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ABSTRACT 

1 )  The e f f e c t  of s t o r a g e - i n  t h e  presence of an t imi to t i c  w e n t s  - and steroids-on haematopoietic c e l l a .  

Methods al lowing t h e  measurement f o r  each compound the  percen- 
tage i n h i b i t i o n  on c e l l  growth and c e l l  des t ruc t ion  in r e l a t i o n  t o  
t h e  dose given in v i t r o  have been worked out, The Brent and Medawnr 
t e s t  i n  v iva ,  and the  study of t h e  product ion of haemolysina by iso-  
l a t e d  c e l l s  i n  a s o l i d i f i e d  medium have been adap ted ' fo r  use  i n  the  
cu r ren t  r e sea rch  programme. 

2 )  I n v e s t i g a t i o n  of ,the prevent ion o r  cure of the  secondaq  
syndrone which complicates srraftim of KLloReneic hematopoietic c e l l s .  

a )  The c l i n i c a l  c h a r a c t e r i s t i c s ,  haematological p i c tu re ,  and the 
biochemical and h i s t o l o g i c &  aspec t s  of t h e  secondary syndrome i n  man 
that follows a g r a f t  of a l logeneic  haematopoietic c e l l s  ha8 been ln- 
ves t iga tdd  i n  9 p a t i e n t s ,  The p o s s i b i l i t y  of an e a r b  onset of the  
secondary syndrome has been demonstrated, The poss ib le  l i n e s  of therapy 
have been s tudied .  A prevent ive t reatment  of t h i s  syndrone i n  m a n  
appears  t o  be a p o s s i b i l i t y ,  it i s  of p a r t i c u l a r  Fnportance t o  u t i l i z e  
mul t ip le  donors and g ive  ea r ly  t reatment  with amethopterine. 

b )  A syndrome i d e n t i c a l  t o  t h e  secondary syndrome fo l lows  t h e  
i n j e c t i o n  of leucocytes  obtained from donors  w i t h  chronic myeloid leu- 
kaemia when they a r e  in j ec t ed  i n t o  r e c i p i e n t s  with bone narrow aplz-  
sia caused by leukaenia  of  haemtosarconata .  

c )  It has been shown that the  c e l l s  which p a r t i c i p a t e  i n  the 
r eac t ion  o f  t h e  g r a f t  against t h e  h o s t  a t  the  onset  of the secondary 
syndrone have an i n t r i n s i c l y  high rad iores i s tance .  Pr ior  contect  with 
t h e  h i s tocompa t ib i l i t y  an t igens  does not  increase  t h i s  rad iores i s tacce .  
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BODY OF REPORT 

Under t h e  terms of our con t r ac t  r e sea rch  has  been uade on t h e  
fol lowing two t o p i c s  ( 1 )  t h e  e f f e c t s  of d i f f e r e n t  types  of s t o r a g e  
i n  t h e  presence of a n t i d t o t i c  drugs and s t e r o i d s  on haematopoiet ic  
cel ls .  ( 2 )  Research i n t o  the  prevent ion  and t r e a t n e n t  of t h e  secon- 
dary syndrome which conpl ica tes  t h e  grafting of  a l logene ic  bone mar- 
row. 

I. 
ROIDS ON HAENA!COPOIETIC CELLS. 

T€Ll EFFECT OF STOaGE I N  PmJ$-N-CE OF ANTII!iITOTIC AGENTS -- AND STC- 

I n i t i a l  exper inents  were made t o  determine t h e  dose e f f e c t  r e -  
l a t i o n  f o r  each drug by studying t h e  i n h i b i t i o n  of growth and c e l l  
d e s t r u c t i o n  of KB c e l l s  c u l t i v a t e d  i n  Eagle's medium, These doses  
were then enployed f o r  the  experiments i n  which t h e  effects of t h e s e  
drugs on nyeloid and l p p h o i d  c e l l s  s t o r e d  f o r  various Lengths o f  
t ine ,  a t  d i f f e r e n t  temperatures i n  p r o t e i n  containing and p r o t e i n  
f r e e  nedia  were conpared. The e f f e c t s  
under these  d i f f e r e n t  condi t ions  were then  inves t iga ted  by s e v e r a l  
t e s t s  of  c e l l u l a r  func t ion  i n  vivo.  The f i rs t  t e s t  is  t h e  de te rn ina-  
t i o n  of the numbers of  c e l l s  that  can r e s t o r e  t h e  nyeloid t i s s u e s  of 
50 -$ of i sogenic  n i c e  given a l e t h a l  dose of i r r a d i a t i o n .  The second 
t e s t  i s  t h e  es t imat ion  of  t he  dose of seil i-allogeneic lynph node 
c e l l s  t h a t  v i 1 1  k i l l  50 of  F1 r e c i p i e n t ,  which had been i r r a d i a t e d  
a t  a sub-lethal  dose. The t h i r d  t e s t  i s  an app l i ca t ion  of t h e  Brent 
2nd Mednwar t e s t ,  here  the e f f e c t s  of i n t r a - d e r m l  i n j e c t i o n  of t h e  
t r e a t e d  n i c e  l y q h o c y t e s  i n t o  h e t o r o s p e c i f i c  r e c i p i e n t s  ( h m s t e r s ) .  
\le a l s o  t e s t  f o r  t h e  production of haeuolysins  agc ins t  h e t e r o s p e c i f i c  
r e d  blood c e l l s .  I n  t h i s  t e s t  we employ t h e  technique of Je rne ,  Ingrc-  
han and Bussard using r e d  c e l l s  i n  n s o l i d i f i e d  mediuu with added 
conplinent.  \le have been engaged on these  experiaents  f o r  t h e  past  

induced by s t o r i n g  t h e  ce l l s  
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few months 2nd we propose t o  r e p o r t  t he  first r e s u l t s  i n  o w  next  
r e p o r t  A 

We have s tudied  the secondary ayndrone i n  nan, starting wi th  
our  experience of g n f t i n g  a l l o g e n e i c  haenatopoie t ic  cells i n  pa- 
t i e n t s  with acute  leukaemia who have been i r r a d i a t e d .  A similar syn- 
drone was observed i n  p a t i e n t s  suffering f r o n  malignant blood d i so r -  
d e r s  who had undergone a spontaneous o r  drug induced bone marrow 
a p l a s i a  and were t ransfused wi th  leucocytes  obtained f r o n  chronic  
nye lo id  leukaenic  pa t i en t s .  

A ,  Phe secondary syndrome after a l l o m e - i c  bone marrow graft% 
i n  m n r  

We have observed t h i s  syndrome i n  9 of 14 p a t i e n t s  s u f f e r i n g  
f r o n  acu te  lynphoblast ic  leukaemia who had been given t o t a l  body 
i r r a d i a t i o n  at  doses between 750-850 reds  and then received a l loge-  
n e i c  haenatopoie t ic  c e l l s .  The detai ls  of  t he  i r r a d i a t i o n  and marrow 
t r - s fus ions  have already been described. Five of these  cases  are 
as y e t  unpublished. 

This  cxpcriznce has allowed us t o  d i sce rn  the  c h a r a c t e r i s t i c s  
of t h e  secondary syndrone i n  nan. The key c l i n i c a l  po in t s  a r e ,  f eve r ,  
which remains a f t e r  the r e s t o r a t i o n  of t he  l e v e l  of t he  c i r c u l a t i n g  
granulocytes ,  a constant erythrodemiF.,  d iges t ive  d is turbances  with 
anorexic,, voni t ing ,  diarrhoea and ,?n o v e r a l l  i n t e s t i n d  in su f f i c i ency .  
Ue have noted t h a t  t he re  i s  a narked s u s c e p t i b i l i t y  of these  p a t i e n t s  
t o  i n f e c t i o n s  p a r t i c u h r l y  v i r a l  and fungal. 
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Hnenatologicly, t h e  main f e z t u r e  i s  t h e  c o n t r a s t  between t h e  
r e s t o r a t i o n  of  t h e  granulocytes  e i t h e r  complete o r  only of t h e  ne- 
d u l l a  and an a p l a s i a  o f  t h e  lynphoid t i s s u e  with lynphocytopenin. 

We have a l s o  e s t a b l i s h e d  t h a t  t h e r e  may be a marked eosino- 
p h i l i a  and noted t h e  presence of hyperbnsophi l ic  cells I n  t h e  mar- 
row. 

The m i n  h i s t o l o g i c a l  signs a r e  an a p l a s i a  of  t h e  lymphoid tis- 
sue, c h a r a c t e r i s t i c  skin l e s i o n s  with hyperkera tos i s  of the epider-  
m i s ,  disappearance of a l l  t h e  i n t e s t i n a l  c r y p t s  t o  t h e  l e v e l  of t h e  
i l e u n  and f requent  h e p a t i c  n e c r o t i c  l e s i o n s  with i n f i l t r a t i o n  by 
hyperbasophi l ic  c e l l s .  

The biochemical d i s turbances ,  a p a r t  fron t h e  i n t e s t i n a l  insuf- 
f i c i a n c y  are very v a r i a b l e ,  most f r equen t ly  h y p o g m a  g lobu l inaen ie  
with l e v e l s  i n  t h e  range of 50Gmg / 100 m l  a r e  observed, f r equen t ly  
t h e r e  is  an increase  i n  t h e  s e m  enzynes o f  hepa t io  origin. 

We have found t h a t  t h e  secondary syndrome i s  l i n b l e  t o  be very  
e a r l y  i n  onset i n  uan, which i s  s i n i l a r  t o  t h i s  syndrone i n  primates.  
Three of o w  p a t i e n t s  d ied  be fo re  t h e  r e s t o r a t i o n  of t h e  nye lo id  tis- 
sue was conplete.  

The c l i n i c a l  p a t t e r n  of t h e  secondcry syndrone, i t s  h i s t o l o g y ,  
haenato logica l  and b i o c h i n i c a l  l e s i o n s  i n  m a n  i s  very  c l o s e  t o  t h a t  
which i s  noted i n  animals, e s p e c i c l l y  the  primates.  The e a r l y  onset  
of t h e  secondary syndrome, which we have descr ibed i s  n o s t  i n p o r t a t  
t o  be a m r e  o f ,  f o r  i t  can start before  t h e r e  i s  evidence of t h e  res- 
t o r a t i o n  o f  t he  granulocytes  i n  the  pe r iphe ra l  blood. The h i s t o l o g i -  
cjL l e s i o n s  t h a t  we have descr ibed enable t o  c o n t r z s t  t h e  dec ths  f ron  
acute  secondary syndrome t o  those which a r e  due t o  a simple f a i l u r e  
of t h e  bone mrrow graft. 

We have based o u r  synptonot ic  t r e e t n e n t  on the  besis of these  
phys ica l  s igns  t h a t  ne have observed i n  t h i s  syndrone. We have Shohm 
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t o  conterac t  the haenorrhaEic syndrome the only e f f e c t i v e  methods 
would appear t o  be t h e  giving of epsilon-anino-caproic a c i d  a t  doses 
up t o  1 g/kg body weight d a i l y ,  and above a l l  the  use of d a i l y  p l a i  
t e l e t  t ransfus ions .  Delta-1-cortisone can a l s o  be given wi th  t h e s e  
t r e s t n e n t  s. 

The na in  r i s k  t o  t h e  p a t i e n t  during t h e  secondary syndrome i s  
i n f c c t i o n ,  of b a c t e r i a l ,  viral o r  fungal origin,  which can occur  
d e s p i t e  t he  r e s t o r a t i o n  of t h e  granulocytes .  Treatnent should at tempt  
t o  keep the  p a t i e n t  i n  an a s e p t i c  condi t ion ,  t h i s  can be achieved i n  
a s p e c i a l  ward, such as t h e  one we have a v a i l a b l e  t o  us i n  t h e  'Ins- 
t i t u t  de Cancerologie e t  d 'Imunog6n6tique".  The p a t i e n t  should re- 
nain i n  the  a s e p t i c  ward u n t i l  t h e  s igns of t h e  secondary syndrome 
have disappeared, t h a t  i s  u n t i l  t h e r e  is  r e s t o r a t i o n  of the circula- 
t ing  lymphocytes, t h i s  nay involve  a stay of s eve ra l  uonths. The ad- 
n i n i s t r a t i o n  of  high doses  of gauna g l o b u l i n  and uycos t a t in  is  of 
s y s t e n i c  bene f i t .  A n t i b i o t i c s  should not  be given until a pathogenic 
organisn has been i s o l a t e d  and then  i t  should be given according t o  
t h e  s e n s i t i v i t i e s .  We have shown that repea ted  exchange t r a n s f u s i o n s  
a r e  not ab le  t o  i nc rease  t h e  granulocyte  count o r  t o  amel iora te  a 
pre-ex is t ing  i n f e c t i o n .  

Arising from these  observa t ions  we have been lead t o  conduct 
oxperinents  i n  animals t o  a t tempt  t o  f i n d  a nethod o f  prevent ing t h e  
severe seconday  syndrome. The first tr icl  was the use of haenatopoie- 
t i c  grcft  t h a t  had been inoubatod a t  3 7 O C  for 2 hours in 2. nediun 
contzining no p ro te in ,  t h i s  incubat ion  reduced the incidence of t h e  
secondary syndrome without al tering t h e  r e s o r a t i v e  e f f e c t  of t h e  
hnenatopoiet ic  graft  i n  n i c e .  A tr ial  of t h i s  type was t r i e d  i n  nan, 
but i t  was a fa i lu re  as t h e  i n j e c t i o n  of t h e  haenatopoiet ic  c e l l s  
was not  followed by a t ake  of t h e  graft .  2es torn t ion  of t h i s  p a t i e n t s  
bone mrrow was eventua l ly  acconpl ished by an isogenic graft  from her  
nonozygotic twin. The second of t h e s e  s t u d i e s  consisted i n  t h e  u t i l i -  
zp.tion of m x y  clonors, t h e r e  being a spor-;aneous s e l e c t i o n  o f  t h e  
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c l o s e s t  r e l a t e d  donor. The first trials of t h i s  type of therapy were 
followed by a secondary syndrone, a l though o f  both e a r l y  i n  onset  
and severe was a b l e  t o  be con t ro l l ed .  The t h i r d  l i n e  of research was 
t h e  a d n i n i s t r a t i o n  of a course of ane thop te r ine  of 0,5 ng/kg body 
weight on t h e  day of i n j e c t i o n  and of 0,2 q / k g  body weight on the 

3 rd ,  5th,  7 t h  and 9th days af ter  t h e  i n j e c t i o n  of htiematopoietic 
c e l l s .  I n  t h e  patie&?/%$! r e g i m e  of t rea tment  was given we obser- 
ved a myeloid r e s t o r a t i o n  without any c l i n i c a l  o r  haenato logica l  in- 
d i c a t i o n s  of a secondcry syndrome. 

B. The secondary sy&mo af ter  t h e  t r m s f u s i o n  of leucocyt& 

33 p a t i e n t s  su f fe r ing  f r o m  acute leukaemia or  bemato-sarcomata 
with nyeloid c p l a s i a  of e i t h e r  spontaneous o r  drug induced types havc 
been i n j e c t e d  with leucocytes  obtained from donors with chronic nye- 
l o i d  leukaemia. The q u a n t i t i e s  of l eucocy tes  i n j e c t e d  var ied  bet-  
ween 2.101° t o  9.1011, and t h e  number of t r ans fus ions  between 1 and 9. 

I n  7 of t hese  p a t i e n t s  we have observed following t h e  t ransfu-  
s i o n  t h e  onse t  of a syndrone which r e c a l l s  all the  f e a t u r e s  t h a t  we 
have previously descr ibed t o  occur fo l lowing  t h e  i n j e c t i o n  of d l o -  
gene ic  bone narrow. The c l i n i c a l  s i g n s ,  f e v e r  erythrodermia, d iges t i .  
ve t r a c t  d i s turbances  were t h e  same. I n  two of these p a t i e n t s  who 
d ied ,  post-norten s t u d i e s  showed h i s t o l o g i c a l  l e s i o n s  c lose ly  resen- 
b l i n g  those seen i n  t h e  secondary syndrome. The complications a rose  
when c e l l s  that  had been s t o r e d  i n  dinethyl-sulphoxide o r  g lyce ro l  at  
-7OOC o r  a t  - 1 9 6 O C  were t r ans fused ,  as wel l  as when f r e s h l y  tcken l e v  
cocytcs  were t ransfused .  The two p a t i s n t s  exhib i t ing  t h e  most severe 
r e a c t i o n s  were both s u f f e r i n g  from Hodgkin's d i sease ,  It was obseme1 
t h c t  t he  secondary syndrone t h a t  fo l lows  t h e  t ransfus ion  of leucocy- 
t e s  a?pears t o  exe r t  an adoptive i m u n o t h e r a p i c  e€ fec t  on the  h o s t s  
leukaenia ,  similar t o  t h e t  fo l lowing  t r ans fus ions  o f  a l logeneic  bone 
mzrrow, although i t  was of n l e s s e r  degree.  8 o f  the p c t i e n t s  under- 
went z r e n i s s i o n  fo l lov ing  t h i s  t r e a t n e n t  of irhoil 5 had complete r e -  
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n i s s i o n s  and t h i s  was without  any chenothercpy o r  horuonc therrpy. 

C. Coupari-sEfAh-e radiosen&ixi--ty by i m E o l o n i c a l l y  conpe- 
t e n t  c e l l s  i n  graft xemmrhost reac t ion  before  I-___--I and a f t e r  contact  
w i t h  anti-. 

Several  s t u d i e s  have shown tha t  t he  secondary responses t o  a n t i -  
gen ic  s t i n u l a t i o n  are n o t  l e s s  r ad iosens i t i ve  than primary responses,  
However, t h i s  s e n s i t i v i t y  has been studied l e s s  f r equen t ly  during the 
course of imune reactions t h a t  l ead  t o  product ion of serum ant ibodies .  
We h?.ve s tud ied  the problem of t h e  r a d i o s e n s i t i v i t y  of murine innuno- 
l o g i c n l l y  conpetent c e l l s  using as a t e s t  systeil  t h e  r e a c t i o n  of a 
groft  of lynph node cel ls  against 8 semi-allogenic i r r a d i a t e d  r e c i -  
p i en t .  

500 r a d s  and given lo7 bone narrow c e l l s  f r o n  adult C57B1/6 donors and 
t h e  sane sex, they were d iv ided  i r , to  5 sub groups according t o  the  
fol lowing schene. Group A ,  t h e  lynphoid c e l l s  were from C57B1/6 : 
n o t  i r r a d i a t e d  (groupe A I, 13 n i c e )  ; i r rzd ia ted  a t  200 rads f o r  two 
hours  before  taking f r o n  t h e  donor ( A  11, 18 n i c e ) ,  a t  400 rads (A 111: 
17 mice),  a t  600 rads (A I V ,  20 mice), a t  800 r a d s  (A V, 20 n i c e ) ,  ; 
group B, t he  donors were F1 (C57B1/6 x DBA/2) who had been given f i v e  
days before  tak ing  t h e  c e l l s  can i r r a d i e t i o n  of  950 rads and 10 bone 
narrow c e l l s  and 2.5 x lo7 lynph node c e l l s  f ron  C57B1/6 n ice ,  These 
donor a n i n a l s  were e i t h e r  not i r r a d i a t e d  (B I ,  1 5  n i c ? )  o r  i r r a d i a t e d  
two hours before tak ing  t h e  c e l l s  with 200 r a d s  (B  11, 8 n i c e ) ,  at 
400 r a d s  (B 111, 16 n i c e ) ,  at 600 r a d s  (E I V ,  17 n i c e )  a t  600 rads 
(B V, 20 n i ce ) .  

164 Fi mice (C57B1/6 x DBA/2)  aged 3 nonths were irradiated at  

7 

The rnd ia t ion  w a  m d c  under th?  f o l l o w i n g  condi t ions  : 200 Kv, 
12 !A, 50cn d i s t ance ,  0,5 A l ,  0 ,s  Cu. The s u r v i v a l  of  the m b a l s  wa3 
s t u d i e d  up t o  100 days. 
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The r e s u l t s  of t h e s e  experiments are sunnarized i n  Table 1 .  

I n  both t h e  A and B groups of  animals t h e r e  was a reduct ion  of 
t n e  secondary syndrone and a prolongat ion o f  dura t ion  of survival which 
was r e l a t e d  t o  t h e  dose of i r r a d i a t i o n  rece ived  by t h e  t ransfused  lynp: 
node c e l l s .  Tho comparison by p r o b i t  a n a l y s i s  d i d  not demonstrate a 
s t a t i s t i c a l y  s i g n i f i c a n t  d i f f e r e n c e  between t h e  r a d i o s e n s i t i v i t y  of 
t h e  lymph node c e l l s  used i n  these  two groups. 

The r e a c t i o n  of the graft  versus  h o s t  was confirned t o  be a innu- 
no log ica l  r e a c t i o n  t h a t  is  partic?uI.arly r a d i o r e s i s t a n t  as we have pre- 
v ious ly  observed. However, a p r i o r  contact  i n  vivo wi th  t h e  a l logene ic  
an t igens  d i d  not seen t o  incroase  the  r a d i o r e s i s t m c e  of tho  o e l l s  ta- 
king p a r t  i n  th i s  r eac t ion .  The rn8 io res i s t ance  would seen t o  be an 
i n t r i n s i c  proper ty  of t h e s e  c e l i s  ana not  acquired as 2 result of con- 
t a c t  with the  antigen as occurs  aith lynphocytes i n  v i t r o .  

These r e s u l t s  appear  t o  g ive  a good reason t o  conclude that t h e  
i m u n i z a t i o n  o f  t h e  graft versus hos t  and i n  genera l  t he  i m u n i z a t i o n  
of grafts lrivO1VeB c e l l u l a r  nechanisos o t h e r  than  those of the trans- 
f o r n z t i o n  of lynphocytes o r  of the development of  an  increased radio-  
r e s i s t a n c e .  

TABLE 1 

- ~ -  ------- -- --- 
! ! GROUPE A ! GRnUPfi B ! 
! ! Sour is  ! Sour is  !Mddiane ! Sour i s  ! S o u r i s  !I.iidia.ne ! 
! I r r a d i a t i o n  recue p a r  l e s ! i l o r t e s  !survivant!de sur-!mortes !survivant!de sur-! 
! c e l l u l e s  imunologique-  !avant !au-delh !v i e  des!avant ! m-delh  !v i e  des! 
! m n t  conph t e n t  e s  ! l e  100e! du 1 O O e  ! s o u r i s  ! l e  100e! du 1OOe !souris ! 
! ___- - ! jour ! L o u r  !no r t e s  !.- jour ! jour !nortes-! 

I ! 0 ! ;Sous-groupe I : 0 rads  ! ! 13 ! 

0 I 1 ! ;Sous-gmupe I1 : 200 r a d s ;  18 ! 

! 2 ' 1 5 j  ! ! ! 8 '  8 ;Sousgroupe I11 : 400 rads; 15 ! 
I 1 ! ;Sous-groupe IV : GOO rads;  16 ! 

! 

' 1 4 j  ! ! 
I_ 

4 
I 

! ,, ! ' ! 9 5  ! ! 
I 

' 1 7 j  !- ! 8 '  0 ' 2 1  j ! ! 
! 

! 
! ! 28 j ! 

! ! 
! 11  31 j 

! ! 8 ! 12 ' 7 4 j  ! ! 

--- 
! 

! 

! 

I_- I_-__ I_- 
! - 

-I_ 

1 1 

I_ ~- 
I ! 6 !  - - ! 
I ! 

4 ; 22 j 
I-- -- 

--____ ;Sous-groupe V : 800 rads ! ! 13 ! 7 ; 1 9 j  ! ! 
I 

__lll--II-II1._l -- --- 


