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Abstract--An aromatic analog of retinoic acid (Ro 10-9359), a synthetic compound 
known to arrest development and growth of chemically-induced skin papillomas and 
carcinomas of mice, exerts a marked inhibitory effect on induction and development of 
virus-induced papilloma (Shope) of rabbit skin. The intramuscular administration of 
12.5, 50 and 200mg/kg given twice weekly during the induction phase of the 
neoplasia substantially inhibited the growth of the papilloma, this inhibition being dose- 
dependent. When the animals bearing well-established tumors were given a relatively 
large dose (200mg/kg) of the compound, there was remarkable inhibition of the 
papillomatous growths and complete regression occurred in about 60~t~. The transplant- 
able carcinomas Vx2 and Vx7, both of which originated from the Shope virus-induced 
papilloma, were less sensitive than their original papillomas to this treatment. 

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

VITAMIN A and its natural and synthetic 
derivatives, the retinoids, play a significant 
role in cellular differentiation and to some 
e x t e n t  in controlling growth of epithelial 
neoplasia. The mechanism of action has not 
been completely elucidated. In 1965, 
McMichael reported that the vitamin A pal- 
mitate retards the growth of Shope rabbit 
papilloma when this agent is administered 
systemically at a relatively large dose [1]. This 
finding led Bollag to search for synthetic 
molecules of retinoic acid analogs which 
would have a po ten t  antitumor effect, yet 
without the toxicity known as the hyper- 
vitaminosis A syndrome. He used chemically- 
induced neoplasia of mice as the test system 
[2, 3]. 

Here we report the eft~ct of one such potent 
synthetic retinoid, Ro 10-9359 [2], on the 
induction and growth of virus-induced papil- 
loma (Show) of rabbit skin [4] and also on 
the growth of transplantable carcinomas Vx2 
[5] and Vx7 [6]. 
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MATERIALS AND M E T H O D S  

Animals 

Random bred domestic rabbits IJapanese 
White) purchased from a local farm and 
weighing 2.0-2.5kg were used in all experi- 
ments. Wild cottontail rabbits were trapped 
on an island in Mikawa Bay, Aichi 
Prefecture, Japan.  These wild animals were 
primarily imported from the United States by 
courtesy of Drs. C. A. Evans and J.  Thomsen 
of University of Washington, Seattle, between 
1967 and 1968 and were let loose on the 
uninhabited island which was under the 
supervision of the Japan Monkey Center, 
Nagoya. The rabbits reproduced well in this 
environment and served as the source of 
Shope papilloma virus (SPV)-producing host 
animals. 

Both wild and domestic rabbits were housed 
individually in metal cages and were main- 
tained on a commercial pellet diet (Funahashi 
Farm, Inc.) and tap water ad libitum. 
The vitamin A content of the pellets was 
11,500 i.u./kg. 

Virus 
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Washington B strain of SPV, kindly prov- 
ided by Dr. C. A. Evans. The viral agent 
was then propagated here in our laboratory in 
the cottontail rabbits. The papillomatous 
tissues induced by the SPV on the skin of 
cottontails were harvested, preserved in 50% 
buffered glycerin and stored at 4°C. The stock 
virus pool was prepared as 10% (w/v) tissue 
homogenate in phosphate buffered saline 
(PBS). It has a titer of 104 50% infectious 
dose (IDs0) per ml when titrated on domestic 
rabbit skin. The undiluted and 10 x diluted 
extracts in PBS, designated as 10 -1 and 10 .2  
SPV preparation, respectively, were used for 
the inoculation. The extracts were stored at 
- 2 0 ° C  until use. 

Tumor induction 

Inoculation with the SPV preparations was 
usually performed on the clipped and shaved 
skin on the dorsum of the domestic rabbits, 
using the scarification method [7]. The in- 
oculation was given into two or four sites per 
animal, each with a dimension of 20 x 20 mm, 
employing 0.1 ml of SPV 10-1 (1000 IDs0 ) or 
SPV 10 .2  (100 IDs0 ) per site. The tumors in 
the untreated controls were first evident 12-14 
days post inoculation (p.i.). They were obser- 
ved macroscopically and measurements were 
made every 2 days for 10 weeks after the 
tumor induction. 

Most of the strains of transplantable Vx2 
and Vx7 carcinomas were a gift from the late 
Dr. P. Rous. They arrived at our laboratory 
via the University of Washington (Dr. C. A. 
Evans) in 1966. Since then, they have been 
transplanted i.m. as 10 or 20% cell suspen- 
sions at intervals of 4-6 weeks. As evidence of 
their viral etiology, the two strains of neo- 
plasia have been proven to harbor approx- 
imately 20 copies/diploid cells of SPV ge- 
nome [8, 9]. In the present study a 20% (v/v) 
cell suspension containing 3 x 106 viable cells 
per ml was prepared in PBS and 1.0ml of 
each strain of carcinomas was given i.d. at 
two sites on the dorsum of the domestic 
rabbits. 

The approximate volume of the growths in 
both papillomas and transplantable car- 
cinomas was estimated by the length x width 
x height. In some series of experiments, a 

more precise calculation of the tumor volume 
was attempted by preparing a replica of each 
tumor in dental plaster. 

Chemical agents 
Among the series of synthetic retinoids, 

ethyl all-trans-9-(4-methyoxy-2, 3, 6-trimethyl- 
phenyl) 3, 7-dimethyl-2, 4, 6, 8-monatet- 

raenoate (Ro 10-9359) was selected because of 
its less toxic and increased antitumor prop- 
erty, as seen in the mouse experimental 
tumor system [10]. The agent was suspended 
in peanut oil at room temperature and was 
injected into the thigh muscle of rabbits twice 
weekly. In the assessment of its inhibitory 
effect on SPV tumorigenesis, doses of 12.5, 50 
and 200 mg/kg of the compound in 2-5 ml of 
peanut oil were given. The control animals 
were given only the same amount of oily 
vehicle. The retinoid was a gift from 
Hoffmann-La Roche Co., Basel. 

Assay of retinoids 

The amount of retinoids in the various 
tissue specimens was determined by a sensitive 
and specific method of high-performance 
liquid chromatography [11] with some minor 
modifications. The assay was kindly perfor- 
med by Dr. S. Maruyama of Sogo Biomedical 
Laboratories, Inc., Tokyo. 

RESULTS 

General observations 

The effect of retinoid (Ro 10-9359) on the 
growth of domestic rabbits ~apanese White) 
when given i.m. twice weekly in a dose of 
200mg/kg resulted in suppression of increase 
in the body weight, as compared with the 
growth curves of the untreated controls. Such 
decline in growth was not evident until the 
4th week (data not shown), after which the 
symptoms of so-called hypervitaminosis A. 
were gradually manifested. These included 
loss of appetite and body weight, loss of hair 
usually beginning from the area around the 
nose, general weakness and occasional fracture 
of the bone in the vicinity of the injection site. 

Effect on papilloma and growth 

As shown in Table 1, the appearance of 
papillomas in retinoid-treated rabbits was sig- 
nificantly delayed as compared with the un- 
treated controls. However, even with the high- 
est dose employed (200mg/kg), a complete 
inhibitory effect on the induction of the 
growth was not observed. 

The effect of the retinoid (Ro 10-9359) on 
the growth of SPV-induced papillomas with 
respect to tumor volume is shown in Figs. la  
and lb. In both groups of rabbits inoculated 
with SPV at a concentration of 10 -1 and 
10 .2  , the suppressive action of the compound 
was usually dose-dependent. 
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Table 1. Effect of retinoic acid analog (Ro 10-9359) on incubation 
period of virus-induced papilloma (Shope ) 
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Average 
Treatment incubations (Incubation in days 

Inoculum* (mg/kg) (days) of individual tumors) 

SPV 10-1 

SPV 10 -z 

0 10.50+0.55I" /11, 11, 10, 10, 11, 10) 
1 2 . 5  11.00+0.00 111, ll ,  11, 11, 11, 11) 
50 12.33_+1.37 (14, 14, 12, 12, 11, 11) 

200 14.83±0.98 (16, 15, 15, 15, 15, 13) 
0 13.50+0.84 (15, 14, 13, 13, 13, 13) 

1 2 . 5  13.83-t-1.60 (17, 14, 13, 13, 13, 13) 
50 16.33+1.63 (19, 17, 17, 15, 15, 15) 

200 22.50 + 3.02 /25, 25, 24, 22, 22, 17) 

*Three rabbits were used for each inoculum. 
"~ Mean _+ S.D. 

(era 3 ) 
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Fig. lb. Effect of retinoid (Ro 10-9359) on growth of SPV- 
induced papilloma. The inoculum was 10 -2 SPV (100 IDso ). 
Other details of the experiment were as described in the Fig. la 
legend. ( • - - • )  Untreated 1control) (N = 3 ), ( 0 - - 0  ) trea- 
ted with 12.5mg/kg (N=3);  ( / \ - - ~ )  treated with 
50 mg/kg (N = 3); ( [ ] - - D )  treated with 200 mg/kg (N = 3 ). 

N: .\')lmber of animals in one group. 

Fig. la. Effect of retinoid ('Ro 10-9359) on growth of SPV- 
induced papilloma. Each point represents mean volume of six 
typical papillomas in untreated controls and retinoid (Ro 10- 
9359)-treated rabbits inoculated with 10- '  SPV (1000 IDso ). 
The retinoid was administered in doses of 12.5, 50, 
200mg/kg, respectively, dissolved in peanut oil. The control 
rabbits were given the vehicle only. The retinoid or control 

material was given i.m. twice weekly. 

Effect on growth of established papillomas 

Twenty-three well-established SPV-induced 
papillomas were selected and the treatment 
with the retinoid was given to 12. A relatively 
high dose of 200mg/kg of the retinoid was 
given to the tumor-bearing animals twice 
weekly. The remaining 11 served as the con- 
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trol. As can be seen in Tab le  2, the com- 
pound  had an inhibi tory  effect on the growth 
of  the tumors. After 14 days, the tumors in 
the unt rea ted  animals cont inued to grow pro- 
lifically while those in t reated animals all 
showed marked  re ta rda t ion  of  growth with a 
reduct ion in tumor  volume.  

(Fig. 2a) begin to show signs of  degenera t ion  
in the epithelial layer  at a round 7 days of  
t rea tment  (Fig. 2b), and this eventual ly  led to 
destruct ion of  the neoplastic cells and a 
marked  reduct ion in thickness of  the hyper-  
plastic epithelial cell layer  characterist ic of  
SPV-induced  palillomas by 14 days (Fig. 2c). 

Table 2. Treatment of virus-induced papilloma (Shope) 
with a retinoic acid analog (Ro 10-9359) 

Tumor volume (mm 3) 

Change in 
Treatment Day 0 Day 14 volume (%) 

Untreated 
(control 
iN=6) 

1058 6045 +471.3 
714 3920 +449.0 

1863 7752 + 316.1 
3240 10,296 +217.8 
1008 3200 + 217.4 
3750 10,404 + 177.4 
5304 14,400 + 171.5 
5040 12,312 + 144.3 
4050 7616 + 88.0 
6300 10,923 + 73.4 
4524 7840 + 73.3 

Effect on transplantable carcinomas 

Th e  effects of  a relatively high dose 
(200mg/kg)  of  the retinoid (Ro 10-9359) on 
the growth of  the Vx2 and Vx7 carcinomas 
are shown in Tab le  3. Adminis t ra t ion of  the 
compound  to the tumor-bear ing  animals had 
no inhibi tory effect on the growth of  the two 
strains of  t ransplantable  carcinomas,  under  
the conditions used in this experiment .  We 
observed that  in rabbits given the retinoid, 
there was a significant reduct ion in n u m ber  
and size of  pu lmona ry  metastases which occur  
in the later  stage of  tumor  development .  
Fol low-up studies of  this observation are now 
underway.  

Treated 
(200 mg/kg, 
bi-weekly) 
(N=6) 

5642 3496 - 38.1 
1320 630 --52.3 
3375 1320 --60.9 
9282 3496 --62.3 
1026 288 -- 71.9 
3596 630 -82.5 
5760 760 --86.8 

11,200 1368 -87.8 
6800 627 --90.8 
3672 288 -92.2 
6240 483 --92.3 
6696 256 -96.2 

N: Number of rabbits in each group. 

SPV- induced  papil lomas spontaneously re- 
gress at a rate of  about  30% [12]. All such 
tumors were excluded from the experiment .  
Fur the rmore ,  the tumors given t rea tment  
were mostly those of  4 -8  weeks after the SPV- 
inoculat ion,  as spontaneous regression usually 
takes place in papil lomas within 4 weeks p.i. 

Approx imate ly  60% of  all tumors in the 
t reated animals complete ly  regressed dur ing  
the 4-10 weeks after  cessation of  t rea tment .  
Once  regression had occurred  there was no 
re-growth. 

Table 3. Treatment of transplantable carcinomas Vx2 
and Vx7 with a retinoic acid analog [Ro 10-9359) 

Tumor volume (mm 3) 

Treatment Day 0 Day 14 

Relative 
growth 

rate* 

Vx2 untreated 252 3016 11.9 
(controls) 320 2808 8.7 
(N=2) 352 3024 8.5 

352 2600 7.4 

Vx2 treated 672 8370 12.4 
(200mg/kg, 624 7230 11.6 
bi-weekly) 576 6300 10.9 
(N= 2) 684 4992 7.3 

Vx7 untreated 110 6050 55.2 
(controls) 140 4554 52.5 
(N=2) 96 4400 45.8 

144 5775 40.1 

V×7 treated 72 3591 49.8 
t200 mg/kg, 72 3168 44.0 
bi-weekly ) 156 5082 32.6 
(N= 2) 130 3600 27.7 

*Tumor volume at 14 days/tumor volume at 0 day. 
N: Number of rabbits in each group. 

Histopathological findings 

Macroscopical ly ,  the tumors affected by the 
ret inoid t rea tment  often have a yellowish, 
anemic appearance .  In  the histological obser- 
vation,  the proliferat ing papi l lomatous growth 

Assay of retinoids in papillomas and other tissues 

T h e  p r imary  aim of  the assay was to de- 
termine whether  the compound  administered 
systemically could actually be detected in the 
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Fig. 2. Photomicrograph~ oJ" SPV-induced papillomas oJ rabbit ~kit~ t H  1'2 
slain). [a) A profile of  the papilloma with proliJeraling grou,lh ~?] epithelial 
elemenL~, before the lreatmenl (x60) .  (b) A section of biopsl, specimen ~J 
papilloma./)'ore relinoid (Ro lO-9359)-lrealed rabbi/, 7 days aJler initialiol~ 
~!/ lhe trealmenh ~Vole desl~uclion and demarkation in the papillomatoa~ cell 
lq~,er (arroyo) { x 120). (c) A .specimen from a rabbit Oeatecl 14 days z~ilh 
the ~etinoid. The heighl oj" @perplaslic epilhelitml i.~ remarkabh' reduced. 

( x 1 2 0 ) .  





Effect of an Aromatic Retinoic Acid Analog on Virus-Induced Shope Papilloma 41 

ta rget  pap i l l oma  tissue. Ano the r  point  of  in- 
terest was to see whe the r  the act ive fo rm of  
the retinoid,  considered to be a c o m p o u n d  
with a free carboxyl  g roup  at the end of  the 
s ide-chain of  the molecule  [13] was present.  
Results of  assay for ret inoids in various r abb i t  
tissues are shown in T a b l e  4. As expected,  
bo th  Ro  10-9359 and  its acid form, Ro  10- 
1670, were  identified in the SPV- induced  pap -  
il lomas of  t rea ted  animals.  T h e  liver tissues 
of  t rea ted  rabbi ts  also conta ined  tWO forms of  
the ret inoic acid analogs.  

T h e  under l ay ing  pr inciple  of  the sup- 
pressive effect of  the ret inoid (Ro 10-9359) is 
p r o b a b l y  m u c h  the same as that  of  its pro-  
to type  compounds ,  retinoic acid, its esters and 
retinol, all of  which  are known to exert  
p rophylac t i c  and  therapeu t ic  actions on epi- 
thelial neoplasia.  O u r  results also suppor t  the 
early findings of  M c M i c h a e l  [ 1 ]. 

Recen t  demons t ra t ion  of  a receptor- l ike 
substance of  prote in  na ture  and  specific bind-  
ing affinity to retinol [14] and retinoic acid 
[15] has led to the concept  tha t  these b inding 

Table 4. Assay of retinoids in various tissues of retinoid (Ro 10-9359) 
treated and untreated rabbits 

Content of retinoids (#g/g)~" 

Tissue Treatment* Ro 10-9359 Ro 10-1670 Retinol 
Retinoic 

acid 

Papilloma 200 mg+ + 0.05 0.15 0.05 0.02 
Papilloma 200 mg 0.15 0.07 0.10 - -  
Papilloma 200 mg 0.15 0.05 ± - -  
Papilloma 12.5 - -  - -  ± - -  
Papilloma None . . . .  
Vx2 carcinoma None - -  - -  0,15 - -  
Vx7 carcinoma None - -  - -  0.14 - -  
Liver 200 mg 0.66 1.65 8.34 - -  
Liver 200 mg 0.39 1.56 41.30 - -  
Liver None - -  - -  75.00 0.75 
Blood 200 mg 0.06 0.04 0.09 - -  
Blood None - -  - -  0.31 - -  
Skin None - -  0.08 - -  
Skin None - -  - -  __ - -  
Kidney None - -  - -  1.50 - -  
Lung None - -  - -  0.40 - -  

*With a retinoid (Ro 10-9359). 
~Per wt. 
}Per kg, bi-weekly. 
( ± ) = Trace amount. 
( - ) = Negative or below the sensitivity of the assay. 

DIZCUSSlON 
An a roma t i c  ana log  of  ret inoic acid, Ro  10- 

9359, systemical ly adminis te red  to the host 
animals  dur ing  the induct ion  and  develop-  
men t a l  stages of  SPV- induced  pap i l l oma  
(Shope)  of  r abb i t  skin, exhibi ted a ma rked  
inhibi tory  effect on growth,  and  the effect was 
dose dependent .  In  the case of  well- 
established papi l lomas ,  admin is t ra t ion  of  a 
relat ively large dose ( 2 0 0 m g / k g )  of  the re- 
t inoid drasticallx d iminished the g rowth  and  
this effect lasted dur ing  the ten week obser-  
va t ion  period.  These  results agree wi th  those 
repor ted  by  Bollag in chemica l ly - induced  epi- 
thelial neoplasia  of  mice [2]. 

proteins m a y  p lay  an essential role in the 
m e c h a n i s m  of  act ion of  retinoids. We  have  
also found cellular ret inoic ac id-b inding  pro-  
tein (cRABP)  in tissue extracts  f rom Shope 
pap i l lomas  [16]. Fu r the rmore ,  the level of  
cRABP in r abb i t  pap i l l oma  increased with the 
deve lopmen ta l  stage and  formed a peak  
a round  40 days p.i. of  SPV. T h e  no rma l  skin 
extracts  showed an ex t remely  low lewJ of 
c R A B P  activity.  T h e  t ransp lan tab le  car- 
c inomas Vx2 and Vx7 which or iginated f rom 
SPV- induced  pap i l lomas  over  2 5 y r  ago and  
bo th  of which were found to be insensitive to 
the t r ea tmen t  wi th  the retinoid also conta ined  
a low level of  cRABP.  
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It  is assumed that  the active form of  the 
compound is the one with a free carboxyl 
group at the end of the side chain of  the 
molecule [13]. The present da ta  showing ac- 
cumulat ion of the acid form of  the retinoid 
(Ro 10-1670) in the papil lomatous tissues of 
animals treated with Ro 10-9359 tends to 
support this assumption. The  conversion of 
the compound to the active acid form may  

well take place in the target epithelial tissue 
per se or in a remote organ or tissue like liver 
and subsequently be transferred to the tu- 
morous tissue. Ongoing studies are expected 
to elucidate the mechanism of  conversion and 
further action of the compound.  
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