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inhibi t ion of DNA synthes is  can affect  the  carcinogenic 
power  t h rough  an immunosuppres s ive  effect  leading to a 
decreased immunosurve i l l ance  ~1-~3. 

Riassunto. E esamina to  l ' e f fe t to  di se t te  idrocarbur i  
policiclici, a diverso potere  oncogeno, sulla s intesi  del 
D N A  nel t imo,  milza, midollo e Iegato r igeneran te  di 
ra t to .  I1 DMBA ~ in ibente  in t u t t i  i t essu t i  esaminat i ,  

come pure  il 1, 2, 3, 4-DBA. I1 B P  ha un notevole  effet to  
solo sul legato  r igenerante  men t r e  il 1, 2, 3 ,4-DBA @ pig 
efficaee d e l l ' I , 2 , 5 , 6 - D B A  in ogni caso. Non  6 s t a t e  
s tabi l i ta  una  correlazione t r a i l  po tere  oncogeno delle 
sostanze esamina te  e la inibizione della s intesi  del DNA. 
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Cytoplasmic DNA of Hepatoma Tumor Cells Studied by aH-Actinomycin D Binding 

In  th is  s tudy  the  cy toplasmic  D N A  con ten t  of mouse  
h e p a t o m a  t u m o r  cells was compared  wi th  t h a t  of normal  
mouse  l iver cells. The m e t h o d  chosen was t h a t  of 3H- 
ac t inomyc in  D (aH-AD) incuba t ion  followed by  radio- 
au tography .  Since aH-AD binds  specifically to  D N A  1, it 
can be used to localize small  amoun t s  of DNA wi th  a h igh 
degree of specifici ty in rad ioau tographic  p repara t ions  a t  
the  l ight  microscope level ~-6. 

Materials and methods. The t u m o r  used in th is  s tudy  was 
a mouse  h e p a t o m a  (Jax Code BW7756), ob ta ined  f rom 
the  Jackson  Labora tory ,  Bar  Harbor ,  Maine and main-  
ra ined by  serial t r a n s p l a n t  in C57L/J mice. Livers  f rom 
normal  C57L/J mice served as controls  All t issues were 
f ixed for 2 h in g lu ta ra ldehyde  v, pos t - f ixed  for 1 h in 
osmium te t rox ide  s, e m b e d d e d  in Araldi te  9, and sect ioned 
a t  0.5 ~m Control  sect ions f rom b o t h  the  h e p a t o m a  
and the  normal  l iver were incuba ted  in DNase  or RNase  10. 
All t issues t hen  were incuba ted  in 3H-AD (Schwarz 
Bioresearch I n c ,  Orangeburg,  N.Y., specific ac t iv i ty  
8.4 Ci/mM) using me thods  descr ibed in the  l i te ra ture  2-4, ,. 
Three  exper imenta l  me thods  differing in the  sequence of 
f ixa t ion  and  aH-AD incuba t ion  were used. These methods ,  
as well as the  me thods  of l ight  microscope r ad ioau tog raphy  
and  Toluidine Blue s ta ining are thorough ly  descr ibed 
elsewhere 6. 

Silver grains, indica t ing  the  sites where  aH-AD had  
bound  to  DNA,  were counted  per  uni t  area (123.4 am 2) of 
cytoplasm,  using a ca l ibra ted  grid placed in the  ocular. 
Grain counts  were carried out  over  20 r a n d o m l y  selected 
areas of cy top la sm per  animal.  The mean  grain concentra-  
t ions  thus  ob ta ined  were conver ted  to  a s t a n d a r d  value:  
grain counts  per  100 am ~ cy toplasmic  area. S t a n d a r d  
errors of the  means  were calcula ted for all data .  

Background  counts  were made  on 'cold'  control  
sections, which  were d ipped,  exposed,  developed,  f ixed 

and s t o n e d  in a m a n n e r  ident ical  to  t he  exper imen ta l  
slides, bu t  which  were no t  subjec t  a t  any  poin t  to  incuba-  
t ion  in the  radioact ive  co mp o u n d  lL Background  values  
were t h e n  sub t r ac t ed  from the  expe r imen ta l  grain count  
data.  

Results and discussion. The results  p resen ted  in the  
Table conf i rm t h a t  in this  sys tem atI-AD binds  specifically 
to DNA. No s ignif icant  differences were observed 
be tween  RNase  t r ea t ed  sect ions and non- t r ea t ed  sections,  
indica t ing  t h a t  the  presence or absence  of R N A  has no 
effect  on aH-AD binding.  On the  o ther  hand ,  af ter  DNase  
extract ion,  no aH-AD b ind ing  occurred.  

The Table shows t h a t  ~H-AD b ind ing  is more  t h a n  
2 t imes  greater  in the  cy top la sm of h e p a t o m a  cells (an 
average of 27 grains per  100 ~m 2) t h a n  it is in the  cy top lasm 
of normal  liver cells (an average of 12 grains per  100 ~m2). 
This  mode  of p resen t ing  the  da t a  compensa tes  for differ- 
ences in cell size. The Table also shows t h a t  the resul ts  
ob ta ined  by  all 3 expe r imen ta l  procedures  are a lmost  
identical .  This  un i fo rmi ty  suggests  t h a t  we had  ob ta ined  
max ima l  b ind ing  to  D N A  in all 3 expe r imen ta l  m e t h o d s  
used. 

Mi tochondr ia l  D N A  (m-DNA) is t he  bes t  d o c u m e n t e d  
class of cy toplasmic  DNA. Different ia l  H3-AD b ind ing  to 
the  m - D N A  of t u m o r  or an increase in a m o u n t  of m - D N A  
in the  h e p a t o m a  could account  for t he  resul ts  r epor ted  
here, especially since the  m - D N A  of t umors  is s ignif icant ly  
d i f ferent  f rom the  m - D N A  of normal  ceils. 

The m - D N A  molecules f rom normal  t issues are circular 
monomers  of double  s t r anded  D N A  wi th  a r emarkab ly  
cons is ten t  contour  l eng th  of 5 tzm 2 ~,~3 In  contras t ,  

Mean grain concentration per 100 Dm 2 cytoplasmic area, representing 
the amount of aH-actinomycin D binding to cytoplasmic DNA in 
normal hepatic cells and hepatoma tumor in 18 mice 

Liver Hepatoma 

Experiment 1 12.41 ~ 0.20 27.03 4- 0.18 
Experiment 2 12.31 j= 0.19 27,00 =tz 0.16 
Experiment 3 12.35 4- 0.19 27.00 ~ 0.16 
Experiment 1 RNase 12.41 • 0.18 26.97 i 0.18 
Experiment 1 DNase 0.10 i 0.04 0.11 4- 0.04 

Each value represents the average of 120 areas. 
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several  i nves t i ga to r s  la-l~, us ing  g rea t  v a r i e t y  of tumors ,  
f ound  t h a t  t h e  m - D N A  in t u m o r  ceils show cons iderab le  
va r i ab i l i t y ,  a n d  m a y  be  p r e s en t  in  mu l t ip l e  copies, as 
d imers  or ol igomers .  D imer ic  a n d  ol igomeric  fo rms  of 
m - D N A  in cells t h u s  a p p e a r  to  be  genera l ly  assoc ia ted  
w i t h  m a l i g n a n c y  ~, ~. E a c h  m i t o c h o n d r i o n  of t he  t u m o r  
cell m a y  t h u s  c o n t a i n  a n  e l eva ted  level  of m - D N A  as 
c o m p a r e d  to m i t o c h o n d r i a  f rom n o r m a l  ceils. 

However ,  2 o the r  clasess of cy top l a smic  D N A  h a v e  also 
been  r epo r t ed  to occur  specif ical ly in  t u m o r s  or  r ap id ly  
p ro l i f e ra t ing  cells ~s, ~9. T he  f i rs t  i s a  cy top l a smic  m e m b r a n e  
assoc ia ted  D N A  f rom t he  pos t - m i c r o s om a l  f r ac t ion  of 
Novikof f  h e p a t o m a  a n d  of r a p i d l y  d iv id ing  n o r m a l  
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t issue. This  f r ac t ion  was r epo r t ed  to  s t i m u l a t e  D N A  
syn thes i s ;  i t  has  been  iden t i f i ed  as D N A  on  t h e  bas is  of 
i t s  DNase  s ens i t i v i t y  ~s. The  o the r  class r epo r t ed  is 
c o m m u n i c a t i o n  D N A  (c-DNA), wh ich  is be l ieved to  
o r ig ina t e  in  t h e  nucleus,  and  to  t r a n s p o r t  i n f o r m a t i o n  
f rom nucleus  to  c y t o p l a s m  in  t u m o r  a n d  fe ta l  cells in  t he  
fo rm of un ique  nuc lea r  sequences~9. 

A l t h o u g h  in th i s  s tudy ,  us ing  SH-AD binding ,  we 
c a n n o t  d i s t i ngu i sh  be tween  t h e  va r ious  classes of cy to-  
p la smic  DNA,  we h a v e  fu rn i shed  a d d i t i o n a l  p roof  t h a t  
cy top l a smic  D N A  is e leva ted  in h e p a t o m a  cells as 
c o m p a r e d  to  t h e i r  n o r m a l  coun te rpa r t s .  

Rdsumd. L ' A D N  c y t o p l a s m i q u e  d ' h @ a t o m e  fixe deu~  
lois plus  de ~H-ac t inomyc in  D que  le foie normal .  Cet te  
diff6rence p e u t  6tre expl iqu6e soft  p a r  l ' a u g m e n t a t i o n  d~ 
I ' A D N  c y t o p l a s m i q u e  du  t u m e u r  ou p a r  l ' a u g m e n t a t i o n  
de f i xa t ion  de SH-ac t inomyc in  D k I ' A D N  du  t u m e u r .  
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Association Between Rat Serum a-Macroglobul ins  

Using  a n  i m m u n o f l u o r e s c e n t  t e c h n i q u e  McCORMICK 
et  al. t h a v e  r ecen t l y  shown,  b o t h  in m a n  a n d  t h e  mouse,  
t h a t  ~2-macroglobul in  is p r e s e n t  on  t he  cell surfaces  of a 
pe rcen t age  of lyn lphocy tes .  F r o m  t h e i r  s tud ies  t h e y  
conclude  t h a t  t he  l y m p h o c y t e s  s t a ined  in  t h i s  way  are  
m o s t  l ike ly  to be a s u b p o p u l a t i o n  of B - lymphocy te s .  

W e  should  l ike to  d r a w  a t t e n t i o n  to a n  assoc ia t ion  
be tween  two  e -macroglobul ins ,  s low e~ a n d  slow e2-macro- 
g lobul in  2-~ a n d  a n o t h e r  cell popu la t ion ,  splenic macro-  
phages .  D u r i n g  a search  for e -mac rog lobu l in  assoc ia ted  
l y m p h o i d  cells in  n o r m a l  t h y m u s ,  spleen, l y m p h  nodes  
a n d  bone  mar row,  o b t a i n e d  f rom H o o d e d  L i s t e r  or 
S p rague -Dawley  ra ts ,  we obse rved  a well  def ined popu la -  
t ion  of cells whose  c y t o p l a s m  s t a ined  pos i t ive ly  for s low 
e~- a n d  e~-globulin in  t he  splenic  red  pulp.  These  cells 
were iden t i f i ed  us ing  b o t h  ind i rec t  immunof luo re scence  5 
and  i m m u n o p e r o x i d a s e  t echn iques  6. T h e y  were n o t  
p r e sen t  in  t h y m u s ,  l ympl l  nodes  or bone  mar row.  

A n t i s e r u m  to  slow e~-globulin was p r e p a r e d  in  r a b b i t s  
as descr ibed  p rev ious ly  7 a n d  a n t i s e r u m  to  slow cr 
b y  i m m u n i s i n g  r a b b i t s  w i t h  a mac rog lobu l in  c o n t a i n i n g  
f r ac t i on  (first  f r ac t ion  ex. G.200 S e p h a d e x  column) .  
I n f l a m m a t o r y  r a t  s e rum (rats  i n j ec t ed  w i t h  comple te  
F r e u n d ' s  a d j u v a n t  in to  one h i n d  f oo t pad  5 days  p r io r  to  
bleeding)  was used as a source of slow e2-globnlin (a 
k n o w n  acu te  p h a s e  r eac t an t ) .  T he  r e s u l t a n t  a n t i s e r u m  
was a b s o r b e d  w i t h  freeze dr ied n o r m a l  ma le  r a t  serum.  
B o t h  a n t i s e r a  were shown  to  be  monospeci f ic  b y  gel 
d i f fus ion a n d  immnnoe lec t rophore s i s .  T he  f luorescein-  
label led  goa t  a n t i r a b b i t  I gG  a n t i s e r u m  was o b t a i n e d  f rom 
B e h r i n g w e r k e  AG (~![arburg, Ge rmany) .  F o r  c o n j u g a t i o n  
w i t h  ho r se rad i sh  pe rox idase  t he  I gG  f r ac t ion  of a goa t  
a n t i r a b b i t  IgG (heavy  chain)  was  o b t a i n e d  f rom Cappel  
Labo ra to r i e s  (Downn ing town ,  USA),  t he  a c t u a l  con juga-  
t ion  be ing  as descr ibed  b y  NAKANE a n d  PIERCE 6. 

I n  t he  splenic loca l iza t ion  s tud ies  4 ~m t h i c k  frozen 
sections,  w a s h e d  in p h o s p h a t e  buf fe red  sa l ine  p H  7.1, 
were used. The  ind i r ec t  immunof luo re scence  p rocedure  
t h e n  car r ied  ou t  was as descr ibed  b y  BECK 5. T he  ind i r ec t  

and Splenic Macrophages 

i m m u n o p e r o x i d a s e  t e c h n i q u e  was  t h a t  of •AKANE a n d  
PIERCE 6 

To d e m o n s t r a t e  t he  p resence  of b o t h  slow c~-globulins 
w i t h i n  t h e  cell c y t o p l a s m  a p h o t o - o x i d a t i o n  t e c h n i q u e  
was used. Th i s  cons is ted  of p r io r  s t a in ing  of a spleen sec- 
t ion  for slow e l -g lobul in  us ing  t he  i nd i r ec t  f luorescence 
t echn ique .  A carefu l ly  def ined a rea  c o n t a i n i n g  severa l  
f luorescen t  cells was  iden t i f i ed  a n d  p h o t o g r a p h e d .  Then ,  
h a v i n g  r e m o v e d  t h e  covers l ip  th i s  a rea  was exposed for 
some 12 h to  a UV- l igh t  source  (ep i - i l lumina t ion  f rom a 
m e r c u r y  l a m p  C 5200 W - 4 Lei tz  Or thop lan ) .  The  sec t ion  
was f ina l ly  s t a ined  for slow e~-globulin as p rev ious ly  a n d  
t he  def ined a rea  was r e p h o t o g r a p h e d  to  Mlow compar i son .  

For  e lec t ron  microscopic  s tud ies  whole  spleens were 
t eased  a p a r t  in  p h o s p h a t e  buf fe red  sal ine pI-I 7.1. T h e  
wh i t e  cells were t h e n  s e p a r a t e d  f rom red  corpuscles  on  a 
Ficol l-Triosi l  g r a d i e n t  s. The  ind i rec t  i m m u n o p e r o x i d a s e  
s t a in ing  was car r ied  ou t  as before  excep t  t h a t  p r io r  to  
s t a in ing  for  t h e  r eac t ion  p r o d u c t  t h e  cells were f ixed in  
1% g l u t a r a l d e h y d e  for  30 ra in  a t  r oom t e m p e r a t u r e .  The  
cells were f ina l ly  t r e a t e d  w i t h  2% o s m i u m  t e t rox ide  a n d  
e m b e d d e d  in  epon  resin.  

All f luorescent  p r e p a r a t i o n s  were e x a m i n e d  in b lue  l igh t  
(BG 12) us ing  a Zeiss S t a n d a r d  Un ive r sa l  microscope.  
Us ing  p o i n t  c o u n t i n g  h i s t o m e t r y  we assessed t he  n u m b e r  
of cells showing  f luorescence e i t he r  for s low ~1 or e2- 
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