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The Use  of C o m p l e x e s  of L y m p h o c y t e  Ant igens  
of Ant i l ymphocy t i c  Sera 

A n t i l y m p h o c y t i c  sera (ALS) conta in  ant ibodies  which  
react  agains t  c o m p o n e n t s  o the r  t h a n  lymphocy tes ,  and  
some of these  an t ibodies  are toxic  1-a. Less tox ic  sera have  
been  ob ta ined  using subcetlular  ant igens,  chief ly m e m -  
branes~,4, 5. The poss ib i l i ty  of using non tox ic  sera to  
isolate pur i f ied ant igens  by  immunoprec ip i t a t i on  seems 
a t t rac t ive ,  a l though  recovery  of the  an t igen  f rom the  
an t i gen -an t i body  complex  m a y  be difficult .  We have  
therefore  inves t iga ted  the  poss ibi l i ty  of using undissoc ia ted  
an t i gen -an t i body  complexes  as immunogens  in the  
p repa ra t ion  of ALS.  This app roach  m a y  seem unl ikely 
to yield p o t e n t  ALS,  since specific a n t i b o d y  t ends  to 
depress  the  i m m u n e  response  to ant igen,  w h e t h e r  t he  
an t i body  is p resen t  as a resul t  of pr ior  i m m u n i z a t i o n  or is 
admin i s t e red  pass ively  ~. In  some ins tances  e, however ,  
an t i body  has  an a d j u v a n t  effect  when  admin i s t e red  
s imul taneous ly  w i t h  ant igen.  T h e  regula tory  effect  of 
a n t i b o d y  on the  i m m u n e  response  has  been  reviewed by  
UHR and MOLLER ~. 

In  a p re l imina ry  exper iment ,  to  de te rmine  whe the r  or 
no t  immunosuppres s ive  an t i body  could be ob ta ined  using 
a complex  as immunogen ,  whole mouse  t h y m o c y t e s  
were agg lu t ina ted  using a horse an t i  mouse  t h y m o c y t e  
serum. As the  cell suspens ion  was t r ea t ed  wi th  increasing 
amoun t s  of an t i s e rum c o n t a m i n a t i n g  e ry th rocy tes  agglu- 
t i na t ed  first.  These were r emoved  by  cent r i fugat ion ,  
resul t ing in a considerable  pur i f ica t ion of the  ant igen.  
At  h igher  a n t i b o d y  levels t he  t h y m o c y t e s  agg lu t ina ted  
and  were col lected by  sed imenta t ion .  The agg lu t ina ted  
ceils were washed  3 t imes  in physiological  saline and 
in jec ted  in to  rabbi ts .  The rabb i t s  (No. 543 and  544) 
received 1 in jec t ion  of 108 cells in F r eund ' s  Comple te  
A d j u v a n t  (FCA) in the  foot  pad,  followed 14, 21, 28 and  
35 days  la ter  by  i.v. in ject ions  given w i thou t  ad juvan t ,  
and  were bled ou t  on d a y  46. The in v i t ro  t i t res  and  the  
med ian  survival  t ime  in t he  mouse skin al lograf t  test ,  
shown in the  Table,  indica te  t h a t  the  sera were of modera t e  
po tency .  

i n  a second e x p e r i m e n t  2 r abb i t s  (No. 572 and  573) 
were in jec ted  wi th  an an t igen  p repared  by  p rec ip i t a t ion  of 
a t h y m o c y t e  lysate  using a r abb i t  an t i  mouse  t h y m o c y t e  
m e m b r a n e  serum. The an t i se rum was p repared  as describ-  
ed elsewhere ~ and  was absorbed  wi th  g lu ta ra ldehyde-  
f ixed mouse  e ry th rocy tes .  The mouse  t h y m o c y t e s  were  
lysed by  homogeniza t ion  in hypo ton ic  buffer  ~ and  the  
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lysate  was cent r i fuged at  100,000 g for 30 rain to s ed imen t  
the  par t icu la te  e lements .  The pellet  was resuspended  in 
a smal l  volume of saline and  t r ea ted  wi th  the  ant i serum,  
which  agglu t ina ted  some of t he  particles.  The agglu t ina ted  
mater ia l  was separa ted  f rom unagglu t ina ted  f r agment s  
by  low-speed centr i fugat ion,  r e suspended  in saline, and  
in jec ted  into rabbi ts .  TWO control  r abb i t s  (No. 574 and 
575) received m e m b r a n e  p repa red  f rom the  same lysate  
by  dens i ty  grad ien t  cent r i fugat ion ,  as descr ibed pre- 
viously  4. The rabb i t s  received two inject ions (day 0 and  
14) in FCA in the  foot  pad,  and  were bled out  on day  
21. The resul ts  set  out  in t he  Table indicate  t h a t  'mem-  
brane  an t igen '  separa ted  by  prec ip i ta t ion  wi th  an t i b o d y  
was as effective as m e m b r a n e  p repared  by  phys ica l  
separa t ion  methods .  The graf t  survival  t imes  were 
s o m e w h a t  super ior  in t he  ant i sera  raised aga ins t  complex,  
and  the  in v i t ro  resul ts  ind ica ted  t h a t  the  sera raised 
agains t  complex  and  those  raised agains t  m e m b r a n e  were 
ve ry  s imilar  in the i r  range  of biological activit ies.  

To inves t iga te  t he  behav iour  of complexes  of h u m a n  
cells, h u m a n  per iphera l  l ymphocy te s  were agg lu t ina ted  
wi th  a r abb i t  an t i se rum raised agains t  a soluble ant igenic  
ex t r ac t  f rom h u m a n  l y m p h o c y t e s  ~. The agglu t ina ted  cells 
were washed  and in jec ted  in to  r abb i t s  552 and 553, w i th  
t he  same regime as t h a t  used for r abb i t s  543 and 544. The 
in v i t ro  resul ts  shown in the  Table  indica ted  t h a t  the  sera 
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In vitro~ and in vivo b testing of antisera 

HA s LA ~ PA ~ Cytox. ~ IMF ~ RI ~ MST �9 

1st Experiment { 

2nd Experiment 

3rd Experiment { 

543 Mouse thymocyte complex 1:48 1:24 >1:2 1:64 1:32 1:8000 24.0 
544 Mouse thymocyte complex 1:24 1:32 >1:2 1:64 1:64 1:4000 23.5 
572 Mouse thymocyte lysate complex 1:16 1:64 >1:2 1:128 1:32 1:4000 32.5 
573 Mouse thymocyte lysate complex 1:16 1:96 >1:2 1:128 1:64 1:4000 30.0 
574 Mouse thymocyte membrane 1:4 1:48 >1:2 1:128 1:64 1:8000 32.5 
575 Mouse thymocyte membrane 1:32 1:64 >1:2 1:96 1:64 1:2000 20.0 
552 Human blood lymphocyte complex 1:192 1:128 >1:2 1:16 1:64 1:8000 Not tested 
553 Human blood lymphocyte complex 1:192 1:16 >1:2 1:4 1:32 1:4000 Not tested 

Haemagglutination (HA), leucocyte agglutination (LA), platelet agglutination (PA) and cytotoxicity (Cytox.) tests were carried out as 
described elsewhere 8. None of the sera tested gave any detectable platelet agglutination at the lowest dilution used (1:2). The rosette inhibi- 
tion test (RI) was carried out essentially as described by BACH et al. ~ and the immunofluorescence (IMF) test as described by THOMAS et al. 8. 
b The mouse homograft test was carried out as described previously 4. The median survival time (MST) for groups of 6-10 mice is given in 
days. The standard deviation around the mean survival time was 2 6 days for the experiments described here. Control mice injected with 
normal rabbit serum instead of ALS gave MST 12-13.5 days. 
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would  be  non- tox ic  (low h a e m a g g l u t i n a t i o n  and  p l a t e l e t  
agg lu t ina t ion )  and  of m o d e r a t e  p o t e n c y  in vivo.  These  
e x p e r i m e n t s  ind ica te  t h a t  l y m p h o c y t e  a n t i g e n - a n t i b o d y  
complexes  are immunogen ic .  Our  resul t s  also sugges t  t h a t  
b y  p r ec ip i t a t i on  w i t h  a n  a n t i s e r u m  ra ised aga ins t  cell 
m e m b r a n e s  we h a v e  selected a f r ac t ion  of the  cel lular  
an t i gens  which  leads  to  more  p o t e n t  a n d  less tox ic  
an t i s e r a  t h a n  are o b t a i n e d  aga ins t  whole  cells. A smal l  
a m o u n t  of a n t i s e r u m  ra ised  aga i n s t  h igh ly  pur i f ied  m e m -  
b r a n e  or soluble  a n t i g e n  2,~,~ could be  used to  p r e p a r e  
enough  complexed  a n t i g e n  to  i m m u n i z e  severa l  large  
animals ,  a n d  t he  a n t i g e n  need no t  be  recovered  f rom t h e  
complex.  F u r t h e r  i m m u n o l o g i c a l  p rocedures  wh ich  m i g h t  
p rove  useful  in t he  p r e p a r a t i o n  of A L S  are i l l u s t r a t ed  b y  
t h e  sequen t i a l  a g g l u t i n a t i o n  of e r y t h r o c y t e s  and  t h y m o -  
cytes  in  t he  f i rs t  e x p e r i m e n t  a n d  b y  t he  pr io r  a b s o r p t i o n  
of t he  a g g l u t i n a t i n g  a n t i s e r u m  w i t h  a n  i m m u n o a b s o r b e n t  
p r e p a r e d  f rom e r y t h r o c y t e s  in t h e  second expe r imen t .  

Rdsumd. Des c o m p l e x e s  an t i g6ne -an t i co rp s  pr6par6es  
p a r  r6ac t ion  du  s6rum a n t i l y m p h o c y t a i r e  (ALS) avec  des 
l y m p h o c y t e s  ou avec  des b r o y a t s  l y m p h o c y t a i r e s  f u r e n t  
in ject6es  aux  lapins.  Les A L S  o b t e n u  a ins i  des l ap ins  
fu ren t  immunod6presseur s .  Cet te  t e c h n i q u e  p e u t  ~tre 
uti l is6e pou r  ob t en i r  des ALS  plus  specif ique et  moins  
toxique .  
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Heme Synthetase in Thalassemia 

H e m e  s y n t h e t a s e  (HS) is t h e  m i t o c h o n d r i a l  e n z y m e  
wh ich  in t roduces  i ron  in to  p r o t o p o r p h y r i n  and  t h e r e b y  
pa r t i c i pa t e s  in  t he  l a s t  s tage  of he ine  synthes is .  A cl inical ly  
useful  t e s t  for m e a s u r e m e n t  of H S  a c t i v i t y  on cell lysa tes  
was  r ecen t ly  descr ibed  b y  BOTTOMLEY 1 a n d  closely fol- 
lowed in our  l abo ra to ry .  The  t e s t  is based  on  t he  progres-  
s ive i nco rpo ra t i on  of r ad i oac t i ve  i ron in to  heine,  us ing  
o p t i m a l  a m o u n t s  of p r o t o p o r p h y r i n  and  ferrous i ron as 
subs t ra tes .  The  increase  of specific r a d i o a c t i v i t y  of ex-  
t r a c t e d  and  c rys ta l l i zed  he ine  2 is l inear  du r ing  t he  f i rs t  
30 to  60 rain,  and  t h e  i n c o r p o r a t i o n  of r a d i o a c t i v i t y  m a y  
the re fore  be  expressed  per  m i n u t e  a n d  n u m b e r  of cells 
o r ig ina l ly  presen t .  The  c u r r e n t  i nves t iga t ions  were per-  
fo rmed  on pe r iphe ra l  b lood  r a t h e r  t h a n  bone  mar row.  
Af te r  r e m o v a l  of p l a s m a  and  t he  bu f fy  coat ,  H S  a c t i v i t y  
of washed  a n d  lysed red  cells was  measured .  P r io r  to  
hemolys i s  red  cells and  re t icu locytes  were counted .  

F i r s t  we e x a m i n e d  b lood  f rom 8 hema to log ica l ly  normal ,  
h e a l t h y  donors.  The  i n c o r p o r a t i o n  of r a d i o a c t i v i t y  in to  
he ine  per  ra in  and  5 • 109 red cells, inc lud ing  a b o u t  1.8% 
re t iculocytes ,  was  a p p r o x i m a t e l y  0 .04% of in i t ia l  radio-  
a c t i v i t y  added.  In  con t ras t ,  i n co r po r a t ed  r a d i o a c t i v i t y  
r eached  0.5% in t h e  b lood  of these  same  n o r m a l  ind iv i -  
duals  w h e n  we a t t r i b u t e d  t he  H S  a c t i v i t y  to  109 ret iculo-  
cytes .  B o t h  va lues  a p p e a r e d  n o r m a l  to  m a r k e d l y  increased  
in t he  blood o b t a i n e d  f rom 6 p a t i e n t s  w i t h  t h a l a s s e m i a  
major ,  a n d  t he  m e a s u r e d  ac t iv i t i e s  were more  va r i ab l e  
(Table).  

The  ra t io  of i ron i n c o r p o r a t i o n  in to  h e m e  a t t r i b u t e d  to 
109 re t i cu locy tes  (R) ove r  t h a t  ca l cu la t ed  pe r  5 • 109 red  
cells, inc lud ing  re t i cu loey tes  in t h e  pe rcen tages  i nd i ca t ed  
(E), aga in  was more  va r i ab l e  in  t he  t h a l a s s e m i a  group.  A 
decrease  in t he  r a t io  would  ind ica te  t h a t  r e l a t ive ly  more  
H S  a c t i v i t y  resides  w i t h  red  cells wh ich  h a v e  m a t u r e d  

Heine syn the tase  a c t i v i t y  of normal  and  thalassenfie hemolysa tes  

SgFe incorpora ted  into Normal  donors Thalassemia  
berne/ ra in /number  of cells (mean -[- s t andard  (range) 
(%) deviation) 

5 • 109 e ry th rocy tes  (E) 0.037 -E 0.017 0.09 --  4.0 
109 re t iculocytes  (R) 0.530 i 0.244 0.70 --  7.3 

retieulocyte nunlber av.: 1.8% 1 -- 14% 
ratio R/E av. : 14.3 1.3 -- 20.4 

b e y o n d  t he  s tage of t he  re t iculocyte ,  i.e. H S  a c t i v i t y  
r ema ins  longer  w i t h  m a t u r i n g  red  cells or, a l t e r n a t i v e l y  
and  more  likely,  t he  p r o p o r t i o n  of young  red  cells is in- 
creased.  

Our  resul t s  do no t  ref lect  m e c h a n i s m s  con t ro l l ing  h e m e  
syn thes i s  b y  n o r m a l  a n d  t ha l a s semic  re t ieu locytes  or red  
cells. He ine  syn thes i s  is indeed  in f luenced  b y  t he  avai l -  
ab i l i ty  of t he  p ro t e in  m o i e t y  of h e m o p r o t e i n s  3, a l t h o u g h  
the  m e c h a n i s m  of r educ t i on  of he ine  syn thes i s  in  tha las -  
semia  is no t  well  u n d e r s t o o d  4. Ea r l i e r  s tud ies  of STEINER 
et  al. 5 on  H S  of bone  m a r r o w  suggested  t h a t  th i s  e n z y m e  
also was reduced  in tha l a s semia .  However ,  H S  va lues  
expressed  per  n u m b e r  of b o n e  m a r r o w  e r y t h r o b l a s t s  
inc lude  t he  pool  of ineffec t ive  e ry th ropo ies i s  in  th i s  dis- 
order.  Our  p r e sen t  resul t s  i nd i ca t e  t h a t  H S  a c t i v i t y  of 
circulating red cells a n d / o r  re t i cu locy tes  of t ha l a s semic  
b lood is n o r m a l  or increased,  r a t h e r  t h a n  reduced  as a 
consequence  of impa i r ed  g lobin  syn thes i s  ~. 

Zusammen/assung. H A m s y n t h e t a s e  (HS)-Akt ivi t~t t  zir- 
ku l i e render  R e t i k u l o z y t e n  u n d  E r y t h r o z y t e n  v o n  Normal -  
s p e n d e r n  u n d  P a t i e n t e n  m i t  ThalassAmie  wurde  in v i t ro  
b e s t i m m t .  H S  war  n o r m a l  oder  e r h 6 h t  be i  Thalass~Lmie. 
Jugendl iche ,  fiber das  S t a d i u m  des R e t i k u l o z y t e n  h i n a u s  
gereif te  E r y t h r o z y t e n  e n t h a l t e n  wahrsche in l i ch  noch  e inen  
s ign i f ikan ten  Ante i l  der  im p e r i p h e r e n  B l u r  messba ren  
H S - A k t i v i t ~ t .  
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