 (RL1) gene and contains an
insertion of lacZ in the ICP6 (UL39) gene. These gene modi-
fications offer a new modality in cancer therapy through the
ability of G207 to replicate selectively within and kill malig-
nant cells with minimal toxicity to normal tissues. G207
induced a significant inhibition of the tumour growth alone
and in combination with radiation in human prostate tumour
xenograft models [53]. Incorporation of a gene encoding a cell
membrane fusion glycoprotein of the gibbon ape leukaemia
virus into the HSV genome significantly increased the anti-
tumour potency in mouse models of primary and metastatic
human prostate cancer [54]. An avian paramyxovirus Newcas-
tle disease virus strain 73-T caused significant inhibition of
the growth of PC-3 human prostate xenografts in athymic
mice [55]. The comparative study of a recombinant vesicular
stomatitis virus (VSV), containing a wild-type M protein and
an isogenic M protein mutant virus, showed that LNCaP cells
were sensitive to killing by both wild-type and mutant viruses,
whereas PC-3 cells were highly resistant to VSV-induced cell
killing. Both viruses were equally effective at reducing LNCaP
tumour volume in vivo following intratumorally or intrave-
nous inoculation in nude mice, whereas PC-3 tumours were
resistant to VSV treatment [56].

CN706 is an oncolytic conditionally replicating Ad vector, in
which the essential E1A viral replication gene is under the con-
trol of an exogenous minimal enhancer/promoter construct
derived from the 5′ flank of the human PSA gene promoter that
is preferentially active in prostate cancer cells [57]. CN706 has
been shown to kill human prostate cancer xenografts in preclin-
ical models [58]. A replication-competent Ad vector, Ad-hOC-
E1, which contains a single bidirectional hOC promoter to
drive both the early viral E1A and E1B genes, was constructed.
This vector selectively replicated in OC-expressing prostate
cancer cells and viral replication was enhanced at least 10-fold
with vitamin D3 exposure. Unlike Ad-sPSA-E1, an Ad vector
with viral replication controlled by a strong super prostate-spe-
cific antigen (sPSA) promoter, which only replicates in PSA-
expressing cells with androgen receptor (AR), Ad-hOC-E1
retarded the growth of both androgen-dependent and -inde-
pendent prostate cancer cells irrespective of their basal level of
AR and PSA expression. A single intravenous administration of
Ad-hOC-E1 virus inhibited the growth of previously estab-
lished s.c. DU145 (AR- and PSA-negative) tumours. Viral rep-
lication was enhanced by intraperitoneal administration of
vitamin D3 [59]. CV787, a prostate-selective replication-compe-
tent Ad with improved efficacy, contains the prostate-specific
rat probasin promoter, driving the E1A gene, and the human
prostate-specific enhancer/promoter, driving the E1B gene. In
nu/nu mice carrying LNCaP xenografts, a single tail vein injec-
tion of CV787 eliminated tumours within 4 weeks [60]. In an
attempt to improve both the efficacy and safety of oncolytic
virotherapy, a replication-competent Ad vector encoding a

CD:HSV-TK fusion gene was constructed. Phase I studies dem-
onstrated the safety of intraprostatic administration of this Ad
in combination with conventional-dose three-dimensional con-
formal radiation therapy in patients with intermediate- to high-
risk prostate cancer [15,61]. Studies using an Ad vector encoding
the E1A gene under transcriptional control of the human tel-
omerase reverse transcriptase promoter have shown that viral
genome replication and productive infection is primarily
restricted to telomerase-positive tumour cells. Administration
of the virus into nude mice bearing human prostate xenografts
produced significant tumour reduction [62].

In addition, several strategies of cytoreductive gene therapy
were employed for the treatment of prostate cancer; for exam-
ple, diphtheria toxin is a potent cellular toxin that poisons
protein synthesis by catalysing ADP-ribosylation of elonga-
tion factor 2 and produced LNCaP cell death by an apoptosis-
mediated pathway [63]. The use of a HIV-1-based lentiviral
vector [64] or an Ad vector [65] for prostate-specific transcrip-
tional targeting of the active domain of diphtheria toxin in
cancer cells has been reported for gene therapy of prostate
cancer. In other studies, a therapeutic effect of 131I has been
demonstrated in prostate cancer cells transfected with the
human sodium iodide symporter gene [66].

2.4 Immunomodulatory gene therapy 
Immunomodulation represents an approach to cancer ther-
apy, in which induction of an antitumour immune response
leads to prostate tumour cell killing. Prostate cancer cells
express several unique tissue-specific proteins that can poten-
tially function as target antigens for genetic immunotherapy.
Although a large number of tumour-associated antigens that
can be recognised by the immune system are expressed on the
prostate cancer cell membrane, tumour cells demonstrate rel-
atively low immunogenicity. At the present time, mecha-
nisms that permit prostate cancer cells to avoid the
immunological response are not completely understood; sev-
eral pathways controlling the tumour immune system recog-
nition and inhibition of tumour antigen presentation have
been identified; for example, in contrast to the normal
human leukocyte antigen (HLA) class I expression of normal
prostate tissue, complete loss of HLA class I expression
occurred in 34 and 80% of primary prostate cancers and
lymph node metastases, respectively. In addition, the down-
regulation of HLA class I expression was observed in 85% of
primary prostate cancers and in 100% of metastases [67].
Tumour cells can also evade immune attack by downregula-
tion of the CD95 (APO-1/Fas) receptor and killing of lym-
phocytes through the expression of CD95L [68]. In contrast,
malignant cells appear to be relatively resistant to Fas ligand
[69]. Metastatic prostate cancer cells can escape T-cell recogni-
tion by specific underexpression of the TAP-2 gene product
or deficient class I major histocompatibility complex (MHC)
heavy-chain function [70].

A number of approaches have been developed to generate or
enhance the antitumour immune response, including delivery

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Gene delivery and gene therapy of prostate cancer

42 Expert Opin. Drug Deliv. (2006) 3(1)

of genes encoding tumour-specific or tumour-associated anti-
gens as well as certain cytokines with immunomodulatory
activity. In animal experiments, hormone-refractory prostate
tumours were treated with irradiated prostate cancer cells
genetically engineered to secrete human granulocyte-macro-
phage colony-stimulating factor (GM-CSF), and showed
longer disease-free survival compared with either untreated or
control rats receiving the prostate cancer cell vaccine mixed
with soluble human GM-CSF [71]. IL-12 demonstrates a wide
range of immunoregulatory activity including the generation of
specific antitumoural immunity through stimulation of antigen
presentation, enhancement of cytolytic natural killer (NK) cell
activity and differentiation of CD4+ and CD8+ T cells. A
recombinant Ad vector encoding the murine IL-12 gene dem-
onstrated significant growth suppression and increased mean
survival time in orthotopic murine prostate carcinomas gener-
ated from a poorly immunogenic cell line [72]. Ad gene therapy
using a combination of the IL-12 gene with the B7-1 (CD80)
gene, which is poorly expressed on most tumour cells and
whose interaction with a specific receptor on T cells (CD28)
generates long-lasting antitumour responses, showed a dose-
dependent reduction of tumour weight, effectively suppressing
the development and growth of orthotopic tumours in com-
parison with Ad-mediated IL-12 expression alone [73]. IFN-β, a
type I IFN together with IFN-α, can directly inhibit the
growth of tumour cells by inducing differentiation, S phase
accumulation and apoptosis. Whereas IFN-β and -α function
through the same receptor, prostate cancer cells are more sensi-
tive to IFN-β. In addition, IFN-β demonstrates antiangiogenic
and antimetastatic activity. Human prostate carcinoma cells
were infected with a retroviral vector encoding the murine
IFN-β cDNA. The inhibition of angiogenesis and activation of
host effector cells resulted in the suppression of tumorigenicity
and metastasis [74]. Intratumoural delivery of the IFN-β gene
employing an Ad vector suppressed orthotopic tumour growth
and the development of metastasis by 80%, and eradicated the
tumours in 20% of mice [75]. PSA-specific immune response
was induced in vivo by the immunisation of mice with the plas-
mid encoding the PSA gene under the control of a CMV pro-
moter. PSA immunisation induced a strong and persistent
antibody response and MHC Class I CD8+ T-cell-restricted
cytotoxic T lymphocyte response against tumour cell targets
expressing PSA [76]. In another study, mice were immunised
with recombinant Ad5-PSA encoding PSA gene. Induction of
PSA-specific cellular and humoral immunity resulted in the
protection against a subcutaneous challenge with prostate can-
cer cells expressing PSA. Although Ad5-PSA immunisation
prior to challenge was protective, Ad5-PSA immunisation
alone was not able to control the growth of existing tumours.
In contrast, established tumours were efficiently eliminated if
Ad5-PSA priming was followed 7 days later by intratumoural
injection of recombinant canarypox viruses encoding IL-12,
IL-2 and TNF-α [77].

As mentioned previously, the low immunogenicity of pros-
tate cancer may be due to a defect in cell-surface expression of

MHC class I. Thus, to overcome the immune effector cell
anergy, gene delivery methods employing exogenous cytokines
(e.g., IL-2, which is not dependent on MHC class I antigen
processing) were developed. In a Phase I clinical trial using
gene-based immunotherapy, the plasmid DNA vector
pVCL-1102 containing the human IL-2 gene was adminis-
tered intraprostatically into the tumour lesion. Evidence of
systemic immune activation was observed after IL-2 gene ther-
apy, based on an increase in the intensity of T-cell infiltration
in the injected tumour sites and increased proliferation rates of
peripheral blood lymphocytes in patient serum collected after
treatment [11]. In situ IL-2 cytokine gene transfer using an E1-
and E3-deleted Ad vector containing the human IL-2 gene,
under control of the CMV promoter, produced minimal tox-
icity and demonstrated PSA decreases ranging 17 – 69% from
the initial values in the Phase I study [13]. IL-3 has pleiotropic
effects on haematopoietic cells, which include the activation of
CD4+ and CD8+ T lymphocytes and antigen presentation by
dendritic cells. Intratumoural injection of a replication-defec-
tive Ad-mIL-3 with a murine IL-3α gene showed no tumour
growth delay without radiation treatment; however, the com-
bination of Ad-mIL-3 injection with ionising radiation pro-
duced tumour growth delay that was significantly greater than
that of radiation alone [78].

In summary, cytoreductive gene therapy is a powerful
approach for prostate cancer treatment. So far, specifically tar-
geted suicide gene therapy has been tested in a number of
clinical trials in patients with prostate cancer [14,15]. Impor-
tantly, it was shown that the bystander effect produced by
HSV-TK/GCV and CD/5FC systems resulted in an
improved therapeutic index. In addition, transductional/tran-
scriptional targeted oncolytic virotherapy is a promising strat-
egy for prostate cancer treatment due to their ability to
replicate within infected tumour cells and infect neighbouring
cancer cells within the tumour mass. Data from experimental
and clinical studies provide strong evidence that apoptosis-
inducing gene therapy in combination with ionising radiation
and chemotherapy drugs may override resistance to conven-
tional prostate cancer treatment regimens [42,43]. Currently, a
number of immunomodulatory gene therapy strategies are
being successfully used in clinical trials [11,13].

3. Gene therapy approaches inducing 
modification of signalling pathways

3.1 Restoration of tumour suppressor signalling 
pathways
A different strategy to prostate cancer gene therapy is the spe-
cific regulation of gene expression involved in the cell cycle,
such as the expression of tumour suppressors (including cell
cycle control genes p53, p16 and p21) or oncogenes (c-myc,
bcl-2), to avoid the neoplastic transformation of prostate cells
and to alter the malignant phenotype. A large number of
studies have shown that alterations in the p14ARF/MDM2/
p53 signalling pathways are common in most human prostate
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cancers, resulting in resistance to apoptosis that produces a
more aggressive phenotype. Mutations in the p53 gene are
observed in 20 – 75% of prostate tumours, and levels of p53
alteration were frequently correlated with cancer progression
from untreated primary to hormone-refractory and metastatic
disease [79,80]. Ad-mediated p53 transgene delivery was associ-
ated with enhanced apoptosis and suppression of growth of
prostate cancer cells in vitro [81-83]. In addition, the efficacy of
p53 corrective gene therapy alone or in combination with
ionising radiation and chemotherapy drugs has been shown
in multiple prostate cancer animal models [83,84]. Another
approach to enhance p53 gene therapy used an Ad vector
encoding VP22-p53 fusion protein on p53-negative prostate
cancer cells was investigated. VP22-p53 showed efficient
translocation into tumour cells, inhibition of tumour cell
proliferation and induction of apoptosis [85].

Deregulation of the p16/cyclin D/pRB/E2F-1 signalling
pathway, which controls the expression of genes during the
early phase of cell cycle progression (in particular the G1/S
phase transition), is a potential target for most cancers. Altera-
tions in the p16INK4a tumour suppressor gene occur frequently
in prostate tumour cells, and have been linked to malignant
behaviour of prostate carcinoma and associated with a poor
prognosis [86-89]. Several independent groups have shown that
using Ad vectors encoding the p16 gene under the control of
CMV or RSV long-terminal repeat promoters produced pros-
tate cancer cell killing in vitro and demonstrated significant
tumour regressions in human prostate cancer xenografts in
nude mice and prolonged animal survival [90-92].

p21(WAF-1/CIP1) (p21), a cyclin-dependent kinase (CDK)
inhibitor, was identified as a transcriptional target of the p53
tumour suppressor gene. p21 expression induces G1 arrest
through inhibition of CDK, which directly prevents DNA
synthesis. Loss of these negative regulators of the cell cycle
contributes to increased cell proliferation, which may in turn
lead to tumorigenesis [93]. The p21 gene modulates
p53-induced apoptosis, as well as prostate cancer cell survival,
after exposure to DNA-damaging agents and growth factor
deprivation, and its expression is associated with the progres-
sion to androgen-independent prostate cancer [94,95]. An
in vitro study demonstrated significantly higher growth sup-
pression after Ad5CMV-p21-mediated p21 gene delivery
compared with Ad5CMV-p53 infection of prostate cancer
cells, and was associated with downregulation of the activity
of the CDK-2 by ∼ 65%. In addition, p21 gene therapy pro-
duced significant prostate cancer growth inhibition and
extended animal survival [81].

Various potential targets for corrective gene delivery that
suppress prostate cancer growth, including pHyde, C-CAM1
and promyelocytic leukaemia (PML) gene, have been evalu-
ated. A recent study demonstrated that Ad-mediated pHyde
gene expression induced growth inhibition both in vitro and
in vivo by p53-dependent apoptosis in prostate cancer cells
[96]. It was demonstrated that an androgen-regulated
immunoglobulin-like cell adhesion molecule, C-CAM1, was

diminished in both prostate intraepithelial neoplasia and can-
cer lesions, indicating that loss of C-CAM1 expression may be
involved in the early events of prostate carcinogenesis.
C-CAM1 gene delivery using the Ad-C-CAM1 vector was
able to repress the growth of PC3-induced tumours in nude
mice for at least 3 weeks [97]. In contrast, 14 of the 18
tumours receiving three fractionated Ad-C-CAM1 injections
regressed completely, whereas the other 4 tumours shrank to
significantly smaller sizes [98]. PML, a growth and transforma-
tion suppressor, plays an important role in essential cellular
functions such as cell proliferation, differentiation, survival
and tumour suppression. Overexpression of PML mediated
by a replication-deficient Ad vector (Ad-PML) reduced pros-
tate cancer cell growth, and direct injection of Ad-PML into
DU145 tumours was able to repress tumour growth in nude
mice by 64% [99].

3.2 Suppression of oncogene signalling pathways
The identification of specific changes in the gene expression
profile during tumorigenesis resulted in the discovery of a
large number of overexpressed genes that are attractive targets
for prostate cancer therapy. This direct activation of oncogene
signalling pathways in cancer cells produces uncontrolled pro-
liferation often in combination with resistance to apoptosis. A
range of strategies to specific suppression of oncogene signal-
ling pathways showed promise for corrective gene therapy of
prostate carcinoma that include using antisense oligonucle-
otides, catalytic RNA (ribozymes) or genes that interrupt
growth factor stimulation of prostate cancer development.

Antisense oligonucleotide is a short chemically modified
deoxyribonucleic acid, which is able to bind with a comple-
mentary mRNA transcript and prevent translation of the tar-
get protein. The overexpression of c-myc proto-oncogene
associated with uncontrolled cell proliferation is a frequent
genetic event in androgen-refractory prostatic neoplasia.
Time- and dose-dependent decreases in DNA synthesis and
viability were noted for prostate cancer cells after c-myc-anti-
sense-oligonucleotide treatment in vitro [100]. The mechanism
for the antitumour effect of an antisense c-myc replication-
incompetent retrovirus that contained the mouse mammary
tumour virus (MMTV) promoter seems to be suppression of
c-myc mRNA and protein expression. The in vivo transduc-
tion of DU145 prostate cancer cells with MMTV-antisense
c-myc retrovirus reduced tumour growth, resulting in the
downregulation of Bcl-2 expression, tumour cell differentia-
tion, decreased invasion and a marked stromal response [101].
Overexpression of the antiapoptotic Bcl-2 and bcl-xl genes has
been observed in prostate cancer cells and was linked with
resistance to ionising radiation and chemotherapy drug treat-
ment. Thus, treatment of LNCaP cells with antisense Bcl-2
oligodeoxynucleotides combined with androgen ablation
resulted in the interruption of development to androgen inde-
pendence and increased sensitivity to cytotoxic chemotherapy
[102,103]. Adjuvant administration of antisense Bcl-xl and Bcl-2
oligodeoxynucleotides in combination with paclitaxel therapy
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significantly delayed time to tumour recurrence [104]. A
number of oncogenes, including C-raf [105], clusterin/testo-
sterone-repressed prostate message-2 [106], BIR domain of
cIAP-1 [107], MDM2 [108], human protein kinase C-α [109],
insulin-like growth factor binding protein-5 [110], PSA pro-
moter-driven DNA polymerase-α and topoisomerase II a
[111], and AR [112], were also evaluated as targets for antisense
oligonucleotide treatment of prostate carcinoma, and demon-
strated therapeutic potential alone and in combination with
chemotherapy in vitro as well as in vivo.

Ribozymes are catalytic RNA molecules with site-specific
activity to cleave complementary mRNA of essential cellular
genes that are expressed predominantly/exclusively in pros-
tate cancer cells. Sequence-specific hammerhead ribozymes
have been successfully used to selectively degrade mRNAs,
encoding a number of oncoproteins, such as AR [113],
human insulin-like growth factor-I [114], Bcl-2 [115], RAD51
[116], human metallothionein class II [117], fibroblast growth
factor-binding protein [118], protein kinase Cα [119], survivin
[120], and hepatocyte growth factor scatter factor tyrosine
kinase receptor c-Met [121], in prostate cancer cells in vitro
and in vivo. Expression of hammerhead ribozymes in pros-
tate cancer cells induced apoptosis, produced cytotoxicity
and increased susceptibility to ionising radiation [116] and
platinum chemotherapy drug treatment [119].

Data from experimental and clinical studies of prostate can-
cer indicate that tumour–microenvironment interaction has a
fundamental role in tumorigenesis. Growth, progression,
invasion and metastasis of prostate cancers are accompanied
by remarkable changes in the gene expression profile of sur-
rounding normal cells. Cross-talk between malignant cells and
other tumour-associated cells represents a new target for anti-
cancer therapy, which has been explored through different
forms of intervention. Strategies to inhibit tumour–microen-
vironment interaction include: inhibition of expression of
growth factor and of their receptors; inhibition of growth fac-
tor signalling pathways; abrogation of the binding between
ligands and their receptors; and through the prevention of
intracellular transduction of the growth factor signal. The
accumulation of cancerous cells within a growing prostate
tumour can deprive them of adequate vascular support. Over-
expression of vascular endothelial growth factor (VEGF) and
its cognate receptors has been linked to a more aggressive phe-
notype of human prostate carcinomas. The importance of sig-
nal transduction through the VEGF receptor 2 (KDR) is
illustrated by the use of soluble KDR, which binds to VEGF
and sequesters this ligand before its binding to a cellular
receptor. AdVEGF-sKDR-mediated sKDR overexpression
under control of the VEGF promoter significantly reduced
human vascular endothelial and prostate cancer cell prolifera-
tion and sensitised cancer cells to ionising radiation. In vivo
tumour therapy studies demonstrated significant inhibition of
DU145 tumour growth in mice that received combined
AdVEGF-sKDR infection and ionising radiation versus
AdVEGF-sKDR alone or radiation therapy alone [122]. In

addition, overexpression of soluble fibroblast growth factor
receptor 1 or restoration of FGFR2IIIβ expression signifi-
cantly suppresses proliferation and invasion of prostate cells
[123,124]. Infection with Ad, encoding the intracellular single-
chain antibody (sFv) against the human epidermal growth fac-
tor receptor-2 (EGFR-2, HER2/neu), resulted in cytotoxicity
to the HER-2/neu-positive prostate carcinoma cell lines [125].

In conclusion, a growing body of evidence suggests that a
combination of genetic alterations in signal transduction
pathways of prostate cancer cells results in tumorigenesis.
Thus, the replacement of deficient tumour suppressor genes
or inhibition of oncogene expression is an attractive approach
for prostate cancer gene therapy. However, heterogeneity of
the cancer cell populations within individual tumours, as a
result of multiplicity of gene mutations, decreases the efficacy
of modification of signalling pathways as an approach for
gene therapy. In addition, current gene therapy protocols can-
not achieve stable expression of therapeutic genes in all cancer
cells. Another promising target for anticancer therapy is selec-
tive inhibition of the interaction between malignant cells and
other tumour-associated cells that can enhance gene therapy
in combination with conventional prostate cancer therapies.

4. Gene delivery systems

Gene therapy approaches are based on the employment of
genetically engineered vectors that promote the transfer of the
transgene expression unit into the cancer cells and allow tran-
sient or stable expression of the therapeutic gene. The search
for methods to introduce genes into cancer cells led to many
advances in viral and nonviral vector development, which are
summarised in Table 2. Vectors derived from adenoviruses,
adeno-associated viruses, herpesviruses, poxviruses and retro-
viruses are the most commonly used gene carriers in cancer
gene therapy. Nonviral gene transfer systems include DNA
transfection using chemical methods such as in use of a variety
of liposomes, cationic polymers or peptide delivery systems, as
well as the disruption of the cell membrane by physical meth-
ods (e.g., electroporation or ultrasonography). Many of these
gene delivery systems have been tested for prostate cancer
therapy. Each group of gene vectors demonstrates a number of
advantages as well as significant limitations. Most commonly
used in cancer gene therapy, recombinant viral vectors are bio-
logical systems derived from naturally evolved pathogens,
which as part of the infection process transfer their genomes
into the target tumour cells. The common restrictions associ-
ated with viral vectors are related to their safety, immuno-
genicity, pre-existing immune response and limited capacity
for transgene insert.

4.1 Adenoviruses
At present, human and nonhuman adenoviruses have been
modified extensively and are commonly used vectors in clini-
cal trials of gene therapy for prostate cancer. Most clinical tri-
als on gene therapy for patients with prostate cancer have
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administered vectors directly into the tumour, metastatic
lesions of bone or lymph nodes. A strong argument for the
employment of Ad vectors in the treatment of prostate cancer
is that Ads can infect quiescent as well as dividing cells. In
fact, prostate carcinoma demonstrates relatively slow growth
in comparison with other cancers, which is responsible in part
for the resistance of prostate cancer cells to conventional treat-
ments such as chemotherapy or radiotherapy. The Ad vectors
can accommodate up to a 30-kb DNA insert, and demon-
strate a high transduction efficiency and relatively simple pro-
duction and manipulation. In contrast with parvoviruses and
retroviruses, Ads do not integrate into the cell genome and,
therefore, pose no risk of insertional mutagenesis. A substan-
tial problem associated with Ad vectors is high immunogenic-
ity in combination with proinflammatory effects that limit
transgene expression and impede systemic re-administration
[126]. However, an appropriate immune response induced by
Ad vectors may be beneficial in some cancer gene therapy
methods related to regulation of the host immune system.

4.2 Adeno-associated viruses
AAV vectors are replication-defective parvoviruses and require a
helper Ad for successful replication. Site-specific or random
AAV vector integration into the host cell genome, in the absence
of a helper virus, results in long-term transgene expression. In
addition, AAVs demonstrate high transduction efficiency in a
broad range of quiescent and dividing target cells. In contrast to
Ad, AAV vectors do not produce a significant immune response
[127]. A major limitation of using AAV is a relatively small trans-
gene size (4 kb), a necessity of helper Ad for successful transduc-
tion, and integration into the genome of target tumour cells as
well as host cells, which could lead to mutagenesis.

4.3 Herpes simplex viruses
The herpesviruses (including HSV-1) are receiving increasing
attention because of their ability to replicate in the nucleus as
latent episomes and kill dividing and nondividing tumour
cells. Attenuated and replication-competent HSV-1 mutants
offer the capability to insert up to almost a 40-kb transgenic
sequence. However, low and transient transfection efficiency
as well as elicited host immune response and severe symptoms
associated with wild-type viruses are serious obstacles for
HSV-based gene therapy [128].

4.4 Poxviruses
Similar to HSV-1, the vaccinia virus has a large genome
(∼ 186 kb) and can accommodate up to 25 kb of foreign
DNA. Recombinant vaccinia viral vectors have been used
mainly for the delivery of cancer-specific antigens (e.g., PSA)
and immunoregulatory genes for vaccine-based gene therapy,
which is based on the long history of use of these viruses for
vaccination. However, the strong immune response as a result
of pre-existing antivaccinia immunity following childhood
smallpox immunisation limits recombinant vaccinia viral
vector gene therapy [129].

4.5 Retroviruses
Retroviruses continue to be employed as gene delivery vehi-
cles, although recent adverse events following retroviral gene
therapy have raised concerns about potential insertional
mutagenesis [130]. Advantages of retroviral vectors for gene
therapy include the potential long-term transgene expression
due to integration into the target tumour cells or host genome
and low immunogenicity. However, most retroviruses demon-
strate low levels of transduction efficiency and only infect
dividing cells during mitosis [131].

4.6 Nonviral vectors
In an attempt to improve both the efficacy and safety of viral-
mediated gene therapy, many vectors have been modified.
However, several obstacles, including limitation of the size of
the inserted genetic material, difficulty of propagation and
purification, and toxic adverse events (in particular immuno-
genic and oncogenic activity) have encouraged researchers to
focus on nonbiological gene transfer systems as an alternative
to viral vectors. Progress has been made using a variety of lipo-
somes, cationic polymers and peptides. In this approach,
recombinant DNA is associated with positively charged lipid
bilayers, cationic polymers or peptides and can enter cells
either by endocytosis or by fusion with the cell membrane.
DNA–protein complexes have been developed employing
natural or synthetic peptides that allow the use of these gene
delivery vehicles in cell-targeting strategies. In contrast with
recombinant viruses, these nonviral gene transfer systems are
characterised by low cost and simple production, large gene
insert size without toxic effects, and lack of an immune
response after re-administration. However, nonbiological gene
transfer systems produce short-term expression and their effi-
ciency and specificity of gene delivery is less compared with
viral vectors [132].

To summarise, Ads as well as retroviruses and liposomes are
the most commonly used gene therapy vectors in prostate
cancer treatment with varying results. Unfortunately, in spite
of the growing number of gene transfer systems tested in the
last decade, there is little evidence of an effective, safe and
inexpensive vector for prostate cancer gene therapy. An appro-
priate method of systemic gene delivery is also important for
efficacy and safety of prostate cancer gene therapy. At present,
most gene therapy studies use only local intratumoural gene

Table 2. Current vectors and delivery systems for cancer 
gene therapy.

Viral Nonviral

Adenovirus Liposome-based

Adeno-associated virus DNA-peptide complex

Herpes simplex virus Naked DNA/RNA

Vaccinia virus Antisense oligonucleotide

Retrovirus Ribozyme
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delivery such that gene expression is restricted to the area sur-
rounding the injection site. This method is characterised by
relatively low toxic effects as well as low therapeutic efficacy
due to limited delivery of the cytotoxic gene to each cancer
cell. For some approaches of gene therapy, such as restoration
of tumour suppressor signalling pathways or induction of
apoptosis, gene delivery to each cancer cell is mandatory. On
the other hand, to attempt increased efficacy, production of a
bystander effect following gene-directed enzyme/prodrug
therapy was successfully tested. Another example of local gene
delivery with the potential for antimetastasis activity is
immunoregulatory gene therapy, which may result in systemic
immune system activation. In general, many experimental
models demonstrate limited relevance to the situation in
patients with metastatic disease, wherein systematic gene
delivery approaches are required. Thus, the development of
safe and targeted gene therapy vectors, which can be delivered
systemically, is one of the major challenges facing prostate
cancer gene therapy. To increase efficacy and limit potential
systemic toxicity, which would occur after intravenous admin-
istration of gene delivery vehicles, a number of modifications
of gene therapy vectors will be required; for example, the evo-
lution of several generations of Ad vector systems, from repli-
cation-deficient Ads to conditionally replicating vectors
combined with transcriptional or/and transductional target-
ing of therapeutic gene expression is an approach to increase
the efficacy and reduce the toxicity of Ad-mediated prostate
cancer gene therapy. However, development of new vectors
that can be delivered to metastatic tumour sites will continue
to be critical for the successful treatment of metastatic
prostate cancer.

5. Conclusion

Gene therapy offers new opportunities for the treatment of
prostate cancer through the use of selective and relatively
effective approaches. In recent years, a broad range of differ-
ent gene therapy approaches, including cytolytic, immuno-
logical and corrective gene therapy, have been successfully
applied for prostate cancer treatment in experimental sys-
tems. Some of these strategies have already progressed to clin-
ical evaluation in patients. A wide variety of gene carriers,
including viral and synthetic vectors, have been explored as
therapeutic gene transfer systems. Thus, in combination with
conventional prostate cancer treatments, including radiation
and hormone treatment, gene therapy may provide addi-
tional beneficial options with the potential to affect
advanced/recurrent and metastatic disease.

6. Expert opinion

Although in recent years significant progress in gene ther-
apy for the treatment of experimental and localised pros-
tate cancer has been achieved in animal models,
development of recurrent and metastatic disease remains a
major problem for successful control of prostate cancer in
humans. Obviously, novel approaches and delivery systems
for gene therapy of metastatic disease are needed. A grow-
ing body of evidence suggests that interaction between
prostate cancer cells and surrounding normal cells controls
local tumour development, invasion and metastasis. Thus,
intervention against the interaction between tumour cells
and their microenvironment is a promising area for the
development of novel therapeutic anticancer modalities.
Important advances in gene therapy over the last decade
are a result of improved understanding of the molecular
mechanisms that mediate cancer progression and resistance
to therapeutic treatment. Therefore, targeting of genes
involved in metastasis may be useful for prostate cancer
gene therapy to prevent the development of metastatic dis-
ease; for example, the mda-7/IL-24 gene, which was iso-
lated and characterised almost a decade ago, shows
potential as a therapeutic transgene because of its profound
and selective anticancer and antiangiogenesis activities,
with negligible toxicity to normal cells. Another novel
proapoptotic gene, mRTVP-1, produced significant antian-
giogenesis, antimetastasis and immunomodulatory activity
in an orthotopic model of metastatic prostate cancer. Mod-
ifications of gene delivery systems, such as using tumour-
specific promoters for selective expression of therapeutic
genes or the development of new oncolytic virotherapy
vectors that are designed to selectively replicate in tumour
cells or tumour-associated cells, should also significantly
increase the efficacy and safety of prostate cancer gene
therapy. Promising data have been demonstrated in studies
where prostate cancer gene therapy was employed in com-
bination with chemotherapy or radiotherapy. For example,
Phase I studies demonstrated that combination of replica-
tion-competent Ad5-CD/TKrep-mediated double-suicide
prostate cancer gene therapy with 5-FC and GCV prodrug
therapy and conformal radiation therapy can be safely
applied to humans and produce a significant decline in
serum PSA [15]. Other approaches to enhance the effective-
ness of radiation therapy have been described [133-135].
Hence, it seems that combination gene therapy approaches
with conventional treatments will increase the efficacy of
prostate cancer therapy.
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