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Abs t rac t - -The  antihyperplastic activity of several retinoid~ (with ring, side chain or 
polar group modifications) against benzo(a)pyrene (BP)-induced @perplasia in mouse 
prostate cultures was examined. Prostate explants were made hyperplastic by treatment 
with BP .for 8 days, followed by simultaneous treatment with BP and d(f.ferent 
concentrations of a retinoid. The anti-mitotic activit_), ( f  reti,oi& was compared with 
fl-retinoie acid (RA ). D(/J~rent retinoids produced various de,,rees oJmitotic inhibition in 
the hyperplastic prostate epithelium. Five retinoi&: 13-cis-retinoic acid, the methylketo 
crclopentem, l analog q/ retinoic acid, the 1-methox_~,ethyl cyelopentenyl analog of retinoie 
acid, N-retinoylglycine, and the 14-Jluoro derivative qf the trimethylmethoxyphenyl 
analog of relinoic acid ethyl ester, showed greater activitr than RA. Seven other 
retinoi& were as active as RA. Two retinoids were less active than RA, and one 
retinoid produced no mitotic inhibitory ff.fect. 

I N T R O D U C T I O N  

ANIMAL studies during the past several years 
have established that retinoids have prophyl- 
actic and therapeutic properties against a 
number of epithelial lesions [1 5]. The clini- 
cal application of vitamin A (retinol, retinyl 
palmitate, retinyl acetate), however, has been 
limited because of the toxic side effects it 
produces when applied in effective doses [6]. 
Recently extensive eflbrts have been made to 
synthesize new retinoids with low toxicity and 
high potency [6]. The amounts of new ret- 
inoids are often too limited to pertorm in vivo 
experiments but preliminary information on 
the activity of retinoids against epithelial le- 
sions can be obtained by using tissue cuhure 
methods. For instance, in the absence of ret- 
inoids, the epithelium of tracheal tissues de- 
rived from vitamin A-dclicient hamsters and 
explanted into organ culture, lose their nor- 
mal columnar morphology, and develop les- 
ions of squamous metaplasia while addition 
of retinoids to such cultures causes reversal of 
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squamous metaplastic changes and replace- 
ment of squamous cells by ciliatcd, columnar 
and mucous cells [4]. Several retinoids were 
shown to reverse hyperplastic lesions in mouse 
prostate explants, induced by ?(-methyl-N- 
nitro-~.Vnitrosoguanidine (MNNG),  a carcino- 
gen not requiring metabolic activation for its 
activity [711- The methylketo cyclopentenyl and 
1-methoxyethyl cyclopentenyl analogs of ret- 
inoic acid and retinyl methyl e t h e r  were 
tound to be signiticantly more active than fl- 
retinoic acid (RA) in reversing MNNG-  
induced lesions [7]. In this papcr we have 
compared the activity of retinoids in reversing 
bcnzo(a)pyrene (BP), (a carcinogen requiring 
metabolic activation) induced hyperplastic le- 
sions in mouse prostate organ cultures. 

MATERIALS A N D  M E T H O D S  

The organ cuhure method for mouse pro- 
state has been previously described [7 9]. 
Briefly, ventral prostate from 8- to 12-week- 
old C3H mice are removed aseptically, teased 
into explants (1.5 x 1.5mm) and pooled. The 
randomly selected explants were cultured on 
lens papers supported by stainless steel grids 
placed in 35 mm Petri dishes. 'File medium 
\~as C M R L  1066 supplemented with 10<tl, 
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horse serum, 3°i, chick embryo extract, and 
antibiotics. The cultures were incubated at 
37°C in an atmosphere of 50~!'o 0 2 +45~'o N 2 
+5"~) CO 2 and culture medium was changed 
every 48 hr. 

BP (Sigma Chemical Co.) was dissolved in 
dimethylsulfoxide (DMSO) and added to the 
culture medium at a final concentration of 8 
#g/ml. Retinoids (Table 1) were dissolved in 
ether or D M S O  (4mg/ml) and added to the 
culture medium to give the required con- 
centrations. The final concentrations of the 
solvents in each dish were always less than 
0.1'}~. Equal amounts of the solvents were 
added to the corresponding control cultures. 
For determining the activity of each retinoid, 
five groups of cultures (2-3 dishes per group; 
4q5 explants per dish) were prepared. One 
group (group 1) was kept as the untreated 
control. The remaining four groups were al- 
lowed to develop hyperplastic lesions by treat- 
ment with BP for 8 days after which time 
these hyperplastic explants were treated with 
BP only (group 2) or simultaneously with BP 
and different concentrations of a retinoid 
(groups 3-5). The effects of RA at equimolar 
concentrations on untreated control explants 
was also examined. The explants were fixed in 
buffered formalin, processed for histology, se- 
rially sectioned, and stained in hematoxylin 
and eosin. The changes in rates of cell prolife- 
ration caused by BP or a retinoid were de- 
termined by the colcemid metaphase arrest 
technique [7, 8]. The number of arrested 
metaphases were counted in 1000 2000 cells 
per explant and the mitotic index (MI) de- 
termined for each cxplant. From each explant 
2-3 sections werc microscopically scanned and 
the mitotic index and standard deviation (MI 
+S .D. )  determined for each group (4~3 ex- 
plants). Student's t-test was applied to the 
average logarithmic values of MI to test for 
statistical significance, the differences (a) be- 
tween control and experimental groups and, 
also, (b) between the inhibitions of BP- 
induced hyperproliferation caused by the 
lowest concentrations (6.6x 10-7M) of RA 
and each of the analogs. A /9<0.05 was 
considered significant. 

R E S U L T S  

The histological apperance of prostate ex- 
plants has been described in detail [7, 8]. 
Eight to 12 days after incubation the alveolar 
epithelium of control explants consisted of 1 2 
cell layers that exhibited a low rate of cellular 
proliferation. Treatment of explants with BP 

for 8 days stimulated proliferation, and exten- 
sive hyperplasia was present at 12 days after 
treatment. However, when explants were first 
treated with BP for 8 days, followed by 
simultaneous treatment with BP and an active 
retinoid, the hyperproliferation was reversed 
(Table 2). For instance, in an experiment in 
which the activity of RA was examined, the 
MI  in control explants at 12 days after in- 
cubation was 87_+47, while the corresponding 
value in BP-treated explants was 416+56.  
The values of M! in explants that were first 
treated with BP for 8 days followed by simul- 
taneous treatment with BP and different con- 
centrations of RA were 109___49, 144+54, 
and 253_+55 at 1 . 7 x l 0 - S M ,  3 . 3 x 1 0 - 6 M  
and 6.6 x 10-TM respectively. 

The antihyperplastic activities of other re- 
tinoids were compared to RA at equimolar 
concentrations (Table 2). The following five 
retinoids were found to be more active than 
RA: 13-cis-retinoic acid, the methylketo cyc- 
lopentenyl analog, the 1-methoxyethyl cyclop- 
entenyl analog, tile 14-fluoro derivative of 
trimethylmethoxyphenyl ( T M M P )  analog of 
retinoic acid ethyl ester and N-retinoylglycine. 
These retinoids at concentrations of 6.6 x 10-7 
exhibited significantly (P<0.05)  greater mi- 
totic inhibition than RA in the epithelium of 
BP-treated explants. 

The lactone of 13-cis-retinoic acid, retinyl 
methyl ether, jV-retinoylglycine ethyl ester, 
the 10-fluoro derivative of T M M P  analog of 
all-trans-RA methyl ester, the trimethyl- 
thiophene analog of retinoic acid ethyl ester, 
tile 12-(E)-fluoro retinoic acid ethyl ester, and 
the 10-fluoro derivative of T M M P  analog of 
13-cis-retinoic acid methyl ester, were as ac- 
tive as RA. 

The 12-{Z)-fluororctinoic acid ethyl ester 
and the T M M P  analog of RA were probably 
less active than RA. fl-Retinyl sultone showed 
no activity in reversing BP-induced hyper- 
proliferation in mouse prostate explants. 

RA at these concentrations had no detect- 
able effect on cell proliferation in untreated 
control explants (Table 3). 

It should be noted that although the pro- 
state organ culture system provides reliable 
information on the comparative mitotic in- 
hibitory activity of the various retinoids, the 
effect is not necessarily dose-dependent at the 
concentrations tested. This probably is one of 
the limitations of this system. It is possible 
that the treatment of explants with the carcin- 
ogen produces a heterogenous cell popu- 
lation that contains cells in different stages of 
the cell cycle. The variations in the degree of 
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"1 ,/,/, ? IM,er,~al oJ BP-induced h},perproliJeration { MI  +_ S.D. )* by d~ferenl concenlration.~ o,f reti;;oi& 

Explants treated xs, ith BP tbr 8 days 
Days li}llowcd 1},~ silllllhalleOtlS II'('gttlllCll[ 
after BP with B1; and the rctinoids {M) 

treat- 
Analog merit Control Treated 1.7 x 1{} 5 3.3 x l{} ~' 6.6 x 10 7 

All4rans-rctinoic acid 8 166-+62 451 + 169 + 
12 87-+47 416--+561- 109 _+ 49 } 1,!-4 ± 5!0~ 253 -+ 55+ + 

{74) {65 ) {39} 

13-cis-rctinoic acid 

M{'thylkcto cyclopcntcnyl 
analog of rctinoic acid 
{RO8-7699) 

8 6 0 +  15 247 ± 79+ 
12 62 __+ 29 399 + I 10+ 

8 408-+ 116 1026±293+ 
12 128 __+ .t4 365 ± 67t- 

Xl)  36+2+  43+13++§ 
{.(}I } (89)  

75+25+ 80_+32 + 95+3+§ 
(79) {7bl) {74) 

1-Melhoxycthl 
cyclopentenyl analog of 
rcfinoic a{:id 

8 161 -+62 451 + 169 I. 
12 87 -+47 !°16-t-56f . 781 14 + 152167** 114+36+.§ 

{81) (63} {73) 

,,VRctil]oylglycinc 8 154-+ 56 432 ± 79t 
12 241 __+ 76 6{/4 -+ 224 I. 167-+70+ + 326-+375 122-+33++§ 

{76) {52 } {82} 

14-Fluoro derivative of 
T M M P  analog of rctinoic 
acid cthvl ester 

8 138_+46 346+  112+ 
12 63 +- 18 380 -+ 721- 143_+51:~ 140+_40 + 92±352§  

{62 } {{;3 } {76} 

Laclonc of 13-c/s-retinoic acid 8 138-+46 346__+ 112+ 
12 63__+ 18 380+--72t" 84_+ 24~ 71 -+ 3{}+. 167_+57.* 

{ 78 ) {81 } t{-;6 ) 

Tr imethyhh iophcnc  analog of 
rctinoic acid ethyl ester 

8 1 0 8 + 4 7  5 . t 7 +  177+ 
12 9 6 ±  17 t86--+ 122 + ]27-}-53; ND 239±60+ + 

(74) (51} 

Rctinyl methyl ether 
8 15{) __+ 44 328 + 75I" 

12 5B+45  371 +__72f" 81 -t-25 141 ±415 233 +57  + 
(78)  {62) (37)  

12qE}-tluororetinoic acid 
ethyl osier 

8 101 +33  387_+ 11{)~ 
12 111.-+47 24G q- 88t  164_+55 102+37+ 131 _+{i6 + 

{33) (59) {47) 

,:V-rctinoylglycinc 
ethyl cslcr 

8 154 -F 36 432 + 79f- 
12 241 + 76 684- _+ 224+ 216±  110; 205+_74¢ 387 +32~ 

{68} {7{}) {43 } 

10-Fluoro <h'rivad~c of 
T M M P  analog of all-han.~- 
rctinoic acid lm' th\ l  ester 

~ 89 ± 39 1-47 ± 110+ 
12 114_+69 4 3 7 + 7 5 ;  279+!)1 2()9_+43~ 250_+57~ 

{36} 152 ) { t3) 

Trimct  hyhn{'t hoxx phcnx I 
( F M M P I  
analog of rclinoic acid 

8 15{} ± 44 328 + 75t- 
12 5 8 + 4 5  371 +72I" 22.9 ±,5~ 285 + 89 239 + 56:~ 

C:m:imud 
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Table 2--continued 
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Days 
after 
treat- 

Analog ment Control 

BP 

Explants treated with BP for 8 days 
followed by s imuhaneous t reatment  

with BP and the retnoids (M) 

Treated 1 .7x10  - s  3 . 3 x 1 0  -6 6 . 6 x 1 0  -v 

10-Fluoro derivative of T M M P  8 89 -+ 39 
analog of 13-cis-retinoic 12 114 -+ 69 
acid methyl ester 

447 -+ 1101- 
437-+ 75t 158_+47 { 183-+35+ + 340-+94 

(64) (58) (22) 

12-(Z)-Fluororetinoic acid 8 101 -+ 35 387 -+ 110t 
ethyl ester 12 114 -+ 47 246 -+ 88t  117-+31+ + 105-+ 50;  219-+49 

(52) (57) (11 ) 

fl-Retinyl sulphone 8 123 -+ 48 440 -+ 159"~ 
12 53-+ 19 205 -+ 32"~ 190±61 325-+130 319-+99 

(7) (-59) (--56) 

*MI  is the number  of arrested metaphases per l0 s cells dur ing a 4-hr period of colcemid treatment.  
~Mitotic st imulation significant as compared to the corresponding control value ( P <  0.05). 
{Mitotic inhibi t ion significant as compared to the corresponding BP-treated group. Numbers  in parentheses represent 

percem inhibit ion (P < 0.05). 
§Significantly higher activity as compared with fl-retinoic acid at the corresponding concentrat ion (P<0 .05) .  
ND: not determined.  

Table 3. 

Days 
after 

t rea tment  

£~ffects of different concentrations of RA on mouse prostate organ cultures at 
various intervals after treatment 

MI -+S.D.* in untreated control explants 
receiving RA (M) 

Control  1 .7x 10 5 3 .3x  10 -6 6 .6x  10 -~ 

4 68_+24 87_+49 78_+38 81 +52  

8 100_+64 7 9 + 2 8  71 +21 109--+50 

11 101 ± 6 0  91 -+48 9 6 ± 7 1  9 2 ± 5 0  

*MI i S . l ) ,  is the number  of arrested metaphases per l0 s (:ells dur ing a 4-hr period of 
colcemid treatment .  

mitotic inhibition at different retinoid con- 
centrations may be related to the variable 
sensitivities to retinoid of these different cell 
cycle stages. 

DISCUSSION 

The vitamin A molecule is composed of 
three parts: a ring, side chain and terminal  
polar group [6]. Modifications in the different 
parts of the molecule have resulted in re- 
tinoids with increased therapeutic activity 
[10], increased activity in preventing epi- 
thelial tumors in experimental animal studies 
[1, 2], and increased activity in modulating 

epithelial differentiation [11, 12]. In the pre- 
sent study several retinoids with modifications 
in either the ring, side chain or polar group 
were more active than RA in reversing BP- 
induced lesions in mouse prostate explants 
(Table 2). 

The two cyclopentenyl retinoids (in which 
the six-carbon ring is substituted by a five- 
carbon ring, Table 1) were significantly more 
active than RA in reversing BP-induced le- 
sions in mouse prostate explants (Table 2). 
Other reports have indicated that these cyc- 
lopentenyl retinoids are more active than RA 
or retinol in altering epithelial differentiation 
[l l, 12]. In the present study, other ring 
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modiiications resulted in retinoids which exhi- 
bited difl'ercnt degrees of activity. O f  the 
several T M M P  analogs tested, the T M M P  
analog of RA appeared  to be less aclive dmn 
RA (Table  2). For instance at 3.3 x 10 6M, 
RA produced a 65 ,  0 inhibition of  mitotic 
st imulation whereas the T M M P  analog of  RA 
at this eollcentrat ion produced  only a 2 3 " ,  
iuhibition. A recent report  has indicated that 
this analog was more etti~ctive than RA in 
reversing MNNG-i l lduced  hyperplasia 17]. 
O the r  reports have demonst ra ted  that  the 
T M M P  analog is ett'ective in controll ing tra- 
cheal ccll differentiation [4, 13] and in mod- 
ulating epithelial differentiation of chick em- 
bryo skin cxplants [111. The  other  T M M P  
analogs with side chain modifications and 
esterified terminal  carboxyl  groups were either 
as active or more active than RA (Table  2). 
T h e  t r imethyl th iophene  analog of RA ethyl 
ester exhibited about  the same degree ot" 
activity as RA. 

Among  the retinoids with side chain moditi- 
cations, only 13-cis-RA was more aetiw~ than 
RA (Table  2). Sporn el a/. [51 have reported 
that this rctinoid was very active in prevent-  
ing hydroxybuty l -bu ty l -n i t rosamine- induced  
lesions in the rat bladder.  Recently,  Hixson el 
al. 114] have shown that 13-cis-RA was less 
toxic than RA in mice. O the r  retinoids with 
side chain modifications tested in the present 
study' were either as active or less active than 
RA. 

Bard and Lasnitzki 115] have suggested thai 
the toxic effects of RA are associated with the 
terminal  carboxvl group. Thus  retinoids with 
less polar terminal  groups were synthesized. 
Retinyl methyl  ether,  thai was significantly 
less toxic than retinol or retinyl acetate,  was 
also active in controll ing tracheal  cell differcn- 

tiation [ 13], and in the prevcnt ia t ion 
of m a m m a r y  tumors in 7,12- 
d imethy lbenz(a )an th racene- t rea tcd  rats [3]. 
In the present study retinvl methyl  cthe.r was 
as active as RA in reversing BP-induced hy- 
perplasia of the cxplants (Table  2). .'V- 
Retinoylglycine,  however,  was substantially 
more active than RA in reversing the BP- 
induced hyperplasia.  :V-retinoylglycine ethyl 
ester was as active as RA while fi-retinyl 
sulphonc was devoid of any activity (Tal)le 
2). 

Since tissues have different thresholds of 
response to vi tamin A 116], relinoids prohably  
should be tested in more than one experimen- 
tal system. For instance, studies with retinoids 
in several in vilro and irl rive svstems have 
demonst ra ted  that certain aherat ions in the 
molecule may result in an increased biological 
activity as detined by either its elt'ect on 
prevent ing an epithelial lesion induced 1)y a 
carcinogell or its eftbcl on modulat ing et)i- 
lhelial differcntiation [7, 11 ]. Th e  degree of 
biological activity oF a par t icular  retinoid may 
vary with the test system, and (Ills difference 
in activity may be associated, in part, with 
ditt'erent tissue sensilivities to vi tamin A. 

Synthet ic  retinoids have potential  value in 
the prophylaxis  and t rea tment  ()f (~l)ithelial 
lesions 16, 17]; and experi lnental  evidence 
indicates that structural modifications of the 
:'etinoict molecule may enhance activity with a 
concomi tan t  decrease in toxicilv. 
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