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SUMMARY: We have studied the induct ion of papil loma formation in response to 
skin t umor  promotion in t ransgenic  mice overexpressing the h u m a n  orni thine 
decarboxylase gene and in their  nontransgenic  littermates. The transgenic animals 
displayed a basal  epidermal ornithine decarboxylase activity tha t  was nearly 20 
t imes higher than  in their  nontransgenic littermates. A single topical application of 
12-0-tetradecanoylphorbol-13-acetate induced a much  more profound and longer- 
l a s t ing  inc rease  in t r a n s g e n e - d e r i v e d  o rn i th ine  deca rboxy lase  act ivi ty  in 
comparison with the endogenous enzyme activity. Initiation of skin tumorigenesis  
with a single topical application of dimethylbenz[a]antracene followed by twice- 
weekly appl ica t ion  of 1 2 - O - t e t r a d e c a n o y l p h o r b o l - 1 3 - a c e t a t e  r e su l t ed  in the  
appearance of first papil lomas both in nontransgenic  and t ransgenic  animals  by 
week  7. However, after 11 weeks of 1 2 - 0 - t e t r a d e c a n o y l p h o r b o l - 1 3 - a c e t a t e  
application, the number  of papillomas per animal was almost 100 % higher in the 
t ransgenic animals  t han  in their  nontransgenic littermates. These resul ts  indicate 
tha t  an  overexpress ion of epidermal  orni thine decarboxylase confers a growth 
advantage on skin tumors  /n vivo. 0 1992 Academic Press, Inc. 

Although ornithine decarboxylase (EC 4. I. i. 17) is considered to be a growth- 

related enzyme displaying features resembling those of the protooncogenes (for ref. 

see 1), relatively little experimental evidence directly supports  this view. Most of the 

s tudies exploiting the role of high ornithine decarboxylase in growth potential have 

been  carried out with cul tured cells overexpressing the enzyme. We found that  

overexpression of ornithine decarboxylase owing to gene amplification conferred 

growth advantage on mouse leukemia and myeloma cells as manifested by the ability 

to grow in semisolid media  (2). Similarly, others (3) reported that  overproduction of 

t ransfected h u m a n  ornithine decarboxylase gene in Chinese hams te r  ovary cells 

resulted in faster growth of the stable transfectants in comparison with the wild-type 

cells. According to retrovirus-mediated transfection experiments  recently reported 

(4), an overexpression of murine ornithine decarboxylase in mouse  or rat fibroblasts 

did not alter the morphology or growth properties of the infected cells but  rendered 

the rat  fibroblasts displaying high omi th ine  decarboxylase activity markedly more 
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susceptible  to t ransformat ion by an activated c-H-ras oncogene. This finding may 

indicate that  ornithine decarboxylase can cooperate with activated oncogenes (4). 

Even though the evidence that  a high ornithine decarboxylase activity provides 

growth advantage  to or induces  t r ans fo rma t ion  of m a m m a l i a n  cells is still 

c i r cumven t i a l ,  m u c h  s t ronge r  ev idence  s u p p o r t s  t he  view t h a t  o rn i th ine  

decarboxylase and hence the formation of putrescine and spermidine are required 

for m a m m a l i a n  cell proliferation to occur. Inhibitors of orni thine decarboxylase,  

such as a-difluoromethylornithine, have been used in the t reatment  of experimental 

and even cl inical  c ance r  and,  more  impor tan t ly ,  have  been  employed as 

exper imental  chemoprevent ive agents  (for ref. see 1). Probably best  documented  

examples of the latter use is the prevention of 12-0-tetradecanoylphorbol-13-acetate 

(TPA) -promoted skin tumor  formation in mice by a-dif luoromethylorni thine (5-7). 

The drug similarly inhibited skin tumor  promotion by chrysarobin  (8) and skin 

carcinogenesis induced by ultraviolet irradiation (9). 

We have recently produced a number  of transgenic mouse  lines harboring the 

h u m a n  ornithine decarboxylase gene in their  genome. These animals  overexpress 

the t ransgene virtually in all of their  t issues (10, 11) in a position-independent,  gene 

copy number-dependent  fashion (12). As these transgenic animals also display a very 

high epidermal ornithine decarboxylase activity, we have now used them to elucidate 

the possible  role of high orni th ine  decarboxylase  in sk in  t u m o r  promotion.  

Although somewhat fewer transgenic animals (80 % vs 100 %) developed papillomas 

in response to the tumor  promotion, the average number  of papil lomas per animal 

was  a lmost  twice as high in the t ransgenic  animals  in compar i son  with their  

nontransgenic  littermates. This is probably the first piece of experimental  evidence 

indicating tha t  a high t issue ornithine decarboxylase activity enhances  chemical  

t umor  promotion. 

MATERIALS AND METHODS 

The transgenic animals used in this study were female belonging to the K2 line 
harboring 24 copies of the h u m a n  ornithine decarboxylase gene (12). These animals 
overexpress  the t ransgene  in most  of their  t i s sues  (11). Nontransgenic  female 
l i t termates served as controls. 

The skin tumorigenesis  was initiated by a topical application of 200 nmol of 
d imethylbenz[a]ant racene  in acetone onto shaved dorsal  skin  unde r  subdued  
lightning. Two weeks after the initiation, twice-weeldy applications of TPA (10 nmol 
in acetone) were started. This protocols closely follows that  presented in [13]. In case 
of hair  regrowth, the shaving was repeated. The incidence of papillomas was recorded 
weekly. Histological examination of the papillomas was performed at week 13. Both 
syngenic and transgenic animals were divided into 4 groups (8 to 10 animals in each) 
as follows: un t rea ted  controls,  dimethylbenz[a]antracene t r ea tment  followed by 
twice-weekly appl icat ions of acetone, ini t iat ion with acetone followed by twice- 
weekly promotion with TPA and initiation with demethylbenz[a]antracene followed 
by twice-weekly promotion with TPA. 

The activity of ornithine decarboxylase was assayed essentially as in [14]. 
For statistical analyses, tow-tailed Student 's  t- test  or analysis of variance were 

used. 
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RESULTS 

The transgenic animals displayed a basal  epidermal ornithine decarboxylase 

activity that  was nearly 20 t imes higher than  that  in their nontransgenic l i t termates 

(214 _+ 71 versus 12 _+ 5 pmol/mg protein per h; p < 0.05). Fig. 1. depicts the induction of 

epidermal  orni thine decarboxylase activity in response  to a single topical  TPA 

application in nontransgenic and transgenic animals. While the enzyme activity was 

peaking at the same time (6 h after the application) in both animal groups one may 

notice that  the max imum response in the transgenic animals was more profound and 

also longer-last ing (Fig. 1). The t ransgene-derived activity was still significantly 

higher than the endogenous activity at 24 h after the application. 

While no tumors  developed in animals (syngenic or transgenic) treated with the 

ini t iat ing compound  only or with TPA wi thout  the initiation, the first t umors  

appeared  by week 7 in an imals  ini t ia ted with d imethylbenz[a]ant racene  and 

promoted with TPA. Ultimately 10/10 (100 %) of the nontransgenic and 7 /9  (80 %) of 

the t r ansgen ic  an imals  developed papil lomas.  The two p igmented  t ransgenic  

an imals  with no papil lomas,  however, developed early (by week 13) cu taneous  

me lanos i s  cha rac te r i zed  by d is t inc t  p igmented  spots  over  the  dorsal  skin. 

Histological examinat ion of these spots revealed mainly macrophages  loaded with 

melanin  pigment. There were a11together 4 pigmented mice in both groups (the rest 

were albinos). By the end of the examination period {week 16) 3 / 4  of the pigmented 

t ransgenic  and 2 / 4  of the pigmented nont ransgenic  mice developed cu taneous  

melanosis .  

Fig. 2 depicts the cumulat ive incidence of papil lomas in nont ransgenic  and 

transgenic animals.  As shown in the picture, after week 11 the transgenic animals 
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Fig. 1. Effect of a single application of TPA on epidermal omithlne decarboxylase 
(ODC) activity in nontransgenic and transgenic mice. The results are means + S.E.M. 
obtained from 3 animals in each group. 
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Fig. 2. Format ion  of sk in  papi l lomas  in r e sponse  to t u m o r  promot ion  in 
nont ransgenic  and t ransgenic  mice. The tumorigenesis  was initiated with a single 
topical  appl icat ion of d imethylbenz[a]ant racene  followed by twice-weekly TPA 
applications.  Seven to n ine  animals  in each group. The vertical ba r s  represent  
s tandard  errors of the mean. ANOVA, analysis of variance. 

h a d  n e a r l y  twice  a s  m a n y  p a p i l l o m a s  t h a n  t h e i r  n o n t r a n s g e n i c  l i t t e r m a t e s .  The  

d i f ference  b e t w e e n  t h e  g r o u p s  w a s  s t a t i s t i ca l ly  h igh ly  s ign i f i can t  (p < 0 .001 ;  a n a l y s i s  

of va r i ance ) .  

His to log ica l  e x a m i n a t i o n  p e r f o r m e d  a t  w e e k  13 r evea l ed  t h a t  t h e  t u m o r s  of 

b o t h  g r o u p s  r e p r e s e n t e d  b e n i g n  p a p i l l o m a s  w i th  p rac t i ca l ly  no  dysp la s i a .  Th i s  w a s  

n o t  u n e x p e c t e d  a s  t h e  p ro toco l  u s e d  for  t h e  t u m o r i g e n e s i s  f avors  t h e  f o r m a t i o n  of 

b e n i g n  t u m o r s  (8). In  a n y  even t ,  t h e s e  r e s u l t s  s t r o n g l y  s u p p o r t  t h e  view t h a t  h i g h  

o r n i t h i n e  d e c a r b o x y l a s e  act iv i ty  e n h a n c e s  s k i n  t u m o r i g e n e s i s .  

D I S C U S S I O N  

A l t h o u g h  o u r  ea r l i e r  s t u d i e s  h a v e  s u g g e s t e d  t h a t  h i g h  o m i t h i n e  d e c a r b o x y l a s e  

act ivi ty,  s u c h  a s  m i g h t  r e s u l t  f rom gene  ampl i f i ca t ion ,  m a y  give g rowth  a d v a n t a g e  to 

t u m o r  ce l l s  a s  m a n i f e s t e d  a s  e n h a n c e d  a g g r e s s i v e n e s s  (15) or  a n  ab i l i ty  to  fo rm 

co lon ies  in  semiso l id  m e d i a  (2), t h e  p r e s e n t  r e s u l t s  i nd i ca t e  for  t h e  f i rs  t ime  t h a t  h i g h  

t i s s u e  o r n i t h i n e  d e c a r b o x y l a s e  ac t iv i ty  a lso  e n h a n c e s  t u m o r  p r o m o t i o n  /n v i vo .  T h e  

e x a c t  p a t h o p h y s i o l o g i c a l  m e c h a n i s m s  i n v o l v e d  i n  t h e  m u l t i s t a g e  s k i n  

t u m o r i g e n e s i s  a re  no t  known,  b u t  i t  h a s  b e e n  sugges t ed  t h a t  p o i n t  m u t a t i o n s  of the  H- 

r a s  o n c o g e n e  a r e  a s s o c i a t e d  w i t h  t h e  t u m o r  i n i t i a t i n g  e v e n t  p r o d u c e d  b y  

d i m e t h y l b e n z [ a ] a n t r a c e n e  (8). I n t e r e s t i n g l y ,  a n  o v e r e x p r e s s i o n  of  o r n i t h i n e  

d e c a r b o x y l a s e  h a s  b e e n  s h o w n  to e n h a n c e  f i b rob l a s t  t r a n s f o r m a t i o n  b y  ac t i va t ed  H- 

r a s  o n c o g e n e  (4). I t  is  t h u s  p o s s i b l e  t h a t  o r n i t h i n e  d e c a r b o x y l a s e  c o o p e r a t e  w i t h  

s o m e  o t h e r  agen t s ,  s u c h  as  oncogene  p r o d u c t s ,  i n  t h e  p r o c e s s  of  s k i n  ca rc inogenes i s .  

T h e  f ac t ,  h o w e v e r ,  r e m a i n s  t h a t  i n  s p i t e  of  t h e  h i g h  e p i d e r m a l  o r n i t h i n e  

d e c a r b o x y l a s e  a c t i v i t y  b o t h  t h e  i n i t i a t i o n  a n d  p r o m o t i o n  a r e  n e e d e d  fo r  t h e  
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tumorigenesis  to occur. This was demonstrated by the lack of tumor  development in 

the t ransgenic animals  in response to the initiation or promotion alone. 

Our present results  somewhat disagree with those recently reported by Imamoto 

et al. (16). The lat ter  au thors  compared different mouse  s t ra ins  as regards  the 

magni tude  of TPA-induced ornithine decarboxylase activity and the responsiveness 

to tumor  promotion, but  did not find any correlation between these variables (16). An 

explanat ion for this  d iscrepancy may j u s t  be the fact the differences between 

ornithine decarboxylase activities among the na tura l  mouse  s t ra ins  were small in 

comparison with our transgenic mice. 

These resul ts  also subs tant ia te  the view tha t  high ornithine decarboxylase 

activity may  be a r isk factor for the development  of cancer  under  pathological  

conditions, such as familial colonic polyposis (17, 18). 
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