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Activation of the carcinogen N-hydroxy-2-acetylaminofluorene by rat mammary  peroxidase 
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Summary. A peroxidase  p repa ra t ion  f rom ra t  m a m m a r y  gland p a r e n c h y m a l  cells, a t a rg e t  t issue of a ry lamine  carcino-  
gens, was shown to  ac t iva te  tile carcinogen N-hydroxy-2 -ace ty laminof luorene  via  a n i t roxy l  free radical  i n t e rmed ia t e  
to  the  more  act ive  carcinogens n i t rosof luorene  and  N-ace toxy-2-ace ty laminof luorene .  H y d ro g en  peroxide,  cumene  
hydroperox ide ,  and linoleic acid hydrope rox ide  were effect ive as subs t ra tes .  The an t iox idan t s  ascorba te ,  p ro py l  
gal late and  reduced g lu ta th ione  p r even t ed  the  free radical  ac t iva t ion  route.  

The first  s tep  in the  ac t iva t ion  of the  a ry lamine  carcinogen 
2-acety laminof luorene  (AAF) is N - h y d r o x y l a t i o n  to form 
N-hydroxy-2-ace ty laminof luorene  (N-OH-AAF) .  Sub- 
sequen t  p roposed  ac t iva t ion  s teps  include the  free radical  
mechan i sm of fo rmat ion  of the  more  act ive  carc inogens  
n i t rosof luorene  (NOF) and  N-ace toxy-2-ace ty lamino-  
f luorene (N-OAc-AAF),  a sequence d e m o n s t r a t e d  by  
Bar t sch  et  al.~, ~ and F loyd  et  al. a-5 for model  sys tem 
peroxidases  including horse rad i sh  peroxidase ,  lacto-  
peroxidase ,  hema t in  and methemoglob in .  This  s t u d y  
repor t s  the  ac t iva t ion  of N - O H - A A F  via the  free radical  
mechan i sm by  enzymes  of ra t  m a m m a r y  gland paren-  
chymal  cells, a t a rge t  cell for a ry lamine  carcinogens".  
Materials and methods. N-hydroxy-2 -ace ty laminof luorene  
(N-OH-AAF) was synthes ized  f rom 2-ni t rof luorene by  
the  m e thod  of Poir ier  e t  aLL Linoleic acid hyd rope rox ide  
was syn thes ized  according to H a m b e r g  and G o t t h a m m a r  s. 
R a t  m a m m a r y  p a r e n c h y m a l  cells were p repa red  by  the  
m e t h o d  of Topper  e t  a12 and  t h e n  sonica ted  a t  a m e d i u m  
se t t ing  for 10 sec. E lec t ron  spin resonance  spec t ra  were 
ob ta ined  wi th  a Var ian E-9 X - b a n d  spec t rome te r  in an 
assay sys t em conta in ing  133 ~g/ml N - O H - A A F ,  5 mM 
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Fig. 1. ESR-spectra of reaction of mammary parenehymal cells, 33 
~g/ml N-OH-AAF and 5 mM H202, 5 mM cumene hydroperoxide, or 
0.4 mM linoleic acid hydroperoxide in 50 mM potassium phosphate 
pH 7.4. All spectra were obtained with 25 mW incident power at a 
frequency of 9.536 GHz with a modulation amplitude of 5 G, a filter 
constant of 3 sec and a scan speed of 25 G/rain. Tenlperature was 
ambient ca. 23 ~ 
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Fig. 2. ESR-spectra of reaction of mammary parenchymal cells, 133 
[zg/ml N-OH-AAF, 5 mH H202 and 5 mM reduced glutathione, 
propyl gaUate or aseorbate in potassium phosphate pH 7.4. Same 
ESR settings as in figure 1. 
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H~O 2 or c u m e n e  hydrope rox ide ,  or 0.4 m M  linoleic acid 
h y d r o p e r o x i d e  and  r a t  m a m m a r y  p a r e n c h y m a !  cell 
p r e p a r a t i o n s  in 50 m M  p o t a s s i u m  p h o s p h a t e  p H  7.4. 
Results and discussion. Figure  1 shows t he  e lec t ron  spin  
r e sonance  (ESR)  t r ace  for t he  r eac t ion  of N - O H - A A F  
w i t h  r a t  m a m m a r y  pe rox idase  in t he  p resence  of t h e  
pe rox ides  H~O 2, c u m e n e  hydrope rox ide ,  a n d  linoleic acid 
hYdroperoxide .  A g-value  of 2.0063 a n d  a sp l i t t i ng  of 
7.7-7.9 G cha rac t e r i s t i c  of t he  n i t r o x y l  free rad ica l  of 
N - O H - A A F  were observed .  Tile n i t r o x y l  free rad ica l  is 
t i le p red ic t ed  i n t e r m e d i a t e  f o r  the  free r ad ica l  ox ida t i on  
of N - O H - A A F  in to  N O F  a n d  N - O A c - A A F  ~~ F o r m a t i o n  
of N O F  and  N - O A c - A A F  and  d i s a p p e a r a n c e  of N-OH-  
A A F  were conf i rmed  b y  t h i n - l a y e r  c h r o m a t o g r a p h y  on  
Silica Gel F p la tes  w i t h  a d i c h l o r o m e t h a n e - a c e t o n e  
(85 : 5, v /v)  so lvent .  
F igure  2 shows t he  effects  of t he  a n t i o x i d a n t s  ascorba te ,  
r educed  g l u t a t h i o n e  a n d  p r o p y l  ga l la te  on  t he  f o r m a t i o n  
of n i t r o x y l  radical .  A n t i o x i d a n t  c o n c e n t r a t i o n s  equa l  to  
H 2 0  2 c o n c e n t r a t i o n s  were used. Ascorba te ,  p r o p y l  ga l la te  
and  reduced  g l u t a t h i o n e  comple t e ly  e l imina t ed  t he  n i t ro -  

xy l  free r ad ica l  fo rmed  f rom N - O H - A A F .  I n  t he  case of 
a sco rba te  and  p r o p y l  ga l la te  a n  E S R  signal  was  obse rved  
as a resu l t  of t he  p re fe ren t i a l  ox ida t i on  of these  c o m p o u n d s  
in to  t h e i r  free rad ica l  forms.  F o r  a sco rba te  t he  obse rved  
s ignal  is cha rac t e r i s t i c  of t he  a scorby l  rad ica l  (An = 1.7 
gauss),  a l t h o u g h  for t he  p a r t i c u l a r  s p e c t r u m  p re sen t ed  
m o d u l a t i o n  a m p l i t u d e  was large a n d  the  cha rac t e r i s t i c  
hype r f i ne  s t r u c t u r e  of th i s  rad ica l  was  no t  resolved.  
This  s t u d y  suggests  t h a t  enzymes  f rom a t a r g e t  cell are 
capab le  of a c t i v a t i n g  t he  ca rc inogen  N - O H - A A F  in to  
t i le more  ac t ive  N - O A c - A A F  a n d  N O F  v i a  a n i t r oxy l  
free rad ica l  i n t e r m e d i a t e  in  a m e c h a n i s m  ana lagous  to  
t h a t  p roposed  for model  sys t em peroxidases .  This  reac t ion  
is i n h i b i t e d  b y  a n t i o x i d a n t s  inc lud ing  t he  physiological  
compounds ,  a sco rba te  and  g lu t a th ione .  F u r t h e r  pur i f ica-  
t ion  and  c h a r a c t e r i z a t i o n  of t h  e r a t  m a m m a r y  perox idase  
a n d  s tud ies  of t h e  effects of a n t i o x i d a n t  levels  on  t he  
ca rc inogen  a c t i v a t i o n  are c u r r e n t l y  unde rway .  
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DNA-dependent-DNA-polymerase:  Possible l imiting influence on cell reproduction 
during viral leukernogenesis* 
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Summary. Evidence  is p r e sen t ed  t h a t  d u r i n g  v i ra l  l eukemogenes i s  spleen cell nuclei  show an  increase  in labe l l ing  
i ndex  a n d  m e a n  g ra in  count ,  t h a t  is n o t  a ccom pan ied  b y  a n y  changes  in t he  nuc lea r  level  of DNA-po lymerase -~ .  
I t  is sugges ted  t h a t  po lymerase  p r o d u c t i o n  r em a i ns  u n d e r  t he  con t ro l  of t he  n o r m a l  cell m e c h a n i s m s  and  the  v i rus  
m a y  affect  cell p ro l i f e ra t ion  b y  a l t e r ing  ti le p r i m e r - t e m p l a t e  levels. 

Cancer  d e v e l o p m e n t  in  b o t h  h u m a n s  a n d  an ima l s  is 
o f ten  cha rac t e r i zed  in t he  in i t i a l  g r o w t h  phase  b y  a 
p o p u l a t i o n  of r ap id ly  p ro l i f e ra t ing  cells a n d  in the  l a t e r  
g r o w t h  phase  b y  a large c o m p a r t m e n t  of slow growing  
or res t ing,  Go, cellsl .  P r ev ious  s tud ies  in our  l abora to r i e s  
h a v e  shown  th i s  also to  be  t h e  case in mice g iven  R a u s c h e r  
l eukemia  virus ,  RLV~-% for w h i c h  t he  h e m a t o p o i e t i c  
s t e m  cell ha s  been  iden t i f i ed  as a l eukemia  v i rus  t a r g e t  
cell 5-7. In  these  mice, even  t h o u g h  the  f i rs t  response  to 
t he  v i rus  is to  increase  t he  n u m b e r  of D N A  syn thes i z ing  
(S-phase)  cells 3, 4, m e a s u r e m e n t  of t h e  splenic  s t e m  cell Go 
c o m p a r t m e n t  a t  t he  14 th  d a y  a f t e r  v i rus  a d m i n i s t r a t i o n  
ha s  shown  i t  to  be  20 t imes  t he  n o r m a l  size for a non-  
leukemic  con t ro l  s . Since a t  t he  same  t ime,  and  a t  st i l l  
l a t e r  disease stages,  R a u s c h e r  l eukemic  mice are also 
k n o w n  to  h a v e  mass ive  s e rum v i rus  t i tersS,  i t  can  be  
in fe r red  t h a t  a l t h o u g h  R L V  does in i t i a l ly  increase  t he  
n u m b e r  of p ro l i f e ra t ing  S-phase  s t e m  cells i t  c a n n o t  of 
i tself  m a i n t a i n  an  inc reased  r a t e  of p ro l i f e ra t ion  in t he  
t a r g e t  s t em cells, even  a t  these  h igh  v i rus  t i te rs .  Hence,  
t he  poss ib i l i ty  is sugges ted  t h a t  t h e r e  m a y  be  a l imi t ing  
necessa ry  f ac to r  for D N A  syn thes i s ,  even  in the l eukemic  
cell, wh ich  c a n n o t  be  in f luenced  b y  t he  virus .  
To f u r t h e r  i nves t i ga t e  th i s  poss ib i l i ty  in  t i le R a u s c h e r  
l eukemia  model  we h a v e  ut i l ized t h e  p r i m e r - d e p e n d e n t -  
po lymerase  (PDP)  as say  t e c h n i q u e  r ecen t l y  deve loped  
b y  Schi l le r  e t  a12. Th i s  t e c h n i q u e  al lows one to s t u d y  
n o t  on ly  t he  changes  in t he  f r ac t ion  of p ro l i f e ra t ing  cells 
d u r i n g  leukemogenes i s  t h r o u g h  D N A  label l ing,  b u t  f u r t h e r  
to  d i s c r im ina t e  w i t h i n  t h e  labe l led  popu l a t i ons  as to  
w h e t h e r  t he  changes  in labe l l ing  are a consequence  of 

changes  w i t h i n  the  cell nuc leus  in D N A - d e p e n d e n t - D N A -  
po lymerase  concen t r a t i on ,  or in p r i m e r - t e m p l a t e ,  or b o t h  10. 
Materials and methods. The  a n i m a l s  used were female  
S J L / J  mice  in jec ted  w i t h  50 SEDs0/1 , u n i t s  of R L V  ~-4 
a t  12 weeks  of age. As con t ro l s  no rma l ,  non- in jec ted ,  
mice selected f rom the  same  lo ts  were used. To al low 
for co r re l a t ion  of t he  p r e s e n t  s tud ies  w i t h  our  p rev ious  
Go s tud ies  ~ t he  mice  were sacr i f iced 14 days  a f te r  R L V  
in jec t ion .  The  spleens  were r emoved ,  single cell supens ions  
p r e p a r e d  in H a n k ' s  so lu t ion  s u p p l e m e n t e d  w i th  fe ta l  
calf  se rum,  a n d  d r y  f i lm smears  p r e p a r e d  on  acid c leaned  
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