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Prophylaxis of Chemically Induced Papillomas and Carcinomas of Mouse Skin by Vitamin A-Acid 

Ret ino ic  acid 1 has  been  shown to  exer t  a t he r apeu t i c  
effect  on chemica l ly  induced  papi l lomas  and  carc inomas  
of mouse  skin. These benign  and  ma l ignan t  epi thel ia l  
t umors  were induced  by  pa in t ing  d ime thy lbenz (~)an th ra -  
cen t  and  cro ton  oil on mouse  skin. In  a t he rapeu t i c  ex- 
pe r imen t  sys temica l ly  appl ied  ret inoic acid led to  a mark-  
ed regression of these  t umors  2 ~. In  the  p resen t  inves t iga-  
t ion  we were in te res ted  to f ind out  whe the r  re t inoic  acid 
possesses, beside its t he rapeu t i c  effect,  also a p rophy lac t i c  
effect  on the  induc t ion  of these  papi l lomas  and carci- 
nomas.  

Materials and methods. Female  Swiss albino mice of the  
r a n d o m - b r e d  Fi i l l insdorf  s train,  weighing 20-22 g, were 
fed the  mouse  d ie t  Nafag 199, conta in ing  2500 IU  of 
V i t amin  A per  kg food. Pap i l lomas  and carc inomas  were 
induced by  pa in t ing  7 ,12-d imethy lbenz(a )an th racene  
(DMBA) as in i t ia t ing  agent  and  cro ton  oil as p r o m o t i n g  
agent  on the  skin of mice. 150 ~ of DMBA in 0.2 ml  acetone  
were appl ied  on days  1 and  8 on a 5 cm 2 area of shaved  skin 
on the  back  of the  mice. 0.5 mg of c ro ton  oil dissolved in 
0.2 ml  acetone  were pa in t ed  on the  skin twice  a week 
f rom day  38 on. Ret inoic  acid was given in the  p romot ion  
phase  of carcinogenesis  f rom day  44 on unt i l  the  end of 
the  exper iment ,  as a 1% wate r  miscible solution, conta in-  
ing as solubilizers 8% Cremophor  | and  10% propylene  
glycol. I t  was  admin i s t e red  oral ly  b y  s t omach  tube  to  43 
mice, in a dose of 200 mg/kg,  once every  2 weeks. The 
contro l  group of 44 mice received only  the  vehicle. The 
appearance  and d e v e l o p m e n t  of papi l lomas  and carci- 
nomas  were recorded.  The volumes  of papi l lomas  were 
calcula ted wi th  t he  formula  4/3 r 3 ~, r being the  mean  
radius.  The mean  n u m b e r  of pap i l lomas  per  an imal  and  
the  mean  vo lume of papi l lomas  per  an imal  were deter-  
mined.  

Results. Papi l lomas .  Ret inoic  acid has an inh ib i t ing  
effect  on the  d e v e l o p m e n t  of papi l lomas.  As can be seen 
f rom the  Table,  on day  t13  af ter  the  f i rs t  t r e a t m e n t  w i th  
DMBA, the  mean  n u m b e r  of papi l lomas  per  an imal  was 
3.4 in t he  re t inoic  acid t r ea t ed  mice, whereas  the  control  
mice were bear ing  an average  of 4.5 pap i l lomas  per  ani- 
mal. In  t he  fu r ther  course of t he  e x p e r i m e n t  t he  contro l  
an imals  showed very  l i t t le  change  in the  n u m b e r  of 
papi l lomas:  The re t inoie  acid t r e a t ed  mice, however ,  
showed a s t eady  decline of the i r  pap i l loma count.  At  the  
end of the  e x p e r i m e n t  on day  288, the  mean  n u m b e r  of 
papi l lomas  in the  control  group had  r isen ins ignif icant ly  
to 5.2, whereas  the  same value in the  re t inoic  acid t r ea t ed  

group had  decreased s ignif icant ly  to 1.8. The compar i son  
of the  mean  volumes  of papi l lomas  per  an imal  shows an 
analogous t en d en cy  (Table). On day  113, the  papi l lomas  of 
t he  contro l  group had  reached a mean  vo lume per  an imal  
of 62.9 m m  3, t he  re t inoic  acid t r ea t ed  mice only a value 
of 39.9 m m  8. In  the  n e x t  phase  of t he  expe r imen t  the  
mean  vo lume per  an imal  in t he  control  group rose to 
519.4 m m  3 on day  288, whereas  in the  re t inoic  acid 
t r ea ted  group th is  value showed a m u c h  less marked  
increase to  only 108.0 m m  a. 

Carcinomas.  Ret inoic  acid has  also a re ta rd ing  in- 
f luence on the  induc t ion  of carcinomas.  As can be  seen 
f rom the  Table,  re t inoic  acid delays  the  appea rance  of 
carcinomas.  The incidence is ma rk ed l y  reduced  by  
ret inoic acid. At  the  end of t he  expe r imen t  on day  288, 
in t he  control  group 18 carc inomas  had  developed whereas  
in the  re t inoic  acid t r ea t ed  mice only 6 h a d  appeared.  

The effect  of re t inoic  acid is also ref lected b y  the  fact  
t h a t  in the  control  group only  16% of the  animals  - 4 out  
of 25 mice surviving day  288 - were free of papi l lomas  
and carcinomas,  whereas  in t he  re t inoic  acid t r ea t ed  
group 50% - 16 out  of 32 mice - had  ne i ther  papi l lomas  
nor  carcinomas.  

Discussion. Ret inoic  acid, sys temica l ly  appl ied dur ing  
the  p romot ion  phase  of carcinogenesis,  has  a def ini te  
effect  on the  induc t ion  of papi l lomas  and  carc inomas  of 
mouse  skin. I t  delays t he  appearance ,  r e t a rds  the  g rowth  
and induces  the  regression of papi l lomas.  The de lay  of 
appearance  wi th  its reduced  incidence of papi l lomas  in 
the  f i rs t  phase  of the  e x p e r i m e n t  can be looked at  as the  
man i fes t a t ion  of a pure  p rophy lac t i c  effect.  On the  o ther  
side, the  r e t a rded  g rowth  and  the  regression of papi l lomas  
in the  la ter  phase  of the  e x p e r i m e n t  m a y  be considered as 
caused by  the  the rapeu t i c  effect  of ret in0ic acid on a l ready  
es tab l i shed  papi l lomas,  as descr ibed in previous  papers  2-a 
The p rophy lac t i c  effect  could be d e m o n s t r a t e d  also for 
ma l ignan t  epi thel ia l  tumors .  The incidence of carc inomas  
was mark ed l y  reduced  b y  re t inoic  acid. These resul ts  are 
in ag reemen t  w i th  t he  f indings of several  authors ,  who 
descr ibed such an effect  w i th  orally admin i s t e red  re t inol  

1 Retinoic acid = all-trans-fl-retinoic acid = vitamin A-acid = Re- 
tinsSure = Tretinoin. 
W. BOLLAC-, S,chweiz.med. Wsehr: 701, 11 (1971}. 

3 \V. BOLLAG, Experientia 27, 90 (1971). 
4 W. BOLLAG, Cancer Chemother. Rep. 55, 53 (1971). 

Prophylaxis of epithelial tumors with retinoie acid 

Mean number of papillomas per animal 

Days after first treatment with carcinogeu 0 113 211 288 
Controls 0 4.5 4.5 5.2 
Retinoie acid treated mice 0 3.4 2.6 1.8 

Mean volume of papillomas per animal (mm ~) 

Days after first treatment with carcinogen 0 113 211 288 
Controls 0 62.9 214.3 519.4 
Retinoie acid treated mice 0 39.9 56.8 108.0 

Incidence of carcinomas (cmnulative number) 

Days after first treatment with carcinogen 0 113 148 176 211. 288 
Con trois 0 0 2 8 11 18 
Retinoic acid treated mice 0 0 0 2 4 6 
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or r e t iny lpa lmi ta teS-L  Thus re t inol  and ret inoic acid 
seem to possess the  same proper t ies  regard ing  the  p rophy-  
laxis of cer ta in  epi thel ial  tumors .  1Retinoic acid m a y  be 
the  metabo l i t e  of retinol,  responsible  for the  l a t t e r ' s  
act ivi ty .  Such a metabol ic  p a t h w a y  of re t inol  has  indeed 
been d e m o n s t r a t e d  s,9. IRetinol would then  exer t  its 
ac t iv i ty  only af ter  its t r ans fo rma t ion  into re t inoic  acid. 
High  doses of re t inoic  acid seem to be needed,  as in a 
recent  inves t iga t ion  low doses were w i thou t  influence on 
t u m o r  induct ion  ~0. The n lechanism of act ion of re t inoic  
acid has  no t  ye t  fully been elucidated.  Several  proper t ies  
of ret inoic acid m a y  play a role in the  p rophy lax i s  and 
t he r apy  of chemical ly  induced  papi l lomas  and  carcinomas.  
Ret inoic  acid m a y  act  t h rough  its effect  on the  growth  
and  di f ferent ia t ion  of epi thel ial  tissues~L The p reven t ion  
of metap las ia  and precancerous  lesions m a y  be re- 
sponsible for the  lowered incidence of carcinomas.  Ret inoic  
acid m a y  also inh ib i t  the  induct ion  and  growth  of t umors  
by  iysosomal  labil ization.  W h e n  the  lysosomal  m e m b r a n e  
is labilizedl2 1~, the  lysosomal  enzymes,  released into the  
cytoplasm,  m a y  des t roy  the  p rema l ignan t  or the  ma- 
l ignant  cell ~7. Tumor  cells could be more  vulnerable  t h a n  
normal  cells for t he  following reasons:  The lysosomal  
enzymes  are act ive in an acid milieu ~s. The t u m o r  cell 
wi th  its h igh anaerobic  and aerobic glycolysis produces  
more  lactic acid and has therefore  a lower p H  t h a n  the  
normal  cell ~9, 20. This could explain  the  selective sensi t iv-  
i ty  of cer ta in  t u m o r  ceils towards  ret inoic acid. A fur ther  
hypo thes i s  is based on the  modi f ica t ion  of t he  defence 
mechanisms.  I t  has been shown t h a t  re t inol  and  ret inoic 
acid, respect ively,  exer t  an accelerat ing effect  on graf t  
rejection,  e i ther  by  an immunologica l  or a l ion- immunolo-  
gical mechan i sm "~-e~. Pe rhaps  the  above -men t ioned  
mechan i sms  exer t  a combined  a t t ack  on the  p r ema l ignan t  
and ma l ignan t  cell. In  expe r imen ta l  as well as in clinical 
inves t iga t ions  the  the rapeu t i c  effect  of ret inoic acid given 
e i ther  topica l ly  or sys temica l ly  has been d e m o n s t r a t e d  
on cer ta in  p r ema l ignan t  and ma l ignan t  epi thel ia l  le- 
sions2-~, 24-2~. I t  is r a the r  probable ,  b u t  no t  proved,  t h a t  
the  mechan i sms  under ly ing  the  p rophy lac t i c  effect  on one 
side and the  the rapeu t i c  effect  on the  o ther  side are 
identical .  I t  is diff icult  to p red ic t  whe the r  the  p rophylac t ic  
effect iveness under  expe r imen ta l  condi t ions  has  any 
re levance for the  p rophy lax i s  of h u m a n  epi thel ia l  tumors .  

Zusammen]assung. Oral verabre ich te  Vi tamin-A-S/ iure  
bes i tz t  bet  M~usen eine p rophy lak t i sche  W.irkung auf die 
E n t s t e h u n g  von  H a u p t p a p i l l o m e n  und Hau tka rz inomen ,  

die mi t te l s  lokaler Appl ika t ion  yon  D i m e t h y l b e n z a n t h r a -  
cen und iKroton61 erzeugt  wurden.  Vitamin-A-S~iure ver-  
z6gert  das Auf t re ten ,  ve r l angsamt  das W a c h s t u m  und  
f i ihrt  zur Ri ickbi ldung yon Papi l lomen.  Ferner  wird  die 
Induk t ion  yon K a r z i n o m e n  gehemmt .  Diese t r e t en  bet 
p rophy lak t i sche r  Verabre ichung  yon  Vi t amin-A-Sgure  
verzGgert mid  in deut l ich  ver r inger te r  Anzahl  auf. Der  
Wi rkungsmechan i smus  wird diskut ier t .  
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A n t i g e n i c  V a r i a t i o n  of  the  A v i a n  M y e l o b l a s t o s i s  V i r u s  O b t a i n e d  f r o m  C h i c k  E m b r y o  F i b r o b l a s t s  

Avian Myeloblastosis  Virus (AMV) is s t ruc tura l ly  
complex  1 and would be expec ted  to  conta in  several  ant i-  
gens. This  virus which  causes leukemia  in young  chickens  
is released f rom the  surface of the  c i rculat ing leukemic  
myeloblas t s  and is shown to  con ta in  ATPase  and  R N A  
digest ing enzyme of cellular origin in i ts  cons t i tu t ion  
which  are lacking when  the  same virus is p roduced  by  
chick embryo  f ibroblas ts  (CEF)2. CsC1 dens i ty  grad ien t  
cent r i fugat ion  also revealed a difference in the  dens i ty  of 
the  mye lob las t  and f ibroblas t  virus of AMV a. I t  was then  
of in te res t  to see whe the r  an ant igenic  var ia t ion  of the  
AMV can be ob ta ined  f rom myelob las t  and  f ibroblas t  
ceils. Viruses ob ta ined  f rom b o t h  these  cells were analyzed 
in an immunoe lec t rophore t i c  sys t em wi th  t he  ant isera  
p roduced  agains t  T w e e n - E t h e r  (TE) spl i t  viral  p roduc t s  
of myelob las t  AMV, and  it is shown t h a t  there  is an ant i -  

genic var ia t ion  in the  AMV produced  by  mye lob las t  and  
f ibroblas t  cell. 

Myeloblas t  virus was recovered f rom the  blood p lasma  
of infected chickens diseased wi th  myelob las t ic  leuke- 
mia  ~. P lasmas  were pools of several  b i rds  conta in ing  
abou t  5 X 10 u virus par t ic les  per  ml  as e s t i m a t e d  by  
par t ic le  count  5. F ib rob las t  vi rus  was ob ta ined  f rom the  

1 R. A. BONAR, U. HEINE, D. BEARD and J. W. BEARD, J. natn. 
Cancer Inst. 30, 949 (1963). 

2 l~. BAUER, Z. Naturforsch. 21b, 453 (1966). 
3 D. W. ALLEN, Biochim. biophys. Acta 7 Jd, 606 (1966). 
4 ]~. A. ECKERT, D. BEARD and J. W. BEARD, J. natn. Cancer Inst. 

16, 593 (1954). 
D. G. SHARP and J. W. BEARD, Proe. Soc. exp. Biol. Med. 87, 75 
(1952). 


