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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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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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slides. The unf ixed p repa ra t ions  were d ipped  in to  a 0.25% 
agar  solut ion a t  40 ~ to s t r ip  away  the  cy top lasm,  leaving 
the  bare nuclei  a d h e r e n t  to the  slide, and  air dried.  Glass 
incuba t ion  chambe r s  were af ixed to the  slides w i t h  
paraff in ,  and  0.5 ml  of incuba t ion  mix tu re  conta in ing  
t r i t i a t ed  t h y m i d i n e  t r i p h o s p h a t e  (aHTTP) was added.  
The samples  were then  incuba ted  and a u t o r a d i o g r a m m e d  
in the  m a n n e r  prev ious ly  described,  wi th  posi t ive  ~HTTP 
labell ing indica t ing  the  s imul taneous  presence  of p r imer -  
t emp la t e  in con junc t ion  wi th  DNA-po lymerase -e  w i th in  
the  cell nucleusg-~L F u r t h e r  eva lua t ion  of the  re la t ive 
levels of DNA-po lymerase -~  in the  nuclei of leukemic 
spleen ceils as com pa red  to normal  was accompl ished  by  
enzyme inac t iva t ion  using p a r a - h y d r o x y m e r c u r i b e n z o a t e  
(p-HMB), a p o t e n t  su l fhydry l  b inding  agent  and in- 
h ib i tor  of DNA-po lymerase -~  ~. For  th is  va ry ing  con- 
cen t ra t ions  of p -HMB,  ranging from 1 mM to 10 -4 mM, 
were added  to t he  P D P  incuba t ion  mix tu res  in o therwise  
dupl ica te  slides a t  the  beginning  of the  assay. DNA-  
polymerase-~  inac t iva t ion  was de t e rmined  b y  the  reduc-  
t ion in labell ing achieved as a funct ion  of the  p - H M B  
concen t ra t ion .  
Results. At  sacrifice the  leukemic mouse spleens were 4 
t imes  larger t h a n  normal ,  395.5 • 45.4 mg as comp a red  
to  93.2 • 9.8 mg. The resul ts  for P D P  labell ing index  
and  mean  grain  coun t  for normal  and leukemic nuclei  
i ncuba ted  w i thou t  p - H M B  inhib i tor  are shown in the  
table.  All nuclei  were eva lua ted  except  those  obviously  
belonging to d i f fe ren t ia t ing  myeloid  cells. The resul ts  
show t h a t  a t  14 days  af ter  R L V  injection,  the  int lect ion 
po in t  for the  g rowth  phase  Rauscher  leukemia develop-  
m e n t  2, 4, the  overal l  P D P  labelling index is 4.8 t imes  t h a t  

Comparison of PDP index parameters in spleen ceil nuclei of normal 
and Rauseher leukemic SJL/J mice 14 days after virus infection 

Normal Rauscher 

Labelling index (•  1 SE) 13.09 -k 1..10 62.89 • 3.55 
Mean grain count ( i  1 SE) 7.50 • 0.24 15.36 ~ 2.54 

Inhibition el 3H-TTP labelling by 
100 p - hydroxymercuribenzoate 

in the PDP response of 
80 ~ s o l a t e d  nuclei 

g 

~E 60 " ~ i a c t i v a t i o n  point 

8, 40 
~ 20 l Leukemic nuclei . {~ 

,., . . 
. . . . . .  . - - '  , 

10-4raM lO'3mM lO'2mM lO-lmM 1 mM 
Concentration of inhibitor 

Extinction of PDP response in normal and viral leukemic cells as a 
function of concentration of the DNA-polymerase-a inhibitor, p- 
hydroxymercuribenzoate, in the PDP incubation medium. Loss in 
percent of control level reflects the reduction in mean grain count in 
terms of the percent value for either normal cell nuclei or leukemic 
cell nuclei not exposed to the inhibitor. Data indicates identical con- 
centration of the polymerase in the normal and leukeinie nuclei. The 
extinction curves are also sinfilar in shape, within the limits of 2 SE, 
suggesting that the enzymes in the 2 types of nuclei are not signifi- 
cantly different. 

for normal  control  spleen cells, indica t ing  t h a t  a g r e a t e r  
propor t ion  of leukemic cells t h a n  normal  con ta in  the  2 
min imal  requesi tes  for P D P  assay and  D N A  synthesis ,  
p r imer  and polymerase .  Fu r the r ,  the  m e a n  grain  coun t  
is increased by  a factor  of 2 ,  suggest ing t h a t  the  con- 
cen t ra t ion  e i ther  of one or b o t h  of these  is also increased 
on a per  cell nucleus basis. 
The figure shows the  inac t iva t ion  of DNA-po lymerase -~  
in normal  and leukemic spleen cell nuclei  as a func t ion  
of p - H M B  concen t ra t ion .  I n spec t i on  of the  curves  
indica tes  tha t ,  p ropor t iona l ly ,  the  po lymerase  inhibi t ion 
for cells of the  leukemic mice is s imilar  to  t h a t  of no rma l  
mice, wi th  a v i r tua l ly  ident ica l  50% inac t iva t ion  po in t  
in t e r m s  of p - H M B  concen t ra t ion .  The s imi lar i ty  of these  
curves  suggests  t h a t  in bo th  cases the  DNA-polymerase-c~ 
enzymes  being eva lua ted  were analogous,  and t h a t  the  
average a m o u n t  p resen t  per  labelled cell nucleus was 
equ iva len t  for the  leukemic and  no rma l  spleen cells. 

D i s c u s s i o n .  In previous  studies,  Schiffer  e t  al. have  
shown t h a t  the  P D P  t echn ique  yields a value for to ta l  
labell ing qui te  analogous  to the  g rowth  f rac t ion 9, and  
has  an addi t iona l  a d v a n t a g e  in t h a t  one can d i rec t ly  
eva lua te  the  ac t iv i ty  wi th in  the  nuclei of the  ind iv idua l  
cells of 2 of the  essent ia l  c o m p o n e n t s  which  de t e rmine  
the  capabi l i ty  for DNA synthes is ,  p r i m e r - t e m p l a t e  and  
D N A -p o l y mera s e - e  1~ Al though  b y  14 days  the  f rac t ion  
of Rausche r  leukemic mouse stern ceils in S-phase has  
r e tu rned  to a value s imilar  to t h a t  for non- leukemic  mice 4, 
the  p resen t  results  show t h a t  the  overal l  g ro w t h  f rac t ion 
for the  general  und i f fe ren t i a t ed  and  d i f fe ren t i a t ing  spleen 
cell popu la t ion  is still subs tan t i a l ly  increased at  this  t ime.  
However ,  wi th in  t h a t  popula t ion ,  the  average  a m o u n t  of 
DNA-po lymerase -e  per  leukemic cell is s imilar  to t h a t  
in non- leukemic  contro l  spleen cells. 
Schiffer et  al. 1~ have  also r epor ted  t h a t  normal  cell 
nuclei  co mmo n l y  con ta in  a more  than  adequa te  a m o u n t  
of DNA-polymerase -~  at  the  beginning  of S-phase and  
have  pos tu la ted  avai lable p r i m e r - t e m p l a t e  as a l imit ing 
fac tor  governing the  en t rance  of normal  cells into D N A  
synthes is .  This was based on the i r  observa t ion  t h a t  
add i t ion  of exogenous  DNA t emp l a t e  p r imer  to the  P D P  
sys t em in normal  cells resul ted in a increased incorpora-  
t ion of 3HTTP radiolabel .  In  l ight  of this,  the  f indings 
of the  p re sen t  s t u d y  t h a t  DNA-po lymerase -e  levels in 
Rauscher  leukemic nuclei are unchanged  f rom the  n o rma l  
suggests  by  inference t h a t  t he  increase in the  m e a n  
grain count ,  and hence  radiolabel  incorpora t ion ,  in the  
P D P  labelled leukemic ceils m a y  be the  resul t  of an 
opposi te  s i tuat ion.  Specifically,  the  ac t ion  of the  on-  
cornavi rus  m a y  resul t  in l eukemia- re la ted  excess of 
avai lable  p r i me r - t emp l a t e  per  labelled nucleus,  wi th  t he  
level of DNA-po lymerase -a  now becoming  the  l imi t ing 
factor .  This  i n t e rp re t a t i on  would  be cons i s ten t  w i th  
Temin ' s  pro-vi rus  hypo thes i s  13 and  wi th  o the r  earl ier  
repor t s  on the  p roduc t ion  of b o t h  new l inear and  circular  
t ypes  of DNA by  leukemia  viruses 14, 1~ and  the i r  subse-  
quen t  migra t ion  to the  nucleus  and incorpora t ion  in to  
the  hos t  cell genome t*. 
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