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i s  exposed t o  a  f o r e i g n  subs tance .  o r  
; <$cn ,  i t  responds by producing a n t i b o d i e s ,  p r o t e i n  

j L c u l e s  t h a t  b ind  t h e  a n t i g e n ,  f a c i l i t a t i n g  i t s  n e u t r a l i z a -  
. .I- n and removal from t h e  body. T h i s  immune response  has  

I L I ~  p a r t i c u l a r l y  s t r i k i n g  f e a t u r e s .  F i r s t ,  a n  enormous 
,.l,."e of f o r e i g n  s u b s t a n c e s  can c a u s e  a response .  Second, 

:I e responses  a r e  h i g h l y  s p e c i f i c ,  d i s t i n g u i s h i n g  between 
i . l o s e l y  r e l a t e d  subs tances .  Third,  t h e  immune system 
I \ l , i h i t s  a  s p e c i f i c  "memory" i n  t h a t  l a t e r  exposure  t o  t h e  

L~ ' i n t igen  c a u s e s  a n  enhanced response .  F i n a l l y ,  t h e  
. t t  I-, can d i s t i n g u i s h  s t r u c t u r e s  p r e s e n t  i n  t h e  an imal  

i , e l f  from f o r e i g n  ones ,  and normal ly  responds o n l y  t o  t h e  
L,.tter. 

Innune r e s p o n s e s  a r e  now unders tood a t  t h e  c e l l u l a r  
and  molecu la r  l e v e l s  i n  terms of t h e  c l o n a l  s e l e c t i o n  theory  
; ] e r n e ,  1955; Burnet ,  1959) .  According t o  t h e  t h e o r y ,  i n  
r1 ,c  c o u r s e  o f  a n  a n i m a l ' s  development, each c e l l  i n  i t s  

-wile system becomes committed t o  produce a  s i n g l e  kind of 
: t ibody and t o  e x p r e s s  c o p i e s  a f  i t s  an t ibody  on i t s  

, u r f a s e .  An a n t i g e n  i n t e r a c t s  w i t h  t h e  system by b i n d i n g  t o  
  hose c e l l s  i n  t h i s  r e p e r t o i r e  t h a t  a r e  s p e c i f i c  f o r  i t .  
S i d i n g  of  a n t i g e n  s t i m u l a t e s  t h e  c e l l s  t o  d i v i d e  and 
J i i f e r e n t i a t e ,  each  s t i m u l a t e d  c e l l  g i v i n g  r ise t o  a  c l o n e  
of  c e l l s  a l l  making i d e n t i c a l  immunoglobulin ( I g )  molecu les .  

The s p e c i f i c a t i o n s  o f  t h e  theory  concern ing  t h e  c e l l u l a r  
~ ~ . : : ; ~ o a i  t i o n  and behav ior  of t h e  a d u l t  immune s y s  tem have been 
$ ! r  robora ted  by a  wide v a r i e t y  of  e x p e r i m e n t a l  ev idence  

, ~ ~ ~ j v i e v e d ,  f o r  example, by D'Eustachio e t  aZ. 1977) .  Beyond 
i! , : l l .ating t h a t  t h e  system a r i s e s  i n  t h e  absence  of  i n t e r -  

. . i l l l : b  . w i t h  f o r e i g n  a n t i g e n s ,  however, t h e  c l o n a l  s e l e c t i o n  
.ii::,l.y makes no d i r e c t  p r e d i c t i o n s  concern ing  t h e  ontogeny o f  
- i : ,  imaune system,  and t h i s  developmental a s p e c t  of t h e  
. y j t c m  h a s  remained r a t h e r  poorly  unders tood .  -*en and where 
:iq a n t i g e n - s p e c i f i c  c e l l s  appear  i n  t h e  c o u r s e  of development? 

tllz p r o c e s s  v'sry from one i n d i v i d u a l  t o  t h e  n e x t ?  How 
i t  r e g u l a t e d ?  

Our exper iments  were in tended  t o  approach t h i s  problem 
..s J i r e c t l y  a s  p o s s i b l e ,  by measuring t h e  development of 
. ) I ;  tic:en-binding c e l l s  i n  f  eta1 m i c e .  Mice were used because  
!-ti:>? have a r e l a t i v e l y  s h o r t  g e s t a t i o n  p e r i o d  (19 t o  20 days) ,  
.lnJ a  wide v a r i e t y  of h i g h l y  i n b r e d ,  g e n e t i c a l l y  homogeneous 

Ulllvycll, " 8  -""y".. -...-...;l -- .  - 

@r, w e  s t r a i n s  i s  a v a i l a b l e .  I n  t h e  f i r s t  p a r t  of t h i s  p  
w i l l  d e s c r i b e  t h e  ontogeny of  an t igen-b ind ing  c e l l u ,  
focus ing  i n  p a r t i c u l a r  on t h e  q u e s t i o n s  o f  wl~an and where 
an t igen-b ind ing  c e l l s  a p p e a r ,  and how t h e i r  an t igen-b ind ing  
p r o p e r t i e s  compare w i t h  t h o s e  of  cells  i n  t h e  a d u l t  animal .  
I n  t h e  second p a r t  of t h e  p a p e r ,  we w i l l  d e s c r i b e  i n d i v i d u a l  
v a r i a t i o n  i n  t h e  ontogeny of  an t igen-b ind ing  c e l l s  i n  o r d e r  
t o  ana lyze  t h e  g e n e t i c  and p h y s i o l o g i c a l  b a s i s  o f  c o n t r o l s  
a f f e c t i n g  t h e  g e n e r a t i o n  of  t h e s e  c e l l s .  Toge ther ,  t h e  
r e s u l t s  of t h e s e  exper iments  p rov ide  t h e  b a s i s  f o r  a  
p r e l i m i n a r y  d e s c r i p t i o n  of t h e  development of t h e  r e p e r t o i r e  
of a n t i g e n - s p e c i f i c  c e l l s .  I n  t h e  f i n a l  p a r t  of  t h i s  p a p e r ,  
w e  w i l l  c o n s i d e r  t h e  r e s u l t s  of t h e s e  exper iments  t o g e t h e r  
w i t h  d a t a  from o t h e r  sys tems  i n  o r d e r  t o  d e f i n e  boundary 
c o n d i t i o n s  w i t h i n  which t h e  molecu la r  p r o c e s s e s  r e s p o n s i b l e  
f o r  t h e  g e n e r a t i o n  of  a n t i b o d y  d i v e r s i t y  and t h e  connnitment 
of developing c e l l s  t o  t h e  p r o d u c t i o n  of s i n g l e  s p e c i e s  of Tg 
must o p e r a t e .  

deve lopizg mice. 

Before  d e s c r i b i n g  o u r  own experiments  i n  d e t a i l ,  i t  is 

worthwhile  t o  review somewhat more f u l l y  t h e  p r o p e r t i e s  o f  
t h e  c e l l  t y p e s  invo lved .  A p o i n t  n o t  e x p l i c i t l y  cons idered  
i n  t h e  o r i g i n a l  s t a t e m e n t  of t h e  c l o n a l  s e l e c t i o n  theory is 
t h a t  t h e r e  a r e  i n  f a c t  two c l a s s e s  of  a n t i g e n - s p e c i f i c  
lymphocytes ( F i g u r e  1 ) .  The f i r s t  c l a s s ,  B lymphocytes,  
cor responds  t o  t h e  ant ibody-producing c e l l s  of t h e  theory .  
The second c l a s s ,  T lymphocytes ,  does  n o t  produce d e t e c t a b l e  
an t ibody ,  b u t  c a r r i e s  o u t  a  v a r i e t y  o f  a n t i g e n - s p e c i f i c  
immune f u n c t i o n s  i n c l u d i n g  a  "helper"  f u n c t i o n  necessa ry  f o r  
t h e  f u l l  s t i m u l a t i o n  of B c e l l s .  I n t e r a c t i o n s  betweens c e l l s  

of  t h e s e  two c l a s s e s  c a n  g r e a t l y  a f f e c t  t h e  c o u r s e  of an 
immune response ,  b u t  they do n o t  a f f e c t  i t s  o r i g i n a l  
s p e c i f i c i t y ,  and we s h a l l ,  t h e r e f o r e ,  be  concerned h e r e  
p r i m a r i l y  w i t h  t h e  r e p e r t o i r e  o f  a n t i g e n - s p e c i f i c  B c e l l s .  

Experiments c a r r i e d  o u t  by s e v e r a l  groups w i t h i n  t l ~ e  
p a s t  few y e a r s  i n d i c a t e  t h a t  t h e  f e t a l  l i v e r  and s p l e e n  a r e  
t h e  s i t e s  of B-cell  m a t u r a t i o n  a t  l e a s t  i n  t h e  mouse, and 
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- ' igure I. T and B lymphocytes. These b o  c lasses  
of c c l l s  m e  morphoZogicaiZt~ s imi lar ,  but can be 
brstinguishcd j>lon each other uwl from t h e i r  
inrwturc p?.ectl?2sor2s on the basis  o f  t h e i r  Zocatiorl 
i n  the boJy, t h e i r  antigenic markers, and a v a r i e t )  
of functional properties (D'Bustachio e t  a l . ,  2977) .  
li ce7 2s cun be raecognizcd and c l a s s i f i e d  according 
t~ t12e amount and celZuZar d i s t r i b u t i o n  of  Ig ( Y )  
and of conplement and Fc receptors 111). T c e l l s  
cdn be c l a s s i f i e d  according t o  the r e l a t i v e  amounts 
of TI; (0) and Thy-1. ( A )  antigens on t h e i r  surfaces.  
I)? addit ion,  the various functionally d i s t i n c t  
s?rtpopulations of  mature T ce 22s express d i f f e r e n t  
s:iSssts o f  Ly antigens (not  shown) and can be 
dist inguished on tha t  basis  (Cantor and Boyse, 1976). 
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have  p rov ided  a  q u a l i t a t i v e  d e s c r i p t i o n  of B-ce l l  

,,.ESSOR 

i n  t h e s e  t i s s u e s  ( F i g u r e  1 ) .  C e l l s  s y n t h e s i z i n g  I g  c a n  be  
d e t e c t e d  i n  t h e  f e t a l  l iver  a s  e a r l y  a s  t h e  1 2 t h  day o f  
g e s t a t i o n  (Melchers  e t  a l .  1975;  Raff c t  a l .  1976) .  I f  
e x p l a n t s  o f  12-day f e t a l  l i v e r  a r e  p l a c e d  i n  c u l t u r e ,  
lymphoid c e l l s  b e a r i n g  I g  on t h e i r  s u r f a c e s  a p p e a r  o v e r  a  
p e r i o d  of a  week. S i m i l a r  r e s u l t s  a r e  o b t a i n e d  w i t h  c u l t u r e s  
o f  14-day f e t a l  s p l e e n ,  b u t  n o t  w i t h  c u l t u r e s  o f  thymus o r  
y o l k  s a c  a t  any s t a g e  of development .  Because  l l emopo ies i s ,  
i n c l u d i n g  lymphopo ies i s ,  is c o n f i n e d  t o  t h e  l i v e r ,  s p l e e n ,  
y o l k  s a c ,  and thymus i n  t h e  f e t a l  mouse (Metc'llf and Eloorc, 
1971,  p. l o ) ,  a l l  o f  t h e s e  o b s e r v a t i o n s  a r c  most s i m p l y  
e x p l a i n e d  by t h e  h y p o t h e s i s  t h a t  t h e  tlevelopnient o f  
p r o g e n i t o r  ce l l s  i n t o  B c e l l s o c c u r s  i n  tilt: f e t a l  l i v e r  and 
s p l e e n .  I n  t e rms  o f  c l o n a l  s e l e c t i o n ,  t i le  key problem i n  
t h i s  l y m p h o p o i t e i c  p r o c e s s  i s  t h e  gene r ' l t  i o n  o f  a n t i g e n -  
s p e c i f i c  c e l l s .  More p r e c i s e l y ,  when and wlltxre i n  t h i s  
p r o c e s s  i s  t h e  r e p e r t o i r e  o f  a n t  igen-b ind ing  s p e c  i f  L c i t i r * s  
g e n e r a t z d ,  what a r e  the, r e l a t i v e  nunih~.rs of c , ~ - l l  s com~i i i t t cd  
t o  e a c h  s p r c i f  i c i t y ,  and trow is  ti le r c l ) c r ~ t , i r c n  c x p r ~ ~ s : ; ~ > c l  f 11 

t i le  c o u r s e  o f  development?  

S e v e r a l  g roups  h a v e  approached  t h i s  problern by a n a l y z i n g  
t h e  ontogeny of r e s p o n s i v e n e s s  t o  a n t i g e n i c  s ~ i m u l n t i o n .  Tire 
immune r e s p o n s e s  o f  f e t a l  and n e o n a t a l  an i ind l s  h a v e  been 
c h a r a c t e r i z e d  i n  t e r m s  of t h e  r a n g e  of a n t i g e n s  c a p a b l e  of 

,-' e l i c i t i n g  a  r e s p o n s e  (Klinman and P r e s s ,  1 9 7 5 ;  Kuwlands t G  , 

1974; S i l v e r s t e i n  e t  aZ. 1 9 6 3 ) ,  t h e  a n t i g e n - b i n d i n g  a f t i n i t i d s  
o f  t h e  a n t i b o d i e s  produced ( C o i d l  and S i s k i n d ,  1 9 7 4 ) ,  and t h e  
i d i o t y p i c  d e t e r m i n a n t s  e x p r e s s e d  by t h e s e  a n t i b o d i e s  
( S i g a l  e t  aZ. 1976,  1977) .  I n  e v e r y  c a s e ,  immune r e s p o n s i v c -  
n e s s  m a t u r e s  i n  a  w e l l - d e f i n e d  and r e p r o d u c i b l e  way i n  t h e  
c o u r s e  o f  development .  The i n t e r p r e t a t i o n  o f  t h e s e  d a t a  i s  
n o t  s t r a i g h t f o r w a r d ,  however.  Two p o s s i b l e  i n t e r p r e t a t i o n s  
a r e  t h a t  t h i s  m a t u r a t i o n  r e p r e s e n t s  t h e  s e q u e n t i a l  a p p e a r a n c e  
of a n t i g e n - s p e c i f i c  ce l l s ,  o r  t h a t  i t  r e p r e s e n t s  t h e  matura-  
t i o n  of a d d i t i o n a l  c e l l  f u n c t i o n s  r e q u i r e d  f o r  e f f i c i e n t  
c e l l - a n t i g e n  and cel l -cel l  i n t e r a c t i o n  f o l l o w i n g  s p e c i f i c  
a n t i g e n  b i n d i n g .  T h e r e  is s u b s t a n t i a l  e v i d e n c e  t h a t  such  
f u n c t i o n a l  m a t u r a t i o n  d o e s  o c c u r  and t h a t  i t  i s  n o t  comple te  
i n  t h e  mouse u n t i l  a t  l e a s t  t h r e e  weeks a f t e r  b i r t h  (Goid1 
e t  aZ. 1976; Mos ie r  and Johnson,  1975; S p e a r  and Edelman, 
1974) .  I n  p a r t i c u l a r ,  t h j s  f u n c t i o n a l  i m m a t u r i t y  c a n  i n c l u d e  
t h e  i n a b i l i t y  of a n  a n t i g e n - s p e c i f i \  B c e l l  t o  r e spond  t o  
s t i m u l a t i o n  by a n t i g e n  (Metca l f  and Klinman, 1976; Nossdl and 
P i k e ,  1975; S c o t t  e t  GI. 1977; S p e a r  and Edelman, 1974; 
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Age of mouse In days 

.F'ijwe 2. Numbers o f  C E Z Z G  per olyn?' s p e c i f i c  for each 
of I I antigens i n  the  s p l e ~ n s  I- ) and l i v e r s  
( -  - - -) of Swiss-L mice as a function of age. Anti- 
: - c ~ - s y ~ c i j " i c  c e l l s  were detected t~ means o f  the  
fiber-bi?lJ:)q assay, and such point i s  the  meun o f  
two or more indt~perident determit?ations. The numbers 
of 2yn1pho;d c e l l s  recovered per spleen and per l i v e r  
as a function o f  age are shorn i n  ( A ) ,  together with 
the t o t a l  number of nucZeated c e l l s  per l i v e r  
(-.-. -1 (D 'Eustachio and Edelrnan, 1975). 

I A -  0 Embryo liver I B [ 
A Embryo spleen 

- 

I 
20 1 

\ \  

0.. 1. 

S U I ~ - B S A , ~ ~  per rnl 

F i ? w , n  3.  Numbers of c e l l s  bound t o  sulj 'anilatc- 
coa te l  f ibers  i n  the prcsence of soluble suZ;hniZ.ntc- 
BZ.4 az  several concentrations, expressed as  n 
pepcentage o f  uninhibited control values. Cel 2s 
from fe tal  spleen (A)  and fetal  live11 ( E l  werc 
compared wi th  c e l l s  from adult  s p l c ~ n  i n  para2 ZeZ 
experiments. Liver cel  2s were obtaincd f18orn fe t.t(sc>..; 
on the  17th day o f  gestation (0). Sp7.~.en c e l l s  wcrc 
obtained from fetuses on the 18th day  of ges tat ion 
( A ) ,  or from adul ts  ( 8 ) .  Each vuluc shotm for thcsc 
c e l l s  i s  the ar i thmet ic  mean of thrce or more 
independent determinations, plus or minus the  
stnndmd error of  the rnean. Sp7cc71 csZ7s from adul t  
mice imunized  against  s u l f ~ ) l l l i l t r  wc?rae a s s a ~ / ~ : d  i n  
the s t z e  way (a). Thc result.; o f  a tllpical cu:/.~crli- 
C I C ~ L ~  e e  shown (D 'Eustachio (ii1:i E'd:?ic:i[t~, 7 975) . 

a n i m a l s  ( F i g u r e  3 ) ,  t h i s  s i m i l a r i t y  between f e t u s e s  and 
normal a d u l t s  may seem s u r p r i s i n g .  I t  can  p robab ly  be  
e x p l a i n e d ,  however, by t h e  c o n t i n u i n g  rep len i shment  of  t h e  
a d u l t  r e p e r t o i r e  a s  a  r e s u l t  of  t h e  g e n e r a t i o n  of  committed 
a n t i g e n - b i n d i n g  c e l l s  i n  t h e  a d u l t  bone marrow ( S t o c k e r  c t  ~zi. 
1974; Nossa l  and P i k e ,  1975) .  T h i s  c o n s t a n t  t u r n o v e r  would 
t end  t o  minimize  t h e  e f f e c t s  of any exposure  t o  f o r e i g n  



:*.'.ition i n  individual development. 

Most of t h e s e  measurements of an t igen-b ind ing  c e l l s  i n  
~ i ~ v c l o p i n g  mice were  c a r r i e d  o u t  on p o o l s  of c e l l s  o b t a i n e d  
from as many a s  50 animals .  To d e t e r m i n e  t h e  e x t e n t  t o  which 
v a r i a t i o n  from an imal  t o  an imal  was b e i n g  obscured  by t h e  
poo l ing  p rocedure ,  s p l e e n s  o f  i n d i v i d u a l  18-day Swiss-L 
f e t u s e s  were  assayed  f o r  a n t i g e ~ b i n d i n g c e l l s ,  u s i n g  t h e  
r o s e t t e  a s s a y .  For each  o f  t h e  two a n t i g e n s  t e s t e d ,  TNP and 
, , ~ t i v e  sheep  red  blood c e l l s  (SRBC), t h e  mean numbers of 
. ! l t igen-binding c e l l s  p e r  s p l e e n  c a l c u l a t e d  from t h e  
in t l iv idua lmeasurements  agreed  w i t h  t h e  numbers o b t a i n e d  from 
n~casurements  of pooled c e l l s .  While t h e  d i s t r i b u t i o n s  of 
t h e  i n d i v i d u a l  v a l u e s  abou t  t h e s e  means were  unimodal ,  they  
were q u i t e  b road ,  i n d i c a t i n g  t h a t  t h e r e  i s  s i g n i f i c a n t l y  more 
v a r i a t i o n  among i n d i v i d u a l s  t h a n  would b e  expec ted  from 
sampling f l u c t u a t i o n ,  assuming t h a t  t h e  a c t u a l  numbers of 
c e l l s  b i n d i n g  a s p e c i f i c  a n t i g e n  were c o n s t a n t ,  o r  n e a r l y  s o ,  
,?!:long f e t u s e s .  As much v a r i a t i o n  was obse rved  among f e t u s e s  
: ; i th in  a l i t t e r  a s  i n  t h e  f e t a l  p o p u l a t i o n  a s  a  whole 
( 1 ) '  Eus tach io  and Edelman, 1975) . 

To d e t e r m i n e  t h e  s o u r c e  o f  t h i s  f l u c t u a t i o n  more 
. r ~ . c  i s e l y ,  t h e  numbers o f  c e l l s  s p e c i f i c  f o r  each  o f  f o u r  
. . l ~ t l g e n s  i n  t h e  s p l e e n s  of i n d i v i d u a l  randombred Swiss-L and 
labred cBA/J and BALB/c f e t a l  mice were  de te rmined  a s  a  
I u n c t i o n  of t h e  t o t a l  numbers of n u c l e a t e d  s p l e e n  c e l l s .  
' 1 1  :ISS.~YS were c a r r i e d  o u t  on f e t u s e s  a t  t h e  1 8 t h  day of 
< . , t a t i o n  (DIEus tach io  c t  a l .  1976; Cohen e t  aZ. 1977) .  For  

. lu tbred Swiss-L f e t u s e s  ( F i g u r e  4 ) ,  t h e  r a t i o  of a n t i g e n -  
L~inJ ing  c e l l s  t o  n u c l e a t e d  c e l l s  v a r i e d  s i g n i f i c a n t l y  more 
than could b e  e x p l a i n e d  by sampling f l u c t u a t i o n .  For  e a c h  
inbred  s t r a i n ,  however, t h e  number of c e l l s  s p e c i f i c  f o r  a  
given a n t i g e n  was a  c o n s t a n t  p r o p o r t i o n  of t h e  number o f  
n u c l e a t e d  c e l l s  ( F i g u r e  5 and Tab le  I) .  

These d a t a  s u g g e s t  two s u r p r i s i n g  p r o p e r t i e s  of f e t a l  
an t igen-b ind ing  c e l l  p o p u l a t i o n s .  F i r s t ,  t h e y  s u g g e s t '  t h e  
~ . x i s t e n c e  of two s e t s  of c o n t r o l s  t h a t  a f f e c t  d i r e c t l y  t h e  
; ,enerat ion of an t igen-b ind ing  c e l l s :  one  a f f e c t i n g  t h e  

I Nucleated cells per spleen ( x I o - ~ )  

Figarc 4.  Numbers of  TNP-specific rosette-formring 
c e l l s  (RFC1s) i n  the spleens of  Suisu-I, f e ta l  
mice as a function of  spleen s i z e .  RFC nlunber 
per spleen was cazculated from the nwnher o f  
RFC1s observed i n  25 b l  portions of  thc rost?t te  
assay mixture (equizlalent t o  1 /20  spleen). The 
number of  nucleatzd c e l l s  i n  the splccn was use? 
an index of  i t s  s i z e .  Each po?:)lt rcL,igasen:s t h z  
resu l t  obtained for one spleen. A2 1 J ' C ! I L S ~ ' ~  

uere tes ted on the 18th day of g~::tatio)l  
(DIEustachio e t  a l .  1976). 

p r o p o r t i o n s  of c e l l s  of d i f f e r e n t  an t igen-b ind ing  
s p e c i f i c i t i e s  w i t h i n  t h e  p o p u l a t i o n  of conunitted lymphocytes 
( i . e . ,  t h e  compos i t ion  of t h e  r e p e r t o i r e ) ,  and t h e  o t l l e r  
a f f e c t i n g  t h e  t o t a l  s i z e  of t h a t  r e p e r t o i r e  w i t h i n  t h e  f e t a l  
s p l e e n .  Second, t h e s e  d a t a  s u g g e s t  t h a t ,  a t  l e a s t  f o r  CBA/J  
and B&B/c mice,  b o t h  c o n t r o l s  appear  t o  f u n c t i o n  
independen t ly  of m a t e r n a l  o r  env i ronmenta l  e f f e c t s ,  a t  
least  w i t h i n  t h e  range  of env i ronmenta l  v a r i a t i o n  i n  o u r  
b r e e d i n g  c o l o n i e s .  . I n  p a r t i c u l a r ,  no more v a r i a t i o n  i n  t h e  
compos i t ion  and s i z e  of t h e  r e p e r t o i r e  i s  s e e n  from 
i n d i v i d u a l  t o  i n d i v i d u a l  w i t h i n  a s t r a i n  t h a n  would be 
expec ted  i n  r e p l i c a t e  samples  drawn from a  homogeneous 
p o p u l a t i o n  of c e l l s  i n  a  s i n g l e  i n d i v i d u a l .  Thus, i n  f e t u s e s  



Frequencies and Ratios of  RFC and Ip5ear ing  Cells 

i n  the Spleens of  Inbred 18-Day Fetal Mice 

Mouse TNP-SRBC Sheep 7  Sheep 26 Tosy l  Ig -bear ing  C e l l s  
s t r a i n  RFC RBC RFC RBC RFC RFC P e r  Sp leen  

* E (A) P o s i t i v e  c e l l s  p e r  lo5  n u c l e a t e d  c e l l s  (mean + s . d . )  

CBA/J 32 2 1 2  8 5 7  12 5 1 3  7 5 5  (7 2 2 )  l o 3  
BALB/C 8 2  2  2  + 0.4 6  2 0 . 2  1 + 0 . 3  ( 2  2 1 )  l o 3  
R a t i o  

t t 
3.8 4 . 0  1 . 6  7 .0  4.0 

** 
(B) P o s i t i v e  c e l l s  p e r  s p l e e n  

CBA/ J 70 + 54 1 2  _+ 8 26 2 22 1 2  2 7  t ( 1 . 8  + 2 . 3  ) x l o 4  
BALB/ c 58 5  37 20 2 5  28 + 3  6 2 4  t (1 .2  + 1 . 3  ) x l o4  

Footnotes t o  Table I 

* Calculated from data for individual fetuses,  wcipizing e ~ c h  fetus equally. 

* *  Calculated from data for individual fetuses,  except for Ig-bearing c e l l s ,  
which. were calculated on the bases of  ( 8 . 6  + 2. E )  x l o 5  nucleated c e l l s  
per spleen for 41 CBA/J fetuses a,ld (7 .3  + 3.2)  x l o 5  nucleated c e l l s  per 
spleen for 24 BALB/c f e h s e s .  

Propagated standard deviation. 

tt Based on pooled c e l l  counts for each antigen s t r a i ~ ,  CEA/J: BALB/c. 



Nucleoted cells per spleen ( x I o - ~ )  

Figure 5.  NwnLer of TNP-specific RFCrs i n  the spleens 
of individual CBA/J (0) and BALB/c ( 0 )  fe tal  mice 
as a function of spleen s i ze .  All  fetuses were 
tested on the 18th day of gestation (DrEustachio 
e t  a l .  1976). 

L,: 18 days of g e s t a t i o n ,  t h e  number of nuc lea ted  sp l een  c e l l s  
t h a t  bound the  hapten an t igens  TNP and to luenesul fonyl  and t h e  
s u r f a c e  an t igens  of n a t i v e  SRBC of d i f f e r e n t  i n d i v i d u a l  
sheep was a  cons tan t  propor t ion  of the  t o t a l  number of 
nucleated sp leen  c e l l s .  The r a t i o  of t h e  propor t ion  of sp leen  
, e l l s  s p e c i f i c  f o r  a  given an t igen  i n  CBA/J  mice t o  t h e  
. coport ion i n  BALB/c mice of sp l een  c e l l s  s p e c i f i c  f o r  t he  

n l:;ie ant igen  equal led ,  w i th in  sampling f l u c t u a t i o n ,  t h e  r a t i o  
.>C t he  propor t ion  i n  CBA/J  mice of nuc lea ted  sp l een  c e l l s  
which had d e t e c t a b l e  su r f ace  I g  t o  t h e  propor t ion  of such 

i! 
c e l l s  i n  BALB/C mice (Table I ) .  Because thk frequency 

I of s p l e n i c  T  c e l l s  is low i n  t h e s e  mice a t  t h i s  s t a g e  of 
i development, t h i s  obse rva t ion  sugges ts  t h a t  t h e  nuc lea ted  
1 
I 

c e l l s  of t h e  f e t a l  sp l een  may be viewed a s  f a l l i n g  i n t o  two 
subpopula t ions  o r  compartments - those  bear ing  d e t e c t a b l e  
I g  on t h e i r  s u r f a c e s  (Ig+ c e l l s )  and those  wi thout  d e t e c t a b l e  

i s u r f a c e  Ig. Within t h e  compartment of Ig+ c e l l s ,  the  
f r a c t i o n  of c e l l s  s p e c i f i c  f o r  a  given a n t i g e n  appears  t o  be 

I t h e  same f o r  both of t h e  inbred  s t r a i n s  examined, sugges t ing  
t h a t  t h e  r e g u l a t i o n  of r e l a t i v e  compartment s i z e  may be 
independent of t h e  r e g u l a t i o n  of compartment composition. 

This  conclus ion  is supported by f u r t h e r  a n a l y s i s  of 
ant igen-binding c e l l  popula t ions  in randombred Swiss-L f e t a l  
mice. While t he  abso lu t e  and r e l a t i v e  f requencies  of TNP- 
s p e c i f i c  c e l l s  va r i ed  s i g n i f i c a n t l y  from f e t u s  t o  f e t u s  
(F igure  4 ) ,  t he  r a t i o  of t h e  propor t ions  of  c e l l s  s p e c i f i c  

i f o r  two d i f f e r e n t  an t igens  was cons t an t  w i th in  sampling 
f l u c t u a t i o n  f o r  a l l  t h e  f e t u s e s  t e s t ed  (Table 1 1 ) .  Th i s  
obse rva t ion  sugges ts  v a r i a t i o n  i n  r e p e r t o i r e  s i z e  among 
Swiss-L f e t u s e s  whi le  r e p e r t o i r e  composition remained 
cons tan t .  A t  t he  same time the  r a t i o  of t h e  p ropor t i ons  
observed f o r  t h e  two an t igens  i n  Swiss-L f e t u s e s  d i f f e r e d  
from t h e  r a t i o  observed i n  t h e  inbred s t r a i n s .  Hence the  

1 methods used f o r  counting s p e c i f i c  ant igen-binding c e l l  
popula t ions  a r e  s e n s i t i v e  enough t o  d e t e c t  d i f f e r e n c e s  i n  ' t he  composition of t h e  Ig+ compartment from s t r a i n  t o  s t r a i n ,  

! and t h i s  r e s u l t  sugges ts  t h a t  c o n t r o l  of r e p e r t o i r e  
1 composition i s  not  i n v a r i a n t  f o r  a l l  s t r a i n s  of mice. 
r 
! 

The obse rva t ion  t h a t  t h e  propor t ion  of an t igen - spec i f i c  
c e l l s  among nuclea ted  c e l l s  was i n v a r i a n t  w i t h i n  a  s t r a i n .  
bu t  d i f f e r e d  sha rp ly  between s t r a i n s  r a i s e d  the  p o s s i b i l i t y  
t h a t  t h i s  frequency was g e n e t i c a l l y  determined. To t e s t  t h i s  
p o s s i b i l i t y ,  we compared the  propor t ions  of TNP-specific 
c e l l s  i n  t h e  sp l eens  of F1 hybr ids  (Figure 6) and of back- 
c r o s s  f e t u s e s  (F igu re .7 )  t o  those  observed i n  f e t u s e s  of t h e  
p a r e n t a l  inbred s t r a i n s  (Figure 5 ) .  I n  t h e  F1 f e t u s e s ,  t h e  
number of roset te-forming c e l l s  per  sp l een  was p ropor t i ona l  
t o  t he  excess of t h e  number of nucleated c e l l s  over  a  
th reshold  of 2.5 x lo5. This  th reshold  may i n d i c a t e  a  
delayed s t a r t  i n  t h e  expansion of the  lymphoid compartment 
of the  sp l een  r e l a t i v e  t o  t h e  nonlymphoid compartment . 
Never the less ,  a l though t h e r e  was more f l u c t u a t i o n  about  a  



h z b e r s  c ~ f  RFC for lUo Different Antigens and Nucleated Cells 

i n  ti., Splcens of Individual Swiss-L 18-Day Fetal Mice 

. 
Observed Sample Counts Calculated Estimates 

TNP PFC Sh.26 RFC l o5  n .c .  TNP RFC 
TNP-SRBC Sh.26 RBC Per Per Per Per 

WC* - n . c . +  RFC - n . c .  Spleen Spleen Spleen Sh. 26 RFC 

- - - - - - . .  - . - - -*C-  -A- --dUI-.-..-.---tu-*-.--.. l---.l-rr .-.- -&A.-+&. 
.,L.,. 

Footnotes t o  Table I1 

* C2 = 21.8 with 3 d . f .  for homogeneity of TNP-SRBC RFC per nucleated c e l l  (n.c.!;  
P < Sheep 26 RBC RFC per n.c. C2 = 2.21 h t h  3 d. f., P = 0.53. A l l  
experiments i n  t h i s  table  were done blind with the equivalent of four al iquots  
for each antigen assay, using sheep 26 RBC as TNP carrier cmd as antigen. 

*"he probability tha t  the di f ference between t h i s  r a t i o  and the r a t i o  observed 
for the same two antigens i n  BALB/c and CBA/J fetuses i s  due t o  swnpling 
fluctuation i s  l ess  than 

t n.c. = nucleated c e l l .  

tf SL) = standard deviation. 

I X = aritlunetic mean. 
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s t r a i g h t l i n e  than could be  expla ined  by sampling 
f l u c t u a t i o n  a lone ,  t h e  cons t an t  o f  p r o p o r t i o n a l i t y  more 
c l o s e l y  resembled t h a t  f o r  inbred  CBA/J  f e t u s e s  than  t h a t  ' 

i o r  inbred BALB/c f e t u s e s .  BALB/c x (BALBIc x  C E A / J ) F ~  
Lackcross f e t u s e s  d i f f e r e d  from F  f e t u s e s  and from f e t u s e s  
of each inbred  l i n e  (Figure 7 ) .  +he backcross  popula t ion  
..ppeared t o  f a l l  i n t o  two d i s t i n c t  groups of approximately 
LQ,ual s i z e ,  one w i th  a  r e l a t i v e l y  h igh  p ropo r t i on  of r o s e t t e -  
~o r ix ing  c e l l s  t o  nuc lea ted  c e l l s ,  and t h e  o t h e r  w i th  a  low 
proport ion.  These r e s u l t s  a r e  c o n s i s t e n t  w i th  t he  c o n t r o l  
of the  r e l a t i v e  frequency of ant igen-binding c e l l s  by a  
s i n ; l e  autosomal Mendelian l ocus ,  w i th  t he  a l l e l e  a t  t h a t  
l . lcus expressed hy C B A / J  f e t u s e s  dominant t o  the  a l l e l e  
L:.pressed by BALR/C f e t u s e s  (Cohen c t  aZ. , 1977).  

While g e n e t i c  c o n t r o l s  a f f e c t i n g  t he  s i z e  of an t igen-  
binding c e l l  popula t ions  have n o t  been r epo r t ed  p r ev ious ly ,  
w v c r a l  c o n t r o l s  a f f e c t i n g  o t h e r  q u a n t i t a t i v e  a s p e c t s  of 
s p l e n i c  lymphoid c e l l  popu la t i ons  have been observed. These 
o the r  c o n t r o l s  a r e  c o n s i s t e n t  w i th  our  f i n d i n g s ,  and may 
r e f l e c t  t he  same under ly ing  r e g u l a t o r y  mechanisms. A t  two 
weeks postpartum the  frequency of s p l e n i c  B c e l l s  express ing  
co~nplcrnent r ecep to r s  v a r i e s  s i g n i f i c a n t l y  from s t r a i n  t o  
s t r a i n  of inbred mouse. Within a  s t r a i n ,  t h e  amount of 
v a r i d t i o n  i n  t h i s  f requency is g r e a t l y  reduced (Gelfand e t  aL 
1971). The a b s o l u t e  number of t he se  c e l l s ,  however, appears  
~3 be cons t an t  even between s t r a i n s  ( F e r r e i r a  and Nussenzweig 
1976). S imi l a r l y ,  f o r  a t  l e a s t  one p a i r  of s t r a i n s ,  t h e  
irequency of s p l e n i c  T  c e l l s  d i f f e r s  s i g n i f i c a n t l y  two weeks 
a f t e r  b i r t h ,  bu t  t h e  number of t h e s e  c e l l s  is  the  same f o r  
both s t r a i n s  ( F e r r e i r a  and Nussenzweig, 1976). These 
observa t ions  sugges t  t h a t  t h e  s i z e s  of t h e  B- and T-ce l l  
oopula t ions  i n  t he  sp l een  a r e  t i g h t l y  c o n t r o l l e d  i n  young 
1.1orc3d mice, and t he se  c o n t r o l s  appear  t o  be due t o  t h e  
>:Lion of one o r  a  few autosomal genes a t  l e a s t  t h e  pre- 
~ . lminant  one of which maps nea r  t h e  major h i s t o c o m p a t i b i l i t y  
c~ ; ip lex  i n  t h e  mouse (Gelfand e t  aZ. 1974; F e r r e i r a  and 
' ~>.s?nzweig, 1976). 

What i s  t he  nonlymphoid c e l l  popula t ion  whose v a r i a t i o n  
LX number l e ads  t o  t he se  observed complementary v a r i a t i o n s  
1.1 lymphoid c e l l  frequency? A p l a u s i b l e  candida te  is the  
*)c>pulat ion of nuc lea ted  e r y t h r o i d  c e l l  p r ecu r so r s ,  which make 
up a  s u b s t a n t i a l  p a r t  of t h e  f e t a l  sp l een  c e l l  popula t ion  of 
t l ~ e  nouse (Metcalf and Moore, 1971, pp. 214, 218). and whose 

Nucleated cells/spleen x lo-= 

Figure 6. Numbers of TIP-specific RFC's i n  the 
spleens of BALB/c x CBA/J (0) and CBA/J x BALB/c 
( 0 )  F fe tal  mice as a function of spleen s ize .  
A Z Z  fdtuses were tested on the 28th dny of 
gestation (Cohen e t  aZ. 1977 ) .  

matura t ion  is  c o n t r o l l e d  a t  l e a s t  i n  p a r t  by genes l i nked  
t o  t h e  major h i s t o c o m p a t i b i l i t y  complex (Boubelik e t  u l . ,  
1975). The exac t  numbers of r egu l a to ry  genes and t h e  l e v e x 9  
a t  which they ope ra t e  t o  a f f e c t  c e l l  popu la t i ons  i n  t he  
developing sp l een  obvious ly  remain t o  be worked out .  
Never the less ,  i t  appears  t o  be pos s ib l e  f o r  t he  f i r s t  t ime 
t o  g i v e  a  numer ica l ly  p r e c i s e  account of t he  c e l l u l a r  



Figure 7. h4.mber.s o f  TNP-specific RFC's i n  the  
spleens o f  BALB/c x (BALB/c x CBA/J)F1 backcross 
f e t a l  mice as a function of  spleen s i z e .  Al l  
fetuses were t es ted  on the  18th day of  gestation 
(Cohen e t  a l . ,  1977) .  

composition of a  developing mammalian organ,  t o  d e f i n e  t h e  
c o n t r o l s  a f f e c t i n g  t h a t  composi t ion,  and t o  r e l a t e  bo th  sets 
of parameters  t o  t h e  matura t ion  of t he  organ ' s  f unc t i on .  

L : Z c ~ Z  se lec t ion  and the  or igin  of  antibody d i v e r s i t y .  

The r e s u l t s  of our  experiments  can be summarized 
b r i e f l y .  C e l l s  s p e c i f i c  f o r  each  of 11  a n t i g e n s  could be 
de t ec t ed  i n  t h e  f e t a l  mouse on ly  i n  t h e  l a s t  four  days be fo re  
b i r t h ,  a t  which time they appeared i n  both t h e  l i v e r  and 
t h e  spleen.  Although t h e  numbers of ant igen-binding c e l l s  
p r e sen t  i n  f e t u s e s  were sma l l e r  than  t hose  i n  a d u l t s ,  no 
r e s t r i c t i o n  could be de t ec t ed  i n  t h e  v a r i e t y  of s p e c i f i c i t i e s  
expressed by t h e  f e t u s e s .  Under t h e s e  circumstances,  t h e  

hypothes i s  t h a t  c e l l s  of d i f f e r e n t  a n t i g e n i c  s p  c i t i e s  m a r e  genera ted  i n  a  wel l-defined temporal sequen u r ing  
development (Klinman and P r e s s ,  1975; S i l v e r s t e i n  e t  aZ., 
1963) seems h igh ly  un l ike ly .  

The d i s t r i b u t i o n s  of r e l a t i v e  a v i d i t i e s  wi th  which 
f e t a l  and a d u l t  c e l l s  bound an t i gens  were compared f o r  fou r  
an t i gens ,  and were i d e n t i c a l  w i t h i n  exper imenta l  e r r o r  i n  
a l l  cases .  This  r e s u l t  appears  i n c o n s i s t e n t  wi th  any 
matura t ion  of an t i gen - spec i f i c  c e l l s  a t  t h e  l e v e l  of an t igen-  
b ind ing  i t s e l f  (Cohn, 1968; Klinman and P r e s s ,  1975). I t  is  
wholly c o n s i s t e n t  w i th  t h e  wide range of obse rva t i ons  
sugges t ing  t h a t  t h e  f u n c t i o n a l  consequences of t h i s  binding 
event  may change a s  t h e  c e l l  and i ts  environment i n  thc  
animal both mature. 

Measurements of t h e  numbers of ant igen-binding c e l l s  
p r e sen t  i n  s i n g l e  f e t a l  sp l eens  showed no sys t ema t i c  
d e v i a t i o n  of i n d i v i d u a l  f  e t u s c s  from t h i s  pa t  t e r n ,  suggcst  in!: 
t h a t  i t  i s  an a c c u r a t e  d e s c r i p t i o n  of t h e  in~munologicill 
development of i n d i v i d u a l  mice, and not merely t he  average 
of h igh ly  d i s p a r a t e  popula t ions .  Furthernrore, a n a l y s i s  0 1  

ant igen-binding c e l l  number i n  inbred  and hybrid f e t u s e s  
sugges t s  t h a t  d i f f e r e n t  g e n e t i c  f a c t o r s  i n f l uence  t h e  
f r a c t i o n  of f e t a l  sp l een  c e l l s  which bea r  I g  on t h e i r  
s u r f a c e s ,  and t h e  p ropo r t i ons  among t h e s e  Ig+ c e l l s  of 
c e l l s  s p e c i f i c  f o r  any g iven  an t igen .  The most s t r i k i n g  
observa t ion ,  however, i s  t h a t  t h e  c o n t r o l s  on t he  r e p e r t o i r e  
composition o p e r a t e  wi th  such r e c i s i o n  t h ~ t  by t h e  time 
t h e r e  a r e  roughly 15,000 o r  21P, Ig+ c e l l s  i n  t he  f e t a l  
sp leen ,  t h e  p ropo r t i ons  of Ig+ c e l l s  binding s p e c i f i c a l l y  
t o  each  of va r ious  a n t i g e n s  i n  d i f f e r e n t  i n d i v i d u a l  mice 
of a  g iven  g e n e t i c  background f l u c t u a t e  no more than could 
be expla ined  by sampling f l u c t u a t i o n .  

Obviously, gene ra l  conc lus ions  concerning t h e  develop- 
ment of an t i gen - spec i f i c  c e l l s  must be q u a l i f i e d  by t he  f a c t  
t h a t  t h e  number of a n t i g e n s  t e s t e d  s o  f a r  i s  s t i l l  an  
extremely sma l l  f r a c t i o n  of t h e  t o t a l  number of an t i gens .  
I t  neve r the l e s s  seems l i k e l y  t h a t  t h e  f u l l  range,  i f  no t  t h e  
f u l l  d e n s i t y ,  of ant igen-binding c e l l s  i s  a l r eady  s p e c i f i e d  
by t h e  18 th  day of g e s t a t i o n .  
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~t k b e c o m e s  necessary t o  explain how such a wide 
,lcrtoire i s  generated i n  the  course o f  f e t a l  development. 

, , i ~ ~ . e  factors  might be supposed a pr ior i  t o  be d i r e c t l y  
!.valved; the genes coding for  I g  variable regions inherited 

' 

I the f e t u s  i n  i t s  germ-line genome; somatic mutational and 
ccon~hinational mechanisms acting i n  the  developing f e t u s  t o  
?nerate a larger s e t  o f  genes from the germ-line sequences; 
I I L ~  se lec t i ve  mechanisms, acting negatively or posi t ive ly  t o  
l r c r  the re la t i ve  frequencies o f  antigen-binding s p e c i f i -  
 ties ul t imately  expressed i n  the repertoire.  

A simple germ-line theory would suppose that  each 
d i f f e r e n t  ant igen-speci f ic  c e l l  expresses a d i f f e r e n t  germ- 
l i n e  gene and that the  proportions observed i n  the antigen- 
binding c e l l  repertoire r e s u t t  from the  regulated expression 
o f  these genes (Hood e t  aZ., 1975). While t h i s  theory 
provides a ready qua l i ta t i ve  explanation for  the control o f  
rcpertoire composition, recent experiments suggest that  i t  i s  
quant i ta t ive ly  inadequate t o  account for  the  d i v e r s i t y  o f  
s p e c i f i c i t i e s  i n  the repertoire .  In particular,  the  number 
df  germ-line genes now appears t o  be as small as one per 
haploid genome per heavy or l i g h t  cahin subgroup i n  a t  l e a s t  
sollie cases (Leder e t  aZ., 1975; Tonegawa, 1976). 

I t ,  t here fore ,  appears that  many, perhaps most, o f  the 
dries coding f o r  the  f u l l  repertoire  o f  I g  variable regions 

! r ~  generated by somatic mutation or related al terat ions  i n  
.i11,-line DNA. Within t h i s  framework, our data indicate 

t II'I t the mechanism which generates the repertoire must yield 
.producible proportions o f  antigen-binding s p e c i f i c i t i e s  i n  
' 2  'ibsence o f  se lec t ion  by antigens other than those 
lrdinarily present i n  the f e t a l  mouse, and that t h i s  

!L~hctidnism may funct ion i n  as few as 14 generations o f  c e l l  
J iv is ion.  These data appear incompatible wi th  any theory 
[ ! l i t  pos i t ive  se lec t ion  by antigens outside o f  the individual 
. ti:s determines the composition o f  the repertoire o f  antigen 

u-nJing s p e c i f i c i t i e s .  In pr inciple ,  however, t h i s  
remarkably precise and early control o f  the  repertoire could 
h e  explained by the  act ion o f  negative se lect ion on the  
repertoire generated by somatic mutation or recombination. 

Nossal and Pike (1975) have proposed, for  example, that  
an immature lymphocyte exposed t o  antigen i s  immediately 
and i r revers ib le  stripped o f  i t s  surface I g .  Such a c e l l  

e would not be detected e i ther  as an Ig+ c e l l  or an antigen- 
binding c e l l  i n  experiments o f  the sor t  described i n  t h i s  
paper. I f  t h i s  negative se lect ion were imposed by an 
invariant panel o f  se l f -ant igens ,  such as the  developing 
animal's own his tocompat ibi l i ty  antigens (Jerne,  1971),  
cer ta in  clones would be absent from the animal's repertoire 
a t  a l l  stages o f  development. A constant negative se lec t i ve  
force  o f  t h i s  sort  would cause no detectable maturation o f  
the  repertoire ,  e i ther  i n  the  range o f  antigen-binding 
s p e c i f i c i t i e s  expressed, or i n  the  d i s t r i b u t i o n  o f  a v i d i t i e s  
wi th  which any particular foreign antigen i s  bound. Such 
negative se lect ion would be expected t o  lead t o  f i n e  
d i f f e r e n c e s  i n  the  antigen-binding repertoires  expressed by 
genet ical ly  d i s t i n c t  s trains  o f  mice. Within the  l i m i t s  o f  
precision o f  the assays we have used, however, no d i f f e r e n c e s  
have been detected i n  the  composition o f  the  BALB/c and 
CBA/J f e t a l  repertoires i n  s p i t e  o f  d i f f e r e n c e s  between the  
two s trains  i n  a var ie ty  o f  genetic markers including 
his tocompat ibi l i ty  antigens ( S t a a t s ,  1976). 

Our data suggest that  the  repertoire may be generated 
rapidly and somatically, and that  it ar i ses  largely  i n  the 
absence o f  posit ive or negative se lec t ion  for  c e l l s  o f  
particular antigen-binding s p e c i f i c i t i e s .  I t  i s  possible 
t o  construct models o f  somatic mutation compatible wi th  
these res t r i c t ions  and wi th  the  observed constancy o f  the  
repertoire composition from individual t o  individual 
( J .  E .  Cohen, P .  D' Eustachio and G.M.  Edelman, unpublished 
observations).  I t  w i l l  be o f  considerab1.e i n t e r e s t  t o  
determine whether the  frequency and d i s t r i b u t i o n  o f  I g  
variable region sequences generated by such models accurately 
r e f l e c t  the patterns seen i n  the  sequences o f  actual I g ' s ,  
and t o  t e s t  the  predictions o f  these models against fur ther  
s tudies  o f  f e t a l  and adult lymphocytes and t h e i r  precursors. 
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DISCUSSION FOLLOWING PRESENTATTON BY DR. D'EUSTACHIO 

DR. STEELE: Based upon D r .  Mos ie r ' s  work p r e s e n t e d  e a r l i e r ,  
i t  a p p e a r s  t h a t  p r e s e n t i n g  an a n t i g e n  s h o r t l y  a f t e r  
b i r t h  p e r m i t s  one t o  modulate t h e  s i z e  of t h e  
responding  popula t ion .  Have you a t t empted  t o  i n f l u e n c e  
t h i s  by p r e s e n t i n g  a n t i g e n s  e a r l y  o r  by p r e s e n t i n g  
a n t i g e n s  t o  t h e  mother? 

DR. D'EUSTACHIO: We h a v e n ' t  t r i e d  d e l i b e r a t e l y  t o  do t h a t .  
A s  a  r o u t i n e  c o n t r o l  f o r  t h e  r o s e t t e  a s s a y s ,  I always 
assayed t h e  s p l e e n  f r o m t h e m o t h e r  of t h e  l i t t e r ,  and 
what we observed c o n s i s t e n t l y  i n  t h e  i n b r e d  f e t u s e s  was 
t h a t  w h i l e  r o s e t t e  forming c e l l  f requency  i n  t h e  
m a t e r n a l  s p l e e n  v a r i e d  s i g n i f i c a n t l y ,  r o s e t t e  forming 
c e l l  f requency  i n  t h e  i n b r e d  f e t a l  s p l e e n s  d i d  n o t .  
A t  l e a s t  t h i s  is  some i n d i r e c t  ev idence  s u g g e s t i n g  t h a t  
t h e  two compartments tend t o  behave somewhat indcpcndc2nt 
Whether I cou ld  f o r c e  a  change on t h e  f e t a l  compartment, 
I d o n ' t  know. 

DR. GOIDL: Have you a t t empted  t o  u s e  a  d i f f e r e n t  f i b e r  i n  
t h e  a s s a y ?  

DR. D'EUSTACHIO: I h a v e n ' t .  I should p o i n t  o u t  t h a t  when 
t h e  a s s a y  was b e i n g  developed a  number of k i n d s  of 
f i b e r s  were t e s t e d .  Nylon a p p e a r s  t o  be e n t i r e l y  
s a t i s f a c t o r y  i n  t h e  s e n s e  t h a t  e s s e n t i a l l y  a l l  o f  t h c  
b i n d i n g  can b e  c o m p e t i t i v e l y  i n h i b i t e d  by s o l r ~ b l e  
a n t i g e n  and e s s e n t i a l l y  a l l  b ind ing  can a l s o  be 
i n h i b i t e d  by a n t i b o d y  a g a i n s t  mouse immunoglobulin. I t  
i s  p o s s i b l e ,  i n  a d d i t i o n ,  t o  r e c o v e r  c e l l s  from t h e  
f i b e r  and show t h a t  they  have a n t i g e n  s p e c i f i c  imrnunc 
f u n c t i o n .  T h e r e f o r e ,  I d o n ' t  t h i n k  t h a t  t h e  nylon h a s  
a n y t h i n g  t o  do w i t h  what b i n d s  t o  t h e  f i b e r .  


