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O v e r c o m i n g  of  E n d o t o x i n  - M e d i a t e d  I m m u n o s u p p r e s s i o n  b y  Bordetella pertussis* 

E n d o t o x i n s  f rom gram-nega t ive  bac te r ia  m a y  ac t  as 
a d j u v a n t s  in the  p r i m a r y  i m m u n e  response  ~, ~. This  effect  
is ev iden t ly  due to t he  mul t ip l ica t ion  of an t ibody-  
p roduc ing  cells 3-~. Fu r the rmore ,  endo tox ins  s ignif icant ly  
enhance  the  process  of p r iming  for the  secondary  re- 
sponseL In  contras t ,  it  has  been  repor ted  t h a t  the  injec- 
t ion  of re la t ively  large a m o u n t s  of bacter ia l  l ipopoly- 
sacchar ides  before the  p r i m a r y  immuniza t ion  wi th  e i ther  
an t igen  or an t igen  and  endo tox in  resul ted  in suppress ion 
of a n t i b o d y  fo rmat ion  ins tead  of an enhanced  response  8-n.  
Fo r  the  induc t ion  of th is  t y p e  of immunosuppres s ion  i t  
appea red  to  be immate r i a l  w h e t h e r  homologous  or 
he tero logous  l ipopolysacchar ides  were used for p re t r ea t -  
m e n t  and  immuniza t ion  n.  The suppress ive  effect  m i g h t  
be due  e i ther  to  an in jury  of t he  af ferent  l imb of t he  
i m m u n e  appa ra tu s  or to reduc t ion  in p rogeni to r  immu-  
nocy tes  it. As compared  wi th  the  a d j u v a n c y  of bacter ia l  
endotoxins ,  t h a t  of killed Bordetella pertussis cells was 
found  to  be cons iderably  more  p ronounced  1~,13. There-  
fore i t  was sugges ted  t h a t  a d j u v a n c y  of B. pertussis is 
only  in pa r t  due to  the  ac t ion  of the  endotox ic  s t ruc tu re  6. 
If  i t  holds  t rue  t h a t  s t ruc tu ra l  c o m p o n e n t s  o the r  t h a n  
endotox ic  l ipopolysacchar ides  also produce  a d j u v a n t  
ac t iv i ty ,  it  m a y  be expec ted  t h a t  those  mater ia l s  are 
capable  of overcoming endo tox in -med ia t ed  immun o -  
suppress ion.  The  e x p e r i m e n t s  r epor ted  were  carr ied out  
to  t e s t  th is  effect.  

Adul t  female mice of t he  s t ra in  NMIRI (25-30 g) were 
tlsed and  div ided in to  3 groups.  The animals  of group I 
received an i.p. in ject ion of 4 • 108 sheep red  blood cells 
(SRBC) on day  0. Mice of b o t h  the  o ther  groups were 
addi t iona l ly  t r e a t ed  by  the  s imul taneous  i.p. in jec t ion  
of e i ther  100 /~g endo tox in  (ET) f rom Salmonella typhi 
(Difco, S. typhosa 0901, Code 3124) (Group II) or 3 • 109 
per tuss is  organisms (PO) (phase I, no t  adsorbed  bu t  
killed wi th  1:10,000 di lu t ion of Mer th io la te  for 30 min  
at  56~ ob ta ined  f rom the  Behr ing-Werke  Marburg,  
G e r m a n y  (group III ) .  Fu r the rmore ,  mice of the  groups I I  
and  I I I  were p r e t r e a t e d  wi th  several  i.p. in jec t ions  of 
ET  f rom S. typhi. Designa t ing  the  day  of immun iza t i on  
as day  0, 50 #g of t he  E T  were  given on days  -5  and  
-4,  75 #g on day  -3  and -2 ,  and  100 #g on day  -1 ,  respect i -  
vely. Mice of all groups  were  boos ted  wi th  4 • 108 SRI3C 
60 days  af ter  the  p r ima ry  immuniza t ion .  

At  d i f ferent  in tervals  af ter  t he  p r i m a r y  and  secondary  
immuniza t ion ,  6-9 mice out  of each group and  2 animals  

of t h e  u n t r e a t e d  controls  were sacrificed, the  spleens 
removed,  the  sera collected and  a f te r  pool ing s tored at  
--20 ~ unt i l  use. The n u mb er s  of 19 S and  7 S hemolys in-  
p roduc ing  spleen ceils were de t e rmined  per  10 e spleen 
ceils and per  to ta l  spleen, using the  di rect  ~4 and  indirec t  15 
a n t i b o d y  p laque  t echn iques  as descr ibed elsewhere ~. 
Tota l  serum hemolys in  ac t iv i ty  of pooled se rum samples  
and  of f ract ions  res i s tan t  to t r e a t m e n t  wi th  0 .125M 2- 
m e r c a p t o e t h a n o l  (2-ME) were de t e rmined  spec t ropho-  
tomet r i ca l ly  a t  530 n m  by  the  50% hemolys is  me thod .  

As comPared  wi th  the  p r i m a r y  immun iza t i on  of mice  
w i t h  4 • 108 SRBC (group I), t he  addi t iona l  t r e a t m e n t  
w i th  increasing doses of E T  f rom day  -5  to  day  0 (total  
a m o u n t :  450 #g ET) (group II) led to  a s ignif icant  
inh ib i t ion  of the  p r i m a r y  i m m u n e  response  a t  t he  cellular 
and  humora l  levels, especial ly p ronounced  wi th  respect  to  
t he  indi rec t  P F C  (Figure). This  is in accordance wi th  
previous  f indingsU.  In  the  group I the  mean  peak  value 
of indi rec t  P F C  was found on day  10 amoun t ing  to  
689,600 • 69,500 per  to ta l  spleen (2347 ~ 295 per  106 
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Development of direct and indirect plaque-forming spleen cells (PFC) during the secondary response of the mouse groups I-III  a 

Days after Average numbers of plaque-forming cells/10 e spleen cells b 
boosting 

Direct PFC in the groups Indirect PCF in the group 

I II III I II III 

0 c 54- 2 34- 1 274- 10 794- 12 84- 1 2304- 79 

3 4514- 84 1574- 39 6644-198 41954- 757 6654- 199 41154- 605 

4 7454-189 5764-143 13944-295 121394-1086 4 3 4 3 4 - 1 0 7 0  121964-2383 

5 804- 11 3194-112 11474-314 39224- 557 49364- 978 162824-3070 

6 1014- 24 1304- 20 8474-217 24704- 447 30494- 781 90424- 151 

The immunization schedule is given in the legend to the Figure. b The numbers represent the mean values and standard errors of 6 to 9 
spleens, c Mice were boosted 60 days after the primary immunization. 
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Development of direct and indirect plaque-forming cells (PFC) per l0 B spleen cells (A) and per total spleen (B) and total and 2-mercaptoethanol 
(2-ME} -resistant hemolysins (C) after the primary immunization of mice with 4 • 108 sheep red blood cells SRBC) ( O, group I), 4 x 108 SRBC 
and 100 [xg endotoxin (ET) from S. typhi ( &, group II) or 4 x 108 SRBC and 3 • 10 ~ pertussis organisms (@, group III). The animals of the 
groups II and III  were pretreated with relatively large amounts of ET from S. typhi . . . . .  , untreated controls. 6 mice were used per point. 

sp leen cells). This  d i f fered  s ign i f i can t ly  f r o m  t h e  corres-  
p o n d i n g  p e a k  va lue  of t h e  g roup  I I  (99000 • 28000 pe r  
t o t a l  sp leen ;  359 =L 116 pe r  106 sp leen  cells W h e n  3 • 109 
P O  were in jec ted  s i m u l t a n e o u s l y  w i t h  t he  S R B C  on  d a y  
0 in to  mice  p r e t r e a t e d  w i t h  E T  f rom d a y  , 5  to  d a y  -1 
(group I I I ) ,  t h e  n u m b e r s  o~f d i rec t  a n d  i nd i r ec t  P F C  were  
found  to  be  s ign i f i can t ly  increased  on  al l  days  t e s t e d  in  
c o m p a r i s o n  to  those  of g roup  I I  (Figure).  T he  same  ap-  
pl ied to  t he  s e rum h e m o l y s i n  t i t e r s  (Figure).  

W h e n  mice  of groups  I to  I I I  rece ived  a s econda ry  
an t igen ic  s t i m u l u s  of 4 X IO s S R B C  60 days  a f te r  t he  
p r i m a r y  i m m u n i z a t i o n ,  t he  s econda ry  i m m u n e  r eac t i on  
was cha rac t e r i zed  b y  t he  p r e d o m i n a n t  d e v e l o p m e n t  of 
i nd i r ec t  PFC.  Again,  t he  spleens of t he  mouse  group  I I  
c o n t a i n e d  s ign i f i can t ly  r educed  p e a k  n u m b e r s  of ind i rec t  
PFC,  as c o m p a r e d  w i t h  those  of t he  g roup  I (Table).  
Th i s  i nd ica t e s  t h a t  p r i m i n g  for t h e  s econda ry  re sponse  
was cons ide rab ly  impa i r ed  in t he  an i m a l s  of group I I .  
On  t he  con t r a ry ,  t he  process  of p r i m i n g  was found  to  be 
no t  i m p a i r e d  a t  all  in  t he  mouse  group  I I I ,  as can  be  
seen f r o m  t h e  d a t a  p r e s e n t e d  in t he  Table .  S imi la r  f ind ings  
were o b t a i n e d  a t  t h e  h u m o r a l  level.  

The  resu l t s  give ev idence  t h a t  p r e t r e a t m e n t  of mice  
w i t h  r e l a t i ve ly  large a m o u n t s  of E T  inh ib i t s  b o t h  t he  
p r i m a r y  i m m u n e  r eac t ion  and  t he  process  of p r i m i n g  for  
t h e  s e c o n d a r y  response.  Th i s  ind ica tes  t h a t  besides  
t h e  d a m a g e  of  i m m u n o c y t e s  a r e d u c t i o n  of an t igen -  
p rocess ing  m a y  p l ay  a s ign i f i can t  role in  e n d o t o x i n -  
m e d i a t e d  i m m u n o s u p p r e s s i o n .  Since t he  l a t t e r  could be  
comple t e ly  ove rcome  b y  t he  a d m i n i s t r a t i o n  of B. per- 
tussis cells, one  m a y  conclude  t h a t  t he  capac i t y  of these  
b a c t e r i a  to  func t i on  as nonspeci f ic  p ro l i fe ra t ive  s t imul i  ~, 1= 

is no t  solely due  to  t he i r  endo tox i c  s t ruc tu re ,  bu t ,  in  
add i t ion ,  to  o the r  s t r u c t u r a l  componen t s .  Th i s  concep t  is 
in  accordance  w i t h  t h e  f ind ing  t h a t  t he  a d j u v a n t  a c t i v i t y  
of t he  whole o rgan i sms  of B. pertussis was cons ide rab ly  
g rea te r  t h a n  could be expec t ed  f rom i ts  c o n t e n t  of 
e n d o t o x i n  ~. 

Zusammenfassung'. Die e n d o t o x i n - i n d u z i e r t e  Suppres-  
s ion der  A n t i k C r p e r b i l d u n g  gegenf iber  S c h a f e r y t h r o c y t e n  
b e s c h d i n k t  s ich n i c h t  n u r  auf  die P r im/ i r reak t ion ,  sonde rn  
f inde t  ih ren  A u s d r u c k  auch  in e iner  s ign i f ikan ten  Ve rmin -  
d e r u n g  der  P r / t p a r a t i o n  des l y m p h o r e t i k u l ~ r e n  Gewebes  
fiir die a n a m n e s t i s c h e  R e a k t i o n .  Be ide  Suppress ionsef-  
fekte  lassen sich i iberwinden,  w e n n  m a n  den  m i t  r e l a t iv  
h o h e n  E n d o t o x i n d o s e n  v o r b e h a n d e l t e n  M/iusen s i m u l t a n  
m i t  dem E r g t h r o c y t e n a n t i g e n  a b g e t 6 t e t e  Zellen yon  
Bordetella flertussis verabfo lg t .  Diese A k t i v i t ~ t  di irf te  
d a r a u f  zur f ickzuf i ihren  sein, dass  n e b e n  d e m  E n d o t o x i n  
noch  ande re  S t r u k t u r b a u s t e i n e  yon  B. pertussis a d j u v a n t e  
Akt ivi t~t t  bes i tzen.  
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