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Interact ion of Specif ic  Ant ibody  P r e c u r s o r  C e l l s  

There  is m u c h  cur ren t  in t e res t  concern ing  cel lular  
e v e n t s  in a n t i b o d y  format ion ,  especia l ly  t h e  role a n d  
n a t u r e  of an t igen- reac t ive  cells or a n t i b o d y  p recur so r  
cells p r ior  to  specific immuniza t ion .  I t  is general ly  accep ted  
t h a t  t he  f i rs t  s tages  of t he  i m m u n e  response  m a y  involve  
t h e  recogni t ion  b y  specif ic  l eukocytes  of an  an t igen ,  or  
a t  l eas t  an  an t igen  t h a t  has  f i rs t  been  processed  b y  o t h e r  
cells ~,2. A n u m b e r  of inves t iga to r s  have  n o w  demo n s -  
t r a t e d  b o t h  in  v i t ro  in te rac t ions  o f  a smal l  p r o p o r t i o n  
of l y m p h o i d  ceils f rom n o n - i m m u n e  an imal s  w i t h  several  
d i f fe ren t  an t igens  3-s. The  na tu r e  of such  r eac t ions  a n d  
the  role of l y m p h o e y t e s  t h a t  a re  invo lved  in th is  p h e n o m -  
enon  are no t  ye t  clear.  

P re -ex i s t ing  cells also are p r e sen t  in l y m p h o i d  organs  
wh ich  in te rac t  in v i t ro  w i t h  pa r t i cu la t e  an t igens  such  
as xenogeneic  e r y t h r o c y t e s  or G r a m - n e g a t i v e  bac te r ia  
to  form 'c lus ters '  or rose t t es  ~-12. Fol lowing specific 
i m m u n i z a t i o n  the  n u m b e r  of such cluster-  or rose t te -  
fo rming  cells increases  s igni f icant ly  and  ref lects  the  
i n t ens i ty  of t he  a d a p t i ve  i m m u n e  response  n-~s. How-  
ever,  t he  exac t  re la t ionsh ip  b e t w e e n  pre -ex i s t ing  cluster-  
fo rming  ceils to  t he  i m m u n e  response  is largely unknown .  
A l t h o u g h  i t  is unl ikely  t h a t  all or m o s t  of these  cells are 
ac tua l ly  an t igen- reac t ive  or p recursor  cells ~e-~9, i t  seems 
reasonable  t h a t  i m p o r t a n t  i n fo rma t ion  m a y  be ob t a in e d  
by  s t u d y i n g  the  effects  of r emov ing  these  cells f r o m  a 
spleen cell  popu la t ion .  Des t ruc t i on  of l eukocy tes  capab le  
of  reac t ing  in v i t ro  w i t h  a specif ic  rad io- i so tope- labe l led  
an t igen  has  been  found  to  decrease  m a r k e d l y  the  capab i l i t y  
of a spleen cell suspens ion  to  t r ans fe r  specif ic  a n t i b o d y  
fo rma t ion  to  i r r ad ia t ed  rec ip ien ts  4-e. I n  t h e  p r e s e n t  s t u d y  
c lus te r - fo rming  ceils to  a bac te r ia l  somat ic  an t i gen  pre-  
ex is t ing  in t he  spleen ot  n o n - i m m u n i z e d  mice  ~4, ~0, 2~ were  
phys ica l ly  r e m o v e d  b y  d i f fe ren t ia l  cen t r i fuga t ion  a n d  the  
r ema in ing  cells t e s t ed  for the i r  ab i l i ty  to  a d o p t i v e l y  
t r ans fe r  t h e  i m m u n e  response  to  o t h e r  mice.  

in v i tro  wi th  a Bacterial  S o m a t i c  Ant igen  

For  these  e x p e r i m e n t s  ' no rma l '  spleen cells were  ob- 
t a ined  f rom n o n - i m m u n i z e d  N I H  Albino A mice, w a s h e d  
careful ly  w i t h  buf fe red  H a n k s '  solut ion in  t h e  cold, a n d  
a d j u s t e d  to  a s t anda rd i zed  suspension.  The  cells were  
i ncuba t ed  in v i t ro  a t  a ra t io  of  a p p r o x i m a t e l y  1:100 
w i t h  a suspens ion  of hea t -k i l l ed  E .  ¢oli 0127B:8 ~,~4. 
A f t e r  I t o  3 h i ncuba t i on  a t  37 °C t h e  spleen ce l l -bacter ia  
suspens ions  were  cen t r i fuged  in a 5 to  30% bov ine  se rum 
a l b u mi n  g rad ien t  in  3 m m  d i a m e t e r  glass tubes .  5/1 o ml  
f rac t ions  were  col lected and  t o t a l  v iab le  cell coun t s  
de t e rmined .  The  n u m b e r  of spleen cells fo rming  c lus ters  
w i th  a d h e r e n t  E .  coli was d e t e r m i n e d  for  each  f rac t ion  
by  microscopic  examination14,  xs,~L In  addi t ion ,  t he  
n u m b e r  of sp leen  cells i n t e rac t ing  w i t h  bac te r ia  so as 
to  fo rm bac te r ia l  a d h e r e n t  colonies (BAC) in s u b s e q u e n t  
agar  gel cu l tures  was  d e t e r m i n e d  for each  f ract ion,  
exac t ly  as descr ibed  previously~0. Po r t ions  of each frac- 
t ion,  as well  as su i table  controls ,  were t h e n  t r ans fe r r ed  
i.v. to  g roups  of 5 to  10 syngeneie  rec ip ien t  mice t r e a t e d  
24 h prev ious ly  wi th  whole  b o d y  X- i r r ad i a t ion  (850 R). 
Other  mice  were  in jec ted  wi th  un f r ac t i ona t ed  cell sus- 
pensions ,  or were  g iven no cells as a control .  As an 
add i t iona l  c o n t r o l  no rma l  spleen cells were i ncuba t ed  
as above  w i t h  saline alone or w i th  un re l a t ed  an t igens  
such  as hea t -k i l l ed  Shige l la  or sheep red blood cells. 
E a c h  mouse  was  t h e n  cha l lenged  by  i.p. in jec t ion  of  
a p p r o x i m a t e l y  10 ° hea t -k i l led  E .  coll. All mice  were  kil led 
8 -9  days  l a t e r  and  the  n u m b e r  of BAC per  sp leen  was  
de t e rmined .  I n  addi t ion ,  lyric a n t i b o d y  p l aque - fo rming  
cells (PFC) to  E .  ¢oli were  also d e t e r m i n e d  b y  t h e  d i rec t  
bae te r io ly t i c  p l aque  assay  in  agax gel e x a c t l y  as descr ibed  
e lsewhere  x~, 2o. 

As can be seen t r o m  t h e  Table ,  i ncuba t i on  of n o r ma l  
spleen c e l l  suspens ions  w i t h  E.  coli in  vi t ro ,  w i t h o u t  
s u b s e q u e n t  cen t r i fuga t ion ,  had  l i t t le  ef fect  on  t h e  appea r -  
ance of BAC or  P F C  in rec ip ien t  spleens.  There  was  l i t t le  

Effect of differential centrifugation of spleen cell suspensions on 
precursors of antibody forming cells to E. eoli as assessed by transfer 
to antigen stimulated irradiated recipients 

Spleen cell treatment~ Recipient antibody response b 
in vitro BAC PFC Serum 

titer ° 
(mean) 

(x 10 ~ ) (x 10 ~) (log 2) 

None (saline controls) 13.7 36.5 6.3 
E. eoti - not centrifuged 15.1 32.6 6.7 
Centrifuged - Fraction I (top) 1.8 34.5 2.3 

2 1.2 36.9 3.5 
3 3.1 33.1 3.9 
4 9.3 37.5 7.3 

Shigdla - not centrifuged 14.i 31.5 6.9 
Sheep RBC - not centrifuged 16.3 33.8 7.1 
No cells transferred < 1.0 <: 1.0 < 2 

Donor mouse spleen cells incubated for 60 min at 37°C either alone 
or with indicated antigen; for fractionation cell-bacteria suspension 
centrifuged through 5-30% bovine serum albumin gradient. ~ Each 
recipient given 15-30 × 10 s syngeneic spleen cells after indicated 
treatment and then challenged i.p. with E. coli vaccine; number 
of antibody forming cells per spleen {eithcr bacterial adherent 
colonies or plaque forming cells) determined for 5-8 mice per group 
8 days later. ~ Mean serum titer determined by bacteriolytic assay 
for each group by microtiter assay. 
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or no difference between the responses of mice receiving 
donor spleen cells incubated with saline alone or with 
the E. coli. However, when E. coli-incubated spleen ceil 
suspensions were fractionated by centrifugation, there 
were marked differences in the number of BAC appearing 
in recipient spleens (Table). Many fewer BAC were 
present when the upper fractions, which were devoid of 
most bacteria adherent cells, were used for cell transfer. 
In contrast, the lowest fraction, which contained many 
more bacterial cluster forming ceils, generally gave 2-4 
times more BAC. This number of BAC, however, was 
generally similar to tha t  which occurred following transfer 
of similar numbers of splenocytes which had not been 
incubated in vitro with the E. coll. The number of bacte- 
riolytic PFC to E. coli in recipient spleens did not vary 
significantly, regardless of the t rea tment  of the donor 
spleen cell suspensions or the type of fraction transferred 
(Table). 

Incubation of normal spleen cells with sheep erythro- 
cytes or Shlgella resulted also in clusters of spleen cells 
and specific antigen, but  there was no detectable effect 
on the number of BAC appearing in recipient spleens 
(Table). In addition, only very low numbers of BAC 
and PFC appeared in the spleens of X-irradiated control 
mice tha t  were not given donor spleen cells. The appear- 
ance of antibody-forming ceils in the recipients could be 
at t r ibuted to the donor cell population. Viable cells were 
necessary, since heating of the donor splenocytes at 80°C 
for 1 h, regardless of in vitro t rea tment  with antigen, 
resulted in a marked diminution in the number of anti- 
body-forming cells, either BAC or PFC, that  appeared 
in the recipients. Thus, it seems unlikely tha t  any antigen 
transferred with the spleen cell suspension influenced the 
recipient response. Only those recipients actively chal- 
lenged with the E. coli had significant BAC or PFC 
responses. 

I t  seems reasonable from the results of these experi- 
ments to conclude tha t  some of the splenocytes from 
normal mice which react with E. coli in vitro to form 
clusters may be directly involved in the immune response, 
either as precursors of antibody-forming cells or as 
antigen-reactive cells. The separation of such reactive 
cells with adherent bacteria from spleen cell suspensions 

by centrifugation markedly affected the ability of the 
remaining cell population to adoptively transfer antibody- 
forming capacity to X-irradiated syngeneic mice, as 
assessed by the BAC assay. However, there was lit t le 
effect on the PFC response of the same recipients, which 
suggests tha t  precursor or antigen-reactive ceils for BAC 
are different from those for PFC, which depend on syn- 
thesis of lyric antibody. Specificity of the reaction sug- 
gests there are separate and distinct pre-existing cell 
populations that  can respond to specific antigens. Thus 
the spleen ceils from non-immunized mice tha t  reacted 
in vitro with E. coli appeared to be the same ones tha t  
were concerned with the adoptive transfer of BAC forma- 
tion, but  not  with development of PFC. However, these 
cells may merely represent immunocytes that  persist 
after earlier stimulation by the same or cross-reacting 
antigens in the environment.  The removal of these cells 
from a spleen cell suspension could thus decrease the 
number of 'memory '  cells necessary for a secondary, 
rather than a primary type response to this bacterial 
antigen. 

Zusammen[assung. Es gelingt durch niedertourige Dif- 
ferentialzentrifugierung normaler Milzzellen der Maus, 
in vitro mit  E.-coli-Suspensionen inkubiert, den Grobteil 
der Vorliiufer Antik6rper bildender Zellen abzutrennen, 
welche zusammen mit  E. coli spezifische Agglutinine bil- 
den konnten. Dies war durch Erfassung bakterieller 
~Kolonieverklumpung~) in Empfiinger-M/iusen zu be- 
stimmen. 
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Passive Hemagglutination of Her_pesvirus h o m i n i s  

The efficacy of the passive hemagglutination (PHA) 
test  in detecting ant ibody to viraI antigens is welt 
establishedL I t  was reported in the literature2; a tha t  
Herpesvirus homings can be passively coated on erythro- 
cytes which will then be agglutinated by specific immune 
sera. A more recent publication 4 confirmed the effective- 
ness of the P H A  test  for detecting antibodies to Herpes- 
virus and also indicated that  this method is effective 
in distinguishing between the 2 antigenic types of virus, 
The purpose of the work herein reported was to separate 
the antigen responsible for the PHA act ivi ty  and to 
further characterize this test. 

Materials and methods. Herpesvirus, type 1 Maclntyre  
strain VR 3, was grown in both HeLa and HEp-2 cells. 
The cells were grown as monoiayers in either prescription 
bottles or in roller bottles and were harvested when the 
cytopathic changes were well advanced (3+).  Infected 
cells were washed at least 3 times, resuspended in bal- 
anced salt solution (BSS) and stored at  --70°C. Before 
they were used all preparations were centrifuged for 

10min at  1500×g to remove cellular debris. Certain 
preparations were stabilized with formaldehyde ~. Viral 
preparations were either purified on 5% to 50% sucrose 
gradients and centrifuged at  30,000 to 50,000 x g  for 1 h 
or spun to equilibrium in CsC1 self-forming gradients at  
100,000 ×g for 44 h 8. 

Fractions were routinely collected by the bo t tom drip 
method and diluted with approximately  4 volumes oI 
phosphate-buffered saline, pH 7.2 (PBS). In certain 
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