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Rapid  R e c r u i t m e n t  and P r o l i f e r a t i o n  of A n t i b o d y  P l a g u e - F o r m i n g  Cel ls  in the  A b s e n c e  of  N a t u r a l  
A n t i b o d y  

Induc t i on  of a n t i b o d y  fo rma t ion  is d i rec t ly  re la ted  to  
cellular events ,  including d i f ferent ia t ion ,  prol i fera t ion,  
and  r e c r u i t m e n t  of cells p r e sen t  in t he  l y m p h o i d  sys tem.  
R e c e n t l y  m u c h  a t t e n t i o n  has  been  d i rec ted  t owards  s t u d y  
of t he  k ine t ics  of appea rance  of specific a n t i b o d y  pro-  
ducing  cells I-6. However ,  t h e  ear l ies t  even t s  of tile im- 
m u n e  response,  p r o b a b l y  the  m o s t  i n fo rma t ive  phase  of 
immunogenes i s ,  is sti l l  poor ly  unders tood .  This  is due  
ma in ly  to  t he  fact  t h a t  all avai lable  model  sy s t ems  which  
p e r m i t  d i rec t  de tec t ion  and  e n u m e r a t i o n  of ind iv idua l  
an t ibody- sec re t ing  cells also reveal  t he  presence  of a 
' b ackg round '  of p re -ex i s t ing  or ' na tu ra l '  an t i body -  
p roduc ing  cells ~-14. In  th i s  regard,  we have  recen t ly  
descr ibed  a new mode l  sy s t em based  on the  Pfe i f fer  
p h e n o m e n o n  of v ibr io lys is  to  e n u m e r a t e  specific i m m u n o -  
cy tes  in l y m p h o i d  organs  of mice  i m m u n i z e d  wi th  Vibrio  
cholerae. To our  surprise,  no a n t i b o d y  forming  cells to  
th is  mic ro -o rgan i sm could be de t ec t ed  in normal ,  non-  
i m m u n i z e d  mice. The ava i lab i l i ty  of th is  ve ry  sensi t ive  
s y s t e m  w i t h o u t  a ' b a c k g r o u n d '  of na tu ra l  a n t i b o d y  
ac t iv i ty  pr ior  to  i m m u n i z a t i o n  offered a un ique  oppor-  
t u n i t y  to  s t u d y  the  ear l ies t  cel lular  even t s  dur ing  im- 
munogenes is .  

The  v ibr io ly t ic  i m m u n o p l a q u e  assay was  ut i l ized to  
de t e rmine  precise ly  t he  t i m e  of appea rance  of t he  f i rs t  
recognizable  a n t i b o d y  p laque  fo rming  cells (PFC),  a t  
closely spaced  t ime  in te rva l s  a f te r  immuniza t ion ,  us ing 
whole  spleen cell popula t ions .  For  th i s  purpose  groups  
of N I H  albino A mice  were  i m m u n i z e d  i.v. w i t h  5 ixg 
of a hea t -k i l l ed  vacc ine  of V. cholerae 15-is. 6 or more  
mice were kil led a t  var ious  t imes  a f t e r  i m m u n i z a t i o n  
and  the i r  spleens  assayed  for PFCs  by  the  d i rec t  v ibr io-  
lyric p laque  assay,  exac t ly  as descr ibed  prev ious ly  a6. 

The cri t ical  per iod of P F C  d i f fe ren t ia t ion  was  de ter -  
m i n e d  by  p i lo t  expe r imen t s .  Be tween  12 and  40 h af ter  
immuniza t ion ,  no t  a single P F C  was de t ec t ab l e  in t he  
en t i re  spleen of any  t es t  animal .  Groups  of 6-15 an imals  
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Number of plaque forming cells in whole spleen (average of 6-15 
mice 4- S.E.) at close intervals after single i.v. immunization (Ag) 
with 5 ~g of V. cholerae strain Ogawa vaccine (Only 1 of 6 animals 
positive at 42 h). Ag, day of antigen injection. 

were t h e n  kil led and  t e s t ed  a t  2 h in te rva l s  be tween  40 
and  72 h of the  response  (Figure).  One of 6 an imal s  
t e s t ed  42 h a f te r  i m m u n i z a t i o n  h a d  a few P F C s  in the  
spleen;  t he  o the r  mice were  negat ive .  At  4 4 h ,  5 of 6 
spleens t e s t e d  had  PFCs,  w i th  an average  of 9 per  spleen.  
Thus,  i t  could be concluded t h a t  t he  f i rs t  a n t i b o d y  form- 
ing cells a p p e a r  a f te r  a cons i s t en t  l a t en t  per iod of 42-46 h, 
w i th  an average  n u m b e r  of 9-10 P F C  per  spleen.  A t  
48 h, the re  was  an a b r u p t  increase to  50-60 PFCs  per  
spleen (Figure).  This  n u m b e r  r e ma i n e d  c o n s t a n t  for 12 h 
unt i l  a t h i r d  increase in t he  n u m b e r  of PFCs  occurred  
a t  62 h. Thus,  the re  was a ' s t epwise '  p a t t e r n  of P F C  
accumula t ion  in the  spleen b e t w e e n  42 and  72 h a f te r  
immuniza t ion .  

No de t ec t ab l e  se rum a n t i b o d y  to  vibr io  appea red  unt i l  
a t  least  4 d a y s  a f te r  immunizationX~, x~ and  ind i rec t  
PFCs  (p resumably  IgG a n t i b o d y  producers)  faci l i table  

Suppressive effect of eytosinarbinoside on appearance of vibriolytie 
antibody forming cells in spleens of mice treated at various times 
during first few days after immunization 

Time of drug injection Number of PFC per spleen b 
(h after immunization) • 48 h 96 h 

Normal control mice 
- 60 2972 

Drug treated mice 
6, 12, 24 34 - 
24, 30, 36 2 - 
48, 64, 72, 80 - 0 

i Groups of mice injected i.p. with 100 g.g of drug as indicated. 
b Average of the number of PFCs in 6-8 spleens tested at time 
indicated after i.v. immunization with 51.tg vaccine V. cholerae 
Ogawa. 
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b y  he t e ro logous  an t i -g lobu l in  s e r u m  a p p e a r e d  on ly  a f t e r  
t h e  7 th  d a y  xS. Thus ,  t h e  f i r s t  P F C s  a p p e a r  to  r e p r e s e n t  
a h o m o g e n o u s  p o p u l a t i o n  of IgM p r o d u c i n g  cells a n d  
c i r cu la t ing  a n t i b o d y  p r o b a b l y  ha s  no  d i rec t  r e g u l a t o r y  
role in  t h e i r  s tepwise  appea r ance .  I t  s eemed  l ike ly  t h a t  
t h e  in i t i a l  a p p e a r a n c e  of P F C s  was  due  to  a n o n - r a n d o m  
process  of r e c r u i t m e n t  of P F C s  f rom a pool  of as ye t  
u n c h a r a c t e r i z e d  precursors .  

To t e s t  t h e  i m p o r t a n c e  of ce l lu lar  p ro l i f e ra t ion  in t h i s  
response  cy tos ine - f l -D-arab inofuranos ide  H C L  (CA) was 
used as a specif ic  i n h i b i t o r  of D N A  s y n t h e s i s  Sg, ~°. Fo r  
t h i s  pu rpose  CA was in j ec t ed  r e p e a t e d l y  d u r i n g  t h e  1st, 
2nd or  3rd d a y  a f t e r  i m m u n i z a t i o n  i n to  pa ra l l e l  g roups  
of mice.  The  n u m b e r  of P F C s  pe r  spleen was d e t e r m i n e d  
a t  48 a n d  96 h (Table) .  W h e n  CA was in j ec t ed  b e t w e e n  
6 a n d  24 h a f t e r  i m m u n i z a t i o n  t h e r e  was  on ly  a m o d e r a t e  
dep res s ion  in t h e  n u m b e r  of P F C  de t ec t ed  a t  48 h. How-  
ever,  w h e n  CA was  i n j ec t ed  b e t w e e n  24 a n d  36 h t h e  
n u m b e r  of P F C s  de t ec t ed  a t  48 h was  a l m o s t  c o m p l e t e l y  
suppressed .  I n j e c t i o n s  of CA b e t w e e n  48 a n d  72 h also 
c o m p l e t e l y  suppres sed  P F C  f o r m a t i o n  a t  96 h (Table) .  

Thus ,  i t  seems r e a s o n a b l e  to  conc lude  t h a t  a n  a n t i g e n  
i nduced  D N A  syn thes i s  a n d  p ro l i f e r a t i on  of cells occurs  
m a i n l y  d u r i n g  t h e  second  d a y  of t he  l a t e n t  pe r iod  a n d  
t h a t  t h i s  p ro l i f e r a t i on  is essen t ia l  for  b o t h  specific dif- 
f e r e n t i a t i o n  of a n t i b o d y  f o r m i ng  cells a n d  t h e i r  a ccumula -  
t ion .  On t h e  o t h e r  h a n d ,  t h e  n a t u r e  of t h i s  p ro l i f e r a t ion  
is b y  no  m e a n s  clear.  I t  seems h i g h l y  un l ike ly  t h a t  t h e  
f i r s t  P F C s  ar ise  b y  a s y m m e t r i c  d iv i s ion  of some h y p o -  
t h e t i c a l  p r ecu r so r  cells d u r i n g  t h e  l a t e n t  per iod,  s ince 
even  1 such  p recu r so r  cell, w i t h  a g e n e r a t i o n  t i m e  of 
5-7  h ~1-~4, would  g ive  a h i g h e r  n u m b e r  of P F C  p r o g e n y  
t h a n  t h a t  found  e x p e r i m e n t a l l y .  F u r t h e r m o r e ,  t h e  ' s t a i r -  
case '  t y p e  of cell a c c u m u l a t i o n  to  sheep  e r y t h r o c y t e s  
desc r ibed  r ecen t l y  b y  o the r s  ~3 also would  n o t  ref lec t  a 
s imp le  c lonal  ' g r o w t h '  of PFCs.  Therefore ,  t h e  resu l t s  
of t h i s  s t u d y  s u p p o r t  t he  concep t  t h a t  a n t i b o d y  f o r m i n g  
cell d i f f e r e n t i a t i o n  is t h e  r e su l t  of more  c o m p l i c a t e d  
ce l lu lar  processes,  i nc lud ing  cell  i n t e r a c t i o n  2.-26 a n d  re- 
c r u i t m e n t  f rom a c o m p a r t m e n t  of p ro l i f e r a t i ng  pre-  
cursors  x-s, 21-ss. 

To o v e r c o m e  t h e  d i f f icul t ies  due  to  n a t u r a l  i m m u n e  
b a c k g r o u n d ,  STERZL e t  al. 27 a n d  KIM a n d  WATSON ~s 
h a v e  r e so r t ed  to  t h e  use of ge rm-f ree  p reco los t r a l  p ig le t s  
to  s t u d y  t h e  ear l ies t  p h a s e  of d i f f e r e n t i a t i o n  of h e m o l y t i c  
P F C s  to  sheep  r e d  b lood  cells. S imi la r  to  t h e  r e su l t s  
desc r ibed  in t h i s  s t u d y  w i t h  c o n v e n t i o n a l l y  b r e d  mice  

l ack ing  a p re -ex i s t ing  b a c k g r o u n d  to  cho le ra  bacil l i ,  t h e y  
also found  a de f in i t e  l a t e n t  pe r iod  of a p p r o x i m a t e l y  2 
d a y s  before  f i rs t  a p p e a r a n c e  of h e m o l y t i c  PFCs.  There -  
a f t e r  t h e r e  was  a r a p i d  increase  in t he  n u m b e r  of PFCs,  
genera l ly  g rea t e r  t h a n  t h a t  w h i c h  could  be  a c c o u n t e d  for  
b y  s imp le  cel lu lar  p ro l i fe ra t ion .  The  cons i s t ency  of t h e  
l a t e n t  pe r iod  of i m m u n e  response  to  2 u n r e l a t e d  a n t i g e n s  
in e x p e r i m e n t a l  s y s t e m s  w i t h o u t  a n a t u r a l  i m m u n e  
b a c k g r o u n d  suggests  t h a t  a specif ied t i m e  per iod  m a y  
be  necessa ry  for c e r t a i n  ce l lu lar  e v e n t s  i n i t i a t e d  b y  a n t i g e n  
s t i m u l a t i o n  before  t h e  f i rs t  a n t i b o d y  can  be  s y n t h e s i z e d  
or re leased  ,9. 

Zusammen/assung. Nachweis ,  dass  (~Plaque~-bildende 
A n t i k 6 r p e r z e l l e n  gegen s o m a t i s c h e  A n t i g e n e  yon  Vibrio 
cholerae s ich in der  Milz i m m u n i s i e r t e r  M~use schne l l  u n d  
, t r e p p e n a r t i g ~  n a c h  f i b e r e i n s t i m m e n d e r  L a t e n z z e i t  y o n  
42 h en twicke ln ,  o h n e  dass  d a b e i  e in  , b a c k g r o u n d ~  a n  
A n t i k 6 r p e r  b i l d e n d e n  Zel len zu er fassen  war .  
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Bi le  Sa l t s  and  P la te l e t  A g g r e g a t i o n  

R e l a t i v e l y  large  a m o u n t s  of t a u r i n e  are  k n o w n  to  be  
p r e s e n t  in  h u m a n  p l a t e l e t s  1. Since t a u r i n e  is p r e s e n t  in  
b i le  c o n j u g a t e d  w i t h  b i le  sal ts ,  i t  s eemed  to  us  n o t  un-  
r e a s o n a b l e  to  cons ider  t h e  he re to fo re  u n s u s p e c t e d  pos-  
s ib i l i ty  t h a t  some p l a t e l e t  t a u r i n e  m i g h t  be  c o n j u g a t e d  
w i t h  bi le  sa l t s  wh ich  m i g h t  p l a y  a role in  p l a t e l e t  aggrega-  
t ion .  I t  i t  n o t  k n o w n ,  however ,  w h e t h e r  b i le  sa l t s  in f luence  
t h e  a g g r e g a t i o n  of p la te le t s .  W e  r e p o r t  here  on  t he  ef fec t  
of bi le  sa l t s  on  p l a t e l e t  agg r ega t i on  a n d  p lug  f o r m a t i o n  in  
h u m a n  c i t r a t e d  p l a t e l e t - r i c h  p l a s m a  (PRP) .  

P l a t e l e t  agg rega t i on  a n d  p lug  f o r m a t i o n  was  s tud ied  
in  t h e  r o t a t i n g  loop s y s t e m  as p r e v i o u s l y  desc r ibed  2 
excep t  t h a t  t h e  b lood  was  col lec ted  i n to  2 .69% t r i s o d i u m  
c i t ra te .  All  b i le  sa l t s  were  p u r c h a s e d  f rom Calb iochem,  
Los  Angeles,  Cal i fornia ,  a n d  were  l abe l led  G r a d e  A. I n  
15 e x p e r i m e n t s  (9 d i f f e ren t  p la smas)  i t  was  obse rved  

t h a t  r ap id  p l a t e l e t  agg rega t ion  a n d  p lug  f o r m a t i o n  a lways  
occur red  in response  to  sod ium d e o x y c h o l a t e  (DOC) a t  
a f ina l  c o n c e n t r a t i o n  of 1.7 m M  a n d  in severa l  cases to  
as l i t t l e  as 0.43 m M .  Severa l  t a u r i n e  c o n j u g a t e s  of bi le  
sa l t s  were  also s tud ied  a n d  found  to  cause  p ]a te l e t  
aggrega t ion .  All  were less ac t ive  t h a n  DOC. T h e i r  a c t i v i t y  
in  descend ing  order  was :  s o d i u m  t a u r o d e o x y c h o l a t e  > 
s o d i u m  t a u r o c h e n o d e o x y c h o l a t e  > s o d i u m  t a u r o c h o l a t e  
(Table) .  F ree  t a u r i n e  h a d  l i t t l e  or  no  in f luence  on  p l a t e l e t  
agg rega t i on  (Table).  

D u r i n g  t h e  course  of these  s tud ies  i t  was  n o t e d  t h a t  a t  
a f ixed  c o n c e n t r a t i o n  of DOC t h e  agg rega t i on  p a r a m e t e r s  
i m p r o v e d  as t h e  i n t e r v a l  b e t w e e n  o b t a i n i n g  t h e  b lood  
s a m p l e  a n d  p e r f o r m i n g  t h e  t e s t  was  increased.  Qua-  
l i t a t i v e l y  s imi l a r  r e su l t s  were  o b t a i n e d  w i t h  s o d i u m  
t a u r o d e o x y c h o l a t e  a n d  s o d i u m  t a u r o c h e n o d e o x y c h o l a t e .  


