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Smnmary--Liarozole reduced tumor growth in the androgen-dependent DurmingoG and the 
androgen-independent Dunning MatLu rat prostate carcinoma models as well as in patients 
with metastatic prostate cancer who had relapsed after orchiectomy. In vitro, liarozole did not 
have cytostatic properties, as measured by cell proliferation in breast MCF-7 and prostate 
DU145 and LNCaP carcinoma cell lines. It did not alter the metabolism of labeled testosterone 
i.e. the 5a-reductase in cultured rat prostatic cells. In mouse F9 teratocarcinoma cells liarozole 
did not show any retinoid-like properties but enhanced the plasminogen activator production 
induced by retinoic acid. Furthermore, liarozole and retinoic acid similarly reduced the growth 
of the androgen-dependent Dunning-G tumor in nude mice and inhibited tumor promotion 
elicited by phorbol ester in mouse skin. These data have raised the hypothesis that the 
antitumoral properties of liarozole may be related to inhibition of retinoic acid degradation, 
catalyzed by a P-450-dependent enzyme that is blocked by the drug. 

INTRODUCTION 

Liarozole (R75251) is a new imidazole 
derivative which reduced the growth of andro- 
gen-dependent rat Dunning-G prostate adeno- 
carcinoma similarly to castration but without 
alteration of serum testosterone levels and 
weight of androgen-dependent tissues such as 
prostate and seminal vesicles [1]. Furthermore, 
the compound still reduced tumor growth in 
castrated animals beating a testosterone im- 
plant[l]. In a pilot study in orchiectomized 
stage D prostate cancer patients with hormone 
resistant tumors, liarozole (300 mg bid) induced 
both objective (serum PSA levels, tumor and 
lymph node reduction) and subjective (pain, 
performance status and urological complaints) 
improvements [2, 3]. In these patients, no signifi- 
cant reduction in the levels of adrenal androgens 
was detected but increased plasma retinoic acid 
levels as well as cutaneous reactions similar to 
those observed after high doses of vitamin A 
were observed[3]. Indeed, liarozole inhibits 
several cytochrome P-450-dependent enzymes, 
including the 4-hydroxylase, one of the main 
enzymes in the catabolic pathway of retinoic 
acid [4, 5]. 
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Pharmacological data obtained so far with 
liarozole, as summarized in this paper, have 
raised the hypothesis that antitumoral effects 
may be related to the inhibition of the break- 
down of retinoic acid by liarozole. 

IN VITRO PHARMACOLOGY 

Effect of  liarozole on cell growth in tissue culture 

The effects of harozole on cell growth in tissue 
culture have been evaluated in DU145 and 
LNCaP human prostate and MCF-7 human 
breast carcinoma cell lines. DU145 and MCF-7 
cells were cultured in Dulbecco's modified 
Eagle's medium with 4.5 g/l glucose and 3.7 g/1 
sodium bicarbonate supplemented with 2 mM 
glutamine, 1 mM sodium pyruvate, 100IU/ml 
penicillin, 100 #g/ml streptomycin sulfate and 
10% fetal calf serum. For LNCaP cells the 
medium consisted of RPMI 1640 supplemented 
with 2mM giutamine, 100IU/ml penicillin, 
100/~g/ml streptomycin sulfate, non-essential 
amino acids and 10% heat-inactivated fetal calf 
serum. Furthermore, the antiproliferative effects 
of adriamycin, mitomycin C and etoposide were 
simultaneously evaluated in DU145 and MCF-7 
cells. Cells were exposed to the drugs for 5 days 
with the medium containing drugs or vehicle 
being renewed on day 3. After 5 days, the 
amount of metabolically active cells was 
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Table I. ICse-values (M) for mhiblaon of growth of MCF-7, DUI45 
and LNC.aP cells after 5 days' exposure to different drugs 

MCF-7 DUI45 LNCaP 

Adriamycin 2.2 x 10 -s 2.3 × l 0  -9  NP 
MItomyon C 4 3 × 10 -8 4 0 × 10 -9  NP 
Etoposide 1.0 x 10 -6 1.9 × 10 -~ NP 
Liarozole > 10 -5 > 10 -5 > 10 -5 

Each value represents the mean of three independent experiments 
NP: not performed 

measured using a tetrazolium based assay [6]. 
Table 1 shows that liarozole, unlike the classical 
cytostatics, marginally affected cell growth 
(inhibition of 10, 11 and 19% for respectively 
DU145, LNCaP and MCF-7 cells at a concen- 
tration of 10 -5 M of liarozole). 

Effect of liarozole on the metabolism of labeled 
testosterone in rat prostate 

The effects of liarozole on the metabolism of 
testosterone in prostate tissue were investigated 
in short-term incubations of collagenase- 
dispersed rat prostatic cells incubated with 
4.5 x l0 -7 M of [~4C]testosterone, 4.5 x l0 -4 M 
of NADPH with or without drug. After 4 h of 
incubation, 1.Sml of culture medium was 
loaded on a silicagel column (Extrelut, Merck), 
extracted with ether, dried under nitrogen and 
dissolved in 600/zl of hexane-isopropanol 
(9:1, v/v). Separation of the steroids was 
carried out on a Varian 5560 high performance 
liquid chromatograph equiped with a Lichro- 
sorb Diol column. Steroids were eluted with 
hexane-isopropanol in a stepwise linear gradi- 
ent. Radioactivity was measured on-line by a 
Berthold LB-504 monitor. 

Table 2 shows that liarozole up to l0 -5 M 
does not modify the metabolism of labeled 
testosterone in primary culture of rat prostatic 
cells, i.e. mainly does not alter 5~t-reductase 
activity. 

Effect of  liarozole on induction of plasminogen 
activator in F9 mouse teratocarcinoma cells 

In the F9 cell line, originally initiated from 
a mouse testicular teratocarcinoma, retinoic 
acid induces differentiation which is reflected 

in morphological changes as well as the induc- 
tion of several enzymes such as plasminogen 
activator [7]. The cells were cultured in gelatin- 
coated 6 well tissue culture plates at a density of 
1000 cells/well in 2 ml of Dulbecco's modified 
Eagle's medium with 4.5g/1 glucose sup- 
plemented with 2 mM glutamine, 1 mM sodium 
pyruvate, 100 IU/ml penicillin, 100/zg/ml strep- 
tomycin sulfate and 15 % fetal calf serum. After 
24 h the medium was renewed, the test com- 
pounds were added in a volume of 200/zl and 
the cells were further incubated for 72 h. Then, 
the medium was discarded and replaced by 1 ml 
of serum-free medium and the cells were further 
incubated for 24 h. Plasminogen activator con- 
tent of the supernatant was determined quanti- 
tatively with a spectrophotometric assay using 
human plasminogen activator as reference stan- 
dard [8]. 

Up to a concentration of 10 -s M, liarozole 
did not induce enzyme activity (~< 100 mU/ml) 
whereas retinoic acid dose-dependently induced 
secretion of plasminogen activator between 
l 0  - 9  and 10 -5 M (up to 20,000 mU/ml; Fig. 1). 
However, a combination of 10 -5 M of liarozole 
with 10 -s M of retinoic acid induced plasmino- 
gen activator 2.2-fold more than retinoic acid 
alone (Fig. 1). These results clearly show that 
liarozole has no intrinsic "retinoid-like" effect 
but enhances the retinoic acid induction of 
plasminogen activator secretion, probably by 
inhibiting retinoic acid metabolism as demon- 
strated in this cell line for other azole deriva- 
tives [9]. 

I N  g l g o  P H A R M A C O L O G Y  

Effects of liarozole on androgen-independent 
Dunning MatLu prostate adenocarcinoma 

Since the antitumoral effects of liarozole in 
the androgen-dependent Dunning-G prostate 
adenocarcinoma were not related to androgen 
suppression [1], the compound was evaluated in 
the rapidly growing, androgen-independent 
MatLu subline of the Dunning R 3327 prostatic 
adenocarcinoma. In this experiment, 2 x 105 

Table 2. Effc~ts of harozole on labeled tmto~terone metabolism m primary culture of dispersed normal rat prostate cells 

Liarozole (M) 

Velucle 10 -s 10 -7 10 -6 10-s 

Testmterone 69 + 5 69 + 5 61 + 8 67 + 12 76 + 2 
Dihydrotestosterone 19 + 4 21 + 4 22 ± 5 24 + 9 17 + 1 
Androstenedione 4.5 + 0.7 4 2 + 0.7 4 2 + 0.9 2 9 ± 1 4 2 9 ± 0.6 
Andrmtanedione 1.9 ± 0.8 1.5 ± 0 7 1.3 ± 0 8 1.5 ± 1 0 0 2 ± 0 I 
Androsterone 3.6 + 1.2 2.9 ± 1.0 3.1 ± 1.5 2.3 ± 0.4 2 6 ± 0.4 

The results are expressed as per cent of total ra&oactlvlty (mean + SEM, n ffi 5) 
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Fig. 1. Effects of retinoic acid (RA) and liarozole on plasminogen activator induction in F9 cells. Results 
are mean+ SD of 4 independent experiments, each performed in triplicate, n.d.: not detectable 

( < 100 mU/n~) 

cells were injected s.c. in the subinguinal region. 
The next day treatment was initiated or orchiec- 
tomy performed in the appropriate groups of at 
least 8 animals each. Liarozole was adminis- 
tered admixed in food and tumor volume was 
measured biweekly [1]. On day 28, the exper- 
iment was stopped because of ulcerating tumors 
in the castrate group. 

Liarozole at doses of 10 and 5 mg/100 g food 
lowered the median tumor volume of the sub- 
cutaneous tumors by 72 and 79%, respectively, 
whereas castration had no effect (median 
volume change: + 14%; Fig. 2). 

These results show that liarozole also reduces 
the growth of androgen-independent prostatic 
adenocarcinoma in rats. 
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Fig. 2. Effects of dietary application ofliarozole on the growth of R 3327 MatLu prostate adenocarcinoma 
in rats. 
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Fig. 3. Effects of  a 21-day oral treatment with liarozole or 
retinoie acid (RA) on the growth of  Dunning R3227-G rat 
prostate adenocareinoma fragments implanted under the 
renal capsule of  nude mice. Individual values are rep- 

resented. Each group contains at least 5 animals 

Effects of liarozole and retinoic acid on the 
growth of  androgen-dependent Dunning-G pro- 
static adenocarcinoma in nude mice 

To evaluate the effects of retinoic acid on 
Dunning-G adenoeareinoma, fragments of a s.c. 
grown tumor were inserted under the renal 

capsule of nude mice [1]. After 21 days of treat- 
ment, the growth of the grafts was expressed as 
percentage of the size of fragments at the day of 
insertion, which was considered to be 100%. 
Castration, retinoic acid (at 1.25 and 2.5 mg/kg 
p.o., bid) and liarozole (at 80 and 40 mg/kg p.o., 
bid) similarly reduced tumor growth (Fig. 3). 
These results confirm the effects of liarozole on 
the androgen-dependent Dunning-G prostate 
adenocarcinoma and demonstrate its sensitivity 
to retinoic acid. 

Effects of liarozole and retinoic acid on tumor 
promotion elicited by 2-O-tetradecanoylphorbol- 
13-acetate (TPA) in mouse skin 

Retinoids suppress the formation of papil- 
loma in the initiation-promotion model by 
interfering with the promotion phase of mouse 
skin carcinogenesis [10-12]. Female CD-1 mice 
were initiated with a single topical dose of 50 #g 
of dimethylbenz(a)anthracene (DMBA) [13]. 
After 2 weeks, promotion with twice weekly 
applications of 5 #g TPA applied topically in 
150#1 acetone was begun and continued for 
17 weeks. 

Treatment of mice with 5 #g retinoic acid 
topically 3 h prior to application of tumor pro- 
moter during 17 weeks of promotion, reduced 
both the incidence of tumors and tumor burdens 
(i.e. number of papillomas per mouse). Simi- 
larly, pretreatment of mice with 20, 40 or 
80 mg/kg (p.o.) liarozole produced a reduction 
in tumor incidence and tumor burden (Table 3). 

CONCLUSION 

Data obtained to date show that liarozole 
altered tumor growth on androgen-dependent R 
3327 Dunning-G prostate adenocarcinoma in- 
dependently of androgen suppression [1], but 
without interfering with steroid receptors [5] or 
prostatic testosterone metabolism. In contrast 
to classical cytostatics, liarozole was also devoid 

Table 3 InhtbRion of TPA reduced tumor promoUon m mouse skin by harozole and 
retmoic acid after 17 weeks of promotion 

Papillomas/ Incidence 
Initiatton Promotaon Treatment N mouse (%) 

DMBA Acetone None 10 0 0 
None TPA None 10 0 0 
DMBA TPA None 14 6 6 + 1 2 79 
DMBA TPA Acetone 19 9 5 ± 1.5 89 
DMBA TPA 5#g RA 19 2.9 + 1 5 42 
DMBA TPA Vehicle 20 8 0 + 1 6 90 
DMBA TPA Liarozole 

20 mg/kg 15 54+  1 5 60 
40mg/kg 19 24:t: I 2 26 
80 ms/ks 18 1 3 +_ 0 6 44 
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o f  any  an t imi to t ic  act ivi ty  and  it does  no t  show 
any  " re t ino id - l ike"  proper t ies .  Fu r the rmore ,  
l ia rozole  a l tered the g rowth  o f  androgen- inde-  
penden t  D u n n i n g  M a t L u  pros ta te  adenocar -  
c inoma.  The  f inding tha t  l iarozole  inhibi ted the 
4-hydroxylase ,  a P -450-dependen t  enzyme in- 
volved in ca tabo l i sm o f  ret inoic  acid  [4], m a y  
shed more  l ight on the mode  o f  ac t ion  o f  this 
drug.  Indeed,  l iarozole  inhibi ted  growth  o f  
D u n n i n g - G  a d e n o c a r c i n o m a  and  suppressed 
p h o r b o l  ester  induced  t u m o r  p r o m o t i o n  mode l  
in mouse  skin. These effects were qual i ta t ively  
s imilar  to the effects o f  re t inoic  acid. Fu r the r -  
more ,  l iarozole  enhanced  the effects o f  ret inoic 
acid in F9  t e r a toca r c inoma  cells, an effect 
shared  by o ther  re la ted azoles which inhibi t  the 
b r e a k d o w n  o f  ret inoic  acid  [9]. Taken  together ,  
these da t a  have raised the hypothes is  tha t  inhi-  
b i t ion o f  ret inoic  acid  deg rada t ion  m a y  p lay  a 
role in the an t i t umora l  effects o f  l iarozole.  
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