
110 Specialia 

Experimental allergic encephalomyelitis (EAE) in normal and T-lymphocyte deficient rats 

EXPERIENa'IA 32/1 

Rats injected with encephalitogenic vaccine No. of rats No. of rats undergoing Total Dead/ 
paralysis within days paralyzed rats paralyzed rats 

8-14 15-21 22-28 29 35 

Normal 16 
Thymectomized 10 
Shanl-thymectomized, irradiated, bone marrow reconstituted 11 
Thymectomized, irradiated, bone marrow reconstituted 16 

4 1 1 6/37%/ 2/6 " 
1 1 2/20%/ 1/2 
5 2 1 8/72%/ 6/8 
4 4 1 1 10/63%/ 6/10 

diseases. To o b t a i n  more  i n f o r m a t i o n  on m e c h a n i s m s  of 
E A R  pathogenes is ,  we t r i ed  to  induce  t he  disease in T- 
l y m p h o c y t e  def ic ient  rats .  

Materials and methods. R a t s  of WVNf s t r a in  (der ived 
f rom W i s t a r  stock) of b o t h  sexes were used. T h e y  were 
t h y m e c t o m i z e d  a t  t h e  age of a b o u t  4 weeks. T h r o u g h  an  
incis ion in t h e  neck,  t he  t h y m u s  was sucked ou t  of t he  
t ho rax .  2 m o n t h s  a f t e r  t h y m e c t o m y ,  t he  r a t s  were i r ra-  
d i a t ed  w i t h  a dose of 750 R. I r r a d i a t i o n  c o n s t a n t s  were:  
220 kV, 15 mA,  f i l ters  0.5 m m  Cu and  1.0 m m A 1 ,  d i s t ance  
to  t a r g e t  40 cm, dose r a t e  100 r /56 sec measu red  in air. 
W i t h i n  4 h a f t e r  i r r ad ia t ion ,  t h e  r a t s  were g iven  i.v. 
60 • 106 syngeneic  bone  m a r r o w  ceils suspended  in 1 ml  of 
buf fe red  physio logica l  sa l ine .  2 m o n t h s  a f te r  i r r ad i a t i on  
a n d  bone  m a r r o w  recons t i tu t ion ,  t he  an ima l s  were  g iven  
i n t r a d e r m a l l y  10 doses of 0.1 ml  of t he  r a t  b r a i n  h o m o -  
g e n a t e  in  comple te  F r e u n d  a d j u v a n t  m i x t u r e  (Difco). 
Cont ro l  groups  cons is ted  of s h a m - t h y m e c t o m i z e d ,  ir- 
r a d i a t e d  a n d  bone  m a r r o w  r e c o n s t i t u t e d  rats ,  on ly  
t h y m e c t o m i z e d  r a t s  a n d  n o r m a l  rats .  All  controls ,  as also 
t h e  e x p e r i m e n t a l  group,  were g iven  t h e  encepha l i togen ic  
vaccine.  

Results. As shown  in t h e  Table ,  i r r ad i a t ed  ra t s  e i the r  
t h y m e c t o m i z e d  or s h a m - t h y m e c t o m i z e d  before i r r ad ia t ion  
a n d  bone  m a r r o w  recons t i tu t ion ,  showed a h igher  inci- 
dence  of pa ra lys i s  a f te r  t h e  encepha l i togen ic  vacc ine  
inj cot tons t h a n  n o r m a l  a n d  t h y m e c t o m i z e d  n o n - i r r a d i a t e d  
controls .  This  seems to sugges t  t h a t  i r r ad i a t i on  favours  t he  
inc idence  a n d  d e v e l o p m e n t  of E A E .  T h y m e c t o m y  alone 
exer ted  a s l igh t  lowering of t he  E A R  incidence  in com- 
par i son  w i t h  n o r m a l  controls .  Sever i ty  of t h e  disease, as 
e s t i m a t e d  a f t e r  t he  m o r t a l i t y  in  s ick ra ts ,  seems to  follow 
t h e  inc idence  of RAG.  

I n s p e c t i o n  of t he  b r a i n  a n d  medu l l a  sect ions  s t a ined  
w i t h  h a e m a t o x y l i n  a n d  eosin revea led  m o n o n u c l e a r  cell 
in f i l t r a t ions  a n d  e x t r a v a s a t e s  on ly  in t he  g roup  of n o r m a l  

con t ro l  r a t s  which  fell ill a f t e r  t he  inocu la t ion  of t he  
encepha l i togen ic  vaccine.  I n  t he  pa ra lyzed  an ima l s  of all  
o the r  groups,  no cel lular  i n f i l t r a t ion  was observed .  

Discussion. T h e  e n h a n c i n g  effect  of i r r ad i a t i on  u p o n  
t he  d e v e l o p m e n t  of E A E  was expec ted  in v iew of t h e  
earl ier  f indings  of a f avorab le  a c t i v i t y  of i r r ad i a t i on  upon  
t he  inc idence  of t h e  disease ~. However ,  t h i s  effect  of 
i r r ad i a t i on  was also vis ible  in t he  r a t s  m a d e  def ic ien t  in  
T - lymphocy te s ,  t h u s  s u p p o r t i n g  t he  r epor t s  m e n t i o n e d  
in t he  i n t r o d u c t i o n  t h a t  t h e r e  is no essen t ia l  need  for  a 
m o n o n u c l e a r  cel lular  i m m u n e  r eac t ion  to  induce  E A E  ~. 
This  appea red  to be  f u r t h e r  s u p p o r t e d  w h e n  no  cel lular  
in f i l t r a t ion  could be found  in t he  b r a i n  a n d  medu l l a  of 
T - l y m p h o c y t e  deficient ,  severe ly  p a r a l y s e d  rats .  

The  conclus ion t h a t  B - l y m p h o c y t e s  h a d  to be p r i m e d  
w i t h  t he  encepha l i togen ic  vacc ine  in t h y m e c t o m i z e d ,  
i r r ad i a t ed  bone  m a r r o w  rec ip ien ts  in  t he  absence  of T- 
l y m p h o c y t e s  appea r s  erroneous.  One possible  e x p l a n a t i o n  
could also be  based  upon  t he  a s s u m p t i o n  t h a t  t he  im- 
m u n o c y t e s  t r a n s f e r r e d  w i t h  t he  bone  m a r r o w  were 
a l r eady  p r i m e d  w i t h  se l fneura l  t i s sue  an t i gens  in n o r m a l  
bone  m a r r o w  donors  wh ich  h a d  an  i n t a c t  t h y m u s .  The  
in jec t ion  of t he  vacc ine  would  ac t  accordingly ,  as t he  
boos te r  an t i gen  in ject ion.  

I t  is ques t ionab le  if t h e  lower s ens i t i v i t y  to  t h e  en- 
cepha l i togenic  vacc ine  in t h y m e c t o m i z e d  n o n i r r a d i a t e d  
r a t s  could  be  ascr ibed  to  t he  lack  of p r i m i n g  due  to  t h e  
T - l y m p h o c y t e  def ic iency a f t e r  t he  t h y m u s  r e m o v a l  in  
young  a d u l t  an imals .  
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Inflammatory Factors Produced by Sensitized Guinea-Pig Peripheral Blood Lymphocytes 
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Summary. The  s u p e r n a t a n t s  o b t a i n e d  f rom s t i m u l a t e d  tube rcu l in - sens i t i ve  gu inea-p ig  pe r iphe ra l  b lood  l y m p h o c y t e s  
contain factors that induce a cutaneous inflammatory response in normal guinea-pigs similar to the tuberculin reac- 
tion a n d  i nh ib i t  t h e  m i g r a t i o n  of n o r m a l  guinea-pigs  pe r i tonea l  e x u d a t e  cells. There  appea r s  to  be  a co r re l a t ion  be-  
tween  t he  presence  of in v i t ro  m i g r a t i o n  i n h i b i t o r y  a c t i v i t y  and  i n f l a m m a t o r y  a c t i v i t y  in  vivo.  

The  p r o d u c t i o n  of soluble  med ia to r s  such  as m i g r a t i o n  these  m e d i a t o r s  is a n  in v i t r o  cor re la te  of de layed  h y p e r -  
i n h i b i t i o n  fac to r  (MIF) or skin  r eac t ive  fac to r  (SRF) ha s  s ens i t i v i t y  6 i t  would  be  expec ted  t h a t  c i rcu la t ing  mono-  
b e e n  d e m o n s t r a t e d  in t h e  gu inea-p ig  us ing  l y m p h  node  nuc lea r  ceils i.e. t hose  found  in t h e  pe r iphe ra I  blood, 
eells~, a or pe r i t onea l  e x u d a t e  l y m p h o c y t e s  4, 5 s t i m u l a t e d  would  be  i n v o l v e d  in  c u t a n e o u s  de layed  h y p e r s e n s i t i v i t y  
w i t h  an t igens  such  as P P D  or BGG.  responses.  I n  add i t i on  t he  in v ivo  assay  of these  m e d i a t o r s  

Since i t  is genera l ly  accep ted  t h a t  t h e  p r o d u c t i o n  of (as SRF)  should  cor re la te  w i t h  in v i t ro  resu l t s  as assessed 
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Fig. 1. The inflammatory infiltrate 
induced in normal guinea-pig 
skin by the injection of super- 
natants from PPD-stimulated tu- 
berculin-sensitive guinea-pig pe- 
ripheral blood lymphocyte cul- 
tures. H. & E. • 200. 

in t he  M I F  assay.  For  these  reasons the  p roduc t i on  of 
soluble media to rs  b y  guinea-pig per iphera l  blood lym-  
phocy tes  sensi t ized to  tubercul in  was examined .  

Materials' and Methods. Per iphera l  blood l ymphocy te s  
were ob ta ined  f rom BCG sensi t ized (wi thout  F r e u n d ' s  
ad juvan t )  Ha r t l ey  s t ra in  guinea-pigs by  cardiac punc t u r e  
and  separa t ion  on a F ieo l l /Hypaque  g rad i en tL  The 
degree of sens i t iv i ty  of t he  animals  as assessed b y  p r i o r  
tubercul in  t es t ing  was variable.  I n f l a m m a t o r y  super-  
n a t a n t s  were p r o d u c e d  b y  cul tur ing the  mononuc lea r  
cells a t  a concen t ra t ion  of 1.0-3.0 • 10 G cells/ml w i th  P P D  
2.5 ~zg/ml for 3 days  in Medium 199 w i thou t  s e r u m .  
S u p e r n a t a n t s  were clarified by  cent r i fugat ion  at  16,000 • 
g for  20 min and  P P D  was added  to  cont ro l  w 
to  give a concen t r a t ion  of 2.5 Fg/ml. They  were t h e n  
dialyzed agains t  0.15 M NaC1 for 24 h and  aga ins t  
dist i l led wa te r  for 24 h. A f t e r  f i l t ra t ion t h rough  0.22 Fm 
cellulose filters, t he  s u p e r n a t a n t s  were l y o p h i l i z e d  and 
stored.  

Soluble media tors  were assayed b y  (a) t he  i n t r ade rma l  
in jec t ion  i n t o  no rma l  un immun ized  guinea-pigs of the  
dialyzed lyophi l ized s u p e r n a t a n t s  dissolved in Medium 
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Fig. 2. The relationship between the migration inhibition factor 
activity and skin reactive factor in the same supernatants. MIF 
estimations were carried out in duplicate (variation betweenduplicates 
was < 10%) and the mean is shown, whilst SRF was assayed as a 
single intradermal injection. Each point represents assay results with 
supernatants from a single animal. 

199 to  give a f inal  concen t ra t ion  20-50 t imes  the  original. 
I n f l a m m a t o r y  reac t ions  were assessed b y  m e a s u r e m e n t  
of e ry thema ,  indura t ion  and increase in skin th ickness  
and  by  biopsy,  skin sect ions being f ixed wi th  formalde-  
hyde  and  s ta ined  wi th  h e m a t o x y l i n  and  eosin. (b) Macro- 
phage migra t ion  inhibi t ion using the  dialyzed lyophil ized 
s u p e r n a t a n t s  dissolved in Medium 199 and 20% hea t  
inac t iva ted  foetal  calf se rum to give a final concen t ra t ion  

. of 5-7 t imes  the  original. These were assayed on normal  
guinea-pig  per i tonea l  exuda te  cells b y  the  m e t h o d  of 
DAVID et al. 8. 

Results and discussion. The in t r ade rma l  in ject ion of 
supe rna t an t s  f rom sensi t ized guinea-pig per iphera l  blood 
l ymphocy te s  cul tured  wi th  P P D  produced  an  inf lam- 
m a t o r y  response  charac ter ized  by  e r y t h e m a  and indura-  
tion, reaching a m a x i m u m  a t  4-6 h and conta in ing  micro- 
scopical ly an inf i l t ra t ion of the  deeper  layers of the  dermis  
wi th  p r e d o m i n a n t l y  mononuc lear  cells (Figure 1). 

A t  control  injection sites, no in f l ammat ion  and very  
scan ty  inf i l t ra t ion wi th  cells was seen. The i n f l a m m a t o r y  
response  induced  by  the  act ive  s u p e r n a t a n t s  was his to-  
logically similar  to the  tubercul in  reac t ion  b u t  accelera ted 
in its ra te  of deve lopment% 

In  addi t ion,  t he  presence  of M I F  was de tec tab le  in 
vi tro,  w i th  inhibi t ion of macrophage  migra t ion  being 
found  to  occur in  those  s u p e r n a t a n t s  p roduc ing  an 

1 Department of Clinical Immunology, Health Sciences Centre, 
700 William Avenue, Wirmipeg (Manitoba, R3E OZ3, Canada). 
B. BLoo~ and B. R. BENNETT, Proe. natn. Acad. Sci., USA 59, 
756 (1968). 

8 E. R. HEISE and R. S. WEISER, J. Immun. 103, 570 (1969). 
4 D. C. DIJMOIgDE, R. A. WOLSTENCROFT, G. S. PANAYI, M. MAT- 
THEW, J. MORLEY and W. T. Howso~, Nature, Lond. 22d, 38 
(1969). 

5 E. PICK, T. KREJCI; K. CECH and J. L. TURK, Immunology 17, 741 - 
(1969). 

6 H. S. LAWRENCE, Fedn. Proc. Fedn. Am. Soe. exp. Biol. 27, 3 
(1968). 
A. BSYuM, Scand. J. clin. Lab. Invest. 27, SuppL 97, 1 (1968). 

8 j .  R. DAVID, S. AL-ASKARI, H. S. LAWRENCE and L. THOMAS, J. 
Immun. 93, 264 (1964). 

9 B. BOUGHTO~ and W. G. SPECTOR, J. Path. Bact. 85, 371 (1963). 



112 Specialia EXPERIENTIA 32/1 

i n f l a m m a t o r y  response  in  v ivo  (Figure 2). There  appea r s  
to  be  a good cor re la t ion  be t w een  t h e  presence  of S R F  a n d  
M I F  in t h e  same  s u p e r n a t a n t .  Th i s  does n o t  h o w e v e r  
ind ica te  t h a t  M I F  is solely respons ib le  for t he  inf lam-  
m a t o r y  r eac t ion  produced ,  since t h e  c u l t u r e  super-  
n a t a n t s  will  c o n t a i n  a n u m b e r  of d i f fe ren t  soluble factors.  

T h u s  pe r iphe ra I  b lood  m o n o n u c l e a r  cells, t h e  cells t h a t  
are  p r e s u m a b l y  i n i t i a l l y  i nvo lved  in t h e  t u b e r c u l i n  
r eac t ion  h a v e  been  shown to  p roduce  an  i n f l a m m a t o r y  
fac to r  a n d  a fac to r  i n h i b i t i n g  t h e  m i g r a t i o n  of macro-  
phages.  

The  p r o d u c t i o n  of m i g r a t i o n  i n h i b i t i o n  fac to r  in  se rum-  
free m e d i u m  us ing  ceils f rom B C G - i m m u n i z e d  guinea-p igs  
m a k e s  i t  un l ike ly  t h a t  cy tophi l i c  an t ibod ie s  are i nvo lved  10. 
I n  add i t ion ,  t he  lack of s ign i f ican t  p o l y m o r p h o n u c l e a r  
l eukocy te  in f i l t r a t ion  in t he  s u p e r n a t a n t  i nduced  skin  
r eac t ion  is aga ins t  t he  i n v o l v e m e n t  of a n t i g e n - a n t i b o d y  
complexes.  

10 H. E. A~aos, B. W. GURNER, R. J. 0LDS and R. R. A. COOMBS, 
Int. Arch. Allergy 32, 496 (1967). 

L o c a l i s a t i o n  de  d i o c t y l - p h t a l a t e  s u r  l e s  i m m u n o g l o b u l i n e s  G n o r m a l e s  et  s u r  c e l l e s  de  la  m a l a d i e  de  
K a h l e r  

L o c a l i z a t i o n  of  D i o c t y l - P h t h a l a t e  o n  N o r m a l  I m m u n o g l o b u l i n s  G a n d  on  t h o s e  of  K a h l e r ' s  D i s e a s e  
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Summary. Af te r  h a v i n g  ident i f ied  as d i o c t y t - p h t h a l a t e  (DOP),  a p las t ic izer  t h a t  comes  o u t  w i t h  f a t t y  acids  of n o r m a l  
i m m u n o g l o b u l i n s  G (IgG) a n d  of those  of K a h l e r ' s  disease,  we found  o u t  t h a t  D O P  is p re fe ren t i a l ly  b o u n d  to t h e  h e a v y  
cha ins  of t h e  IgG  a n d  is e i t he r  miss ing  f rom m y e l o m a  p ro t e ins  or more  a b u n d a n t  in  t h e m  t h a n  in n o r m a l  ones. 

Le d ioc ty l -ph t a l a t e  (DOP) est  l ' u n  des es ters  de l ' ac ide  
p h t a l i q u e  uti l is6 c o m m e  p l a s t i f i an t  du  ch lorure  de poly-  
v iny l  e (PVC). Lors  des p lasmaph6r6ses ,  des poches  en  
ma t ig re  p l a s t ique  son t  uti l is6es dans  le b u t  de conse rve r  le 
s6 rum pr41evG A l 'occas ion de t r a v a u x  ant4r ieurs ,  en 
a n a l y s a n t  les acides gras  (AG) des i m m u n o g l o b u l i n e s  G 
(IgG) 2, des i m m u n o g l o b u l i n e s  A ~ e t  des f r a g m e n t s  pa -  
pa in iques  des IgG 4 de m a l ades  a t t e i n t s  de la ma lad ie  de 
Kahler ,  nous  avons  mis  en  6vidence p a r  c h r o m a t o g r a p h i c  
en  phase  gazeuse e t  ident i f i4  p a r  spec t rom6t r i e  de masse,  
u n  compos6 ~ t e m p s  de r 6 t e n t i o n  4Icy6 qui  s ' e s t  av6r6 
4t re  du  d i o c t y l - p h t a l a t e  ~. Nous  a v o n s  pu  6 tab l i r  que  ce 
p h t a l a t e  p r o v e n a i t  p r i n c i p a l e m e n t  d '6chan t i l lons  de 
s6rums a y a n t  6t6 con t enus  dans  du  ma t6 r i e l  en ma t i6 re  
p las t ique .  Nous  exposons  ici c o m m e n t  nous  avons  pu  

Tableau I. Tenenrs en DOP de prot6ines normales et my61omateuses 
provenant de r6eipients en mati6re plastique; d'un s6rum normal 
eonserv6 dans du mat6riel en verre 

AGL AG extraits AG extraits AG 
des TG des EC totaux 

IgG normMe -- 28 11 13 

IgG nly6lomateuse -- 45,77 -- 15 
(Malade Sen...) 

IgG my6Iomateuse 28,5 18,7 12,9 20 
(Malade Cap...) 

S6rum normal 1,1 1,3 10,9 4,4" 

Les pourcentages de DOP sont d6terlnin6s par le calcul automatique, 
l'aide d'un int6grateur Infotronies, des surfaces eompar6es des 

trae4s earaet6ristiques des aeides gras et du DOP sur les eourbes 
chromatographiques. AGL, Acides gras libres; TG, triglye6rides; 
EC, esters de cholest6roL 

d 6 t e r m i n e r  une  localisatioi1 du d i o c t y l - p h t a l a t e  sur  les 
I gG  norma tes  et  my61omateuses .  

Matdriel et mdthodes. Nous  a v o n s  o b t e n u  deux  types  de 
s6rums d ' u n e  p a r t  en  m61angean t  des s6rums n o r m a u x  
ne p r 4 s e n t a n t  aucune  anoma t i e  61ectrophor6t ique e t  
d ' a u t r e  p a r t  en i so lan t  des s6rums pa tho log iques  p a r  
p lasmaphdr6se .  Ces s6rums son t  conserv6s  ~ - -24~ d a n s  
des r6cipients  en  ma t i6 re  p las t ique .  Para l l61ement  n n  
lo t  de s6rums a 6t6 m a i n t e n u  dans  les m~mes cond i t ions  
d a n s  des  <~vacutainers,> en  verre .  A p a r t i r  des d i f f6rents  
s6rums les p ro t6 ines  son t  isol6es p a r  c h r o m a t o g r a p h i c  sur  
r6sines 4changeuses  d ' ions  5. L ' h y d r o l y s e  p a p a i n i q u e  es t  
control4e p a r  immuno41ect rophor6se .  Les f r a g m e n t s  F a b  
e t  Fc  de l ' I g G  son t  ensu i te  purif i6s p a r  61ectrophor6se de 
zone 4 et  p a r  c h r o m a t o g r a p h i c  d ' a f f in i t6  s. On v6rifie la 
pu re t6  des f r a g m e n t s  pa r  immuno61ectrophor~se .  P a r  
c h r o m a t o g r a p h i c  sur  couche mince,  apr6s  e x t r a c t i o n  
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