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Abstract

For cancer gene therapy, it is of primary importance to develop a
system to sufficiently and selectively express therapeutic genes in cancer
cells. In this study, we showed that an approximately 5.3-kb promoter
region of the prostate-specific antigen (PSA ) gene can replicate the endog

enous expression pattern, although its expression is very weak. We then
developed a novel two-step transcriptional activation system in which the
PSA promoter drives an artificial transcriptional activator, GAL4-VP16

fusion protein, and it in turn activates transgene expressions under the
control of GAL4-responsive elements. By using this system, transgene
expressions can he greatly augmented while maintaining prostate-specific
expression. Finally, we applied this system to drive an expanded polyglu-

famine, a potent proapoptotic molecule, to induce apoptosis selectively in
PSA-positive prostate cancer cells. This novel system would provide an

ideal approach for cancer gene therapy applicable not only to prostate
cancer but to other cancers as well.

Introduction

Prostate cancer is the most common neoplasm and the second most
common cause of cancer death in men ( 1). At present, androgen
ablation is the gold standard tor the treatment of advanced cancers. It
is effective in 60-80% of patients, resulting in tumor regression and

improved prognosis. However, after a period of time, virtually all
cancers progress to a state refractory not only to androgen ablation but
also to any other treatment. Thus, the development of alternative
methods, e.g., gene therapies, has long been awaited for the treatment
of advanced prostate cancers (2).

For cancer gene therapy, the primary issue is how to express
therapeutic genes specifically in cancers with the sufficient amount.
The use of a cancer-specific promoter may allow the restriction of

therapeutic gene expression to the cancer cells only. From this point
of view, the promoter of the PSA* gene would be an ideal tool for

prostate cancer-specific gene expression. The expression of PSA is

restricted to the prostate epithelium and is induced by the adminis
tration of androgen in vivo. Clinically, it has been well used as a serum
tumor marker for the diagnosis and follow-up of prostate cancers,

because its serum level increases according to the advance of the
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prostate cancer (3). At present, only one PSA-positive prostate cancer

cell line, LNCaP, is available in which PSA mRNA expression is
further enhanced with androgen administration. Accordingly, the 5'-

flanking region of the PSA gene has been shown to contain three
ARE-like sequences at -4148 to -4146, -391 to -377. and -170
to â€”¿�156from the transcriptional start site (4. 5). Furthermore, trans-
genes including 6 kb of the 5'-flanking region have proven to be

sufficient for prostate-specific gene expression in transgenic mice

(6, 7).
Another important issue for cancer gene therapy is what gene to

express. Several proapoptotic genes have been used in trials, e.g.,
herpes simplex virus TK, diphtheria toxin A, and so forth (8). Re
cently, we revealed that ex-polyQ can induce apoptosis in a broad
range of cells including G,-arrested neurons, and ex-poyQ has been

identified as a common part of the gene products responsible for eight
inherited neurodegenerative disorders. Beneficially, the proapoptotic
potential of ex-polyQ can be easily modulated through the expression

levels and/or lengths of the polyglutamines (9).
In this study, we show that about 5.3 kb of the 5'-flanking region

of the PSA gene can allow a target gene to be expressed in a
prostate-specific manner, although its expression is very weak. We

developed a novel TSTA system in which the expression level of the
target gene is greatly augmented while maintaining its tissue-specific

expression. We used this system to drive a strictly regulated, high
expression of ex-polyQ in PSA-positive prostate cancer cells, which

provides an ideal model for prostate cancer gene therapy.

Materials and Methods

Cell Culture. The origins of the cell lines were as follows: LNCaP, PC-3,
DU 145. and TSU-prl. human prostate cancer cells; HeLa. human cervix

cancer cells: HT1080. human fibroblastoma cells; MCF7, human mammary
gland tumor cells; and SCI 15, mouse mammary gland tumor cells. LNCaP,
PC-3. DU145, TSU-prl, and SCI 15 cells were maintained in RPM1 1640;

HeLa. HT1080. and MCF7 cells were maintained in DMEM. Both media were
supplemented with 109r fetal bovine serum (Lite Technologies. Inc.). Steroid-

depleted fetal bovine serum for androgen treatment experiments was prepared
as described previously (10).

Cloning of the PSA Gene and the Construction of Plasmids. A genomic
clone covering the PSA gene was obtained by screening a genomic library from
a 60-year-old Japanese male with a PCR-amplified probe (5). The 5.3-kb
Xhal-Hindlll fragment of the PSA gene 5'-flanking region was inserted at the
///fidili site of pSVOA-L-A5'LUC (11). and the resulting plasmid was named

p5.3PSAp-LUC. p5.3PSAp-GAL4-VP16 was constructed from p5.3PSAp-
LUC by replacing the LUC portion with GAL4-VP16 fusion cDNA. Both
pGalRE-TK-LUC and pGalRE-MTV-LUC contain four copies of a GAL4-

responsive element. MHIOO, near the minimum TK and minimum MTV
promoters, respectively (12). pGalRE-TK-Q79 and pGalRE-MTV-Q79 were
constructed by replacing LUC cDNA with 79 HA epitope-tagged CAG repeats
in pGalRE-TK-LUC and pGalRE-MTV-LUC. respectively. pCMV-LUC and
pCMV-Q79 were described previously (9). Rcnilla luciferase expression plas-

mids and a GFP expression plasmid (pEGFP) were purchased from Promega
and Clontech. respectively.
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DNA Transfections and Luciferase Assay. All transfections were per

formed in triplicate, and at least three independent experiments were
carried out for each analysis to confirm reproducibility. Transient trans-

fections were performed using LipofectAMINE reagent (Life Technolo
gies. Inc.). For the firefly luciferase reporter assay. 5 X K)4 cells were

transfected with 1 jug of p5.3PSAp-LUC or with a mixture of 0.5 Â¿igof

p5.3PSAp-GAL4-VP16 and 0.5 fig of pGalRE-TK-LUC or pGalRE-MTV-

LUC, along with 0.05 fig of pSV40-Rluc for the internal control. After a

24-h incubation in the presence of various concentrations of DHT. the cells

were harvested and extracted with passive lysis buffer according to the
vendor's protocol (Dual-Luciferase reporter assay system; Promega). Fire

fly luciferase activities and Renilla luciferase activities of 20 /nl of cell

lysate were measured for 15 s each with a luminometer (LUMAT LB9507:

Berthold). Firefly luciferase activities were normalized by Renilla lucifer

ase activities of the same lysate.

Assays for Detection of Cell Death. For the assay to estimate the cell
death. 5 x IO4 cells were transfected with 1 jig of pCMX-Q79 or with a

mixture of 0.5 /Â¿gof p5.3PSAp-GAL4-VP16 and 0.5 jug of pGalRE-MTV-

Q79. along with 0.05 Â¿xgof pSV40-Rluc for the reporter. Q79 was replaced by
LUC for the control transtections. After a 24-, 36-, or 48-h incubation in the
presence of 10~s M DHT, the cells were harvested, extracted, and measured for

Renilla luciferase activities as described above. For examination of the cell
morphology. 5 x IO4 LNCaP cells were transfected with a mixture of 0.5 jig

of p5.3PSAp-GAL-VPl6 and 0.5 fig of pGa!RE-MTV-Q79 or pGalRE-MTV-

LUC, along with 0.01 jug of pEGFP. After a 48-h incubation in the presence
of 10"" M DHT. the morphology of GFP-expressing cells was investigated

using a confocal fluorescence microscope (Bio-Rad).

Immunohistochemistry and TÃšNEL Assay. For immunohistochemistry.
LNCaP cells were transfected with an equal amount of p5.3PSAp-GAL4-VP16

and pGalRE-MTV-Q79. Forty-eight h later, the cells were fixed and reacted

with anti-HA monoclonal antibody 12CA5 (Boehringer Mannheim), followed
by FITC-conjugated untimouse IgG (Vector Laboratories), as described pre

viously (9). The nuclei were stained with DAPI (Sigma). For the TÃšNEL
assay. ApopTag (Oncor) was used following the vendor's protocol with minor

modifications.

Results

The 5'-Flanking Region of the PSA Gene Could Replicate

Endogenous PSA Expression in Cultured Cells. To obtain the PSA
gene, we screened a human genomic library and isolated a genomic
clone that contained about 5.3 kb of the 5'-flanking region, referred to

as 5.3PSAp, as well as the PSA exons and introns. Two polymorphic
AREs, AGAACAgcaAGTGCT or AGAACAgcaAGTACT, were re
ported at - 170 to - 156 bp from the transcriptional start site (13). Our

clone contained the latter type of ARE and additional nucleotide
changes around the ARE. These polymorphic changes did not seem to
affect the promoter activity in LNCaP cells (data not shown). We
therefore used our clone for additional analyses.

Because androgen responsiveness is indicative of the PSA gene, we
first examined whether its promoter region, 5.3PSAp, is responsive to
an active androgen, DHT. The firefly luciferase activities driven from
5.3PSAp were enhanced in LNCaP cells, depending on the DHT
concentration, up to 10-fold by the addition of 1CT8 MDHT (Fig. \A).

We next examined whether 5.3PSAp can drive luciferase activities in
other cells. To precisely compare 5.3PSAp-driven luciferase activities
among different cells, 5.3PSAp-LUC activities were evaluated after

normalization by cotransfected Renilla luciferase activities, which
was driven under the control of ubiquitously active promoters such as
SV40. CMV, and TK promoters (SV40-. CMV-. and TK-Rluc). We
obtained essentially the same results when SV40-. CMV-, or TK-Rluc

was used for normalization (data not shown). Even in the presence of
DHT, 5.3PSAp-driven luciferase activities were undetectable in non-
PSA-producing cells such as PC-3. DU 145, and TSU-prl cells, al

though these cells were established from prostate cancers. The activity
of 5.3PSAp was also undetectable in SCI 15, a mouse mammary
tumor cell line that is known to grow in an androgen-dependent

manner (Fig. IÃŸ).These data clearly indicate that 5.3PSAp could
replicate endogenous expression patterns and reactivities to DHT in
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Fig. I. Characterization of Ihe PSA promoter. A. DHT-dcpendent enhancement of PSA promoter activity was observed in LNCaP cells. LNCaP cells were transfected with
p5.3PSAp-LUC and incubated in the absence or presence of different concentrations of DHT. Cells were harvested 24 h after transtection. and luciferase activities were analysed
(see "Materials and Methods"). B. LNCaP-specific promoter activity was observed through 5.3PSAp. 5.3PSAp activities were examined in eight different cell lines. Cells were
transfected and incubated with 10 * MDHT. and the luciferase assays were carried out as described in A. Luciferase activities from triplicate transfections were measured and
normali/ed with cotransfected Renilla luciferase activities. The relative luciferase activities are presented, in which the activity in the presence of 10 * MDHT is defined as

I. Bars. SD.
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B

Fig. 2. Characterization of the PSA promoter with
the TSTA system. A. schematic representation of the
TSTA system. In the first step, 5.3PSAp drives the
expression of GAL4-VPI6: in the second step. GAL4-
VPI6 in turn induces the expression of the real target
gene under the control of GAL4-responsive elements.
Three AREs in 5.3PSAp are shown as small black
bates. Top. the schematic arrangements of the PSA
gene. Five exons are shown as large black boxes',5'-
and 3'-flanking regions or introns are shown as lines.

R. the TSTA system amplifies target gene expression
only in LNCaP cells and not in other cell lines. The
TSTA system-mediated 5.3PSAp activities were ex
amined in eight different cell lines. Ceils were trans-
fected and incubated with 10 *MDHT. and luciferase

assays were carried out as described in the legend to
Fig. 1 (see "Materials and Methods"). Note that the

TSTA system can amplify 5.3PSAp activities exclu
sively in LNCaP cells by more than 100-fold. C.
comparison of various promoters and TSTA system-
mediated 5.3PSAp in LNCaP cells. Lane /, TSTA
system-mediated 5.3PSA promoter with the minimum
TK promoter; Lane 2. TSTA system-mediated 5.3PSA
promoter with the minimum MTV promoter; Lane 3,
CMV promoter; Ltme 4, SV40 promoter; Lane 5.
5.3PSA promoter; Lime 6. GalRE-TK promoter; Lane
7. GalRE-MTV promoter. D. androgen treatment en
hances the TSTA system-mediated 5.3PSAp activities
in LNCaP cells. Note that relatively high expression
was obtained even in the absence of DHT. As shown
in Fig. 1, the relative luciferase activities are presented
in which the activity derived from 5.3PSAp alone inthe presence of 10"* M DHT is defined as I (B-Dl

Bars. SD (B-D}.
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all eight cell lines examined. However, even with the replications, the
absolute promoter activity was extremely low in LNCaP cells; com
pared with a CMV promoter, 5.3PSAp directed only 0.6% of the
activity of the CMV promoter, even in the presence of 1CP8 M DHT

(see below).
Prostate-specific Amplii leal ion of Target Gene Expression us

ing 5.3PSAp and a TSTA System. We next attempted to amplify the
expression level without affecting the specificities of expression,
which would allow the expression of a sufficient amount of gene
products in a prostate-specific manner. To do so, we designed a TSTA
system: (a) in the first step, the PSA promoter drives a potent tran-
scriptional activator, a GAL4-VP16 fusion protein; and (b) in the
second step, the GAL4-VP16 fusion protein in turn activates the target
gene that is under the control of GAL4-responsive elements in min

imum promoters (Refs. 12 and 14; Fig. 2A). As minimum promoters,
we initially used the minimum regulatory sequence from either the
long terminal repeat of the mouse MTV (MTV promoter) or the TK
gene of the herpes simplex virus (TK promoter). The TK promoter
always showed 2â€”10times higher activities than the MTV promoter in

a variety of cell lines including LNCaP, and these characteristics were
retained in the TSTA system (Fig. 2B). Using the TSTA system with
either the TK or MTV promoter, the administration of 10~8 M DHT

induced luciferase activities comparable to those driven by the CMV
promoter in LNCaP cells; the expression levels from the TSTA
system consistently reached more than 100 times those driven from
5.3PSAp alone, whereas in other cells, luciferase activities remained
at minimum levels (Fig. 2, B and C). We next examined the luciferase

activities in the absence or presence of various concentrations of DHT
(Fig. 2D); we expected that the TSTA system would make the
intrinsic promoter activities that were too weak to be detected in the
initial experiment when DHT was not exogenously administrated
conspicuous. As expected, even in the absence of DHT, approxi
mately 25% of the maximum luciferase activity was observed using
the TSTA system.

Prostate Cancer Cell Death with the Combination of the TSTA
System and the ex-poIyQ Gene in Vitro. We previously reported that
ex-polyQ, a common part of the gene products causative for neuro-

degenerative disorders, could induce neuronal apoptosis in vitro and
in vivo and expected that ex-polyQ would activate a universal mech

anism that triggers apoptosis regardless of cell type (9). To confirm
this expectation, we undertook a quantitative assay to detect cell death
in a variety of cancer cells in which we examined the relative cell
numbers remaining in the culture after transfection by monitoring
Renilla luciferase activities that were driven from the cotransfected
expression vector; we knew from Fas-mediated or neuronal ex-polyQ-

mediated apoptosis that luciferase activities directly parallel the num
ber of live cells expressing the transfected cDNAs (9, 15). The
ex-polyQ driven by the CMV promoter can cause cell death in all

cancer cell lines examined, including prostate cancer cell lines (Fig.
3A), indicating that ex-polyQ functions as a universal apoptosis in-

ducer and can be a good tool for cancer gene therapy.
To take full advantage of the TSTA system, we next examined the

suitability of ex-polyQ as a therapeutic gene product for prostate
cancer. As expected, only the PSA-positive LNCaP cells were elim-
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LNCaP DU145 PC-3 TSU-pr1

Fig. 3. Induction of specific cell death in LNCaP
by ex-polyQ through Ihe expression from the TSTA
system-mediated 5.3PSA promoter. A. cells were
transfected in triplicate with pCMV-control or
pCMV-Q79. Cells were also transfected with
p5.3PSAp-GAL4-VPl6 and pGalRE-MTV-control
(TSTA-control) or with p5.3PSAp-GAL4-VPI6
and pGalRE-MTV-Q79 (TSTA-Q79). Renilla lucif
erase assays were carried out 48 h after transfection
(see text and "Materials and Methods"). â€¢¿�relative

survived cell ratios by the transfection of pCMV-
control (Lane /) or pCMV-Q79 (Lane 2), in which

the mean value in Lane I was estimated as 100. D.
relative survived cell ratios by TSTA-control (Lane
.?) or TSTA-Q79 (Lane 4). where the mean value in
Lane 3 was estimated as lOO. Bars. SD. B. time-
dependent cell death of LNCaP by TSTA-Q79.

Cells were transfected in triplicate, and Renilla lu
ciferase assays were carried out 24. 36. and 48 h
after transfeclion (see text and "Materials and
Methods"). Mean Renilla luciferase activities from

the TSTA-Q79 were divided by those from the
TSTA-control at each time point. Q79:control ratios

(percentage) are plotted. Bars. SD. C. visualization
of the representative morphological changes by
GFP in the TSTA-Q79 (left) or the TSTA-control
(rightÃ¬.Note that most of Q79-expressing LNCaP
cells become round, just detached from the dish,
whereas control-transfected cells spread themselves
over the dish. D. ex-polyQ-mediated cell death has
the characteristics of apoptosis. LNCaP is trans-
fecled with a mixture of p5.3PSAp-GAL4-VP16
and pGalRE-MTV-Q79. After 48 h, cells were
fixed and stained with an anti-HA antibody for the

detection of Q79 (left panel), with DAPI for the
visualization of nuclear morphology (Ã±utidlepan
el), or with antidigoxigenin antibody for the detec
tion of DNA cleavage by the TÃšNEL assay (right
panel).
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inated by the expression of the TSTA system-driven ex-polyQ
(TSTA-Q79) from the culture dish to the extent comparable with that
with the CMV promoter-driven ex-polyQ, whereas all other cells

stayed intact (Fig. 3A). Relative luciferase activities gradually de
creased with time after transfection of TSTA-Q79, as compared with

control; only 28% of the activities remained 48 h after the transfection
(Fig. 3ÃŸ).

To examine the proapoptotic effects of ex-polyQ more precisely

cell by cell, we coexpressed a GFP and traced the transfected cells
with fluorescence. Consistent with the results from the death reporter
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assay by luciferase. ex-polyQ-transfected cells gradually decreased in
number in a time-dependent manner (data not shown). Most of the

green cells became round in morphology and were detached from the
culture plate as dead cells (Fig. 3C). Moreover, the stronger the GFP
signal was. the taster the cell was detached, which indicates that the
proapoptotic effect of ex-polyQ is dependent on its competence for

the transfected DNA; the cells that incorporated more DNA would be
expected to express more ex-polyQ as well as more GFP.

Finally, we examined the expression of ex-polyQ through the

TSTA system by in situ immunohistochemical analysis. The expres
sion of ex-polyQ was detected in both the cytosol and nucleus,
forming particle-like structures in several places. DAPI staining
showed that the nuclei of cells expressing ex-polyQ were condensed

and shrunken. DNA fragmentations were also detected in the nuclei of
these cells by the TÃšNEL method (Fig. 3D). These data confirmed
that cell death by ex-polyQ has the property of apoptosis (9). All of

these results clearly show that the TSTA system for expressing
ex-polyQ can effectively eliminate prostate cancer cells in vitro.

Discussion

We demonstrate here that approximately 5.3 kb of the 5'-flanking

region of the PSA promoter, which we referred to as 5.3PSAp, could
replicate the expression patterns of endogenous PSA in several cul
tured cells. In PSA-positive cells, 5.3PSAp could direct gene expres
sion, although the expression level was very low; in PSA-negative

cells, 5.3PSAp was silent for gene expression. We were able to
amplify its expression level by more than 2 orders of magnitude
without affecting the expression patterns using the TSTA system.
With a combination of the TSTA system and the ex-pulvQ gene, we
could induce apoptosis in a PSA-positive prostate cancer cell-specific

manner.
PSA was first purified from seminal fluid in 1971, and its expres

sion was found to be restricted to prostate tissue and to be induced by
the administration of androgen in vivo. In 1980, PSA was detected in
the blood, and its serum levels were documented to be well correlated
with the advance of prostate cancer. Since then, PSA has been used as
a serum tumor marker for prostate cancers (3). These profiles have
attracted many researchers and resultantly led to the identification of
androgen-response elements as gene-regulatory units in the promoter

region. We and other investigators have been interested in the regu
latory regions of the PSA gene from a different point of view: namely,
the regulatory regions, if obtained, could allow us to express thera
peutic genes in advanced prostate cancers (10. 16).

In general, regulatory regions for gene expression are located in the
S'-tlanking regions of the gene. Therefore, we cloned the 5'-flanking

region of the PSA gene and examined its ability to replicate endoge
nous PSA expression in cultured cells. A genomic fragment covering
5.3 kb of the 5'-flanking region from the transcriptional start site,

referred to as 5.3PSAp, was able to direct gene expression in PSA-

positive LNCaP cells in the presence of DHT; the promoter activities
were virtually negligible in other cell lines, even in the presence of
DHT. However, the expression was very weak and did not seem to
reach levels sufficient for therapeutic purposes.

To overcome weak expression, we designed the TSTA system, in
which the PSA promoter drives an artificial transcriptional activator,
the GAL4-VP16 fusion protein, and it in turn activates transgene

expressions under the control of the second promoter with GAL4-
responsive elements. Yeast GAL4 is a transcription factor that tightly
regulates gene transcription by binding its responsive elements (12).
Homologues of GAL4 and GAL4-responsive elements do not exist in

the mammalian genome: therefore, its expression cannot interfere
with mammalian transcriptions. The transcription activation potential

of GAL4 is further enhanced by replacing its transcription activation
domain with that of herpes simplex virus VP16 (14). Therefore.
GAL4-VP16 is widely used for transcriptional modification (17). The
combination of 5.3PSAp-GAL4-VP16 and its responsive construct
could induce a maximum gene expression exclusively in PSA-positive
LNCaP cells that was 125-350 times higher than that with 5.3PSAp
alone in the presence of IO"8 M DHT. Furthermore, even in the

absence of DHT, this TSTA system allowed a high expression (about
one-fourth of the maximum expression) that was 250-700 times

higher than that with 5.3PSAp alone in the absence of DHT. This
characteristic is well suited for clinical applications: generally, ad
ministration of DHT to patients with prostate cancers is believed to
raise the risk of stimulating tumor progression.

Before clinical applications, several issues have to be examined and
clarified if they are deemed problematic. There are two possible
systems to transfect two different genes in one cell: (a) a single vector
containing two transcriptional units; or (h) two vectors each contain
ing one transcriptional unit. In the former system, however, a potential
interference of two transcriptional units might occur (17). In the latter
system, the in vivo efficiency remains to be clarified, although ade-

novirus vectors allowed two different transgenes to be expressed with
almost 100% efficiency, at least in cultured cells (18). In addition,
exogenous GAL4-VP16 protein would raise a cellular immune re
sponse and activate CTLs, which would in turn injure the GAL4-
VP16-expressing cells (17). This immune response might hinder the
use of GAL4-VP16 to augment restricted gene expression in general

but would help with the elimination of cancerous cells as far as its
expression is restricted in the cancerous cells.

The selection of a therapeutic gene for cancer gene therapy is
another great concern, and many strategies have been developed for
this purpose (8). One ideal strategy may be the way in which endog
enous apoptotic signals are stimulated by the introduction of genes
with proapoptotic potentials. Recently, we reported that estrogen or
retinoic acid could trigger apoptotic signals both in vitro and in vivo
through the novel fusion genes Mfax-ER or Mfax-RAR. respectively

(15, 19). Sensitivity to this strategy varied among cell lines; the only
available PSA-producing cell line, LNCaP. was refractory to this
strategy.4 Instead, we have identified that LNCaP cells are sensitive to

the expression of ex-polyQ. ex-polyQ is a common part of the

causative gene products for eight inherited neurodegenerative disor
ders, such as Huntington disease. Machado-Joseph disease, and so
forth (20). The expression of ex-polyQ causes neuronal cell death both

in vitro and in vivo (9).
For cancer gene therapy, ex-polyQ has the following advantages

when compared with other therapeutic genes: (a) a wide variety of
cells, regardless of cell type, are induced to apoptotic cell death; as far
as we examined, all cell lines underwent apoptosis by the expression
of ex-polyQ (Fig. 3A).4 This characteristic ensures that cancers other

than prostate cancer could also be the targets of ex-polyQ: (b) ex-
polyQ-mediated apoptosis is independent of cellular proliferating

states; both nondividing neuron and rapidly proliferating cancer cells
undergo apoptosis by ex-polyQ expression. This characteristic is in

marked contrast to that of herpes simplex virus TK, as well as most
conventional chemotherapeutic drugs, that manifests cytotoxicities
only in proliferating cells. This feature is a great advantage, especially
for prostate cancer treatment, because prostate cancers grow very
slowly in general but are highly invasive and metastatic; (c) the
proapoptotic strength of ex-polyQ depends on the length of the

glutamine tract; therefore, the strength of the proapoptotic potential
can be modulated by changing ex-polyQ lengths. In fact, the degree of

4 Unpublished observation.
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apoptosis induced by 64 repeats of polyglutamine was lower than that
induced by 79 repeats in LNCaP cells (Ref. 9; data not shown); and
(d) the proapoptotic strength of ex-polyQ also depends on its expres

sion level. Even if unexpected expression occurred in nontargeted
tissues, it was apparently nontoxic as long as ex-polyQ expression

remains low level. These characteristics can be used most powerfully
when combined with the TSTA system, in which strong expression is
restricted only in target cells, and would minimize the side effects in
nontargeted tissues.

In conclusion, we offer here an ideal combination of a novel gene
expression amplification system and a proapoptotic molecule for
cancer gene therapy aimed not only at prostate cancer but also at other
cancers.
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