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Beta-carotene, canthaxanthin and retinoic acid (RA)
inhibited growth of human DU145 prostate cancer cells
by 45, 56 and 18%, respectively. Lycopene was also found
to inhibit cell growth. Other carotenoids including
xanthophyll (lutein), cryptoxanthin and zeaxanthin were
less effective. Liarozole (a novel imidazole-derived inhi-
bitor of intracellular RA catabolism) had a modest effect
upon cell growth, this drug significantly amplified the
pro-apoptotic actions of g-carotene and RA. RA-induced
expression of thymosin $-10, an apoptotic accelerant,
was associated with increased nuclear DNA nicking as
measured using TUNEL. Liarozole enhanced the pro-
apoptotic actions of RA upon DNA fragmentation in a
dose-dependent manner. These actions were accompa-
nied by inhibition of the cell survival factor bci-2. Liar-
ozole may thus prove wuseful as a novel
chemotherapeutic/chemopreventative agent by boosting
retinoid-induced apoptosis in the prostate.
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Introduction

Prostate cancer is the leading cause of death in men
over the age of 60, with the incidence rate quoted as
25% in those individuals past the age of 70." Indeed,
prostate cancer is the second most common male
malignancy in the US following lung cancer.? A
combination of factors is implicated in the occur-
rence of this malignancy, these include race, sexual
activity, socio-economic status, venereal disease as
well as marital status. Black US males appear to be
predisposed. Although recent epidemiological
investigations suggest a link between dietary intake
of carotenoid-rich vegetables and a reduced risk of
certain cancers including that of the prostate,? little
information is currently available regarding the
molecular basis of these beneficial effects of -caro-
tene or the other carotenoids. It is known that the §-
carotene metabolite, i.e. retinoic acid (RA), inhibits
prostatic 5-a-reductase, an enzyme which plays a
critical role in the development of benign prostatic
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hypertrophy (BPH).* More recent studies using M-
(4-hydroxyphenyDretinamide (4-HPR) indicate that
these lipids can prevent the onset of cancer in the rat
prostate.” It is for these reasons that increased atten-
tion has become focused upon elucidation of the
molecular mechanisms by which chemopreventa-
tive carotenoids and their retinoid derivatives act
to inhibit malignant transformation of the prostate.

It is a well established fact that the B-carotene
metabolite RA induces and represses numerous
genes which modulate cell growth and differentia-
tion (reviewed® in Sporn and Roberts®). RA interacts
with specific response elements via activation of
ligand-specific nuclear receptors (RAR and RXR).’
Ongoing research is now beginning to indicate that
perhaps retinoids exert their anticancer actions by
permitting cells to acquire the capacity to undergo
appropriate programmed cell death (PCD). RA has
now been shown to increase apoptosis in a number
of cell and tissue types, including neuroblastoma
cells.® Apoptosis is a vigorous form of cell
suicide® and this PCD is characterized by a variety
of easily identified morphological and biochemical
criteria including, but not limited to, contraction,
cell surface blebbing/ruffling, formation of ‘apop-
totic bodies’, cell detachment and degradation of
the genome.'° PCD is modulated by an ever increas-
ing list of proteins including bck2,'! p53,'* myc,'?
bax'* and bckx.*

Recently, thymosin $-10, a 43 residue, 5 kDa
(MW) protein was found to be highly expressed in
many tumors including that of the prostate.'® Addi-
tional work indicated that expression of this protein
could be modulated by RA." Increased thymosin
B-10 is correlated with decreased cell pro-
liferation.'”'® These observations prompted the
notion that perhaps this protein played a role in
the cell cycle’ or even in cell migration.?® The
p-thymosins were subsequently shown to be G-
actin-binding proteins.?"~** In turn, G-actin binds
to and inhibits DNase I—an endonuclease believed
to play a cardinal role in choreographing destruc-
tion of the genome during apoptosis.?
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In this series of experiments the ability of RA to
curtail division of human prostate cells is attributed
in part to its ability to prepare cells to undergo apop-
tosis. The anti-cancer drug, liarozole, amplifies the
pro-apoptotic propensity of RA—this is associated
with inhibition of bcl-2 and up-regulation of thymo-
sin f-10, a protein which severs actin filaments.

Materials and methods
Drugs and chemicals

Liarozole fumarate (R 85246) was a generous gift
from Dr Roland de Coster (Janssen Research, Beerse
Belgium). All-trans RA (Ro 1-5488), lycopene (Ro 1-
9251), lutein (Ro 5-6506), zeaxanthin (Ro 1-9371),
cryptoxanthin (Ro 4- 0763), f-carotene (Ro 1-8300)
and canthaxanthin (Ro 1-9915) were gifts from Hoff-
mann-La Roche (Nutley, N]). Lithium chloride and
phenol were obtained from Sigma. DMEM, antibio-
tics and fetal calf serum were from Gibco.

Cell line

The human prostate cancer cell line used in the
present study (DU145) was purchased from the
American Type Tissue Collection (Bethesda, MD),
and maintained in DME containing 10% FCS, peni-
cillin (100 U/mb), streptomycin (100 pg/ml) and
fungizone (2.5 ug/ml) under an atmosphere of
5% carbon dioxide in humidified air. These cells
generally grew with a polygonal, non-motile, epi-
thelial-like morphology.

Drug-induced growth inhibition

Human DU145 cells (innoculated at 10 000
cells/well) were plated out in multiwell culture
plates (Microtest III, 96-well, Falcon 3072, Becton-
Dickinson) in 200 ul of DME. Beta-carotene and
other lipids were added to the culture medium so
as to give a final concentration of 107! and 1076 M
and cells cultured for up to 96 h. The number of
viable cells was then determined using a non-radio-
active cell proliferation kit (Cellititer-96; Promega),
based upon the metabolic conversion of a tetrazo-
lium salt into a blue formazan chromogen product,
the abundance of which was ascertained at 570 nm
in an automated ELISA plate reader.?’ Parallel
experiments using a hemocytometer confirmed that
MTT assay data was a true representation of the
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number of viable cells and not due to drug inter-
ference with the cellular metabolism of the pre-
chromagen tetrazolium compound.

Morphometric analysis of cells

Cell cultures were examined under the light micro-
scope for overt signs of cell death——which included
morphological changes such as rounding up and
detachment (indicated by increased refraction). Cell
shape and density of staining with various antisera
was analyzed by use of a scanning image analysis
facility (ImageMaster; Pharmacia).

Fluorescence staining of chromatin

Cell monolayers were rinsed with 0.1 M phosphate
buffered saline (pH 7.4) (PBS) and stained with
Acridine Orange (10 ug/ml in the dark for 20 min
at room temperature. Excess dye was removed by
extensive washing with PBS. Slides were mounted
in glycerine mountant containing antifade and were
visualized under fluorescent light. Heavy fluores-
cent staining of the nucleus was indicative of apop-
totic cells.*

Immunochistochemistry

Cells were plated onto sterile poly-L-lysine coated
cover slips in DMEM containing FCS (10%) and anti-
biotics. Post-treatment, cells were fixed in situ with
3.7% formaldehyde in PBS (pH 7.3), washed exten-
sively in PBS and incubated in Block (3% normal
Sheep serum, 0.2% Triton X-100, 0.5% sodium azide
in PBS) overnight at 4°C. Following a wash in
1 x PBS, cell layers were incubated with primary
antibody rabbit anti-thymosin $-10 at a dilution of
1:1000 for 2 days at 4°C. Cell layers were then
washed in 1 x PBS (without sodium azide) and
incubated with the secondary antibody [peroxi-
dase-labeled affinity purified antirabbit IgG (H + L)
(Vector)] overnight at 4°C. Slides were washed twice
in 1 x PBS and developed in a solution of
500 ug/ml di-amino-benzidine (DAB) in 50 mM
Tris—HCIl, pH 7.6, containing hydrogen peroxide.
Stained slides were analyzed using a laser-based
digital imaging system (ImageMaster; Pharmacia).
Thymosin f-10 protein levels were deduced and
expressed as percent maximal response (optical
density).
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Cellular DNA fragmentation assay

Apoptosis was quantified using a commercially
available DNA fragmentation ELISA. Exponentially
proliferating DU145 human prostate cancer cells
(approximately 4000 per 200 ul) were incubated
with 5-bromo-2'-deoxy-uridine (BrdU) (10 uM)
overnight at 37°C in a humidified atmosphere con-
taining 5% CO,. RA (107% to 1071 M) and RA
(10-" M) plus liarozole fumarate (107% M) were
added and culture continued for a further 24 h. Cell
layers were lysed and aliquots of the medium trans-
ferred to 96-well microtiter plates pre-coated with
anti-DNA antibody according to the manufacturer’s
specifications (Boehringer Mannheim) and incuba-
ted at 4°C for 16 h. Plates were washed three times
with 250 ul of washing buffer [2 mM EDTA, Tween
20 (0.2%)] and anti-BrdU-peroxidase conjugate
added for 90 min at 37°C. Following an additional
wash, 3,3')5,5'-tetramethylbenzidine (TMB) sub-
strate for 30 min at room temperature, the reaction
was stopped by acidification with sulfuric acid and
the absorbance (450 nm) read on an automated
ELISA reader. Data are presented as percentage
maximal response.

DNA nicking

Prostate cell apoptosis was also measured using the
terminal deoxynucleotidyl transferase (TdT)-medi-
ated dUTP nick end labeling (TUNEL) method.*?
Slide-bound prostate cells were fixed as above and
endogenous peroxide suppressed with 0.3% hydro-
gen peroxidase in methanol for 30 min. Cell layers
were then rinsed in PBS and permeabilized with
0.1% Triton X-100 in 0.1% sodium citrate. Monolay-
ers were washed again with PBS and 50 ul of TUNEL
buffer added (containing TdT, TdT buffer and
dNTPs) added to the surface. Monolayers were
incubated at 37°C for 60 min, washed with PBS and
incubated with antifluorescein antiserum for a fur-
ther 30 min. Monolayers were washed again with
PBS and developed using DAB for 10 min at room
temperature. Cell nuclei exhibiting dark brown col-
oration were deemed TUNEL + apoptotic. The opti-
cal density of TUNEL+ nuclei was determined by
image analysis and the degree of DNA nicking
expressed as the percent maximal response.

Extraction of RNA

Control and treated cell cultures were washed sev-
eral times in 3 ml of ice-cold 1 x PBS and homo-
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genized in a solution containing 4 M guanidinium
thiocyanate, 35 mM sodium citrate, pH 7.0, 100 mM
2-mercaptoethanol and 0.5% sarcosyl as described
elsewhere.?° Ethanol precipitated RNA pellets were
resuspended in diethylpyrocarbonate-treated sterile
water. RNA obtained by this method usually exhib-
ited an Azeo/280 Of greater than 1.8.

Radiolabeling and specificity of thymosin
5-10 cDNA

Molecular cloning and sequencing experiments
have unambiguously demonstrated that the 3’
untranslated regions of thymosin §-10 and thymosin
B-4 mRNAs exhibit less than 25% identity.!” Hence,
use was made of the 3’ untranslated region of the
human thymosin -10 cDNA to monitor thymosin -
10 levels in response to RA, f-carotene and liaro-
zole. The random g)riming technique was used
to label clone 6'° to a specific activity of
4 x 10° c.p.m./ug DNA with [>*PldCTP (Amer-
sham). This cDNA was highly specific for thymosin
B-10 transcripts as previously demonstrated.'®

An 18S ribosomal RNA cDNA was used as a con-
trol (housekeeping gene). The bcl-2 cDNA was pur-
chased from Cambridge Bioscience (Cambridge,
UK).

Northern blot analysis

Total RNA (10 ug) was mixed with RNA loading
buffer containing formaldehyde and glycerol,
heat-denatured for 15 min at 70°C, cooled to 4°C
and fractionated in a 1.2% agarose gel containing
2.2 M formaldehyde overnight.?® Gel-bound RNA
was transferred to Nylon membranes (Nytran) over-
night by the capillary blotting technique.?® Filters
were baked at 80°C for 1 h in a vacuum oven.

Hybridization and dehybridization

For the thymosin f-10 cDNA filters were prehybri-
dized at 42°C for 3 h in a solution containing
0.75 mM sodium chloride, 50 mM sodium phos-
phate (pH 7.0), 10 mM EDTA, 10 x Denhardt’s solu-
tion, 0.2% SDS, 2% glycine and 50% formamide.
Hybridization was for 16 h at 42°C in a solution
containing 0.75 mM sodium chloride, 50 mM
sodium phosphate (pH 7.0), 50 mM EDTA, 0.2%
SDS, 2% glycine and 2 x Denhardt’s 50% forma-
mide. Final filter washings were carried out at 65°C
in 0.2 x SSC containing 0.1% SDS.



Analysis of data

Data analysis was performed using the Student’s ¢
test.

Results

Inhibitory actions of RA and carotenoids
upon prostate cell division

Addition of f-carotene (1078 to 107! M for 5 days)
to cultures of prostate cancer cells resulted in a
significant (p < 0.02) inhibition of cell proliferation.
The antiproliferative action of f-carotene was most
evident at 1078 M (< 0.01): any increase above this
concentration had little further inhibitory effect.
Data shown in Figure 1 indicate differing degrees
of inhibition of cell proliferation with equivalent
concentrations of an assortment of carotenoids (as
well as RA) (1078 M for 5 days). Remarkably, can-
thaxanthin and f-carotene proved to be the most
effective inhibitors of cell proliferation. Surpris-
ingly, lycopene was apparently a more efficacious
inhibitor of cell proliferation than RA (Figure 1).
Xanthophyll, cryptoxanthin and zeaxanthin were
all less potent antiproliferative agents than RA, -
carotene or canthaxanthin.

Effects of liarozole on cell growth
inhibition

Figure 2 shows that liarozole (fumarate salt) alone
has little or no effect on cell growth—although a
mild stimulatory action was consistently observed
with very high concentrations of the drug (107 M).
Liarozole potentiated the antiproliferative actions of
both RA (10~7 M) and B-carotene (107 M) in a con-
centration-dependent fashion. In fact, coincubation
with liarozole (107° M) effectively doubled the
degree of inhibition achieved by RA or f-carotene
alone (Figure 2). Time-course experiments revealed
that the amplifying actions of liarozole (107> M)
upon the antiproliferative actions of RA (1077 M)
became detectable as early as 24 h, evident after
5 days and extremely pronounced 10 days after
addition of the drugs to cell cultures (data not
shown).

Liarozole amplifies retinoid-induced apoptosis

Effects of RA, g-carotene and liarozole
upon expression of the thymosin f-10
gene

It was previously shown that the RAR-a gene is
expressed in the DU145 prostate cancer cell
line,** hence this cell line possesses a retinoid
receptor signal transduction pathway. In view of
the fact that previous experiments had indicated
that the thymosin f-10 gene is responsive to anti-
cancer retinoids such as RA,"” it was deemed pru-
dent to examine expression of this gene in DU145
cells. DU145 celis expressed a single 600 nucleotide
species of thymosin f-10 mRNA (Figure 3). RA
(10" M), B-carotene (1073 M) and canthaxanthin
(1078 to 1071° M) all stimulated the steady-state
levels of thymosin $-10 mRNA (Figure 3). Actions
of RA were significantly amplified when liarozole
was included in the culture medium (Figure 4). Liar-
ozole itself had no discernable effect upon thymosin
B-10 mRNA at ‘low’ concentrations—but affected -
10 gene expression at higher doses. When liarozole
(10° M) was added in combination with RA
(1077 M), stimulation of thymosin -10 mRNA was
much more pronounced (16-fold increase above
control) than that achieved with RA alone (6-fold).

The cytoplasmic compartment of the vehicle-trea-
ted human DU145 prostate cancer cells exhibited
relatively low but detectable levels of the thymosin
B-10 polypeptide (Figure 5). Nuclei were essentially
devoid of immunostaining for thymosin §-10 (data
not shown). Inclusion of RA (2 x 107 M for 3 days)
resulted in an increased expression of the protein
(2- to 5-fold increase above control values) (Figure
5). This enhanced level of §-10 expression was pre-
ferentially localized inside cells which displayed a
change in their morphology (i.e. rounding up, ruf-
fled surfaces, condensation of nuclear chromatin)
(data not shown). Inclusion of f-carotene (1078 M
for 3 days) also stimulated the level of thymosin §-
10 detected by this immunostaining procedure (data
not shown). The combined effect of liarozole and
RA was to increase the proportion of dead/apop-
totic prostate cells which appeared to be more
refractory under the light microscope.

Bcl-2 expression

Bcl-2 promotes cell survival by counteracting PCD
via an as yet unidentified mechanism.'’ As a rule,
bcl-2 is not expressed in the normal human prostate
gland, whilst prostate cancer is associated with
increased expression of this gene. Bcl2 mRNA and
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Figure 1. Comparative antiproliferative actions of RA and
various carotenoids (all at 10-8 M for 3 days) in human
DU145 cells. Each point on the graph represents the
mean + SD for five independent determinations using the
MTT dye assay.
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Figure 2. Effects of liarozole fumarate (R85246) upon the
relative antiproliferative efficacy of RA (10-7 M) and g-car-
otene (10-7 M) in DU145 cells. Cells were exposed to
increasing amounts of liarozole in the presence or absence
of RA or g-carotene for 5 days. Each point represents the
mean + SD.

protein were both found to be present in the DU145
cell line. Generally, RA inhibited prostate cell levels
of bcl-2 message and protein. RA together with liar-
ozole were more effective in suppressing the bcl-2
gene than either agent alone (Figure 6). Thus, bcl2
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Figure 3. Northern blot analysis of thymosin $-10 mRNA in
DU145 celis. Cells were treated with RA and/or with liar-
ozole. Each lane of the gel contained 10 ug of total RNA.
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Figure 4. Relative abundance of thymosin §-10 mRNA in
DU145 prostate cells following 3 days exposure to liaro-
zole alone or together with RA (107 M). Each point is
the mean + SD of the percentage maximal densitometer
response.
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Figure 5. Effects of liarozole and RA upon prostate cell
thymosin B-10 protein content. Each bar represents the
mean + SD of the relative concentration of thymosin as
deduced by digital analysis of cells stained with a specific
antiserum. Data are expressed as the percent maximal
response. L, liarozole; V, vehicle; RA, retinoic acid.

and thymosin §-10 gene expression appeared to be
mutually exclusive in these experiments.

Effects of RA and liarozole upon DNA
fragmentation

To examine the possibility that RA could be con-
trolling prostate cell PCD, the effect of this lipid
upon cellular DNA cleavage were ascertained.

RA (1079 to 107% M for 24 h) provoked a dose-
dependent enhancement of the amount of BrdU-
labeled DNA fragments released into the prostate
cell cytoplasm and detected by the ELISA (Figure 7).
DNA degradation was increased slightly in the pre-
sence of 1078 M RA (p> 0.05), but was significantly
stimulated by the higher concentrations of RA
(1075 M) (p<0.05) (Figure 7). Addition of liarozole
(107> M) itself for 24 h induced a very small incre-
ment in endonuclease activity, but this was not sig-
nificantly different to the effect obtained with
ethanol vehicle (below 0.001% v/v) (p>0.05).
Simultaneous addition of liarozole (107° M) toge-
ther with RA (107% M) resulted in a highly significant
stimulation of prostate cell DNA fragmentation
(p<0.01). These effects were obtained within
24 h—other data indicated that retinoid-induced
DNA degradation could be achieved in less than
4 h using the same assay (data not shown). Hence,
even within 24 h, liarozole was seen to enhance the
apoptotic efficacy of this natural retinoid. These
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Figure 6. Effects of liarozole and RA upon bcl-2 mRNA in
human DU145 prostate cells. Cells were exposed to liaro-
zole (10~° M) or a combination of RA (10~7 M) plus liaro-
zole (10-°M) for 3 days. Each point on the graph
represents the mean +SD of the percentage maximum
densitometer response derived from scanning several
bcl-2 probed slot-blots.

results are the first to demonstrate that the antitumor
drug liarozole increases retinoid-induced apoptosis
in human cancer cells.

Effects of liarozole and RA upon DNA
nicking

As an additional check, the effects of RA and liar-
ozole upon prostate cell PCD were also monitored
visually using TUNEL to detect intranuclear DNA
damage in situ.*> Figure 8 indicates that apoptosis
measured by TUNEL was very similar to that
observed in the DNA fragmentation assay. Again,
a combination of liarozole and RA resulted in a
synergistic stimulation of nuclear DNA nicking.

Conclusion

Whilst evidence exists to support the notion that
retinoids and to some extent their carotene precur-
sor B-carotene can inhibit growth of many cell-types
including prostate cells,’ relatively little is known
about the basic mechanisms by which these lipids
exert their anticancer actions. Retinoids and f-car-
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Figure 7. Effects of RA and liarozole upon cellular DNA
fragmentation. DU145 cells were prelabeled with BrdU
for 24 h and then exposed to RA (1076 to 10-? M) of RA
(107¢ M) plus liarozole {10-5 M) for 24 h*. Each point
represents the mean+SD of the percentage maximal
DNA fragmentation response.

otene can act inside the target cell as antioxidants by
scavenging free oxygen radicals.>®> Other experi-
ments indicate that retinoids, via specific nuclear
receptors, modulate expression of genes which act
at critical phases as cell cycle check-points.6 The
present series of experiments has attempted to ana-
lyze the effects of RA, related carotenoids and a
novel drug—Iliarozole (which inhibits intracellular
RA degradation)—upon prostate cell proliferation
and apoptosis. RA, f-carotene and canthaxanthin
induce significant antiproliferative actions in the
DU145 cell line. Surprisingly, f-carotene appeared
to be a more potent inhibitor of cell growth than its
biologically active metabolite, RA. As intracellular
degradation of RA could have been a factor here,
the effects of liarozole were studied. Liarozole
(fumarate salt), a novel imidazole-derived anti-
tumor inhibitor of cytochrome P-450-dependent RA
4-hydroxylase,>* known to increase intratumor reti-
noid accumulations,®® dramatically enhanced the
antiproliferative actions of RA as well as that of
B-carotene (Figures 2 and 3). This amplifying effect
of liarozole was dose- and time-dependent, and was
consistent with its actions upon other tumor cell
lines (MCF-7).>!

As very little is known regarding the molecular
mechanism by which liarozole acts to deter tumor
growth and metastasis, it was deemed logical to
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Figure 8. TUNEL analysis of the pro-apoptotic actions of
RA and liarozole in human prostate cancer cells. Each bar
value corresponds to the mean+SD of the degree of
TUNEL+ nuclear staining as deduced by image analysis
(optical density) of cell nuclei.

identify possible targets for this novel drug. Pre-
vious observations had already demonstrated that
RA could stimulate expression of thymosin §-10 in a
number of tumor cell lines.'® It became evident that
the stimulatory action of RA upon prostate cell thy-
mosin f-10 mRNA (6-fold increase above control
levels, p<0.05) was significantly amplified in the
presence of liarozole (107° M) (16-fold increase
over control values). Thymosin £-10 is a major intra-
cellular scavenger of monomeric G-actin®""?? and G-
actin inhibits DNase 1.2 More recently thymosin f-
10 was shown to accelerate PCD,*? possibly by
removing G-actin inhibition of this endo-
nuclease.3® Certainly then, in the present study,
increased thymosin B-10 expression is associated
with decreased cell growth and increased apopto-
sis. These results are consistent with those recently
reported in human neuroblastoma cells (LA-N-5),2
where PCD induced by a synthetic retinoid (4-HPR)
is clearly associated with cell detachment.®
Apoptosis constitutes a natural and fundamental
physiological suicide process which is controlled by
a wide spectrum of both genetic and epigenetic
pathways, and which plays a cardinal role in main-
tenance of tissue phenotype.'® The list of genes and
agents that control apoptosis continues to expand.’ 6
Significantly, the 24-26 kDa (MW) bcl2 protein
blocks cell death provoked by many stimuli by
interfering with the cell’s lipid peroxidation
pathway.'"*” Bcl2 (and its other related family



members) are of paramount importance in cancer
biology because these survival proteins promote
cellular immortality /oncogenic transformation.'!
Expression of bcl-2 is associated with unfavorable
histology (and N-myc amplification) in human
neuroblastoma.?® However, bcl-2 inhibits chemo-
therapy-induced apoptosis in neuroblastoma.>® In
view of these observations, the effects of RA and
liarozole were examined upon expression of this
tumor promoting protein in the prostate cells. The
ability of RA to repress bcl-2 mRNA was strength-
ened by coincubation with liarozole: this effect was
mirrored by inhibition of the bcl-2 protein itself.
Hence RA induces apoptotic competency in this
prostate cancer cell line in part by inhibiting expres-
sion of bcl2, presumably via up-regulating p53.
Liarozole enhanced this effect by inhibition of intra-
cellular RA breakdown.®* These findings support
the hypothesis that f-carotene and its active primary
metabolite RA are capable of inhibiting prostate
cancer cell proliferation partly by increasing cell
loss via PCD.

Apoptosis is the major mechanism for cell elim-
ination in tumors. Hence it would follow that pro-
teins which contribute to or accelerate this process
will be more abundant in tumor tissue—presum-
ably, a low level of apoptosis in a particular tumor
would be indicative of a poor prognosis. Thymosin
B-10 (and B-4) are overexpressed in many tumor
types, including prostate tumors.'® To some extent
the pro-apoptotic influence of RA could be due to its
ability to increase tumor cell expression of thymosin
B-10—which would tend to destabilize the cell actin
cytoskeleton?? and thence increase a particular
cell’s apoptotic proﬁciency.42 The results of the pre-
sent study indicate that liarozole acts at the mole-
cular level by amplifying the ability of RA and B-
carotene to inhibit the bcl-2 whilst up-regulating the
G-actin binding protein thymosin f-10. The com-
bined effect of these actions results in increased
death of prostate cancer cells by apoptosis. These
data together with other unpublished findings indi-
cate that liarozole could also be beneficial in the
treatment of other neoplasms including neuroblas-
toma, especially when given in combination with 4-
HPR or other anti-cancer drugs.
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