
RAPPORT SUR LE MEMOIRE INTITULE : 

p r é s e n t é  p a r  Monsieur Claude A U R I A U L T  pour  l ' o b t e n t i o n  du Doc to ra t  

è s -Sc iences  N a t u r e l l e s .  

Le s u j e t  du t r a v a i l  p r é s e n t é  p a r  M. Claude AURIAULT e s t  p a r t i c u l i è r e -  

ment i n t é r e s s a n t  p u i s q u ' i l  e n v i s a g e  les r e l a t i o n s  du p a r a s i t e  SckidAbbotmZ 

t m 1 - 4 0 ~  avec son h ô t e  e t  l e s  p r o c e s s u s  u t i l i s é s  p a r  l e  p a r a s i t e  pour  r é s i s t e r  

aux mécanismes de  d é f e n s e  humorale ou c e l l u l a i r e  q u i  v i s e  à l e  d é t r u i r e .  

Dans un c h a p i t r e  d ' i n t r o d u c t i o n  b i e n  docranenté e t  c l a i r e m e n t  r é d i g é ,  les 

m o d a l i t é s  de  réponse  provoquée p a r  l a  s c h i s t o s o m i a s e  e x p é r i m e n t a l e  c h e z  l e  r a t  

s o n t  t o u t  d ' a b o r d  r a p p e l é e s .  

Les  effets e f f e c t e u r s  s o n t  r e p r é s e n t é s  e s s e n t i e l l e m e n t  p a r  d e s  mécanismes 

de c y t o t o x i t é  c e l l u l a i r e .  Ils m e t t e n t  e n  oeuvre  les macrophages a c t i v é s  p a r  l e s  

a n t i c o r p s  de n a t u r e  IgE e t  les é o s o n i p h i l e s  a s s o c i é s  à d e s  IgG2 et à d e s  IgE. 

A i n s i  donc, chez  Sckis&m, c o r n  dans  d ' a u t m s  modèles de  p a r s i t e s ,  l ' i n d o c -  

t i o n  de l ' a c t i v i t é  p h a g o c y t a i r e  e s t  liée à l a  p r é s e n c e  d ' a n t i c o r p s  anaphy lac -  

t i q u e s .  
mécanismes 

Face  à ces r é a c t i o n s  de  d é f e n s e  de l ' o r g a n i s m ,  le  p a r a s i t e  déve loppe  d e s  

d ' é v a s i o n  e t  d ' imnunorégu la t ion  : modulation niembranaire, a c q u i s i t i o n  d ' a n t i -  

gènes  d 'hô te ,  a c c e p t e u r s  de  s u r f a c e  d e s  s c h i s t o s u n e s  p o u r  l e s  IgG e t  l a  f i - 2  

microg lobu l ine .  Enf in  les s c h i s t o s o m e s  a d u l t e s  s o n t  c a p a b l e s  d ' e x e r c e r  une rnodu- 

l a t i o n  de  l ' a c t i v i t é  d e  d i v e r s  t y p e  de c e l l u l e s ,  n o t m n t  des  mas tocy tes .  

Les  r é s u l t a t s  p e r s o n n e l s  s o n t  p r é s e n t é s  s o u s  l a  forme d'un assemblage de  

8 articles p r i n c i p a u x  r é d i g é s  e n  langue a n g l a i s e  e t  p u b l i é s  dans  d e s  r e v u e s  

i n t e r n a t i o n a l e s .  Chaque a r t i c l e  est p récédé  d'un préambule très c l a i r e m n t  

r é d i g é  q u i  pose  l e  b u t  e t  l a  f i n a l i t é  de l a  r e c h e r c h e  e n t r e p r i s e  e t  dégage les 

p r i n c i p a l e s  c a r a c t g r i s t i q u e s  d e s  r é s u l t a t s  ob tenus .  

C e t t e  méthode, f a c i l i t e  considérablement pour le  l e c t e u r  l ' a p p r o c h e  d e s  

problèmes e t  permet de  f a i r e  r e s s o r t i r  l a  f i l i a t i o n  u n i s s a n t  l e s  différentes 

p u b l i c a t i o n s .  La s e u l e  r é s e r v e  q u i  p u i s s e  être k i s ~  concerne  l a  d i f f i c u l t é  de  

l e c t u r e  de  c e r t a i n e s  f i g u r e s  d e s  p u b l i c a t i o n s  o r i g i n a l e s  i m p a r f a i t m e n t  r e p r o -  

d u i t e s  p a r  l a  pho tocop ie .  



Les r é s u l t a t s  ob tenus  s e  r egroupen t  en 2 axes  de r e c h e r c h e s  ( A l .  Le c l i v a g e  

d e s  IgG e t  s e s  i n c i d e n c e s  s u r  l a  r éponse  immune (SI Le r ô l e  d e s  p r o t é a s e s  p a r a -  

s i t a i r e s  dans  l ' a c t i v a t i o n  des  é o s i n o p h i l e s .  

A - C L I V A G E  DES IR G ET INCIDENCE SUR LA REPONSE IMMUNE. 

La s u r f a c e  des  sch i s tosomules  nô Scki6X060nU WOL possède d e s  

r é c e p t e u r s  pour  l e  f ragment  Fc des  IgG. Après l i a i s o n  des  IgG a v e c  l a  membrane, 

l e s  p o r t i o n s  Fab s o n t  c l i v é e s  p a r  de p e t i t s  p e p t i d e s  l i b é r é s  d a n s  l e  m i l i e u  de  

c u l t u r e  p a r  l e s  sch i s tosomules .  Deux c a t é g o r i e s  d ' a c t i v i t é s  p r o t é i n a s i q u e s  o n t  

é t é  d é t e c t é e s  d a n s  l e s  p r o d u i t s  de s é c r é t i o n .  L'une e s t  une endopro téase  a v e c  

une a c t i v i t é  " t r y p s i n - l i k e n .  Un pH 7  e t  une t e m p é r a t u r e  de  45OC c o n s t i t u e n t  

les c o n d i t i o n s  o p t i m a l e s  f o n c t i o n n e l l e s .  L ' a u t r e  e s t  une méta l loaminopep t idase  

[optimum = pH : 7,  t : 37OCI. 

Les p e p t i d e s  l i b é r é s  a p r è s  l e  c l i v a g e  d e s  I g  G p a r  l e s  p r o t é a s e s  s é c r é t é s s  

p a r  l e s  s c h i s t o s o m a l e s  e x e r c e n t  une a c t i o n  i n h i b i t r i c e  s u r  l ' a c t i v i t é  des  macro- 

phages. On n o t e  en e f f e t  une i n h i b i t i o n  de  50 à 70 % de l a  c y t o t o x i t é  IgE - 

dépendante  e x e r c é e  p a r  les macrobhages c o n t r e  les s c h i s t o s o m u l e s  l o r s q u e  les 

p e p t i d e s  précédemment c i t é s  s o n t  a j o u t é s  au m i l i e u  de  c u l t u r e .  

Ce t  effet i n h i b i t e u r  e x e r c é  p a r  les p e p t i d e s  d ' I g  G e s t  non s p é c i f i q u e  

p u i s q u ' i l  provoque également  l ' i n h i b i t i o n  d ' a u t r e s  a c t i v i t é s  macrophagiques 

te l les  l a  l i b é r a t i o n  de  l a  f i - g l u c u m n i d a s e ,  l ' i n c o r p o r a t i o n  de glucosamine,  

l a  phagocytose  d e s  p a r t i c u l e s  de  l a t e x .  

Ce p r o c e s s u s  peut  c o n s t i t u e r  pour  l e  p a r a s i t e  un e f f i c i e n t  mécanisme 

imnunosuppresseur  l u i  p e r m e t t a n t  d ' échapper  à l a  d é f e n s e  de  l ' h ô t e .  

Les r e c h e r c h e s  o n t  e n s u i t e  p o r t é e s  s u r  l a  n a t u r e  du f a c t e u r  a c t i f  r é s u l -  

t a n t  du c l i v a g e  d e s  molécu les  d ' I g  G. En u t i l i s a n t  notamment l e  t e s t  du r e l a r -  

guage de  l a ( % - g l u c u r o n i d a s e ,  M. AURIAULT démontre q u ' i l  s ' a g i t  du  t r i p e p t i d e  

[Threonyl-Lysyl-Prolinef du second domaine c o n s t a n t  de  l ' immunoglobuline G. C e  

t r i p e p t i d e  f n h i b e  également  l a  m i g r a t i o n  d e s  macrophages de  r a t  a i n s i  que l a  

g é n é r a t i o n  d ' i o n s  superoxydes .  

Les t r a v a u x  r e l a t i f s  à ce premie r  a x e  de  r e c h e r c h e s  se t e r m i n e n t  p a r  I ' e x a -  

men du rôle d e s  f ragments  Fc maintenus  e n  p l a c e  s u r  l a  membrane des  s c h i s t o s o -  

mules. L ' a u t e ü r  montre que  ces d e r n i e r s ,  r e s t é s  à l a  s u r f a c e  a p r è s  l e  c l i v a g e  

d e s  I g  G p a r  les p r o t é a s e s  p a ~ a s i t a i r e s ,  e n t r a i n e n t  l ' a c t i v a t i o n  du complémnt  

p a r  l a  v o i e  c l a s s i q u e  corrrne e n  témoignent  l e s  consomat ions  d e s  f a c t e u r s  C - 
1 

C2 e t  C4. Ces  r é s u l t a t s  p e r m e t t e n t  à l ' a u t e u r  de  f o r m u l e r  l ' h y p o t h è s e  que  ce 

mécanisme, e n  provoquant  une c o n s o m t i o n  l o c a l e  du complément a u t o u r  de  l a  sckiic-  

tosomule  p o u r r a i t  c o n s t i t u e r  un d e s  mécanismes d e  sa  s u r v i e  à l ' i n t é r i e u r  dl 

l ' h ô t e .  



l 

B - ROLE DES PROTEASEÇ PARASITAIRE: DANS L 'ACT IVAT ION DES EOÇINDPHILES. 

S i  l e s  p e p t i d e s  d ' I g  G s o n t  s a n s  a c t i s n  s u r  l a  f o n c t i o n  e f f e c t r i c e  

d e s  é o s i n o p h i l e s ,  p a r  c o n t r e  l e s  a g e n t s  de  s é c r g t i û n  d e s  l a r v e s  e x e r c e n t  un 

e f f e t  s t i m u l a n t  s u r  l e u r  a c t i v i t é  c o m s  en témoigne l ' a u g m e n t a t i o n  de  l a  cy to -  

t o x i t e  dépendant  des I g  G 2a ,  l ' e x p r e s s i o n  d e s  r é c e p t e u r s  pour  l e s  I g  G e t  l a  

d é g r a n u l a t i o n  d e  c e s  c e l l u l s s .  

C e t  e f f e t  s t i m u l a n t  e s t  r e t r o u v é  dans  l e s  p r o d u i t s  de  s é c r é t i o n  du para-  

s i t e  à t o u s  l e s  s t a d e s  d 'évolution chez  l ' h ô t e  V e r t j b r é ,  y compris l e s  a d u l t e s  

d e s  2  s e x e s .  

L ' e f f e t  s t i m u l a n t  du f a c t e u r  a c t i f  ( t h e r m o s e n s i b l e )  est dû i d e s  p r o t é a s e s  

n e u t r e s  notamment de  s p é c i f i c i t é  c o l l a g é n a s e  ( p o s s i b l i t é  d ' u t i l i s e r  un s u b s t r a t  

t e l  que l ' a z o c o l l l .  Deux a c t i v i t é s  p r i n c i p a l e s ,  de  po ids  m o l é c u l a i r e  d i f f é r e n t  

o n t  pû ê t r e  i d e n t i f i é é s .  

Le d e r n i e r  p o i n t  du t r a v a i l  p o r t e  s u r  l ' a c t i v i t é  d e s  p r o t 6 a s e s  n e u t r e s  aux 

d i f f é r e n t s  s t a d e s  du développement de  Sckib&bOnKI n u u t o o ~ .  

Ont a i n s i  é t é  t e s t é s  l e s  s c h i s t o s o m u l e s ,  les jeunes  s c h i s t o s o m e s  de  20 

j o u r s  et les v e r s  a d u l t e s .  En o u t r e  o n t  également  é t é  t e s t é s  d e s  hornoggnats 

t o t a u x  ou t r a i t é  p a r  l a  saponine-calc ium.  D e s  s u b s t r a t s  p e r m e t t a n t  de  d é t e c t e r  

les e n d o p r u t é a s e s ,  les c a r û o x y p e p t i d a s e s  e t  les arnino-peptidases o n t  é t é  u t i l i s é s .  

L ' u t i z i s a t i o n  d ' i n h i b i t e u r s  s p é c i f i q u e s  a  permis de  mettre e n  év idence  que 

l ' a c t i v i t é  e n d o p r o t é a s e  majeure  d e s  s c h i s t o s o m u l e s  e s t  une s é r i n e  p m t é a s e  t a n -  

d i s  que  les s t a d e s  u l t é r i e u r s  s e  c a r a c t é r i s e n t  p a r  d e s  a c t i v i t é s  t h i o l - p r o t 5 a s e s .  

P a r  c o n t r e  les aminopep t idases  ( m é t a l l o - p e p t i d a s e l  p r é s e n t e n t  les mêmes c a r a c t é -  

r i s t i q u e s  q u e l s  que s o i e n t  les s t a d e s  e n v i s a g é s .  

Un c h a p i t r e  de  s y n t h è s e  "Discuss ion  e t  Conc lus ionw comnente les 

r é s u l t a t s  p r é s e n t é s .  

D a n s  l a  p a r t i e  consac rée  au  c l i v a g e  des I g  G e t  à ses i n c i d e n c e s  s u r  

les macrophages,  l ' a u t e u r  est amen& notamnent à évoquer  l e  ra isonnement  e t  l e  

p l a n  d e  r e c h e r c h e  q u i  l ' o n t  c o n d u i t  à p a r v e n i r  à l ' i s o l e m e n t  du t r i p e p t i d e  res- 

ponsab le  de l ' i n h i b i t i o n  de l ' a c t i v i t é  e f f e c t r i c e  des  macrophages dépeqdants  

d e s  I g  E. 

Un des p o i n t s  p a r t i c u l i è r e m e n t  i n t é r e s s a n t s  de l a  deuxiènie p a r t i e  de l a  

d i s c u s s i o n  p o r t e  s u r  l a  f i n a l i t é  de l ' a c t i v a t i o n  des  é o s i n o p h i l e s  p a r  les 

f a c t e u r s  t h e r m o s e n s i b l e s  é l a b o r é s  p a r  l e s  sch i s tosomes .  I l  m n t r e  co,T,ent  les 

p r o d u i t s  s é c r é t é s  p a r  l e s  v e r s  a d u l t e s  peuven t  r é g u l e r  l e s  mécanismes e f f e c t e u r s  



d i r i g é s  c o n t r e  l e s  l a r v e s  du p a r a s i t e  e t  é v i t e r  a i -sL uc p r o c e s s j s  de r é i n f e c -  

t i o n .  

Un schéma, t r è s  d é d a c t i q u e  résume l e s  r 6 s ~ l t a t s  o b t e n u s .  

L e  t r a v a i l  de  Monsieur Claude A U R I A U L T  p r 6 s e n t e  un i n t é r ê t  cons iaé -  

r a b l e  à p l u s i e u r s  n iveaux : 

- Dans l e  domaine de  l a  B i o l o g i e  C e l l u l a i r e ,  i l  f o u r n i t  un modèle i n t é r e s -  

s a n t  d e  r é g u l a t i o n  d ' a c t i v i t é  c e l l u l a i r e .  

- Sous l ' a n g l e  d e  l a  l u t t e  c o n t r e  l e  sch i s tosome,  l a  d é c o u v e r t e  du t r i p e p -  

t i d e  i n h i b i t e u r  des  a c t i v i t é s  macrophagiques permet d ' e n v i s a g e r  d e s  a p p l i c a t i o n s  

pharmacologiques.  

- E n f i n  s o u s  l ' a n g l e  d e s  mécanismes d ' a d a p t a t i o l s  p a r a s i t a i r e s ,  l e  t r a v a i l  

f o u r n i t  d e s  hypo thèses  s é d u i s a n t e s  pour  e x p l i q u e r  l e s  m o d a l i t é s  de  s u r v i e  d e s  

p a r a s i t e s  e t  l a  r é g u l a t i o n  de  l e u r  p o p u l a t i o n .  

En c o n c l u s i o n ,  l e  r a p p o r t e u r  donne un a v i s  extrèmement f a v o r a b l e  

à l a  sou tenance  de l a  t h è s e  en vue de  l ' o b t e n t i o ?  du titre du Doc teur  è s -Sc iences  

A V i l l e n e u v e  d'Ascq, l e  8 sep twnbre  1983 

P r o f e s s e u r  A .  DHAINALJT 



CENTRE NATIONAL 

DE LA RECHERCHE SCIENTIFIQUE 

lNST ITUT DE BIOLOGIE ANIMALE 

AVENUE DES FACULTES 

3340s TALENCE CEDEX 

RAPPORT SUR LE MENIIRE DE 'ZHESE 

présenté par M. Claude AURIAULT 

intitulé : 

"Régulation de la  réponse immnlltaire par l e  parasite trématode Schistosom marsorri" 

en vue & l'obtention du grade de Docteur ès-Sciences Naturelles 

Les travaux effectués par M. C l .  AURIAULT, très bien résumés dans son 
mémoire de thèse, s1 insniveat dans 1 'ensemble du travail ciu laboratoire dirigé 
par Monsieur le  Professeur A. Capran. 

D e p i s  plus de 10 ans, les chercheurs de cette équipe ont amené tant dans 
l e  dauaine de 1 ' iimunologie parasitaire des helminthiases que d a m  celui & 1 ' Tinnno- 
logie Générale une samie très importante de résultats qui leur ont permis une nauvelle 
canpréhension & certains mécanismes fondamentaux de défense de l'organisme e t  de 
leur modulation ( n m l l e  c a s p r e h i o n  du rôle de certains anticorps anaphylactiqws, 
IgE par exemple). 

Le travail personnel & M. AURIALKT dans ce grarpe a pcur objet les 
relations hôte-parasite dans l a  Schistosaniase. 

Schistosuwn rmnsmzi est  un ver trématode parasite & llHome. On peut 
évaluer B 300.000.000 l e  nanbre dl individus infestés dans l e  d e .  

Les mécaniçmes d'infestation d'une part e t  les relations hôte-parasite 
d'autre part ont été éhdiés  sur &s rongeurs de laboratoire : souris e t  rats. 

La samis, hôte du sdiistosome, se montre très sensible à l'infection 
au point que l e  ver peut effectuer son complet développement à l 'intérieur du 
Mai3mifère . 

Le rat, par contre, apparaît relativement résistant dans l a  mesure où, 
bien que les cercaires soient infestantes e t  pewent i ig re- r  dans l e  foie, les parasites 
sont ensuite éliminés rapidasent. 

L'ensenble du travail de M. AURIAULT a été -6 sur les réactions du 
r a t  i d e s  t é  par l e  schïstosame . 
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La grande originalité de la  thèse de M. AURIAIJLT est de considérer les  
relations Mautnifère-Ver, hôte-parasite dans l'optique de l a  réponse du parasite à 
l'hôte. 

Le parasite, adapté à son hôte (nous verrons que les protéases senétées 
par le  parasite ont à l a  fois une activité spécifique et limitée dans l e  temps) va 
tenter de moduler l a  réponse immunitaire du Marmnifère infesté de te l le  sorte que 
hôte e t  parasites puissent continuer à vivre. 

Claude AURIAULT a en effet montré que des protéases parasitaires, qu'il  
a identifiées, caractéristiques de l a  schistoscmule e t  non de l a  cercaire, sont 
capables de cliver les Irmnmoglobulines G que l'hate a élaborées contre le  parasite 
e t  qui se trowent fixées à sa membrane. 

Les IgG sont coupées de te l le  sorte que la  partie variable est  libérée 
sous f o m  de peptides e t  que l a  frs~stion constante reste fixée à l a  membrane du 
paras i t e  . 

Les peptides provenant de la  partie variable de lfImmrnoglobuline G de 
ra t  libérés ont différentes propriétés : 

A/Ils sont inhibiteurs des fonctions macrophagiques. Cette conclusion de l'auteur 
est  fondée sur 1' observation de 3 critères de 1 l activité macrophagicpieo : 

- libération de 13 glucuronidase 

- incorporation & glucosamine 

- phagocytose & particules de latex 

B/Les peptides clivés par les protéases de Schistosamile ont également l a  
propriété & stimuler les  fonctions effectrices des éosinophiles. Cette stimulation 
est  également observée avec des produits de sécrétion de larves plus âgées. Ainsi 
on met en évidence i c i  un effet contraire au premier : une cytotoxicité accrue anti- 
schistosamle, élaborée par l'hôte e t  IgG dépendante. 

C/Le fragment Fc reste fixé sur l a  d r a n e  du parasite e t  C l .  AURlAULT précise 
expérimentalement où se situe la zarae de clivage entre Fab e t  Fc. 

Ce chercheur lsontre que l e  b p e n t  Fc fixe l e  Clq, premier é l b n t  de 
l a  voie classique  LI canplénient , permettant la cascade enzymatique de son activation 
e t  par suite devant donner sa cytotoxicité à un anticorps. 

Dans ce cas précis, il apparaît que l e  phéndne aboutisse (en l'absence 
du fragment Fa.) 3 une consr~mation locale du ccmplément qui ne peut activer un 
syseme antigène-anticorps incanplet. 
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Ainsi dans les 3 mécanismes découverts par M. AURIAULT e t  permettant l a  
survie du parasite par modulation de l a  réponse irmiuiitaire de l'hôte, l e  parasite 
clive 1 'anticorps spécifique de l'hôte, libère des peptides qui inhibent les macro- 
phages, stimulent les éosinopniles. La partie de l'anticorps de l'hôte, restée fixée 
à la  medrane, e s t  un "piège" à ccmplément empêchant ce dernier d'avoir une activité 
cytotsxicpe à l'égard dzs vers e t  p~ut -ê t re  de produire localement un certain nombre 
de troubles préjudiciables à 1 ' hôte. 

On voit la nouvelle optique amenée par C l .  AURIAULT dans les relations 
hôte-parasite. 

Il es t  important que ces travaux soient poursuivis-d'une pârt, conmie l e  
souligne l'auteur, dans l e  domaine des applications des peptides particuliers élaborés 
par les enzymes parasitaires e t  niodulant la réponse inmunitaire des Mammifères. 

- d'autre part, en 
considérant que les vers libres sont capables de sécréter cert- chaînons du camplé- 
nient, sont capables de potentialiser les anticorps de vertébrés supérieurs (IgG), ce 
qui élargit peut-être exore l e  champ des investigations dans l e  b i n e  des rela- 
tions hôte-parasite . 

Le Mihoire & Mi ALELAIET est très agréablement présenté, une excellente 
rsvue bibliographique où il situe tout l'apport du laboratoire de Monçieur le  
Professeur Caprm auquel il appartient, puis la  description & son propre travail. 

I l  e s t  très appréciable qu' i l  a i t  fondé son mémoire sur d'excellentes 
publications qui lui  dont dues, mais surtout qu'il a i t  ré& brièvement le  but, les 
résultats, les conclusions des publications qu'ils naus donnent, dans une courte 
page introductive. 

ûn doit également beaucoup apprécier l a  discussion des résultats, surtout 
l e  schéma intégralenient original, du aux travaux d e  Cl. W W L T ,  qui donne une 
toute nowelle approche des relations hôte-parasite. 

Ch peut regretter dans un travail aussi remarquable e t  aussi dense un 
manqye d' effort de sinplicité q l i c a t  ive dans l a  conclusion générale, excellente, m i s  
peut-être un peu trop éloignée du non spécialiste. 

En résirné, l'excellent e t  novateur travail de M. AURWILT, très bien résrimé 
dans son mémoire, est extrênenmt digne dtêtre souterni en vue du grade & Docteur 
ès-Sciences . 

Ce travail,  tant sur l e  plan appliqué à 1' lmnnrologie Parasitaire que 
sur l e  plan de 1"lmmnrologie fadamentale, &ne de nowelles e t  reuarquables 
conceptions. 
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INTRODUCTION 

Comment expliquer la survie des parasites e t  plus pa r t i  - 
culièrement des helminthes pendant des mois voire même des années 

chez des hôtes immunologiquement compétents ? 

Cette question est  sûrement la plus fondamentale que 

se posent 1 es immun01 ogi s tes travai 11 ant sur des modèl es parasi - 
taires depuis de nombreuses années. Les progrès remarquables 

réalisés récemment ont mis en évidence les mécanismes de destruc- 

ti on succepti bl  es d ' i nterveni r dans 1 a réponse humorale ou 
, 

ce1 1 u l  ai re acquises au cours de 1 'infection. Toutefoi s malgré 

1 ' apparente efficacité e t  1 a di versi té  des mécanismes mis en 

oeuvre, l e  parasite peut se maintenir dans l'organisme même si 

dans certaines situations , i 1 es t  partiel 1 ement rejeté. La réci - 
proque évidente es t  que des individus parasi tés par des helmi nthes 

peuvent survivre de nombreuses années comme si le  parasite ména- 

geait, voire peut-être protégeait, le mamnifère l'hébergeant. 

C'est dans cette vaste perspective de l'étude des relations 

hôte-parasi te dans 1 e mode d ' infection par Schi s tosoma mansoni 

que nous avons entrepris une série de travaux d o n t  une partie 

es t  décrite dans cette thèse. 

CARACTERISTIQUES GENERALES DE L'INFECTION PAR SCHISTOSOME 

La schistosomiase est  une infection qui affecte 300 mil 1 ions 

de personnes dans le  monde. Des modèles expérimentaux sur diverses 

espèces animal es ont permis 1 a réal i sa ti on de nombreuses recherches 



concernant 1 ' immunorégul a t i  on au cours des i nfections parasi tai res . 
L'infection par Schistosoma mansoni est  caractérisée par 1 a pré- 

sence de vers adul tes dans les veines portes e t  mésentériques à 

la suite de mécanismes complexes de migration déclenchés par 

la pénétration transcutanée des cercaires q u i  sont les larves 

infestantes. Ces cercaires provenant de l'eau douce se trans- 

forment en schistosomul es après pénétration chez 1 'hôte. L'uti 1 i - 
sation des modèles d'infection expérimentale du rongeur te l s  que 

1 a souris e t  l e  ra t  ainsi que Te maintien en cul ture des schi s- 

tosomul es a permi s 1 ' analyse pl us préci se des mécani smes immuno- 

logiques au cours de cette infection. . 

a) Spécifi ci tésd' espèce e t  i ntraspécifi que 

Selon 1 es différentes espèces animal es étudiées, 1 e degré 

de résistance à l 'infection par S. mansoni est  variable a l l a n t  

d'une résistance totale jusqu'à la mort des hôtes avec tous les 

internédiaires possibles. 11 semble en effet  exister trois caté- 

gories d'hôtes suivant la succeptibilité à l 'infection par schis- 

tosomes. Ceux qui sont des hôtes totalement résistants, ceux qui 

peuvent être infectésma.Tsqui sont de mauvais hôtes e t  ceux qui 

sont succepti b l  es (Kagan, 1958). Le hamster e t  1 a souris par 

exemple sont considérés comme les hôtes les plus sensibles. I ls  

permettent au parasite de se développer jusqu'au stade adulte de 

s'accoupler e t  de pondre des oeufs. Le ra t  par contre est  u n  

hôte d i t  semi-permissif dans l a  mesure où les cercaires peuvent 

1 ' infester e t  même accompl i r 1 e stade de mi grati on hépati que. 



Mais à partir de la 3ème à la 4ème semaine de post-infection 

commence la phase de rejet  des parasites aboutissant à une 

diminution e t  même une disparition de la  masse parasitaire 

(Smithers e t  Terry, 1965 ; Maddison e t  Coll., 1970). Cette résis- 

tance à 1 'infection es t  suivie par une imuni té  à la réinfection 

importante e t  prolongée. L'homme se comporte comme un hôte sus- 

cepti ble. On peut observer des infestations de très longues 

durées restant d 'ail1 eurs souvent stabl es dans 1 es popul ati ons 

d' âge adulte. 

Il semble qu'en plus des spécificités d'espèce, i l  y a i t  
8 

des différences de suscepti bi 1 i té à 1 'intérieur d'une espèce 

que l'on appelle spécificité intraspécifique observée chez l'homme 

(Cardoso, 1953) ou dans 1 es modèles expérimentaux ( Kagan, 1958) . 

b)  L '  immunité au cours de la schi stosomiase ex~érimental e 
(modèle exp@rimental : Rat) 

1) La réponse humorale 

Au cours de l'infection,des anticorps apparaissent en 

assez grande quanti té dans 1 e sérum des animaux parasi tés. Les 

anticorps apparaissent assez tardivement ou pl us exactement l e  

maximum du t aux  d'anticorps chez l e  r a t  es t  obtenu aux alentours 

de la 12ème semaine alors que le r a t  es t  immun dès l a  4ème 

semaine (Maddi son e t  col 1 . , 1970) . Tous les résul tats expérimentaux 

obtenus soi t  par transfert passif de sérum d'animal infesté 

(Rousseaux e t  Col 1 ., 1980) ou chez des animaux traites par des 

anti-fk montrent que la réponse anticorps es t  u n  facteur essen- 

t ie l  de 1 'imuni té anti -schistosome (Bazin e t  col 1 ., 1980). 



Toutefois, les anticorps seuls sont insuffisants 

semble-t-i 1 pour assurer une protection significative. Leur rôle 

sera décrit dans les chapitres consacrés à la description des 

mécanismes effecteurs. 

Bien que tous les isotypes soient représentés au cours 

de 1 'infection par S. mansoni , la réponse IgE mérite une attention 

parti cul i ère. En effet  dans 1 a schi stosomi ase humai ne ou expéri - 
mentale, 1 es taux d' IgE sériques sont consi dérabl ement augmentés 

e t  associés à une production importante d' anticorps IgE-spéci - 
C 

fique du parasite (Dessaint e t  coll . ,  1975 ; Rousseaux-Prévost 

e t  col 1 ., 1978). Le f a i t  important es t  que chez le  ra t ,  une 

corrélation nette est  observée entre 1 e développement de 1 'immu- 

ni té  à la réinfecti on e t  1 a réponse IgE spécifique du parasi te 

(Rousseaux-Prevost e t  coll. ,  1978). De plus, chez l e  rat  comme 

_chez la souri s , on observe une production importante d' anti corps 

anaphylactiques non réaginiques de sous classe respectivement IgG2a 

ou IgGl (Rousseaux e t  coll . , 1980 ; Santoro e t  col 1 ., 1978). Con- 

trairement à ce que 1 'on pourrait croire, cette importante pro- 

duction d'anticorps anaphylactiques n 'est  pas associée à des 

manifestations al 1 ergiques. Le contraire même a été reporté d' une 

association négative entre 1 'al 1 ergie e t  1 e parasi t i  sme dans 

les zones d'endémie (Anderson, 1974). 



2) La réponse ce1 1 ul ai re e t  1 ' hypersensi bi 1 i té retardée 

Au cours de la schistosomiase on peut observer une réponse 

ce1 1 ul aire dont  les manifestati ons pourraient être soi t  favorables 

soi t néfastes pour 1 ' hôte. Les réactions que nous décrivons dans 

ce chapitre seront 1 es réactions d' hypersensi b i  1 i té retardées. 

Ce1 1 es-ci peuvent être décri tes comme des réactions ce1 1 ul aires 

d'une sensi b i  1 i tê accrue a des antigènes speci fiques, en 

l'occurence les antigènes des schistosomes, d o n t  les manifes- 

tations ne se produisent qu'après un certain temps de contact 

avec ces antigènes. Des degrés variables de ces réactions 

ce1 lulaires dirigées contre les schistosomules pavent être observées 

au niveau de la peau, où on peut assister à une infil tration in- 

f 1 ammatoi re consécu t i  ve à u n  aff 1 u x  de 1 eucocytes pol ymorphonucl éai res 

ainsi qu'au niveau des poumons e t  des ganglions lymphatiques. La 

réaction ce1 1 ul ai re la mieux étudiée a été 1 a réaction granul omateuse 

a u t o u r  de l'oeuf de schistosome. Sa formation est  consécutive à la 

libération d'antigènes par les oeufs. Il est  admis que les réac- 

t i  ons pathologiques observées au cours de la schi stosomiase sont 

en grande partie dues à l a  formation de ce granulome inflammatoire 

qui es t  une des réactions cellulaires les plus typiques de la 

bi 1 harziose (Domi ngo e t  Warren, 1967, 1968). L '  hypersensi bi 1 i té 

retardêe de type granulome peut être induite par 1 'injection 

d'oeufs de schistosomes e t  peut être transférée passivement 

d'un animal infecté par S.  mansoni à u n  animal non infecté 



par des cellules ganglionnaires ou spléniques mais non par 

l e  sérum (Von-Lichtenberg e t  coll., 1962, 1963). Boros e t  

Warren (1970) o n t  montré que l e  matériel antigenique soluble 

de l'oeuf peut en petite quantité induire une réaction d'hypersen- 

si bi 1 i t é  retardée granulomateuse sans i ndui re de formation 

d'anticorps détectabl es par 1 a technique d' hémaggl uti nation. La 

technique de formation de granulomes in vitro a pu mettre en 

évidence l e  recrutement de macrophages ,lymphocytes, éosi nophi les 

e t  fibroblastes autour de 1 'oeuf e t  a cl airement montré 1 a spéci - 
f ic i  té  immunologique de la réaction (Doughty e t  Phi1 1 ips, 1981). 

3)  L '  immuni té concomi tante 

Smithers e t  Terry (1969) ont été les premiers à émettre 

1 'hypothèse que 1 'immunité acquise peut avoir un rôle important 

dans la schistosomiase. Le terme de "concomitant" a été adopté 

p a r  analogie avec l'immunité anti-tumorale ou la greffe d'une 

seconde tumeur sur des animaux n'est  pas acceptée s i  ceux-ci 
.. 

portent une première tumeur. Au cours de 1 'infection par schisto- --- 

somes l e  ver adulte semble être l e  stimulus majeur de 1 'immunité, 

En effet, au cours d'une réinfection, alors que l e  ver adulte 

n'est pas affecté par  la réponse immune qu'il a lui-même suscitée, 

les jeunes larves par contre sont détruites. Le mécanisme de 

1 ' immunité concomi tante tel qu' i l  a été mis en évidence chez le 

singe Rhésus permet d'expliquer en partie au moins l a  longue 

persistance des infections par schi stosome, grâce au maintien 

d ' une charge parasi tai re à peu près stable. On peut même assi ster 



à une diminution du nombre d'oeufs avec 1 'âge de 1 ' i  nfection. 

Toutefois, d'autres mécanismes peuvent également intervenir au 

cours de la réponse immune, comme des réactions faisant intervenir 

notamment des mécanismes non spéci f i  ques. 

L'existence d'un é ta t  d'immunité nous amène donc à décrire 

1 es différents mécanismes effecteurs étudiés ayant comme ci bl e 

principale 1 e schi stosomule. 

c) Les mécanismes effecteurs 

, 

Dans la plupart des autres maladies parasitaires t o u t  

comme dans 1 a schi stosomi ase, 1 a réponse immuni taire fai t 
_ _ _  _ " --- - 

intervenir dinlers composants du système immuni tai re comme 1 es 

anticorps de différents isotypes, des facteurs complémentaires 

e t  différentes popul ati  ons ce1 1 ulai res pouvant agir ensembl e ou 

i ndépendamnent à des temps donnés de 1 ' infection. Compte-tenu 

de 1 a complexité de 1 a situation in vivo, 1 ' analyse des mécanismes 

effecteurs a été effectuée en grande majorité par des études 
- -  - -- 

in vi t r o  qui ne peuvent bien sûr pas :rendre .----- compte - - de - 1 a ensembl e des 

mécanismes considérés. Par contre, ces approches o n t  l e  grand 

avantage de pouvoir d i  ssoci er 1 es différents composants i nterve- : 

nant  dans le  mécanisme de cytotoxicité. 

1) Cytotoxi ci té par anticorps 1 éthaux 

11 a été mis en évidence que des sérums immuns de Singe 

Rhésus ou humains en présence de complément frais  de cobayes 

peuvent être 1 éthaux pour les schi stosomul es (Clegg e t  Smi thers, 

1972 ; Capron e t  col 1 . , 1974, 1977). Les anticorps impliqués 

o n t  été identifiés comme étant des IgG chez ces deux espèces 



mais egalement chez d'autres espèces étudiées comme le  lapin, le  ra t  

e t  la souris, comme nous 1 'avons déjà mentionné, La pertinence 

biologique de ces anticorps cytotoxiques reste toutefois à préci- 

ser. En effet ,  l a  nécessité d'une source de complément hétérologue 

al ors que pl usieurs exemples montrent 1 ' ineffi caci té du mécani sme 

en présence d 'un  sérum homologue est une des principales objections 

apportée à ces résultats. Par a i l  leurs, l e  maintien d'un taux élevé 

de ces anticorps dans les sérums à des moments où l'immunité décline, 

montre qu'en t o u t  cas les anticorps léthaux ne représentent pas les 

seul s mécanismes immunitaires développés par 1 ' hate pour se protéger 

des schistosomes. En effet ,  des essais de protection de souri ceaux 

par infection expérimentale de mères n'ont pas a b ~ u t i  ce qui a 

suggéré aux auteurs (Weinman, 1960 ; Taylor e t  coll., 1971) le  peu 

de rôle joué par les anticorps seuls, dans la protection. 

2)  Cytotoxi ci té ce1 1 ul aire 

Avant d'aborder plus en détail les mécanismes effecteurs 

à médiation ce1 lulaire principalement étudiés, , 

impliquant dès cellules phagocytaires corne les  

macrophages e t  les éosinophiles, i l  es t  nécessaire de mentionner 

le  cas particulier des lymphocytes. En effet quoique de nombreux 

arguments expérimentaux montrent cl ai rement 1 a thymo-dépendance 

de l a  réponse anti-schi stosome, i l  a été démontré que des ce1 1 ules 

T cytotoxiques ( C T L )  ne participent pas aux mécanismes d'el imi na- 

tion des parasi tes (Butterworth e t  coll . , 1979). Récemment, une 

équipe a décrit u n  mécanisme de cytotoxici té in vitro impl iquant 

l a  p a r t i  ci pation de T lymphocytes e t  parti cul ièrement de CTL 

( E L L N E 4  e t  col 1 . , 1982) mais 1 ' impossi bi 1 i té de reprodui re ces 

résul ta ts  dans plusieurs 1 aboratoi res d o n t  l e notre, 1 eur ret i re  

une partie de leur crédi bil i t é  (Communications personnel les ) .  



Pourtant, 1 ' hypothèse d'une cytotoxi ci t é  par CTL apparaissait 

d'autant plus évidente qu'il a été montré que les schistosomules 

peuvent acquérir à leur surface des produits K/D ou 1 du complexe 

majeur d'histocompati b i  1 i té de la souris (Sher e t  col 1 . , 1978) 

ce qui est  en principe une condition nécessairement requise 

pour qu'une activité CTL soit  possible. L'adhérence de lymphocytes 

alloréactifs de phénotype Lyt 1- 2 3' sur des schistosomules n 'est  

pas suffisante pour tuer la larve puisque les cellules se déta- 

chent après quelques heures de contact (Butterworth e t  coll., 1979). 

Différentes expl icati ons peuvent être apportées pour expl iquer 

cette inefficacité des CTL à lyser les larves e t  seront discutées 

dans un chapitre ul téri eur . 
- Cytotoxi ci té  des neutrophi 1 es 

Dean e t  col 1 . (1975) o n t  mis en' évidence que des neutro- 

philes de cobaye mis en présence de sérums homologues sont capa- 

bles de tuer des schi stosomules in vitro. Dans le  cas de ces 

expériences, l e  f a i t  de rajouter des macrophages ou des éosinophiles 

n'augmente pas l e  t aux  de cytotoxicité e t  les auteurs suggèrent 

que les neutrophiles représentent une des principal es ce1 1 u l  es 

impliquées dans 1 'immunité a n t i  -schi stosome en coopération avec 

des IgG2 spécifiques. Ces travaux o n t  été largement critiqués 

car les sérums utilisés sont des sérums déjà cytotoxiques en 

eux-mêmes. Par ail leurs, 1 a cl asse d'anticorps en cause fixe 

le  complément e t  la participation des neutrophiles dans ce cas 

n'est pl us nécessaire pour assurer une cytotoxi ci té. Des études 

plus récentes contestent ces résultats e t  montrent que les neu- 

trophi 1 es, bien que capables d' adhérer sur 1 es schi s tosomul es 

ne dégranulent pas sur 1 a cible e t  ne 1 ui causent aucun domii.çe 

(David e t  col 1 . , 1980). Le débat reste ouvert ,toutefoi s 1 es 

travaux effectués dans notre laboratoire montrent plutôt une 



certaine inefficacité des neutrophiles pour tuer les schis- 

tosomules e t  quelques arguments al lant dans ce sens sont dévelop- 

pés dans l e  chapitre des résul ta ts .  

- Cytotoxi ci t é  des macrophages IgE-dépendante 

Des macrophages normaux, incubés avec du sérum de r a t  

immun vis-à-vis des schistosomes, adhèrent fortement e t  tuent 

in vitro les schistosomules de S. mansoni . La mi se en évidence 

de la thermolabilité ainsi que l'indépendance vis-à-vis du 

complément de ce facteur sérique o n t  conduit à démontrer que 

des anticorps de nature LgE sont impliqués dans l a  réaction de 

cytotoxi ci té.  Des techniques biochimiques d '  immuno-adsorption 

avec des anti -immunoglobul ines de ra ts  o n t  confirmé ces 

premiers résultats (Capron e t  coll . ,  1975 ; Capron e t  coll . ,  

1977 ; Joseph e t  coll . , 1977). Différentes expériences d'inhibition 

o n t  également permis d'écarter 1 ' hypothèse de 1 a parti ci pation 

d'autres isotypes comme les IgG ou les IgM. Le mëcani sme f a i t  

donc intervenir 1 a fixation cytophi l e  préal able de 1 ' IgE immune 

sur un récepteur spécifique pour cette imnunoglobuline sur la 

membrane des macrophages (Dessaint e t  col l . ,  1979). Une étude 

plus précise, u t i l i sant  1'IgE purifiée aggrégée par des procédés 

chimiques a mis en évidence que les dimères d' IgE représentent 

1 a forme minimale d'aggrégation qui déclenchent 1 'activation des 

macrophages induisant ai nsi leur e f fe t  toxique (Capron e t  col 1 . , 
1977). Des expériences similaires ont ëté effectuées uti l isant  

des sérums d'infections par S. mansoni e t  des monocytes humains 

ainsi que des macrophages péritonéaux de babouins (Joseph e t  

col 1 . , 1978). Dans ces systèmes également,les IgE sous forme 

complexée stimulent 1 e mécani sme cytotoxique des phagocytes 

vis-à-vis des schistosomules. 



La spécificité anti -parasitaire des IgE dans 1 a réaction 

de cytotoxi ci té a été démontrée par absorption d'un sérum de ra t  

immun par des antigènes de S. mansoni. Celle-ci correspond à 

une décroissance de la  cytotoxicité des macrophages IgE-dépendante 

d' une mani ère dose-dépendante avec 1 a concentration d ' anti gène 

uti 1 i sée. L '  uti 1 isati  on d'al 1 ergènes non parasi tai res ou d' anti - 
gènes d'autres espèces de schistosomes te l s  que S. bovis en aucun 

cas ne diminuait le  taux de mortal i té des 1 arves (Capron e t  col 1 . , 
1976). 

La cytotoxicité IgE dépendante des macrophaqes peut 

être décrite en deux étapes successives ; la première impliquant 

la liaison sur son récepteur cellulaire de 1 'IgE ious forme 

aggrégée,au moins sous forme de dimères. Cette étape conduit à 

une activation de 1 a ce1 1 u l  e ,  indépendamment de 1 a spéci f i  ci t é  

des IgE. La seconde se caractérise par une adsorption spécifique 

des macrophages sur 1 eurs cibles. Cette étape condui t à 1 a mort 

des larves en 6 à 18 heures e t  nécessite la présence sur l e  

macrophage d '  IgE spécifiques d'anti gènes exprimés à la surface 

des schistosomules. Dans le  chapitre consacré aux mécanismes 

effecteurs non spécifiques nous décrivons d ' autres mécani smes 

de cytotoxicité in vitro impliquant les macrophages sans la 

présence d' anticorps. Ceci pour  sou1 i gner 1 a part importante 

que sembl e occuper le  macrophage dans 1 ' i muni té anti -schi s tosome. 

-1 
L'observati on i ni t i  ale de Butterworth e t  col 1 . (1975) a 

mis en évidence le  rôle des éosinophiles comme cellules effec- 

trices vis-à-vis des schi stosomul es en présence d' anticorps 

spécifiques. Ces auteurs o n t  en effet  montré que des éosinophiles 

humains normaux peuvent tuer in vitro des schistosomules en 



présence d'IgG de pa t i en t s  i n f es tés  par S. mansoni e t  ceci en 

1 'absence d'une source de complément. Ces études corroboraient  

une étude pathol ogique préal  ab1 e qu i  met ta i  t en évi  dence 

1 ' accumulation d '  éosi nophi 1 es autour des 1 arves consécuti vement 

à l a  pénét ra t ion transcutange (Hsü e t  col  1. , 1971 ; Von Lichten- 

berg, 1976). De plus, Mahmoud e t  ses col lègues (1975) rappor ta ien t  

qu' un sérum a n t i  -éosi nophi l e  i n j e c t é  à des sour i  s déprimai t 

1 ' immunité à 1 a r é i  nfect îon ce qui  a motivé un ce r t a i  n nombre 

d'études des fonct ions e f f e c t r i c e s  de c e t t e  populat ion c e l l u l a i r e  

au cours des parasi toses à helminthes notamment c e l l e s  que 

Moni que Capron a effectuéesdans no t re  labora to i  re.  

Chez l e  r a t ,  M. Capron a natemment mis en évidence 1 e mécanisme 

de cy to tox i c i  t é  par éosi nophi 1 es en i d e n t i f i a n t  1 es a n t i  co r l s  respon- 

-sables came é tan t  des IgG2a, qu i  e s t  1 a sous-cl asse majeure des 

IgG dans c e t t e  espèce,dotée d ' a c t i v i t é  anaphylactique non réag i -  

nique, mai s également p l  us récemment des IgE (Capron e t  col 1 . , 
1978 ; Capron e t  co l l . ,  1981). On peut observer dans ce modèle 

. 
1 'assoc ia t ion des éosinophi les avec des~mastocytes en é t r o i t  

contact avec l a  c i b l e  b ien que 1 es mastocytes, en eux-mêmes so ien t  

incapables de t ue r  l e s  1 arves. Ces mastocytes jouent l e  r ô l e  de 

ce1 1 u l  es accessoires dans 1 a réac t ion  de cy to tox i  c i  t é  pui sque 

des populat ions pu r i  f i é e s  d '  éosinophi 1 es dépourvues de mastocytes 

on t  t r ès  peu d ' e f f e t  cytotoxique en présence de sérum de r a t s  

i m u n s  (Capron e t  co l l . ,  1978). La c y t o t o x i c i t é  des éosinophi les 

peut ê t r e  restaurée par 1 ' add i t i on  des produi ts  de dégranulat ion 

des mastocytes. Ceci suggère une dégranulat ion mastocytaire à 

1 'a ide des IgG2a e t  des IgE spéci f iques au contact de l a  l a r ve  

e t  une d i f f u s i o n  de ces produi t s  vers 1 es éosi nophi 1 es comme 

facteurs coopérat i fs .  Parmi ces fac teurs  mastocytaires, l e s  



tétrapeptides synthétiques à activité chimiotactique pour 1 'éosi - 
nophile (ECF-A) jouent un rôle prédominant. Une corrélation a 

été montrée entre 1 ' ECF-A (Al a-Gly-Ser-Glu) e t  ses analogues (Val - 
Gly-Ser-Gl u ,  Val -Pro-Ser-Gl u )  e t  1 ' expression des récepteurs Fc 

des éosinophi 1 es (Capron e t  col 1 . , 1981) . Ces observations ai nsi 

que 1 'augmentatîon de 1 'expression des récepteurs C3b par les 

ECF-A tétrapeptides (Anwar e t  Kay, 1977) mettent en évidence que 

les facteurs chimiotactiques outre leur activité sur 1 a migration 

ce1 1 ul ai re peuvent également intervenir au niveau de 1 'expression 

de récepteurs membranai res. Dans ce modèl e ,  1 ' activité ! 

cytotoxique des éosinophiles semble déclenchée pa? deux signaux! 

L ' u n  résu1 te  de l a  fixation des anticorps spécifiques (préfixés 

sur 1 e schi s tosomul e )  sur 1 e récepteur spéci f i  que des cl asses 

IgG2a ou IgE. Le second par des produits d'activation provenant 

de la  dégranulation des mastocytes, ce1 le-ci résultant de 1 ' in- 

teraction de 1 a ce1 1 ul e avec 1 es mêmes anti corps anaphyl acti ques . 
Ainsi , deux mécanismes distincts de 1 a cytotoxi c i t é  par 

éosi nophi les semblent opérationnel 1 es a des péri odes di fferentes 

au cours d'infections expérimentales chez le  rat .  L'une avant  

six semaines d'infection d o n t  l e  rôle peut être attribué aux 

anticorps de type IgG2a, 1 'autre après 8 semaines d'infection 

a t t r i  buable essentiel lement aux anticorps de type IgE. Ceci 

pose le problème particul ier de 1 ' impl ication des anticorps de 

type anaphylactiques dans l a  protection anti-schistosome e t  

peut-être pl us général ement anti -helminthes. 



3 )  Les anticorps anaphylactiques e t  les 

mécanismes effecteurs 

Dans ces deux mécani smes de cytotoxi ci té ce1 1 ul ai re 

anti corps dépendants v i  s-à-vi s des schi stosomul es de S. mansoni , 

la participation essentiel l e  d'anticorps anaphylactiques est  donc 

mi se en évidence. Des résul tats expérimentaux dans d ' autres 

modèles parasi taires comme les filarioses ou les infections à 

Trichine1 1 a chez les rongeurs o n t  également montré 1 ' impl i cation 

d'anticorps anaphylactiques dans 1 es mécanismes de cytotoxi ci té 

par des ce1 1 ules phagocytai res (Haque e t  col 1 . , 1981 ) . Outre 

les données expérimentales obtenues chez l e  r a t ,  des travaux 

réalisés chez la  souris o n t  également montré que les IgGl qui 

constituent la sous classe anaphylactique non réaginique de cette 

espèce sont  également impl iquéesdans un processus de cytotoxici t é  

des éosinophiles vis-à-vis des schi stosomul es. Ceci suggère donc 

que outre leur participation au ?rocessus classique d'hypersensi- 

b i l i té  immédiate, les anticorps anaphylactiques peuvent également 

exercer une autre fonction comme inducteur de l'activation phago- 

cytaire ce q u i  aura pour conséquence la libération d'enzymes e t  

autres molécules lysosomiales responsables de 1 'effet  toxique 

sur leurs cibles. 

Une preuve indirecte du  rôle protecteur des anticorps 

anaphylactiques in vivo a été apportée par des transferts passifs 

de sérums dont la déplétion en anticorps anaphylactiques a été 

effectuée par immunoadsorption. Dans ce cas, 1 ' immunité transfërrée 

diminue significativement quand les sérums sont diminués en 

anticorps de type IgG2a e t  IgE anti -schistosomes aux périodes où i 1 s 

sont impliqués dans les mécanismes de cytotoxici té in vitro (Capron 

e t  col 1 . , 1980). 





11 a été montré dans notre laboratoire que 1 'activation 

du complément par 1 a voi e al terne peut endomger i rréversi bl ement 

la membrane des 1 arves de schistosomes (Santoro e t  col 1 . , 1979). 

Cet effet cytocide du complément peut être amplifié lorsque des 
, 

ce1 1 ules possédant un récepteur C3b, comme 1 es éosinophi 1 es, 

sont activks en présence de compl ément (Ottesen e t  col 1 . , 1977 ; 

Rama1 ho-Pinto e t  col 1 . , 1978). 

La plupart des mécanismes ainsi décrit mettent en évidence 

la potenti al i t é  cytotoxique de différents mécani smes dépendants 

du complément, de cellules imnunocompétentes ou des deux. Mais 

ces travaux restent souvent très descriptifs. Toutes ces 

approches de 1 ' immuni té non spéci f iqui  anti -parasi te mériteraient 

de faire 1 'objet d'études plus approfondies afin de déterminer 

pl us précisément les composants intervenant, à des ni veaux e t  

de manières différentes. 

d)  Les mécanismes d' évasions e t  d' immunorégul ati ons dével oppés 

par les parasi tes 

Quel 1 e que soit  1 'efficacité des mécanismes effecteurs 

décrits dans les chapitres prêcédents, i l  faut bien admettre 

que dans les conditions naturelles, ces mécanismes effecteurs ne 

peuvent s ' exprimer pl ei nement e t  que 1 es parasi tes doivent donc 

détourner 1 a réponse immune q u  ' i 1 s o n t  eux-mêmes déclenchée . Il 

existe vrai semblablement une grande différents entre 1 a source les 

connaissances actuel 1 es sur les mécani smes d'évasions e t  1 a réa- 

l i t é  biologique mais les travaux faisant l 'objet de cette thèse 

s'inscrivent dans ce grand chapitre e t  nous ne citerons que les 

mi eux étudiés avec un regard pl us parti cul ier sur 1 es mécani smes 



d'immunorégulation au cours de la schistosomiase. 

11 est  donc nécessaire de di s t i  nguer 1 es mécanismes 

d'évasions opérant au niveau des schistosomules, qui donc permettent 

la survie des parasites après leur pénétration chez l 'hôte, des 

mécanismes de régulation en relation avec les vers adultes qui 

interviendront sur 1 a réponse immune de 1 'hôte. 

Les questions qui se posent sont donc : 

1) Cornent le  ver adulte se protège e t  régule la réponse immuni- 

taire qu' i 1 susci te  ? 

2)  Comment s'exerce cette réponse sur l e  schistoso~mule cible ? 

3) Quelles sont les possibil i tés des schistosomules d e  se protéger e t  

de réguler la réponse immunitaire ? 

1) Modulation membranaire 

Torpier e t  Coll. (1979) o n t  mis en évidence que des ligands, 

incluant les anticorps, peuvent induire une réaggrégation des pro- 

téines intégrales de l a  membrane du schistosome. Bien qu'en présence 

du complément, e t  en présence de certains anticorps, ce mécani sme de 

"copatching" peut conduire à la destruction du parasite, i l  peut ê t re  

suivi en 1 'absence de complément par un "cocapping" e t  une élimination 

des aggrégats au niveau des épines tégumentaires. Ceci met en 

évidence que 1 e parasi t e ,  après 1 a 1 iai son de 1 igands immun01 ogi ques 

peut restituer 1 ' intégrité de sa membrane (Torpier e t  col 1 . , 1980) 

au moins par un  turnover membranaire rapide, 



2) Acqui si t i  on d ' antigènes d ' hôtes 

Damian (1964, 1967) e t  Capron e t  col 1 . (1965, 1968) o n t  été 

les  premiers à démontrer l 'existence chez l e  schistosome de déter- 

minants antigéniques identiques à ceux de 1 'hôte vertébré. A par t i r  

de ces observations in i t i a l  es, 1 'exi stence de ces antigènes d '  hôte 

a é té  démontre chez d'autres trématodes ainsi que chez des cestodes 

e t  des nématodes (Capron e t  Col1 . , 1968). Ceci suggèrait que ces 

antigènes pourraient jouer un  rôle important dans l'adaptation des 

parasites à leurs hôtes. Clegg e t  coll .  (1971) démontrent que les  

anti gènes d '  hôte sont acqui s par 1 es schi s tosomul es durant 1 es 

15 premiers jours qui suivent la  pénétration chez l ' hô t e  e t  que 

certains d'entre eux au moins sont associés aux membranes éry.tbro- 

cytai res. Par des réactions d '  aggl uti nation mixte , Damian (1374) 

met en évidence la présence de déterminants identiques à 1 ' 4 2 

macroglobuline de souris à la  surface des schistosomes. Plus récemment, 

des imnunoglobulines o n t  été mises en évidence à la  surface des 

vers adultes (Kemp e t  col 1 . , 1977) ainsi que des détermi nants antigé- 

niques controlëç par 1 es régions K e t  1 du système majeur d'histo- 

compati bi 1 i t é  de 1 a souris (Sher e t  Col 1 . , 1978) . 
D'autres observations identiques ont été f a i t e s  par de nom- 

breux auteurs concernant d'autres antigènes d' hôtes e t  i 1 semble 

donc que 1 es hypothèses concernant 1 ' immunoadaptation , développées 

par Capron e t  coll .  en 1968 e t  n'excluant pas l 'intervention d'au- 

t res  mécanismes, soient confirmées. D'un point de vue immunologique 

i l  e s t  concevable que l 'existence de te ls  antigènes à l a  surface 

des schi stosomes puissent au moins partiel lement protéger 1 e parasi te 

contre la réponse immune de 1 'hote. Toutefois, la pertinence fonc- 

tionnel l e  de ces antigènes d'hôte reste à démontrer bien qu' i l  semble 



que 1 ' acqui si t i  on des anti gënes d ' hôtes par 1 es schi stosomes est  

en corrélation avec 1 ' acqui si t i  on de leur rési stance aux mécani smes 

effecteurs (Clegg e t  Smithers, 1972). 

3) Accepteurs de surface des schistosomules 

Par des techniques de formation de rosette, i l  a été mis 

en évidence des accepteurs à la  surface des schistosomules pour 

des immunoglobulines e t  des composants du complément. En effet ,  l a  

présence d'accepteurs pour  l e  Clq (Santoro e t  col1 ., 1980) e t  C3b 

(Ouai ssi , e t  col 1 . , 1980) disparaissant avec 1 'évol ution du para- 

si te  a été notament décrî te.  La fonction exacte de, ces récepteurs 

n 'est  pas encore clairement établ i e  mais ces observations sont 

à corréler avec l e  f a i t  que des schistosomules peuvent activer 

l e  complément par les voies classiques e t  alternes bien que 

les récepteurs en eux-mêmes ne semblent pas intervenir dans l ' ac t i -  

vation. Par contre, 1 es travaux récents de Fearon (1980) suggèrent 
i 

au contraire que ces structures pourraient intervenir comme inhi- 

biteurs de la cascade de 1 'activation du complément ce qui peut 

représenter un système d'évasion aux mécanismes effecteurs dépen- 

d a n t  du  complément. 

Nous apporterons une mention toute particulière à l 'exis- 

rence d'un accepbur pour les immunoglobulines de type G e t  la 

1 2-mi croglobul i ne compte-tenu des conséquences de 1 ' observation 

ini t ia le  de TORPIER e t  col 1 . (1979) sur 1 es travaux faisant 1 'objet 

de cette thèse. Lorsque des schistosomules sont incubés en présence 

dlIgG de différentes espèces animales e t  humaines, ou simplement 

leur fragment Fc, une totale inhibition de la formation de rosettes EA 

e s t  observée. Par contre, 1 ' incubation avec des fragments F (ab)' 2 
,. - -..> - - W T  

ne modifie pas la  fixation des hématies. Cet accepteur est  _ _- _ -  _ -d 



caractéristique du stade "jeunes schi stosomules" puisque ni des 

cercaires ni des schistosomules de 4 jours récoltés dans les 

poumons ne fixent d' IgG. Sa sensibilité à la pronase semble indiquer 

que 1 a structure acceptrice es t  de nature protéique bien que 

1 a trypsine n 'exerce aucun effet .  Ces observations indiquent donc 

1 ' exi stence d' un accepteur pour 1 es IgG à 1 a surface des schi stoso- 

mules q u i  peut être assimilé aux récepteurs F c 8  décrits chez les 

ce1 1 ul es eucaryotes. La polari - - t e  -dl appari t i  on de ces accepteurs 

pour les  IgG sur les  larves après la rupture de la  queue de la 

cercaire, de la  partie antérieure vers la  partie postérieure indique 

bien que leur apparition e s t  un procédé dynamique. Par contre, 

la 2-inicroglobuline n'inhibe pas la'fixation d'IgG sur les  

récepteurs des ce1 1 ul es d ' eucaryotes a1 ors q u  ' el 1 e 1 ' i nhi be sur 

la structure acceptrice des schi stosomules, ce q u i  .constitue une 

différence essentiel 1 e entre les deux systèmes. Ceci indique donc 

qu'une même structure membranaire peut fixer aussi bien les IgG que 

1 a 2-microgl obul i ne. La fonction biologique de cet accepteur pour B 
---_. 

les  IgG f a i t  1 'objet d'une grande partie de mes travaux personnels 

dont les  résultats sont exposés sous le  chapitre "Modulation des 

macrophages par des peptides d l I g G  libérés après clivage par des 

protéases sécrétées par 1 es schi s tosomules de S.  mansoni " . 

4) Modulation de la  réponse immune par les complexes immuns 

Dans différentes infections, parasi tai res ou non, 1 es 
+--. ---- - --.------ -- 

complexes immuns jouent un rôl e rQul ateur dg 1 a - ~ e p g n ~ _ _ - - ,  

immunitaire. Pour ce qui concerne la schistosomiase, i 1 a été  

montré que des éosinophi 1 es pré1 evés à différents temps d' i nfecti on 

sont cytotoxiques in vitro pour les schi stosomul es sans nécessi t e r  

1 'addition d'anticorps dans 1 e système. Des études par 1 a technique 



de formation de rosette a montré l a  présence d'anticorps cytophiles 

à 1 a surface de ces éosinophiles cytotoxiques (Capron e t  col 1 . , 
1979). Or, à certaines périodes après infection, essentiellement 

après une dizaine de semaines, les éosinophiles de rats immuns 

sont incapables de tuer des larves même si des anticorps spécifiques 

leur sont ajoutés. A cette période, les récepteurs Fc sont bloqués 

. t o u t  comme l e  sont des éosinophiles normaux incubés avec des sérums 

de cette péri ode parti cul ière (pl us particul ièrement 1 e culot 

d ' u1 tracentri fugation de ces sérums) de 1 ' infection par schi stosomes. 

Par contre, à d '  autres péri odes notamment après 6 semaines d ' i nfecti on, 
, 

les sérums n'induisent pas une te l le  inhibition de la  cytatoxici té  

par éosinophile. Ces expériences indiquent donc que la fonction 

effectrice des éosinophiles n 'est  pas constante au cours de l'infection 

mais peut être modulée à certaines périodes par des complexes 

immuns (Capron e t  col 1 . , 1979).  

5) Modulation de 1 ' activité ce1 1 ul aire Dar des 

facteurs sécrétés Dar 1 es schi stosomes adul tes 

L'action de facteurs parasitaires sur la modulation de 

la réponse immunitaire a été étudiée dans différents modèles. 

L'existence, notamnent de facteurs chimiotactiques pour les 

éosinophiles d i  Anisakis (ECF-Ani) a été décrit par  Torisu e t  coll . 
(1980). Cette activité est  due à des produits d'excrétion-sécrétion 

du parasi te ,  themo-sensi ble, acido-résistant. Au moins deux molécules 

semblent impliquées, de poids moléculaires 43 000 e t  5000 e t  sont 

spécifiques des éosinophi les. D'autres études o n t  montré des acti - 
vi tés immunosuppressives dans des sérums de souris infectés par 

différents parasites comme par exemple par Trypanosoma cruzi (Kuhn  

e t  coll . ,  1980) sans que l a  participation directe de facteurs para- 

si tai  res ai t été montrée. 



Un produit de sécrétion des schistosomes adultes dénommé 

SDIF (Schi stosome Derived Inhi bi tory Factor) a été décri t dans 

notre laboratoire comme ayant des activi tés inhi bi t r i  ces de 1 a 

prol i féra t i  on 1 ymphocytaire e t  de 1 a dégranul ation mastocytai re 

(Mazingue e t  col1 ., 1980). Il  a en effe t  été montré que l a  frac- 

t i  on di alysable des produi t s  d '  incubation de schi s tosomes i nhi be 

la  prol ifération de lymphocytes préal ablement stimulés par des 

mi togènes ou des antigènes de S. mansoni (Camus e t  col 1 . , 1979) . 
D'autre part, un ou des facteur(s)  de la  même fraction de poids 

moléculaire 500 à 1000, thermostable(s) , TCA sol uble(s) inhi be(nt) 

fortement la  dégranulation in vivo e t  in vi tro dermastocytes s t i -  

mulés par des composés chimiques ou des réactions anaphylactiques. 

Les mastocytes comme nous 1 'avons déjà mentionné sont des cellules 

accessoires essentielles dans les mécanismes de cytotoxicité par 

éosinophiles. Quand l e  SDIF es t  ajouté dans l e  système de cytoto- 

xic i té  impliquant des mastocytes, des éosinophiles e t  des anti - 
corps, une t rès  importante diminution de la mortalitë des larves 

peut ê t re  observée. La puri f i  cati on des facteurs biologiques acti f s  

e s t  actuellement en cours afin de préciser leur mode d'action au 

niveau cellulaire mais déjà ces études permettent de mettre en 

évidence l ' e f f e t  direct des facteurs parasitaires à différents 

niveaux de la réponse immunitaire. Une partie des résultats  qui 

seront présentés dans les chapitres suivants montreront 1 ' e f fe t  

régulateur des protéases sécrétés par les schistosomes sur les 

fonctions cytotoxiques anti -parasi t e  des éosi nophi 1 es. 



TRAVAUX PERSONNELS 



. 
L ' enqu&te a cientLdique commence ltrru j a m  pan. t ' i n v d o n  

d'un monde p u ~ ~ i b l e  ou d'un &agment de monde pob~ible.  

P. Medawar 



Quelles étaient l es  questions posées lorsque ce travail fu t  

entrepris ? 

Lorsque nous avons commencé cet te étude, l 'accepteur 

pour l es  IgG sur l es  schistosomul es venaient d 'être décrit  

(Torpier e t  col l . ,  1979). Ces mêmes auteurs avaient observé 

que 1 'aptitude des larves à former des rosettes EA (Erythrocyte 

anti-erythrocyte) disparaissait  après 3 heures de contact entre 

les parasi tes  e t  l e s  IgG. Ceci 1 aissai t supposer que : 

- so i t  l e  complexe accepteur-IgG é t a i t  1 ibéré par,l es larves ; 

- so i t  seulement les IgG étaient  1 ibérées par l es  larves en 

maintenant en place l e  récepteur ; 

- so i t  seulement la  portion F(ab1)2 de l a  molécule é t a i t  clivée 

de l a  molécule d '  IgG par une hydrolyse enzymatique ce qui 

l a i s s a i t  supposer que 1 a portion Fc de 1 a mol écule restai t en 

place sur 1 es schi stosomul es. 

Quel que s o i t  l e  cas, la question q u i  se posait é t a i t  : 

"Pourquoi u n  te l  mécanisme ?". L'acquisition d'antigènes d'hôte 

comme les IgG par les schistosomules peut trouver une explication, 

mais pourquoi des IgG e t  non les autres isotypes ? Enfin, compte-tenu 

des similitudes avec les récepteurs Fc decrits sur les cellules 

d'eucaryotes e t  plus particulièrement ceux décrits sur les cellules 

impliquées dans 1 ' immuni té ,  l e  rôle fonctionnel éventuel 



que peut jouer u n  accepteur(') pour des IgG notamment sur la 

régulation de la réponse immune dirigée contre l e  parasi te 

devrai t être 1 ' orientation essenti el 1 e de nos travaux. 

Bien que le terme "Récepteur" soit fréquemment employé concernant 

le site de fixation des IgG à la surface des schistosomes, nous 

emploieront volontairement dans cette thèse le terme "Accepteur" 

dans la mesure où sa caractérisation comme "Récepteur" est encore 

en cours. 



ARTICLE no  1 : CLIVAGE PROTEOLYTIQUE DES IgG FIXEES SUR L'ACCEP- 

TEUR Fc DES SCHISTOSOMULES DE S .  MANSONI. 

Dans cet ar t ic le ,  nous avons abordé les deux questions 

suivantes : 

1) Les IgG après leur fixation.sur la  membrane du parasite sont- 

el les é1 imi nées passivement ou cl ivées par des enzymes protéo- 

lytiques parasi tai res ? 

2)  Dans ce second cas, comment s'opère l e  clivage ? 

Pour répondre à ces questions, nous avons~dans un premier 

temps uti 1 i sé 1 es mêmes techniques que ce1 1 es décri tes par 1 ' iden- 

t i  f i  cation de 1 ' accepteur par 1 es IgU, 1 es techniques de formation 

de rosettes e t  d'immunofluorescence. Cette méthodologie a permis 

notamment de mettre en évidence que la faculté de former des 

rosettes dimi nue avec l e  temps e t  est  pratiquement ab01 ie après 

3 à 4 heures de culture avec des IgG anti-erythrocytes. Lorsque 

1 a culture es t  effectuée en présence d'inhibiteurs protéasiques 

tels que l e  phenyl methyl sulfonide fluoride (PMSF) même après 

4 heures de culture, i l  est  possible d'observer la formation 

de rosettes. 

L '  hypothèse du clivage enzymatique es t  confi rmée : 

1) Par la démonstration en immunofluorescence de 1 a présence 

d' un fragment Fc sur la membrane du parasi te grice à 1 'utilisation 
2 d'un F(abl) anti-Fc dlIgG ; 



2 )  Par 1 'apparition e t  l a  libération de peptides TCA 6 % solubles 

dans l e  mi 1 ieu de culture ; 

3 )  Par 1 a présence dans 1 e mi 1 ieu de cul ture de protéases sécrétées 

par les 1 arves d o n t  1 ' une e s t  une séri ne protéase neutre, 1 'autre 

une metalloaminopeptidase neutre d o n t  les températures optima 

d' acti vi t é  sont de 37OC. 

Ainsi , après leur fixation sur la membrane des 1 arves, les 

IgG sont clivées par des protéases sécrétées par l e  parasite. Ce 

clivage a pour conséquences de libérer des peptides d'IgG dans l e  

mi croenvi ronnement des schi tosomul es tout en maintenant en place 

un déterminant du fragment Fc de l a  molécule. 
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Sutmmy ARer the binding of IgG u, t h  surface Fc rc~spmr of S d u c r o s ~ ~ ~  
im~~oni  sdhtommula tfra Fab portions of  IgG arc deadand s m d  peptides 
are iiberated in the culinremedium. At least nvo types of prÔrcinasc activiaes have 
bccrr dernonstra& in t&e seaetoy prûducts of sciiistosomula One is an 
endopromswwith tqpsia-likeacrivity, tnrh an optimum pH of 7 and an optimum 
tanperam of4PC. Tne othcr is a mcrallOaminopttidYo wtrti au optimum pH 
of 7 and -of 37% 

Article N 1 

R e m  sRidies have indicattd that Schisrosoma monroni c;irr acquvr? hosc immun01 
gfobuiins. It has indced brrn show thar hwz immunogiobuiim are associateci wich the 
tepmenrai surfacc of adult. worms (Kemp sr ai. 1977, 1978) and of scfiistosornuia 
("ïorpicr, C a p m  B Ouaissi -1979). l9).ese authon ha~edtm~oiwuarcd by rosette 
fomation the prcscna on S. mansoni scfiutosornuia of a rmptor for the Fr? fragmmu 
and for human Bz-rni~~oglobulin. Frcshiy collecteci schistosomuia bind IgG Fc fragments 
whcreas d a e  or 5day+Id lung schUtosomula m o t ,  which suggests the speciiiàty 
of the eariy scfüstoscmula stage for immunogIobuiin binciin~ The d i s a p v n a  of the 
Fcl rraptor on oida schistosomuia might rtjuit cirher from the disap-e of the 
W t o r  upon maturation or from its blocking by baud IqG on Fc. - 

In the pmmt work we demonstrate chat bound and f m  IQG both undeqo proteolHc 
cicavas. which produ- pcptidic fragments liberatcd in the culture medium. Thus the 

.ibbreviarions LSA = L-Ide-paiuoaniiide. MEM - Eagle's minimum esseaual medium. 
PBS = phosphate-bubd saline. pH 7-2, BAW butanoCacetic acid-bidisuiled wat« [4 : 1 : 5 
(vlv)], BSA = bovine scrum aibumin. W B  = paacfilorom&bmzoate. PMSF = phayi- 
mcthy isdphonide fluoride. TCA = uichloroacetic aad. SP = scfüstosornula incubation produas. . 
Comspondcn~. Dr C,i,uiauit Cenucd'lmmunologie et de Biologie Parasitaire. Institut Pasteur. 

I 

15 nie C&lc Guérin. F 59019, Lilie Cedex. France. 
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Fab fragment, and hence the antibody activity, is lost. A similar proteolysis mechanism 
has been described in Terrahymena pyriformis (Eisen & Tailan 1977, which is able to 
cleave IgG combined through their Fab fragments with the parasite surface, and to 
release univalent antibody fragments. 

Both binding and ~ieavage mechanisms appear as a modulation process which rnight 
interfere with the effcctor or escape mechanisms at the host-parasite interface. 

Paraite lfe cycle and preparation of schistosomuia 

A Puerto-Iücan strain of Schistosoma mansoni was wed throughout the study (Capron et 
ai. 1974). Scfiistosomula w e ~  prepared in vitro from cercariae either by a mechanicai 
procedure (Ramalho-Pinto et al. 1974) or by the skin penetration method of Clegg & 
Srnithers (1 972). 

Rosetting ussay 

Approximately 50 parasites, suspended in 0.1" ml Eagie's minimum essentiai medium 
(MEM), w m  incubated at 37°C for 30 min in an equal volume of anti-sheep erythrocyte 
rabbit m m  (diluted 1 : 10) or its IgG antibody fraction at a final concentration of 1 
mgjml. Afterwashing three times in PBS, pH 7-2, 2 x IO6 washed sheep red blood ceils 
werc added in a final volume of 1 ml of MEM. The percentage of rosette-forming parasites 
was detcrmined by microscopie examination after 30 min of contact at 37°C. 

Indirect hmutofltrorescence test 

Fifty parasites suspended in O. 1 ml MEM were incubated for 30 min at 37°C with diluted' 
anti-sheep erythrocyte rabbit semm or the IgG antibody fraction therefrom. A f t r  
washing three times in PBS, thçsehistosomula were put in contact for 30 min at 37°C with - 
fluoresccinconjugated F(ab')z against rabbit IgG (Fc-rpecific) (FRC-F(aWh anti-rabbit 
IgG Fc; DAKO, Denmark). The parasites were examined after three further washings in 
PBS under a fluorescence microscope. 

Incubation with labelled IgG 

Mechanically prepared schistosomula (30 000) were incubated in MEM at 37°C with 50 
pg of ixl-Iabelled (CEA, France) goat IgG (Miles, England), prepared by the chloramine 
T method as described by Burt & Xda (1 969). Two O. 1 -ml aliquots were removed after 1, 
3, 7 and 16 h of incubation. h controi without schistosomula but with 0.1 ml of stenle 
water added instead in the medium was run in parallel. One millilitre of 13; BSX (Sigma. 
St Louis, Missouri) was rhen added to each aliquot, which was precipitated by addition of 
1 ml of 20% TCA and tiitered through No. 542 Whatman paper for counting in a weil-type 
spectrometer (Intertechnique, Plaisir, France). 
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Preparation of schistosomula incubation products (SIPI 

Mechanically prepared schistosomula were incubated for 4 h in PBS supplemented with 
1% glucose to remove the major cercarial enzymes and extensively washed six tirnes. The 
schistosomula were incubated at 37°C for 16 h in sterile PBS. The absence of bacterial 
contaminants was controlled. 

Substrates 

The arylamide substrates (mono- or bi-substituted) were sollibilized in methanol (6 
mgjml) and diluted 1 : 20 in sterile phosphate buffer, 0.2 M, pH 7.2, containing 1 : 10 000 
sodium azide. The synthetic dipeptides were solubilized at 1 mg/ml in the same buffer (al1 
these substrates were kindly donated by Dr Ruffin, INSERM U 16, Unité de Recherche 
sur les Protéines, whom we wish to acknowledge). 

Azocasein (Sigma, St Louis, Missouri) was used at 1% in PBS (containing 1 : 10 000 
sodium azide). 

With LNA (leucine-p-nitroanilide) and other arylamide substrates, 2 ml of substrate and 
50 pl of SIP were incubated at 37°C. The yellow coloration indicating the hydrolysis was 
measured at 410 nm (Beckman DB spectrophotometer). A blank was camed out each 
time with 50 pi of sterile water without enzymes. 

Two millilitres of azocasein and 50 pl of schistosomula incubation products were 
incubated at 37°C. At the end of hydrolysis, the hydrolysate was precipitated with 2 ml of 
20% TCA and filtered through Whatman paper, No. 542. The filtrate was diluted 1 : 1 in 
0.5 N NaOH and left for 1 h at room temperature. The coloration was measured at 440 
nm. A blank was carried O t each time using 50 pl of sterile water. 

Inhibitors 

O-phenanthroiine and phenylmethylsulphonide fiuoride iPMSF) were solubilized in 
methanol and used at a final concentration of 1 x M. Parachloromercuribenzoate 
(PCMB) and iodoacetic acid were used at the same concentration in PBS. Soybean trypsin 
inhibitor (STI) was used at a final concentration of 0.2% and tested with azocasein 
substrate only, because of the spontaneous degradation of the other substrates. 

Gel filtration chromatograph.~ 

The cleavage products of IgG and intact IgG as a control were separated by gel filtration 
through ACA 54 Ultrogel (Pharmindustrie, France). The eluate was monitored at 280 nm 
using an LKB Uvikord II specrrophotometer, and using a ninhydrin reaction on each 
2-mi aliquot, according to the method described by Moore & Stein (1954). 

Paper chromatography 

Unidirectional paper chromatography was used to investigate the hydrolysis of 100 ,ug 
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dipeptide substrates by xhistosomula incubation products after 4 h at 37°C. The 
hydrolysates were spotted on No. 3 Whatman paper (46 x 57 cm). Controls of SIP and 
substrates alone were performed. Elution was carried out for 10 h at 20°C in 
butanol: acetic acid: water (4: 1 : 5) (BAW). The dried spots were revealed using a 14, 
ninhydrin solution in ethanol : 246-trimethyl pyridine (1 9 : 1). 

Disappearance of the Fab fragment 3 h after the binding of IgG 
- P t  

The ability of schistosomula-bound IgG antibodies to combine with their specific antigen I 
in the rosette test indicates that at least some of the immunoglobulins are oriented so as to 
have one Fab region of the molecule available for binding. - 

After 3 h of incubation at 37°C (Table 1, Figure l), IgG antibodies have apparently 

Table 1. Rosette formation on schistosomula at different 
times of incubation in culture medium 

Incubation time in MEM 

Larvae t h  I h  2h 3h 

Schistosomula* - - - - 
IgG-coated 

schistosomulat + + + +f  + + + + (+) 

* 2-3-h-old skin schistosomula. 
t 2-3-hsld schistosomula were incubated either in 
rabbit anti-sheep red biood ceil diluted serum or an IgG 
antibody fraction of this same semm at 57°C. washed 
three times and suspended in 1 ml of culture medium in a 
Leighton tube. 
$ Each plus sign represents about 207; of rosette-fonn- 
ing parasites (10 or more cellsiparasite), ( +) = c 20:/;. 

lost their ability to bind to erythrocytes. This suggests either the loss of Fab following a 
proteolytic cleavage or the shedding of the IgG molecule and,'or the Fc receptor. 

Small IgG fragments bearing Fc detenninants remain, however, on the surface of rt!e 
schistosomula: using fluorescent F(abl)- against rabbit IgG (Fc-specific), the IgG-incu- 
bated schistosomula are still stained after 3 h of incubation at 37°C (Table 3. Figure 1': 

On the other hand, the rosetting by anti-sheep erythrocyte IgG allowed to bind to the 
schistosomula surface is inhibited 50% by PMSF after 3 h of incubation (but i 7 r  
significantly by O-phenanthroline), which supports the hypothesis of an initial protease 
cleavage destroying the Fab antibody region of the molecule (Table 3). 



Proteolytic cleavage of IgG 37 

Figure 1. Photomicrographs of rosette formation around schistosomuia which had been previously 
incubated in rabbit anti-sheep red blood ce11 diluted serum or an IgG antibody fraction of this same 
serum (a). After 3 h of incubation in MEM, IgG antibodies have apparently lost their ability to bind 
to erythrocytes (b). After 3 h of culture in MEM, IgG fragment beanng Fc determinant was revealed 
by FITC-F(abf)2 anti-rabbit IgG (Fc-specific) on the surface of the schistosomuia (c). x 700. 
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Table 2. Binding of IgG to schistosomula at 
different times of incubation in culture medium, 
revealed by fluorescence study. The de- of 
fluorescence was estimated visuaily and p d e d  
from + to + + + 

Incubation time in MEM 

-- - 

Schistosomula - - - - 
IgGcoated 

scfiistosomula + + i 4- + + + i - 

Ta& 3. Effect of PMSF and O-phenanthroline 
on rosette-foming parasites after 3 h of incu- 
bation in 1 ml of MEM - 

-- " Indicator ceils 

1gG.coated schistosomuia 
i 5 pi aicohol 79.6 13.6 

IgG-coatcd sctiistosomula 
+PMSF 10- M - 29.4 

IgG-coated schistosomula 
i O-phenanthroiine 
1 0 4  ?A - 19.6 

Clenuage of free and bound labelled IgG 

When schistosomula are incubated with i31-labelled goat IgG, after as eariy as 1 h. IO0< 
TCA-soluble peptides appear in the incubation medium (MEM) (Figure 2). This shows 
the ability of the enzymalic marerial of the schisrosomula to cleave IgG into srna;; 
fragments. A compiete hydrolysis is never observed, however, even after a 16-h 
incubation with the larvae. 

- When IgG incubated for 16 h with SIP is chromatogaphed on ACX 34 gel, the 
rnajority of cteavage products detected by the ninhydrin reaction are eluted at the end of 
the filtration. Using appropriate markers, their molecuiar weight is roughly estirnated:~ 
be smaller than 12 000 daltons. Neither IgG nor SEP incubated aione and chrornato- 
graphed as conrrols show spontaneous desadation (Figure 3). 
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Figure 2. Hydrolysis of goat-labeiled IgG (50 
pg) incubated at 37°C with (-) and with- 
out (*-*) schistosomula. Appearance of 

i 3 7 16 TCA-soluble peptides in the culture medium 
Tirne i h (MEM). 

Figure 3. ACA 34 gel fil- 
O 4 tration of rat IgG (2 mg) 

< I (a) and of rat IgG (b), 
hydrolysed by incubation 
products of schistosomula 
for 16 h, monitored as 

$ per cent transmission at 
? 
rn 280 nm (--- -) and after 

8 ninhydnn reaction of each 
aliquot at 570 nm (a-*). 

Controls (w) were both 
carned out after incubation 
of the incubate only for 16 h. 
Column: 65 x 1 cm, phos- 
phate buffet, 0-2 M, pH 7.2, 

l O 20 30 40 void volume 12 ml, fraction 
Volume (mi) volume 2 ml. 

Optimum temperature and pH of SIP proteinases 

The proteinase activity of SIP is unlikely to cleave IgG molecules exciusively. The 
hydrolysis of synthetic substrates was thus explored. Since the exposed Fab fragments of 
an IgG possess NH: terminal groups, the presence of an aminopeptidase activity was 
particularly investigated using LNA substrate. The azocasein substrate was used to study 
an endoprotease activity. 

Optimum temperatures were 37°C for the aminopeptidase activity and 45°C for the 
protease activity (Figure 4). The optimum pH was detennined for both-qtivities as pH 7 
(Figure 5). 
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Figure 4. Optimum temperanire activity of 
incubation products of schistosomula using 
LSA (*-* ) and azocasein (c-.) sub- 
strates in phosphate bulier, 0-2 M. pH 7.2. 

% - - 

Figure 5. Optimum pH acivity of incubation 
products of schistosomula using LNA (*-* ) 

, ++ and azocasein (-1 in phosphate buffer. 
2 4 6 7 8 IO citrate baer  and carbonate buffer, 0.2 M. at 

PH 37°C. 

Effect of enzyme inhibitors on sckistosomuia proteinases 

Results reponed above discriminate distinct aminopeptidase and endoprorease activities 
by their optimum temperature. The effect of enqmatic inhibitors was studied using three 
substrates-LNA, azocasein and the trypsin substrate benzo i l -L -A~~~NA (Figure 6). As 
O-phenanthroiine was shown to inhibit the reacrion, the aminopeptidase activity appears 
to involve at least one metalloaminopeptidzse, and the endoprotease activity could be 
related to one or more serine group, trypsin-like proteases. This hypothesis is 
corroborated by the effecr of soybean trypsin inhbitor, which inactivates 507; of the 
protease activity on azocasein substrate. On the other hand, 50°/; PCMB partly inhibits 
both activities indicating that the active conformation of the enzymatic protein might 
involve sulphydryl residues. 
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Figure 6. Effect of some inhibitors on the proteinase activity of incubation products of 
schistosomula using three substrates. (m) Control, M = methanoi, IA = iodoacetic acid, 
PCMB = parachloromercuribenzoate, PMSF = phenylmethylsulphonide fluoride, phen. = 0- 
phenanthroiine, SB = soybean. 

Preliminary studies on the protease specificities of an incubate of schistosomuia using 
syntheric subsrrates (Table 4, Figure 7) 

The identified proteinase activities have difYerent specifities with regard to the hydrolysis 
of many synthetic peptides. The hydrolysis (4 h) of benzoil-~-Arg-mA and L-Lys-4NA 
indicates an endoprotease, trypsin-like activity in SIP, by the presence of mono- or 

Table 4. .,icubation in phosphate buffer, 
0.2 M, pH 7.2, at 37°C of some synthetic 
substrates with an incubation product 
of schistosomuia 

BI-SUBSTITUTED SUBSTRATES 

Acetyl-L-leucine-4NA - 
Glutaryl-~-phe-~-Ala-4NA - 
Benzoi l -L-A~~~NA + 

MONO-SUBSTITUTED SUBSTRATES 

L - T ~ ~ ~ N A  - 
L-Pro-4NA - 
L-Lys-4NA + 
L - A I ~ ~ N A  t 

L-Leu-4NA (LNA) i 
Gly-~-phe-~-Ala4NA - 

+ = Hydrolysed. 
- =Sot  hydrolysed. 
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Figure 7. Hydrolysis of some non-substituted synthetic dipeptides by incubation products of 
schistosomula, followed by a paper chromatography of the hydrolysate in the BAW solvent system 
revealed after drying by 1% ninhydrin. C = control substrate, H = hydrolysate, + = hydrolysed, 
- = not hydrolysed, I = weakly hydrolysed. 

bi-substituted basic residues. On the other hand, glutaryl-~-phe-~-Ala-4NA, Gly-L-Phe- 
L - A ~ ~ - ~ N A  and L - T ~ ~ ~ N A  which are chymotrypsin substrates are not degraded. Since 
Leu-4NA (LNA) is hydrolysed, this experiment suggests that the NH2 group has to be free 
to allow the hydrolysis of the leucine-p-nitroanilide peptide. This confirms the hypothesis 
of an aminopeptidase activity which is not only a leucine-aminopeptiase since L - A I ~ - ~ N A  
and other non-substituted dipeptides are also hydrolysed. 
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This work had two main objectives: 

1 The identification of the demonstrauon of the cleavage of IgG which is bound to the 
schistosomuium surface meptor. 
2 The identification of the enzymatic materials of schistosomula which perfonn this 
cieavage. 

The resuits reported above indicate that the binding of IgG through irs Fc piece to the 
Fc receptor is foilowed by the cleavage of the molecule into smail peptides. 

,The presence of at least two proteinase activities in the incubation product of 
schistosomula suggests that IgG molecules a n  initiaily cieaved into large fragments by 
one or more endoproteases. These fragments are then rapidly hydrolysed in our 
experimental conditions into small peptides by both aminopeptidases and endoproteases. 

The wide spedicity of the erizymatic schistosomula matenais could explain such a 
mechanism. But if the proteinase activities are lower in the SIP than in a cercarial extract, 
they also seem to have different specificiues since the cercarial activity has b e n  described 
prcviously as a chymotrypsin-like activity (Gazzineili et al. 1966, 1973) (cortoborated ln 
our laboratory, unpubiished resuits). This enzymatic switch indicates that the enzymes of 
the pre-acetabular giands of cercariae do not represent the major protease activity 
invoived in the cleavage of the IgG molecuies by schistosomuia, and indicares rhat this 
phenornenon is a characteristic of the schistosomula stage. 

On the other hanci, we have demonstrated thar many unsubstituteà aipeptides with 
leucine residues in the NH2 or COOH positions are hydrolysed, even the Leu-Pro and the 
Pro-Leu dipeptides which are rarely destroyed. This suggests a wide spectrum of the 
proteinase activities studied. Furthermore, the Tyr-Leu, Phe-Leu and Trp-Leu peptides 
are hydrolysed in spite of the pmence of aromatic residues, while ~-Tyr-Jru'A is not. The 
previous mults exdude a chymotrypsin-iike activity which woula hydrolyse both the 
proteins and the mono- or bi-substituted sjnthetic substrates. Neither endoprotease nor 
aminopeptidase activities of schistosomula are able to hydrolyse synthetic substrates 
which posses one aromatic residue. Perhaps the presence of a carboxypeptidase could 
explain such resuits. 

Finally, sorne of the peptidic fragments or enzymes themselves couldulterfere with the 
immune response. Indeed, some cellular eiTector mechanisms have already been described 
in the literature, involving smail peptides or proteinases which potenuate ce11 activity 
(Ulnch 1979, Najjar & Nishioka 1970, Higuchi, Ishida & Hayashi 1979, Goeul 1976. 
Dessaint, Katz & Waksman 1980). Theeffect of the schistosomula proteinases and of the 
peptides reieased from igG by these proteinases upon eifector cells cyotoxic for the larvae 
is presently being investigated. 

We wouid like to thank Miss J.Fontaine for her technical assistance. and DAKO 
Laboratories for the gift of the rabbit anti-IgG (Fc) serum. 
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ARTICLE n o  2 : INACTIVATION DES MACROPHAGES D E  RAT PAR DES 

PEPTIDES RESULTANT DU CLIVAGE DES IgG PAR DES 

PROTEASES DES LARVES DE S. MANSONI. 

ARTICLE n o  3 : INTERACTION ENTRE MACROPHAGES ET S. MANSONI. 

ROLE DES PEPTIDES D'IgG ET DES AGGREGATS SUR 

NIDASE ET LA CYTOTOXICITE DIRIGEE CONTRE LES 

SCHISTOSOMULES. 

Dans ces deux a r t i c les  nous mettons en évidence que les 

peptides 1 i bérés après 1 e cl ivage des ~IgG par les  protéases sécré- 

tées par les schi stosomul es exercent une action i n h i  bi t r i  ce de 

1 ' activi té  des macrophages. En e f fe t  1 a cytotoxici t é  IgE-dépendante 

contre les schistosomules par les macrophages e s t  

t r ès  fortement inhibée (50 à 70 %) lorsque les  cellules sont 

incubées en présence de ces peptides. Par contre, lorsque ces 

mêmes IgG sont aggrégées, e l les  exercent au contraire, une action 

s timul a t r i  ce de 1 ' acti v i  t é  macrophagique, rendant même des macro- 

phages normaux capables de tuer les 1 arves, même en 1 ' absence 

d ' an t i  corps. 

Ce mécanisme de régulation faisant intervenir les  produits 

de dégradation e t  les  complexes immuns de l a  molécule d' IgG, bien 

que démontré i n  vi tro,  pourrait représenter un mécanisme pl us 

général de 1 a régul a t i  on des macrophages. 



Outre 1 ' i nhi bi ti on de 1 ' acti v i  t é  anti +chi s tosome des 

macrophages, les  pepti des résul tant de 1 ' hydrolyse des IgG par 

les protéases parasitaires inhibent pl us généralement 1 ' ac t iv i té  

phagocytai re des macrophages mesurée par 1 es i nhi bi t i  ons : 

- de 1 a 1 i bération de 1 'enzyme 1 ysosomi a le ,  1 a f -gl ucuroni dase ; 

- de 1 ' incorporation de gl ucosami ne ; 

- de l a  phagocytose de particules de latex. 

Les peptides d'  IgG exercent donc u n  ef fe t  inhibiteur non 

spécifique sans que l a  v iabi l i té  des cellules so i t  affectée comme 

en témoignent l e s  contrôles effectués. Par contres ces peptides 

ne semblent pas affecter  1 a production d '  i nterleuki ne-1 par 1 es 

macrophages, dans les  conditions dans lesquelles i l s  o n t  éte u t i l i sés .  

L'électrophorèse sur gel de pol yacryl ami de du  materiel 

sécrété par la  base suivie d'une hydrolyse avec les substrats 

appropriés, confi rme 1 a présence de deux activi tes enzymatiques 

majeures d o n t  1 ' une e s t  une endoprotéase capable d '  hydrolyser u n  

substrat comme 1 'azocaséine. La seconde migrant différemment sur l e  

gel e s t  une aminopeptidase mise en évidence par l'hydrolyse de l a  

leuci ne p-ni troanil ide. 

Il e s t  intéressant de noter q u ' u n  hydrolysat de 2-microglo- B 
buline d o n t  Torpier e t  co11. (1979) avaient montré qu'el le  es t  

un compéti teur sur 1 ' accepteur des IgG sur 1 a membrane des schis- 

tosomul es n 'exerce aucun e f fe t  sur 1 ' acti vi t é  macrophagique. Ceci 

suggère que le  peptide inhibiteur n 'es t  pas situé dans les 

rëgions homologues des deux molécules, au niveau du troisième 

domai ne constant de l a  chaine lourde des IgG. 
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INACTIVATION OF RAT &UCROPRAGES BY PEPTIDES RESULTING FROM CLEAVAGE 
OF IgG BY SHISTOSOMA LARVAE PROTEASES 

C. AURiAULT, M. JOSEPH, J. P. DESSUNT and A. CAPRON 
Centre d'immunologie et de Biologie Purusitaire Institut Pasteur d e  Lille. .France 

(Received 12 June 1980) 
(Acapted 4 A- 1980) 

We have previoudy reported that IgG molecules 
bound to the surface Fc receptors of S. mansoni 
&stosomuia w«e hydrolyzed by parasite enzymes. 
In this paper, it is shown that the hydrolyzed p e g  
tides inhibit macrophage stimulation, assessed by 
,û-glucuronidase r&ase or ducosamine incorporation, 
and aiso reduce both phagocytosis of latex beads and 
IgEmediated macrophage cytotoxicity against scfüs- 
tosomuia. 

This origiœ?l process might represent an efficient 
immunosuppressive mech qism of the parasite to 
esape the host response. 

Revious studies have shown the presence on Schis- 
tosoma mcaponi schistosomula of a receptor for the 
Fc fragment of IgG and for human rnicrogiobulin 
[Il. Bound and free IgG both underg6 proteolytic 
cleavage, ledimg to the release in the culture medium 
of peptidic fragments, by the action of at teast two 
parasite proteinases: one has been characterized as a 
neutral serine protease with trypsin-like activity . the 
other as a rnetalloaminopeptidase [2]. 

The purpose of the present study was to investisate 
the activity of peptides from IsG hydrolyzed with 
parasite proteases on the activity of peritoneal macro- 

Abbrcvbtions: SRPH, hydrolysate of Iqc by schistosornuia 
released produas: SRP, schisrosomula-cefeased producu 
withour IgC; MDP, murvnyl dipeptide; HW, Hank's bdanccd 
sait solution; MEhl. W C ' s  minimum medium. 

3. Materiais and mahods 

3.1. Parasite life-cycle rmd prepmation of scftisto- 
sornuia 

A Puerto Rican strain of Sch&oosom m o n i  was 
used throughout the study [3] .  Schistosomuia were 
obtained from cercariae in vitro by a mechanicd pro- 
cedure previousiy descnbed [4]. 

3.2. Bepmarton of IgG hydrolysare (SRP) and schir- 
tosomuh mcubation produers (SRPH) 

klechanicaliy prepared schistosomula were prein- 
cubated 4 h at 37°C in Eagie's minimai medium 
(Mm) and extensively washed 6 tirnes to remove 
m a t  of the cercariai enzymes. The schistosomula 
(20,000) were incubated for 16 h at 37'C in ,UEM 
either with 60 &ml of rat IgG (SRPH) or without 
IgG (SRP). The absence of bacterial contamination 
was controlfed. M e r  eiirnination of scfristosomula 
by centrifugation, the hydrolÿ'sis was stopped by 
heating for 5 min at 100"~. 

3 3 .  Macrophage stinuhrion 
Fischer or Wistar rat resident pe~toneai macro- 

phages were purified by the rernovai of non-adherent 
ceiis at the end of a 241 culture and further incubated 
overnight in MEhf with 1Wo normal heat-inactivated 
rat serum. Stimulation by IgE was carried out accord- 
ing to a procedure previously described by Dessaint 
et al. [Si, by a 30 min first-incubation with 10 &ml 
of purified rnyeloma IgE protein in phen01 red-free 
Hank's bdanced sait solution (HTV) foilowed by a 
second incubation wish anti-IgE. Macrophage stimula- 
tion by -I-ace~l-muramyl-L.û1anyl-D-iso~u~amine 



(MDP) (kindly donated by Prof. Chedid) was induced 
with 100 ng MDPJml of HW, for 3 h at 3 7 ' ~  in a 5% 
CO2-95% air mixture. 

Elicited macrophages were obtained by intra- 
peritoneal injection of 9 mi of a IWO (wlv) proteose- 
peptone solution (DIFCO) in physiological saline, 
4 days before harvesting the pentoneai cells. 

SRPH and SRP supernatants were respectiveiy 
added at  a concentration of 50 in 1 mi medium/ 
2 X 106 cells to investigate macrophage function. 

3.4.  meta abolie and funetional parumeters 
The extra-cellular release of the lysosornai S-du- 

curonidase, induced in IgE-stimdiated ceUs by a fur. 
ther 30 min incubation with ami-IgE, was measured 
according to the procedure of Szasz [6] .  The phago- 
cytic activity of resident macrophages was estimated 
by the uptake of latex beads labeled with tritiated 
thyrarnin, as descnbed by Ito et ai. [7 ] ,  using 25 pl 
of a 10% sppension. 

Superoxide anion 02' generation was quantified 
by the cytochrome c reduction test, according to 
the procedure of Johnston et ai. (81 as descnbed by 
Joseph et al. [9 ] ,  using IgE-stimuiated ceils, triggered 
for 120 min,.by antidgE-opsonized zymosan in HW. 

Tritiated giucosamine incorporation was measured 
in MDP-stimuiated c e h  by the method of Hammond 
and Dvorak [IO]. 

Specific IgEdependent macrophage cytotoxicity 
against scfüstosomuia was performed as previously 

described [ I l ]  by a 6-h preincubation of the effector 
cells with S. moni- immune rat serum. 

4.1. Iniribition of macrophage stimlotion 
The selective relezse of lysosornai P-glucuronidase 

ana the incorporation of labeled giucosamine were 
chosen as two parameters of macrophage stimulation. 
Table 1 shows that IgG, hydrolyzed by parasite 
proteases (SRPH) induces a 67% inhibition of the 
0-giucuronidase release obtained by the IgE-ami-IgE 
stimulation. 

When muramyl-dipeptide was used to trigger the 
crlls, a 7Wo inhibition of glucosamine incorporation 
was observed in the presence of hydrolyzed IgG. At 
the end ofeach expetiment, die s u ~ v i n g  macrophages 
were counted by the trypan blue exclusion test: in 
ali cases more thui 90% living ceUs were observed in 
the presence or absence of SRPH. IgG hydrolysate 
as well as SRP were not toxic to the ceils and the 
observed effect was thus related to the inhibition of 
macrophage activity. Moreover a 24-h culture of 
normal macrophages in the presence of hydrolyzed 
IgG resulted in a reduced P-glucuronidase level when 
compared to the controis, without any modification 
of the intracellular content in azymes. 

4.1. Inhibition of phagocy rosis 
Xs shown in Table 3, phagocytosis of E3H] thyr- 

Table 1 
intraceiiuhr level and 50-min pglucuronidase-relase from IgE-anti-IgE stimuhted 

rat macrophages, with and without 1s hydrolysate (SRPH) (mean 2 S.D. of 
quadruplicate experiments)" 

First incubation Second incubation Reieasea Intraceilulaid 

IgE 
IgE +. SRPH 
IgE +. SRP 
IgE + heated SR@ 
IgE + SRPH 
H W 
HW + SRPH 
HW + SRPH 

aResults axpressed iu nmol substratei2 X 106 ciiis/ml. 
100" c for 5 min. 

CSignifïuntly higher than hydrolysate-containin8 medium (P = 0.0002). 



Table 2 
[3HI-iabeiîed giucosamine incorporation by muranyMipeptide-stunulated rat peritoneal 

macrophages, with and without IgG hydrolysate (mean i SB. of quadrupliate experiments) 

6 4  incubation of 2 X 10' macrophages with 341 tritiated glucosamine incorporation (cpm) 

YDP 
MDP + SRPH 
Miledium 

aSignifiuatly higher than hydrolysate-concaining medium (P 0.03). 

Tabte 3 whereas IgE hydrolyzed by parasite enzymes, SRP 
Efka of igG hydroiyzed with parasita proteases on  phago- or non-hydrolyzed IgG had no significant effea 
cytosis of radioiabellcd latex beads by rat peritoneal macro- 

phages (mean r S.D. of quadrupiicate experiments) (Table 4). 
Macrophages incubated with normal rat serum or 

iilaaophages (2.6 x 10') ~hagocytosu (cpmp foetal caif semm were not induced into cytotoxic 
effector cells either in the presence or in the absence 

incubatecl done 32,480 1. 6 0 4 ~  of SRPH. 
incubated 30 min with 50 ri of SWH 5698 -ç 71 6 

," 

incubated 30 min with 50 ri of SRP 20,120 t 2130 
4.4. Inhibition of supemxide anion producrion 

"A control without ceils gave a background of 6102 t 2400 Owing to the reduction of anti-parasite cytotoxi- 
cpm. city by the hydrolysate peptides, the production of 

b ~ i c a n t l y  higher than hydrolysarecontaining medium the cytocidal superoxide anion was measured. 
(P = 0.0003). The 02- generation was mhibited by the hydrolysate, 

either dunng IgE, anti-IgE simufation (100% intubi- 
unin-labeied latex beads by macro&ages was strongly tion) or in macrophages in vivo eiicited by proteose 
inhibited (80-100%) in the presence of SRPH. We peptone (Tabie 5 ) .  
noticed likewise a dight inhibition due to SRP alone. 

5.3. Inhibirion of' cy to toxicity S. Discussion 
When incubated in immune rat serum. normal peri- 

toneai macrophages were strongly adherent to Cellular effector rnechanisms have dready been 
S. m u n i  schistosomula. This step was followed by described in the literature, which invoive small pep- 
a hi& mortality of schistosomula. When SRPH was tides (121 and particulariy IgG peptides [13,14!, out 
added, a sharp decrease in the lethaiity was noticed, aii potentiate ce11 açtivity. The more precisely 

Table 4 
IgEdependent macrophage cytotoxicity qainst Schisrosoma mamoni larvae with and without IgG hydrolysatea 

N o r d  rat macrophages incubated wirh 

Immune serum Immune serum Immune serum Immune serum immune serum Foetal 
+ l& hydrolysate + IgE hydrolysate + non-hydrolysed + SRP calf serum 
(SRPH) Wb 

- - - -- - -- 

aCytotoxicity expressed as 5 of dead schistosomula aiter 24 h incubation. 
b l g ~  !vas rncubatcd for 16 h in .tfEhl medium wtrhout rchistosomula. 
cSig~ricmtly lower than the other conditions wirh immune serum iP < 0.0001 ). 



Table 5 
Superoxide anion production by IgE-anti-IgE stimulateci, proteasa-peptone elicited rat peritoneal 

macrophage with and without Igc hydrolysate (SRPH) estirnated by cytochrome c reduction 
- 

F i t  incubation Second incubation Superoxide anion 
( m o l  reduced cytochrome c ( 1 O' ceh)) 

HW anti-IgEopsonized zymosan 
IgE + SRPH NR%psoniz#i zymosan 
IgE + HW anti-igE~psonized zymosan 
IgE + SRPH anti-lgE~psonized zymosan 

In vivo activatioli with proteose peptone 

nonial MB + HW 
a o d  M4 + SRPH 
activated liiQ + UW 
activated MO + SRPH 

a S i i ~ t l y  higher than hydrolysate-containing medium (P = 0.0014). 

# 

descnbed of these peptides is the Tufsin, a tetrapep- 
tide released from enzymatic cleavage of IgG by a 
neutrophii neutral protease, which szimdates the 
macrophage and neutrophii phagocytosis. 

Zn the present work, we demonsuated that peptides 
released from IsG by parasite proteinases strongiy 
inhibited and even abolished various macrophaoe 
activities, - I stimulated cells. However, products 
released from schistosomula (SRP), although they 
had a smaü inhibitory effect, did not represent the 
majority of the observed inhibition. But, their com- 
bined action with IgG peptides (and even entire I3G) 
cannot be exciuded. The involved active peptide(s) 
exened anon-specitic mhibitory role since macro- 
phage activity decreased regardiess of which stimula- 
tion procedure was used. The peptide(s) apparently 
decreased die stimulation process itself without 
affectin3 the basal ceil activity when ceils were acti- 
vated or elicited. In out experimentai conditions this 
effect cannot be related to any direct toxic process 
on the cells since appropriate controls clearly showed 
that macrophage viability was not affected. 

Macrophases being one of the main effector cells 
involved in anti-schistosomula immunity , their inhibi- 
tion by peptides derived frorn a host molecule, 
bound to a receptor on the larvai surface, appears as 
an essentiai feature of the host-parante relationdup. 
Indeed, Soth the scrivation and mainiy the ;Ji vitro 
anti-schistosomuia cytotoxicity are Uihibited, pro- 
ducing evidence about the efficiency of b is  mecha- 
nism. 

Now, it would be interesting to know whether 
schistosomula isoiated from the lungs of infected 
animais is also capable of generating such inhibitor 
peptides. 

In conclusion, the whole process couid be descnbed 
in 3 steps: (a) binding of host IsjG to the schisto- 
somdum receptor; (b) cieavage of the IgC by the 
secreted parasite proteases; and (c) maintenance of h e  
effector macrophages in a quiescent stage, thus 
inhibiting their cytotoxicity by one or more peptides 
produced by the cleavage of bound Ifi .  

Though the effects of peptides produced after 
hydrolysis of other seric ;rroteins bound to schisto- 
somuia, in this mechanism, have now to be deter- 
mined, the results reported here rnight thus be con- 
sidered as a new immunosuppressive mechanism, by 
which the parasite mi& escape the host immune- 
response. 
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teclhicai assistance. 
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Article N 3 
Interaction between Macrophages and Schistosoma mansoni 

Schistosomula: Role of IgG Peptides and Aggregates on 
the Modulation of 0-Glucuronidase Release and 

the Cytotoxicity against Schistosomufa 

CLAUDE AURIAULT,' JOËL PESTEL, MICHEL JOSEPH, 
JEAN-PAUL DESSA~NT, AND ANDRE CAPRON 

Centre d'Immunologie et de Biologie Parasitain. Institut Pasteur. 
B.P. 243, 5901 9 Lille CEDEX. Fruncc 

Diiharge d lysaomal enzymes, mcasured by relaue of 6-glucuroni~ and cytotoxicity 
against Sehistarorna mcr~m' schistasomuia, was studied when rat macrophages were incu- 
bated in the prcsmcu of eirher 1gG peptides. resulting from the cicavage of nonimmune IsG 
by parasitic proteasor. or nonimmune aggregated 1 6 ,  With peptides. the macrophage activity 
sùowed a dramaac demasc while they were stimuiatai by IgG aggregata. In contast. the 
synthmk of lymphocyte activaring fa- by rnacrop&ge~ was unidfeucd The hydtolysis of 
IgG is carried out by two distinct enzyutatic molecules r e l d  into the medium by the lame. 
The mechanism by which nonimmune IgG peptides or aggregates inhibit or stimulate mac- 
rophage activity. reguiated by both parameters indicated above. is dUcussed and is suggcrted 
as a grnaal rqulation mechanism for the macrophage activity requid for parasite survival 
in the kt. 

We have previousiy reponed that IgG molecules, bound to the surface Fc rtceptor 
of Schistosoma mansoni schistosomula, undergo a prottolytic cieavage ( 1). At least 
two types of proteinp activities have been demonstratcd in the secretory producs 
of sc'histosomula which-are able to hydrolyze IgG and other synthetic substrates. 

\ The first is a neutrai endoprotease of the serine group with trypsin-like specificity. 
The other is a neutral metaiioaminopeptidase. This mtchanism of binding and 
cleavage of the IgG molecule by the sccreted parasite proteinases generates peptidic 
fragments which are iiberated into the cuiture medium and strongiy inhibit various 
macrophages functions (2). Indeed, it was shown that the activity of stimulated 
macrophages, assessed by the release of lysosomal enzymes, labeled glucosamine 
incorporation, superoxide anion production, or phagocytosis of labeied latex beads, 
was dramatically decreased when the cells were incubated with IgG peptides before 
stimulation. 

Furthemore, because the macrophage activated by igE is one of the main types 

' To whom correspondence should be addressai. 
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of effector celis invoived in anti-schistosome immunity with eosinophiis, its ability 
to kill schistosomula in the presence of IgG peptides was tested, and a decrease 
in the IgEdependent cytotoxicity was found. These observations indicate that non- 
specific IgG could be used by the parasite to modulate the host-immune response 
from the very beginning of infection. 

B-Lymphocyte (3, 4) and human monocyte (5) activities can be modulated by 
Fc fragments of nonspecific IgG. On the other hand, we have previousiy shown the 
induction of 8-glucuronidase reicase from peritoneal rat macrophages by immune 
complexes (6). The purpose of the present study was to show the role of nonspecific 
IgG in the activity of macrophages in Our parasitic modei. 

MATERIALS AND METHODS 

A Puerto Rican strain of S. manroni schistosornula was used throughout 
this study (7). Schistosornula were. prepared in vitro from ctrcariae either 
by a mechanicd p r o d u r e  (8) or by the skin -netration method of Clegg and 
Srnithers (9). 

Preparation of Aggregared IgG 

Heat-aggregated IgG (A-IgG) and crossiinked IgG oiigorners: Tora1 rat IgG 
(500 4 of a 10 mg/ml solution in PBS, pH 7.2) was heat-aggregated at 63°C for 
20 min as described by Knutson et al. (10). in some experiments rat IgG was 
crosslinked in the presence of a 30-fold molar excess of dimethylsuberimidate as 
described for IgE by Segal and Hurwitz ( 1  1). IgG oligorners of deûned size were 
obtained after fractionation on an CT!trogef AC! 34 column (IBF, Clichy, France). 
Before the experiments A-IgG or crosslinked IgG oligomers were dialyzed against 
culture medium and ctntrifuged-to remove minute amounts of insoluble materiai 
(50008 for 15 min). 

Preparation of IgG Hydrolysare (SRPH) and Schisrosomula Incubation Produczs 
( S W  
Mechanically prepared schistosornula were preincubated at 37°C for 4 hr in 

Eagie's minimum essentiai medium (MEM) and extensiveiy washed six times to 
remove most of the cercanai enzymes. Larvae (20,000) were then usually incubated 
at 37°C for 16 hr in MEM either with 60 gg/ml of rat or human IgG (SRPH) 
or without IgG (SRP). In preiiminary experiments on inhibition of macrophage 
activity by peptides, SRPH was producd after various times of hydroiysis of IgG 
by schistosornula (45 min, 1 hr 30 min, and 3, 6,and 16 hr). The hydrolysis was 
stopped after removal of schistosomula by centrifugation and by heating the su- 
pernatant for 5 min at 100°C. î l e  preparations were routineiy checked for bactenal 
contamination. 

Incubation. wirh Labeled IgG 

%Labeled (CEA, France) IgG (Miles, England) prepared by the chioramine- 
T procedure as described by Burt and Ada (12) was incubated in MEM with 
mechanically prepared sôhistosornuia. Xliquots of O. 1 mi were removed after 1. 3. 
7, and 16 hr of incubation. X control without schistosomuia was run in parallei. to 
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verify the spontaneous degradation of IgG. The reaction was stopped by precipi- 
tation with 0.6 mi of 20% TCA after addition of 1 ml of 1% BSA, and the mixture 
fiItered through No. 542 Whatman paper for counting in a well-type spectrometer. 

Macrophage Stimulation 

Wistar rat resident peritoneal macrophages werc purified by the removai'of 
nonadherent cells at  the end of a 2-hr culture. The ceils were then incubated 
overnight in MEM with 10% ngrmal heat-inactivated rat serum. The macrophage 
stimulation was camed out first by a 30-min incubation with 10pgjml of puriiied 
myeioma IgE protein in phenol red-free Hanks' baianctd sait solution and then by 
a second incubation with anti-IgE according to the procedure described by Capron 
et al. (13). SIEPH and SRP were usuaily added at a concentration of 50 pi in 1 
ml medium per 2 X IO6 cells, 30 min before IgE-anti-IgE activation. 

Enzyme Assays 

(a) The refease and the intraceilular levei of @-glucuroaidase, induced in ceils 
stimulated by IgE-anti-IgE were measured according to a modiûcation ( 14) of the 
procedure of Szasz ( 15), using paitrophenyi-8-giucuronide in acetate buffer as a 
substrate. After a 4-hr incubation at 37OC nitrophenol absorbance was measured 
at 405 nm in a Cecil CE 393 spectrometer (Cambridge, Engiand). 

(b) In order to estimate ce11 viability leucine aminopeptidase (EC 3.4.1.1.1 ), a 
cytopiasrnic enzyme, was measured in the medium as previously describcd (14), 
using L-leucine-Baaphthylamide in O. 1 LM phosphate buffer, pH 7.2. as substrate. 
Aeer reveaiing hydrolyzed naphthylamine with fast gamet, GBC absorbanct was 
monitored at 520 nm. - - 

Polyacryiamide Gel Elecrrophoresis and Enzyme Characrerizarion 

Secreted parasitic proteases were characterized using analyticai 10% polyacryl- 
amide gel electrophoresis without SDS. The migration was followed with bromo- 
phenoi blue. Three strips of gel were prepared. One was stained with Coomassie 
blue. Both unstained stnps were cut into slices (2 mm) and placed in appropriate 
substrates for hydrolysis. 

(a) For assessrnent of aminopeptidase activity leucine-pnitroanilide (Sigma, St. 
Louis, Mo.) was solubilized in methanol (6 mg/mi) and diluted 1:20 in sterile 0.2 
LM phosphate buffer, pH 7.2. containing 1 : 10,000 sodium azide. Protease activity 
was assessed using azocasein (Sigma) at a concentration of 1% in sterile phosphate 
buffet (O.? M, pH 7.2) containing 1:10,000 sodium azide. 

(b) Gel slices were incubated in 2 ml of each substrate for 16 hr at 37°C. 
Coloration resulting from the hydrolysis of leucine-p-nitroanilide was measured 
directly at 410 nm ( B e c h a n  DB spectrophotometer). With azocasein, hydrolysates 
were precipited with 1.6 ml of 208 TCA and filtered through Watman paper No. 
542. The filtrate was diluted 1 : l  in 0.5 .V NaOH and hydrolysis was measured at 
440 nm. With both substrates a blank consisting of gel slices withour parasitic 
material was carried out at each point. 
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Cy totoxicity 

(a) Specific IgE-dependent macrophage cytotoxicity against schistosomula was 
brought about as  prwiously descnbed ( 13) by a 6-hr preincubation of the effector 
cells with 42-day S. mansoni immune rat serum. 

(b) For aonspecific cytotoxicity, the macrophage, monolayer (250,000 celis in 
each weii), purified as demibed above, was fint incubated with either heat-ag- 
gregated IgG or crosslinked IgG oligomen (50 gglml) in the presence of 2% guinea 
pig serurn (v/v) as a source of complement. After at  least 3 hr about 50-skin- 
filtercd schistosomula were added into each well. Mter 18 hr of incubation at 37OC 
the kiiied larvae were counted. 

Lymphocyta Stimulation with LAF 

(a) T'-Lymphocyte activating factor (LAF) was prepared in vivo as in previous 
studies (16, 17) by a 24hr  incubation of washed peritoneai cxudate macrophages 
elicited by intraperitoneal injection of 9 mi of 10% (w/v) protease peptone solution 
(Difco) in physioiogical saline. 'The supernatant was cieared by centrifugation, 
dialyzed 21 hr at  4°C against 50 vol of RPMI, and sterilized by filtration. 

(b) Macrophagedepleted lymph node cells (LNC) of 2- to 3-month Fisher rats 
of both sexes were preparcd as previously descnbed (17). Cuiturcs were run in 
triplicate in flat-bottomed microculture plates (Nuncbn, Roskiide, Denmark). Each 
weii contained 5 X 1 O' LNC in a total volume of 0.8 ml of serum-fret RPMI, with 
o r  without a suboptimai dose of PHA (0.25 pg/ml), LAF (254 v/v), or IgG- 
either native or hydrolyzed by parasitic proteascs (SRPH). Incubation was carricd 
out at 37OC in 5% CO2 in air. The ceils were pulsed with 1 gCi E3H]TdR at 38 
hr and harvtsted at 48 hr on giass fiber filters (Whatman. Clifton, N.J.). The filten 
were counted for 'H in an ISOCAP 300 spectrorneter (Chicago, Ill.). 

RESULTS 

lnhibirion of IgE-Anti-IgE-lnduced Glucuronidase Release from Rat Peritoneal 
Macrophages by Peptides of rVonspecific Rat and Human IgG Hydrolyzed by 
Parasitic Proteases 

The inhibition of exocytosis as measured by @-giucuronidase reiease was assessed 
in macrophage monolayers incubated first for 30 min with IgE in serum-free Hanks' 
balanced salt solution and then with anti-IgE, with or without IgG hydrolyzed by 
schistosomuia proteases. ï h e  effect of peptides was investigated according to the 
time course of IgG hydrolysis by schistosomula proteases (Fig. 1). The inhibition 
of $-glucuronidase reiease (and intracellular P-giucuronidase level) increases si- 
multaneousiy with the generation of 6% TCA-soluble peptides in the culture me- % .  

dium frorn 45 min to 16 hr of hydrolysis by schistosomula proteases while non- 
hydrolyzed IgG or parasitic matenal incubated alone (Figs. 1-3) has no significant 
effect at  the maximum time of hydrolysis. On the other hand, after chromatography 
of the 16-hr rat IgG hydrolysate through a Sephadex G-25 coiumn (Fig. 2) only 
the peak corresponding to the low-rnolecular-weight matenai (less than 12,000 
daltons) inhibits the $-glucuronidase reiease-evidence of the involvement of pep- 
tides in the inhibition rnechanisrn. Hydrolyzed human IgG is aiso able to strongly 
inhibit ,û-glucuronidase reiease from rat macrophages (80%). bloreover pepsin- 
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FIG. 2. Inhibition of P-giucumidass reiease by rat manophages inabatcd with hydmlyzcd IgG. 
Native fgG wcrc incubated for 16 h with cnzymatic material ~Tschistrrsomula filtered through in Seph- 
adex G-25 gel (Column 58 X 1.2 with Hanlu' balancd salt solution) and scparated into five fractions. 
These resulu an reprcsentative of two diffcrent experimenu. 

produced F(ab')z or Fc fragme: +s themselves exhibit a significant inhibitory effect. 
The rate of inhibition observed after hydrolysis of these fragments by schistosomula 
proteases was  the same as that seen after hydrolysis of the entire IgG molecule, 
indicating the role of peptide size in this process. On the other hand, entire or 
hydrolyzed human B-2-microg;lobuiin, which is known to crm-react with IgG on 
the schistosomula surface (18, 19) does not exhibit a significant inhibitory action _ 
on exocytosis. 

Acrivation of IgE-Anti-IgE- and Aggregared IgE-Induced 8-Glucuronidase Re- 
iease from Perironeal ,Macrophages by Rat Agaregared IgG 

After contact with aggregated IgG, the release of B-giucuronidase into the serum- 
free medium by rat macrophages prestirnuiated with IgE and then with anti-IgE 
antibody or aggregated IgE significantly increases and reaches 49 and 38% re- 
spectively, compared with nonstimulated cells (Fig. 4). This increase represents 
two to three times the d-giucuronidase release of ctlls stimulated by IgE-anti-IgE 
or by aggregated IgG alone. This activation is time dependent, sinct the enzyme 
reiease doubles from 3 to 5 hr of incubation. 

It can be noted that uncomplexed IgG does not induce a nigh d-giucuronidase 
release and therefore cannot be involved in this mechanism of enzyme exocytosis 
as already mentioned (6). Al1 preparations elicited negligible release of the cyto- 
plasmic marker, LAP. 
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Fie. 3. Inhibition of 8-glucuronidase release by rat peritoneal macrophages incubated with: schisto- 
somula-released products alone (SRP); human and rat IgG; human 8-2-microglobulin, native or hydro- 
lyzed by schistosomula proteases. Results are the mean +. SD of three different experiments carried out 
in triplicate. 

Effect of IgG Peptides and Aggregates on Anti-Schistosomula Cytotoxicity by 
Macrophages in Vitro 

As for lysosomal enzyme exocytosis, the rate of inhibition of anti-schistosomula 
cytotoxicity depends on the molecular size of IgG added to the macrophages (Figs. 

FIG. 4. Demonstration of potential effect of IgG aggregates on 8-glucuronidase release by rat peritoneal 
macrophages stimulated by an IgE-anti-lgE reaction. Macrophage monolayers, & were first incubated 
with IgG aggregates and, after 3 hr, washed and stimulated by IgE aggregates (a), or by IgE-anti-IgE 
reaction (b); or after 5 hr, washed and stimulated by IgE-anti-IgE reaction (c). Controls were mac- 
rophages stimulated by IgG aggregates, B, or by IgE aggregates alone and IgE-anti-IgE reaction alone, 
B. Results are the mean 2 SD of thres experiments in duplicate. 
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5 and 6). The same batch of nonimmune IgG (Sigma), either hydrolyzed by schis- 
tosomula proteases or aggregated with dimethylsuberimidate, was added to the 
medium with cytotoxic adherent cells and skin-prepared schistosomula. In the pres- 
ence of IgG dimers or aggregates, the cells become cytotoxic for the larvae (45% 
of cytotoxicity) without immune serum in the medium but in the presence of at 
least 2% guinea pig complement (inactive when tested alone). On the other hand, 
the specific IgE-dependent macrophage cytotoxicity against schistosomula was dra- 
matically decreased (70%) in the presence of IgG peptides whereas IgE hydrolysate, 
nonhydrolyzed IgG, or parasitic-released material (SRP) had no significant effect. 

Parasite Proteolytic Enzymes Responsible for the Presence of Inhibitory IgG 
Peptides 

We have previously reported that endoprotease and aminopeptidase activities are 
recovered in the incubation medium of schistosomula (1). To determine how many 
enzymatic molecules were involved in the hydrolysis of IgG we carried out two 
electrophoresis (- to + and + to -) of the parasitic-released material on a 10% 
polyacrylamide slab gel (without SDS). The gel was then cut into slices which were 
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Fic. 5. Macrophage cytotoxicity against S.  mansoni larvae with normal rat IgG, aggregated with 
dimethylsuberimidate (A) or hydrolyzed by schistosomuia proteases (B). Results are the mean c SD 
of three experiments in triplicate. 
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incubated in a solution of leucine-pnitroanilide, an arninopeptidase substrate, or 
azocasein, a protease substrate, aiready used in our previous experiments. The 
resuit shows that oniy one peak of aminopeptidase activity is found in the first half 
of the gel. Under out experimental conditions this aminopeptidase is well separated 
from the protese activity found near the origin of the gel (4 mm) in migration 
- to + exclusively, but not + to - (Fig. 7). More recentiy we have investigated 
the activities of these two proteolytic enzymes by other biochemical approaches 
(manuscript in preparation). Thus, the peptides involvcd in the inhibitory action 
of macrophage activity seem to be produced by the combined hydroiysis of the IgG 
molecules by only two parasitic proteinases: one is a protease able to cleave IgG 
into large peptides, which are themselves likely reduced into smaller peptides by 
the aminopeptidase. 

Peptides of IgG Hydrolyzed by Schistosomula Proteinases Do lVot Inhibit in Vitro 
Production of Lymphocyte Acrivating Factor (LAFJ from lifacrophages 

L M  has been described ( 17) as a macrophage-released soluble factor, the major 
compnent of which exhibits a cathepuc carboxypcptidase B activity, able to ac- 
tivate lymphocyte metabolism. LAF is recovered in the culture supernatant of 
macrophages and is tested by addition to a lymphocyte culture. Production of L4F 
depends directly on macrophage activity and can be used to test the effect of 
inhibitory peptides. In Our expriment we demonstrate that the culture supernatant 
of macrophages incubated with or without peptides, prepared as described above, 
has the same effect on the [3H]thymidine incorporation by PHA-stimulated rat 
lymphocytes (Fig. 8). This indicates that the presenct of peptides in the macrophage 
culture. did not modify LAF synthesis and thus did not affect ail macrophage 
functions. -. - 

DISCUSSION 

In the present study we have extended previous investigations of the interaction 
of IgG, macrophages, and schistosome larvae by examining the release of 8-gfuc- 
uronidase and the in vitro anti-schistosomula cytotoxicity by macrophages. In ear- 
lier works we found that peptides, liberated after hydrolysis of IgG and bound ont0 
the schistosomula surface, are able to abolish the phagocytic and cytotoxic activity 
of macrophages (2). In contrast, normal macrophages, incubated with IgG in the 1 

form of either preformed immune complexes or in aggregates, release more 9- 
glucuronidase into the medium than monomeric IgG-stimulated macrophages (24); 
the results presented here suggest that under Our experimencal conditions peritoneal 

b 
macrophage activity can be either activated or inhibited according to the state of 
the IgG molecules. Indeed, IgG aggregates, even in the dimeric form, are able to 
stimulate macrophage activity. This indicates that a minimal degree of crosslinking 
of IgG (either with an antigen or with the same isotype) is necessary to induce a 
lysosomal enzyme exocytosis or a nonspecific anti-schistosomulum cytotoxicity. 
Indeed, in the absence of specific antibody, normai in virro-stimulated macrophages 
becorne capable of killing the larvae, and this represents a new feature. .A srna 3 
amount of complement is necessary to induce the cytotoxic effect of the macro- 
phages on IgG aggregates, wkreas complement alone or IgG-incubated macro- 
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FIG. 6. Microphotographs of antibody-dependent macrophage cytotoxicity against S. mansoni schis- 
tosomula. Larvae incubated with: (A) normal rat serum-incubated macrophages, (B) 42-day immune 
serum-activated macrophages, (C) 42-day immune serum-activated macrophages with peptides of pro- 
tease-hydrolyzed normal IgG. 

phages exhibit a negligible action. With the macrophage being a major complement- 
producing ce11 on the one hand and IgG or immune complexes possessing a binding 
sequence on the other hand, both particularities could explain the role of comple- 
ment in this system. Since complement alone had no effect (at the slight concen- 
tration we used) it could act as an amplifier of macrophage activity, by a C3- 
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FIG. 6 .  (continued). 

mediated adherence as previously described ( 19) with eosinophils, or could facilitate 
the fixation of aggregates or immune complexes ont0 the macrophage and thus 
increase macrophage-dependent cytotoxicity. 

Furthermore, when IgG molecules are shortened by an enzymatic cleavage, the 
peptides thus produced inhibit the macrophage release of lysosomal enzymes in- 
duced by IgE-anti-IgE stimulation and the specific anti-schistosomula cytotoxicity 
of mac ->phages. This points to the role of IgG peptides in a parasitic mode1 since 

FIG. 7. Characterization of released proteinases from S. mansoni schistosomula using analytical 10% 
polyacrylamide gel electrophoresis. Gels were sliced and then incubated 16 hr at 37OC with ( 8  - 8 )  

leucine-p-nitroanilide or (O  - O )  1% azocasein both diluted in sterile 0.2 M phosphate, pH 7.2. 
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optimum dose of peptidds) invoived, the possible involvement of Fcy and c rtcep- 
tors, and the in vitro and in vivo action of S. mansoni immune complexes. 

An interesting analogy can be drawn betwetn the system prtsently describeci and 
the R-lymphocyte regulatory system (3, 4, 21, 22) by the same stimulating or 
inhibiting agents. But contrariwise, peptides resulting from the cieavage of IgG by 
macrophage proteases are able to activate the transformation of B ctlls into se- 
creting celis, whereas the immune complexes exert an inhibitory effect (23). It 
must be emphasizcd that B.-lymphocyte activator peptides could inhibit macrophage 
protease release, and consquently. peptide production itself, in regulating the im- 
mune rwponst. 

Prccise knowiedge of the macrophage activity modulation thus represents an 
approach to the immunoiogical control of schistosomiasis. 
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ARTICLE n o  4 : CARACTERISATION ET SYNTHESE D ' U N  PEPTIDE 

INHIBITEUR DES MACROPHAGES SITUE DANS L E  SECOND 

DOMAINE CONSTANT DE LA CHAINE LOURDE DES 

IMMUNOGLOBULINES 5. 

Dans cet  a r t i c l e ,  nous montrons que l e  tri peptide 
289 291 

Tnr-eonyl -Lysyl -Pro1 i ne du second domai ne cons t an t  de 1 ' immunogl o- 

bu1 i ne G reprodui t 1 ' e f f e t  i nhi b i  teur de di f férentes  act i  v i  tés  

macrophagiques des produits d'hydrolyse des IgG par l e s  protéases 

de schistosomules. Lorsque l e s  macrophages de r a t s  ou humains 

sont préi ncubés avec ce tri pepti de (500 nanomol es  de pepti des/ml 

pendant 30 minutes) préal ablement à l a  réaction IgE-anti IgE, l e  

relarguage de -glucuronidase e s t  significativement diminué. Les P 
macrophages humains de patients a l  lergiques e t  s timul és avec 

1 ' al  lergène correspondant (Dermatophagoïdes pteronysi nus) par 

l ' in termédiaire  du récepteur IgE sont également inhibés ce qui 

sou1 igne 1 ' i n t é rê t  pharmacologique de ce peptide, e t  l a  possi - 
bil i t é  de son application dans d 'au t res  domai.ries que les  affec- 

t ions parasi ta ires .  En même temps que sa 1 i bération, l e  taux 

i ntracell  ul ai re e s t  dimi nué, ce qui suggère que 1 e peptide in te r -  

vient  au niveau de l a  régulation de l a  synthèse de c e t t e  enzyme 

lysosomiale. Le t r i  peptide Thr-Lys-Pro inhibe également l a  migrat4on 

des macrophages de r a t s  a insi  que l a  génération d ' ions superoxydes 

(0; ) *  



Ce seul peptide donc peut être responsable de l ' e f f e t  

inhi b i  teur des fonctions macrophagiques dès les premiers 

stades de 1 ' i nfecti on parasi tai re. Ceci n ' excl u t  pas que 

d '  autres peptides d '  IgG peuvent également i nterveni r e t  1 eur 

identification e s t  actuel lement en cours. 



CHARACTERIZATION AND SYNTHESIS OF A MACROPHAGE INHIBITORY PEPTIDE FROM THE 

SECOND CONSTANT DOMAIN OF HUMAN IMMUNOGLOBULIN G. 

Claude A U R I A U L T ~ ,  Michel JOSEPH', Andr6 T A R T A R ~  and André CAPRON' 

Centre d ' Imnunol ogi e e t  de Biol ogi e Parasi t a i  re , INSERM U 167, CNRS ERA 422, 

Ins t i tu t  Pasteur, B.P. 245, 59019 LILLE CEDEX (France) 

4 .  

Laboratoi re de Chimie Organique, Facul t é  de Pharmacie, LILLE (France) 



SUMMARY 

I t  was previously shown that IgG hydrolysed by Schistosoma mansoni 

schistosomul a i nhi b i  ted various macrophage functions , especi a l  ly phagocy- 

tosis and a n t i  -scbi stosome cytotoxi ci ty . In the present study , we demonstrate 
289 29 1 

that a tripeptide, Thr-Lys-Pro, of the second constant domain of human 

Immunoglobulin G (peptide 286-292) reproducedathe inhibi tory effect  of a 

total hydrolysate.fndeed the (3-gl ucuronidase release from IgE-ant i  -1gE - 
stimul ated r a t  and human macrophages decreased and i t s  i ntracel 1 ular 1 evel 

did not r ise af ter  a prior incubation of the ce1 1 s w i  t h  ~hr-~y~-Pr0(500nmoles/n~ 

Moreover, the ce11 migration as well as the superoxide anion 0; -generation 

were 50 t o  80 % reduced by the t r i  peptide. These resul ts suggest t h a t  a 

single peptide set  may be responsibl e for the decrease of the macrophage 

functions a t  the early stage of the parasite infection in the mammalian host. 

The pharmacologic properties of this t r i  peptide are under investigation. 



1 - INTRODUCTION 

We have previously reported tha t  IgG, bound on to  the surface of 

Schi stosoma mansoni schi stosomul a, was cl eaved by proteases secreted by 

the larvae. This process of binding and cleavage of IgG molecul es generates 

peptidic fragments, 1 i berated i n  the larval environment, which interfere w i  t h  

various macrophage functions [l]. Indeed, i t  was in i t i a ly  shown that a total 

IgG hydrolysateinhibi ted the macrophage stimul ation assessed by e-gl ucu- 

ronidase rel ease and gl ucosamf ne i ncorporati on, and reduced both phagocytosi s 

of latex beads and IgE-mediated macrophage cytotoxicity against schistosomula 
\ 

[2]. The IgG hydrolysate apparently prevented the ce1 1 stimulation i tsel  f ,  

w i  thout affecti  ng i t s  v i  abi 1 i ty . IgE-acti vated macrophages bei ng one of 

the main effector mechani sms i nvol ved in the anti +chi stosome immuni ty , i t s  

inhibition by such peptides could, a t  leas t  in part, f a c i l i t a t e  host invasion 

by parasi tes.  B u t  more general ly , the inhi b i t i  ng effect on the phagocyti c 

act ivi ty of the macrophage suggests the use of  the active peptides as 

mol ecul es wi t h  pharmacol ogi c goal S .  

In the present study we have demonstrated that a tripeptide3from the 

second constant domain of human IgG reproduced the inhibiting effect  of a 

total IgG hydrolysate on several macrophage functi ons . 

x French Pat. Application No 82. 12222 f i led 

July 2 ,  1982. 



2 - MATERIAL and METHOOS 

2.1. Preparati on of IgG hydrolysate 

Schi stosomul a of a Puerto-Ri can s t ra i  n of Schi stosoma mansoni were 

obtai ned from cercari ae by a mechani cal procedure i n vi t r o  previ ousl y descri bed . 

r - 3 1  . The larvae were incubated for 16 h a t  3 7 O C  in MEM w i t h  60 pg r a t  IgG/ml. 

The absence of bacterial contamination was controll ed. Af t e r  el imination of 

schi stosomul a by centrifugation, the hydrolysi s was stopped by heati ng the 

supernatant 5 min  a t  100°C. 

2.2. Metabol i c  and functional parameters 

The extracel 1 ul ar  rel ease of the 1 ysosomal (3 -gl ucuronidase , i nduced 

in IgE-stimulated ce11 s by a further 30 m i n  incubation wi t h  anti -IgE, was 

... easured according to the procedure of Szasz [ 4  ] . 
Superoxi de anion 0; generation was quanti fied by the reducti on of cyto- 

chrome c accordi ng to the procedure of Johnston e t  al . [ 5 1  as modifi ed by 

Joseph e t  a l .  [6  ] w i  t h  IgE-stimulated cel ls  triggered for  120 min by 

anti -1gE-opsoni zed zymosan in phenol -red free Hank' s bal anced sa1 t sol ution 

(HW. 
Specifi c IgE-dependent macrophage cytotoxi ci ty agai nst  schi stosomul a was 

performed as previously descri bed [ 7 1  by a 6 h-preincubation of the 

effector ce l l s  w i t h  S. mansoni-immune r a t  serum. 

Ce11 viabi l i ty  

I n  al1 cases, more than 90 % living cel ls  were observed in the 

presence or absence of IgG peptides, estimated by the trypan blue exclusion 

t e s t  and the fluorescein diacetate method [ 8  ] 



- .  

2.4. Macrophage tri  ggeri  ng by IgE 

For human a l v e o l a r  macrophages, the f r e e  lung c e l l s  were recovered a f t e r  

i nfurmed consent  from non-atopi c p a t i e n t s  , by bronchoal veol a r  1 avage performed 

under f i  beropt i  c bronchoscopy . The ce1 1 pel 1 e t s  o f  c e n t r i  fuged 1 avage f l  u ids  , 

c o n s i s t i n g  of  93 % a l v e o l a r  macrophages and 7 % lymphocytes, were resuspended 

in  MEM w i t h  10 % f o e t a l  c a l f  serum, and incubated f o r  a 2h-adherence phase. 

Af te r  removal of unadherent ce11 s ,  the macrophages were 98 % pure,  and 

f u r t h e r  incubated overn igh t  i n  t h e  same medi um. 

Rat pe r i tonea l  macrophages were p u r i f i e d  t o  95 % by adherence,  f o r  

2 h ,  and incubated overn igh t  l ike  human a l v e o l a r  macrophages. 

00th ce11 popula t ions  were t r e a t e d  a t  37OC w i  t h  IgG pep t ides  (500 nano- 
I I / 

moles/ml) f o r  30 min, washed, and then exposed t o  IgE t r i g g e r i n g  [ 6  ; 9 ] : 
a f i r s t  30 min-incubation a t  37'C i n  10 pg IgE/ml HW was fol lowed,  a f t e r  

washing, by a second 30 min-period i n  10 pl anti-IgE a n t i  body/ml HW. Super- 

n a t a n t s  were recovered,  and c e l l s  lysed w i t h  Tri  ton X-100 0.1  % i n  Tris-MgCL2 

0.01 M pH 7.4, f o r  e x t r a  and i n t r a c e l l u l a r  lysosomal enzyme assay.  

2.5.Macro~haae chemotaxis 

Rat pe r i tonea l  macrophages were p u r i f i e d  t o  95 % by a 2 h-adherence 

phase, incubated f o r  30 min w i t h  IgG pep t ides ,  washed, and recovered by 
6 scrapping.  The macrophage-enriched populat ion was ad jus ted  t o  10 ce l l s /ml  

MEM w i t h  10 % f o e t a l  c a l f  serum, and used f o r  chemotaxis. Macrophage migrat ion 

was assessed  a t  37OC f o r  2 h i n  a 48 well-microchemotaxis assembly (Neuroprobe 

Corporati  on, 'Bethesda , Mary1 and) , w i  t h  a 5 )im porosi t y  pol ycarbonate f i  1 t e r  

(Nucl epore  Corporati  on, Pl easanton,  Cal i f o r n i  a )  [10] and 10 P. zymosan a c t i  - 
vated normal r a t  serum i n  MEM a s  chemoat t rac tant .  The f i l t e r  was s t a i n e d  w i t h  , 
G i  ernsa, and chemotaxi s was quant i  f i  ed bv count i  ng and averagi ng ' t h e  macrophages 

t h a t  m i  g ra ted  cornpl e t e l y  through the f i  1 t e r ,  and p resen t  on i ts IOwer 



2.6. PEPTIDES 

Pept ide  s y n t h e s i s  were performed by t h e  sol  id. phase method 

[ll] i n  an automated Beckman s y n t h e s i z e r  Mode1 990B according t o  a 

previous ly  desc r i  bed protocol  [12]. N - Boc - amioo a c i d s  were used 

and t r i f u n c t i o n a l  amino a c i d s  were protec ted  a s  N - Boc - Arg (Tos ) ,  

N - Boc - Lys (2)  and N - Boc - Thr (Bal ) .  Asn was incorpora ted  w i  t h  

DCC/HOBT coupling a s  proposed by Mojsov e t  a l .  [13]. The p ro tec ted  

pept idyl  - r e s i n s  were cleaved by a 1 hour HF t rea tment  i n  the presence o f  

a n i s o l e .  The crude pep t ides  were f i r s t  p u r i f i e d  by gel f i  1 t r a t i o n  (G10, 

Pharmacia) followed by p repara t ive  reversed-phase chromatography (Lobar Cg, 

Merck). The p u r i f i e d  pep t ides  were checked by a n a l y t i c a l  HPLC, TLC i n  two 

d i f f e r e n t  so lvan t  systems and amino-acid a n a l y s i s  o f  t h e i r  ac id  hydrol- 

1 ysa  tes. 



3 .  RESULTS 

When the r a t  macrophages were incubated with various peptides of 

the second constant domain of human IgG before IgE triggering, a decrease 

of the selective lysosomal enzyme release (Table 1) and of the chemotaxi s 

(Table 2) cou1 d be observed. Thr-Lys-Pro exhi bi ted the maximum i n h i  bi tory 

effect. In contrast, the hexapepti de Asn-Al a-Lys-Thr-Lys -Pro was wi thout 

effect on the macrophage activ i ty , whi 1 e the penta- and tetrapepti des showed 

i ntermedi ate activi ty. Furthermore, the tetrapepti de Tuftsin as wel 1 as 

i t s  competi tive inhi bi t i n g  tri peptide Lys-Pro-Arg, had no effect on the 

triggering by 1gE.Thr-Lys-Pro exhi bi ted the same inhi bi tory effect on the 

superoxide anion 0; genemtion by ra t  macrophages, and reproduced the inhi- 

bi ti on observed w i  t h  an hydrolysate of IgG by schi s tosomul um-secreted 

proteases (Table 3 ) .  This 1 ast  observation may be rel ated t o  the reduction 

of the IgE-dependent cytotoxici ty expressed by rat macrophages agai nst schi s- 

tosome larvae af ter  incubation w i t h  the tri peptide : in such conditions, 

macrophages exhibited a 38 % decrease in the in vitro ki11 ing of  schisto- 

somul a. 

Besides i t s  activi ty on r a t  macrophages, the same tri peptide proved 

t o  be inhibi tory also for human alveolar macrophages during the interaction 

w i t h  IgE, either as myeloma protein or as allergen-specific antibody (Sable 4). 

For both ra t  and human macrophages, in addition t o  the i nhi bi tory effects on 

enzyme exocytosi s ,  the i ntracel 1 ular -gl ucuroni dase, in the presence of 

the tripeptide Thr-Lys-Pro, remained a t  the level of unstimulated cells 

when compared t o  optimal 1 y t r i  ggered phagocytes. 



4. DISCUSSION 

In this  work, we have demonstrated that peptides of the second 

constant domain of human IgG molecules strongly inhi bi ted various 

macrophage activi ti es duri ng IgE-anti -1gE stimul ati on and, more parti - 
cd1 arly , the rel ease of lysosomal enzymes such as (3-gi ucuroni dase, 

and the superoxide anion 0; generation. The ce1 1 migration was a l  so signi - 
ficantly reduced. The inhibitory effect of the tripeptide Thr-Lys-Pr0 

decreased upon the addition of aminoacids to the N H 2  position (Asn 286, 

Al a287, and Lys 288) , or t o  the COOH posi tien (Arg 292)of the IgG sequence. 

The peptide apparently interfered w i  t h  the stimulation process i tsel f , 

w i  t h o u t  affecting the basal ce1 1 activi ty. Indeed this effect  cou1 d not 

be related to any direct toxic action on the cells,  since appropriate 

control s cl earl y showed that macrophage vi abi 1 i ty was not al tered . The 

tetrapepti de Tuftsi n (Thr-Lys-Pro-Arg) , known t o  i ncrease the macrophage ," 

functi ons ,had nei ther activating nor inhi bi ti ng effect on the rat  rnacroL 

phages when added d u r i n g  -the IgE-anti IgE triggering. This could be related 

t o  the h i g h  efficiency of the IgE-antiIgE reaction t o  stimulate the 

macrophage [14] . In addition , Lys-Pro-Arg , whi ch i s a cornpeti ti ve i nhi bi tor 

of Tuftsin [15] , was without effect in the triggering and inhibi tory proces- 

ses descri bed here. Therefore, t o  i nterfere w i  t h  the macrophage activi t y  , 

Thr-Lys-Pro probably does no t  exert i t s  action through the Tuftsin 

receptors of the ce1 1 s ,  and may use cellular targets dis t inct  from these 

reported in the Tuftsi n system. Moreover, Thr-Lys-Pro was never descri bed 

as an  inhibitor of Tuftsin. 

Of particul ar i nterest was the i nteracti on of thi s peptide 

with the triggering of humanalveolar macrophages by the serum of asthmatic 

patients w i  t h  was shown t o  induce a rapide and strong IgE-dependent stimu- 



lation of the ce11 metabol ism and secretory functions upon the addition 

of specific allergens 16, 161. 

Though the effect of thi s tri pepti de on the macrophage activi t y  

resembles that described for the whole hydrolysate of IgG by parasitic 

proteases, i t  i s  not excluded that other peptides from the IgG molecule 

could play such an i nh ib i t o ry  role, and their  identification i s  presently 

under investigation. Neverthel ess , the COOH-terminal prol i ne of the 

tripeptide suggests the need of prol idase activi t y  among the proteases 

secreted by the young larval stage of schistosome. Indeed, some o f  them 

exhi b i  t prol idase and col 1 agenase speci f i  ci ti es [l]. 
r. 

An immunopharmacol ogi c study of this tri pep ti de and of i t s  

analogues i s  presently i n  course in O u r  laboratory. 
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f o l  lowing incubation w i  t h  IgG peptides o f  the second constant domain. 

F i  r s t  incubation b % In t race l  l u l a r  b 
Second i ncuba ti on N~ Enzyme r e l  ease i nhi b i  ti on 1 evel 

-- -- 

1 9E Anti -1gE 15 12.6 f 0.9 O 241 13 

IgE t ~ s n - ~ l  a - ~ ~ s - ~ h r ~ - ~ ~ s - ~ r o ~  Ant i  -1gE 2 15.6 f 5.8 - 260 t 32 

IgE t A l  a-Lys-Thr-Lys-Pro Ant i  -1gE 4 11.1 + 3.4 15 222 f 33 

IgE -I- Lys-Thr-Lys-Pro Ant i  -1gE 10 10.6 f 3.1 20 

IgE t Thr-Lys-Pro Ant i  -1gE 13 , 5.4 0.4 7 3 

IgE t Tufts in : Thr-Lys-Pro-Arg Ant i  -1gE 2 10.6 + 0.2 20 244 f 12 

IgE t Lys-Pro-Arg Anti-IgE 5 10.3 f 0.8 23 247 13 

IgE t IgG hydrolysate Ant i  - IgE 7 6.9 + 0.7 58 185 16 

H W HW 15 . 2.8 + 0.4 100 204 f 14 

a Number of experiments i n  t r i p l i c a t e  

6 t ninoles of hydrolysed substrate/lO c e l l s  (mean - s.e.tn.) , 

Al1 peptides were used a t  the concentration of 500 nmoles/ml 



TABLE 2 : Chemotaxis of r a t  per i toneal  macrophages a f t e r  incubation w i th  peptides o f  the  second 

constant domain o f  IgG. 
1L 

Macrophages pre-incubated wi th  Number o f  ce1 1 s a % i n h i b i t i o n  

HW 44.1 f 8.0 - 
b 

HW t Asn-Ala-Lys-Thr-Lys-Pro 

HW t Lys-Thr-Lys-Pro 25.2 f 4.0 4 3 

HW + Thr-Lys-Pro 6.6 f 2.7 85 

a 
Mean o f  16 o p t i c  f i e l d s  o f  experiments made i n  t r i p l i c a t e  

1 

Al1 peptides were used a t  the concentration o f  500 nmoles/rnl 
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TABLE 4 : Release of P-gl ucuroni dase from IgE/anti -1gE and a l  lergen-st imul a ted human al veol a r  macrophages 

a f t e r  incubation with an IgG t r ipept ide  of the second constant domain. 
1 

Enzyme rel  ease a % inhibition Intracelular  
F i  r s t  incubation Second incubation 1 evel 

1 gE Anti-IgE 

IgE + Thr-Lys-Pro b A n t  i - IgE 

C t Serum from athmatic pat ient  Al lergen . 35.0 - 0.5 O 875.0 f 5.0 

Serum from asthmatic patient Allergen 
+ Thr-Lys-Pro 22.5 f 3.5 63 831.5 + 7.5 

Hi4 HW 15.0 f 0.5 A 781.5 2 40.5 

a 6 Results expressed as nmol substrate/lO c e l l s  l 

Peptide used a t  the concentration of 500 nmoles/ml l l 

Al 1 ergen (Dermatophagoides pteronyssi n u s )  used a t  the concentAtion of 100 ng/ml HW 



ARTICLE n o  5 : INTERACTION -ENTRE SCHISTOSOMA MANSON 1 ET 

LE SYSTEME DU COMPLEMENT. ROLE DES PEPTIDES 

DE LA REGION Fc DES IgG DANS L'ACTIVATION 

DE LA VOIE CLASSIQUE PAR LES SCHISTOSOMULES. 

Pour répondre à l a  question : Quelles sont l e s  conséquences 

fonctionnel l e s  du clivage des IgG par l e s  protéases parasi t a i r e s  ? 

outre l a  1 i bération des peptides inhibi teurs  des macrophages, i l  

r e s t a i t  à déf in i r  si l e  fragment Fc maintenu en place sur l a  

membrane des schi stosomul es peut avoi r une i nci dence quel conque 

sur les  relat ions hôte-parasi t e .  11 avai t é t é  précédemment mi s en 

évidence par Santoro e t  col 1 .  (1979) que les  schistosomules peuvent 

ac t iver  l e  complément par l e s  voies al ternes e t  classiques.  De plus ,  

i 1 avai t é t é  préci sé  que 1 ' activation de 1 a voie al terne entrai  ne 

l a  mort des larves immatures in v i t ro .  L'activation de l a  voie 

!classique par contre nécessi t e  l a  présence d '  IgG e t  n ' e s t  pas 

cytolyti  que. Dans ce t  a r t i  cl e ,  nous montrons que 1 es schi s tosomul es 

incubés avec des peptides dlIgG hydrolysés par des protéases 

sécrétées par les  schistosomules peuvent i n i t i e r  1 ' ac t ivat ion 

du complément par 1 a voie classique, à en juger par l e s  consom- 

mations des facteurs C l ,  C2 e t  C4. Une éventuelle activation par 

des IgG non hydrolysées aggrégées e s t  à exclure puisque aucune 

consommation de C4 n ' e s t  observée dans u n  sérum agammaglobuliné- 

mique restauré en IgG e t  incubé à 37°C pendant 45 minutes sans 

schi stosomules. D' autre  par t  ces r é su l t a t s  él imi nent également 

1 ' intervention des protéases parasi t a i r e s  el 1 e-même pui sque 

lorsque l e s  schistosomules sont incubés avec l e s  parasi t e s  de 

sécrétions seuls (SRP) dans lesquels se  trouvent les  enzymes, 

l e  C4 n ' e s t  pas consommé. Ceci e s t  d ' a i l l e u r s  confirmé par l e  



f a i t  que le chauffage à 100°C pendant 3 minutes de 1 'hydrolysat 

d' IgG avant 1 eur incubation avec les schi stosomules n'affecte 

en rien la consommation de C4. Il existe donc une é t roi te  rela- 

tion entre les produits de dégradation des IgG e t  l es  schisto- 

somules qui a pour conséquence l 'activation du complément par 

la voie classique e t  qui de plus nécessite l a  fixation des pep- 

t i  des d '  IgG sur 1 a membrane des 1 arves. Les peptides d i  IgG peuvent 

ê t re  remplacés par l e s  seuls fragments Fc de la  molécule alors 

que l a  partie Fab n'entraine pas l a  consommation de C4 par les 

schistosomules. De plus, i l  semble que l e s  peptides d i  IgG ou 

les Fc à la  même concentration sont plus efficaces que les  imrnu- 

noglobulines entières puisque des concentrations dix fois  moins 

importantes condui sent aux mêmes résul t a t s .  

Une étude par la  technique d'immunofluorescence montre que 

1 'activation de l a  voie classique nécessi t e  la 1 iaison de la 

partie Fc des IgG e t  ce fragment de molécule servYra 1 ui -même 

de 1 igand au premier composant du complément l e  Clq .  

Ceci suggère donc que la partie Fc restée en place à l a  

surface des schistosomules après l e  clivage des IgG par les 

protéases parasitaires entrai ne 1 'activation du complément par 

la voie classique. Ce mécanisme en lui-même n'étant pas 

cytol ytique, ceci pourrait avoir pour conséquence d ' annuler I / 

1 es mécanismes effecteurs par anticorps spéci f i  ques ou ce1 1 ul ai res \ 

non spécifiques dépendant du complément. 1' acquisition des anti - 1 
gènes d'hôte d'origine complémentaire comme le  C l q  e t  l e  C3b f 
peut également s'expliquer par l 'intermédiaire de ce mécanisme. 
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ît was previoudy teportsd th& Schisfosorna manmi 
cf\istosornula in the preserice of lgG activate cornpl* 
m t  through th4 classical pathway (CCP). ln the prosent 
rork wo have d 8 m o ~ Q d  #rat schistosomula incul 
iatd with tg0 peptides resuîting from IgG hydrolysis by 
chistosomula proteases are abio to initiate complement 
iciivaaon through CCP, shce a maiiced comurmptfon of 
:Y, C4, and C2 was observed. Our msults eliminate an 
tventual direct actfon of the substancss released by 
chi&osornula on the activation of CCP. Tho flmt step O? 
:C? acüvation required the prdiminary binding of tg0 
motides on the schiatosomula surfaea. This interaction 
nduced an increaso in the Cl q uptake by sciristosornula. 
ilnce the involvement of the Fc portion of IQG molecules 
ios been clearly evidenced, in this cas8 6 e  peripheral 
jlobular subunits of C l  q rbcognize the CH2 region on lgG 
wpüdes or intact igG molecules. %y this mechanism, the 
ocal comuimption of cornplement araund schistosomula 
:ould contribute ta its sunival in the ho&. 

Previous in vitra studies have estabi i ihd that Schistosor,~e 
nansoni cercariae activate complement (Cl through the alternative 
mttiway (1 ). Recently, it has baen demonstrated (2) that S. man- 
mi schistosomula are able to activate complernent by bath the 
:ladcal (CCPI3 and the alternative pathways (ACPI. Moreover. it 
has been shown that activation of the alternate pathway and late 
complement cornponents induce kiiiing of these immature schia- 
tosomes in vitro (2, 3). On the other hand, the activation ot the 
CCP by schistoriomula involves the Presenca of IgG (2). 

In a previow study (4) we demonstrated that the Fab portions of 
1gG bound to the parasite surface were cteaved and smail peptides 
were liberated into the culture medium. However, a small lgG 
fragment bearing Fc determinant remained on the surface of schiû- 
toscmula. In addition, we found (5) that binding of Cl q to schisto- 
somuta can occur directiy by specjfic Cl q recepton, and indirectîy 
through the IgG molecules attached to Me  parasite surface. Only 
this second mechanism seems to be involved in CCP activation by 
schistosomula (2). Therefore, in the present study we atternpted to 
investigate !he role of schistwmula-4ound Fc peptides in the 
activation of the CCP. 

of schwaswna mansoni scMstoaomula was uaed thmgnout mis work. as 
descri- in (6). Schistomn~uia mne or- ani&iaily fmm cercariae by 
the technique ot RamaihsPlnta et ai. (7). or by the skin ometration method 
d W b e d  by CIsgo and Sm- (8). 

Media anâ mgenm. The culture medium uadt in thesa expwiments was 
Eagb's minimum ess%ntial medium (MEM: GIBCO. Grand Island. NYî su+ 
plementsd with 200 IU p«iicillin/ml and 50 &ml stnpromcin. Puntied 
hUmM la Igû (k). and F(ab)'2 fragments WOfO WpDliOd by N~rdlC 
lmmwiorooiui Labor8torles (Tilburg. The Neti~eriandsL 

Sera A oonl oi normal h u m  unim (NHS) waa obtained hom normal 
heolthydoncKs.Cedeiidentguineapigserumwasobtainedfrwnacolony 
maintaimd at me Institut PashNr in Lille. Blood wa8 allowed to clot -af rom 
tsmwatura for 3 hr, and the semm waa rperawd by ccmtriiuqation and 
waa used immedlatcr(y or. when nwemwy; waa stored at -70aC. Human 
sera with a total deiieisncy of C l  or C2 and "agammaglobulinemic" human 
semm (hwnan sefum d.fectlve in igG; twd) containing l e s  Man 1 8.8 lU/ml 
of IgG wwe usad, ar wrwiowiv descflbed (21. 

Cefnmmt comp~enn. C l  q waa pmuared aecording to the methcd of 
Yonemasu end Strwd (9) aa mdtied by Zubier and L a m m  (1 0). 

Di- fiuomcmîa Ruorascsin iaothiocyanate (FllCWabsied C i q  
(FilCC1 o) waa obtaineâ following a mtitod deaaibed Warioudy (5). Eve 
aiiquots (a b, c, 6 e) of ncm(y nreoad XCiistos~ula6800) in 0.1 mi MEM 
wem pmpatcld as foilowfis: a) Sckistosumulo wem incubated witl, Ff tCCl  q 
atone. b) çchkrmomulii were mlxed for 30 min at 37% wim Cl  q (0.25 ,a), 
wa8bed in '4W. and incubated in the same medium for 1 */a hr. c) Sctfisto- 
wmla W., treated wtth Clq  for 30 mm at 37.C. washed in MEM. and 
incubated wim igO peptides (1 00 pl oi SRPH) for 45 min at 37%. Aiter 2 
w a s h r  in MEM. the parasites wem mixed wim C l q  for 30 min at 3feC. d) 
Sctiatoamula ~ l d  incubated,wim iqG ~~JMOS for 30 min at 3PC. Aiter 
2 washes in MEM. Me Iarvae wen, Men incubated in the seme medium for 
1 '/r hr at 3fOC. e) Schistosomula wem mixed wim C1q fcf 30 min at 37OC. 
washed in MEM. and put in confact wim lgG peOtides for 45 min. Aiter 2 
washw in MEM. 310 larvae w e m  imubated in MEM for 30 min at 37-C. The 
ditlsrent aliquots of schistosomula (a. b, c. d) wem w m o d  in MEM. The 
fl~omSCOnC8 test mis pedormed by incubating the individual aliiuot with 
50 pi of the FlTCCl q solution (1 mg of !abel& C l  q/mi) diluted '!a- in PBS 
for 30 min at 37%. Aiter 3 washes in P9S. Me parasites were examtned 
under a fluot8scent microscope. Living schistosomula exhibiting surtace 
membrane fïuorescence wem gradeci + to + +. Neqative schistosomuia 
showed no yellowqreen fluorescencb around the outer edges. Oead or 
damaqed lafvae were not astssssd for fluorescence. 

Prapenrtion of IgG hyt?rcflysete by paraste enzymes (SRPH) and schis- 
tosomuki incubation aJoducts (SRPJ. Mechanically prepared schistosomula 
(20,000) were pretncubated at 37'C for 4 hr in ëagie's minimimal medium 
(MW) and w u 8  w w e d  6 times to remove most of the cercarial enzymes. 
The imae wera then incubatd for 16 hr at 37OC in 2 ml of MEM eiMer with 
40 pg/ml of human IgG (SRPH) or wimout IgG (SRP). The removal 3f 
sctristcsomula was camed out by centnkgation, and the hydrolysis was 
stopper2 by heating Me supernatant for 5 mtn at 1 OOaC. The absence oi 
bactefial contamination was routineiy controlled. 

P3nrsrte c'/de and sc),istcromu*a. A C~mplement consumrition a a y .  mis w a ~  performed ac=ordif?g to San- 
toro et al. (2). Brietly. 800 skingrepared sckistosomula susoenaed in 0.1 

Received for pubiiidon May 1 2, 1981. mi of MEM were incubated eimer with 0.2 ni of normal human serum (NHS) 
Acüome4 for publication June 30. 1981. or "agammag~obuiinerncc" human s m m  (hsd). In oMer cxpenments, dif- 
The wbiicarion Ot th* amci* *cKs in pan by the oI\y-t ferent aiiquols of schistosomuta were incubarad at 37'C for 45 min with 1 of page charges. mis article mus* miwon, be h ~ e w  ma*d a-dsemmt ln 

O, the foilowing: , 00 . of a of !Ag, ,,,, of igG. accorQance with 18 U.S.C. Section 1734 sclely to indiiate this fab. 
. th$ - ww ? r u ~ o ~ n d  by =tants kom INSEF~M (U 1'37). and t N n ~  çcscial 1 CO ,d of SRPH coniaining 4 ,a of hydrolyted nunan I ~ G .  ? 00 9 ot 

PIogram for Researck and Traninq m Tropical Diseasan. schistosomula incubation proaucts (SRP). 100 ,pi of IqG-Fc fragments (400 
' A d -  COmwndwe !o Or. M. Ali Ouaissi. Canm d'Immunologie 6, de ~ / m l ) .  Or 100 ril of HabY2 fraqments (400 pg/ml). The larvae wsre Men 

Bioiogte Parautam. ~nstitut Pasteur, S.P. 245, 59019-l.idle Cedex, France. washed 3 $mes and incuoated wtm "agammaglobulinemic" ?uman serum. 
Aboranatrons used tn ;hts paoer: CCP, cias~ca~ comorrnm oathway: ACP. After 4s min incoaation al 37OC. the ievels of C: . W. an0 C2 were 

' aitemative comotment Dathway: m ~ .  nuorescem isothiocyanate: SAPH. 190 mraswed on hemocytc plates as descnbeci by Lacrimann and Hoban (1 1). 
hydmlysate sl scmsrosomuia oroteases: Sap. schtstosomula incubation The rewlts are axpressed in percentage of C consumotion as comoared 
ucts: nJd. human smm deiectlve tn IgG. witn the resgective levais obtainea wilh 0.2 ml NHS diluted in 3.1 ml ME.41. 
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RESULTS 

Consumption of CCP conponents during the incubation of human 
iera with Schistosomula. When schistosomula were incubated with 
iormal human serum (NHS), a high percentage consumption of C4 
vas obtained (Çig. 1). In addition, a close correlation was observed 
)etween the number of schistosomula and the percentage con- 
,umption of C4. In contrast, there was no consumption of C4 when 
iuman serum defective in IgG (hsd) was used instead of NHS. 
iowever, when hsd was reconstituted with IgG, C4 was consumed 
it a high level (Fig. 1). Moreover, when freshly collected schisto- 
,ornula were incubated with IgG (40pg) or IgG hydrolysate (SRPH), 
vashed, and put in contact with hsd, a high consumption of C l ,  
:4, and C2 was observed (Figs. 2 and 3; Table 1). However, while . pg of intact IgG were unable to induce C4 consumption by 
chistosomula, the SRPH obtained after hydrolysis of 4 pg of IgG 
iy schistosomula proteases gave a significant increase of C4 
.onsumption (Table 1; Fig. 5). This indicates that proteolyzed IgG 
it the same concentration as intact IgG (4 pg) was more efficient 
1 inducing CCP activation by schistosomula. The following treat- 
lents were done as controls: 1) Schistosomula were incubated 
tith hsd alone. 2) schistosomula release products (SRP) were 
dded to hsd without schistosomula and incubated in the same 
onditions. 3) hsd was reconstituted with IgG and incubated with- 
v t  schistosomula. 4) SRPH alone was added to hsd without 
chistosomula. In these controls, no consumption of C4 was ob- 
erved (Fig. 3; Table 1). These results strongly support the notion 
iat activation of CCP by schistosomula requires the presence of 
itact IgG molecules or IgG hydrolysate obtained after the hydrol- 
sis of purified human IgG by schistosomula proteases. 
Consumption of C4 as a function of the time course of the 

ydrolysis of IgG by schistosomula proteases. The following assays 
rere used: In a first step, 80 ~g of human IgG were incubated with 
0,000 schistosomula in 2 ml of MEM; after 1, 3. 6, and 16 hr of 
~cubation, 1 aliquot (1 00 pl) was removed and put in contact with 
ewly prepared schistosomula (800). After 45 min of incubation at 
7°C the larvae were washed 3 times and put in contact with 
uman serum defective in IgG (hsd). After 45 min incubation at 
7OC, the level of C4 was measured. Two milliliters of schistosom- 
la release products (SRP) were incubated with human purified 
iG (80 pg) at 37°C; different aliquots (1 00 pl) of IgG hydrolysate 
SRPH) were then removed at 1, 3, 6, and 16 hr of incubation. In 
second step newly prepared schistosomula (800) were incubated 
'ith these same aliquots of SRPH for 45 min at 37"C, washed 3 
mes in MEM, and put in contact with hsd for 45 min at 37OC. The 
!vel of C4 was then measured. As controls, 80 pg of human IgG 
i 2 ml of MEM without schistosomula. and 2 ml of schistosomula 

human serum d e f t c t i v e  in I g î r ( h s d )  

h s d  + 4W p g  of lgG/ml 
I S n o r m a l  h m a n  serum 
; 80 

NUMBER OF SCHISTOSOMULA 
Figure 1. C4 level after the incubation of an "agammaglobulinemic" human 

rrum (hsd) alone or reconstituted with IgG and of the normal human serum with 
fferent quantities of schistosomula (mean i SD of 3 experiments). The con- 
~mption of C4 required the presence of IgG. 

Figure 2. Consumption of Cl and C2 during the incubation of 800 schisto- 
somula with human serum defective in IgG alone (hsd) ( 1 )  or IgG peptides (SRPH) 
corresponding to the hydrolysis of 4 pg of IgG followed by a contact with hsd (2). 
As control schistosomula released products (SRP) were added to hsd without 
schistosomula (3). The results represent the mean * SD of 3 experiments and 
are expressed in percentage of consumption as compared with the respective 
levels obtained with the same untreated serurn.- 

Figure 3. C4 consumption obtained after different treatments of schistosom- 
ula. Schistosomula were incubated with human serum defective in IgG alone 
(hsd) (7): schistosomula were treated either with 40 pg of human IgG (3) or 
heated (4) or nonheated (5 )  IgG peptides (SRPH) corresponding to the hydrolysis 
of 4 pg of IgG, and then put in contact with hsd. As controls hsd was mixed with 
either 40 pg of human IgG without schistosornula (2) or schistosomula released 
products (SRP) (6). These results represent the mean SD of 3 experiments. 

release products (SAP) were incubated in the same conditions. 
After 1, 3, 6, and 16 hr, aliquots of 100 pl were removed and put 
in contact with newly prepared schistosomula, and then treated in 
the same conditions. 

As shown in Figure 4, no consumption of C4 was observed in 
the controls. In contrast. when schistosomula were previously 
treated with SRPH, the consumption of C4 was related to the 
kinetics of IgG hydrolysis. In fact, a close reiationship was observed 
between the period of hydrolysis and the percent consumption of 
C4. These results demonstrate that at a low concentration (4 yg), 
IgG alone was inefficient in inducing C4 consumption by schisto- 
somula. In contrast, after the hydrolysis by schistosomula pro- 
teases, IgG at a low concentration became able to mediate C4 
consumption. 

lnvolvement of IgG Fc peptides in CCP activation by schistosom- 
uia. These experiments were done in order to determine the 
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TABLE I 

C4 consumptron by schrstosornula medrated by IgG peptrdes 
Treatments 96 C4 Consump 

tion (Mean I SD 
45 min 45 min of 3 Ex~en- 

ments) 

In the presence of 800 Intact IgG (40 pg) hsd 38 I 4.5 
schistosomula 

Intact IgG (4 pg) hsd 711 
Si?p hSd 7 1 3  
SRPHb hsd 51 111 

Controls without schisto- Intact lgû (4 pg) hsd 4 1 1  
somula 

SRP. hsd 4.5 t 1.5 
SRPHa hsd 5.5 I 2.5 

a Schistosomula-released products. 
Peptides resulting from the hydrolysis of 4 pg of IgG (see Materials and 

Methods). 

Figure 4. Relationship between the time course of the hydrolysis of human 
IgG by schistosomula proteases and the consumption of C4. Human IgG (80 pg) 
were incubated with 20.000 schistosomula in 2 ml of MEM (-1 or with 2 ml 
of schistosomula (20,000) released products (SRP) (C--O). After 1. 3. 6, and 
16 hr of incubation at 37'C one aliquot (100 pl), corresponding to 4 pg of 
hydrolyzed IgG. was removed and then incubated during 45 min at 37aC with 
newly prepared schistosomula (800). The larvae were then washed and put in 
contact with hsd. As controls, aliquots of 100 pl of intact human IgG correspond- 
ing lo 4 pg of IgG incubated at 37°C but without schistosomula - or 100 
pl of SRP (*-1) were removed aiter 1.3.6. and 16 hr of incubation and tested 
in the same conditions. These results represent the mean f SD of 3 experiments. 

'. SANTORO. AND A. CAPRON 

(4). However, a small IgG fragment bearing Fc determinants re- 
mains on the surface of schistosomula. In addition, 2 possible 
means of C l q  binding to schistosomula have been demonstiated: 
1) by a specific C l q  receptor. and 2) through the IgG previously 
attached by its Fc fragment to the parasite surface (5). Only the 
second mechanism seems to be involved in CCP activation by 
schistosomula. However, we had not explored the exact mecha- 
nism of C l  q interaction with IgG molecules. We have attempted by 
the following complementary investigations to see whether IgG 
peptides instead of intact IgG molecules can mediate the binding 
of C l q  to schistosomula. The incubation of schistosomula with 
purified C l  q completely inhibited subsequent FITGCl q binding on 
their surface (Table IV). However, the fluorescence was still present 
when the larvae were mixed with IgG peptides after the incubation 
with C l  q (Table 113. This positive fluorescence was inhibited by a 
second treatment of the larvae with purified intact C l q  (Table Ild). 
Treatment of schistosomula with IgG peptides before the contact 
with FITC-Cl q gave an increase in the positive fluorescence (Table 
IIc). These results indicated that C l  q can bind to schistosomula by 
both its specific receptor and by the IgG peptides attached to the 
parasite surface. 

DISCUSSION 

Previous in vitro studies have established that S. mansoni schis- 
tosomula are able to activate cornplement (C) in the absence of 
antibodies, by both the classical (CCP) and the alternative path- 
ways (ACP). The authors clearly demonstrated that C activation via 
the AP induced killing of these immature schistosomes in vitro (2, 

respective roles of the IgG peptides in the activation of CCP by 1 2 3 4 

schistosomula. Because of the difficulty in separating IgG peptides Figure 5. C4 consumption by 800 schistosomula previously treated with 

from SRPH, whic.,, in contains schistosomula release either purified Fc (40 pg) (3) or Fab fragments (40 pg) (4)  of human IgG before 
the incubation with hsd. As controls. schistosomula were incubated with hsd products3 were performed with purified Fc and Fab alone ( 1 )  or hsd supplemented with human IgG (2) (40 pg). The consumption of 

fragments of human IgG. The following treatments were done: The c 4  W ~ S  onty noticed in the presence of IgG (2) or I~G-FC fragments (3). These 
schistosomula (800) in 100 fil of MEM were incubated with either resuits represent the mean I SD of 3 experiments. 
purified Fc or Fab fragments (400 pg/ml) of human IgG. After 45 
min at 37OC, the l a ~ a e  were washed 3 times in MEM and, in a 
second step, were incubated with 200 pl of human serum defective 
in IgG (hsd). After 45 min at 37OC the level of C4 was measured as 
described above. In these experimental conditions consumption of 
C4 was only observed with the larvae previously treated with Fc 
fragments of human IgG (Fig. 5). No consumption was o b s e ~ e d  
with schistosomula incubated with hsd alone or previously treated 
with Fab fragments of human IgG before contact with hsd. These 
results clearly indicated the direct involvement of Fc fragment of 
human IgG in the activation of CCP by schistosomula. 

FITC-Clq binding to IgG-peptide-coated schistosornula. We 
have ~reviouslv reoorted that laG molecules bound to the surface 

TABLE II 

Binding of human FITC-C 1 q to schistosomula mediated by IgG peptides (SRPH) 
released after cleavape of IgG molecules by schistosomula proteases 

Treatments Fluores- 

30 m ~ n  45 min 30 min 30 min cencea 

b - - - FITC-Clq + 
C l  qc - - FITC-Clq - 
C1qd IgG peptides Cl  q FITC-Cl q - 
IgG peptidese - - FITC-Clq + + 
C l  a' IaG ~eotides - FITC-Cl q + 
- -- 

a The degree of fluorescence was estimated vlsually and graded from + to 
++ . . 

of S. mansoni schiStosomula wire hydrolyzed by parasite enzymes b-'See Materials and Methods. 
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However, it has been shown that activation of the CCP is not 
fficient for the killing unless specific antibodies to the schisto- 
mula were present (2, 3, 6). Uniike oncornaviruses, which could 
tivate CCP through C l  receptors present on their surface (12, 
r), the CCP activation by schistosomula was dependent on the 
esence of IgG, since no consumption of C l  or C2 or C4 was 
iserved when schistosomula were incubated with "agammaglob- 
nemic" human serum alone. However, the CCP components 
3re normally consumed with the same "agammaglobulinernic" 
iman serurn reconstituted with IgG. The exact mechanism of CCP 
itivation is unclear. The purpose of the present study was to 
[plain the mechanism and the incidence of this phenomenon in 
e host-parasite relationship. 
Our results corroborate the findings above, since the CCP acti- 
ition by schistosomula was related to the presence of IgG. In 
Idition, by using IgG peptides resulting from the previous cleav- 
ae of IgG molecules by proteases secreted by the lawae (SRPH) 
stead of intact IgG molecules, it was dernonstrated that schisto- 
,mula can activate the CCP. In fact, no C l ,  C4, or C2 consumption 
as found with the "agammaglobulinemic" human serum unless 
lis same serum was reconstituted with IgG hydrolysate (SRPH). 
ot schistosomula alone or SRPH or SRP tested alone were able 
) initiate the CCP. In fact, at a low concentration the hydrolysis of 
!G significantly increased the C4 consurnption, suggesting that it 
i likely that the binding of IgG peptides on the lawae is required 
,r the activation of the CCP by schistosomula. 
We have previously reported that IgG molecules undergo a first 

roteolytic cleavage soon after binding to the schistosomula mem- 
rane, liberating the Fab portions of IgG rnolecules in the medium 
4). A small IgG fragment bearing Fc determinants remains on the 
chistosomula surface. The small peptides resulting from this hy- 
rolysis exert a significant inhibition of macrophage activity. They 
tere especially able to decrease dramatically the in vitro IgE- 
lependent ~acrophage cytotoxicity against S. rnansoni schisto- 
,omula (1 4, 15). The role of the remaining IgG-Fc portion had to 
je determined. We have dernonstrated in the present study that 
~nly IgG-Fc fragments were involved in the CCP activation by 
;chistosomula. In fact. no C4 consumption was observed when 
;chistosomula were incubated with F(ab1'2 fragments of human 
gG before the mixture with "agammaglobulinemic" human serum. 
n contrast, a great increase of C4 consumption was noticed with 
gG-Fc fragments treated with schistosomula. In addition, the bind- 
ng of FITC-Clq on the schistosomula depends in part on the 
xesence of IgG peptides in the medium. Since the Fab fragments 
,f IgG cannot bind to the schistosomula surface (1 61, the involve- 
nent of the Fc peptides could be in a bridging by their CH2 domain 
~etween the l a ~ a e  and the peripheral globular subunits of C lq  
molecules. This interaction could be the first step of the CCP 
activation by schistosornula. 

Activation of complement by parasites was found to be lethal in 
most of the experiments that were performed in vitro (1 7); however, 
in some cases it could be essential for the development of parasit- 
emia (18, 19). In schistosomiasis, it has been shown that the 
activation of the ACP was lytic for most of the schistosomula that 
had been incubated with fresh normal serum (2). However, the 
activity of normal sera against schistosomula was variable accord- 
ing to the types of animal sera and schistosomula used. On the 
other hand, when normal human serum was used. it was shown 
that the ACP was not efficient against skin schistosomula. In the 
present study, al1 the experiments of complement consumption by 
schistosomula were performed using skin schistosomula and nor- 
mal or IgG-deficient human sera. In these conditions, the CCP 
activation did not induce killing of schistosomula in vitro. Since C3 
is the common pivotal molecule in both classical and alternative 
pathways, schistosomula C3 receptors (20) could function in bind- 

generated. Such a blockage 
a proliferative C3b-9 complex 
more tenable when viewed in 

the context of recent work of Fearon (21) and Nussenzweig and 
Kyoko (22). Thus, it should be emphasized that local consumption 
of complement around schistosomula could be one of the mecha- 
nisms that contribute to its survival in the host. 
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ARTICLE n o  6 : ACTIVATION DES EOSINOPHILES D E  RAT ET HUMAINS 

PAR DES FACTEURS SOLUBLES LIBERES PAR LES 

SCHISTOSOMULES DE S. MANSONI. 

ARTICLE n o  7 : ACTIVATION DES FONCTIONS EFFECTRICES DES EOSI- 

NOPHILES PAR DES FACTEURS SOLUBLES LIBERES PAR 

S. MANSONI : ROLE DES PROTEASES. 

Lorsque nous avons voulu t e s t e r  l ' e f f e t  d'un hydrolysat 

d '  IgG par des protéases parasi t a i r e s  sur 1 ' a c t i v i t é  cytotoxique 

des éosinophiles de r a t s  vis-à-vis des schi stosomules, nous 

avons constaté : 

1) que l e s  peptides d '  IgG n'inhibaient pas l a  fonction ef fec t r ice  

de ces ce l lu les  ; 

que les  produits de sécrétion des larves avaient au contraire 

un e f f e t  stimulant sur  1 eur ac t iv i t é  à en juger par 1 'augmen- 

ta t ion  de 1 a cytotoxi ci t é  dépendant des IgG2a , 1 ' expression 

des récepteurs pour l e s  IgG e t  l a  dégranulation. Ces deux 

derniers paramètres d 'ac t iv i  t i  de 1 a ce1 1 ule sont également 

augmentés chez l e s  éosinophiles humains. Par contre,  aucun 

e f f e t  n ' e s t  observé sur l e s  neutrophiles q u ' i l s  soient  de r a t  

ou humains, ce qui sou1 igne 1 'aspect s é l ec t i f  des facteurs en 

cause vi s-à-vi s des éosi nophi 1 es .  Cet e f f e t  stimul ant , tout  

comme la spéc i f i c i t é  pour ce t te  classe de granulocytes n 'es t  

pas sans rappeler 1 ' e f f e t  du médiateur mastocytai re q u i  e s t  

l e  tetrapeptide ECF-A (Al a-Gly-Ser-Glu) . Cette s i  mi 1 a r i  t é  e s t  

1 imitée au niveau fonctionnel pui sque l e s  deux molécul es 

en cause semblent bien différentes. En e f f e t  al ors que 1 ' ECF-A 



es t  une pet i te  molécule, l e  facteur stimulant du SRP a 

un poids moléculaire supérieur, compte tenu de sa migration 

en f i l t r a t ion  à travers un gel d '  ACA 34 ou en ul tracentri- 

fugation. Par a i l leurs ,  le  facteur stimulant présent dans l e  

SRP perd son act iv i té  après u n  chauffage à 100' pendant 3 

minutes tandis que 1 ' E C F - A  e s t  thermostable. 

Cet ef fe t  stimulant es t  retrouvé dans les produits de 
-, -- 

sécrétion d u  parasite à tous l es  stades d'évolution chez l 'hôte  

vertébrê étudiés y compris les  adultes mâles e t  femelles. 
- - - . - - - 

La thermosens i bi 1 i té  du facteur ac t i f  présent dans 1 e 

SRP nous suggérait que 1 ' e f f e t  stimulant pourrait ê t re  dû  à des 

enzymes e t  plus particulièrement à des protéases d o n t  on s a i t  

qu'elles sont présentes dans les  produits de sécrétion des schis- 

tosomules. Cette hypothèse a é té  vérifiée par 1 'u t i  1 i sati  on du 

Trasylol q u i  e s t  un inhibiteur protéasique de large spectre 

d 'ac t iv i té .  En e f fe t ,  l e  pouvoir stimulant du  SRP e s t  t rès signi- 

ficativement diminué par l e  Trasylol (50 %) aussi bien dans les  

expériences de cytotoxicité vis-à-vis des schistosomu1es que dans 

cel les de formation des rosettes. 

La puri f i ca t i  on des protéases neutres des schi stosomes par 

é1 ectrofocal i sation préparative, gel f i l t r a t ion  ( A C A  34) ou l e s  

deux successivement met en évidence que l ' a c t i v i t é  stimulante des 

foncti ons effectrices IgG dépendante des éosi nophi les  de rats 

vis-à-vis des schistosomules e s t  toujours associée avec des 

protéases de spécif ici té  col 1 agénase pui sque ces fractions peuvent _ . 'C-----C -- - - 

hydrolyser des substrats tel s que 1 ' azocoll ou 1 e peptide Z-Gl y-Pro- ieu- 

Gly-Pro. Leur pouvoir hydrolytique es t  inhibe par l e  Trasylol , tout commc 

l ' e s t  le pouvoir stimulant sur les éosinophiles d u  SRP, Par a i l l eurs ,  



une col 1 agénase extra-parasi t a i  re comme 1 a col 1 agénase puri f i é e  

de Clostridium histolyticum reproduit 1 ' e f f e t  stimulant sur 1 a 

cytotoxi c i  t é  an t i  -schi s tosomule IgG dépendante des éosi nophi 1 es .  

Ces r é su l t a t s  suggèrent donc que l e s  facteurs thermolabiles présents 

dans l e  SRP responsables de l ' a c t i v i t é  sont des protéases neutres 

dont l a  spécif ic i  t é  col 1 agénase e s t  di rectement impl iquée dans l e  

processus activateur.  Deux act ivi  t é s  pri nci pales ont aussi é t é  

ident i f iées .  L'une d'un poids moléculaire 45 à 68 000 ayant un pHi 

de 5,5 hydrolysant Z-Gly-Pro-Leu-Gly-Pro, 1 ' autre pl us neutre de 

poids moléculaire 10 à 25 000 hydrolysant 1 'azocoll e t  ayant u n  pHi 

de 6.2 à 6.8. 



Article N 6 
Activation of Rat and Human Eosinophiis by Soluble Factor($) 

Released by Sctristosoma mansoni Schistosomula 

antre  dlmmunoiogie et de Bloiogia Panuitairs. INSERM U 167. Imirur Pasteur, IS  rua Camille 
Gu.'&, &P. 245. 59019, Lille LsLsdex France 

ïb rtspoart of rat and buman eoainophils a& neutmphiis to schutosome-rcid products 
(SRP) waa examincd SRP activate rat eosinophiis by enhancing both the IgG-depondent 
cytotoxicity for Sch&taroma m o n i  .&&asornuln and the expd011 of IgG-k rrcepton 
aa measad by mette -y. The incrase by SRP of IgG-dcpendent rat eosiaophil cytowxiicty 
w r r  siemficantly comlatcd with the in- by SRP of eosinophil degranularion. SRP was 
a h  siiown to induce both an incruucd expression of Fc y reccptors and the degranulation 
of huaiin eoiinophits. In conuaru. no eficcf was obcained on human and rat neuvophii IgG 
Fc recsptora or on nenuopbil degranulation. suggestiag a spectficity of action on eosiaophils 
A Umilnt effou on rat eosiaopùiis wer previousiy obtained with the mast ccil mediator ECFA 
(Ab-Gly-Sar-Glu). H o m m ,  the pararite faaor SRP lacked the chcmotacric acuvity for 
cowopbiLr was hcat labile, and iu moleculnr wcight was highar than 2000. This indicatu 
timt the parasitoiccrrcd factor was distinct from ECF.A tevapeptides and has to be con- 
sidercd as a naw mcdiatocr invoived in the coshophil activation. The mie of this factor in 
schmsmksiru- 

INTRODUCTION 

Various expnments have clearly shown that normal eosinopiiiis act as killer 
ceiis for Schistosoma munsoni schistosomula in vitro in the presence of specific 
antibodies from expetimental or natural infections ( 1 4 ) .  This eosinophil-dependent 
cytotoxicity mechanism descnbed in the rat mode1 was shown to involve sequentially 
anaphyiactic IgG2a ( 5 )  or IgE (6, 7) antibodits. The cytotoxic effect of rat eosin- 
ophils for antibody-sensitized schistosornuia was depcndent upon the presence of 
mast cells, whereas this ce11 type by itself was not able to kili parasites. The bio- 
l og id  relevance of these observations accounts for the role of mast ce11 as a reg- 
ulator ccil of immunity in schistosomiasis through their interaction with eosinophils. 
In the absence of mast ceus, the cytotoxic effea of eosinophils can be replaced by 
the addition of ECF.A1 tetrapeptides, suggesting that this factor had an effect on 
eosinophils similar to unputifid, soluble mast ceil mediators (8). It was further 
dernonstrated that these mast cell prducts could act directly on the eosinophil 
membrane. as it was already suggested for complement receptors (9). Capron et 

' hbbnviations wed: MEM. Eagle's minimum medium: NRS, nomal rat scnim; IRS. immune rar 
serua SRP, schirtasame-reiuued producu: PEC. peritoneai exudate ails: ECF..% cosinophi1 chema- 
tactic factor of anaphylaxis; SRBC, shccp red b l d  ceils & erythrocyte: EA. erythrocyte antibody. 



60 AURIAULT, CAF'RON, AND CAPRON 

al. (10) recently reported the enhancement by ECF-A tetrapeptides of the rat and 
human eosinophil Fc y receptor as assessed by the EA rosette test. These obser- 
vations could therefore be relevant to immunity in schistosomiasis, since the in vivo 
release of mast ce11 mediators could enhance both the expression of eosinophil Fc 
receptors and eosinophil cytotoxicity. 

The present work was undertaken to explore the effect of parasite products on 
eosinophils and neutrophils. Results indicate that S. mansoni schistosomula them- 
selves are able to stimulate both the cytotoxic function and the expression of Fc 
y receptors of eosinophils whereas no effect was obtained on neutrophils. 

MATERIALS AND METHODS 

Media and Reagents 

Eagle's minimum medium (MEM, DIFCO, Detroit, Mich.) and MEM supple- 
mented with 1% heat-inactivated normal rat serum (MEMINRS) were made to 
contain 100 IU penicillinlml and 50 pg/ml streptomycin (7). 

Parasite Life Cycle and Preparation of Schistosomula 

A Puerto Rican strain of Schistosoma mansoni was used in this study (1 1). 
Schistosomula were obtained in vitro from cercariae by a mechanical procedure 
(12) in order to prepare products of incubation, or by the skin penetration method 
of Clegg and Smithers (1 3) for the cytotoxicity assays. Normal Fischer rats (Iffa 
Credo, l'Arbresle, France) infected with 1000 S. mansoni cercariae for 4 to 5 weeks 
were the source of immune rat serum (IRS). Normal rat serum (NRS) was obtained 
from uninfected Fischer rats. 

Preparation of Schistosome-Released Products (SRP) 

Mechanically prepared schistosomula were incubated for 4 hr at 37OC in MEM 
and washed six times to remove most of thc cercarial enzymes. The schistosomula 
(10,00O/ml) were then incubated for 16 hr at 37OC in MEM. The absence of 
bacterial contamination was controlled at the end of incubation, together with the 
viability of schistosomula, which was always superior to 95%. After centrifugation 
at 150g for 2 min, the schistosomula-free supernatant was recovered and considered 
as schistosome-released products (SRP). In some experiments, SRP was heated for 
5 min at 100°C (heated SRP). To approximate the molecular weight of the active 
factor, SRP was filtered through UM2 membrane with a Amicon 8 MC microul- 
tracentrifugation unit. 

Ce11 Populations 

( 1 )  Rat eosinophil-rich and mast cell-depleted populations. Rat eosinophils 
were prepared as previously described (7). Three days after the ip injection of 0.9% 
sterile physiologic saline to normal Fischer rats, they were killed using chloroform 
and the peritoneal cavities extensively washed with MEM/NRS. The PEC (2 to 
4 X IO7 cells from each rat) were pooled and centrifuged at 750g at 4°C and 
washed twice. Cells were resuspended at a concentration of 7 X IO7 cells/ml in 
MEM/NRS, deposited ont0 plastic petri dishes, and incubated for 2 hr at 37OC 
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in 5% CO2 atmosphere. The eosinophil-rich population consisted of the nonadherent 
PEC (35 to 80% eosinophils; 5 to 15% mast cells). 

Peritoneal cells enriched in eosinophils and devoid of mast cells were prepared 
after centrifugation (400g for 15 min at room temperature) of the eosinophil-rich 
population upon metrizamide analytical grade (Nyegaard, Oslo, Norway) accord- 
ing to Lynch et al. (14). Briefly 1 ml ( 3 to 8 X IO7 cells in MEM/NRS) was 
layered upon a 2-ml cushion of 22.5% (w/v) metrizamide containing 0.1% gelatin 
and 1% (w/v) deoxyribonuclease (Worthington Biochemical Corp., Freehold, N.J.). 
After centrifugation the ce11 population called mast cell-depleted population (con- 
taining less than 1% mast cell/eosinophils) was recovered from the metrizamide- 
buffer interface and washed twice in MEM/NRS. 

(2) Rat peritoneal neutrophils. Rat neutrophils (>go% purity) were obtained 
from the peritoneal cavity of Fischer rats 7 hr after the intraperitoneal injection 
of 10 ml of 10% proteose-peptone in saline as previously described by Capron et 
al. (10). 

(3) Human eosinophils and neutrophils. Eosinophils and neutrophils were ob- 
tained from venous blood of human subjects and prepared according to the method 
previously described by Vadas et al. (1 5). This technique led to populations yielding 

' 

more than 80% pure eosinophils or more than 90% pure neutrophils. 

Cytotoxicity Assay. 

The experimental procedure used was previously described (5). Fifty schisto- 
somula were dispensed into each well of a flat-bottomed microtiter plate (Nunclon, 
Roskilde, Denmark) and incubated overnight at 37°C in a 5% CO2 atmosphere 
with 100 pl of heat-inactivated IRS or NRS at a final dilution of 1:16 in MEM/ 
NRS. Then schistosomula were washed with MEM/NRS and resuspended in 100 
pl of the same medium. In each well was added 100 pl of MEM/NRS containing 
effector cells at a ratio of 6000 effector cells to one schistosomulum. SRP (10, 20 
or 40 pl) was then added in each well of the cytotoxicity assay. In some experiments, 
the eosinophil chemotactic factor of anaphylaxis (ECF.A), Ala-Gly-Ser-Glu 
(Serva Laboratories, Darmstadt, West Germany), was added at a final concentra- 
tion of M, either unheated or heated at 100°C for 5 min. The percentage of 
cytotoxicity was measured after 48 hr contact by evaluating microscopically the 
number of living and dead schistosomula according to the previously described 
technique (5). 

EA Rosetting Assay 

Rat IgG-coated SRBC (EA) were prepared by mixing equal volumes of rat IgG 
anti-SRBC and a 2% solution of fresh SRBC as previously described (16). One 
hundred microliters of eosinophil or neutrophil populations (2 X 106/ml) was in- 
cubated for 60 min at 37OC under constant agitation with MEM, with ECF.A 

M final concentration), or with 10, 20, or 40 pl SRP. After this incubation, 
the rosette assay itself was performed by adding 100 pl of nonsensitized SRBC 
(E) or EA (at a concentration of 3 X 108/ml). The tubes were then centrifuged 
at lOOg for 10 min at 4°C and incubated for 30 min at 0°C. The pellet was gently 
resuspended and the cells were cytocentrifuged (Shandon-Ellioi cytospin). The 
preparations were fixed in methanol and stained with Giemsa stain. Al1 cells with 
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at  least three adherent E were considered as rosettes. The percentage of 300 cells 
(eosinophils or neutrophils) that formed rosettes was numerated for each slide, and 
the percentage of rosettes obtained with control erythrocytes (E) was subtracted, 
giving the percentage of specific rosettes. Results were expressed as the mean of 
three replicates for each measurement. 

Degranulation Test 

One hundred microliters of rat or human eosinophils or neutrophils at a con- 
centration of 2 X 106/ml were incubated with MEM, with ECF.A (10-4final con- 
centration), or with SRP (10,20, or 40 for 4 hr at 37OC in a 5% CO2 atmosphere. 
In some experiments, heat-inactivated immune rat serum (4-week IRS) was added 
at a final dilution of 1/10. During this incubation period, the tubes were gently 
shaken three or four times in order to avoid ce11 adherence. The ce11 suspensions 
were then cytocentrifuged, and two cytocentrifuge preparations were prepared for 
each tube. These were fixed in methanol and treated with Giemsa stain. Cells were 
observed under a light microscope. The percentage of degranulation was established 
according to morphological criteria. In controi preparations (eosinophils incubated 
with MEM), cells appeared intact with their stained intracellular'granules. In some 
conditions of incubation, the eosinophil membrane seemed interrupted and nu- 
merous extracellular granules could be obseryed. Eosinophils were considered 
"degranulated" when they appeared larger than normal eosinophils, and when at 
least half of the total number of granules discharged into the exterior. Al1 these 
results have been verified using the interference contrast microscopy (Polyvar, 
Reichert, West Germany) according to the technique recently described by Sher 
and Wadee (17). The percentage of these degranulated cells was evaluated by blind 
readings of 200 cells for each preparation. Al1 values represented the mean of three 
to four experiments. In al1 conditions, the morphological aspect of neutrophils was 
unaltered. 

Chernotaxis 

The eosinophil migration was assessed using a method derived from Boyden's 
chamber technique ( 18). 

RESULTS 

Role of SRP on Rat Eosinophil Cytotoxicity 

As previously described (8) the mast ce11 depletion of PEC significantly decreased 
eosinophil cytotoxicity against schistosomula opsonized with heat-inactivated IRS, 
whereas the addition of ECF.A fa t  a concentration of M) restored the cytotoxic 
activity (Figs. 1A and B). The addition of soluble products released by schisto- 
somula (SRP) to the mast cell-depleted rat eosinophil populations led to a signif- 
icant increase of the percentage of cytotoxicity (Fig. 1 B). The action of this parasite 
material was dose dependent and increased from 10 or 20 or 40 pl of culture 
medium, corresponding to the products released, respectively, by 100, 200, and 400 
larvae for 16 hr. The enhancement was more significant when SRP was added to 
the mast cell-depleted population (Fig. 1B) than when it was added to the eosin- 
ophil-rich population (Fig. IA). No cytotoxic effect was obtained when schisto- 
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CONTROLS with NRS 

CONTIiOLS with NRS 

B 

FIG. 1. Increase of rat IgG-dependent eosinophil cytotoxicity for schistosomula in vitro. (A) The 
effector cells consisted of eosinophil-rich populations (nonadherent PEC). (B) The effector cells consisted 
of a mast cell-depleted eosinophil population (containing less than 1% mast cells) after purification on 
metrizamide. Al1 values represent the mean of three triplicate experiments. A significant increase was 
obtained with SRP (20 pl as reference): P c 0.001 (B). ., MEM; O, ECF.A M); a, 10, 20, and 
40 pl of SRP added to effector cells, respectively. 

somula were presensitized with NRS and further incubated in the presence of SRP, 
either with eosinophil-rich (Fig. 1A) or with mast cell-depleted populations (Fig. 
1 B). This indicates therefore, the requirement for antibody-mediated adherence of 
eosinophils to the schistosomula surface, and the absence of toxicity of SRP itself 
against the larvae. 

Effect of SRP on Rat Eosinophil Degranulation 

The eosinophil morphological degranulation was explored after 4 hr incubation 
at 37°C of rat eosinophil-rich population and MEM, M ECF.A, SRP (10, 
20, or 40 Whereas eosinophils looked intact after incubation with MEM, a 
marked increase of degranulated cells was observed when eosinophils were incu- 
bated with ECF.A or with SRP, in a dose-dependent manner (Fig. 2A). Moreover, 
a significant correlation was obtained between the percentage of rat eosinophil 
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UITHOUT RAT IrmiNE SERUM UlTH RAT I W N E  SERUM 
(day 28 af infestation) 

FIG. 2. Increase of rat eosinophil degranulation after 4 hr of incubation with SRP at several doses. 
(A)  Incubation in the presence or the absence of rat immune serum. Al1 values represent the mean of 
nine experiments. Significant increase with SRP (20 pl as reference): P < 0.00:. (B) Significant cor- 
relation between the effect of SRP on rat IgG-dependent eosinophil cytotoxicity for schistosomula and 
on degranulation of eosinophils after incubation with SRP ( r  = 0.96; P < 0.001). m, MEM; P, ECF.A 
(10-'M); @ 10, 20, and 40 pl of SRP added to eosinophils,'respcctively. 

degranulation and the IgG-dependent cytotoxicity of rat eosinophils for schisto- 
somula, in the presence of the different doses of SRP which were tested ( r  = 0.96, 
P < 0.001, Fig. 2B). The same increase of degranulation by ECF.A or SRP was 
observed in the presence or in the absence of infected rat serum during the incu- 
bation period (Fig. 2A). This points to a direct action of SRP on eosinophil de- 
granulation without the requirement of antibodies. 

Enhancement of Rat Eosinophil-Fcy Receptor by SRP 

As previously shown for ECF.A tetrapeptides (IO), the present study demon- 
strates the increasing capacity of rat eosinophils to bind to IgG-coated erythrocytes 
in vitro after incubation with SRP. Indeed, the incubation of rat peritoneal eosin- 
ophils with Ala-Gly-Ser-Glu M) or SRP (10, 20, or 40 markedly in- 
creased the expression of Fc receptors for rat IgG on the rat eosinophil membrane, 
as assessed by the EA rosette formation (Fig. 3). A dose-dependent increase of the 
percentage of eosinophils bearing IgG-Fc receptors was obtained for the two lowest 
doses tested. However, it should be noticed that with the highest concentration of 
SRP, the degranulation of eosinophils was important and therefore the decrease 
in the percentage of rosettes could be attributed to the ce11 degranulation. 

Chernotaxis 

As previously described by James and Sher for mouse PEC (19), no migration 
of rat PEC across the carbonate membrane filters in response to SRP was observed. 
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+ NUMEROUS CELLS WERE DEGRANULATED 

FIG. 3. Activation of the IgG-Fc receptor on rat eosinophils by SRP, assessed by EA rosette formation. 
Al1 values represent the mean of four or five triplicate experiments. Significant increase with SRP (20 
pl as reference): (P < 0.001). ., MEM; El, ECF.A (10-4M); M, 10, 20 and 40 pl of SRP added to 
eosinophils, respectively. 

This fact suggests that schistosomula themselves did not secrete any component 
able to stimulate the eosinophil migration in these experimental conditions. 

Heat Lability of the Parasite Factor Able to Activate Rat Eosinophils 

To investigate the heat lability of the parasite factor, SRP previously heated for 
5 min at 100°C was incubated with mast cell-depleted eosinophil populations and 
IRS-coated targets. As shown in Table 1, the level of cytotoxicity was significantly 
decreased and similar to the cytotoxicity for NRS-coated schistosomula. Similarly, 
heat-inactivated SRP becomes unable to enhance the expression of Fc y receptor 
on eosinophil surface (Table 1). In the same conditions, the heat stability of ECF.A 
was controlled. The effect on IgG-dependent eosinophil cytotoxicity and on the 
eosinophil Fc y receptor was sirnilar when ECF.A was untreated or heated for 5 
min at 100°C (Table 1). The heat lability of the parasite factor SRP seemed 
therefore to represent an essential difference with the heat-stable activity of ECF.A. 

Estimation of the Molecular Weight of the Factorts) Znvolved 
f In order to approximately evaluate the molecular weight (MW) of the parasite 

factor SRP two fractions (>2000 and <2000) obtained after filtration of SRP 
through UM2 Millipore dialysis membrane were compared to the unfractionated 
SRP (Table 2). While total SRP or more than 2000 SRP were able to increase 
both IgG-dependent cytotoxicity and EA rosettes, the fraction less than 2000 SRP 
failed to exhibit such an enhancing activity. This fact suggests that the parasite 
factor involved has a MW superior to 2000. In addition, preliminary results on the 
purification of SRP show that its MW is between 25,000 and 65,000 as determined 
by gel filtration on Ultrogel ACA-34. Considering the low M W  of the ECF.A 
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TABLE l 

Heat Lability of the Effect of Schistosomula-Released Products (SRP) on IgG-Dependent Eosinophil 
Cytotoxicity for Schistosomula and on Eosinophil EA Rosette Formation" 

Cytotoxicity (%) 
Rat eosinophils Specific rosettes 
incubated with IRS NRS (% )b 

Medium (MEM) 14.8 + 7.3 15.2 + 10.4 13.33 + 5.3 
SRP 50.7 + 6.2 13.3 5 12.7 45.1 I 6.5 
Heated S R F  20.1 + 7.8d 14.0 + 10.8 7.8 + 4.0' 
ECF.A 43.6 t 3.6 16.7 + 4.0 41.6 + 9.3 
Heated ECF.Ac 48.1 + 4.0 9.9 I 7.8 39.2 + 5.8 

" Al1 values represent the mean of five triplicate experiments (ISE). 
The percentage of specific rosettes was obtained by subtracting the percentage of rosettes obtained 

with control erythrocytes (E). See Materials and Methods. 
' 100°C for 5 min. 

Significantly less important when compared to nonheated SRP (P < 0.01). 
' Significantly less imporint when compared to nonheated SRP (P < 0.001). 

tetrapeptides (300 to 500), it seems therefore unlikely that the parasite factor 
involved in eosinophil activation is an ECF.A molecule synthesized by the larvae. 

Role of SRP on Human Eosinophils: Comparison with Human and Rat Neutro- 
phils 

In order to study the role of SRP on human eosinophils, a similar protocol 
expioring Fc y recertors and eosinophil degranulation was used. As observed in 
the case of rat eo~ino~hils ,  SRP significantly increased both the expression of Fc 
y receptors as measured by the EA rosette formation, and the degranulation after 
a 4-hr incubation (Table 3). A similar effect on EA rosettes was obtained with 

TABLE 2 

Molecular Weight Estimation of the Active Factor Present in Schistosomula-Released Products (SRP) 
Tested in IgG-Dependent Eosinophil Cytotoxicity for Schistosomula and Eosinophil EA Rosette For- 
mation" 

Cytotoxicity (%) 
Rat eosinophils Specific rosettes 
incubated with IRS NRS (%)b 

Medium (MEM) 17.2 + 5.1 8.3 + 3.2 
SRP 49.1 + 5.8 14.2 t 12.7 
SRP > 2000 52.5 t 6.3' ND 
SRP .É 2000 25.6 t 6.2d ND 

" A l  values represent the mean of three to five triplicate experiments (+SE); ND, not done. 
See Materials and Methods. 
' No significant difference when compared to total SRP. 

Significantly decreased when compared to total SRP ( P  c 0.02). 
' Significantly decreased when compared to total SRP ( P  < 0.05). 
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TABLE 3 

Effect of SRP on EA Rosette Formation and Degranulation of Human Eosinophils: Comparison 
with Human and Rat Neutrophils 

EA rosettes (%)" Degranulation (%)b 
Cells 

incubated Rat Hu 
with Hu Eos Hu Neutros Neutros Hu Eos Neutros 

Medium 32.6 +- 6.6 14.0 t 2.0 19.3 + 6.7 13.3 + 4.6 0.7 + 0.6 
ECF.A 44.6 + 9.8 22.6 + 2.4 22.6 + 5.7 28.7 + 3.5 2.0 + 1.1 
SRP 48.6 t 4.0' 7.3 I 2.Jd 9.3 + 0.6 80.7 t 1.7' 1.3 + 0.6 

' EA rosette formation was estimated by using E sensitized with rat antibody. The various ceil prep- 
arations were incubated for 1 hr at 37°C with medium (MEM), ECF.A M final concentration), 
or SRP (20 pl). Results represent the mean of triplicate experiments + SE. 

The percentage of degranulation was measured microscopically after 4 hr incubation at 37'C of the 
cell preparations with the different products (mean i SE of triplicate experiments). 
' Significantly higher than after incubation with medium ( P  < 0.05). 

Significantly lower than after incubation with medium (P < 0.05). 
' Significantly increased when compared to medium ( P  < 0.001). 

ECF.A, as previoudy reported (IO), but the effect of ECF.A on human eosinophil 
degranulation was more limited. 

In contrast, no enhancing effect of SRP on neutrophil Fc receptors or on neu- 
trophil degranulation could be detected, as it was already observed in the case of 
ECF.A and neutrophil Fc receptor (10). Moreover a significant decrease in the 
percentage of EA rosettes was noticed when human neutrophils were incubated 
with SRP (Table 3). 

DISCUSSION 

The present results show that excretion-secretion products of S. mansoni schis- 
tosomula cultivated in vitro during a 16-hr period can increase the antibody-de- 
pendent schistosomulicidal activity of rat eosinophils. Constituants of some hel- 
minth parasites such as soluble extracts of Taenia taeniaeformis cysticerci (20) 
or perienteric fluids of Ascaris (21,22) have been shown to stimulate both eosinophil 
and neutrophil migration. More recently James and Sher (19) have reported that 
schistosomula activate mouse leukocyte migration by means of a lymphokine pro- 
duced by prestimulated lymphocytes. On the other hand, complement activation 
by the parasite (23-26) could be likewise one means of recruiting leukocytes toward 
the target. 

The present work confirms that excretion-secretion products of schistosomula 
are unable to stimulate eosinophil migration as already demonstrated for mouse 
eosinophils (19). In contrast, these products were shown to increase in parallel the 
capacity of degranulation and the IgG-dependent cytotoxic effect of rat eosinophils 
and also the degranulation of human eosinophils. These results have to be related 
to the elegant studies by Butterworth et al. (27), suggesting that the stable ad- 
herence of eosinophils to IgG-coated schistosomula and subsequent damage of the 
larvae by these cells are attributable to the granule contents of eosinophils. But in 
this work, no evidence allowed the identification of the factor(s) responsible for 
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eosinophil degranulation. Our experiments suggest that after antibody-mediated 
adherence of eosinophils to schistosomula, products secreted ont0 or present on the 
parasite surface lead to eosinophil degranulation. The degranulation of the ce11 
could occur at least partly in relation to the binding (IgG mediated). But since an 
increase of eosinophil degranulation was also observed in the absence of antibody, 
this suggests that SRP could likewise act directly on eosinophils without interaction 
with antibodies. Then the release of eosinophil granule contents such as the major 
basic protein (MBP) could damage the larvae tissue (27). In contrast, recent studies 
have shown that neutrophils, although able to adhere to opsonized schistosomula, 
did not degranulate or induce damage (28). The present results allow therefore the 
clarification of this point by showing that, whereas parasite components could 
induce human and rat eosinophil degranulation, no effect was detected on 
neutrophils. 

The present study displays moreover an increased expression of IgG-Fc receptor 
on human and rat eosinophils in the presence of SRP as already observed with 
ECF.A tetrapeptides (10). It has been previously reported that the peptides re- 
sulting from the cleavage of bound IgG upon schistosomula by their Fc fragments 
are able to modulate the macrophage activity (29, 30). In this case, the parasitic 
matenal acted indirectly on cytotoxic macrophages by means of secreted proteases 
(31) and the regulatory process involved host antigen such as nonspecific IgG. It 
is shown here that parasite-secreted material is directly able to increase the eosin- 
ophil activity. The present results clearly show that SRP exhibits an eosinophil- 
enhancing capacity similar to the one previously described for ECF.A tetrapeptides 
(10). The possibility that schistosomula could secrete ECF.A tetrapeptides is there- 
fore to be considered. Two observations are however against this hypothesis. The 
molecular weight of the molecule involved in SRP is higher than 2000, whereas 
the MW of ECF.A is approximately 500. Moreover the parasitic factor seems heat- 
labile whereas ECF.A is heat-stable when tested in IgG-dependent rat eosinophil 
cytotoxicity and in EA rosette formation. Tai and Spry recently demonstrated that 
eosinophils incubated with Pronase or trypsin developed an increased capacity to 
form EA rosettes (32). This indicates that the expression of the eosinophil IgG 
receptor can be modulated not only by ECF.A, but likewise by biologically active 
molecules with higher MW. The presence of ECF.A in SRP cannot be definitely 
ruled out but the enhancing effect of schistosomula products on eosinophil activity 
is likely to be due to another process. 

In conclusion, we have demonstrated that schistosomula are able to increase the 
eosinophil-dependent schistosomulicidal activity in vitro by the action of a secreted 
factor, the chemical properties of which are presently under investigation. The 
effects of this parasite factor are not restricted to rat eosinophils, since human 
eosinophils were also activated in the same conditions. The inefficiency of SRP on 
neutrophils could explain at least partly why eosinophils but not neutrophils are 
cytotoxic for schistosomula (28). Therefore, it seems possible that the parasite by 

sponse and could thus control the host-parasite relationship. 
means of immunoregulatory substances might interfere with the host immune re- , 
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ABSTRACT 

Schi stosomul um re l  eased products (SRP) have previousl y been shown 

t o  enhance both expression of r a t  and human eosinophil Fc receptor and 

IgG-dependent cytotoxici ty.  The present work provides addi tional &!dence 

for  the secretion of eosinophil enhancing factors by schistosomula and 

other developmental stages of schistosornes, including adult worms. The 

heat l ab i l i ty  a s  well a s  the strong inhibition of the stimulating act iv i ty  

of SRP by the protease i n h i  bi tor  Trasylol suggest that  thermolabile pro- 

teases secreted by the parasite are involved in th i s  mechanism. The puri- 

fication of the schistosome proteases by preparative i soel ec t r i  c focusing 

and gel f i l t r a t i o n  showed that  neutral proteases able t o  hydrolyse the 

collagenase substrates Azocoll and Z-gly-pro-leu-gly-pro are  able to 

significantly enhance eosinophi 1 effector functions. Purified Clostri dium 

h i  stolyticum col lagenase was al so ab1 e to mimic the enhanci ng ef fect  of 

schi stosome proteases, suggesti ng i nvol vement of a col 1 agenase 1 i ke act i  v i  t y  

of the enzymes i n  the eosinophil stimulation. 



INTRODUCTION 

Evidence has been brought both in the human and in experimental 

mode1 s ,  of different mechani sms i nvol v i n g  eosinophi 1 s as effector ce1 1 s of 

imnuni ty, i n  various systems of ce1 1 -antibody cooperation, 1 eading t o  the 

killing of Schistosoma mansoni 1 arvae (1 - 4 ) .  The characteri zation of 

the immunoglobul i n  cl asses invol ved i n  r a t  eosinophi 1 cytotoxici t y  reveal ed 

the dependence on anaphylactic antibodies (5  - 7 ) .  Moreover, the study of 

this  eosinophil-mediated mechanism i n  the ra t ,  led t o  the observation t h a t  

besides eosinophi 1 s ,  peri toneal mast ce1 1 s ,  though unabl e by themselves t o  

k i 7  1 schistosomula, participated as accessory ce1 1 s i n  the induction of 

eosinophil mediated cytotoxicity (8) ; In the absence of mast ce11 s ,  the 

cytotoxic effect  of r a t  eosinophils could be restored by iroducts of mast 

ce11 degranulation. Among these products, the role of the eosinophil chemo- 

tact ic  factor of anaphylaxis ( E C F . A )  was shown t o  be significant ( 9 ) .  

Recently, we demonstrated that soluble factor(s) ,  named SRP 

(Schi stosome Released Products) from Schistosoma mansoni schi stosomul a 

enhance r a t  and human eosinophi 1 activi t y ,  particularly their anti body- 

dependent cytotoxici t y  against schistosomula and their expression of the 

Fc 8 receptors (10 ) .  Thus, SRP exhi bi ted an enhancing capaci t y  on eosino- 

phi1 s ,  similar t o  the one described for E C F . A  tetrapeptides. The differences 

in heat-sensitivity and in molecular weight between SRP and ECF.A however 

indicated that the activity of SRP was not due t o  ECF.A like material libe- 

rated by the parasite b u t  was likely due t o  another factor. SRP was w i t h o u t  

effect on neutrophils and the specificity for eosinophils of parasitic 

secretory substances can be considered as one means developed by the para- 

s i t e  t o  interfere w i t n  the host immune response. 



We have previ ously shown that schi stosomul a secrete protei nases 

able t o  cleave IgG bound t o  the surface of the larvae and the peptides 

resul ting from this cleavage modulate macrophage activi t y  (11). The heat 

lability of SRP and the presence of the proteases i n  the secretory products 

of schistosomula led us t o  study these enzymes. In  the present paper, we 

show that the enhancing activity on rat eosinophils i n  SRP i s  attributable 

to secreted proteases w i t h  collagenase-1 ike activity and i s  found a t  

different stages of evolution of the parasite in i t s  mammal host. 



MATERIALS AND METHODS 

- Media and reagents. Eagle's minimum medium (MEM,  Dffco, Detroit, Mich .) 

and MEM supplemented w i  t h  1 % heat-inactivated normal r a t  serum (MEM/NRS) 

a lso  contained 100 IU penicill  in/ml and 50 ,ug/ml streptomycin (7 ) .  The 

protease i n h i b i  tor Trasylol was purchased from Sigma chemical Co, S t  Louis, 

Mo, USA. ACA-34 Ul trogel was provi ded by Pharmi ndustrie, France. Amphol ines 

were purchased from LKB, Bromma, Sweden. 

Parasi t e  1 i f e  cycle and preparation of schistosomula. A Puerto-Rican s t r a in  

of Schi stosoma mansoni was used throughout the study (12). Schi stosomul a 

were obtained i n  v i t ro  from cercariae by a mechanical procedure (13) i n  

order t o  prepare products of incubation or  by the skin penetration method 

of Clegg and Smi thers (14) fo r  the cytotoxicity assay. 

Inbred F i  scher r a t s  ( I f fa  Credo, L'Arbres1 e ,  France) exposed 

percutaneously to  1000 S. mansoni cercariae 4 t o  5 weeks previously were 

the source of immune r a t  serum (IRS). Uninfected r a t s  of the same origin 

were the source of normal serum (NRS) and were used for  the collection of 

peri toneal ce1 1 S. 

- Recovery of 1 ung stage 1 arvae, 20-day-old and adul t worms . Lung stage 

schistosomul a were obtained from hamsters infected 6 days previously w i  t h  

4000 cercariae. In order t o  separate the parasites frorn the contaminating 

t issue,  the lungs were finely minced and then f i l t e red  through gauze. 

The 20-day-old parasi t e s  and the adul t Worms were col lected by 

perfusion of the 1 iver and the mesenteric veins 20 or 40 days respectively 

a f t e r  the infestation of hamsters (1000 cercariae per animal ) . The 1 iving 

parasites were then washed a t  leas t  6 times in Hank's balanced sa1 t solution 

for  three hours. 



Preparation of schi stosome-released products (SRPL. Mechani cal l y  prepared 

o r  lung stage schistosomula, 20-day-old and adu l t  worms were incubated fo r  

4 h r  a t  37OC i n  MEM and then extensively washed in  the same medium. The 

parasi t e s ,  10,00O/ml f o r  mechanical l y  prepared and 1 ung s tage schi stosomu- 

l a ,  100/ml f o r  20-day-01 d and 20/ml (10 males + 10 females) f o r  adul t worms 

were then incubated f o r  16 h r  a t  37OC. The absence of bacter ial  contamina- 

t ion  was controlled a t  t he  end of incubation, together w i t h  the via- 

b i l i t y '  of the paras i tes  which was always superior t o  95 % f o r  the larvae 

and was 100 % f o r  the adu l t  worms. The parasi te-free supernatant was reco- 

vered a f t e r  centr i fugat ion a t  150 x g f o r  2 m i n  and refered to  as schis to-  

some released products (SRP) . 

Preparation of adul t  worm ext rac ts .  The adul t  worms were f i r s t  t reated by 

sonication (microsonde 3 times, 5 sec 70 watts ,  son i f i e r  B-12 Branson Sonic: 

a t  O°C i n  0.1 M phosphate buffer pH 7 . 2 ,  in  order t o  destabi l ize  the Rem- 

brane. This treatment was followed by homogeneization using a hand rotated 

Potter-Elvehjem homogenizer w i t h  a t i g h t  f i t t i n g  te f lon  pest le .  The tempe- 

ra ture  was maintained a t  4 O C  during t h i s  treatment. The homogenates were 

then centrifuged a t  20,000 x g fo r  1 hr a t  4OC. The l ip ids  were removed 

from the surface and the  supernatant was considered as the crude e x t r a c t  

of adul t worms. 

Ce1 1 populations. Rat eosi nophi 1 s were prepared a s  previously descri bed 

( 7 ) .  Three days a f t e r  the  I.P. inject ion of 0.9 W, s t e r i l e  physiologie sa1 ine: 

the peritoneal cav i t i e s  of normal Fischer r a t s  were washed with MEMJNRS. 

The peri toneal exudate ce1 1 s were pooled and contrifuged a t  750 x g a t  

4'C and washed twice. After resuspension a t  a concentration of 7 x lob 

ce11 s/ml i n  MEM/NRS, PEC were seeded in p l a s t i c  petr i  dishes,  incubated 

fo r  2 hr a t  37OC in a 5 X CO2 atmosphere and the non-adherent c e l l s  were 

recovered. 



Peritoneal ce115 enriched i n  eosinophils and devoid of mast ce1 1s 

were prepared accordi ng to  the method descri bed by Lynch e t  al . (15). 

Briefly, 1 ml of non-adherent ce l l s  (3  to 8 x 107 ce l l s  i n  MEM/NRS) was 

layered ont0 a 2 ml cushion of 22.5 % (w /v )  metrizmide containing 0.1 % 

gelat i  ne and 1 % ( w / v )  deoxyri bonuclease (Worthington Biochelnical Corpo- 

ration, Freehold, NJ) . After centrifugation, the ce1 1 population recovered 

from the interface was washed twice i n  MEM/NRS. I t  constituted the eosino- 

phil-rich population (90 to  95 % of eosinophils) and was depleted in mast 

c e l l s  ( less  than 1 %). 

EA Rosetting Assay. Rat IgG-coated SRBC ( E A )  were prepared by mixing ( w / v )  

a 2 % solution of fresh SRBC and r a t  IgG anti-SRBC (16). One hundred 

micro1 i t e r s  of mast ce1 1 -depl eted eosinophi 1 population ( 4  x 106 ce1 1 s/ml ) 

were incubated f o r  1 hr a t  3 7 O C  under constant agitation w i t h  MEM or with 

SRP (10 t o  20 pl) .  The rosette assay was then performed by adding 100 )il 

of EA or non sensitized SRBC (E) a t  a concentration of 3 x 108 cells/ml. 

After centrifugation a t  100 x g for 10 min  a t  4 O C ,  the tubes were incubated 

for  30 min  a t  O°C. The ce l l s  were resuspended and cytocentrifuged. After 

fixation i n  methanol the preparation was stained with Giemsa stain.  A t  

l eas t ,  200 eosinophils were counted. The ce1 1s t h a t  formed rosettes ( a t  

l eas t  three adherent erythrocytes by eosinophil ) was determined for  each 

s l ide .  The percentage of rosettes obtained with E as control was subtracted, 

giving the percentage of specific EA roset tes.  Resul t s  were expressed as 

the mean of three experiments. 

Degranulation t e s t .  The experimental procedure used was previously descri - 
bed (10). Briefly, 100p1 of rat eosinophils a t  a concentration of 2 x 105 

cellsiml were incubated with FIE# or SRP (?O p l )  for 4 hr a t  37°C i n  a 5 % 

CO2 atmosphere. During the incubation period, the tubes were gently shaken 



three o r  four times in order to prevent ce1 1 adherence. The ce11 suspen- 

sions were then cytocentri fuged. Each preparation was f i  xed i n  methanol 

and treated w i t h  Giemsa stain. The percentage of degranulation was esta- 

bl ished according to  morphological cri ter ia  under a 1 ight microscope. Eo- 

si nophi  1 s were considered as degranul ated when they appeared 1 arger than 

normal, their  membrane was i nterrupted and a t  1 east half of thei r intra- 

ce1 1 ular granules were discharged (10). The percentage of degranul ated 

cells was evaluated by blind readings of 200 cells a t  least for each prepa- 

ration. Al1 values represent the man of three experiments or more. 

Cytotoxici t y  assay. As previously descri bed ( 5 ) ,  50 skin-prepared schi sto- 

somula were dispensed into each well of a flat-bottomed 3iicrotiter plate 

(Nunclon, Roskilde, Denmark) and incubated a t  3 7 O C  i n  a 5 % CO2 atrnosphere 

w i t h  50 pl of  heat-inactivated IRS or NRS a t  a final dilution of 1 : 16 

in MEM-NRS. After overnight incubation, 100 pl of the mast ce1 1 -depleted 

eosi nophi 1 population (6000 effector ce1 l s t o  1 target) and 20 pl SRP were 

simul taneously added to  each well of the cytotoxici ty assay. The percen- 

tage of cytotoxicity was measured after 48 hr contact between effector cells 

and targets by m i  croscopical exami nation. Schi stosornul a were counted as 

dead i f  they were imnobile, granular and opaque and surrounded by 1 or 

several layers of ce1 1s. 

Protease i n h i  bi tors. In some experiments , SRP was treated wi t h  Trasylol 

(aprotinin) containing 10260 KIU/mg (Sigma Chernical Co, S t  Louis, Mo). 

Three hours before i t s  zutil ization, 1200 KIU of protease inhi b i  tor were 

dissolved in 1 ml of SRP. Trypsin inhibitory capacity indicated t h a t  0.80 

mole trypsin was inhibited per mole of  Trasylol . 



Enzyme assays. Azocoll (Sigma Chemical Co, S t  Louis, Mo) was used a t  a 

2 % concentration in  0.1 M Sodium phosphate buffer,  pH 7.2, containing 

0.01 % sodium azide. Two m l  of subs t ra te  and 50 p l  of pa ras i t e  ex t rac t  

were incubated a t  37OC f o r  6 - 10 hr under ag i ta t ion .  The hydrolysis 

of Azocol 1 was measured d i  r e c t l  y a t  540 nm. 2-gl y-pro-1 eu-gl y-pro 

(Sigma Chemical Co, S t  Louis, Mo) was solubilized a t  1 mg/ml i n  the 

same buffer. The hydrolysis of 50 pl was carr ied out by incubating the 

substrate  w i t h  10 t o  20 )JI paras i te  ex t r ac t  a t  3 7 O C  for  6 h r .  In each 

case a blank of hydrolysis was made by adding immediately a drop of 

concentrated ace t i c  acid (30 % V / V ) .  A t  the end of the incubation period, 

hydrolysi s was stopped in the same manner. 

The hydrolysates of Z-gly-pro-leu-gly-pro, wi t h  parasi t e  ex t r ac t s  

was spotted ont0 Whatman paper n03 (46 x 57 cm). Controls w i t h  parasi te  

ex t r ac t  and subs t ra te  alone were included. Elution was ca r r i ed  out f o r  

10 hr a t  room temperature i n  butano'i : ace t i c  acid : water, 4 : 1 : 5 

(BAW). The dried spots  were revealed using a 1 % ninhydrin solution i n  

acetone . 

Gel f i  1 t r a t i o n  chromatography. In order t o  separate protei ns (par t icu l  a r ly  

the proteases) accordi ng t o  thei r mol ecul a r  wei ghts , crude adul t ext rac ts  

(10 to  20 mg to ta l  proteins)  were f i l t e r e d  through a column ( 2  x 90 cm) 

containing ACA-34 Ultrogel (Pharmindustrie, France). The absorbance of 

the e lua te  was monitored a t  280 nm by a LKB Uvicord S (Brornma, Sweden). 

Isoel e c t r i c  focusi ng . Preparative horizontal bed i soel e c t r i c  focusing 

was carr ied out using an LKB multiphor apparatus (Bromma, Sweden). The gel 

bed was prepared with 100 ml of Sephadex G75 containing 2.5 % c a r r i e r  

ampholines, pH range 3.5 - 10 and the crude adul t wom e x t r a c t  (10 t o  20 m- 

to ta l  pro te ins) .  Focusing was performed fo r  16 hr a t  8 wat ts  constant 



power. The gel bed was then divided into 30 sections using an LKB template. 

Each gel fraction was then placed in a 10 ml syringue barre1 fit ted with 

a porous plastic sinter and eluted with 3 ml water. After pH detemination, 

the fractions were dialyzed overnight against 0.1 M Sodium phosphate 

buffer pH 7.0 containing 0.15 M NaC1 t o  remove ampholines. 

Statistical study. In the rosette assays, the net change was calculated 

as the difference between the eosinophil specific rosettes after incubation 

w i t h  MEM and w i t h  SRP. In the cytutoxicity assay, the net change was cal- 

culated by subtracting the values obtaiced with NRS and IRS i n  the same 

experimental conditions. A one-tailed Student's t tes t  was used. 



RESULTS 

Enhancement of eosinophi 1 cytotoxic activi t y  by SRP from different develop- 

ment stages. The effect  of soluble products rel eased by schi stosomul a 

(day O ) ,  1 ung stage schi stosomul a (6-day-old) , 1 i ver stage schi stosomes 

(20-day-old) and adul t worms (40-day-old) on mast ce1 1 -depl eted r a t  eosi - 
nophils has been studied. In al1 cases, the addition of SRP ( 2 0 ~ 1 )  led to  

a signi f icant  increase i n  the eosinophil cytotoxici t y  against schistosomula 

opsoni zed w i  t h  heat-i nactivated IRS (Tabl e 1) , In contrast , no cytotoxi c 

effect  was observed when the targets were presensitized w i t h  NRS and fur-  

ther incubated in the presence of SRP. This indicates the absence of toxicit;  

of SRP i t s e l f  against the larvae, whatever the source of SRP i s .  As pre- 

viously demonstrated, eosinophil cytotoxici ty required both anti body- 

mediated adherence and degranul ation of the ce1 1 s ( 4 ) .  For t h i  s reason, 

the effect  of SRP on the expression of eosinophil-Fcxreceptors and ce11 

degranulation was al sa studied (Table 1). The resul t s  reveal ed that  SRP 

produced by each developrnental stage increased both the expression of Fc 

receptors and the degranul ation of r a t  eosi nophi 1 S .  

Heat l ab i l i t y  of parasi t e  derived factors able t o  activate eosinophil EA 

rosette formation and IgG dependent cytotoxicity. Ne have previously shown 

that  SRP produced by schistosomul a loses i t s  eosinophi 1 enhancing activi ty 

when heated for 5 min a t  100°C. Results shown in Table 2 and Table 3 indi- 

cate that  SRP from adult Worms (males t fernales) heated in the same manner 

became unabl e to increase the expression. of IgG-Fc receptor of ra t  eosi no- 

phi1 s as well as  the IgG dependent anti -schistosomula cytotoxici t y .  

Moreover, SRP obtained from ei ther male or female adul t worms were equai 1 y 

able to  enhance the EA rosette formation. i n  each case, this  activi t y  was 



destroyed by heating. Heat l a b i l i t y  seems thus t o  represent a common 

feature of the  enhancing paras i te  f a c t o r ( s )  i n  SRP whichever the develop- 

mental s tage.  

Inhibition of the enhancing a c t i v i  t y  of SRP by Trasylol . Trasylol (aprot inir  

a l so  referred t o  as ka l l ikre in  inac t iva tor ,  i s  known t o  b ind  to  and to inac- 

t i v a t e  a var ie ty  of proteases such a s  t rypsin chyrnotrypsin, cathepsin and 

papain. In order  t o  study the e f f e c t  of Trasylol-treated SRP on the eosino- 

phi1 ac t iv i  t y ,  the protease i n h i  b i to r  was added t o  SRP (1200 KIU per ml of 

SRP) three hours before the experiments. Tables 2 and 3 ind ica te  tha t  the 

prior incubation of SRP w i  t h  Trasylol strongly inhi b i  ted i t s  enhancing 

e f f e c t  on edsinophi 1 -f c J' receptor expression and on IgG-dependent an t i  - 
schistosomul a eosinophi 1 cytotoxici  ty .  No cytotoxic e f f ec t  was observed 

when the t a rge t s  were presensit ized w i t h  NRS and fur ther  incubated i n  the 

presence of Trasylol -treated SRP and the eosi nophi 1 -ri ch population. More- 

over, Trasylol i t s e l f  d i d  not i n t e r f e r e  w i  t h  the cytotoxic process, since 

i n  the absence of SRP, Trasylol alone used a t  the same concentration had 

no s ign i f i can t  enhancing or  inhi b i  t i ng  e f fec t .  These resul ts indicate there- 

fore tha t  thermolabile proteases present i n  SRP could be involved i n  the 

enhancement of eosi nophi 1 a c t i  v i  ty  . 

Enhancement of the expressi'on of r a t  eosinophi 1 -Fc f receptor by proteases 
u 

of adul t  Worms, separated by preparative i soe lec t r i c  focusing (pH range 

3.5 - 10) .  The neutral proteinase a c t i v i t i e s  of a crude enzymatic ex t r ac t  

(10 mg t o t a l  proteins) from adul t Worms, which hydrolyse Azocoll and Z-gly- 

pro-leu-gly-pro as subs t ra tes ,  were tested a f t e r  separation by i soe lec t r i c  

focusing (pH range 3 .5  - 10).  These enzymes have previously been characte- 

rized (17)  and they represent two of the major neutral protease a c t i v i t i e s  

of Schi stosoma mansoni . Z-gly-pro-1 eu-gly-pro and Azocoll a r e  considered 



a s  col lagenase substrates .  The former was hydrolyzed by an enzyme act ivi  ty 

w i t h  an i s o e l e c t r i c  point of  5.4 t o  5.6 (Fig. 1A). Azocollytic a c t i v i t y  

was resolved in to  two overlapping peaks ( P I  6.5 and 6.7) (Fig. 18). 

The separated proteases were tes ted  f o r  their capacity to  enhance 

rat eosinophil Fc 8 receptors.  The proteases able t o  hydrolyse Z-gly-pro- 

leu-gly-pro (evidenced by 1 i beration of leuci ne) and the aci di c azocol l y t i  c 

a c t i v i t y  both enhanced eosinophil EA rose t t e  formation (25 t o  38 %) (Fig.  

1C). A basic proteinase exhibi t ing an aminopeptidase a c t i v i t y  previously 

characterized by i t s  par t icul  a r  abi 1 i t y  to  cl eave the di peptide 1 eu-gly (17) 

a l so  increased the percentage of rose t tes  although t o  a l e s se r  extent. In 

cont ras t ,  the aminopeptidase able t o  hydrolyse leucine-p-ni t roani l  ide 

( P I  5.8, 5.9) o r  the caseoly t ic  enzyme (PI  6.1)  f a i l e d  t o  exhib i t  such an 

enhanci ng e f fec t  (17). 

Enhancement of r a t  eosinophi 1 -Fc x receptor and of an t i  -schi stosomula 
V 

cytotoxici  t y  by proteases of adul t woms separated by- gel f i  1 t r a t ion .  In 

an attempt t o  separate the neutral proteases from adul t Worms according 

t o  their  molecul a r  weight, a concentrated crude adul t worm ex t rac t  (10 mg 

protein)  was subjected t o  Ul trogel ACA-34 chromatography. Six col umn 

f r ac t ions  were assayed f o r  t h e i r  proteolyt ic  a c t i v i t y  against  Z-gly-pro- 

leu-gly-pro and f o r  t h e i r  azocol l y t i c  a c t i v i t y  (Fig.  2 A ) .  Two peaks exhi - 
bited azocol lyt ic  act ivi  t y .  The f i r s t  corresponded t o  high molecul a r  weight 

proteases (F2, m.w.  superior t o  230,000), the other  t o  proteases of a mole- 

cu la r  weight of about 20 to  68 000 (F4).  Enzyme a c t i v i t y  able t o  cleave 

Z-gly-pro-leu-gly-pro was a l so  located in the fourth fract ion along with 

t h a t  hydrolysing Azocoll subs t ra te  (FS). These f rac t ions  were tested fo r  

t h e i r  capacity t o  enhance both eosinophil Fcf receptor expression and IgG 



dependent anti-schistosomula eosinophil cytotoxici ty (Fig. 28 and 2 C ) .  The 

proteinase activi t i  es whi ch hydrolyse Z-gl y-pro-1 eu-gl y-pro and Azocol 1 

both enhanced eosinophil activity. Indeed, the addition of the two sepa- 

rated fractions t h a t  contained proteases led t o  a 20 % increase in EA 

rosette formation w i t h  F2 and 55 % with F4. In parallel,  the same fractions 

led t o  an increase in the eosi nophi 1 -dependent a n t i  -schi stosomul a cytoto- 

xici ty (25 % and 35 % respectively). 

These resul ts indicate that  a t  least  part of the eosinophil enhancing 

factor(s) of the adul t wons are copurified either after isoelectric focu- 

sing or  af ter  molecular sieving with the proteases able t o  hydrolyse the 

two collagenase substrates, azoco11 and Z-gly-pro-leu-glfipro. 

Biochemical characterization of the proteases invol ved i n  the enhancement 

of eosinophil activi tx. In order t o  characterire more preci sely the mol ecuies 

involved i n  eosinophil activation, they were purified from adul t worm homo- 

genates, f i r s t  by isoelectric focusing in the pH range 3.5-10 (20 mg protein 

Fig. 3 ) ,  followed by ACA 34 Ultrogel chromatography and tested using the 

same substrates as above (Fig. 4 ) .  Two fractions F.A and F.B were separated 

after isoelectric focusing. Three fractions Al, A2 and A3 were able t o  

hydrolyze 2-gly-pro-leu-gly-pro after chromatography of F .A, A2 exhi bi t i  n g  

the major activity. Three azocollytic fractions : B l y  the f i r s t  and major 

peak, 82 and 83 were obtained af ter  chromatography of F.B. The six fractions 

purified according t o  their pI, their molecular weight and their proteolyti c 

activit ies were t h e n  tested a t  a final protein concentration of 2 lg/ml in 

the anti-schistosomul a eosinophil cytotoxici ty assay (Table 4 ) .  Two of these 

fractions enhanced eosinophil cytotoxicity : A 2  ( m . w .  45 t o  58 000, p I  5 . 5 ,  

able t o  hydrolyse Z-gly-pro-leu-gly-pro) and 83 ( m . w .  10 t o  25 000, p I  6.2 

t o  6.8, cleaving azocoll ) .  These resul t s  reproduced those obtained in the 



previous experiments using crude ext rac ts  o r  f r ac t ions  separated only by a 

simple isoelectrofocusing o r  rnolecular sieving. A l  and 81 (M.w. superior to  

230,000) a l so  exhibited an enhancing ac t iv i  t y  but t o  a l e s se r  extent.  These 

resul ts confirmed t h a t  using two d i f f e ren t  physicochemical methods of sepa- 

ra t ion ,  the eosinophi 1 enhancing ac t iv i  t y  remai ns associ ated w i  t h  the enzy- 

mes able t o  cleave the collagenase substrates .  

I n h i  b i t ion  by Trasylol of purif ied schistosome proteases ab1 e t o  enhance 

eosinophil ac t iv i  ty .  As shown above, SRP pretreated w i  t h  Trasylol was unable 

t o  enhance the  expression of eosinophil Fc 6 receptor and the cytotoxic effec: 

of this ce1 1 against  schi stosomul a.  Since puri f ied  adul t worm proteases 

exhi bited the  same enhancing e f f e c t  as crude SRP, the inhibi tory ro le  of 

Trasylol was assessed on the hydrolysis of Azocoll and Z-gly-pro-leu-gly-pro 

by these proteinases. The azocol l y t i c  ac t i c i  t y  of an enzymatic crude ex t rac t  

was only p a r t i a l l y  i n h i b i  ted by Trasylol (40 %) . In  cont ras t ,  the azocol lytic: 

a c t i v i t y  of f r ac t ion  83 was strongly decreased (80 t o  90 %) i n  the presence 

of Trasylol (2000 KIU/ml fo r  an enzymatic ex t r ac t  of 5 mg protein/rnl). The 

1 i beration of leucine by the f rac t ion  A2 a f t e r  hydrolysis of Z-gly-pro-leu- 

gly-pro was a l so  inhibi ted i n  the presence of the enzyme inhi b i t o r .  I n  t h i s  

case, Trasylol only p a r t i a l l y  inhibi ted the proteolysis ,  since a low level 

of l iberated leucine was s t i l l  detected a f t e r  10 hr of hydrolysis b u t  to  a 

l e s s e r  extent  t h a t  without the i n h i  b i tor .  These resul t s  emphasize tha t  the 

ac t ive  molecules present i n  SRP and the purified proteolyt ic  f rac t ions  share 

the same biological ac t iv i  t i e s  and were simi 1 a r l y  i n h i  bi ted by the protease' a 
i n h i  bi t o r  Trasylol . To support these resul t s  collagenase ac t iv i  t i e s  inhibigeci 

by Trasylol have been found i n  excretory-secretory products o f  schi stosomul a 

and adul t Worms (Cesari e t  a l . ,  manuscript in preparation).  



Effect of Clostridi um hi stolyticum col 1 agenase on igG-dependent eosinophi 1 

cytotoxi ci t y .  I n  order to  define whether the col lagenase specif i ci t y  of  

the parasite proteases described above was an important feature of the 

eosinophi 1 enhancing activi ty of SRP, a purified bacterial col 1 agenase 

(type IV-S Sigma chernical Co, S t  Louis, Mo) was added to the cytotoxicity 

assay (Table 5) .  The addition of the collagenase significantly enhanced 

IgG-dependent eosinophi 1 cytotoxici ty a t  the lowest concentration used 

(100 pg/ml). In contrast, eosinophils were not stimulated when higher 

enzyme concentration were used (500pg/ml). These results suggest that 

bacterial collagenase as well as schistosome proteases able t o  cleave 

col lagenase substrates, both enhance eosinophi 1 effectar function . 



DISCUSSION 

In a previous report, we showed that excretory-secretory products 

released by S. mansoni schistosomula cul tivated i n  v i t r o  du r ing  16 hr were 

able t o  increase eosinophil activity, particularly in the capacity of this  

ce11 t o  kil l  young schistosome larvae (10).  The present study was undertaken 

to define the time course of the secretion of this  enhancing material during 

the development of the parasite in i t s  mamalian host, and t o  determine i t s  

chemical nature. The results presented here demonstrate t h a t  not only are 

the products secreted by schi stosomula able to stimul ate some essential 

eosinophil functions such as the Fc receptor expression o r  schi stosomul i - if 
cidal activity, b u t  the enhancing factor i s  found in the secretion products 

of  later developmental stages. Indeed, the soluble products released by 

6- and 20- day old larvae as well a s  the adul t Worms also enhance eosinophil 

activity assessed by these cri teriae.  This indicates that adult parasites 

i n  the infected host are potentially able to enhance eosinophils in their  

capacity to kil l  young larvae, which penetrate i n t o  the infested host, in 

cooperation w i  t h  specific a n t i  bodi es. The need for a n t i  bodies for the eosi - 
nophi 1 effector function and the fact  that only the young schi stosomul a are 

killed in vitro by these cells (4)  suggests t h a t  parasite-secreted factors 

are able t o  prevent mu1 t iple  infections by stimulating one of the main effec- 

tor cells involved i n  anti-schi stosome immuni t y .  The enhancement in the 

expression of eosinophil Fc receptor could lead t o  an increase in antibody- .< 8 .. > 
' -,' 

,4;, . 
dependent adherence to the larvae and thus a l  lows the kill ing of the schi s- - c 

- + Y  

tosomula af ter  degranulation o f  the effector ce1 1s. In addition, the eosi- 

nophil enhancing activity released by a d u l t  schistosornes i s  abolished by 

heating (100°C for 5 min). While tne heat-labil i ty  of products released 



by schistosomula has already been described (IO), the present results 

show that the enhancing activi ty of products rel eased by adul t worms i s 

al so destroyed by heati ng , suggesting a biological anal ogy between the 

products secreted by the parasite a t  these two developmental stages. 

The heat labil i t y  of the biologically active rnaterial present in 

SRP suggests that the invol ved mol ecule cou1 d act  through an enzymatic 

activi ty . 1 t was previousl y reported tha t schi stosornul a secrete proteases 

able t o  modul ate macrophage activi ty by rneans of peptides 1 i berated after 

hydrolysis of IgG (19).  The involvement of such proteases in the eosinophil 

stimulatory activity of SRP was thus considered. Trasylol (aprotinin), an 

i n h i b i  tor known to inactivate a variety of proteases was used as a probe 

for studying the protease invol vement in the eosinophi 1 enhancing activi ty  

of SRP. A t  a concentration of 1200 ka11 i krein inactivating u n i  t s  per ml , 

this  i n h i  b i  tor significantly decreases the effect  of SRP. This inhibition 

reduces 50 to 80 % of the enhancing effect either on the formation of spe- 

c i f ic  EA rosettes or an anti-larval cytotoxicity. This suggests that pro- 

teases present in SRP play a major role in the enhancing effect on eosi no- 

phils. To comfort this hypothesis, the activating capaci t y  of schi stosome 

neutral proteases was tested af ter  thei r partial purification by preparative 

isoelectric focusing and/or  gel f i l t r a t i o n .  The reçu1 t s  show that puri f i  ed 

schi stosome proteases are effectively ab1 e t o  enhance eosinophi 1 activi t y  

and more parti cul arly those hydrolysing col 1 agenase substrates. These pro- 

teases are also inhibited by Trasylol. Tai and Spry (20) have previously ." - -  

demonstrated that eosinophils incubated with pronase or trypsin developed 

an increased capacity t o  form EA rosettes. In the present study, n o t  only 

was the Fc6 receptor expression enhanced b u t  mainly the cytotoxic function 

of eosinophil s against schi stosome larvae. Since a highly purified bacterial 



col 1 agenase exi b i  ted the same effect , the col 1 agenase speci f ici t y  of the 

schistosome enzymes i s  likely t o  be involved. This represents a potentially 

potent mechanism in the biology of the eosinophil , since the association of 

collagen, collagenase and eosinophils i s  comnon a t  the s i t e  of inflammation. 

Indeed, enzymes capable of breaking dawn collagen have been detected i n  a 

variety of physiological and pathological states ( 2 1 ) .  I t  now remains t o  

be determined whether the col lagenases act on the ce1 1 s directly a t  thei r sur- 

face or through peptides resulting from the hydrolysis of their substrates. 

A similar eosinophi 1 stimulating activi t y  was previously descri bed 

w i t h  mast ce11 products and more particularly w i t h  ECF.A tetrapeptides ( 9 ) .  

In view of this ,  the role of the mast ce1 1 as a regulator of eosinophi 1 - 
mediated immunity i n  schistosomiasis has been suggested. In this case, mast 

ce11 s ,  though unable by themselves t o  kil l  the parasites, would play the 

role of accessory ce1 1 s in enhancing eosi nophi 1 anti -schi stosomul a cytoto- 

xicity. Both enhancing mechanisms, by SRP or by ECF.A could act together 

or independently d u r i n g  the infection. A l  ternativel y ,  depending on the 

infected host species, the f i r s t  or the second could provide an adaptative 

possi bil i t y  to the parasi te.  I n  the human mode1 , for  exampl e ,  IgG-dependent 

eosinophil cytotoxicity does not require the presence of mast cells  or mast 

ce11 products (18) while i n  the rat  mode1 the accessory ce11 s are needed 

( 5 ) .  In contrast, human eosinophil Fc 8 receptors are stimulated by SRP 

(10) and therefore these parasite products could be involved i n  s i tu i n  

the devel opment of human eosi nophi 1 cytotoxi ci t y  . The simi 1 a r i  t y  in eosi no- 

phil stimulating activity of the peptide ECF.A (ala-gly-ser-glu) 

and of secreted collagenases present in SRP pleads in favor  o f  

an indirect action by the la t te r .  I t  i s  also necessary t o  define 



whether the çecreted proteases with collagenase activity are the same 

molecules a t  each developmental stage studied. Thei r characterization and 

their purification are in progress. 

Our observations indicate t h a t  proteases present i n  SRP and exhi- 

bi ting a collagenase specifici t y  play a stimul atory role on the in ;vitro 

eosinophil effector function. The role of prote01 ytic enzymes in ce1 1 u l  ar 

function has been considered in the recent years. Protease inhibitors have 

been shown t o  affect such activities as ceil growth (22)  and the response 

o f  lymphocytes t o  plant lectins (23)  and t o  antigens ( 2 4 ) .  Moreover, some 

lymphokines (25 - 26) and monokines (27)  have been descri bed as being or 

containing proteases. I n  O u r  parasi t i c  mode1 the schistosome acts as a 

regul ator of ce1 1 ular immuni ty by means of secretory products , among whi ch 

the proteases seem t o  play a key role. The parasite i tsel f could thus 

control the host-parasi te relationship. 
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Rat mast ce1 1-depleted eosinophil population incubated w i th  Specif ic .. . roset tes a ( a )  Net change b 

1- 

MEM 4 + 1.5 - 
Untreated SRP 44.0 2 2.5 40 + 4.0 

Heated SRP 8.2 2 2.0 4 + 3.5 

Untreated SRP from male schi stosomes 

Heated SRP from male schistosomes . 

Untreated SRP f rom female schistosomes 41.0 t 1.0 37 f 1.5 

Heated SRP from female schistosomes 6.2 + 1.5 2 t 3.0 

Trasylol  alone (1200 K I U / m l  MEM) 15.1 + 1.0 11 + 2.5 

SRP t reated w i th  Trasy lo l  (1200 K I U / m l  SRP) 13.2 t 0.5 f 9 $ 2.0 

a Al1 values re'present the mean of three t o  f i v e  t r i p l i c a t e  experiments (f  SE) and were compared by Student's t t e s t  - 
Represents the di f ference between the spec i f i c  roset tes a f t e r  incubat ion w i  t h  MEM and w i  t h  SRP 

S ign i f i can t l y  i n h i b i t e d  when compared with untreated SRP (p<0.0001) 

S i g n i f i c a n t l y  i n h i b i  ted when compared w i  t h  non-heated male SRP (p <0.001) 

Signi f i c a n t l y  i n h i  b i t ed  when compared w i  t h  non-heated female SRP (p<0.001) 

S i g n i f i c a n t l y  i n h i b i t e d  when conpared w i t h  untreated SRP (p(0.001) 



Addition to  the cytotoxicity assay cytotoxicity ( % )  a 
-- 

b 
iNet change 

1 RS NRS i 

-- - 

MEM 9.8 + 0.5 12.7 f 3.0 O 

Untreated SRP 48.2 f 3.5 13.6 f 2.0 35 ? 5.0 

tieated SRP 17.0 ' 2.0 
c 15.7 ! 0.5 2 ! 2.5 

Trasylol alone (1200 KIU/ml M E M )  15.2 + 0.5 16.4 f 3.5 O 

SRP t ïeated with Tïasylol (1200 KIU/ml SRP) 27.5 + 1.5 14.3 4 1.0 13.2 2.5 
d  

a Al1 values represent the mari of ttiree t o  f ive  t r i p l i c a t e  experirnents (2  S.E) and were compared by Student's - t t e s t  

Represents the difference between the cytotoxici t y  with NRS and IRS in the same experimental conditions 

S i  gni f icant ly i  nhi bi ted uihen compared wi t h  untreated SRP (p  (0.0001) 

Signif icant ly inhi bited when compared wi t h  untreated SRP (p<0.05) 



a 
A d d i t i o n  t o  t h e  % c y t o t o x i c i  t y  

- h e t  change b i 
- 

c y t o t o x i c i  t y  assay 
1 RS NRS 

MEM 

Protease p u r i  f i ed f r a c t i o n s  
C 

a A l1  values rep resen t  t h e  means o f  two t r i p l i c a t e  experiments and were compared w i  t h  S tuden t ' s  t t e s t  - 
Net change represents the  d i f f e r e n c e  between t h e  c y t o t o x i c i t y  w i t h  NRS and I R S  i n  the  same experirnental  c o n d i t i o n s .  The standard 

d e v i a t i o n  was c a l c u l a t e d  f rom S.D I R S  and NRS 

A represents  t h e  f r a c t i o n s  o f  proteases ab le  t o  c leave t h e  Z-g ly -pro- leu-g ly -pro  s u b s t r a t e  and B t h e  f r a c t i o n s  of proteases able 

t o  c leave Azoco l l  a f t e r  bo th  p r e p a r a t i v e  e l e c t r i c  f ocus ing  and f i l t r a t i o n  through ACA 34 ge l  

d y e y f  S i g r i i f i c a n t l y  d i f f e r e n t  when cornpared t o  iiiediiirn ( d  : p i . 0 . 0 1  ; e : p(O.OO1 ; f : p<0.001) 



t' e t -  

c c, 
al s r  



LEGENDS OF THE FIGURES 

Figure  1 : Prepara t ive  i s o e l e c t r i c  focusing o f  a d u l t  e x t r a c t s  o v e r  t h e  pH 

range 3.5  t o  10. F r a c t i o n s  were assayed f o r  2-gly-pro-leu-gly-pro h y d r o l y t i c  

a c t i v i  t y  ( A )  a f t e r  ch rmatography  i n  BAN on Whatman N O 3  paper f o r  azocol l y t i c  

a c t i v i t y  f o r  absorbance a t  540 nm ( 0 )  and f o r  s p e c i f i c  enhancement of eos inophi l  

EA rosette f o r n a t i o n  ( C ) .  

F igure  2 : Hydrolysi s of Azocoll and Z-gly-pro-1 eu-gl y-pro a f t e r  f i  1 t r a t i o n  

through ACA 34 Ul t r o g e l  (90 x 2 cm column). Separa t ion  i n t o  6 d i s t i n c t  f r a c t i o n s .  

For Z-gly-pro-1 eu-gly-pro , resul ts were es t ima ted  and graded accordi  ng t o  t h e  

degree of c o l o r a t i o n  o f  t h e  spo t  from ( -1  : non hydrolysed t o  (+++) : s t r o n g l y  

hydrol ysed . 
Eosinophil EA r o s e t t e  formation (81 and IgG 4ependent eosinophi 1 a n t i  - 

S C ~ ~ S ~ O S O ~ U ~  a c y t o t o x i c i  t y  ( C )  have been t e s t e d  w i  t h  a sol  u t ion  of 2 pg/ml of 
>...-.-.-.-...Y 

t o t a l  p r o t e i n s  o f  each f r a c t i o n  ( S.S.$, Schi stosomula incubated i n  the presence 

of IRS + t h e  p a r a s i t e  e x t r a c t  ; , Schistosomula incubated i n  t h e  presence 

of NRS + t h e  p a r a s i t e  e x t r a c t ) .  

F igure  3 : Prepara t ive  i s o e l e c t r i c  focusing of  a d u l t  worm e x t r a c t  ove r  t h e  pH 

range 3.5 t o  10. F r a c t i o n s  were assayed f o r  a z o c o l l y t i c  a c t i v i t y  by absorbance 

a t  540 nm ( 0 )  and f o r  2-gly-pro-leu-gly-pro h y d r o l y t i c  a c t i v i t y  ( A )  a f t e r  chro- 

matography i n  BAN on Whatman N O 3  paper ( s e e  Mate r i a l s  and Methods). Resul ts  

were es t imated  and graded from ( - )  : non hydrolysed t o  (+) : s t r o n g i y  hydrolysed. 

The two f r a c t i o n s  F.A and F.8 were then s e p a r a t e l y  p u r i f i e d  by gel f i l t r a t i o n .  



Figure  4 : F i l t r a t i o n  through ACA-34 Ultrogel  (90 x 2 cm column) of  

t h e  f r a c t i o n s  F.A and F.B corresponding t o  p a r a s i t e  p r o t e a s e s  p a r t i a l l y  

p u r i f i e d  by p r e p a r a t i v e  i s o e l e c t r i c  focusing ( s e e  Fig.  3 ) .  Frac t ions  A l ,  

A2 and A3 hydrolysed.  t h e  Z-gly-pro-leu-gly-pro s u b s t r a t e  (A) ; f r a c t i o n s  

BI, B2 and 83 e x h i b i t e d  an a z o c o l l y t i c  a c t i v i t y  monitored a t  540 nm. 











ARTICLE n o  8 : ACTIVITES DES PROTEASES NEUTRES A DIFFERENTS 

STADES DE DEVELOPPEMENT D E  S. MANSONI CHEZ 

SON HOTE MAMMIFERE. 

L'implication des protéases neutres dans cer tains  méca- 

nisrnes de régulation de l a  réponse ce l lu l a i r e  dirigée contre l e  

parasi t e  nous a condui t à inventorier ces ac t iv i t é s  protéolyti - 
ques. Cet a r t i c l e  a é t é  consacré à une étude comparative des 

protéases neutres. 

1) Sur t r o i s  stades d'évolution des schistosomes chez 1 'hôte 

mammifère ( l e  hamster dans ce t t e  étude) que sont les  schisto- 

somules (JO),  l e s  jeunes schistosomes de 20 jours retrouvés 

dans l e  fo i e  (520) e t  les  vers adultes (540).  

2 )  Dans des homogénats totaux ou après extraction à l a  saponine- 

calcium a f in  de différencier l e s  protéases associées aux 

téguments paras i ta i res  des protéases total  es .  

Pour ce t t e  étude deux substrats  ont é t é  plus particwliè- 

rement u t i l i s é s  : 1 'azocaseïne af in  de détecter les endoprotéases 

e t  la  leucine-p-ni troani 1 ide af in  d 'é tudier  les  ami no-peptidases. 

La recherche de carboxypeptidases à l ' a i d e  de 4 substrats  NH2 

substitués ne nous a pas permis de détecter  d ' ac t iv i t é s  quantifiables.  

Ces résul t a t s  mettent en évidence que pl usieurs ac t i  vi tés  

dis t inctes  peuvent ê t r e  retrouvées dans des ex t r a i t s  totaux e t  

saponine-calcium chez les  schistosomes. Par a i l l eu r s ,  par l ' u t i -  

1 isation d '  inhibi teurs  spécifiques, on peut mettre en évidence 

que 1 ' act i  vi t é  endoprotéase majeure des schi s tosomul es e s t  une 



sérine protéase tandis que les  stades u l té r ieurs  se caractér isent  

par des ac t i  v i  tés  t h i  01 -pro téases. Par contre,  1 es ami nopep ti dases 

présentent l e s  mêmes caractéri  s t i  ques quel s que soi en t 1 es  stades 

de 1 ' e x t r a i t  étudié.  Nous confirmons que ce t t e  a c t i v i t é  ami nopep- 

tidase majeure e s t  une métal 10-peptidase pui squ'el l e  e s t  inhibée 

par 1'0-phenantroline. 

L '  étude biochimique par des méthodes préparatives cl assi  - 
ques comme 1 e gel f i  1 t r a t i  on sur ACA 34 e t  1 ' él ectrofocal i s a t i  on 

mettent en évidence au moins cinq ac t iv i t é s  caséolytiques dont 1 a 

principale a un pHi de 4 ,4  e t  quatre ac t iv i t é s  azocol lytiques dont 

deux majeures se loca l i sent  au niveau des pH 6.5 e t  6.8. Les t r o i s  

ami nopepti dases m i  ses en évidence par 1 ' hydrolyse des peptides 

synthétiques comme l a  1 eucine-p- n i  troani 1 ide ou l e  dipepti de L-eu-Gly 

sont associées au moins pour deux d 'en t re  e l l e s  à des ac t iv i t é s  

imi nopeptidases détectées par 1 ' hydrolyse du di pepti de Pro-Leu. 

Cette étude quoique part ie l  l e  montre la var iété  des pro- 

téases présentes chez 1 e schi stosome. Ceci corrobore l e s  études 

précédentes mettant en évidence l ' e f f e t  régulateur de certaines 

d 'entre  e l l e s .  C 'es t  en e f f e t  l a  spéc i f i c i t é  de ces protéases 

parasi t a i r e s  qui sont à 1 'origine des e f f e t s  modulateurs étudiés.  
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NEUTRAL PROTEASE ACTIVITIES AT,DIFFERENT 
DEVELOPMENTAL STAGES OF S C H I S T O ~ O M A  MANSOrJI  

IN MAMMALIAN HOSTS 

C. AURIAULT*, R. PIERCE*, 1. M. C S A R I ~  and A. CAPROS* 
*Centre d'Immunologie et de Biologie Parasitaire (INSERM U 167. CNRS ERA 4221, Institut Pasteur de Lille France 
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(Receiced 2 iVovember 198 1) 

Abstract-Neutra1 protease activities of schistosomuia, 29 day old and adult worms of S. inansoni have 
been studied. 

1. The neutral enzymes of the three development stages are able to hydrolyse numerous natural and 
synthetic substrates. 

2. The enzymes of homogenates and saponin CaCll extracts show significant discrepancies in their 
spccificities, optimum pH activities and in the effects of enzyme inhibitors. 

3. A serine protease activity was specific for the schistosomufa stage whereas thiol proteinases charac- 
terize the later stages of evolution. A metaltoaminopeptidasc activity was shown at al1 threc stages 

4. Gel filtration chromatogmphy and isoelectric focusing of an adult worm homogenate dcmonstrated 
the presence of at least 5 caseolytic and 4 azocollytic neutral activities. Three aminopcptidases, one of 
which exhibited iminopcpiidaw spccificity were revcaled by the same procedure. 

Since the neutral proteolytic enzymes appear to play 
a major r6le in the host parasite reiationship a study 
of these enzymes was carried out. Indced it has becn 
previously demonstrated that after binding ont0 the 
schistosomuium surface by the Fc portion, IgG was 
hydrolysed by secreted neutnl proteases (Auriault et 
al., 1980). After cleavage, a small IgG fragment bcar- 
ing Fc determinants remained on the larval surface 
and has been shown to be involved in the activation 
of the classical pathway of complement by schistoso- 
mula (Ouassi et al.. 1981). In addition, the small pep- 
tides libented into the medium by this proteolytic 
cieavage exerted a significant inhibition of macro- 
phage activity, especially the antibody dependent 
cellular cytotoxicity directed against the schistoso- 
mula (Auriault et al., 1980; Auriault er al., 1981). 

Some schistosoma proteolytic enzymes have 
already been studied in cercariae, adult worms or 
egg. In cercariae proteases coniained in preacctabu- 
lar glands have been charactcrized and ourified (Gas- 

vomitus, was shown to be antipnic in mice (Deelder 
et al, 1977) or able to induce a rapid histaminic skin 
response in various animais including man (Senit rt 
al., 1979). An adult azocollytic activity found in the 
homogenate and proteasc rich-saponin CaClt extracts 
of S. munsoni has been descxibed by Cesari et al. 
(1981). 

In eggs a collagenase like activity has been demon- 
strated using azocoll (Kloetzel, 1968; Asch & Dra- 
den, 1979) BSA or rat tail collagen (Smith. 1970 as 
substrates 

In order to reach a better understanding of the 
possible role of these enzymes in the host parasite 
relationship, the present investigation was undertaken 
to characterize further the neutral proteolytic 
enzymes of Schistosuma mansoni during its develop- 
ment in a rnammalian host. 

sindli et al.. 1966; Dresden & Asch, 1972: ~t i r iwai l  
1978). The results obtained indicated the presence of 

proteolytic able to hydrolase Substrates and inhibitors werc purchased from Sigma 
chemicai Co.. St Louis. L'SA. numerous substrates. However, it is cfear that the 

34 ultrogel was by Pharamindustrie. major activity seems to exhibit :I chymotryptic like F ~ ~ ~ ~ ~ .  
specificity characterized in a crude extract using Ampholines were purchased from LKB Bromma 
specific synthetic substrates and inhibitors (Gazzinelli Sweden. 
et al.. 1966) or aiter purification (Landsperger et LI/.. Süponin was purchased from blerck. Darmstadt, Ger- 
1981, in  press^ many. 

The main proteolytic enzyme described in ndult 
worms is a thiol xidic hemoglobinase (Grant B Senit Parasite lfe cycle and preparuiion oj'schistosomtria 

& senft. 1971;  id^^ et ai,, 1977; D~~~~~~ gr A Puerto Rican strain of  Srhistosoma tnansoni was used 
throughout the study (Capron ar ai., 1971). Schistosomula Deelder'- 1979'' This eru;yme' presenr in worrn wrre ~repared in vitro from cercariae b" the mechanical 
procedure described by Ramalho-Pinto et al. 119741. Before 
homogenization or saponin-CaClz treatment the jchisto- 

Corrc.~~ondenre Claude Auriault. Centre d'lrnmunologie somula were incubated for 4 hr at 37'C in Eagles minimum 
et de Biologie Parasitaire. Institut Pasteur. 15. rut Camille midium (MEM. Difco. Detroit. MI.) and washed 6 times. 
Guérin, 59019 LILLE Cidex. Alter the last washing schistosomula were incubated for 
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16 hr at 37°C in MEM to remove most of the cercarial 
enzymes. The absence of bacterial contamination was con- 
trolled at  the end of incubation together with the viability 
of schistosomula which was always superior to 95%. After 
centrifugation at 1509 for two minutes the pellet contain- 
ing schistosomula or the supernatant called schistosomula 
released products (SRP) was recovered and then treated. 

Recocery of 10 day old and udult worms 
The 20 day old larvae and the adult worms were col- 

lected by perfusion of the liver and the mesenteric veins 
respectively 20 or 40 days after infestation of hamsters 
(1000 cercariae per animal). The living parasites were then 
extensively washed at least six times in Hank's balanced 
salt solution for three hours. 

Homogenization und saponin-CaC12 treatment 
The parasites were first treated by sonication (micro- 

sonde, 3 times 5 sec, 70 watts sonifier 8-12, Branson sonic) 
at  WC in 0.1 M phosphate buffer pH 7.2. This treatment 
destabilized the membrane and was followed by homogen- 
ization using a hand rotated Potter-Elvehjem homogenizer 
with a tight fitting teflon pestle. The temperature was 
maintained at  4'C during this treatment. The homogenates 
were then centrifuged at 20 000 g for 1 hr at 4°C. The lipids 
were removed from the surface and the supernatant was 
called the crude enzymatic extract. 

The saponin extraction was carried out in some experi- 
ments to define some of the protease activities associated 
with the surface of the parasites. One hundred adult 
worms, 800 20 day old larvae or 80,000 schistosomula (cor- 
responding to 1.7 to 1.8 mg of total protein) were washed 
several times in 0.85% NaCl. After the last centrifugation, 
the supernatant was removed and replaced by a solution of 
OS:/, saponin in 3% CaCI, and 0.85% NaCl (120 pl in these 
conditions). After 5 min at room temperature, the superna- 
tants were carefully removed and centrifuged at 20 000 g 
for 2 hr at 4°C. The supernatants were fractionated 
through a Sephadex G-50 coiumn (0.9 x 30cm) in 0.1 M 
phosphate buffer pH 7.3 to eliminate the saponin and 
undesired ions. 

The protein content of enzyme preparations was deter- 
mined by the method of Lowry et al. (1951). 

Enzyme assays 
The arylamide substrates were solubilized in methanol 

(6 mgiml) and diluted 1:10 in sterile 0.1 M phosphate 
buffer pH 7.2 containing 0.01:< sodium azide. The synthetic 
dipeptides were solubilized at  1 mglml. azocaseine and azo- 
col1 were used 1 and 2% respectively in the same buffer. In 
some experiments the substrates were solubilized in 0.2 M 
acetate buffer pH 4 or 5.5, or 0.2 iM amenediol pH 9. 

The enzyme inhibitors were used at concentrations of 
IO-' or M. 

With Li"IrA. (Leucine-p-nitroanilide) and other arylamide 
substrates, 1 ml of substrate and 20 pl of parasite extract 
were incubated at 37°C. The yellow colouration indicating 
the hydrolysis was measured at 405 nm (Beckman DB 
spectrophotometer). A biank was used each time with 20 pl 
of parasitic extract in 1 ml of substrate, the hydrolysis of 
which was rapidly stopped by adding a drop of concen- 
trated acetic acid (30% by vol.). After 1-6 hr according to 
the experiments the hydrolyses were stopped in the same 
manner. 

Azocasein and aiocoll. 2 ml of each substrate and 50 pl of 
parasite extract were incubated at 37°C for 6-10 hr under 
agitation. The hydrolysis of azocoll was measured directly 
at 540 nm. At the end of the hydrolysis of the azocasein, 
the hydrolysate was precipitated with 600 TCA (final 
volume) and filtered through Whatman paper No. 542. The 
filtrate was diluted 1:l in 0.5 M NaOH and left for 1 hr at 
room temperature. The colouration was then measured at 
440 nm. A blank was used each time with 50 pl of parasite 

extract in 2 ml of substrate rapidly precipitated with TCA. 
Each experiment and each hydrolysis was repeated at 

least twice and the results of representative experiments are 
given. 

Gel filtration chromatography 
In order to separate the different protesse activities 

according to their molecular weights the homogenate of 
adult worms (20 mg of total proteins) was filtered through 
a column (2 x 90 cm) conraining ACA 34 Ultrogel 
(Pharmindustrie France). The absorbance of the eluate was 
monitored at 280nm by an LKB Uvicord S (Bromma, 
Sweden). 

lsoelectric focusing 
Preparative horizontal bed isoelectric focusing was car- 

ried out using an LKB multiphor apparatus. Focusing of 
the adult worm extract (20mg of total proteins) was per- 
formed in a 1Wml bed of Sephadex G-75 containing 5% 
carrier ampholines, pH range 3.5-10 for 16 hr at 8 watts 
constant power. The gel bed was then divided into 30 
sections using an LKB template. Each gel fraction was 
eluted in 10 ml syringe barrels fitted with a porous plastic 
sinter with 3 ml water. After direct pH determination the 
eluted fractions were then dialysed overnight against phos- 
phate buffer 0.1 M pH 7.0 containing 0.15 M NaCl to 
remove ampholines. 

Paper chromatography 
Unidirectional paper chromatography was used to inves- 

tigate the hydrolysis of 50,ug of dipeptide or CBZ-GIy- 
Pro-Leu-Gly-Pro substrates by 10 or 20 pl of parasite 
extracts. The hydrolysates were spotted on Whatman 
paper no. 3 (46 x 57 cm). Controls with parasite extracts 
and substrates alone were performed. Elution was carried 
out for 10 hr at room temperature in butano1:acetic 
acid:water 4:1:5 (BAW). The dried spots were revealed 
using a 17; ninhydrin solution in acetone. 

RESULTS AND DISCUSSION 

Neutral activities o f  parasite extracts  

The proteolytic a n d  peptidasic activities of schisto- 
somula, 20 day old  worms and  adult  worms were 
tested a t  p H  7.2 and 37°C and compared using pro- 
teins, mono- o r  di-substituted peptides o r  dipeptides 
as substrates (Table 1). There were only small discre- 
pancies between the specificities o f  the three enzyma- 
tic extracts but  the results showed the diversity of the 
neutral enzymatic materiai of  Schistosoma mansoni 
given the variety of the different substrates hydro- 
lysed. In contrast, the N-substituted CBZ-peptides 
used were never hydrolysed by the extracts. This sug- 
gests that the observed hydrolyses were not due to  
carboxypeptidase activity. 

The eo&nophii chemotactic tactor of anaphylaxis 
(ECF.A), Ala-Gly-Ser-Glu o r  the analogues Val-Gly- 
Ser-Glu and Val-Pro-Ser-Glu were hydrolysed by  
both  homogenate (Table 1) o r  incubation products 
(Fig. 1) of schistosomula. This indicates that schisto- 
somula possess a n d  secrete proteinases able to  hydro- 
lyse ECF.A which has been shown to  be one of the 
major regulators of the in çitro antibody dependent 
eosinophil cytoxicity directed against the larvae 
(Capron M. et al., 1978; Capron M. et ni., 1981). 
Many unsubstituted dipeptides, the majority of which 
possessed leucine residues in the N o r  C-terminal pos- 
ition were hydrolysed, even Pro-Leu and Pro-Gly. 
This suggests a wide spectrum of the aminopeptidase 
activities and the presence of imino-peptidase or  pro- 
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Table 1. Hydrolysis at pH 7.2 of different substrates by homogenates of 
Schistosoma mansoni at three stages of evolution in a mammalian host. The 
degree of hydrolysis was estimated and graded Rom + (weakly hydrolysed) 

to + + + (strongly hydrolysed) 

Substrates Schistosomula 20 day old worms Adults 

Proteins or 
disubstiticted 
synthetic peptides 

Glut-L Phe- L Ala 4 NA 
Benz L Arg 4 NA 
Azocaseine 
Azocoll 
IgG 

ikfonosubstituted 
peptides 

N-CBZ-Gly-Leu 
N-CBZ- Ala- Ala 
N-CBZ-Glu-Phe 
N-CBZ-Leu-Tyr 
Leu-p-nitroanilide 
Ala-p-nitroanilide 
Lys-p-nitroanilide 
Pro-p-nitroanilide 
Tyr p-nitroanilide 
CBZ-Gly-Pro-Leu-Gly- 
Pro 

Unsubstituted peptides 
Leu- Leu 
Leu-Ser 
Ser-Leu 
Leu-trp 
Trp-Leu 
Leu-Pro 
Pro-Leu 
Ala-Leu 
Ala-Val 
Val-Ala 
His-Leu 
Lys-Leu 
Met-Leu 
Gly-Pro 
Pro-Gly 
Leu-Gly 

ECF-A 
Ala-Gly-Ser-Glu 
Val-Gly-Ser-Glu 
Val-Pro-Ser-Glu 

Fig. 1. Cleavage of ECF. A tetrapeptides (30pg) and two synthetic analogues by 50p1 of incubation 
products of 70.000 schistosomula in 1.5 ml of PBS (+Io; glucose). The hydrolysis was carried out at 
37cC overnight and chromatographed on Whatman No. 3 paper and revealed by a 1:; ninhydrin- 
acetone solution. Each spot not corresponding to the control represents a smaller peptide than ECF.A 
or an aminoacid. The control was ECF.A alone incubated overnight at 37'C and chromatographed as 
for the hydrolysate. Incubation products incubated alone presented no coloured spots. This experiment 

was repeated twice with the same results. 
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SCHISIOSOMULA 2 0 d . O L D  W O R M S  AOULTS SCHISTOSOMULA 2Od.OLD W O R M S  AOULTS 

Fig. 2. p i j  effect on proteolytic activities of hornogenates of Fig. 5. pH effect on peptidase activities of saponin-CaCl, 
Schistosoma mansoni at three stages of evolution using 1% extracts of Scliistosonza mansoni at three stages of evolution 

azocasein as substrate. using LNA as substrate. 

linase activities. This is corroborated by the hydroly- 
sis of the monosubstituted peptide Z-Gly-Pro-Leu- 
Gly-Pro. Indeed this hydrolysis observed with 
extracts of the 3 development stages studied, is char- 
acterized by the liberation of free ieucine detectable in 
descending paper chromatography (see below). 

Eflect of pH on ,troteolytic and peptidasic actiuities of 
homogenares and saponin-CaCl, extracts at three 
stages of derelopment 

The different parasite extracts prepared in 0.1 M 
phosphate buffer pH 7.2 either after homogenization 
or after saponin-CaCl, treatment were tested using 

17; azocasein and LNA as substrates at pH 4, 5.5, 7.5 
and 9 at 37°C. 

The endoprotease activities shown after hydrolysis 
of azocasein exhibit different optimum pH activities 
according to the development stage in the mam- 
malian host and the extraction procedure. Indeed 
both schistosomula homogenates or saponin-CaC1, 
extracts evidenced optimum neutral and basic activi- 
ties (pH 7.5) whereas 2Oday old and adult worm 
saponin CaCI, extracts and homogenates exhibited 
activities distinguished by their optimum pH (Fig. 2 
and 3). These results indicate that first, the protease 
activities of the two extracts differ by their optimum 
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Fig. 3. pH effect on proteolytic activities of saponin-CaCl, 6,  ERect of four inhibitors on protease activities of 
extracts of Schisrosoma mansorii at three stages of evolution hornogenates of Schisrosoma mansoni at three stages of evo- 

using 1:; azocasein as substrate. lution using 1"; azocasein in 0.1 M phosphate. pH 7.3 as 
substrate. 

X H I S T O S O M U L A  2 0 d .  O L D  W O R M S  AOULTS 
Fig. 7. Effect of four inhibitors on protease activities of 

Fig. 1. pH effect on peptidasic activities of hornogenates of saponin-CaC1, extracts of Sç/~istosoma mansoni at three 
Scliistosoma nlansoni at three stages of evolution using stages of evolution using 1"; azocasein in 0.1 M phosphate 

LNA as substrate. pH 7.2 as substrate. 
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SCWISIOSOMULA 20d OLO WORMS 

Fig. 8. Effect of four inhibitors on peptidase activities of 
homogenates of Schistosoma mansoni at three stages of evo- 
lution using LNA in 0.1 M phosphate pH 7.2 as substrate. 

pH in 20 day old and adult worms and second that 
they also differ according to the stage of ontogenesis. 
This points out the likely diversity of the proteases 

I extracted at  neutral pH in Schistosoma mansoni. Such 
a diversity was not found for the leucine aminopepti- 
dase activities (Figs 4 and 5). Indeed whatever the 
extract or the development stage examined the opti- 
mum pH was 7.5 with 30 to 80% of the activity 
remaining at  pH 9. The saponin-CaC1, extracts prob- 
ably select most of the activities linked to the tegu- 
ment of the parasite and the comparison with the 
homogenates reveal interesting differences which were 
verified using enzymatic inhibitors. 

Efferr of inhibitors on proteoiytic and peptirlasic actiüi- 
ries of homogenates and saponin CaCl, estracts ut 
rhree stages of development 

In order to define the comparative approach 
between the homogenates and the saponin CaCl, 
extracts at the three stages of evolution we tested the 
protease and the aminopeptidase activities in the 
presence of four inhibitors: phenyl-methyl sulfonyl 
fluoride (PMSF). parachloromercuribenzoate 
(PCMB), O-phenanthroline and iodoacetic acid used 
at a final concentration of 1 x M. Al1 the hydro- 
lyses were carried out at 37'C in 0.1 M phosphate 

1. buffer pH 7.2 which was the buffer used for the extrac- 

Fip. 9. Effect of four inhibitors on peptidase activities of 
saponin-CaC12 extracts of Schisrosonia mansoni at three 
stages of evolution using LNA in 0.1 M phosphate pH 7.2 

as substrate. 

tion. Both schistosomula homogenate and 
saponin-CaCl, extracts were strongly inhibited by 
PMSF suggesting the presence of a major serine pro- 
tease activity expressed at  this larval stage (Figs 6 and 
7). Such a secreted serine protease activity able to 
cleave IgG which is bound to the schistosomula sur- 
face receptor has been previously described (Auriault 
et al., 1981). The results obtained with extracts of the 
two other stages are distinct from those obtained with 
schistosomula since PMSF never inhibited the activi- 
ties present in homogenates o r  saponin-CaC1, 
extracts of 70 day old and adult worms. In contrast. 
PCMB inhibited al1 the protease activities indicating 
the replacement of serine proteases by thiol proteases 
concomitant with the parasite evolution. To confirm 
this hypothesis iodoacetic acid also inhibited the pro- 
tease activities of the older development stages except 
those expressed in the 20 day old worm homogenate. 
On the other hand a partial inhibition with 0- phen- 
anthroline can be observed in the two extracts 
obtained from the 20 day old worms. 

The aminopeptidase activities of the homogenates 
and saponin CaCl, extracts of the three development 
stages were inhibited by both O-phenanthroline and 
PCMB (Fig. 8 and 9). The mdjor aminopeptidase ac- 
tivities at the three stages are probably due to metal- 
loaminopeptidases (already described by Cesari et al., 
in press). The partial inhibition by PCMB could indi- 
cate that the active conformation of some of the enzy- 
matic proteins might involve sulphydryl residues. The 
presence of these activities in the saponin-Call, 
extract, the homogeneity of the optimum pH activities 
and the similarities of the effects of inhibitors at  al1 
the development stages suggests that some of these 
aminopeptidases are associated with the te, oument 
during the growth of the parasite in the mammalian 
host. 

Gel jltrarion chromatography of the neictral adult pro- 
teinase actirities 

In an attempt to characterize the neutral adult pro- 
teolytic enzymes. a concentrated homogenate was 
subjected to Ultrogel ACA-34 chromatography. Six 
column fractions were assayed for proteolytic and 
peptidasic activities against LNS. azocasein, azocoll, 
Pro-Leu-Gly and 2-Gly-Pro-Leu-Gly-Pro substrates. 
The results of assays using these substrates are shown 
in Fig. 10. They indicate the presence of several pro7 
tease and aminopeptidase activities separated by their 
molecular weights. It is clear that the individual 
column fractions display quantitatively and probably 
qualitatively different proteolytic activities. Two 
separared peaks exhibit a proteolytic activity (F2 and 
F4) using azocoll and azocasein as substrates. The 
first corresponds to high molecular weight molecules 
(superior to 230,000) the other to molecules of a mol- 
ecular weight of about 65.000. The aminopeptidase 
activities are located in three peaks (FZ and mainly 
F3 and F4) corresponding to a large spectrum of mol- 
ecular weight. The iminopeptidase and endopeptidase 
activities able to hydrolyse respectively Pro-Leu and 
2-Gly-Pro-Leu-Gly-Pro substrates are present in the 
same peaks as those hydrolysing aminopeptidase sub- 
strates (LNA, Leu-Gly). Further purification is 
required to define the number of neutral proteolytic 
and peptidasic species present in adult extracts. 
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F l  F2 F3 4 f 5  f h  - 
PRO. LEU - ++ ++ 2 - 

Fig. 10. Hydrolysis at 37'C of azocasein. azocoll. LNA, 
Pro-Leu, Leu-Gly and Z-Gly-Pro-Leu-Gly-Pro in 0.1 M 
phosphate. pH 7.2 by fractions of a homogenate of adult 
worms after filtration through ACA-34 Ultrogel (column 
90 x 2 cm). A. profile of the elution monitored as the op- 
tical density at 280nm. Separation into six distinct frac- 
tions. B. hydrolysis of LXA by 20pl of each fraction for 
3 hr. C. hydrolysis of 1% azocasein by 50 pl of each fraction 
10 hr. D. hydrolysis of 2;; azocoll by 50 wl of each fraction. 
BCD are expressed in 92 of maximal activity. E. hydrolysis 
of Pro-Leu, Leu-Gly. Z-Gly-Pro-Leu-Gly-Pro (40 /tg for 
each substrate) by 20 pl of each fraction and followed by a 
paper chromatography in BAW (10 hr) revealed by a 1"; 
ninhydrin-acetone solution. Results are estimated and 
graded in degree of coloration of the spots from -(non 

hydrolysed) to + + (strongly hydrolysed). 

been tested after isoelectric focusing (pH range 3-10). 
The optical density profile at 280 nm is shown in 
Fig. 11. The majority of the proteins of the extract had 
pHi's between 5.5 and 7.5. The activities of neutral 
proteases able to  hydrolyse azocasein are divided into 
five peaks with isoelectric points a t  pH 4.4, 5.2, 6, 6.8 
and 7.4 (Fig. 12). The aminopeptidase activities evi- 
denced after hydrolysis of LNA are represented by a 
major peak with an isoelectric point a t  pHi 5.7 and 
two minor peaks at 6.8 and 7.4. If the major peak is 
distinct from the protease activities, the latter two 
seem to be associated with them. This couid indicate 
either two enzyme molecules possessing the same pHi 
or that both specificities are borne by the same pro- 
teinase. The latter is more probable. This can be 
related to the results described above showing that 
the major protease and peptidase activities are dis- 
tinguishable by the effects of the inhibitors. The major 
aminopeptidase probably also exhibits an iminopepti- 
dase activity (Fig. 3;  Table 2) since both are not only 
found at  the same isoelectric point (5.7) but also share 
the same pH optinium of activity and the same effects 
of inhibitors. 

This iminopeptidase activity cleaving Pro-Leu is 
also present a t  pHi 6.8 and 7.4 associated with slight 
protease and aminopeptidase activities although the 
activity at pHi 7.4 strongly hydrolysed Leu-Gly 
(Fig. 13). 

2-Gly-Pro-Leu-Gly-Pro and Azocoll, considered as  
collagenase substrates were also tested with the same 
fractions. The first was hydrolysed by an activity with 
an isoelectric point of 5.4 to 5.6 (Fig. 13). Isoelectric 
focusing resolved azocollytic activities into two major 
(pHi 6.5 and 6.8) and two minor peaks (pHi 5.2 and 
7.4) which could not be related to the endopeptidase 
activity able to cleave Z-Gly-Pro-Leu-Gly-Pro. This 
does not signify that such molecules are true collage- 
nases but that they exhibit some collagenase specifici- 
ties. In regard to these results the relationship 
between the activities able to cleave azocaseine. azo- 
coi1 and Z-Gly-Pro-Leu-Gly-Pro is still not clear. In 
contrast, the isoelectric points, as for the effects of the 
inhibitors (especially O-phenantrolin) clearly indicate 
that the major aminopëptidase is not related to the 

Preparatice isoelectricfoctcsing of the neutral adlilt pro- endopeptidase activity hydrolysing z - G ~ ~ - P ~ ~ - L ~ ~ -  
teinase acticities Gly-Pro (Table 2). Moreover, the need for severa! 

The neutral proteinase activities of homogenates enzymes to hydrolyse this last substrate is not ex- 
from adult worms against a variety of substrates have cluded. 

5 10 15 20 
F P A C T I O N S  

Fig. 11 Preparatike isoelectric focusing of adult homogenates over the pH range 3-10 Parasitic evtract 
(IOmg) was applied and electrofocused for 16 hr at 1 C Fractions were assayed by absorbance at 

2SOnm The pH gradient was determined as described in Llaterials dnd Methods 
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Fig. 12. Preparative ioselectric focusing of adult homogenate over the pH range 3 to 10. Fractions were 
assayed for azocasein activity *-* by absorbance at 440nrn (see Materials and Methods) or for LNA 

activity 0-0 at 405 nm. 

CONCLUSION 

This study was conducted to define further the neu- 
tral Schistosoma mansoni proteinases and should be 
considered as the first step of a more general investi- 
gatioc. Results presented here using a variety of sub- 
strates and inhibitors suggest that several distinct pro- 
teases are found in both homogenates and saponin 
CaC12 extracts at three development stages of the 
parasite. The schistosomula exhibit a major serine 
protease activity whiie the 20day old and adult 
worms possess thiol proteases differing by their pH 
optimum of activity. In contrast, the aminopeptidases 
exhibit the same characteristics whatever the extrac- 
tion procedure or the stage. As O-phenanthroline is 
the main inhibitor the major activity is probably a 
metallopeptidase. The purification by ACA-34 gel 
chromatography of a crude extract of adult worms 
confirms t h e  heterogeneity of the neutral proteases 
using azocasein, azocoll and 2-Gly-Pro-Leu-Gly-Pro 
as substrates. At least two major peaks express a pro- 
teolytic activity. The aminopeptidase activity able to 
hydrolyse LNA or Leu-Gly substrates seems in part 
associated with an iminopeptidase activity able to hy- 
drolyse Pro-Leu. This was confirmed after isoeiectro- 
focusing of the same extract since both activities were 
found in the sarne peak with an isoelectric point of 

Fig. 13. Preparative isoelectric focusing of adult homogen- 5'7' Two amino-peptidase peaks were 

ate over the pH range 3-10. Fractions were assayed for basic pH of which One s t rOngl~ h ~ d r O 1 ~ s e d  Leu-G1~ 
Z-Gly-Pro-Leu-Gly-Pro, pro-Leu and Leu-Gly activity. whereas LNA was only weakly degraded. 
After hydrolysis of each fraction the hydrolysates were Five caseolytic and four azocoliytic activities were 
chromatographed in BAW on Whatman No. 3 paper for found. Although the relationships between the two 
10 hr and revealed by a 192 ninhydrin solution in acetone. activities are net clearly defincd the major caseolytic 

Table 2. Effect of some inhibitors on the main protease and peptidase activities of an adult worm extract 
after isoelectric focusing over the pH range 3-10. After hydrolysis in the presence of inhibitors the 
hydrolysate was characterized in BAW on Whatman No.3 paper for lOhr and revealed by a 1"; 
ninhydrin solution in acetone. The degree of hydrolysis was estimated and graded as. i hydrolysis 

comparable with the control without inhibitor. + partial inhibition and - total inhibition 

Isoelectrofocusing fractions Substrates Activity in the presence of inhibitors (10- -' M) 

O-phenanthroline PCMB PMSF 

10 (pH1 5 41 Z-GIy-Pro-Leu-Gly-Pro L - - - 
12 (pH1 5.7) Leu-Gly - + - A - 
12 (pH1 5.7) Pro-Leu - + T 

23 (pH: 7.6) Leu-Gly + - - - - 
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Fig. 14. Preparative isoelectric focusing of adult homogenate over the pH range 3-10. Fractions were 
assayed for azocoll activity by absorbance at 540 nm. 

activity was situated a t  pH4.4  while azocoll was 
mainly degraded by two activities found a t  p H  6.5 
and 6.8. These results should be compared with 
those obtained with cercarial proteolytic enzymes 
(Stirewalt, 1978; Dresden & Asch, 1972; Landsperger 
e t  al., in press) o r  with adult worm acidic proteases 
(Grant & Senft, 1971; Dresden & Deelder. 1979). T h e  
neutral p H  activity of the  enzymes studied during this 
work excludes in large part the acidic proteases pre- 
viously described. In contrast, the maintenance of 
some cercarial neutral proteases during the mam- 
malian development stages has to  be considered. 

The purification and  the biologic relevance of these 
neutral enzymes is actually under investigation. The 
possible application of some of these enzymes as 
parasite antigens o r  their regulatory function in the 
immune response will b e  considered. 
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D 1 SCUSS 1 ON e t  CONCLUS 1 ON 



. Nous commencerons par discuter des résu l ta t s  obtenus e t  

des informations q u ' i l s  apportent avant de conclure sur l e  

modèle biologique p l  us général dans lequel i l s  s ' inscr ivent .  

Ces travaux concernent donc essentiel  lement 1 a régul ation 

de l a  réponse immune de l ' h ô t e  mammifère par les protéases 

sécrétées par l e  parasite : 

- soi t directement en stimul an t  1 es éosinophi 1 es ; 

- s o i t  indirectement en inhibant l e s  macrophages par l e s  peptides 

des IgG après leur clivage. Par a i l l e u r s ,  ce clivage a également 

pour conséquence 1 ' act i  vati on du compl ément par 1 a voie cl assi  que 

sur 1 'intermédiaire du fragment Fc maintenu en place. 

Ces travaux n'excluent pas d ' a i l l eu r s  que l e s  mêmes protéases 

puissent intervenir  dans les  deux cas. Les études biochimiques en 

cours devraient nous renseigner sur ce point. 

Dans l e  b u t  de rendre ce t t e  discussion plus c l a i r e  

nous discuterons séparément ces deux mécanismes. 

A )  L E  CLIVAGE DES IgG ET SES INCIDENCES SUR L A  REPONSE IMMUNE 

A p a r t i r  de différentes  techniques biologiques e t  biochi - 
miques nous avons pu mettre en évidence que les  IgG après leur  

f ixat ion sur l a  membrane de la  1 arve du schi stosome sont clivées 

par des enzymes protéolytiques sécrétées par les  schi stosomul e s .  

Ce clivage a pour conséquence de l ibérer  des peptides d'IgG dans l e  

mi croenvi ronnement parasitai  re tout  en maintenant en pl ace l e  

fragment Fc de 1 a mol écule sur  1 a membrane d u  piirasi t e .  L' i n t é r ê t  

de ce mécanisme nous e s t  apparu lorsque nous avons p u  mettre en 
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evi dence que l e s  peptides ainsi  1 i bérés o n t  une ac t i  vi t é  fortement 

i nhi bi t r i  ce de 1 ' act i  v i  t é  ef f e c t r i  ce des macrophages dépendant 

des IgE e t  plus généralement des mécanismes intervenant au cours 

de l a  phagocytose. Le parasi te  peut donc u t i l i s e r  à son p ro f i t  

l e s  produits de dégradation d'une molécule d 'hôte  comme les  

IgG, dont 1 a concentration sérique e s t  t r è s  importante, après leur 

f ixat ion sur u n  accepteur de membrane spécifique, au moins vi s-à- 

vis  des autres i sotypes (Torpier e t  col 1 . , 1979). La régul ation 

de certaines fonctions ce1 1 ul a i r e s  par des peptides de di verses 

protéines a é t é  déjà décri t e  dans de nombreux modèles. Dans l e  

modèle schistosome par exemple corne nous l 'avons déjà mentionné, 

Capron e t  Co1 1. (1981) ont mis en évidence l e  rôle du tétrapeptide 

mastocytai re qu 'es t  1 ' ECF-A comme activateur de 1 ' expression 

des récepteurs pour l e s  immunoglobulines sur l a  membrane des 

éosinophiles. Un autre exemple e s t  l e  SDIP (Spleen Derived Inhi bi- 

tory peptide) qui e s t  u n  peptide splénique qui a l a  propriété 

d '  inhiber in vivo e t  in v i t ro  1 a production d 'ant icorps (Mil 1 erioux 

e t  col1 ., 1981). Des peptides de collagène peuvent ê t r e  chimioattrac- 

tan ts  pour des monocytes sanguins dans les  foyers i nfl amnatoi res 

(Postlethwai t e  e t  col 1 . , 1976). Les ac t iv i t é s  chimiotactiques ou 

immunorégulatrices de peptides naturels ou synthétiques ont f a i t  

1 ' objet  de nombreuses études pharmacol ogiques ces derni ères  années. 

11 ne nous para i t  pas nécessaire d'énumérer tous l e s  peptides pré- 

sentant u n  i n t é rê t  pharmacologique mai s ci tons pour exemple l e  

muramyl -di peptide (Chedid e t  col 1 .  , 1976) qui e s t  u n  immunostimu- 

i a n t  bien connu e t  1 a cyclosparine A caractéri s t ique par ses 

ac t iv i t é s  imrnuno-suppressives (BOREL, 1976). 



D'autres études ont montré que des peptides issus des 

IgG peuvent ê t r e  impliqués dans des processus d'immunorégulation. 

Un hydrolysat de l a  région Fc des IgGl humains par des protéases 

sécrétées par l e s  macrophages exercent une a c t i v i t é  st imulatrice 

de 1 a réponse anti  corps ant i  -erythrocytes pa-r 1 es lymphocytes 

B murins (Morgan e t  Weigle, 1980). La molécule responsable e s t  

u n  peptide de 14 000 de poids moléculaire basé sur 1 a séquence 

des résidus 335 - 357 de l a  molécule dlIgG (Morgan e t  c o l l . ,  1982) 

ce q u i  correspond à peu près aux 24 premiers acides aminés du 

domaine CH3. Le peptide n ' a g i t  pas directement sur l e s  ce1 lules B mais 

par 1 'activation de ce l lu les  "T helper". Le fragment F c z  par lui-même 

peut exercer une ac t i  vi t é  modul a t r i  ce de cer ta i  nes foncti ons 

macrophagiques. 11 e s t  notamment capable de stimuler 1 a production 

de prostagl andi ne E par des monocytes ( Passwel 1 e t  col 1 . , 1983) . 

Par contre, i l  inhibe chez ces mêmes ce l lu l e s ,  l a  synthèse d'enzy- 

mes lysosomiales comme 1 e lysozyme e t  l a  phosphatase acide ainsi  

que 1 e second composant du compl ément ( Passwel e t  col 1 . , 1980) . 
Ces auteurs ne précisent pas toutefois s i  1 e fragment Fc ;Y a g i t  

après sa dégradation par l e s  enzymes des ce1 lu les  cibles  ou comme 

molécule ent ière .  En e f f e t  u n  tétrapeptide,  1 a Tuftsine, s i  tué 

dans l e  second domai ne constant des IgGl humaines e s t  u n  peptide 

résul tant  de 1 'hydrolyse des IgG par des protéases de neutrophiles 

appelée pour 1 a circonstance des "1 eucokini nases" . Ce peptide 

exerce une a c t i v i t é  st imulatrice des diverses fonctions des phagocytes 

e t  plus particulièrement des neutrophiles e t  des macrophages (Najjar 

e t  Nishioka, 1970 ; Tzehoval e t  c o l l . ,  1978 ; Najjar, 1981). 11 e s t  

donc c l a i r  que des peptides résul tant  du clivage d'une molécule 

d '  IgG peuvent jouer l e  rôle  d' immunorégul a teur  e t  nos résul t a t s  

confirment ce f a i t .  



En e f f e t ,  nous montrons que des peptides résu l tan t  

du clivage d'imnunoglobulines par des protéases paras i ta i res  

sécrétées par 1 es 1 arves, sont inhibiteurs de différentes  

ac t i  vi tés  macrophagi ques . Par ai 11 eurs , 1 orsque des IgG sont 

hydrolysées par d 'autres  protéases que des protéases parasi- 

t a i r e s  (trypsine,  chymotrypsine, papaïne), nous n'avons pas 

retrouvé une te l  1 e a c t i v i t é  inh ib i t r i ce  à par t i r  des peptides 

en résu l tan t .  C 'est  donc 1 a spéc i f ic i té  par t i  cul i è re  des 

protéases parasi ta ires  qui e s t  responsable de l ' o r i g i n a l i t é  

du ou des peptides a c t i f s .  La présence d ' u n  peptide inhibi teur  

s i t u é  dans l a  région CH2 des IgG nous a é t é  suggé* par u n  

cer tain nombre de f a i t s .  

l j  Par l a  s t ructure même des molécules dlIgG, l a  région CH2 é tan t  

l a  plus exposée aux clivages enzymatiques. Cette propriété a 

d ' a i l l e u r s  é t é  u t i l i s é e  dans l e  passé pour déterminer l a  s t ruc-  

tu re ,  non seulement des IgG mais également par l a  s u i t e  de toutes 

l e s  immunoglobulines. 

2 )  Par l e s  connaissances acquisessur les  protéases sécrétées 

par l e s  larves de schistosome e t  notamment des ac t iv i t é s  iminopep- 

t idases  e t  collagénases capables de c l iver  des chaines peptidiques 

avant ou aprës des résidus prolines,  ce q u i  n ' e s t  pas banal. Or 

c e t t e  par t ie  charnière de 1 a molécule e s t  assez r iche en pro1 ine.  

3 )  De l a  présence dans c e t t e  région de l a  séquence acceptrice du 

C l q  qui e s t  une macromolécule dont l'encombrement nécessite une 

s t ructure d'accueil en fonction de sa t a i l l e  e t  sa conformation. 

Cette régi on e s t  donc disponible pour des 1 igands polypep tidiques,  

même de haut poids mol éculaire ,  e t  l e s  protéases peuvent répondent 

à ce t t e  description. 



4 )  La présence dans cet te  même séquence d'un tétrapeptide réputé 

immunostimu1ateur comme la Tuftsine confirme la  possibi 1 i t é  . 

ae fixation pour des enzymes protéolytiques mais indique en plus 

que par ce t te  rëgion, une molécule à fonction anticorps révèle dans 

sa structure deux autres fonctions que l a  simple liaison avec u n  

antigène : 1 a fixation spécifique du premier composant du complément 

e t  la génération de peptides immunostimulateurs. Toutes ces Snfor- 

mations sont en f a i t  supportées par l e  même gène codant pour la  

région constante des IgG. .La fonction immunostirnul a t r i  ce de 1 a 

Tuftsi ne ne pourra s 'exprimer qu'après dégradation de 1 a molécule 
, 

par des enzymes d '  une spécificité parti cul i ère, codés par 1 e génome 

des seuls neutrophiles. 

5)  Enfin, une suite d'expériences dont l'approche un peu grossière 

ne nous avait  pas permis d'exploiter avec certitude les résul ta ts ,  

nous a guidé vers la  région C H 2 .  Lorsque l 'on effectue une chroma- 

tographie d ' a f f in i t é  d'un hydrolysat d'IgG sur une colonne de 

sépharose couplé à du C l q ,  une partie de 1 ' e f fe t  inhibiteur de cet 

hydrolysat sur l'incorporation de glucosamine par des macrophages 

péritonéaux de rats  e s t  en partie supprimk Nous en avons conclu 

à 1 'époque que "certains" peptides inhi bi teurs de 1 ' activi t é  des 

macrophages restaient fixés sur la colonne. Le manque de reproduc- 

t i  bi 1 i t é  de ces résultats nous in terdisa i t  1 eur pub1 i cation, toute- 

fois i l s  ont contribué à fixer notre attention sur cet te  région 

"chaude" de l a  molécule qu'est l e  s i t e  de fixation du C l q .  

6 )  Enfin, nos résul t a t s  montrent que cette région de 1 iai son d u  C l q  

e s t  exposée après l e  clivage de la  molécule d l I g G .  Ceci a pour 

conséquence 1 ' acti vation du complément par 1 a voie cl assi que. Or, 

les travaux de Lukas e t  col1 . (1981) montrent que la fixation 



de l a  molécule de Clq  se f a i t  essentiellement sur l e  fragment 279 - 
288 de la molécule d '  IgG e t  que les  quatre résidus suivants (289 - 
292) coriespondant à l a  séquence de la  Tuftsine (Thr-Lys-Pro-Arg) 

ne représentent que 10 % de la fixation du C l q  évalués en inhibition 

compéti t i  ve. Le double mécani sme, formation de peptides i nhi - 
bi teurs e t  activation du complément, peut ê t re  expliqué ,)ar un 

cl ivage dans 1 a partie carboxytermi na1 e de 1 a séquence acceptri ce 

du C l q  sur 1 a mol écul e d'  IgG. En prenant comme modèle 1 ' IgG1 humai ne, 

ceci conduirai t à 1 a 1 i bérati on de Thr-Lys-Pro i nhi bi teur des macro- 

phages en maintenant en place l a  structure R-Val -Asp-Gly-Val -G1y-Val- 

Hi s-Asn-Al a-Lys-COOH, suffi sant pour f ixer  1 e C l q  e t  permettre ainsi 

l 'act ivation du complément par l a  voie classique. La nécessité de 

la  fixation préalable des IgG sur u n  accepteur membranaire apparait 

donc clairement en stabil isant  e t  en orientant la  molécule. 

Par ce mécanisme, l e  parasi te  peut donc u t i l i s e r  à son 

prof i t  des mol écules de 1 'hôte e t  pas seulement pour  masquer ses 

propres antigènes, mais dans un processus plus dynamique lui permet- 

tant  d'intervenir sur les macrophages dont l e  rôle effecteur du moins 

in vitro, n ' e s t  plus contestable. C'est par la  transformation des 

IgG par  des protéases de spécif ici té  "parasitaire" que l a  larve 

uti  1 i se une mol écul e d '  hôte en faisant exprimer des pepti des contenus 

dans sa séquence. Or ces peptides sont capables d'exercer une 

act iv i té  bien dist incte de leur molécule d'origine qui ne pourrait 

en aucun cas l'éxprimer sans l'hydrolyse conduisant à leur libé- 

ration. Leur expression es t  l a  conséquence directe de 1 'action 

des protéases parasitaires, qui, par leur spécif ici té ,  f a i t  exprimer 

une information potentiel l e  contenue dans 1 a structure d'une molécule 

protéique. Dans 1 es mêmes condi t i  ons, 1 a 1 eukoki n i  nase des neutrophi - 
1 es 1 i bëre l e  tetrapeptide Tuftsine dont 1 ' e f f e t  e s t  complètement' 



inverse en ce sens que ce peptide e s t  u n  activateur de 1 ' a c t i v i t é  

des phagocytes. Ce processus e s t  donc vraisemblablement un méca- 

nisme naturel de régulation que l e  parasi te  détourne à son p ro f i t .  

Ce n ' e s t  pas sans rappeler 1 ' infection v i ra le  dont 1 ' intésrat ion 

génomique favorise l a  prise en charge e t  l e  contrôle de 1 'expression 

génétique de 1 'hôte.  La différence essentiel  l e  entre l e s  deux modèles 

de parasitisme e s t  que 1 'un in te rv ient  directement à l a  source de 

1 'information biologique, donc au niveau des gènes de l ' h ô t e ,  l ' a u t r e  

ne peut intervenir  que sur 1 eur produits. Toutefois, ces produits 

portent eux-même une information q u i  e s t  réprimée t an t  que l e s  

conditions extérieures ne permettent pas leur  l ibérat ion sous forme 

de fragments peptidiques. Le parasi t e  helminthe peut donc i nterveni r 

à un "troisième niveau génétique" où 1 'expression de tel  ou te l  peptide, 

d '  IgG par exemple, dépendra de 1 a spéci f i  ci t é  des protéases environ- 

nantes Ceci naturellement permet des poss ib i l i tés  d'adaptation 

extragénomi ques dont 1 e parasi t e  peut bénéficier grâce à 1 a conservation 

de l a  spéc i f i c i t é  des enzymes impliqués. 11 n ' e s t  pas exclu que des 

peptides d 'au t res  molécules d 'hôte  après leur  cl ivage par l e s  mêmes 

protéases ou d 'au t res ,  exercent également des ac t iv i t é s  immunorégula- 

t r i ces  e t  des travaux visant à leur  mise en évidence sont actuellement 

en cours. 

B - LE ROLE DES PROTEASES PARASITAIRES DANS L'ACTIVATION DES 

EOSINOPHILES 

Nos r é su l t a t s  montrent donc que les  facteurs thermosensibles 

sécrétgs par l e  schistosome sont des enzymes protéolytiques de spé- 

f i c i t é  collagénase. La présence de t e l l e s  protéases chez l e  



schistosome n ' e s t  pas t r è s  étonnante compte-tenu des diverses 

migrations que l e  parasi te  doi t  effectuer depuis sa pénétration 

transcutanée jusqu' au stade adul t e .  La traversée des différents  

t i s sus  nécessi t e  en e f f e t  1 a présence d'un matériel enzymatique 

adapté e t  l e s  collagénases en font  par t ie .  Ce q u i  peut parai t re  

étonnant, c ' e s t  que ces collagénases exercent une a c t i v i t é  de 

régulation du système immunologique e t  sur tout  un rd1 e stimul ant 

sur 1 'une des ce11 ules e f f ec t r i ces ,  principalement -- .- impliquée 

dans 1 a réponse ce11 rilaire anti-schistosome qu 'es t  1 'éosinophile. 

Des protéases sont souvent mentionnées corne é tan t  impliquées 

dans 1 es mécanismes régul ant 1 es  interact ions ce1 1 ul a i r e s  . Leur 

présence e s t  mise en évidence par l ' u t i l i s a t i o n  d ' inhibi teurs  ou 

en tes tan t  directement 1 ' a c t i v i t é  protéolytique des facteurs étu- 

diés.  Des lymphokines ont é t é  décrites comme ayant des ac t iv i t é s  

protéasiques . Par exempl e ,  1 e LIF (Leukocyte inhi b i  tory factor)  

e s t  une serine estérase (Goetzl e t  Rocklin, 1978), 1 'action stimu- 

lan te  du TRF sur l e s  lymphocytes B ( T  ce1 1 release fac tor )  e s t  

inhibée par des inhibiteurs protéasiques (Miki e t  col 1 . , 1982). 11 a 

également é t é  montré qu'une monokine comme l e  LAF (Lymphokine Acti- 

vating Factor) a des ac t iv i t é s  carboxypeptidase, e t  que la carboxy- 

peptidase B peut ê t r e  substituée à ce facteur  e t  exercer l a  même 

ac t iv i t é  stimulante de la  prolifération des lymphocytes T (Dessaint 

e t  col 1 . , 1979). L '  u t i  1 i sa t i  on des protéases comme immunorégul a teur  

n ' e s t  donc pas une exclusivi té  du parasi te .  Dans !a plupart des 

cas,  1 ' a c t i v i t é  immunorégulatri ce e s t  annulée par 1 ' inhibiteur 

protéasique correspondant, ce q u i  s igni f ie  bien que leur  ac t iv i t é  

hioloqique e s t  associée à leur a c t i v i t é  enzymatique. Nous avons, pour 

notre part ,  montré que l e  Trasylol peut inhiber 1 ' e f f e t  stimulant exercé 



par l e  SRP sur l es  fonctions effectrices des éosinophiles e t  que 

1 a spécificité col 1 agénase el 1 e-même es t  impl iquée puisque 1 ' on 

peut rempl acer l e  SRP par une col 1 agénase bactérienne p u r i  f iée 

e t  obtenir l e  même résul ta t .  Dans la  mesure où un tétrapeptide 

comme 1 'ECFA-A peut exercer une act ivi té  analogue sur les éosi- 

nophi les  on es t  en droi t  de penser que probablement les protéases 

exercent leur ac t iv i t é  stimul aérice par 1 ' intermédiai re de leur 

ac t iv i té  enzymatique. On peut penser que la  cible membranaire 

sera cl ivéexet dégradée e t  1 a mol écule active en el le-même pourrait 

être un peptide formé par 1 ' hydrolyse du substrat ce1 lu1 aire par 1 a 

col lagénase. On en revient donc à u n  mécanisme du même type que 

celui discuté dans l e  chapitre précédent. Ceci n ' es t  qu'une hypo- 

thèse mais e l l e  n ' e s t  pas sans rappeler l es  travaux récents effec- 

tués sur les récepteurs de 1 ' insuline (Larner e t  col 1 . , 1982) . 
En e f fe t ,  ces travaux mettent en évidence que le récepteur pour  

1 'insu1 ine e s t  une sérine protéase membranaire d o n t  l e  rôle 

consiste essentiellement à fixer e t  cliver l a  molécule d'insuline 

en fragments peptidiques, chacun porteur d'un message spécifique 

à l a  cellule. En présence de DFP, ce message ne pourra ê t re  transmis 

puisque la  molécu~e d'insuline n 'es t  pas clivée. On avait longtemps 

pensé que 1 ' i  nsul i ne el 1 e-même é t a i t  une protéase puisque son 

activi té  é t a i t  inhi bée par des inhibiteurs protéasiques. C'est 

son récepteur membranaire qui en é t a i t  une. Cet exemple extra i t  d ' u n  

mécanisme non imrnunologique met bien en évidence : 

1) L '  e f fe t  indirect d'  u n  facteur par 1 'intermédiaire de protéases 

de spécificité t rès  s t r i c t e  ; 

2 )  Que 1 ' information peut ê t re  apportée par des produits de cl i vase 

d ' une protéase au ni veau ce1 1 ul a i re  . 
6 



Dans notre cas, i l  faudrait imaginer que le mécanisme e s t  

inversé e t  que ce so i t  l e  substrat q u i  s o i t  fixé e t  1 a protéase 

ci rcul ante. Ceci n' excl u t  en rien que 1 ' on pui sse abouti r au même 

résul t a t .  

Ce mécanisme conduisant à la  stimulation d'une ce1 lule 

immunocornpétente, montre à quel point l e  parasi t e  peut intervenir 

sur l a  réponse immune de son hôte e t  e s t  à rapprocher de l a  notion 

d' i'mrnuni t é  concomi tante décri t e  dans 1 e chapitre d' i ntroduction . , 
\ 

En e f fe t ,  des produits sécrétés par des vers adultes peuvent rëgul e r  ! 
I 

des mécanismes effecteurs di r i  gés contre 1 es 1 arves du parasi t e .  

Dans l e  cas de 1 'immunité concomitante, on par1 era d'antigènes expri - 
més avec toute 1 a notion de spécif ici té  antigénique, dans notre cas 

de facteurs sécrétés ,stimulants spécifiques des seul s éosinophiles. 

11 convient toutefois de ne pas discuter ce mécanisme au niveau 

d'un individu mais de 1 'espèce Schistosoma mansoni . Le maintien du  

parasi ti sme dépendra de 1 a survie de 1 ' hôte, c ' es t  évident. 

Par a i l  leurs l a  survie de 1 'espèce dépendra de sa facul t é  à se 

reproduire e t  à assurer sa survie. Or, ce sont les  adultes qui 

peienni sent 1 'espèce. Un accroi ssement de 1 a charge parasi tai re de 

1 ' hôte par des infestations nouvel l es  risque à court terme de désé- 

qui 1 i brer 1 'écosystème, ce qui de toute façon aboutira à une 

"stërilisation" des reproducteurs ou à leur mort. Dans les régions 

endémiques 1 es risques d' infections mu1 t i  ples sont grands e t  i l  n 'es t  

pas étonnant que 1 a pression sélective a i t  maintenu des mécanismes 
- - 

visant à stimuler 1 es fonctions imuni tai  res suscepti bl es de tuer 

les larves infestantes. Les adultes eux-même protégés de la  réponse 

immune susciteront des mécanismes de défense dirigés contre des i 
antigènes que 1 es schi stosomul es exprimeront sur 1 eur membrane. Il s 

pourraient donc de pl us, excréter des "adjuvants" capables de stimuler 



les  fonctions effectrices des éosinophiles. Les schistosomules 

eux-mêmes sécrètent i es protéases s t i  mu1 an tes, qui ne seront 

efficaces que dans le  cas d'une *infection puisque les  éosino- 

philes ne sont cytotoxiques qu'en présence d'anticorps anaphy- 

1 actiques spécifiques de cl asses G ou E , et 1 a réponse anti çorps 

apparait assez tardivement après la première infection. 

C )  eDNCLUSION GENERALE 

Ces travaux mettent donc en évidence que l e  schistosome peut 

modul e r  1 a réponse immuni tai re  so i t  en i nhi bant certai nes ce1 1 ul es 

so i t  en en activant d'autres. L'interprétation réel le  de ces méca- 

nismes es t  encore hypothétique e t  la  nature exacte des relations 

hôte-parasi t e  es t  t rès  loin d '8 t re  compri se compte-tenu de 1 eur 

grande complexité. 11 faudra néanmoins admettre que s i  la pression 

sélective a maintenu des mécanismes visant à reguler l a  réponse 

immune, c ' e s t  qu ' i l s  ont leur raison d ' ê t r e ,  m$me s i  nous n'avons pas 

encore les moyens de les interpréter dans un contexte général. De 

nombreux paramètres doivent i nterveni r comme 1 a charge parasi tai re 

i n i t i a l e ,  1 ' é t a t  général de 1 'hôte au moment de la première infection, 

l es  t a u x  d'  hormones stéroïdes circulants,  1 'âge, etc.  . . e t  chacun 

devra être étudié séparément. Nos travaux n'ont corme ambition 



que de présenter des observations originales qui ne représentent 

qu'une infime partie de l a  réa l i té  biologique. 11 e s t  probable 

toutefois que l e  modèle schistosome puisse apporter des connaissances 

sur les mécani smes de régul a t i  on de 1 a réponse imrnuni t a i re  insoup- 

çonnées par 1 'u t i  1 i sat i  on de modèles tradi t i  onnel S .  Les études 

pharmacologiques engagées dans notre laboratoire montrent déjà en 

tout cas que si  on considère u n  schistosome comme on a considéré 

l es  pl antes médicinal es,  i 1 rêvèl e u n  potentiel immunophamacologi que 

important. 11 sera i t  bien dommage de ne pas exploiter ces facteurs 

régulateurs que 1 'espèce a maintenu avec succès depuis des milliers 

de générations e t  qui ont mal heureusement f a i t  leurs preuves 

au détriment d'un grand nombre de malades. 
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