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t h e  case of d ig i ton in  t h e  l ec i th in - to -cho les te ro l  ra t io  h a d  
v e r y  l i t t le  effect  (Table  II) .  

The  increase  of Ds0 can  the re fore  be  ut i l ized,  as sug- 
ges ted  b y  SCttMIDT-THoM]~ a n d  AUGUSTIN 1~ to  o b t a i n  a 
s a t i s f ac to ry  e s t ima te  of t he  c o n c e n t r a t i o n  of unes te r i f ied  
choles tero l  in  p l a s m a  samples .  W i t h  lucensomycin ,  t h e  
Ls0 c o n c e n t r a t i o n  is in s t ead  af fec ted  also b y  o t h e r  factors,  
such  as t h e  phosphol ip id - to -cho les te ro l  ra t io .  I n t e r f e r ence  
of unes ter i f ied  choles terol  w i t h  l ucensomyc in - induced  
lysis occurs  on ly  if t he  s terol  is suf f ic ien t ly  free f rom 
in t e r ac t i ons  w i t h  phosphol ip ids .  

As a m a t t e r  of fact ,  in  t h e  l iposome sys tem,  phospho-  
l ip id- to-choles tero l  ra t ios  such  as e n c o u n t e r e d  in p l a smas  
would lead to a lmos t  full non - ava i l ab i l i t y  of the  choles terol  
p resen t .  I n  p lasma,  however ,  unes te r i f ied  choles terol  is 

associa ted on ly  w i t h  ce r t a in  classes of l ipoprote ins ,  a n d  
the re fore  on ly  w i t h  a f r ac t ion  of t he  t o t a I  phospho l ip ids  
presen t .  Choles tery l  es ters  do n o t  a p p a r e n t l y  exe r t  a n y  
effect. 

The  m e t h o d  descr ibed  in t he  p r e sen t  p a p e r  al lows a n  
e v a l u a t i o n  of t he  p l a s m a  c o n c e n t r a t i o n  of t h a t  f r ac t ion  
of unes ter i f ied  cholesterol ,  w h i c h  can  n o t  on ly  i n t e r a c t  
w i t h  lucensomycin  b u t  is also l ikely to be  m o s t  r ead i ly  
' ava i l ab l e '  for exchange  w i t h  t h e  choles tero l  of e r y t h r o -  
cy te  m e m b r a n e s  a n d  poss ib ly  for i n t e r a c t i o n  w i t h  o t h e r  
s t ruc tu res ,  e.g. t he  walls  of b lood  vessels.  
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Summary .  The  su rv iva l  of r a t s  rece iv ing  a sub l e tha l  dose of CY and  gra f ted  w i t h  al logeneic bone  mar row,  was p ro longed  
b y  t r e a t m e n t  w i t h  eflcher al logeneic or Xellogeneic a n t i - l y m p h o c y t i c  sera. These  seem to p r e v e n t  a f a t a l  G V H D  while  
a l lowing a t e m p o r a r y  ' t ake '  of t h e  graf t .  

One of t he  obs tac les  in a successful  cl inical  bone  m a r r o w  
t r a n s p l a n t a t i o n  is t h e  g ra f t -ve r sus -hos t  disease (GVHD) 
which  accompan ies  t h e  ' t a k e '  of a g ra f t  m i s m a t c h e d  a t  t h e  
m a j o r  h i s t o c o m p a t i b i l i t y  complex  (MItC) and  is genera l ly  
fatal .  The  G V H D  is t he  r e su l t  of a n  immuno log i ca l  a t t a c k  
b y  t r a n s p l a n t e d  i m m u n o c o m p e t e n t ,  t h y m u s - d e p e n d e n t  
cells aga ins t  al logeneic hos t  t issues.  N u m e r o u s  a t t e m p t s  
h a v e  been  m a d e  to des t roy  or i n a c t i v a t e  these  ceils wi th -  
o u t  des t roy ing  t he  s t e m  cells necessa ry  for haemopo ie t i c  
r econs t i t u t i on .  A n t i - l y m p h o c y t i c  s e rum seems to  be  t he  
m o s t  p romiz ing  a g e n t  for  t he  p r e v e n t i o n  of G V H D  in 
b o t h  an ima l s  a n d  h u m a n s .  Xenogen ic  a n t i - I y m p h o c y t i c  
s e rum 2-7 a n d  al logenic a n t i l y m p h o c y t i c  s e rum 8-~t h a v e  
been  used successful ly  to  p r e v e n t  G V H D  in ce r t a in  cases. 
The  purpose  of t he  p r e s e n t  s t u d y  was to e v a l u a t e  t h e  
t h e r a p e u t i c  poss ibi l i t ies  of a n t i - l y m p h o c y t i c  sera in  a n  
a n i m a l  model .  

Materials and methods. I n d u c t i o n  of G V H D .  R e c i p i e n t  
r a t s  ( inbred  Lewis, Ag-B1) were t r e a t e d  w-ith 1 in j ec t ion  
i.p. of 225 m g / k g  of c y c l o p h o s p h a m i d e  (CY), 24 h before  
g ra f t i ng  ~2. Bone  m a r r o w  cells f rom t h e  f emora  a n d  t i b i a e  
of t he  donor  r a t s  ( inbred  DA, Ag-B4) were col lected in 
H a n k ' s  b a l a n c e d  sa l t  so lu t ion  (HBSS) .  1 ml  of t h e  sus- 
pens ion  c o n t a i n i n g  64 • 10 a cells was  in jec ted  i.v. i n to  
Lewis ra ts .  The  ' t a k e '  of t he  g ra f t  was  d e t e r m i n e d  b y  
t he  presence  of G V H D  s y m p t o m s  (weight  loss, de rmat i t i s ,  
p o s t - m o r t e m  we igh t  r a t io  of t he  spleen a n d  body)  and  b y  
t y p i n g  t h e  pe r iphe ra l  b lood l y m p h o c y t e s  w i t h  DA an t i -  
Lewis a n d  Lewis a n t i - D A  sera  us ing  t he  m i c r o l y m p h o c y t o -  
t ox i c i t y  t e s t  w i t h  gu inea-p ig  com pl em en t .  

P r e p a r a t i o n  o f  an t i se ra .  Allogeneic a n t i - l y m p h o c y t i c  
sera  were p roduced  in Lewis a n d  D A  ra t s  b y  cross- 
i m m u n i z a t i o n  w i t h  180-300 • 106 r a t  l y m p h  node  cells 
in j ec ted  once a week  for 3 weeks. Xenogene ic  a n t i - l y m -  
phocy t i c  sera  were p r e p a r e d  b y  i m m u n i z i n g  r a b b i t s  in 
t h e  same way  w i t h  l y m p h  node  cells f rom D A  ra t s  ~a. The  
an ima l s  were e x s a n g u i n a t e d  a n d  t he  i n d i v i d u a l  sera 
were  pooled in to  2 b a t c h e s  a n d  f rozen a t  --20~ 1 ml  

of pooled a n t i s e r u m  was a d m i n i s t e r e d  i.p. to  t he  r ec ip ien t  
24 h before  graf t ing .  I n  some expe r imen t s ,  bone  m a r r o w  
cells were  i n c u b a t e d  a t  37 ~ for  30 ra in  w i t h  xenogene ic  
an t i se rumt4 ,  x5 t h e n  w a s h e d  once in H B S S  and  in jec ted  
i.v. to  t he  r ec ip ien t  ra ts .  
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Survival of Lewis rats grafted with DA marrow and treated with allogeneic or xenogeneic anti-lymphocytic sera 

EXPEI~IENTIA 32/2 

Treatment No. of rats Cumulative survival at 

15 days 45 days 90 days 

Control 
CY only (no graft) 10 1 b 0 
CY + graft without antiserum 39 30 (29) ~ 5 (5) 

Allogeneic anti-donor serum (Lewis anti-DA) 
Pool No. 1 18 15 (0) 12 (0) 
Pool No. 2 15 14 (12) 4 (2) 

Allogeueie anti-recipient serum (DA anti-Lewis) 
PoolNo. 1 36 34 (19) 13 (5) 
PoolNo. 2 8 8 (8) 8 (8) 

Xenogeneic ai~ti-serum (rabbit anti-rat) 
PoolNo. 1 10 10 (3) 10 (3} 
Pool No. 2 (incubated with bone marrow) 30 28 (3) 15 (1) 

I0  (0) 
2 (2) 

i 0  (3) 
6 16) 

5 (0) 
9 (0) 

Rats received 225 mg of CY per kg body weight followed by injection of 64 • 106 DA bone marrow cells, bNumber of rats surviving, oNum- 
ber of rats with a 'take' of the graft. 

Results.  (Table).  I n  t he  con t ro l  g roup  of r a t s  wh ich  
were g iven  on ly  CY w i t h o u t  graf t ,  m o r t a l i t y  f rom severe  
ap las ia  was  9/10 a t  15 days  a n d  10/10 before  45 days.  I n  
t he  con t ro l  g roup  of r a t s  wh ich  rece ived  a g r a f t  a n d  no  
an t i s e rum,  a ' t a k e '  of t h e  g ra f t  was  obse rved  in all  b u t  
one a n i m a l  (29/30). These  29 r a t s  died f rom G V H D  before  
90 days.  

Allogenic  a n t i - d o n o r  serum.  W i t h  pool  No 1, more  t h a n  
ha l f  of t h e  r a t s  su rv ived  a t  90 days,  b u t  none  h a d  a 
' t a k e '  of i t s  graf t .  W i t h  pool No 2, a l m o s t  all  r a t s  h a d  a 
' t a k e '  of t h e i r  graf t ,  b u t  on ly  2/15 s u r v i v e d  a t  90 days .  

Allogenic  an t i - r ec ip i en t  serum.  W i t h  pool  No 1, 10/36 
r a t s  su rv ived  a t  90 days,  b u t  on ly  3 of t h e m  h a d  a ' t a k e '  
of t h e i r  graf t .  Pool  No 2 al lowed all  r a t s  to  h a v e  a ' t ake '  
of t h e i r  g ra f t  a n d  6/8 su rv ived  a t  90 days.  

X e n o g e n i c  a n t i - r a t  se rum.  W i t h  pool  No 1, ha l f  of t he  
r a t s  (5/10) su rv ived  a t  90 days,  b u t  w i t h o u t  ' t ake '  of t h e  
graf t .  W i t h  pool  No 2, where  bone  m a r r o w  was i n c u b a t e d  
w i t h  a n t i s e r u m  before  in jec t ion ,  9/30 an i m a l s  su rv ived  
a t  90 days ,  b u t  w i t h o u t  ' t a k e '  of t he i r  graf t .  

Discussion.  The  resu l t s  p r e sen t ed  ill t h i s  s t u d y  ind ica te  
t h a t ,  u n d e r  ce r t a in  condi t ions ,  a l logeneic  a n d  xenogeneic  
a n t i - l y m p h o c y t i c  sera  m a y  induce  a p r o l onga t i on  of 
su rv iva l  in  an ima l s  g ra f t ed  w i t h  al logeneic bone  m a r r o w  
cells. However ,  t h i s  increase  in s u r v i v a l  var ies  cons ide rab ly  
f rom one pool  to  t h e  o ther .  Some al logeneic sera  m a y  be  
r ich  in b lock ing  or ' e n h a n c i n g '  an t i bod ie s  whi le  o the r s  
a p p e a r  to  be  toxic  or inac t ive ,  fa i l ing to  p r o t e c t  t he  
an ima l s  aga in s t  t he  effects of G V H D  a n d  even  some t imes  
b y  s h o r t e n i n g  t h e i r  survivalS.  The  resu l t s  o b t a i n e d  w i t h  
pool  No 2 of an t i - r ec ip i en t  sera, wh ich  al lowed a p ro longed  
s u r v i v a l  a n d  a p r o t e c t i o n  aga i n s t  a l e tha l  G V H D ,  w i t h o u t  
p r e v e n t i n g  a ' t ake ' ,  are  p r o b a b l y  due  to  t h e  fac t  t h a t  this.  
pool  c o n t a i n e d  blocking,  n o n - c y t o t o x i c  an t ibod ie s  wh ich  
p r o t e c t e d  t he  an ima l s  aga i n s t  t h e  i m m u n o c o m p e t e n t  ceils 
of t he  graf t .  The  in  v i t ro  i n c u b a t i o n  of bone  m a r r o w  ceils 
w i t h  xenogen ic  a n t i s e r u m  is also based  u p o n  i ts  p o t e n t i a l  
cy to tox i c  or  b lock ing  effect  on  l y m p h o i d  cells. Our  exper i -  
m e n t s  show t h a t ,  desp i te  t he  r i sk  of g r a f t  des t ruc t ion ,  th i s  
p rocedu re  could be  useful  a n d  mer i t s  f u r t h e r  a t t e n t i o n ,  
as r e c o m m e n d e d  r e c e n t l y  16. 

I n  m o s t  expe r imen t s ,  t he  an t i se ra ,  a l t h o u g h  p r e v e n t i n g  
a ' t a k e '  of t h e  graf t ,  cause  a p r o l onga t i on  of su rv iva l  of 
t h e  t r e a t e d  animals ,  c o m p a r e d  to  those  rece iv ing  no 

se rum and  dy ing  f rom G Y H D .  Th i s  suggests  t h a t  an t i -  
l y m p h o c y t i c  sera  m a y  ac t  in  two  possible  ways  : 1. T h r o u g h  
t h e i r  i m m u n o s u p p r e s s i v e  a n d  cy to tox i c  proper t ies ,  t h e y  
i n h i b i t  t he  p ro l i f e ra t ion  of t he  donor ' s  i m m u n o c o m p e -  
tent and haemopoietic cells, but they allow them never- 
theless to protect the recipient against the toxicity of CY. 
2. By an unknown mechanism, they stimulate the re- 
population of bone marrow by recipient's own haemo- 
poietic cells 17. 

These observations may have a most interesting clinical 
application: in some patients with aplastic anaemia of 
either toxic or idiopathic origin, a temporary bone marrow 
graft, even mismatched at the major histocompatibility 
complex (MIiC), could protect them during a period of 
severe lifethreatening bone marrow insufficiency without 
risk of GVHD. It has recently been observed in rabbit ~ 
and also in humans 4 that histo-incompatible haemopoietic 
grafts performed in recipients conditioned with anii- 
lymphocytic serum resulted in split chimaeric states, 
with prolonged survival without signs of GVHD. Recent 
clinical trials Is illustrate this possible application: 3 
patients with severe aplastic anaemia were given anti- 
lymphocytic globulin followed by an HL-A semi-incom- 
patible bone marrow graft. No clear-cut engraftment 
could be established and no GVHD was seen, but all 
p a t i e n t s  showed  a remiss ion  l a s t i ng  1 to  2 years .  
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