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Summary. The  a u t h o r s  found  t h a t  b r e a s t  c a r c inomas  c o n t a i n  2 g roups  of an t i gens  no t  d e t e c t a b l e  in  n o r m a l  t issue. The  
groups  were e x t r a c t e d  a n d  p a r t i a l l y  pur i f ied.  One r e sponded  to  a b s o r b e d  a n t i - C E A  a n d  t h e  o the r  on ly  t o  a n  a n t i b o d y ,  
p roduced  b y  i m m u n i z i n g  r a b b i t s  w i t h  h u m a n  b r e a s t  c a r c inoma  e x t r a c t  w h i c h  were u n a b s o r b e d  and  abso rbed  w i t h  
con t ro l  b r e a s t  t issue. 

Introduction. Our prev ious  p a p e r  ~ descr ibed  t he  ex t rac -  
t i on  of p r i m a r y  b r e a s t  c a r c i n o m a s  (MK) a n d  n o n - t u m o r a l  
b r e a s t  t i s sue  (M) w i t h  3 M KC1, t h e  s u b s e q u e n t  gel f i l t ra -  
t i on  of t h e  c rude  e x t r a c t s  on  a S e p h a d e x  G-200 co lumn,  
a n d  r epo r t ed  t he  de t ec t i on  of an t igen ic  d e t e r m i n a n t s  for 
a n t i - C E A  in t he  c rude  M K  ex t rac t .  Th i s  i m m u n e  response  
was f o u n d  in t h e  descend ing  p o r t i o n  (FMK) of t he  f i rs t  
p e a k  o b t a i n e d  b y  gel f i l t r a t ion  of t he  c rude  ex t rac t .  
R a b b i t s  were i m m u n i z e d  w i t h  t he  en t i r e  f i rs t  peak  of M K  
(PMK) a n d  w i t h  t h e  f r ac t ions  of M K  showing  the h ighes t  
immuno log ica l  a c t i v i t y  w i t h  a n t i - C E A  (FMK).  As a con-  
trol,  a n  equa l  n u m b e r  of an i m a l s  was  i m m u n i z e d  w i t h  t he  
co r r e spond ing  f rac t ions  (FM) a n d  t h e  f i rs t  p e a k  (PM) of M. 
The  p r e s e n t  p a p e r  descr ibes  a t t e m p t s  to  f u r t h e r  charac-  
ter ize  t h e  an t igen ic  f rac t ions  w i t h  r ega rd  to t h e i r  im-  
muno log ica l  a c t i v i t y  w i t h  a b s o r b e d  a n t i - C E A  (goat  23) 4, 5, 
a n d  to 2 of t he  an t ibod ie s  m e n t i o n e d  a b o v e  ( an t i -PMK,  
an t i -PM) .  
Material and methods. The  c rude  e x t r a c t s  of M K  a n d  M 
were c h r o m a t o g r a p h e d  on a DEAE-ce l lu lose  co lumn.  

200 mg of c rude  e x t r a c t  were d isso lved  in 40 ml  of 0.005 M 
s o d i u m - p h o s p h a t e  buffer ,  p H  7.5. The  so lu t ion  was ap-  
pl ied to a 2.4 • 30 cm DEAE-ce l lu lose  (23 S.S.  Serva)  
c h r o m a t o g r a p h y  c o l u m n  t h a t  h a d  been  equ i l i b r a t ed  w i t h  
t h e  0.005 M p h o s p h a t e  buffer ,  p H  7.5. The  co lumn  was 
e lu ted  s tepwise  w i t h  a series of p h o s p h a t e  buf fe r s  a t  
p H 7 . 5  (0.005 M, 0.025 M, 0.05 M, 0 .1M a n d  0.5 M). 10-ml 
f r ac t ions  were col lected a t  a f low r a t e  of 20 ml /h .  The  
a b s o r b a n c y  of each  f r ac t ion  was  r ead  a t  280 nm.  The  
f rac t ions  w i t h i n  t h e  same peaks  were c o m b i n e d  and  
d ia lyzed  aga ins t  P B S  (0.04 M s o d i u m - p h o s p h a t e  + 0.1 M 
NaC1), p H  7.2. The  p r o t e i n  c o n t e n t  was  checked  b y  
d e t e r m i n i n g  t he  q u a n t i t y  of a m m o n i a  n i t rogen .  The  pro-  
re in  c o n c e n t r a t i o n  of each  p e a k  w i s  a d j u s t e d  to 750 ~g/ml  
and  t h e  immuno log i ca l  c a p a c i t y  of all t h e  peaks  was 
checked  w i t h  ~ s I - C E A  and  an t i -CEA.  The  peak  showing  
t he  h i g h e s t  immuno log i ca l  a c t i v i t y  w i t h  a n t i - C E A  and  
a n t i - P M K ,  p rev ious ly  a b s o r b e d  w i t h  PM (300 y/ml) 4, was 
c o n c e n t r a t e d  and  pur i f ied  b y  gel f i l t r a t i on  on  a 1.5 • 
70 cm S e p h a d e x  G-200 co lumn.  A 1 .5-ml-por t ion  of t he  
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Fig. 1. Binding capacity of anti-CEA with the various peaks obtained by chromatography of the crude MK (a) and M (b) extracts on DEAE 
cellulose. The UV readings at 280 nm for the fractions eluted stepwise with a series of buffer solutions of increasing rnolarity are given at the 
top of each graph. 
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Fig. 2. Ouchterlony double diffusion test in agar. a (1) : Peak 5 of MI-2 
obtained by chromatography on DEAE-cellulose. (2, 3) : Unabsorbed 
attti-PMK. (4) : Peak 5 of M obtained by chromatography on DEAE. 
b (1): Peak 5 of MK obtained by chromatography on DEAE. (2, 3): 
Anti-PMK absorbed with PM. (4): Peak 5 of M obtained by chro- 
matography on DEAE. c (1) : Fraction 18 obtaiiIed by gel filtration 
of peak 5 of MK. (2): Unabsorbed anti-PMK. See text. 
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Fig. 3a. - Elution profile of fraction 5 of MK ou Sephadex (~-200. 
Q--O Binding capacity with at~ti-CEA. 

Fig. 3b. �9  Elution profile of labeled fraction 18 on Sephadex 
(;-200 (radioactivity in 50 ~xl of each fraction). Percentage binding 
capacity with various antibodies: @ II anti-CEA; �9 �9 mmbsorbed 
anti-PMK; L - -A  absorbed anti-PMK; • -- • anti-PM. 

c o n c e n t r a t e  w a s  a p p l i e d  t o  t h e  c o l u m n  a n d  e l u t e d  w i t h  
P B S ,  p H  7.2;  4 - m l - f r a c t i o n s  were  co l l e c t ed  a t  a f low r a t e  
of  4 m l / c m 2 / h .  T h e  a b s o r b a n c y  w a s  d e t e r m i n e d  a s  d e -  
s c r i b e d  p r e v i o u s l y .  T h e  i m m u n o l o g i c a l  c a p a c i t y  of  e a c h  
f r a c t i o n  w a s  c h e c k e d  b y  R .  I . A .  w i t h  n h I - C E A  a n d  a n t i -  
C E A  a n d  b y  d o u b l e  d i f f u s i o n  a g a i n s t  u n a b s o r b e d  a n d  
a b s o r b e d  a n t i - P M K .  
T h e  f r a c t i o n  s h o w i n g  t h e  h i g h e s t  a c t i v i t y  w i t h  a n t i - C E A  
w a s  c o n c e n t r a t e d  to  1 m g / m l  a n d  10 ~1 w e r e  l a b e l e d  w i t h  
N a n S I  a c c o r d i n g  to  t h e  m o d i f i e d  m e t h o d  of  H u n t e r  a n d  
G r e e n w o o d S .  T h e  l a b e l e d  m a t e r i a l  w a s  c h r o m a t o g r a p h e d  
b y  ge l  f i l t r a t i o n  on  a 1 • 100 c m  S e p h a d e x  G-200  c o l u m n  
w i t h  P B S ,  p H  7.2. 
F r a c t i o n s  of  1.5 m l  w e r e  co l l e c t ed  a t  a f low r a t e  of  8 m l /  
cm2/h .  T h e  r a d i o a c t i v i t y  of  50- tz l -por t ions  of  e a c h  f r ac -  
t i o n  w a s  c o u n t e d  w i t h  a g a m m a  c o u n t e r  ( A u t o  g a m m a  
P a c k a r d ) .  0 . 1 - m l - p o r t i o n s  of  e a c h  f r a c t i o n ,  d i l u t e d  t o  
12,000 c p m / 0 . 1  ml ,  w e r e  i n c u b a t e d  a t  37 ~ for  24 h w i t h  
a n t i - C E A ,  u n a b s o r b e d  a n t i - P M K ,  a b s o r b e d  a n t i - P M K  
a n d  a n t i - P M .  A t  t h e  e n d  of  t h e  f i r s t  i n c u b a t i o n ,  t h e  i m -  
m u n e  c o m p l e x e s  we re  p r e c i p i t a t e d  u s i n g  a d o u b l e  a n t i -  
b o d y  m e t h o d %  U n a b s o r b e d  a n d  a b s o r b e d  a n t i - P M K  a n d  
a n t j - P M  were  c h e c k e d  w i t h  n h I - C E A  u s i n g  a R .  I. A.  
Results. A t  280 n m ,  t h e  c r u d e  e x t r a c t s  of  M K  a n d  M 
c h r o m a t o g r a p h e d  o n  a D E A E - c e l l u l o s e  c o l u m n  s h o w e d  
a v a r i e t y  of  p e a k s  w h i c h  h a v e  b e e n  n u m b e r e d  p r o g r e s -  
s ive ly .  A f t e r  e l u t i o n ,  f r a c t i o n s  7, 8 a n d  9 of  t h e  c r u d e  M K  
e x t r a c t  a r e  c o n t a i n e d  in  p e a k  5 (0.05 M p h o s p h a t e  bu f fe r )  
( f igures  l a a n d  l b).  T h e  c o r r e s p o n d i n g  f r a c t i o n s  of M 
d id  n o t  p r o d u c e  t h i s  p e a k .  
T h e  R . I . A .  s h o w e d  t h a t  t h e  p e a k s  of  M K ,  e l u t e d  w i t h  
t h e  0.025,  0.05 a n d  0.1 M s o d i u m - p h o s p h a t e  b u f f e r s  c o n -  
t a i n e d  c o m p o n e n t s  t h a t  c r o s s r e a c t e d  w i t h  a n t i - C E A  
(goa t  23) ( f igure  l a ) .  O n  t h e  o t h e r  h a n d ,  no  r e a c t i o n  w a s  
o b s e r v e d  b e t w e e n  t h i s  a n t i b o d y  a n d  a n y  of t h e  e l u t e d  
f r a c t i o n s  of  M ( f igure  l b ) .  I n  t h e  d o u b l e  d i f f u s i o n  t e s t ,  all  
of  t h e  p e a k s  o b t a i n e d  b y  e l u t i o n  of M K  a n d  M f r o m  t h e  
l ) E A E - c e l l u l o s e  c o l u m n  p r o d u c e d  a p r e c i p i t a t i o n  l ine  
w i t h  u n a b s o r b e d  a n t i - P M K  a n t i b o d y  ( f igure  2a) .  A f t e r  
a b s o r p t i o n ,  h o w e v e r ,  (0nly p e a k  5 o~ M K  p r o d u c e d  a 
v i s ib le ,  a l t h o u g h  w e a k ,  p r e c i p i t a t i o n  l ine,  w h e r e a s  t h e  
c o r r e s p o n d i n g  f r a c t i o n s  o f  M p r o d u c e d  no  l ine  w i t h  t h e  
a b s o r b e d  a n t i b o d y  ( f igure  2b) .  N o  p r e c i p i t a t i o n  l ine  w a s  
o b s e r v e d  b e t w e e n  a n t i - C E A  a n d  p e a k  5 a n d  al l  t h e  a b o v e -  
m e n t i o n e d  p e a k s  of  M a n d  of M K ,  too .  
P e a k  5 w a s  t h e n  c o n c e n t r a t e d  a n d  p u r i f i e d  b y  ge l  f i l t r a -  
t i o n  on  a S e p h a d e x  G-200  c o l u m n ;  t h e  e l u t i o n  p ro f i l e  is 
i l l u s t r a t e d  in  f i g u r e  3a .  F r a c t i o n  18 s h o w e d  t h e  h i g h e s t  
a n t i - C E A  a c t i v i t y  in t h e  l{. I. A.  ( f igure  3a)  a n d  p r o d u c e d  
a n  i n t e n s e  l ine  of  p r e c i p i t a t i o n  w i t h  u n a b s o r b e d  a n t i -  
P M K  in  t h e  d o u b l e  d i f f u s i o n  t e s t  ( f igure  2c).  N o  l ine  w a s  
v i s ib l e  w i t h  a b s o r b e d  a n t i - P M K .  
F r a c t i o n  18 w a s  l a b e l e d  w i t h  N a  l'a~l a n d  t h e  l a b e l e d  p r o -  
t e i n s  we re  s e p a r a t e d  f r o m  free i o d i n e  b y  gel  f i l t r a t i o n  o n  
S e p h a d e x  G - 2 0 0  ( f igure  3 b). T h e  f r a c t i o n s  o b t a i n e d  we re  
a s s a y e d  a g a i n s t  t h e  v a r i o u s  a n t i s e r a .  T h e  b i n d i n g  c a p a c i t y  
:for u n a b s o r b e d  a n d  a b s o r b e d  a n t i - P M K  w a s  h i g h e s t  w i t h  
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f r ac t ion  1251-18 (48% for t he  u n a b s o r b e d  and  35% for t h e  
abso rbed  an t i s e rum) .  T h a t  for a n t i - P M  was h i g h  w i t h  
f rac t ions  1251-15 a n d  ~51-16 (21%) and  f rac t ion  ~51-19 
(23~ a n d  lower  (15%) w i t h  f r ac t ion  1251-18. 
The  b i n d i n g  c a p a c i t y  for a n t i - C E A  was 9 %  w i t h  frac- 
t ions  1~51-13 a n d  1~51-14 and  ni l  w i t h  f r ac t ions  1251-18 
(figure 3b).  No b i n d i n g  capac i t y  was de t ec t ed  w h e n  un-  
abso rbed  a n d  a b s o r b e d  a n t i - P M K  and  a n t i - P M  were as- 
sayed  w i t h  125I-CEA. 
Conclusion. I n  t he  double  d i f fus ion test ,  peak  5 o b t a i n e d  
b y  c h r o m a t o g r a p h y  of M K  on DEAE-ce l lu lose  reac ts  
w i t h  abso rbed  a n t i - P M K  m i d w a y  be tween  t he  2 wells. 
The  fai lure  of p e a k  5 to p roduce  p r ec ip i t a t i on  l ines w i t h  
a n t i - C E A  and,  a f te r  f u r t h e r  pur i f ica t ion ,  w i t h  abso rbed  
a n t i - P M K  can  be  a t t r i b u t e d  to  t he  poore r  s ens i t i v i t y  of 
t h i s  m e t h o d  c o m p a r e d  to  r ad io immuno logy .  
The  resu l t s  of t h e  doub le  d i f fus ion t e s t  t h u s  ind ica te  t h a t  
t he  p r e c i p i t a t i o n  line b e t w e e n  p e a k  5 and  a b s o r b e d  an t i -  
P M K  is due  to  a n t i g e n  or an t i gens  associa ted  w i t h  b r e a s t  
t u m o r s  t h a t  do n o t  c ross reac t  w i t h  a n t i - C E A  in th i s  

me thod ,  in  spi te  of t h e  cons iderab le  c ros s reac t iv i ty  ob- 
se rved  in t h e  R. I. A. 
F r a c t i o n  18 o b t a i n e d  b y  gel f i l t r a t ion  of peak  5 of M K  
was chosen  because  of i t s  h i g h  response  to  a n t i - C E A  in 
t h e  r ad io immuno log i ca l  s tudy .  F r a c t i o n  18 was labeled 
an d  b y  gel f i l t r a t ion  y ie lded  f rac t ions  (1251-13 an d  1251-14) 
t h a t  c ross reac ted  w i t h  a n t i - C E A  a n d  also r eac ted  w i t h  
a n t i - P M K .  
Ant igen(s)  in these  f r ac t ions  do no t ,  however ,  a p p e a r  to  
be  CEA, since a n t i - P M K ,  wh ich  b inds  1~51-13 an d  1~51-14 
to  a fa i r  e x t e n t  (13% b i n d i n g  capac i ty ) ,  does n o t  b i n d  
I~sI-CEA, a v e r y  pure  mate r ia l .  On t h e  o the r  h a n d ,  frac- 
t ion  1251-18 reac t s  on ly  w i t h  a n t i - P M K .  I t  is the re fore  
p robab l e  t h a t  f rac t ions  1~51-13 an d  1251-14 c o n t a i n  an t i -  
gens assoc ia ted  w i t h  b r e a s t  c a r c i n o m a  t h a t  c rossreact  
w i t h  anti-C]?;A. I t  can  in s t ead  be  p o s t u l a t e d  t h a t  frac- 
t ion  1251-18 con t a in s  an t igens  assoc ia ted  w i t h  b r e a s t  
c a r c i n o m a  t h a t  do n o t  c ross reac t  w i t h  a n t i - C E A  and  
reac t  on ly  w i t h  a n  a n t i b o d y  p roduced  us ing  an t igens  
e x t r a c t e d  f rom th i s  t y p e  of t umor .  

Immuno-e lectronmicroscopic  study of human EA rosettes 

L. FONTANA and  G. TONIETTI 1 

I. Patologia Medica and I I .  Clinica Medica dell' Universitg, Policlinico Umberto, 1-00167, Roma (Italy), 29 June 7976 

Summary. The  immuno-e l ec t ronmic roscop ic  s t u d y  of h u m a n  E A  roset tes ,  us ing  fe r r i t in - labe l led  a n t i - h u m a n  IgG 
an t i se rum,  showed  c lus ters  of Ie r r i t in  granules  a t  t he  po in t s  of c o n t a c t  b e t w een  e r y t h r o c y t e s  a n d  l y m p h o i d  ceils, in- 
d ica t ing  t h a t  t h e  l inks b e t w e e n  Fc  f r a g m e n t  of IgG on t h e  surface of e r y t h r o c y t e s  a n d  specific r ecep to r  on t h e  surface 
of l y m p h o i d  cell co r respond  to t he  sites of morpholog ica l  i n t e r a c t i o n  b e t w een  t h e  2 cell types .  

In  p rev ious  studies,  we descr ibed  t he  u l t r a s t r u c t u r a l  
a p p e a r a n c e  of t he  i n t e r ac t i on  be tween  rose t t i ng  l y m p h o i d  
cells and  e r y t h r o c y t e s  in  d i f fe ren t  types  of roset tes .  The  
h ighes t  degree of in t e rac t ion ,  cons is t ing  of in t e rd ig i t a -  
t ions  b e t w e e n  t he  2 cell types ,  was obse rved  in E A  
rose t t es  3. 

I n  th i s  art icle,  we r e p o r t  t he  resul t s  of an  i m m u n o -  
e lec t ronmicroscopic  s t u d y  of h u m a n  E A  rose t tes  us ing  
fe r r i t in - labe l led  a n t i - h u m a n  IgG an t ibody .  

Materials and methods. Group  0 R h  pos i t ive  h u m a n  
n o r m a l  e r y t h r o c y t e s  sensi t i sed w i t h  a h u m a n  an t i -D  
a n t i s e r u m  a n d  pe r iphe ra l  b lood  n o r m a l  h u m a n  l ymp h o -  

cytes  were used for t h e  p r e p a r a t i o n  of h u m a n  E A  rose t tes  
accord ing  to t e c h n i q u e s  a l r eady  descr ibed for E A  ox 
rose t t es  2. Af te r  p r e p a r a t i o n  of roset tes ,  t h e  cell m i x t u r e  
was i n c u b a t e d  for 15 min  a t  r oom t e m p e r a t u r e  w i t h  a 
fe r r i t in- label led  a n t i - h u m a n  Ig G  an t i body ,  washed  3 
t imes  w i t h  buf fe red  sal ine and  t h e n  processed for elec- 
t ronmic roscopy .  Fo r  control ,  t h e  same e ry th rocy tes ,  
e i the r  u n t r e a t e d  or sens i t i sed  w i t h  t h e  an t i -D  an t i se rum,  
were i n c u b a t e d  w i t h  fer r i t in  a lone or w i t h  ferr i t in-  
label led an t i -mouse  IgG an t ibody .  

Results, R o s e t t i n g  l y m p h o c y t e s ,  in several  experi-  
ments ,  ave raged  12%. E A  roset tes ,  observed  in t h e  elec- 

Fig. 1. Parts of 2 erythroeytes and of a lymphoid cell which are not 
part of a EA rosette. Clusters of ferritin granules, arranged at fairly 
regular intervals, are present at the erythrocytes surface. No ferritin 
granules are visible on the surface of the lymphoid cell. • 29000. 

Fig. 2. Part of EA rosette. Interdigitations between arl erythrocyte 
and a lymphoid cell are visible. The points of contact between the 
2 cell types are heavily labelled with ferritin. • 46000, 


