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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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globulin. The results were expressed as the  percentage of 
the  splenic volume,  a me thod  previous ly  shown by 
Dunni l l  9 to  be ma themat i cMly  valid.  

F igure  1 shows the  typ ica l  d is t r ibut ion  of Mow at- 
globulin conta ining cells in the  red pulp of a normal  ra t  
spleen. The  whi te  pulp normal ly  contains  few if any 
fluorescent ceils. F r o m  Figure  2 i t  is readi ly  apparen t  t ha t  
bo th  normal  male and female rats  show complete  absence 
of f luorescent cells unt i l  af ter  18 weeks of age and it  
appears  to be an age related phenomenon.  The rise in the  
numbers  of Mow et-globulin conta ining cells be tween 
20 and 40 weeks of age best  fits an exponent ia l  curve 
(correlation coefficient males r = 0.81, females r = 0.82) 
and after  45 weeks there  appears  to be a p la teau  effect. 

No difference in the f requency of f luorescent  cells, 
however,  is observed be tween  males and females. Similar  
studies have  been under taken  to show the  f requency and 
dis t r ibut ion  of slow e2-globulin conta ining cells. No 
relat ionship is apparen t  be tween the  f requency of slow 
a2-globulin containing celia and age nor is there  any 
apparen t  difference in the  f requency of such ceils be tween  
males and females. Compared  wi th  slow ~t-globulin, 
e~-globulin conta ining cells are inf requent  in most  male  
and female spleens al though,  as wi th  slow ~-globul in ,  

! M. S. DUNNILL, in Recent Advances in Clinical Pathology, Series 5 
(Ed. S. C. DYKE; Churchill ,  London 1968), p. 401. 

Fig. 1. Normal  r a t  spleen showing 
fluorescent cells in  the red  pulp.  
Note the absence of f luorescent  
cells in  the whi te  pulp.  • 380. 
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Fig. 2. Diagram to show the 
f requency of slow :q-globul in  
conta in ing splenic cells in  normal  
males  and  females of va ry ing  
age. 
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Fig. 3. Indirect sandwich technique 
to demonstrate the presence of 
rat slow a~-globulin within splenic 
cells using peroxidase-coupled 
sheep antirabbit IgG. Note the 
presence of several vacuoles con- 
taining the peroxidase-label. 
• 46,000. 

such cells are seen in t he  red puip .  However ,  u s ing  the  
p h o t o - o x i d a t i o n  t e c h n i q u e  a few f luorescen t  cells h a v e  
been  shown  to c o n t a i n  b o t h  slow al- a n d  a~-globulin 
w i t h i n  t h e i r  cy top lasm.  

Since a t  h ighe r  magn i f i ca t i on  t he  f luorescent  cells con-  
t a i n e d  f luorescen t  'g ranules ' ,  i t  was cons idered  t h a t  t he se  
cells m i g h t  p rove  to  be  mac rophages .  C o n f i r m a t i o n  of t h i s  
is shown  in F igure  3. B y  m e a n s  of e lec t ron  mic roscopy  an d  
t he  ind i rec t  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  t he  perox idase-  
label  is n o t e d  to be w i t h i n  vacuoles ,  p r e s u m a b l y  p h a g o c y t i c  
vacuoles.  All  perox idase- labe l led  cells iden t i f i ed  were 
s imi la r  in  a p p e a r a n c e  to  t h a t  i l lus t ra ted .  

The  f u n c t i o n a l  s igni f icance  of these  f ind ings  is unce r t a in .  
The  m a r k e d  decrease  in t he  n u m b e r s  of slow e~-globulin 
c o n t a i n i n g  cells c o m p a r e d  w i t h  slow e l -g lobul in  c o n t a i n i n g  
cells is p e r h a p s  a t t r i b u t a b l e  to  t he  se rum levels. W h i l e  
t h e y  m a y  h a v e  s imi la r  f u n c t i o n a l  roles 10, slow as-globulin,  
un l ike  slow al-globul in,  is p r e sen t  in  n o r m a l  ma le  an d  
female  r a t  se rum in on ly  t race  quan t i t i e s .  T h a t  t h e  
splenic  m a c r o p h a g e s  phagocy to se  r a t h e r  t h a n  p roduce  t h e  
slow a-globul ins  is f u r t h e r  sugges ted  b y  p r e l i m i n a r y  
s tud ies  us ing  1~C label led  isoleucine and  lysine ill wh ich  we 
fai led to show a n y  ev idence  of p r o d u c t i o n  of these  g lobu-  
l ins d u r i n g  cu l tu re  of splenic macrophages .  This  t i n d i n g  
t oge the r  w i t h  our  e lec t ron  microscopic  s t u d y  suggests  
t h a t  these  ~ -macrog lobu t ins  are p h a g o c y t o s e d  a l t h o u g h  
w h y  th i s  shou ld  occur  is a t  p r e sen t  u n k n o w n .  I t  is of 
in te res t ,  however ,  t h a t  a l - a n t i t r y p s i n  has  been  s h o w n  to 
be p r e sen t  w i t h i n  p u l m o n a r y  a lveo la r  m a c r o p h a g e s  11. 
I n  th i s  c o n t e x t  i t  is p e r h a p s  r e l e v a n t  t h a t ,  l ike a 1- 
a n t i t r y p s i n ,  slow a~- a n d  a2-globulin are f unc t i o n a l l y  
s imi la r  in  t h a t  t h e y  are  a n t i p r o t e a s e s  (an t ip lasmins )  10 

Fina l ly ,  in  v iew of t h e  k n o w n  i n h i b i t o r y  effect  of 
mouse  spleen m a c r o p h a g e s  on  t he  response  of l y m p h o c y t e s  
to  va r ious  s t imul i  12, aa and  t he  assoc ia t ion  b e t w e e n  mouse  
a n d  h u m a n  a2-macroglobul in  a n d  B- lymphocy te s ,  i t  
would seem reasonab le  to  sugges t  a n  i m m u n o l o g i c a l  

f u n c t i o n  for th i s  s u b p o p u l a t i o n  of splenic  mac rophages .  
R e c e n t  work  b y  ~NTELSON 14 has  also shown  a powerfu l  
i n h i b i t o r y  fac to r  ill t h e  mouse  s e rum wh ich  is m a c r o p h a g e  
der ived.  Could t h i s  s u b p o p u l a t i o n  of m a c r o p h a g e s  
ident i f ied  b y  us in  t h e  r a t  sp leen be  respons ib le  for th i s  
i n h i b i t o r y  effect  a n d  m i g h t  t h e  mac rog lobu l in  found  in 
t he i r  c y t o p l a s m  p l ay  a role in  t h i s  i n h i b i t i o n  ? Th i s  a n d  
the i r  possible  role in  the  decl ine of t h e  i m m u n e  response  
w i t h  age are c u r r e n t l y  be ing  inves t iga ted .  

Rdsumd. La  pr6sence des g lobul ines  len tes  a 1 et  a 2 dans  
la r a t e  des r a t s  n o r m a u x  est  r4v616e p a r  les t e c h n i q u e s  
i m m u n o f l u o r e s c e n t e s  e t  i m m u n o - p 6 r o x y d a s i q u e s .  E n  
microscopic  61ectronique, les g lobul ines  a- len tes  s e m b l e n t  
se t r o u v e r  dans  les phagosomes .  D a n s  le cas de la g lobul ine  
cq-lente, le n o m b r e  des p h a g o c y t e s  va r i e  avec  l'Age du  ra t .  
Ils son t  p re sque  ab s en t s  j u s q u ' ~  la  18i6me semaine .  
P a r  con t re  le n o m b r e  de p h a g o c y t e s  c o n t e n a n t  la g lobul ine  
a2-1ente res te  cons t an t .  
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