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Summary. The capac i ty  of L P S  to  enhance  Con A reac t iv i ty  of t h y m o c y t e s  ~ a s  s tudied  compara t i ve ly  in the  low- 
LPS - r e sponde r  C3H/Hej  mice and  the  h i g h - L P S - r e s p o n d e r  CBA mice. The e x t e n t  of synergism L P S  + Con A was 
found similar in bo th  strains.  

W h e n  cul tured  in the  presence  of bacter ia l  l ipopolysac-  
char ide  (LPS),  B - lymphocy t e s  f rom m o s t  mouse  s t ra ins  
are ac t iva ted  to ex tens ive  p ro l i fe ra t ion2  Such a s t imula-  
t ion canno t  be de tec ted  in the  case of mouse  t h y m u s  
cells incuba ted  wi th  L P S  alone 2. However ,  it  has  recen t ly  
been d e m o n s t r a t e d  t h a t  the  addi t ion  of appropr i a t e  
a m o u n t s  of L P S  to t h y m u s  celia cons iderably  increased 
the i r  in vi tro reac t iv i ty  to the  T-cell mi togen  concanava l in  
A (Con A) 3,4. T h e  mechan i sm of th is  synergis t ic  effect  
of L P S  on Con A- induced D N A  synthes i s  is poor ly  
unders tood  bu t  migh t  involve some in te rac t ion  of L P S  
wi th  the  t h y m o c y t e  membrane4 .  
C3H/Hej  is a unique s t ra in  whose B- lymphocy t e s  are 
r e f rac to ry  to the  mi togenic  effect  of L P S  5 7. The lack 
of L P S - r e c e p t o r  s t ruc tu re  on the  surface of C3H/Hej  
B- lymphocy te s  has been  invoked to account  for the i r  L P S  
unrespons iveness  5. The ques t ion  migh t  t hus  be raised 
whe the r  L P S  can influence D N A  syn the t i c  response  of 
C3H/Hej  t h y m o c y t e s  in a m a n n e r  similar  to t h a t  found 
in o the r  mouse strains.  This po in t  was inves t iga ted  in 
the  p resen t  work.  We have  s tudied  compara t i ve ly  the  
ex t en t s  of r eac t iv i ty  to Con A of t h y m o c y t e s  f rom 
C3H/Hej  and CBA mice in the  presence  of var ious  doses 
of LPS.  
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Fig. 1. hi vitro responsiveness of CBA arid C3H/Hej thymocytes to 
various doses of Con A added either alone (O) or in the presence of 
1.2 (~), 0.6 (A) and 0.3 (I) btg of LPS. Each point is the mean 
i SE of triplicates. 

Material and methods. CBA/Orl  and C3H/Hej  b reed ing  
pairs  were ob ta ined  f rom the  Centre  d 'E l evage  des 
A n i m a u x  de Labora to i res  (CNRS, Orl6ans-la-Source,  
France) ,  and the  Jackson  Labora to r i es  (Bar Harbor ,  
Maine, USA) respect ively .  Bo th  s t ra ins  were ma in t a ined  
by  s t r ic t  inbreed ing  in our an imal  facilities. All mice 
were used a t  the  age of 2 months .  T h y mu s es  were asep- 
t ical ly  r emoved  and  dissociated to single cell suspensions.  
Af te r  2 washings,  t h y m o c y t e s  were t r ans fe r red  to R P M I  
1640 cul ture  m e d i u m  (Eurobio,  Paris) con ta in ing  5% 
inac t iva ted  fetal  calf serum. Cultures were set  up in 
Microtes t  I I  p la tes  (Falcon 3040) as previous ly  descr ibed s. 
Each  well received 0.2 ml of cell suspens ion  a t  a con- 
cen t ra t ion  of 2 • 106 cells/ml. Vary ing  doses of Con A 
(Calbiochem) were added  to the  celt suspension.  L P S  
f rom E. coli 0.127 B 8 (Sigma), which  was verified no t  
to s t imula te  C3H/Hej  spleen cells, was fu r the r  added  in 
a m o u n t s  ranging  f rom 0.15 to  10 ~xg/welt. 
For  purpose  of compar ison ,  t h y m o c y t e s  f rom CBA and  
C3H/Hej  mice were a lways cul tured  in the  same mic ro te s t  
plate.  All cul tures  were p repa red  in t r ipl icates .  
After  48 h of incuba t ion  at  37~ in a humidi f ied  a t -  
mosphere  of 95% a i r /5% CO s , 1 b~Ci aH- thymid ine  
(aH-TdR, 25 Ci/mM, CEA, Saclay) was  added  to each 
well. Af te r  a fu r ther  24-h-period of incuba t ion ,  cu l tures  
were ha rves t ed  using a Mult iple  A u t o m a t e d  Sample  
H a r v e s t e r  (MASH). I nco rpo ra t ed  r ad ioac t iv i ty  was  
measured  in a Scint i l la t ion Counter  ( In te r t echn ique ,  
France) ,  and the  da t a  expressed  as mean  CPM • SE 
of t r ipl icates .  The effect  of L P S  was expressed  as p e r cen t  
increase of Con A s t imula t ion  : 

(CPM obtained with Con A + LPS) • 100 
- -  1 0 0 .  

CPM obtained with Con A alone 

Results and discussion. W h e n  cu l tured  for 72 h w i t h  
g raded  doses of Con A, t h y m o c y t e s  f rom CBA or C3H/Hej  
mice exh ib i t ed  e levated  D N A  syn thes i s  which fol lowed 
a charac te r i s t ic  dose-response  profile (figure 1). In  b o t h  
strains,  peak  response  regular ly  occurred wi th  Con A 
added  in a dose of 0.25 ~xg/well. By  con t ras t ,  the  add i t ion  
of L P S  alone to t h y m o c y t e s  was unable  s igni f icant ly  to  
a u g m e n t  the i r  3H-TdR up take  above backg round  level. 
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However ,  when  L P S  was added  to t h y m o c y t e s  in the  
presence  of op t ima l  or subop t ima l  d i lu t ions  of Con-A, 
th is  resul ted  in marked ly  h i g h e r  ra tes  of 8H-TdR in- 
co rpora t ion  t h a n  wi th  Con A alone (figure 1). These 
obse rva t ions  are in ag reemen t  wi th  those  repor ted  by  
Forbes  e t  al. 3 and  Ozato  et  al. 4. Moreover,  as shown in 
figure 2, the  degree of e n h a n c e m e n t  of t h y m o c y t e  
r eac t iv i ty  to Con A depended  on the  a m o u n t  of L P S  used. 
B o t h  wi th  CBA and  C3H/Hej  thymo~ytes ,  doses of L P S  
ranging  be tween  0.15 and  1.2 txg/well were mos t  eff icient  
in th is  respect ,  while h igher  doses (10 vg/well) somew h a t  
exe r t ed  inh ib i to ry  effects.  The above  d a t a  suggest  
t h y m o c y t e s  f rom CBA and C3H/Hej  mice are equal ly  
sens i t ive  to LPS.  
A series of 17 expe r imen t s  was then  carr ied out  to  fu r ther  
compare  the  ex t en t s  of synergism L P S  + Con A in  the  
2 s trains.  The resul ts  of these  expe r imen t s  are summar ized  
in figure 3. I t  can  be seen tha t ,  on average,  L P S  prove  
qui te  as effect ive in enhanc ing  Con A response in thy-  
mocy t e s  f rom CBA mice as in those  f rom C3H/Hej  mice. 
Thus,  the  m e a n  increases in Con A response p roduced  
b y  L P S  were found to be respec t ive ly  98 4- 15% in 
CBA t h y m o c y t e s  and  94 4- 16% in C3H/Hej  t hymocy te s .  
Therefore ,  a l though C3H/Hej  mice are iner t  to m a n y  
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Fig. 2. Synergistic effect of various doses of LPS on the aetivation 
by Con A (0.25 [zg) of thymocytes from CBA (0) and C3H/Hej 
mice (O). 
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Fig. 3. Maximal degrees of enhancement of Con A response induced 
by LPS on thymocytes from CBA and C3H/Hej mice. In all 17 ex- 
periments, thymocytes from both strains were cultured in parallel 
under similar conditions. 

biological effects  of L P S  9, the i r  t h y m o c y t e s  are inf luenced 
by  L P S  in the  same w a y  and  to  the  same ex t en t  as those  
f rom a h i g h - L P S  responder  s t rain.  
The mechan i sm of th is  L P S - i n d u c e d  a u g m e n t a t i o n  of 
Con A response  has no t  been  elucidated.  However ,  the  
p resen t  d a t a  def in i t ive ly  rule ou t  the  possibi l i ty  of some 
pa r t i c ipa t ion  of co n t ami n a t i n g  LPS- reac t ive  B-cells in 
th is  reac t ion  3, as it  still  occurs in a s t ra in  devoid  of 
LPS-sens i t ive  B-cells. Ra the r ,  it  seems t h a t  L P S  acts  
on those  t h y m o c y t e s  which  normal ly  respond to  Con A. 
The mobi l iza t ion  and cross- l inkage of glycoproteic  Con A 
receptors  a t  the  cell surface accompan ied  by  an increase 
of m e m b r a n e  f lu idi ty  are known  to take  place ear ly  
dur ing  s t imula t ion  by  Con A 9. Such m e m b r a n e  e v e n t s  
p r e sumab ly  represen t  the  signal  of l ymphocy te  t r igger ing 
and L P S  m i g h t  exer t  i ts  synergis t ic  act ion pr imar i ly  a t  
th is  level. Thus,  an in te rac t ion  of L P S  wi th  e i ther  the  
Con A itself  or wi th  the  t h y m o c y t e  m e m b r a n e  could 
be considered.  
In  the  t i rs t  a l t e rna t ive  it is conceivable  t h a t  the  sugar  
moiet ies  of L P S  could b ind  Con A molecules which  in 
t u rn  would lead to a more  efficient  cross-l inkage of the  
t h y m o c y t e  Con A receptors .  However ,  in unpub l i shed  
exper iments ,  we have  found  t h a t  p repa ra t ions  of L P S  
t h a t  are rendered  nonmi togen ic  by  alkaline hydrolysis11 
or t r e a t m e n t  w i th  P o l y m y x i n  B 12, no longer show synergy  
wi th  Con A. This  r equ i r emen t  for mi togenic i ty  of the  
L P S  argues aga ins t  a t r iv ia l  ext ra-cross- l inking of Con A 
molecules as the  mechan i sm of the  synergy.  Therefore ,  
the  second poss ibi l i ty  of some in te rac t ion  of Lipid-A or 
of the  L P S  micelles wi th  the  t h y m o c y t e  m e m b r a n e  would 
appear  more  likely. In  fact,  L P S  are a m p h i p a t h i c  mole- 
cules w i th  a s t rong t e n d e n c y  to associate wi th  cell 
m e m b r a n e s  la. Such molecules are likely to  in te rac t  in a 
nonspecif ic  man n e r  w i th  the  t h y m o c y t e  m e m b r a n e  by  
inser t ion  in the  lipid bilayer.  The f inding t h a t  L P S  can 
d imin i sh  the  surface-charge of cor t i sone- res i s tan t  t hy -  
mocy tes  suppor t s  th is  view 1.. 
Thus,  the  in te rac t ion  wi th  L P S  migh t  p e r t u rb  some 
c o m p o n e n t s  of the  t h y m o c y t e  m e m b r a n e  in such a way  
t h a t  t he  t r igger ing even t s  are enhanced.  C3H/Hej  mice 
are bel ieved to  be lacking a genet ical ly  de t e rmined  
m e m b r a n e  receptor  specific for L P S  and  required for 
B-cell  ac t iva t ion  5. If  one assumes the  effect  of L P S  on 
t h y m o c y t e s  is med ia t ed  t h ro u g h  some in te rac t ion  wi th  
the i r  p l a sma  membrane ,  t hen  the  p resen t  results  impl ica te  
t h a t  the  L P S  receptor  on B-cells and  the  L P S  recep tor  
on t h y m o c y t e s  are coded b y  d i f ferent  genes and  m a y  
be of d i f fe ren t  na ture .  Moreover,  the  synergis t ic  effect  
of L P S  on Con A response  can be concluded to proceed 
by  a mechan i sm d i f fe ren t  of t h a t  involved in B-cell  
s t imula t ion .  
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