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H i g h - F r e q u e n c y  Induct ion in v ivo of Mouse  L e u k e m i a  in AKR Strain by  5 -Azacyt id ine  
and 5 - Iodo -2 ' -deoxy ur id ine  

I t  has  been  e s t ab l i shed  for  a long  t i m e  t h a t  d i f fe ren t  
carc inogenic  s t imul i  or ag ing  m a y  resu l t s  in  t h e  develop-  
m e n t  of mouse  l eukemia  ~. More r ecen t ly  LowY et  al. ~ 
r epo r t ed  t h a t  exposure  in  v i t r o ' t o  5-bromo-  or 5-iodo-2'-  
deoxyur id ine  of A K R  mouse  e m b r y o n i c  cells i nduced  t he  
syn thes i s  of v i rus  par t ic les  in  u p  to  0 .5% of these  cells, 
a l t h o u g h  o rd ina r i l y  t h e y  c o n t a i n  l i t t l e  or no  l eukemia  
virus .  Similar ly ,  in  t he  low suscep t ib le  s t r a in  B A L B / c  
us ing  mouse  e m b r y o  cells in  v i t ro ,  i t  h a s  been  shown  t h a t  
5 -b romo-2 ' -deoxyur id ine  induces  d i f fe ren t  cell l ines  to  
fo rm C- type  v i rus  ~. The  l ine  of h u m a n  l y m p h o b l a s t s  ~ha t  
d id  no t  show express ion  of E p s t e i n - B a r r  herpesv i rus ,  was  
m a d e  r e s i s t a n t  to  5 -b romo-2 ' -deoxyur id ine .  Fo l lowing  
r e m o v a l  of t he  drug,  v i rus  par t ic les  were de t ec t ed  in t h e  
ceils w i t h  t he  imp l i ca t i on  t h a t  5 -b romo-2 ' -deoxyur id ine  
a c t i v a t e d  t h e  repressed  E p s t e i n - B a r r  v i rus  genome ~ 
These  a n d  o the r  s imi la r  e x p e r i m e n t s  ~ are in  accordance  
w i t h  t he  ex is tence  of t he  p roposed  oncogene,  w h i c h  is 
p r e s u m a b l y  in t he  D N A  of all  euka ryo t i c  cells and  is 
respons ib le  for  t h e  convers ion  of a n o r m a l  cell i n to  a 
neop las t i c  one% 

W e  now descr ibe  t h e  effect  of 5- iodo-2 ' -deoxyur id ine~ 
and  5-azacyt id ine  in vivo,  w h e r e b y  a n  ear ly  i n d u c t i o n  of 
l eukemia  is d e m o n s t r a t e d  in t h e  h igh ly  suscept ib le  s t r a i n  
of i nb red  A K R  female  mice.  Groups  of an ima l s  rece ived  
i.pl 5 - iodo-2 ' -deoxyur id ine  ~ (LD~0 2.5 g/kg) or 5-azacyt i -  
d ine  s (LD~o 115 mg/kg) .  Before  and  d u r i n g  t h e  course of 
t r e a t m e n t ,  l eukocy tes  were e n u m e r a t e d  a n d  d i f fe ren t ia l  
coun t s  regis tered.  The  dead  mice  were inspec ted  for t he  
macroscopic  signs of l eukemia .  

W h e r e a s  t he  b lood and  d i f fe ren t ia l  coun t s  in  t he  cont ro l s  
d id  no t  change  d u r i n g  t h e  per iod  of obse rva t ion ,  t he  
t r e a t e d  mice  were leukopenic  a f t e r  6 weeks of t r e a t m e n t .  
However ,  l a t e r  on  mi ld  leukocytos i s  occur red  (Figure  1). 
A t  t h a t  t i m e  occas ional  l eukemic  l y m p h o b l a s t s  a n d  
re t i cu la r  cells were obse rved  in t he  pe r iphe ra l  b lood ;  
s e g m e n t e d  p o l y m o r p h o n u c l e a r s  rose in  n u m b e r  (50 to  
60%).  The  t i m e  of o b s e r v a t i o n  was 120 days.  D u r i n g  t h i s  
per iod all control ,  u n t r e a t e d  mice  (40 animals)  su rv ived  
in good cond i t ion  w i t h o u t  a n y  sign of t he  disease.  The  
an ima l s  g iven  5- iodo-2 ' -deoxyur id ine  deve loped  l eukemia  

a f t e r  50 days  of t r e a t m e n t ,  a n d  d u r i n g  the  n e x t  10 days  
67 % of t h e m  s u c c u m b e d  w i t h  ful ly  deve loped  l y m p h o m a s  
(Figure  2). The  a d m i n i s t r a t i o n  of 5 -azacyt id ine  e n h a n c e d  
t he  inc idence  of l eukemic  d e a t h s  to  100% d u r i n g  t he  
same  t i m e  i n t e r v a l  (Figure  2). The  l y m p h o b l a s t i c  inf i l t ra-  
t i on  in t h e  l ivers  of 5- iodo-2 ' -deoxyur id ine-  a n d  5-aza- 
cy t id ine - induced  l enkemias  was 70 to  8 0 % ;  t he  involve-  
m e n t  of t he  t h y m u s ,  t h e  spleen and  t he  l y m p h  nodes  was 
r e l a t i ve ly  inconspicuous .  B o t h  newly  i nduced  leukemic  
l ines were  t r a n s p l a n t a b l e ,  a n d  100% t a k e s  were obse rved  
in t he  mice  ol t h e  same  s t r a i n  t h a t  rece ived  i.p. in jec t ions  
of l eukemic  l iver  cell suspensions .  

The  inc idence  of s p o n t a n e o u s  A K R  l eukemia  in female  
mice  var ies  f rom 71 to  85%,  beg ins  a p p r o x i m a t e l y  a t  
4 m o n t h s  of age, r each ing  i ts  p e a k  a t  7 to  9 m o n t h s ,  
a n d  t h e n  aga in  decl ining% Hema to log i ca l  changes  se t  in  
on ly  du r ing  t h e  t e r m i n a l  s tage of disease cons i s t ing  in 
leukocytos i s  a n d  in t he  a p p e a r a n c e  of an  increased  n u m -  
be r  of s e g m e n t e d  neu t roph i t s  in t he  p e r i p h e r a l  b lood  ~~ 
T h u s  t he  f ac t  t h a t  5 -azacy t id ine  acce lera tes  t he  develop-  
m e n t  of A K R  l eukemia  in 4 -mon th -o ld  mice  w i t h  t he  
inc idence  of 100% is h igh ly  s igni f icant .  
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Fig. 1, White blood counts (WBC) in AKR mice treated with 5-iodo- 
2'-deoxyuridine and 5-azaeytidine. For the schedule of the treat- 
ment and for the dosage see Figure 2. Each point represents WBC 
per mm a from 1 mouse. 

~5 

"13 
.o_ 

5-1odo-2'-deoxyuridine 
[ 

lOOmg/kg (12 times) L 

5-azacytidine 

1.5 mglkg (6 times) 
0.8 mgikg (6 times) 

20 40 
Treatment 

60days 

Fig. 2. Life-span of 2-month-old AKR female mice treated i,p. with 
5-iodo-2'-deoxyuridine or 5-azacytidine. ' Each group included 40 
female AKR mice (23-24 g). The dosage of 5-azacytidine was lowered 
after 16 days, since toxic manifestations occurred. 
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5 -Azacy t id ine  is i n c o r p o r a t e d  in v ivo  in to  R N A  of 
m a m m a l i a n  cells 11, in  d i s t i nc t i on  to  5- iodo-2 ' -deoxyur i -  
d ine  7 wh ich  is t a k e n  up  in to  DNA.  I t  suppresses  t h e  
g r o w t h  of L1210 a n d  of A K R  leukemial~ ,  s a n d  i n h i b i t s  
t he  syn thes i s  of an t ibod ie s  13. Accordingly ,  t he  poss ib i l i ty  
m u s t  be  cons idered  t h a t  AKIR l e u k e m i a  could  h a v e  been  
evoked  on  a c c o u n t  of t he  i m m u n o s u p p r e s s i v e  effects  of 
5 -azacy t id ine  b y  t he  i m p a i r m e n t  of t h e  syn thes i s  of 
co r re spond ing  an t ibod ies .  However ,  t he  i m m u n o s u p p r e s -  
s ive effect  of 5 -azacy t id ine  is infer ior  to  t h a t  of cyclo- 
p h o s p h a m i d e  13 w h i c h  has  fa i led to  a c t i v a t e  t he  v i rus  
syn thes i s  in  v i t ro  14. S imi la r  nega t i ve  resu l t s  in  t i ssue  
cu l tu re  were o b t a i n e d  also w i t h  cy tos ine  a rab inos ide ,  
5- f luoro-2 ' -deoxyur id ine ,  6 -aza thymine ,  6-azaur id ine ,  6- 
m e r c a p t o p u r i n e  a n d  6 -azagnan ine  ~4. I t  is c lear  t h a t  
l eukemia  v i rus  is p r e s e n t  in  t i ssues  of A K R  mice  f rom the  
t i m e  of b i r t h  15. I* is d i f f icul t  to  conc lude  a t  p r e sen t  
w h e t h e r  t h e  chemica l  t r e a t m e n t  descr ibed  is ana logous  to  
t he  i n d u c t i o n  of v i rus  syn thes i s  in  vi t ro .  However ,  our  
p r e l i m i n a r y  s tud ies  of v i rus  t i t e r s  in respec t ive  mouse  
t i ssues  i nd i ca t e  t h a t  v i rus  is be ing  i nduced  b y  5-aza- 
cy t id ine  also in vivo.  

Zusammen/assung. Nachweis  der  l euk~mogenen  Wir -  
k u n g  yon  5 -Azacy t id in  u n d  5 - Jod-2 ' -Desoxur id in  be im  
S t a m m  der  AKR-M~use .  Es  wi rd  a n g e n o m m e n ,  d a s s e s  
sich h i e rbe i  u m  eine V i r u s i n d u k t i o n  hande l t .  
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A Study of the Cytology and Cell Culture of the Canine Transmiss ible  Venereal Sarcoma 

Canine  t r ansmis s ib l e  venerea l  s a r coma  (CTVS) is a 
neop l a sm occur r ing  n a t u r a l l y  on  t h e  geni ta ls  of b o t h  male  
and  female  dogs. I t  is t h e  o ldes t  t r a n s p l a n t a b l e  t u m o r  
k n o w n  a n d  is r ead i ly  t r a n s p l a n t e d  b y  sexual  c o n t a c t  and  
b y  p a r e n t e r a l  inj ec t i0n  of v iab le  t u m o r  cells. The  etiology, 
his togenesis ,  a n d  t h e  m e c h a n i s m  of un ive r sa l  ' t a k e '  a n d  
s p o n t a n e o u s  regress ion of t he  t u m o r  are poor ly  under -  
s tood 1-3. A l t h o u g h  t h e r e  is no  serious ob jec t ion  to  t h e  
bel ief  t h a t  t h e  CTVS is t r u l y  neoplas t ic ,  i t  has  been  con- 
s idered  b y  some c o m p e t e n t  pa t ho l og i s t s  to  be  in fec t ious  
g r a n u l o m a  4. U l t r a s t r u c t u r a l  e x a m i n a t i o n  of t he  t u m o r  
cells b y  p rev ious  workers  ha s  no t  r evea led  d i s t i nc t i ve  
fea tu res  a n d  t he  r epor t s  of t h e  presence  of v i rus- l ike  
par t ic les  h a v e  been  con t rove r s i a l  5. W e  now r e p o r t  t h a t  
t h e  CTVS cells b e h a v e  l ike t u m o r  ceils in  cu l tu re  a n d  
t h a t  a d i s t i nc t i ve  u l t r a s t r u c t u r a l  f ea tu re  is indeed  presen t .  
Materials and methods. Canine  t r ansmis s ib l e  venerea l  
sa rcoma.  The  or ig ina l  t u m o r  (k indly  p r o v i d e d  b y  Dr. 
G. BROWN of F a r r a g u t  A n i m a l  Hospi ta l ,  Knoxvi l le ,  Ten-  
nessee) f rom the  v a g i n a  of a poodle  of m i x e d  a n c e s t r y  was 
r e m o v e d  surg ica l ly  a n d  po r t i ons  were processed  i m med i -  
a te ly  for cell cul ture ,  c h r o m o s o m e  analysis ,  h i s t o p a t h o -  
logy, a n d  e lec t ron  microscopic  s tudies .  O t h e r  por t ions  of 
t h e  t u m o r  were k e p t  in  M e d i u m  199 o v e r n i g h t  before  
be ing  t r a n s p l a n t e d  in to  dogs. Single cell suspens ions  a n d  
t u m o r  pieces were p r e p a r e d  b y  m i nc i ng  t he  t u m o r  t i ssues  
w i t h  scissors w i t h o u t  t h e  use of t ryps in .  Non-p recond i -  
t ioned,  a p p a r e n t l y  hea l thy ,  dogy  of d i f fe ren t  ages were 
used for in  v ivo  t u m o r  passage.  E i t h e r  single cell suspen ;  
sions or t u m o r  pieces of (1-2 m m  a) su spended  in serum-  
free M e d i u m  199 were in jec ted  s.c. i n to  t he  i n t e r s c a p u l a r  
region.  Chromosome,  h i s topa tho logy ,  and  t r a n s p l a n t a -  
t i on  s tud ies  of t he  or ig inal  a n d  t r a n s p l a n t e d  t u m o r s  con- 
f i rmed  t h a t  t h e  t u m o r  was indeed  can ine  t r ansmis s ib l e  
venereal  s a r coma  1-7. 

E l e c t r o n  microscopic  s tudies .  T he  or ig inal  t u m o r  was 
f ixed in  3.5% g l u t a r a l d e h y d e  a n d  processed as p rev ious ly  
descr ibed  s. 

Cell cul ture .  The  t u m o r  cells were cu l tu red  as mono-  
layers  in  M e d i u m  199 a n d  M i n i m u m  Essen t i a l  M e d i u m  
(MEM) s u p p l e m e n t e d  w i t h  20% fe ta l  calf  s e rum or  as 
suspens ions  in R P M I  1640 s u p p l e m e n t e d  w i t h  20% fe ta l  

calf  serum. F ina l  cell c o n c e n t r a t i o n  of 1 • 10 e a n d  2 • 106 
v iab le  cells per  ml,  as d e t e r m i n e d  b y  t r y p a n  blue  dye  
exclusion test ,  were used for i n i t i a t i on  of t he  cul tures .  
T ryps in i za t i on  was done  a t  t he  t i m e  of s u b c u l t u r i n g  mo-  
no laye r  cell cul tures .  

Results and disscussion. E l e c t r o n  microscopic  s tudies  
showed  t h a t  large r o u n d  or po lygona l  cells were m o s t  
p r e d o m i n a n t  in  t he  or ig inal  donor  t u m o r .  The  nucle i  were 
large, ves icu la r  a n d  w i t h  p r o m i n e n t  nucleoli .  Mi tochon-  
dria,  s m o o t h  endop lasmic  r e t i c u l u m  and~r ibosome  gran-  
ules were sparse  b u t  t h e  Golgi  a p p a r a t u s  was r e l a t ive ly  
well  deve loped  a n d  the re  were m a n y  smal l  cy tosomes  in 
t he  cy top lasm.  Mito t ic  f igures were f r e q u e n t l y  found.  I n  
addi t ion ,  cells r e sembl ing  p l a s m a  cells, l ymphocy te s ,  a n d  
f ib rob las t s  were ming led  w i t h i n  t he  m a i n  t u m o r  mass.  
T u m o r  cells w i t h  increased  rough  endop lasmic  r e t i c u l u m  
occas ional ly  showed  whor l  l ike f o r m a t i o n  (Figure  1). To 
our  knowledge,  th i s  s t r u c t u r e  h a d  no t  been  recorded  b y  
p rev ious  workers  for t h i s  t u m o r .  Similar ,  b u t  no t  iden t i -  
cal,. concen t r i c  f o r m a t i o n s  of r o u g h  endop lasmic  ret ic-  
u lum h a v e  r ecen t ly  been  obse rved  in h u m a n  osteosar-  
c o m a  cells in  cu l tu re  9, in  t h e  oocyte  a n d  fol icular  cells of 
t he  l izard  Lacerta sicula dur ing  w i n t e r  res t  10, a n d  in t he  
b o r d e r  cells of t he  ad rena l  g lands  of t he  Mongol ian  gerbi l  11. 
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