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Abstract

We report for the first time that a synthetic retinoid, /V-(4-hydroxy-
phenyl)retinamide, can prevent the development of both primary and
metastatic tumors in an animal model of metastasizing primary prostate
cancer. Prostatic adenocarcinornas were induced in high incidence in
Lobund-Wistar rats by initiation with methylnitrosourea i.v. and pro
motion with testosterone. Feeding of Ar-(4-hydroxyphenyl)retinamide to

these rats during the latency period markedly diminished the linai
incidence of both primary and metastatic prostate carcinomas.

Introduction

There is a great need to develop practical methods for che-
moprevention of prostate cancer, one of the leading causes of
death in men over 60 years old. We report here the first use of
a synthetic retinoid (4-HPR,2 fenretinide) to prevent adenocar-

cinoma of the prostate in a rodent model of the human disease.
It has previously been shown that 4-HPR can prevent the
development of breast and bladder cancer in rats and mice (1-
3), and this agent is currently in a clinical trial for prevention
of breast cancer in women at high risk. In more than 1000
women in this trial, 4-HPR has been tolerated remarkably well,
with a minimum of side effects during chronic administration
(200 mg/day) (4). We are thus presenting these initial results
describing the ability of 4-HPR to prevent prostate cancer in
an animal model, with the goal of stimulating further studies
that would be directed toward its potential evaluation for pre
vention of prostate cancer in men at high risk.

The Lobund-Wistar (L-W) rat is unique in its intrinsic sus
ceptibility to metastatic PA. Over their life span, 26% of L-W
rats, fed a chow diet, developed PAs spontaneously within an
average of 26 months (5). Among 27 aged rats with spontaneous
PAs, 23 (85%) had developed metastatic tumors; 15 (56%) had
tumors in the lungs; 7 (26%) had tumors in both the lungs and
in the peritoneal cavity; and 1 (4%) had peritoneal tumors (5).
We have developed a new procedure for induction of PAs in
high incidence (70-90%) in L-W rats within 10 months by a
combination of MNU and TP (6, 7). The MNU was the tumor
initiator, and the TP was the tumor promoter (8). As with the
spontaneous tumors, the induced PAs were moderately differ
entiated adenocarcinomas which metastasized to the lungs and/
or the peritoneal cavity. PAs, as small as 0.5 cm in diameter,
were palpable through the abdomen as a hard mass with knobby
surfaces. In previous studies, rats on the MNU/TP protocol
were treated midway in the latent period either with estradici
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or by castration, both of which reduced the incidence of PAs
(9). While these results indicate that this age- and hormone-
related carcinoma is preventable, the preventive measures noted
above are not clinically acceptable in humans. We have thus
chosen to study the ability of a clinically acceptable retinoid to
prevent prostate cancer in this animal model of prostate
tumorigenesis.

Materials and Methods

Animals. L-W rats were randomly propagated through 58 genera
tions under germfree conditions, and breeding colonies thereof were
conventionalized in isolated clean, air-conditioned rooms, where they
were further propagated. The rats were fed a steam-sterilized natural
grain diet (L-485), which had been assessed favorably for reproduction,
fetus survival, growth rate, and longevity. The rats were free of detect
able microbial pathogens.

Induction of Primary Prostate Tumors. In the present experiments,
40 conventional male L-W rats, 3 months old, were inoculated i.v. with
MNU (Ash Stevens, Detroit, MI) (30 mg/kg body weight); and I week
later each was anesthetized with ether and received a s.c. implant of 45
mg of TP (Sigma Chemical Co., St. Louis, MO), encased in a Silastic
capsule. The slow-release implant of TP was replaced at intervals of 2
months. The methodology has been described (6, 7).

Among 163 L-W rats from previous experiments in which PAs were
induced, the average tumor weight was 15.9 Â±6.7 (SD) g. The initial
stage of PA development was detected in the dorsolateral lobe of the
prostate gland, and the tumor expanded into the entire gland and
seminal vesicles. The tumors were hard and cirrhotic when incised;
upon histological examination, moderately differentiated adenocarci
nomas were found in a prominent stroma of connective tissue. In these
previous studies, 78% of the tumor-bearing rats had developed met
astatic PAs in the peritoneal cavity and 58% had developed metastatic
tumors in the lungs. We have previously described the gross pathology
and microscopic histology of lesions in this rodent model in detail (7)
and will not repeat these findings here.

In the present study, all rats with palpable tumors were weighed,
anesthetized, and exsanguinated from the heart. Data on body weights
and weights of liver, spleen, swollen lymph nodes, and excised tumor
were recorded. The lungs were inflated with Bouin's fixative via the

trachea, changed to 70% ethanol after 18 h, and the solid yellow-tinged
lung tumors were counted at x5. Sections of organs, tumors, and
metastatic lesions thereof were fixed in Bouin's solution and further

processed for histological examination. Rats with microscopic lesions
in their prostate glands were not recorded as positive; only palpable
PAs (>0.5 cm in diameter) were recorded as such.

Preparation and Feeding of Diet Supplemented with 4-HPR. The
preparation of diet supplemented with 4-HPR has been described (2):
391 mg of 4-HPR (Johnson & Johnson) was dissolved in 50 g of
absolute ethanol:trioctanoin (1:3) by first suspending in ethanol and
then adding the 3 parts of trioctanoin. DL-Â«-Tocopherol(0.5 ml) and
Tenox 20 (0.5 ml) (Eastman Kodak, Kingsport, TN) were added to the
mixture. This preparation was mixed into 1 kg of powdered diet L-485
and then stored at -20Â°C prior to use. Feed was given to the rats ad

libitum and changed twice a week. Diet L-485 was purchased from
Tek-Lad, Madison, WI. All rats were fed this basal diet for the first 7
months of the experiment.
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PREVENTION OF PRIMARY PROSTATE CANCER BY 4-HI'R

At 7 months after initiation of the MNU plus TP treatments, one
group of rats (N = 20) was changed to diet L-485 supplemented with
4-HPR (1 mmol/kg feed). Control rats (A'= 20) received the same feed

containing only the vehicle. At biweekly intervals, all rats were exam
ined for body weight and for PA development by abdominal palpation.
PAs as small as 0.5 cm in diameter could be detected by abdominal
palpation in the pelvic region. The tumors were solid, hard masses with
knobby surfaces which, with time, enlarged up to 4 cm. Rats which
developed palpable PAs were permitted to survive until their physical
condition was so deteriorated as to warrant autopsy examination. All
surviving rats were killed and examined at age 17 months (14 months
after onset of the experiment).

Results

Inhibition of Prostatic Carcinogenesis by 4-HPR. Rats treated
with 4-HPR and their respective controls consumed between
16 and 18 g of food/day. There was no significant difference in
body weights or in weights of livers and spleens among the two
groups of rats (P = 0.821). The striking inhibition of prostatic
carcinogenesis by 4-HPR is shown in Table 1. Among the
control rats which did not receive 4-HPR. 16 of 18 (88%)
developed palpable PAs, with an average latent period of 10.5
months from the start of treatment with MNU; 11 of 16 (69%)
of these rats had metastatic tumors. One control rat was killed
early because of a bone tumor in the jaw, and one was negative
when examined at the end of the experiment.

Feeding of 4-HPR caused a marked inhibition of tumorigen-
esis, since only 4 of 19 (21%) of the rats fed this retinoid
developed palpable PAs (average latent period, 9.6 months).
Tumors in these 4 rats occurred within 3.5 months after onset
of retinoid treatment; 3 of 4 of these rats had metastatic tumors.
Thereafter, the 15 other rats fed 4-HPR survived for the 14-
month observation period without evidence of palpable PAs in
the abdomen. One rat treated with retinoid that died could not
be examined because of degeneration. The difference between
treatment or lack of treatment with 4-HPR is statistically highly-

significant (P < 0.001).
The PAs that developed in both groups of rats were similar

in appearance and size. The average tumor weight was 14.2 Â±
10.7 g among the control rats and 11.0 Â±4.6 g among the 4
rats fed 4-HPR. The average weight of the normal prostate
gland plus seminal vesicles was 2.0 g. As noted in previous
studies, in the present experiments the primary tumors were
large, hard, solid masses with knobby surfaces. They were
cirrhotic when incised, and all were moderately differentiated
adenocarcinomas with prominent connective tissue stroma. The
metastatic tumors in the peritoneal cavities were small, hard,
round, pearl-like tumors, which were attached to the peritoneal
surfaces including the visceral organs to which the tumor cells
had penetrated. Metastatic tumors in the lungs, initially noted
as pinpoint foci, expanded and coalesced with time. Rats with
large PAs had 2-7 ml blood ascitic fluid; the bladders and
ureters were dilated with urine, and the kidneys (one or both)

Table 1 Prevention of primary and metastalic prostatic adenocarcinoma hv
4-HPR

Induction and promotion of tumors, feeding of 4-HPR. and autopsy of rats
are described in the text. Differences between treatment or lack of treatment are
highly significant (P < 0.001).

Incidence of primary prostate
carcinoma

Incidence of metastatic prostate
carcinomaVehicle

control16/18(88)Â°

11/18(61)4-HPR

treatment4/19(21)

3/19(16)

' Numbers in parentheses, percentage.

were nephrotic. Among the 15 rats treated with 4-HPR which
were autopsied at 14 months, 5 had developed a minute hard
local tumor in a seminal vesicle which was too small for
detection by palpation (1 mm or less); and 2 had developed
prostatitis with purulent exÃºdateand no evidence of tumor. No
metastatic lesion was noted among all 15 surviving rats treated
with 4-HPR.

Discussion

We have shown that 4-HPR causes marked inhibition of
prostatic carcinogenesis in an animal model that is highly
relevant to the human disease. In the experimental design used
here, the diet containing 4-HPR was started relatively late,
namely 7 months after onset of the MNU/testosterone proto
col. The effect of 4-HPR was thus directed at promotional
stages of the tumorigenic process. Possibly those tumors that
developed within 3 months in the rats treated with 4-HPR had
already reached the stage of autonomy. The appearance of
tumors in the control rats continued for as long as 12 months
after initiation with MNU, which did not occur in the rats
treated with 4-HPR.

This is the first report of the use of a synthetic retinoid to
prevent prostate cancer. Studies on initiation and promotion
require the use of a primary tumor model in which various
stages of the tumorigenic process may show sensitivities to
putative preventive agents and procedures. The model we have
developed for prostatic carcinogenesis in the Lobund-Wistar
rat is an ideal system for studying the prevention of prostate
cancer. It is clear that 4-HPR is a potent agent for this purpose
and that further studies should be pursued in this regard,
directed toward the goal of prevention of prostate cancer in
men at high risk.
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