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Abstract:
Congenitally athymic (nude) mice were not capable of clearing Trypanosoma musculi parasitemia
while their normal, thymus-bearing littermates (NLM) cleared their parasitemia by day 20-24
post-infection (PI). Both nude and NLM mice exhibited an early nonspecific resistance to T. musculi
infection when compared to irradiated (550rads, 60Co), T. musculi-infected mice. Use of trypan blue,
in vivo, to alter the macrophage function of nude and NLM mice was found to abrogate early
nonspecific resistance to T. musculi. Nude mice that received immune or normal spleen cells, immune
or normal thymus cells, or thymus gland grafts were capable of eliminating T. musculi parasitemia.
Passive transfer of immune serum into T. musculi-infected nude mice lowered both the level of
parasitemia and the level of parasite reproduction, but did not generate elimination of the parasitemia.
T. muscui elimination was thus determined to be due to a thymus-dependent cellular mechanism and
not due to a direct antibody effect. Nude mice were shown to be a reliable in vivo model for the assay
of ablastic (parasite reproduction inhibition) activity in immune serum.

A T. musculi population enriched for dividing forms (35%-50% dividing forms) was found to absorb
ablastic activity from Immune serum, while absorption with a nondividing parasite population (<S%
dividing forms) did not appreciably alter the ablastic activity of immune serum. The absorption
experiments provide the crucial evidence needed to substantiate the antibody-nature of ablastin.

Plaque-forming cell (PFC) responses of NLM mice to T-dependent (sheep erythrocytes = SE) or
T-independent (polyvinylpyrrolidone = PVP) antigens were found to be significantly inhibited during
T. musculi parasitemia. PVP-PFC responses of T. musculi-infected nude mice were also significantly
inhibited. However, if NLM mice were primed with SE prior to parasitemia, subsequent development
of SE-specific memory cells and expression of secondary PFC responses to SE were not altered by T.
musculi infection. T. musculi parasitemia was not found to alter delayed hypersensitivity responses of
mice to l-fluoro-2,4-dinitrobenzene. The data imply that the Immune dysfunction of T. musculi
infected mice is at the B cell level and does not require T-cell participation for its development or
expression.

At least one host component requisite for T. musculi elimination was found to have a radiosensitivity
between 350rads and 550rads 60Co. Although 60Co irradiation was found to prevent the development
of acquired immunity to T. musculi, once developed, acquired immunity was found to be
radioresistant. NLM that received immune spleen cells 5 days post-irradiation did not exhibit early
control over parasitemia, but were repaired in their ability to eliminate T. musculi parasitemia.

x i NLM that received immune spleen cells on day 25 post-irradiation exhibited a marked resistance to
T. muscul? infection resulting in elimination of parasitemia 10 days earlier than unirradiated controls.
The adoptive transfer data suggest that the action of immune spleen cells in irradiated mice is not direct
(cytotoxic) but is dependent on collaboration with a minimally radiosensitive host component(s).

Experiments designed to explore the immune status of,postirradiation mice revealed that 30 days



following 550rads °Co the RFC responses of mice to SE were recovered completely whereas RFC
responses to PVR were <20%,of unirradiated controls. Furthermore, doses as small as lOOrads ®Co
were found to significantly inhibit the PVP-PFC responses of mice 30 days following irradiation. The
30-day post-irradiation PFC responses of mice to DNP-Ovalbumin, a T-dependent hapten-carrier
conjugate, were found to be >97% of unirradiated controls, while 30-day post-irradiation responses of
mice to DNP-Ficoll, a T-independent hapten carrier complex, were found to be only <39% of
unirradiated controls. In additional experiments, PFC responses of 30-day post-irradiation mice to
T-independent type 2 antigens (PVP and Type III pneumopolysaccharide= SSSIII) were inhibited
whereas, post-irradiation PFC responses to a T-independent type 1 antigen E_. col i
Lipopolysaccharide or T-dependent antigen (SE) were within normal control values.

Adoptive repair of mice that received 550rads °®Co, 7 days following irradiation with either bone
marrow, spleen, or thymus cells revealed that bone marrow cells completely repaired 30 day
postirradiation PFC responses to PVP whereas, spleen and thymus cell repaired mice had PVP-PFC
responses of 72.8% and 57-9% of normal controls respectively. Collectively these data suggest that B
cell populations can be differentiated by their ability to recover following °®Co radiation; B cell
populations responsive to T-dependent antigens (SE) and T-independent type 1 antigens (E_. col i
Lipopoly-saccharide) recover functionally whereas B cells responsive to T-independent type 2 antigens
(PVP and SSS III) do not recover functional ly. 
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ABSTRACT

Cbngeni t a l l y  a t h y m i c . (nude) mice were not  capable  o f  c l e a r i n g  
Trypanosoma musculi  p a r a s i t e m ia  w h i l e  t h e i r  normal ,  thymus-bearing  
l i t t e r m a t e s  (NLM) c le a r e d  t h e i r  p a r a s i t e m ia  by day 20 -24  p o s t - i n f e c t  ion 
( P I ) .  Both nude and NLM mice e x h i b i t e d  an e a r l y  n o n s p e c i f i c  r e s is t a n c e  
to. T. musculI  i n f e c t i o n  when compared.to i r r a d i a t e d  (550rads ,  GOco),
T . m u s c u l i - i n f e c t e d  mice.  Use o f  t rypan b lu e ,  in v i v o , to a l t e r  the  
macrophage f u n c t i o n  o f  nude and NLM mice was found to  abro gate  e a r l y  
nonspec if  ic  r e s i s t a n c e  to  T_. muscul I . Nude mice t h a t  rece iv ed  immune 
o r  normal spleen  c e l l s ,  immune or  normal thymus c e l l s ,  o f  thymus gland  
g r a f t s  were capable  o f  e l i m i n a t i n g  T.  muscul? p a r a s i t e m i a .  Pass ive  
t r a n s f e r  o f  immune serum i n t o  T .  muscul i - in fe c te d  nude mice lowered 
both the le v e l  o f  p a r a s i t e m ia  and the le v e l  o f  p a r a s i t e  rep ro d u c t io n ,  
but d id  not gen era te  e l i m i n a t i o n  o f  the p a r a s i t e m i a .  T \  muscuH_ e l i ­
m in a t io n  was thus determined to  be due to  a thymus-dependent c e l l u l a r  
mechanism and not  due to  a d i r e c t  an t ib o d y  e f f e c t .  Nude mice were 
shown to  be a r e l i a b l e  in v iv o  model f o r  th e  assay o f  a b l a s t i c  (p a ra ­
s i t e  r e p ro d u c t io n  i n h i b i t i o n )  a c t i v i t y  in Immune serum.

A T.  muscul I p o p u la t io n  enr iched  f o r  d i v i d i n g  forms {35%-$0% 
d i v i d i n g  forms) was found to  absorb a b l a s t i c  a c t i v i t y  from immune 
serum, w h i l e  ab so rp t io n  w i t h  a n o n d iv id ih g  p a r a s i t e  p o p u la t io n  (< 5% 
d i v i d i n g  forms) d id  not  a p p r e c ia b ly  a l t e r  the a b l a s t i c  a c t i v i t y  o f  
immune serum. The ab so rp t io n  experiments p rov id e  the c r u c i a l  evidence  
needed to s u b s t a n t i a t e  the  a n t i b o d y - n a t u r e  o f  a b l a s t i n .

P la q u e - fo rm in g  c e l l  (PFC) responses o f  NLM mice to  T-dependent . 
(sheep e r y t h r o c y t e s  = SE) or  T - In dependent  ( p o l y v i n y l p y r r o l  Idonb = PVP) 
ant ig ens  were found to  be s i g n i f i c a n t l y  i n h i b i t e d  during  JT. musculi  

■paras it em ia .  PVP-PFC responses o f  T \  m u s c u l I - I n fec ted  nude mice were  
a l s o  s i g n i f i c a n t l y  i n h i b i t e d .  However,  i f  NLM mice were primed w i t h  SE 
p r i o r  to. p a r a s i t e m i a ,  subsequent development o f  S E - s p e c i f i c  memory c e l l s  
and express ion  o f  secondary PFC responses to SE were not  a l t e r e d  by 
T. muscul i i n f e c t i o n .  T .  muscul I p a r a s i t e m ia  was not  found to  a l t e r  
delayed h y p e r s e n s i t i v i t y  responses o f  mice to  l - f l u o r o - 2 , 4 - d i n i t r o b e n ­
zene.  The da ta  imply t h a t  the immune d y s fu n c t io n  o f  T_, muscul i i n f e c ­
ted mice is a t  the B c e l l  le v e l  and does not r e q u i r e  T - c e l I p a r t i c i p a ­
t i o n  f o r  i t s  development o r  exp ress io n .

At  l e a s t  orie host  component r e q u i s i t e  f o r  T\ muscul I e l i m i n a t i o n  
was found to  have a r a d i o s e n s i t i v i t y  between 3.50rads and SSOfads G^Co. 
Although &0Co i r r a d i a t i o n  was found to  preven t  the  development o f  ac­
q u i red  immunity to T\ m u s c u l i , once developed ,  acquired  immunity was 
found to  be r a d i o r e s i s t a n t .  NLM t h a t  rece iv ed  immune spleen  c e l l s  5 
days p o s t - I r r a d i a t ion d id  not  e x h i b i t  e a r l y  co n t ro l  over  p a r a s i t e m i a ,  
but were r e p a i r e d  in t h e i r  a b i l i t y  to  e l i m i n a t e  T F .  musculi  p a r a s i te m ia .



xi

NLM t h a t  rece iv ed  immune spleen  c e l l s  on day 25 p o s t - i r r a d i a t i o n  
e x h i b i t e d  a. marked r e s i s t a n c e  to 7 \  muscui? i n f e c t i o n  r e s u l t i n g  
in e l i m i n a t i o n  o f  p a r a s i tern I a 10 days e a r l i e r  than u n i r r a d i a t e d  
c o n t r o l s . The ad o p t iv e  t r a n s f e r  data  suggest  t h a t  the a c t i o n  o f  
immune spleen  c e l l s  in i r r a d i a t e d  mice is not  d i r e c t  ( c y t o t o x i c )  
but is dependent on c o l l a b o r a t i o n  w i t h  a m in im a l ly  r a d i o s e n s i t i v e  
host  component( s ) . .

Experiments designed to ex p lo re  the immune s ta tu s  o f , p o s t ­
i r r a d i a t i o n  mice revea le d  t h a t  30 days f o l l o w i n g  550rads 0Co the  
RFC responses o f  mice to  SE were recovered comple te ly  whereas RFC 
responses to  PVP were <20%, o f  u n i r r a d i a t e d  c o n t r o l s . Furthermore ,  
doses as small  as I OOrads ®Co were found to  s i g n i f i c a n t l y  i n h i b i t  
the PVP-PFC responses o f  mice 30 days f o l l o w i n g  i r r a d i a t i o n .  The 
30-day p o s t - i r r a d i a t i o n  PFC responses o f  mice to  DNP-Ovalbumin,  
a T-dependent h a p t e n - c a r r i e r  c o n ju g a te ,  were found to be >97% o f  
uni r r a d i a t e d  c o n t r o l s ,  w h i le .  30-day  p o s t - i r r a d i a t i o n  responses o f  
mice to DNP-Fi c o l l ,  a T -  independent hapten c a r r i e r  complex, were 
found to  be o n ly  < 39% o f  u n i r r a d i a t e d  c o n t r o l s .  In a d d i t i o n a l  
exp e r im e n ts , PFC responses o f  3Q-day p o s t - i r r a d i a t i o n  mice to  T-  
independeht type 2 an t ig ens  (PVP and Type I I I pneumopolysaccharide=  
SSSI I I )  were i n h i b i t e d  whereas ,  p o s t - i r r a d i a t i o n  PFC responses to  
a T - independent type I a n t ig e n  . El . c o I i L ip o p o lysacch ar id e  or  
T-dependent an t ig e n  (SE) were w i t h i n  normal co n t ro l  v a lu e s .
A dopt ive  r e p a i r  o f  mice t h a t  rece ived  SSOrads °®Co, 7 days f o l lo w in g  
i r r a d i a t i o n  w i t h  e i t h e r  bone marrow, s p leen ,  or  thymus c e l l s  re ­
vea le d  t h a t  bone marrow c e l l s  com ple te ly  r e p a i r e d  30 day post -  
i r r a d i a t i o n  PFC responses to  PVP whereas ,  spleen and thymus c e l l  . 
r e p a i re d  mice had. PVP-PFC responses o f  72.8% and 57-9% o f  normal,  
c o n t r o l s  r e s p e c t i v e l y .  C o l l e c t i v e l y  these data  suggest  t h a t  B ce l l ,  
p o pula t io ns  can be d i f f e r e n t i a t e d  by t h e i r  a b i l i t y  to recover f o l ­
lowing °®Co r a d i a t i o n ;  B c e l l  p o pu la t io ns  responsive to  T-dependent  
an t ig ens  (SE) and T - independent type I an t ig ens  (E_. col i L ip o p o ly -  
sacchar id e )  recover f u n c t i o n a l  Iy whereas B c e l l s  responsive  to  ,T-  
independent type 2 an t ig ens  (PVP and SSSI I I )  do not recover func­
t i o n a l  l y .



INTRODUCTION

P a r a s i t i c  d iseases a f f e c t  up to  one q u a r t e r  o f  the w o r l d ' s  popu­

l a t i o n ,  rep resen t  a s i g n i f i c a n t  human burden and a r e  a major  o b s ta c le  

to world  development ( 2 1 ) .  D esp i te  recent  concern d i r e c t e d  toward the  

deve loping n a t io n s  and c u r r e n t  a t t i t u d e s  o f  n a t io n a l  in terdependence,  

p a r a s i t i c  d iseases re p re s e n t  a d i s p a r a g i n g l y  neg lected  a rea  o f  in -  

f a c t i o u s  d is ease  ( 6 4 ) .  ,.The c u r r e n t  exp lo s io n  o f  biomedical  knowledge 

has y e t  to  b e n e f i t  p a r a s i t i c  d is ease  c o n t ro l  ( 21) .  In f a c t ,  in some 

areas c e r t a i n  p a r a s i t i c  d iseases a re  recrudescent  due to  the deve lop­

ment o f  d r u g - r e s i s l a n t  s t r a i n s  o f  p a r a s i t e s  and i n s e c t i c i d e - r e s i s ­

t a n t  vec to rs  ( 2 1 ) .  The e x c r u c i a t i n g l y  slow progress in the t re a tm ent  

and c o n t r o l1 o f  p a r a s i t i c  diseases  is e s p e c i a l l y  f r u s t r a t i n g ,  in t h a t  . 

most o f  the c a u s a t i v e . a g e n t s  a re  r e l a t i v e l y  simple organisms t h a t  in 

most cases a re  incapable  o f  independent l i f e  and a re  r e s t r i c t e d  to  

h i g h l y  s p e c i a l i z e d  environments provided  by two or  more success ive  

hosts ( 2 1 , 6 4 ) . .  I t  is e n t i r e l y  p o s s ib le  t h a t  o n ly  when the mechanisms 

o f  the  host  immune response to  p a r a s i t e s  a re  determined and placed  

in to  p e r s p e c t iv e  w i t h  the b io lo g y  o f  the p a r a s i t e  i t s e l f ,  t h a t  contro l  

o f  p a r a s i t i c  diseases may become a r e a l i t y  ( 1.7) .  ?

In r e c o g n i t io n  o f  the  g loba l  economic and medical  improtance o f  

t r o p i c a l  d isease  the World H e a l th  O r g a n iz a t io n  (WHO) has s e le c te d  s ix  

diseases as i n i t i a l  t a r g e t s  o f  i n t e n s i v e  research e f f o r t s :  m a l a r i a ,

s c h is t o s o m ia s is ,  t rypanosom ia s is ,  f i I a r i a s  i s ,  le p ro sy ,  and le is h m an i-
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as is (2 1 j .  T rypanosomiasis ,  included in the WHO S p e c ia l '  Programme,. ■ 

a f f e c t s  some 10 m i l l i o n  p eop le ,  8 m i l l i o n  in the w e s t e r n . hemisphere.  

( 2 1 ) .  The A f r i c a n  form o f  the d isease ,  s leep in g  s ickn ess ,  is e s t i ­

mated to be endemic oyer  12 m i l l i o n  square k i lo m e te r s  o f  land ,  most . 

o f  which is f e r t i l e ,  but  abandoned to the ravages o f  the  d isease  ( 21) .  

The South American form o f  the d is e a s e ,  Chaga1s d is e a s e ,  is u s u a l ly  

f a t a l  and may p e r s i s t  f o r  20 years o r  more ( 21) .

C urrent  knowledge o f  mechanisms' of.  Immunity to  trypanosomes 

remains f ragm entary  and p o o r ly  understood ( 60) .  In those models 

which have been s tu d ie d  most e x t e n s i v e l y ,  conclusions h a v e . f r e q u e n t l y  

been c o n t r a d i c t o r y  (1 7 ,2 .1 ,6 0 ) .  The number and com plex i ty  o f  ant ig ens  

o f  i n d i v i d u a l  t rypanosomes, t h e i r  a b 11i t y  to undergo c y c l i c  a n t i g e n i c  

v a r i a t i o n ,  and the lack o f  adequate in v i t r o  c o r r e l a t e s  have c o n t r i ­

buted to  the p a u c i t y  o f  knowledge concerning, the host  immunological  

responses to  trypanosomes ( 6 0 ) .  C o n s t r a in t s  on human, and v e t e r i n a r y  

c l i n i c a l  immunoparasito lo g y  have e l i c i t e d  an emphasis on la b o r a to r y  

animal h o s t - p a r a s i t e  systems f o r  immune response c h a r a c t e r i z a t i o n s  . 

( 6 9 ) .  ' .. . .

The use o f . t h e s e  animal models along w i t h  recent  advances In 

immunology has provided an approach to  understand the complex mecha­

nisms o f  a n t i  trypanosome res is tance . . .  The a v a i l a b i l i t y  o f  the  

Trypanosoma muscul i-rmouse model, pro v id es  a tool  f o r  the ex tens io n  of



knowledge o f  immune mechanisms in volved  in trypanosome e l i m i n a t i o n  

' from mice ( 4 4 ) .  I t  should be emphasized t h a t  t h i s  is a n a t u r a l  hos t -  

p a r a s i t e  r e l a t i o n s h i p .  Passage o f  trypanosomes through an abnormal  

host  f r e q u e n t l y  r e s u l t s  in a d i s p r o p o r t i o n a I  in crease  in v i r u l e n c e  

( 35) which can s i g n i f i c a n t l y  a f f e c t  the host  immune response ( 11) .  

Furtherm ore ,  s tu d ie s  on a r t i f i c i a l  systems o f t e n  prove d i f f i c u l t  to  

e x t r a p o l a t e  to n a t u r a l  s i t u a t i o n s  ( 6 9 ) .  The mouse model o f f e r s  the  

p o s s i b i l i t y  o f  ap p ly in g  the most c u r r e n t  and i n n o v a t iv e  techniques  

in immunology to  the i n v e s t i g a t i o n  o f  immunity to  trypansomes. In 

a d d i t i o n ,  these techniques  can be g r e a t l y  enhanced by the substan­

t i a l  number o f  inbred mouse s t r a i n s  a v a i l a b l e  (69) .

Trypanosoma muscu.l I is a .nonpathbgeni t  s t e r c o r a r i a n  trypanosome 

i n f e c t i v e  to  mice o n ly  ( 72) .  I t  is c l o s e l y  r e l a t e d  to  and morpholo­

g i c a l l y  i n d i s t i n g u i s h a b l e  from Trypanosoma le w i s ? , the typ e -sp ec ies  

o f  small  rodent  trypanosomes ( 7 2 ) .  L e p t o p s y l la  segnis (27)  and 

Nosopsyl lus f a s c i a t u s  (27)  a r e  the ar th ropod  vectors  t h a t  t ra n s m i t  

t h i s  i n f e c t i o n  in n a t u r e .  Transmission by way o f  cannabal ism has 

a ls o  been proposed, but  not  adequate ly  i n v e s t i g a t e d  ( 69) •  Laboratory  

maintenance is achieved by d i r e c t  i n j e c t i o n  o f  i n f e c t e d  blood i n t r a -  

p er i  tone'al I y  ( i . p . )  ( 69) ,  P a r a s i t e s  d i v i d e  in the p e r i p h e r a l  blood 

p r i m a r i l y  by m u l t i p l e  f i s s i o n  o f  epimast igot .es ( 12) ,  but  the most 

a c t i v e  s i t e s  o f  m u l t i p l e  f i s s i o n  o f  ep im as t ig o tes  a re  the vasa rec ta  

o f  the kidney ( 69) and the  p la c e n ta  ( 4 5 ) .  These protozoan hemofla- .



g e l l a te s  produce a s e l f - 1 I m i t i n g  p a r a s i t e m i a  which is c h a r a c t e r i z e d  

by a s e r i e s  o f  d i s t i n c t  phases. A prepatent ,  per iod o f  3 to  5 days

p o s t - i n o c u l a t i o n  ( P l )  i s . f o l lo w e d ,  by a phase o f  r a p i d l y  in c reas in g
. ' ■

p a r a s i t e m i a  in which d i v i d i n g  forms a re  present  in the p e r i p h e r a l  '

blood ( 7 2 ) .  The le v e l  o f  p a r a s i t e m ia  becomes s t a b i l i z e d , ,  u s u a l ly  

between days 8 to  10 Pl w i t h  the concommitant c l e a r i n g  o f  d i v i s i o n a l  

forms o f  the p a r a s i t e  from the p e r i p h e r a l  b lood.  Th is  is an immunolo­

g i c a l  event  t h a t  has.bgen r e f e r r e d  to  as the  " 1 s t  CRISIS" ( 7 2 ) .  The . 

1st CRISIS is t h e o r e t i c a l l y  mediated by a t  l e a s t  two d i s t i n c t  types  

of. serum f a c t o r s  ( 7 2 ) :  ( I ) T rypanocid a l  An t ib o d y-  a thymus-indepen­

dent  an t ib ody  t h a t  p u r p o r t e d ly  s e n s i t i z e s  trypanosomes to c lea ran c e  by 

the r e t i c u l o e n d o t h e l i a l  network and (2)  A b l a s t i n -  a thymus-dependent  

reproduct  i o n - i n h i b i t i n g  serum f a c t o r  f i r s t  descr ibed  by T a l i a f e r r o  

( 66) in 1938. A b l a s t i n  has the physicochemical  c h a r a c t e r i s t i c s  o f  

an. immunoglobul in, s p e c i f i c a l l y  IgG] ( 2 3 ) .  However, in the T̂ . I e w i s i -  

r a t  model , a b l a s t i n  can not  be absorbed from serum using homologous 

trypanosomes ( 1 8 ) .  . I n v e s t i g a t i o n  o f  the a b s o r b a b i l i t y  o f  a b l a s t i n in 

the T_. muscul i - m6Use model . has pot  been r e p o r t e d . ' The i.nabi I i ty  to . • 

absorb out  a b l a s t i n  a c t i v i t y  from serum using homologous trypanosomes 

has r a is e d  quest ions as to the an t ib ody  n a t u r e  o f  t h i s  serum f a c t o r  

( 1 8 ) .  Reviews o f  a b l a s t i n  and i t s  p r o p e r t i e s  a re  a v a i l a b l e  e l s e ­

where ( 8 , 1 8 , 2 3 , 5 6 ) .  Kendal l  ( 4 4 ) ,  in h is  o r i g i n a l  d e s c r i p t i o n  o f  .
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'X* m u s c u l i , noted the lack  o f  d e t e c t a b l e  a g g l u t i n a t i n g  an t ib ody  

responses to  T_. muscul i . Subsequent i n v e s t i g a t i o n s ,  o f  the e x is te n c e  

o f  an a g g l u t i n a t i n g  an t ib ody  response to _T. muscul i have produced 

c o n f l i c t i n g  r e s u l t s  ( 1 2 , 6 9 ) .  P r e c i p i t a t i n g  a n t ib o d ie s  to  both exo­

an t ig en s  and c e l l u l a r  an t ig ens  o f  musculi  have been r e c e n t l y  

re por ted  ( 2 4 ) .

By days 14 t o . 16 Pl a "2nd CRISIS" occurs which r e s u l t s  in the  

e l i m i n a t i o n  o f  the p a r a s i t e  from the p e r i p h e r a l  blood by days 20 to  

24 P I .  Al though the 1st CRISIS, is an t ib ody  mediated ( 7 2 ) ,  the  

mechanism re s p o n s ib le  f o r  the  2nd CRISIS does not  depend on a d i r e c t  

( t r y p a n o c i d a l )  an t ib ody  e f f e c t ,  but appears to be dependent on .a  

c e l l u l a r  mechanism ( 7 1 ) .  The immunity t h a t  f o l lo w s  recovery  from 

i n f e c t i o n  was thought by most i n v e s t i g a t o r s  to  be a b s o lu t e  ( 69) .  

However, the re cent  r e p o r t  o f  m u l t i p l i c a t i v e  i n f e c t i v e  p a r a s i t e s  in 

the vasa r e c t a  o f  kidneys o f  12 month-recovered  mice which were 

immune to homologous ch a l le n g e  has ra is e d  i n t e r e s t i n g  quest io ns  about  

the  n a tu re  and maintenance o f  the r e s i s t a n c e  to r e i n f e c t i o n  shown 

by these mice ( 70) .

X* musculi  is g e n e r a l l y  considered  nonpathogenic ;  para s i tem ia s  

seldom exceed I x l O - Y m l . Th is  low le v e l  o f  p a r a s i te m ia  can be drama­

t i c a l l y  increased by i r r a d i a t i o n  (37)» RES blockade ( 3 8 ) ,  sp lenec­

tomy ( 3 8 ) ,  pregnancy ( 4 5 ) ,  and T c e l l  d e p r i v a t i o n  ( 68) .  S u b l e t h a I
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doses o f  b a c t e r i a ]  endotox in  ( 23) o r  c o r t i c o s t e r o i d s  ( 56) a l s o  en­

hance I .  musculi  i n f e c t i o n .  Furthermore ,  recent  work, i n d ic a t e s  t h a t  ; 

the  at tachment o f  TV muscul i an t ig en s  to the  su r fa c e  o f  e r y t h r o c y t e s  

o f  i n f e c t e d  mice r e s u l t s  In increased e ry th fo p h a g o c y to s is  and sub­

sequent  anemia ( 3 9 ) r I t  may be a p p r o p r i a t e  to  quest io n  the nonpatho-  

gen ic  c l a s s i f i c a t i o n  o f  T. musculi  and o t h e r  rodent  t rypanosomes.

T r a n s f e r  to  mice o f  r e s i s t a n c e  to  T. muscu l i has been reported  

using Immune c e l l s  (69)  o r  immune serum ( 6 9 ) •  Adopt ive  or  passive  

t r a n s f e r  o f  immunity is more e f f i c i e n t  in normal mice than in a d u l t -  

thymectomized mice (68) .  Those components o f  the host  immune res­

ponse r e q u i s i t e  to  p r o t e c t  nude mice o r  i r r a d i a t e d  mice a g a i n s t  T. 

muscul I i n f e c t i o n  have not  been i n v e s t i g a t e d .

Trypanosome i n f e c t i o n s  lead to a suppression o f  host  immune 

responses to  va r io u s  an t ig ens  (2)  o r  mitogens ( 2 ) .  Spleen c e l l s  from 

T.  muscul I i n f e c t e d  mice have been re p o r ted  to be hyporesponsive to  

sheep e r y t h r o c y t e s  ( 2) and to  the mitogens phyto h em ag g lu t in in ,  con-  

canaval in A, and E_. col i 11popolysacchar i d e  (2)  . Suppression was 

maximal during peak p a r a s i t e m ia  and waned as the donors recovered  

from i n f e c t i o n  ( 2 ) .  Recent work im pl ies  t h a t  s o lu b le  substances  

d e r iv e d  from T  ̂ muscu l? a c t  d i r e c t l y  on B- Iymphocytes r a t h e r  than by 

a c t i v a t i n g  suppressor T c e l l s  o r  macrophages ( 3 ) •  . The e f f e c t  o f  

TV muscuIi  induced suppression on an t ig e n  p r im in g ,  development and



f u n c t i o n  o f  memory c e l l s  and ori secondary immune responses to  

va r io u s  an t ig ens  has not  been i n v e s t i g a t e d .

In o rd e r  to  f u r t h e r  d e f i n e  those mechanisms r e sp o n s ib le  f o r  the  

c o n t ro l  and e l i m i n a t i o n  o f  Ti. mu sou I i, in mice,  i t  has been my approach 

to  c h a r a c t e r i z e  the host  response to  T.  muscu l? in nude mice ( n u / n u ) , 

t h e i r  phenotyp ic a l  Iy  normal ,  thymus-bearing l i t t e r m a t e s  (NLM:. nu/+ or  

4 7 + ) ,  i r r a d i a t e d  mi ce. ( ^ C o ) , . and t rypan  b l u e - t r e a t e d  mi Ce. These, 

models were a l s o  u t i l i z e d  in s e l e c t i v e  r e c o n s t i t u t i o n  experiments  

designed to  determine those c e l l u l a r  and humoral components o f  the  

host  immune response t h a t  a re  r e q u i s i t e  f o r  the co n t ro l  and e l i m i n a ­

t i o n  o f  %. muscul? p a r a s i t e m i a .

In a d d i t i o n  to those s tu d ie s  described  above, immunological  

s tu d ie s  suggested by r e s u l t s  o b ta in ed  from, but  not p e r t a i n i n g  

d i r e c t l y  t o ,  the J .  m u scu l { -mouse model have been p resented .  The 

background l i t e r a t u r e  p e r t i n e n t  to  these s tu d ies  w i l l  be presented  

in ah a b b r e v ia te d  form in the r e s u l t s  and d iscuss io n  sec t io n s  o f  t h i s  

t h e s i s .  These data  were Inc luded due to  t h e i r  p ro v a c a t i ve na ture  

and cogency to the f i e l d  o f  immunology.



MATERIALS AND METHODS

Animals ,

BALB/c mice o f  both sexes ra ised  in .our l a b o r a t o r y  o r  purchased 

from Cumberland View Farms ( C l i n t o n ,  TN) were Used f o r  most experiments  

C o n g e n i t a l l y  th y m u s - d e f i c i e n t  mice (nu/n.U) , h e r e a f t e r  designated  nude, 

and t h e i r  n orm al , thymus-bearing l i t t e r m a t e s  (NLM: nu /+  o r  + / + ) ,  here ­

a f t e r  des ig nated  NLM, were produced from heterozygous stock  obtained  

from a l i n e  being made congenic w i t h  BALB/c mice by c r o s s - i n t e r c r o s s  

mat in g .  Nude and NLM mice used in these s tu d ies  were d e r iv e d  from 

heterozygous parents  o f  th e  12th .a nd  l | t h  g e n e r a t io n .

A l l  mice were 6 to  10 weeks old, a t  the beginning o f  exper iments .  

Groups o f  mice were c a r e f u l l y  age and sex matched w i t h i n  each i n d i v i -  . 

dual experiment. ,  ■

Al I mice were main ta in ed  on Wayne Lab-B lox ( A l l i e d  M i l l s ;  Inc.  

Chicago, IL)  and a c i d i f i e d . w a t e r .  S an ice l  I bedding(Paxton Processing  

Co.,  Paxton,  (L) was r o u t i n e l y  s t e r i l i z e d  be fore  use.

P a r a s i t e s

The P a r t i h i c o  I I s t r a i n  o f  T. muscul i (American Type C u l t u r e  

C o l l e c t i o n ,  R o c k v i l l e ;  MD) was used throughout these s t u d i e s . Para-;  

s i t e s  o r i g i n a l l y  rece iv ed  were t ra n s p o r te d  in a Dip has ic  Blood Agar  

C u l t u r e .  C u l t u r e  supern atant  f l u i d  and c e l l s  were removed and ..sub­

passaged tw ic e  through suble t h a I  I y  i r r a d i a t e d  ( SSOrads, ^ Co) mice.



On day 8 Pl o f  the second subpassage, mice were bled in t o  c h i l l e d  

A l seven 's  c i t r a t e  v i a  the r e t r o - o r b i t a l  p le xu s .  I n f e c t e d  blood was 

c e n t r i f u g e d  a t  450g a t  4 C, f o r  10 m in utes ,  the supernate d iscarded  

a n d . t h e  p e l l e t  resuspended 1:3 in A l s e v e r 's g l y c e r o l  ( 5 1 ) .  In fe c te d  

g l y c e r o l i zed blood was then t r a n s f e r r e d  in t o  I ml or  5 ml ampoules,  

the ends o f  which were f lame s e a le d ,  and q u i c k - f r o z e n  in a methanol-  

dry  ice b a th .  T\. musculi  s t a b i l a t e  m a t e r i a l  was main ta in ed  a t  -70  C 

u n t i l  Used. Al I c r y o p r e s e r v a t io n  procedures were c a r r i e d  out  under 

a s e p t i c  c o n d i t i o n s .
u

To produce a standard  Inoculum o f  3x10^ T\ muscu11, an ampoule 

o f  T.  muscu l i s tab i  l a t e  was al  lowed to  thaw a t  room tem p era tu re .  Sub- 

l e t h a l  Iy  i r r a d i a t e d  mice rece iv ed  0.2  ml o f  thawed s t a b i l a t e  v i a  i . p .  

i n j e c t i o n . . .  On days 6 to  7 P I these mice were bled in t o  c h i l l e d  A l -  

s e v e r 's  c i t r a t e .  7 \  musculI '  in fe c te d  blood was washed t h r e e  times, in. 

c h i l l e d  phosphate b u f fe r e d  s a l i n e  supplemented w i t h  2%. normal mouse 

serum. The c o n c e n t r a t io n  o f  trypanosomes In the p r e p a r a t i o n  was d e t e r ­

mined using a Neubauer rr u le d  counting chamber and a f o r m a l i z e d  d i ­

l u t i n g  b u f f e r  ( 7 3 ) •  The suspension was ad ju s ted  to a c o n c e n t r a t io n  o f  

3x10^ trypanosomes/ml o f  b u f fe r e d  s a l i n e .  Mice were i n f e c t e d  w ith ,  a 

standard  inoculum o f  3x10^ T .  muscul i in 0 .1 ml o f  b u f f e r e d  s a l i n e  

v i a  i . p .  i n j e c t i o n .  I n j e c t i o n s  were performed using a I ml d is po-  . 

sab le  sy r in g e  and a 23 ga needle .
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To produce a p r e p a r a t i o n  o f  %. musculi  s u i t a b l e  f o r  use in the  

a b so rb t io n  o f  var io u s  T\ m u s c u l ! - s p e c i f i c  a n t i s e r a ,  s t a b ! Ia t e s  were  

subpassaged in to  sub l e t h a l  Iy  (5 5 0 r a d s , ^®Co) I r r a d i a t e d  mice.  On 

days 12 to 14 P I ,  i n f e c t e d  mice were bled in to  c h i l l e d  h ep a r in i z e d  

s a l i n e  (74)« trypanosomes were separated  from the blood components 

by d i f f e r e n t i a l  c e n t r i f u g a t i o n  (25.) • P a r a s i t e  p o p u la t io ns  obta ined  

f rom the  blood o f  i r r a d i a t e d  mice contained  315% to 50% d i v i d i n g  forms

E v a lu a t io n  o f  P a ra s i te m ia

Each mouse. In each exper im enta l  group was bled from the  t a i l  on 

var io u s  days a f t e r  T .  muscul i ' . i n f e c t  i o n . A s i n g l e  drop o f  blood Wds 

used to  make a t h i n - b l o o d  smear using a bevel-edged  microscope s l i d e  

(VWR S c i e n t i f i c ) .  T h i n-b lood smears were al lowed to a i r  dry and were  

f ixed ,  in methanol f o r  f i v e  minutes.  Fixed smears w e r e . t h e n  Giemsa- 

s ta in e d  f o r  20 minutes using a 10% Giemsa s o l u t i o n  (20 ml t i f  stock  

Giemsa s o l u t i o n / 2 0 0  ml d i s t i l l e d  HgO). S l id e s  were then dipped in . 

d i s t i l l e d  w a te r  and b l o t t e d  d ry .  S l i d e s  were eva lu a ted  on a Zeiss  

l i g h t  microscope using the 40x o b j e c t i v e .  T h i r t y ,  high power f i e l d s  

were examined f o r  each mouse .for  each day the p a r a s i t e m ia  was moni­

t o r e d .  Levels o f  p a r a s i t e m ia  f o r  each mouse were recorded as the  

number o f  organisms per high power f i e l d  (0/ .HPF).

P a r a s i t e  reproduct io n  was a l s o  monitored throughout the  d u r a t io n  

o f  p a r a s i t e m i a .  The. trypanosome p o p u la t io n  was c l a s s i f i e d  in t o  two



groups:  I )  Nondivi .ding p a r a s i t e s  (T rypbmast igotes )  ; 2) D i v i d i n g  p ara ­

s i t e s  ( p a r a s i t e s  less than 25 ym in le n g t h ,  e p im a s t ig o t e s ,  or  trypomas-  

t i g o t e s  w i t h  m u l t i p l e  o r g a n e l l e s ) .  R epro duct ive  a c t i v i t y  was reported

percent  d i v i d i n g  forms (%DF= no. o f  d i v i d i n g  trypansomes counted .
t o t a l  no. o f  trypanosomes counted

P a ras i tem ias  were monitored  every  2 to 5 days f o r  t h e . d u r a t i o n  o f  the

i n f e c t i o n .

Immune Sera

To o b t a i n  va r io u s  s p e c i f i c  immune sera  or  normal c o n t r o l  sera ,

T. m u s c u l i - i n f e c t e d ,  T . m u s c u l ! - r e c o v e r e d ,  or  normal mice were bled v i a
-  . -------------  '  — ;---------:-----  ■ .

the r e t r o o r b i t a l  p le xu s .  A l l  blood was l e f t  to c l o t  a t  room tempera­

t u r e  f o r  I h r ,  s to red  a t  4 ° C f o r  an a d d i t i o n a l  12 h r s ,  a n d . c e n t r i f u g e d  

f o r  serum c o l l e c t i o n .  Unless o th erw ise  s t a t e d *  a l l  sera  were i n a c t i ­

va ted  a t  56°C f t i r  30 minutes b e fo re  f i n a l  s torage  a t  - 7 0 ° C . .  Three  

d i f f e r e n t  types o f  T\  m u s c u l i - s p e c i f i c a n t i s e r a  were prepared and used 

In these s t u d i e s :  ( I )  AbV- llA b l a s t i c 11 an t iserum o b ta in ed  on day 18

Pl from mice t h a t  had rece iv ed  3x10^ T_. muscul i i . p . ; (2)  I RS- Immune
; ' ' . 

recovered serum o b ta in ed  on day 28 Pl f rom mice t h a t  rece iv ed  3x l 04

T. muscul I i . p . ;  (3)  H I S-  Hyperimmune serum from mice t h a t  rece ived

L '
an i n i t i a l  I n j e c t i o n  o f  3x10 T.  muscul i and two a d d i t i o n a l  i n j e c t i o n s

Ia.'o f  3x 1O  ̂ %. muscul I • ,  a t  one week i n t e r v a l s ,  subsequent to recovery  

from the i n i t i a l  i n j e c t i o n  o f  p a r a s i t e s .
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When ab so rp t io n  o f  a n t i s e r a  was necessary ,  a c o n c e n t r a t io n  o f  

Ix lO ^ trypanosomes was added per ml o f  a n t i s e r a ,  and incubated a t  

4°C f o r  30 minutes .  A n t i s e r a  were recovered fo l l o w i n g  c e n t r i f u g a t i o n  

and absorbed two more t imes .

in pass ive  t r a n s f e r  experiments u t i l i z i n g  a n t i s e r a ,  r e c i p i e n t s  . 

(nude and NLM mice)  rece iv ed  3x10 I .  musculi  i . p. a t  the. i n i t i a t i o n  

o f  the experiment  and were main ta in ed  on an ant iserum reg imen,  o f  

0.25  ml o f  a p p r o p r i a t e  an t iserum in t r a v e n o u s ly  ( i . v . )  every f i v e  days 

f o r  the  d u r a t io n  o f  the  experim ent .  As c o n t r o l s ,  some mice rece ived  

normal mouse serum in p lace  o f  immune serum.

Thymus G la n d - G r a f t in g  o f  Nude Mice 

Nude mice 4 to  6 weeks, o ld  were a n e s t h e s i zed w i t h  sodium penta -  

b a r b i t o l  (Abbott  L a b o r a t o r i e s ) ,  g r a f t e d  w i t h  thymus glands f r o m , 4-  

day-o ld .B ALB/c  mice using the technique  e s t a b l is h e d  by Dukor e t  a l .  

( 22) ,  and a l lowed  to  convalesce  a t  l e a s t  42 days b e fo re  t h e i r  use in 

exper iments.  To assess ..thymic f u n c t i o n  r e p r e s e n t a t i v e  NLM, thymus 

g l a n d - g r a f t e d  nude (Nu-TG) and nude mice were assayed by the l o c a l i z e d  

h e m o l y s i s - i n - g e l  assay ( 53) 5 days a f t e r  immunizat ion w i t h  sheep 

e r y t h r o c y t e s  ( S E ) .

I r r a d i a t i o n  o f  Mice

Mice rece iv ed  v a r y in g  doses o f  y - i r r a d i a t i o n  in c e r t a i n  e x p e r t -
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merits described  in these s t u d i e s .  A P ic k e r  M-MbO w i t h  a ^0Co. source  

was u t i l i z e d  in these exp e r im e n ts . Approximate d e l i v e r y  r a t e  o f  the  

source was 7 0 r a d s /m inute .  P l a s t i c  ho ld ers  w i t h  i n d i v i d u a l  compart­

ments were used to  immobi l iz e  mice during  exposure to the ^ C o  source  

Skin to  source d is t a n c e  was 70 cm.

A dopt iv e  T r a n s fe r s

S in g le  c e l l  suspensions were prepared  from the spleen  or  thymus 

o f  J .  muscul{ - recovered o r  normal mice ( 7 4 ) .  In a d d i t i o n ,  s i n g l e  

c e l l  suspensions o f  bone marrow were prepared from normal mice ( 74) .  

Al I c e l l s  were washed once in c h i l l e d  phosphate b u f fe r e d  s a l i n e ,  r e ­

suspended to  the a p p r o p r i a t e  c o n c e n t r a t i o n , and i n j e c t e d  i . v .  in a 

t o t a l  volume o f  0.5  ml to  0.75  ml depending on the n a tu re  o f  the c e l l  

p r e p a r a t i o n .

C e r t a i n  experiments r eq u i red  thymus c e l l - r e c o n s t i t u t e d  nude mice 

Dispersed thymus c e l l s  were obta in ed  from thymus glands o f  5- day -o ld  

BALB/c donors by f o r c i n g  the glands through 80 mesh s t a i n l e s s  s tee l  

screens (Ambac I n d u s t r i e s , I n c . ,  D e t r o i t ,  Ml) in c h i l l e d  phosphate  

b u f fe r e d  s a l i n e  co n ta in in g  2% normal mouse serum. C e l l s  were enumer­

ated and assayed f o r  v i a b i l i t y  by a t rypan blue e x c lu s io n  t e s t  ( 10) ;
O

subsequent ly ,  1x 10°  v i a b l e  thymus c e l l s  w e r e i n j e c t e d  i . v .  i n t o  each 

r e c i p i e n t  nude mouse. ThymUs c e l l - r e c o n s t i t u t e d  nude mice (Nu-TC)



were used in experiments 21 days a f t e r  c e l l  t r a n s f e r .

R ec ip ie n ts  o f  c e l l s  prepared in t h i s  manner were nude mice,  NLM, 

o r  NLM which had rece iv ed  sub l e t h a l  I r r a d i a t  ion ( 5 5 0 r a d s , ^®Co) 2k hrs 

p r e v i o u s l y .  in some exp e r im e n ts , mice rece iv ed  3x 10  ̂ T \  musculi  a t  

the t ime  o f  c e l l  t r a n s f e r .

Trypan Blue Treatment

In exper iments  designed to  de te rm in e  the r o l e  o f  macrophages in 

the e a r l y  co n t ro l  and f i n a l  e l i m i n a t i o n  o f  J .  m u s c u l i , t rypan blue  

was u t i l i z e d  to  a l t e r  macrophage f u n c t i o n  ( 3 0 - 3 4 , 4 6 )  o f  NLM and nude, 

mice.  Al I mice rece iv ed  an I n i t i a l  I . p .  i n j e c t i o n  o f  4 . 0  mg o f  t rypan  

b lu e  in s a l i n e  24 hrs b e f o r e  T. muscul i i n f e c t i o n  and 1.0 mg o f  t rypan  

blu e  in s a l i n e  i . p .  3 hrs b e fo re  T. muscul i i n f e c t i o n .  A f t e r  r ece iv in g  

3x 10** %. muscul I i . p .  t rypan  b l u e - t r e a t e d  mice were m a in ta in ed  on a 

regimen o f  1.0 mg t rypan b lu e  in s a l i n e ,  subcutaneously ( s . c . ) ,  every  

72 hrs f o r  th e  d u r a t i o n  o f  the experiment .

- Ant igens and Immunizat ions

Sheep e r y t h r o c y t e s  (SE) and burrow e r y t h r o c y t e s  (BE) were obta in ed  

f rom the  Colorado Serum C o . , Denver, CO. Mice were g iven  a pr imary  

( I 0 ) i n j e c t i o n  o f  0.25  ml o f  a 10% suspension o f  washed e ry th r o c y te s  

(SE or BE) v i a  the l a t e r a l  t a i l  v e i n .  When secondary ( 2 ° )  I n j e c t i o n s  

were r e q u i r e d ,  a s i m i l a r  i n j e c t i o n  o f  e r y t h r o c y t e s  was g iven  21 days
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f o l l o w i n g  the 1°  i n j e c t i o n .

P o l y v i n y l p y r r o l i d o n e  (PVP) used f o r  immunizat ion (GAP C o rp o ra t io n ,  

New York ,  NY) had an average m o lecu la r  w e ig h t  o f  360 ,0 00  (des ignated  

PVP K90 by m a n u f a c t u r e r ) . PVP K90 was d is s o lv e d  in phosphate b u f fe red  

s a l i n e  a t  a c o n cen t ra t io n  o f  I yg/ml  and 0.25  U9 was i n j e c t e d  in 0.25  

'ml .

Type I I I  pneumococcal p o lysacch a r id e  ( S S S - I I l )  was k i n d l y  donated 

by Dr. P h i l l i p  J . Baker,  Laboratory  o f  M i c r o b i a l  Immunity,  N a t io n a l  

I n s t i t u t e s  o f  A l l e r g y  arid I n f e c t i o u s  D isease s,  NIH,  Bethesda,  MD. In 

those experiments r e q u i r i n g  I the in d u ct io n  o f  low dose t o l e r a n c e  ( 7)

to SSS-I I I ,  iriice were primed w i t h  0.01 yg SSS-111 t ..p. In s a l i n e  and
<  - ' •

subsequent ly cha l lenged  w i t h  0 . 5  yg SSS-111 i . p .  in s a l i n e .  In o th er

experiments mice rece iv ed  on ly  a P  dose o f  0 . 5  yg o f  S S S - I I I  I . p .  in 

s a l i n e .  S S S - I I l  s p e c i f i c  an t ib ody  responses were .d e te rm in ed  5 days 

a f t e r  the l a s t  S S S - I I I  I n j e c t i o n .

L ip o p o iysacch ar id e  (LPS) e x t r a c t e d  from IE. col l was suppl led by 

Dr.  J .A .  Rudbach, Department o f  M i c r o b io lo g y ,  U n i v e r s i t y  o f  Montana,  

M isso u la ,  MT. Mice were g iven  1.0 yg LPS. in  s a l i n e  i . v .  and the.magni­

tude o f  the L P S - s p e c i f i c  an t ib ody  response was determined f i v e  dayS 

f o l l o w i n g  immunizat ion using the s l i d e  m o d i f i c a t i o n  o f  the Jerne  

plaque techn iq ue .

Both 2 , l f - d i n i t rd phenol-ova . lbumin (DNP-Ova) and 2 , 4 - d i n i t r o p h e n o l -
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F i c o l l  (D N P - F i c o l l )  were generously provided  by Dr. Jacques C h i l l e r ,  

Department o f  M ed ic in e ,  N a t io n a l  Jewish H o sp i ta l  and Research Center ,  

Denver,  CO. Mice rece iv ed  a 1° dose o f  400 yg o f  DNP-Ova in 0 . 2  ml 

o f  Complete Freund's  Adju vant  (Glbco)  i . p .  Other mice rece iv ed  a 5 

yg 1° dose o f  DNP-Fi col I in 0 . 2  ml o f  s a l i n e  i . p .  E ig h t  days a f t e r  

immunizat ion w i t h  DNP-Ova or  f i v e  days a f t e r  immunization w i t h  DNP- 

F ico l  I ,  PFC responses were determined using TN P- I in ked  SE ( 4 1 ) .

Plaque Assays

Plaque forming c e l l s  (PFC) s p e c i f i c  f o r  BE, SE, PVP, SSS-I I I ,  LPS, 

or TNP were d e tec ted  by a s l i d e  m o d i f i c a t i o n  o f  the l o c a l i z e d  hemoly­

s i s - i n - g e l  techniq ue  ( 5 3 ) .  R o u t i n e l y ,  the  magnitude o f  the  PFC re ­

sponse to each an t ig e n  was determined f i v e  days f o l l o w i n g  the l a s t  

immunizat ion w i t h  the excep t io n  o f  DNP-Ova. DNP-Ova an t ib ody  res­

ponses were determined e i g h t  days f o l l o w i n g  immunizat ion.

The procedure f o r  co a t in g  SE.w i t h  PVP has been described  e l s e ­

where ( 4 8 ) .  To d e t e c t  the magnitude o f  .PFC responses a f t e r  immuniza­

t i o n  w i t h  DNP-Ova or  DNP-F ic o l l ,  2 , 4 , 6- t r i n i t r o b e n z e n e  s u l f o n i c  acid  

(Eastman Kodak) was l in k e d  to  SE using the R i t t e n b e r g - P l a t t  technique  

( 4 0 ) .  Most ly  i n d i r e c t  ( IgG) plaques were obta in ed  w i t h  DNP-Ova w h i l e  

mostly d i r e c t  ( IgM) plaques were o b ta in ed  w i t h  DNP-Ficol I using t h i s  

t echn iq ue .

In those plaque experiments t h a t  req u i red  the d e t e c t i o n  o f  in -
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d i r e c t  plaque ( IgG) fo r m a t i o n ,  r a b b i t  an t i -mouse immunoglobulin was 

used to  f a c i l i t a t e  i n d i r e c t  plaque fo rm at io n  ( 4 8 ) .  Counts o f  i n d i r e c t  

plaques were recorded as the  d i f f e r e n c e  between the t o t a l  number o f  

plaques and the number o f  d i r e c t  p la q u e s .

C e l l u l a r  Immunological Assay

C e l l - m e d i a t e d  Immune competence o f  T_. muscul i - 1 n fe c te d  (day 14 

P i )  mice was determined by measuring d e la y e d - t y p e  h y p e r s e n s i t i v i t y  

responses to l - f l u o r o - 2 , 4 - d i n i t r o b e n z e n e .  I n d i v i d u a l  responses, o f  

i n f e c t e d  and u n in fe c te d  mice were e v a lu a ted  using an ear  s w e l l in g  

assay described  by Moorehead e t  a l . ( 5 8 ) .  Measurement o f  ear  s w e l l in g  

was made w i t h  a S c h n e l l t p s t e r  micrometer  (H.C.  K ro e p l in  GMBH, Hessen,  

Germany) and was re por ted  as percent  Increase  over a p p r o p r i a t e  con­

t r o l s  ( 58) .

S t a t i s t i c s

R esults  o f  experiments in which RFC responses, were determined,  

were presented  as the a r i t h m e t i c  mean o f  PFC/spleen or  PFC/10^ spleen  

c e l l s .  Results  o f  ear  s w e l l in g  assays were presented as the mean per ­

cent  i n c r e a s e ,o v e r  a p p r o p r i a t e  normal c o n t r o l s .  In both instances ,  

d i f f e r e n c e s  between a r i t h m e t i c  means were judged to be s i g n i f i c a n t  

o nly  i f  p va lues  were < . 0 5  as assessed by the S tu d e n t 's  t  t e s t .



RESULTS

Thymus dependency o f  TT. muscul i e l i m i n a t i o n
from mice

As a p r e l i m i n a r y  step in the  e l u c i d a t i o n  o f  the mechanisms in ­

volved  in %. muscu l? e l i m i n a t i o n  from m ice,  the importance o f  thymus 

competence in the immune response to  T. muscul i was determ in ed.

Groups o f  nude mice,  thymus g l a n d - g r a f t e d  nude mice (N u-TG ) , NLM mice,

or. i r r a d i a t e d  ( 5 5 0 r a d s , ^ C o ) .  NLM mice were in fe c te d  by i . p .  i n j e c t i o n  

Il
o f  3x10 T\ rouscuI i • E v a lu a t io n  o f  0/HPF and %DF was begun on day 4 

Pl and re p o r ted  as an a r i t h m e t i c  mean f o r  each t rea tm en t  group f o r  

each day and p a r a s i t e m ia  was monitored .  The r e s u l t s  ( F ig u r e  I )  show 

t h a t  by day 4 Pl a l l . m i c e  demonstrated d e t e c t a b l e  p a r a s i t e m i a s ,  w i t h  a 

remarkably high p a r a s i t e m ia  being observed in i r r a d i a t e d  mice.  I r r a ­

d i a t e d  mice were dead by day 10 P I ,  e x h i b i t i n g  p a r a s i te m ia  as high as 

350 0/HPF. As e a r l y  as day 10 Pl t h e r e  was a d i s c e r n i b l e  d i f f e r e n c e  

between thymus-bearing (NLM and Nu-TG) mice and nude mice.  NLM and 

Nu-TG mice c le a re d  the p a r a s i t e m ia  from the blood by day 24 P I .  ,In 

marked c o n t r a s t , nude mice not  on ly  m a in ta in ed  a h i g h e r . p a r a s i t e m i a ,  

but a ls o  susta in ed  t h i s  h ig h er  p a r a s i t e m ia  f o r  as long as day 85 P I ,  

the  extend o f  exper im enta l  o b s e r v a t io n .  D iv id in g  p a r a s i t e s  were ob­

served throughout nude i n f e c t i o n s  ( F i g u r e  2) w h i l e  in NLM and Nu-TG 

mice,  %DF was markedly reduced by day 16 Pl (F ig u re  2 ) .

In o r d e r  to  assess the g e n e r a t io n  o f  thymus f u n c t i o n  in Nu-TG



19



F ig u r e  I .  T.  muscuii  p a r a s i t e m ia  in the blood o f  NLM, nude, Nu-TG,

6n
and i r r a d i a t e d  mice ( 550rad s ,  Co) .  Each v a lu e  represents  

the  a r i t h m e t i c  mean o f  two experiments w i t h  no fewer  than 

s i x  mice in any exp er im en ta l  group.
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F ig u r e  2.  Percent  d i v i d i n g  forms in T. muscui? p a r a s i t e m ia  in NLM, 

nude, Nu-TG, and i r r a d i a t e d  ( 5 5 0 r a d s , ^0Co) mice.  Each 

v a lu e  re p resen ts  the a r i t h m e t i c  mean o f  two experiments  

w i t h  no fewer  than s i x  mice in any exp er im en ta l  group.
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mice,  r e p r e s e n t a t i v e  NLM, Nu-TG, and nude mice were assayed f o r  t h e i r  

a b i l i t y  to  respond to  the  thymus-dependent a n t ig e n ,  sheep e ry throcy tes '  

(SE) .  F iv e  days f o l l o w i n g  immunizat ion w i t h  SE, spleens were assayed 

f o r  S E - s p e c i f i c  PFC using the  l o c a l ! z e d - h e m o l y s i s - i n - g e l  assay ( 5 3 ) .

The PFC responses (Tab le  I )  o f  nude and NLM mice were 3^5 PFC/spleen  

and 2 5 , 5 6 2 / s p l e e n  r e s p e c t i v e l y .  Thymus g l a n d - g r a f t e d  nude mice re ­

sponses w i t h  16,000 PFC/spleen .  These o b serva t io ns  e s t a b l i s h e d  t h a t  

thymus f u n c t i o n  was g enerated  in Nu-TG mice.

These data  support  the concept  t h a t  the c le a ran c e  o f  T\ musculi  

p a r a s i t e m ia  from the blood o f  mice is a thymus-dependent e ven t .  A l ­

though nude mice were not  capable o f  e l i m i n a t i n g  T_. muscul i p a r a s i t e ­

mia ,  they were capab le  o f  e x e r t i n g  some c o n t ro l  over the  e a r l y  p a r a s i ­

temia when compared to  i r r a d i a t e d  (550rad s ,  ^ C o )  mice.

E f f e c t  o f  Trypan Blue on the E a r l y  co n t ro l  o f  T\  musculi  
I n f e c t i o n  in.Nude and Normal Mice

Because nude mice are  known to e x h i b i t  a p a r a d o x i c a l l y  high leve l  

o f  a c t i v a t e d  macrophage a c t i v i t y  (13)  and demonstrate an e a r l y  non­

s p e c i f i c  co n t ro l  o f  T\  muscul i i n f e c t i o n  (F ig u re  I ) ,  the p o s s i b i l i t y  

was in v e s t i g a t e d  t h a t  e a r l y  n o n s p e c i f i c  co n t ro l  o f  T_. muscul i in mice 

may be due, a t  l e a s t  in p a r t ,  to macrophages.

th e  use o f  t rypan b lu e  to a l t e r  macrophage f u n c t i o n  ( 3 0 - 3 4 , 4 6 )  o f  

nude mice and NLM mice a l lows an e v a l u a t i o n  o f  the importance o f  macro-
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T a b l e . ! .  SE-spec i f i c  RFC response o f  nude, NLM and Nu-TG mice3

"  1 . Group. D i r e c t  SE-PFC/Sp.leeh

Nude 345

NLM 25 ,562

b
Nu-TG - 16,000

3 Mice were immunized w i t h  0 . 2 5  ml o f  a 10% suspension o f  SE i . v .
Mice, were assayed . for . SE-PFC f i v e  days a f t e r  . immunizat ion.  Results  
are  expressed as the number o f  d i r e c t  ( IgM) PFC/Spleen.

b Nu-TG m i te  were immunized 10 weeks a f t e r  thymus g r a f t i n g .
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phages in the e a r l y  n o n s p e c i f i c  c o n t r o l  o f  I .  musculi  p a r a s i t e m i a .

Groups o f  nude mice and NLM mice were in je c t e d  i . p .  w i t h  4 . 0  mg 

o f  t rypan  b lu e  in s a l i n e  24 hrs b e fo re  T. muscul i i n f e c t i o n  and 1.0  mg 

o f  t rypan  b lu e  i . p .  in s a l i n e  3 hrs b e fo r e  T. muscu l? i n f e c t i o n .  These 

t rypan  b l u e - t r e a t e d  mice,  as w e l l  as i r r a d i a t e d  mice ( 5 5 0 r a d s , ^ C o )  

and a p p r o p r i a t e  c o n t r o l s  were i n f e c t e d  by i . p .  i n j e c t i o n  o f  3x10^

%. muscul I . Trypan b l u e - t r e a t e d  mice were mainta in ed  on a regimen o f  

1 .0  mg o f  t rypan  b lu e  s . c .  every  72 hrs f o r  the d u r a t io n  o f  the e x p e r i ­

ment. E v a lu a t io n  o f  0/HPF f o r  each mouse in each group was begun on 

day 4 Pl and data  were recorded as group means ( a r i t h m e t i c )  f o r  each 

day the p a r a s i t e m ia  was monitored .

By day 4 Pl a l l  mice were found to  have d e t e c t a b l e  p a r a s i t e m ia s .  

The r e s u l t s  (F ig u r e  3) show t h a t  as e a r l y  as day 6 Pl t rypan  b lu e -  

t r e a t e d  nude mice (Nude/Trypan b lu e)  e x h i b i t e d  a high le v e l  o f  para ­

s i t e m i a  t h a t  was s t r i k i n g l y  s i m i l a r  to  the high le ve l  o f  p a r a s i te m ia  

observed in i r r a d i a t e d  mice ( F ig u re  3 ) •  U n t r e a te d ,  _T. muscul i - i n f e c -  

ted nude mice (N u d e ) , w h i l e  m a in ta in in g  an e a r l y  co n t ro l  over  p a r a s i ­

tem ia ,  e v e n t u a l l y  developed high l e v e l s  o f  p a r a s i te m ia  t h a t  culminated  

in t h e i r  death by day 30 P I .  Trypan b l u e - t r e a t e d ,  u n in f e c t e d  nude 

mice were observed to  l i v e  up to  45 days w h i l e  main ta in ed  on the t r y ­

pan b lu e  regimen d e s c r ib e d .  Furthermore ,  by day 8 Pl t h e r e  was a 

marked d i f f e r e n c e  between t rypan  b l u e - t r e a t e d  NLM mice (NLM/Trypan blue)
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F ig u r e  3. T . muscuI i  p a r a s i te m ia  in the p e r i p h e r a l  blood o f  NLM, 

NLM/Trypan b lu e ,  Nude, Nude/Trypan b lu e ,  and i r r a d i a t e d  

(550 rad s ,  ^®Co) mice.  Each v a lu e  represents  the a r i t h ­

m et ic  mean o f  two experiments w i t h  no fewer than s i x  mice  

in each exper im enta l  group.
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and t h e i r  u n t r e a t e d ,  i n f e c t e d  c o n t r o l s  (NLM). NLM/Trypan blue mice 

e x h i b i t e d  a loss o f  e a r l y  c o n t ro l  c h a r a c t e r i z e d  by an acute  r i s e  in 

l e v e l s  o f  p a r a s i t e m ia  by day 8 P I .  • However, by d a y . 12 PI.  t h e r e  was 

an e q u a l l y  acu te  decrease in p a r a s i t e m ia  fo l lo w ed  by a 10 day delay  

in the f i n a l  c le a ra n c e  o f  p a r a s i t e s  from the p e r i p h e r a l  blood o f  

NLM/Trypan blue mice.

These d a ta  support  the hypothes is t h a t  the e a r l y  n o n s p e c i f i c  

c o n t ro l  o f  T\ muscu11 p a r a s i t e m ia  in mice may be due, a t  l e a s t  in 

p a r t ,  to. macrophages. . Treatment  b f  both nude and NLM mice, w i t h  t r y -  . 

pan b lu e  was found to  a b l a t e  the e a r l y  c o n t ro l  over T\  musculI  para ­

s i t e m i a .  Trypan blue t re a tm e n t  did not  p revent  the development o f  

acquired  immunity, and the  subsequent decrease in p a r a s i t e m ia  in NLM/ 

Trypan b lu e  mice.  '

. . A dopt iv e  Repair  o f  T .  muscul i E l i m i n a t i o n  
P o t e n t i a l  In Nude Mice

With the  thymus-dependency o f  T.  muscul i e l i m i n a t i o n  from mice 

f i r m l y  e s t a b l i s h e d ,  ad o p t iv e  t r a n s f e r  experiments were designed to  

i d e n t i f y  those c e l l  pop u la t io n s  capable o f  r e p a i r i n g  e l i m i n a t i o n  po- - 

t e n t i a l  In nude mice.  Previous i n v e s t i g a t i o n s  in v o lv in g  ad opt iv e  

t r a n s f e r s  in normal mice ( J l )  and In a d u l t  thymectomized mice (68)  were  

complicated  by the r e c i p i e n t ' s own thymus competence making i n t e r ­

p r e t a t i o n  o f  the r e s u l t s  d i f f i c u l t .  The aval  l a b i l i t y  o f  nude mice
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al lowed a more c r i t i c a l  e v a l u a t i o n  o f  the in f lu e n c e  o f  va r io u s  c e l l  

po p u la t io n s  on J .  musculi  p a r a s i t e m ia .

Groups o f  I .  muscul! I n f e c t e d  nude and NLM mice were i n j e c t e d  w i t h

e i t h e r  immune (see m a t e r i a l s  and methods) or  normal spleen c e l l s

8. (.1x10 , i . v . ) a t  the t ime o f  i n f e c t i o n .. . Other muscul ? in fe c te d  

nude mice rece iv ed  immune or  normal thymus c e l l s  (1x10®, i . v . )  a t  the  

t ime o f  i n f e c t i o n .  NLM c o n t r o l s  were a l s o  g iven  immune thymus c e l l s  

a t  the t ime  o f  i n f e c t i o n .  E va lu a t io n  o f  0/HPF was begun on day 4 P I .  

The r e s u l t s  (F ig ures  4 and 5 ) show t h a t  a l l  c e l l  pop u la t io n s  I n v e s t i ­

gated were a b le  to g en era te  T. muscul i e l i m i n a t i o n  p o t e n t i a l  in nude 

mice.  Nude mice t h a t  rece iv ed  no c e l l s  e x h i b i t e d  e a r l y  co n t ro l  over  

the i n i t i a l  p a r a s i t e m i a ,  but  eventual  Iy  deve loped.an  i n c r e a s i n g  para ­

s i t e m i a  t h a t  cu lm in ated  In t h e i r  death by day 13 P I .  Immune spleen  

c e l l s  were more e f f i c i e n t  in g e n era t in g  Ti. muscul i e l i m i n a t i o n  poten­

t i a l  in nude mice than a n y . o t h e r  c e l l  p o p u la t io n  i n v e s t i g a t e d .  Nude 

mice t h a t  received. immune spleen  c e l l s  were a b le  to e l i m i n a t e  the  

p a r a s i t e m ia  by day 20 P I ,  20 days, e a r l  I e r  than nude mice r e c e iv in g  

e i t h e r  Immune thymus c e l l s  or  normal thymus c e l l s ,  and 15 days e a r l i e r  

than nude mice t h a t  rece iv ed  normal spleen  c e l l s .  NLM c o n t r o l s  t h a t  

rece ived  immune spleen c e l l s  ( F ig u re  5) a l s o  showed a dram at ic  de­

crease in l e v e l s  o f  paras I tern I a w i t h  e l i m i n a t i o n  o f  Ti. muscul I by day 

9 P L
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F ig u r e  4. T.  muscul i p a r a s i t e m ia  in nude mice r e c e iv in g  immune

thymus c e l l s  ( N U / I T C ) , normal thymus c e l l s  (NU/NTC), immune 

spleen  c e l l s  ( N U / I SC) , normal spleen c e l l s  (NU/NSC), or  no 

c e l l s  (NUDE) . Each v a lu e  re p resen ts  the  a r i t h m e t i c  mean 

o f  two experiments w i th  no fewer than s i x  mice in any .

• ' exp er im en ta l  group.  ' V
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F ig u r e  5- T_* muscui i p a r a s i t e m i a  in NLM mice r e c e i v i n g  immune

thymus c e l l s  ( N L M / IT C ) , immune spleen c e l l s  (NLM/ISC),  

o r  no c e l l s  (NLM). Each v a lu e  represents  the  a r i t h m e t i c  

mean o f  two exper iments  w i t h  no fewer than s i x  mice in 

any exp er im en ta l  group.
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These data  c l e a r l y  i n d i c a t e  t h a t  nude mice a re  i n capable o f  e l i ­

m ina t in g  T\ rnuscul?, but  t h a t  a d o p t ive  t r a n s f e r  o f  immune or  normal 

p o p u la t io n s  o f  c e l l s  o b ta in ed  from the spleen or  thymus o f  NLM mice 

a r e  capab le  o f  g e n e r a t in g  rnusculi e l i m i n a t i o n  p o t e n t i a l  in nude, 

mice.

E f f e c t  o f  Pass ive T r a n s f e r  o f  Immune Sera on 
T\ rnusculi p a r a s i te m ia  in Nude and NLM mice

I t  has been suggested t h a t  the i n i t i a l  immune c o n t ro l  o f  Ty 

rnusculi p a r a s i t e m ia  is an t ib ody  mediated ( 7 2 ) .  Th is  e v e n t ,  r e f e r r e d  

to  as the  1st  CRISIS,  is thought to be the r e s u l t  o f  the c o o p e r a t iv e ,  

a c t i o n  o f  a thymus-independent t ry p a n o c id a l  ant ibody,  and a thymus-  

dependent a b l a s t i c  serum f a c t o r  ( 6 7 - 7 2 ) .  Previous r e p o r ts  have in ­

d ic a te d  t h a t  both a b l a s t i n  and t ryp an o c id a l ,  an t ib ody  a r e  found in the  

serum o f  mice 18 days a f t e r  T.  rnusculi i n f e c t i o n .  Day 18 Pl serum 

w i l l  h e r e a f t e r  be des ig nated  a b l a s t i c  an t iserum ( A b l ) . Other reports  

i n d i c a t e  t h a t  by day 28 Pl o n ly  the t r y p a n o c id a l  an t ib ody  can be de­

te c te d  in mouse serum ( 6 9 ) .  Day 28 Pl mouse serum w i l l  h e r e a f t e r  be 

desig nated  immune recovered serum ( I R S ) .

In o r d e r  to  d e f i n e  those mechanisms re sp o n s ib le  f o r  the i n i t i a l  

immune c o n t ro l  o f  T_. rnuscul i by the h o s t ,  passive  t r a n s f e r  experiments  

were designed to  examine the e f f e c t s  o f  immune sera on Ty rnusculi . 

p a r a s i te m ia  in nude mice and t h e i r  NLM c o n t r o l s .



Groups o f  JT. muscul i  i n f e c t e d  nude mice and NLM c o n t r o l s  received  

0 . 2 5  ml o f  e i t h e r  Abl o r  I RS ( i . v . )  a t  the t ime o f  i n f e c t i o n .  Mice  

in fe c te d  w i t h  normal mouse serum (NMS) served as c o n t r o l s . Mice were 

maintained,  on a regimen o f  0.25  ml o f  a p p r o p r i a t e  ant iseru m ( i . v . )  

every  f i v e  days f o r  the extend o f  exper im enta l  o b s e r v a t io n .  The r e s u l t s  

( F ig u r e  6) show t h a t  as e a r l y  as day 8 Pl t h e r e  was a d i f f e r e n c e  

between nude .mice t h a t  rece iv ed  Abl (Nude/Abl)  and nude mice t h a t  did . 

not r e c e iv e  Abl (Nude, Nude/NMS). The e f f e c t  o f  Abl was e s p e c i a l l y  

n o t i c e a b l e  in %. muscul i I n f e c t i o n s  o f  nude mice;  both 0/HPF and %DF 

were markedly reduced throughout the i n f e c t i o n .  In s p i t e  o f  t h i s  cbnr 

spicuous r ed u c t io n  in p a r a s i t e m ia  and r e p r o d u c t iv e  a c t i v i t y ,  Nude/Abl.  

mice were dead by day 26 P I ,  Abl a ls o  produced a l t e r a t i o n  o f  T.  

muscul I i n f e c t i o n s  o f  NLM mice.  0/HPF was reduced and o v e r a l l  c l e a r ­

ance was delayed by 10 days.  Furthermore ,  Abl had a d ram at ic  e f f e c t  

on %DF in NLM mice;  r e p r o d u c t iv e  a c t i v i t y  was not  d e tec ted  a f t e r  day 

8 Pl . ( F i g u r e  7 ) .

Nude mice t h a t  rece ived  an I RS regimen a ls o  showed a r e s t r i c t e d  

p a r a s i t e m ia  as e a r l y  as day 8 Pl ( F ig u r e  8 ) ,  but in s p i t e  o f  t h i s  re ­

d uct io n  in p a r a s i t e m i a ,  Nude/IRS were dead by day 20 P I . NLM mice t h a t  

rece ived  ah I RS regimen e x h i b i t e d  a decreased leve l  o f  p a r a s i t e m ia  

accompanied by a 10 day d e lay  in T. muscu l i . c le aran ce  from the p e r i ­

p h era l  b lood.  In. marked c o n t r a s t  to  Nude/Abl and NLM/Abl mice (F ig u re

35
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F ig u re  6
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-

The e f f e c t  o f  Abl on %. musculi  p a r a s i t e m ia  in nude and 

NLM mice.  Each va lu e  represents  the a r i t h m e t i c  mean o f  

two experiments w i t h  no fewer than s i x  mice in each 

exp er im en ta l  group.
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F ig u r e  7« The e f f e c t ,  o f . Abl on the r e p r o d u c t iv e  a c t i v i t y  o f  J_.

muscuIi  in nude and NLM mice.  Each va lu e  represents  

the a r i t h m e t i c  mean o f  two experiments w i t h  no fewer  

than s i x  mice in each experim enta l  group.
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F ig u r e  8.  The e f f e c t  o f  immune recovered serum on T. musculI

paras I tern I a in nude and NLM mice.  Each v a lu e  represents  

the a r i t h m e t i c  mean o f  no fewer than s i x  mice in each 

exper im en ta l  group;
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7)., Nude/IRS and NLM/IRS mice did not  e x h i b i t  an obvious r e s t r i c t i o n :  

o f  p a r a s i t e  r e p r o d u c t iv e  a c t i v i t y  ( F ig u r e  9 ) .

These data  conf irm the usefu l  I ness, o f  the nude mouse as an _m_ ■ 

v i v o  model f o r  the  assay o f  a b l a s t  in a c t i v i t y .  The lack  o f  a b l a s t i c  

a c t i v i t y  in I RS is in agreement w i t h  e a r l i e r  o b serva t io ns  using d i f ­

f e r e n t  techniques  ( 6 9 ) .  I t  is noteworthy t h a t  Abl or  IRS regimens 

were a b le  to  p ro found ly  modify T\ musculi  p a r a s i te m ia  in nude mice,  

but were not  a b le  to  p ro v id e  T.. muscul? e l i m i n a t i o n  p o t e n t i a l  to  nude 

mice,  nor p revent  t h e i r  d ea th .  Th is  o b s e rv a t io n  is in genera l  agree­

ment w i t h  t h e  concept  t h a t  f i n a l  e l i m i n a t i o n  o f  %. muscul i from the  

p e r i p h e r a l  blood o f  mice is dependent on a c e l l u l a r  mechanism and 

t h a t  t h i s  mechanism is nonfunct io na l ,  in nude mice.

Absorp t io n  o f  A b l a s t i c  A c t i v i t y  from 
Immune Serum

The a b l a s t i c  f a c t o r  produced by T . m u s c u l i - i n f e c t e d  mice has been 

a h i s t o r i c a l l y ,  p e rp le x in g  compound. A b l a s t i n  has been re por ted  to be 

physicochemical  Iy  s i m i l a r  to  immunoglobul in, s p e c i f i c a l l y  I g G j . '  How­

e v e r ,  i t s  honabsorbab.M i t y  w i t h  homologous trypansomes . (8)  and the  

lack  o f  c h a r a c t e r i z a t i o n  o f  i t s  e l i c i t i n g  ant ig ens  have cas t  doubt on 

the ant  I body-nature  o f  a b l a s t in .  Since  abI as t i n  is proposed to  in -  . 

h i b i t  rep ro d u c t io n ^ w i th o u t  d es t ro y in g  trypanosomes ( 23) ,  the  p o s s i b i ­

l i t y  t h a t  d i v i d i n g  trypanosomes, were the  source o f  the e l i c i t i n g  •
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F ig u r e  9* The e f f e c t  o f  immune recovered  serum on the reproduc­

t i v e  a c t i v i t y  o f  JT. muscul ? in nude and NLM mice .  Each 

v a lu e  represents  the a r i t h m e t i c  mean o f  two experiments  

no fewer  than s i x  mice in each experimenta l  group.
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an t ig e n  seemed p l a u s i b l e .  I f  t h i s  is the case,  a . p o p u l a t i o n  o f  X.  . 

muscuii  enr iched  f o r  d i v i d i n g  forms should present  a more e f f i c i e n t  

a n t ig e n  p r e p a r a t i o n  f o r  a b so rp t io n  o f  a b l a s t i c  an t is erum . D iv id in g  

p a r a s i t e  p o p u la t io ns  (35%"50% DF) were o bta in ed  from i r r a d i a t e d  

( 5 5 0 r a d s , ^ C o ) , Tv muscui? - i n f e c t e d  mice on day 16 Pl ( t h i s  p a r a s i t e  

p o p u la t io n  was des ig nated  DIVIDING POPULATIONa DP) .. Nondiv id in g  para ­

s i t e  po p u la t io n s  were o bta in ed  from T.  muscui i - i n fec ted  NLM on day 

16 Pl ( t h i s  p a r a s i t e  p o p u la t io n  was des ig nated  NONDIVIDlNG POPULATION= 

NDP). Serum co n ta in in g  a b l a s t i c  a c t i v i t y  was obta in ed  from Tv muscui i -  

i n f e c t e d  NLM on day 18 Pl ( A b l ) . Nude mice were used as an in v iv o  

assay o f  a b l a s t i c  a c t i v i t y  (see prev ious s e c t i o n ) .

Groups o f  Tv muscui I - i n f e c t e d  nude mice rece ived  0 . 2 5  ml o f  A b l , 

Abl absorbed w i t h  DP ( D P -A b s -A b l ) , Abl absorbed w i th  NDP (NDP-Abs-Abl) , 

NMS, or  no serum a t  the t ime o f  i n f e c t i o n .  Nude mice were then main­

ta in e d  on a regimen o f  0.25  ml o f  ap p ro p r ia te ,  an t iserum every  f i v e  days 

f o r  the d u r a t i o n  o f  exper im enta l  o b s e r v a t io n .  Q u a n t i t a t i o n  o f  0/HPF 

and %DF was begun on day 4 P I .  The r e s u l t s  (Figures 10 and 11) show 

t h a t  as e a r l y  as day 8 Pl t h e r e  was a dichotomy between, groups o f  nude

mice t h a t  received.  Abl o r  NDP-Abs-Abl and groups o f  nude mice t h a t  r e -

. . . .  ■ . ■
ce iv ed  DP-Abs-Abl , NMS o r  no serum regimen. Abl and NDP-Abs-Abl

t r e a t e d  mice e x h i b i t e d  low p a ra s i te m ia s  ( F ig u r e  10). and remarkably  

low l e v e l s  o f  p a r a s i t e  r e p r o d u c t iv e  a c t i v i t y  ( F ig u re  11) throughout
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F ig u r e  10. I .  niusculi  p a r a s i t e m ia  in nude mice m a in ta in ed  oh a

regimen o f  Abl ( A b l / N u d e ) , DP-Abs-Abl (DP-Abs-Abl/Nude)  

NDP-Abs-Abl .(NDP-Abs-AbI / N u d e ) , NMS (NMS/Nude, or  no 

serum (Nude) . T .  muscul i  i n f e c t e d  NUM c o n t r o l s  were  

a ls o  monitored  (N lM ) . .  Each v a lu e  re p resen ts  the  

a r i t h m e t i c  mean o f  t h r e e  experiments w i th  no fewer  

than s i x  mice in each experimenta l  group.
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F ig u re  11 Percent  D i v i d i n g  Forms in T_. muscul i p a r a s i t e m i a  in 

nude mice t h a t  r e ce ive d  a regimen o f  Abl (Abl/Nude)  

DP-Abs-Abl (D P-A b s -A b l /N u d e ) , NDP-Abs-Abl (NDP-Abs- 

AbI / N u d e ) , NMS (NMS/Nude) , or  no serum (Nude) . T.  

muscu l i - ?n fec ted  NLM c o n t r o l s  were a ls o  monitored.  

Each va lu e  re p resen ts  the a r i t h m e t i c  mean o f  t h r e e  

experiments w i th  no fewer than s i x  mice in each . 

exper im enta l  group.
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the i n f e c t i o n .  A f t e r  day 20 Pl Abl and NDP-Abs-Abl t r e a t e d  nude mice 

d isp layed  gradual  increase  in p a r a s i t e m ia  and %DF t h a t  e v e n t u a l l y  r e ­

s u l t e d  in t h e i r  death by day 26 P I .  In marked c o n t r a s t , nude mice 

t h a t  rece iv ed  DP-Abs-Abl , NMS, o r  no serum regimen m ain ta in ed  con­

sp ic uous ly  high l e v e l s  o f  both 0/HPF and %DF throughout exper imental  

o b s e r v a t io n .  Nude mice t h a t  rece iv ed  NMS were dead by day 20 P I ,  

w h i l e  nude mice t h a t  rece iv ed  e i t h e r  DP-Abs-Abl o r  no serum regimen 

were dead by day 26 P I .  Contro l  NLM mice e x h i b i t e d  a t y p i c a l  Tv 

musculi  p a r a s i t e m ia  w i t h  e x t e n s i v e  red u ct io n  in %DF by day 14 Pl and 

e l i m i n a t i o n  o f  the p a r a s i t e  from the  p e r i p h e r a l  blood by day 20 P I .

As an a d d i t i o n a l  c o n t r o l , e i t h e r  DP o r  NDP p a r a s i t e  p re p a ra t io n s  

were used to  absorb mouse a n t i - s h e e p  e r y t h r o c y t e  (SE) an t is erum . Ab­

s o r p t io n  o f  t h i s  u n r e la t e d  an t iserum w i t h  e i t h e r  DP or  NDP had no . 

a p p r e c i a b l e  e f f e c t  on hem ag g lu t in a t io n  t i t e r s  obta in ed  a g a in s t  SE 

(Tab le  11 ) .

These data  present  d i r e c t  ev idence  t h a t  a d i v i d i n g  fo rm -enr iched  

p r e p a r a t i o n  (35%-50%DF) o f  Tv muscul i can be used to  absorb a b l a s t i c  

a c t i v i t y  from day 18 Pl an t iserum ( A b l ) . Furthermore ,  ab so rp t io n  o f  

Abl w i t h  a n o n d iv id in g  p a r a s i t e  p o p u la t io n  (<5%DF) d id  not  ap p re c ia b ly  

d im in ish  a b l a s t i c  a c t i v i t y .  These observa t io n s  suggest  t h a t  a b l a s t i n  

is an an t ib ody  t h a t  can be adsorbed onto homologous trypanosomes. In 

a d d i t i o n ,  these r e s u l t s  p ro v id e  i n d i r e c t  ev idence t h a t  an t ig ens  r e ­

sp o n s ib le  f o r  the  in d u ct io n  o f  a b l a s t i n  pro duct io n  a re  found more
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T ab le  I I .  A bsorb t io n  o f  a n t i -SE mouse an t iserum w i t h  DP or  NDP

Trea tment Group HA U t e r c

A n t i -S E  (1 °  response)a 256 .

Ant i - SE  ( I 0 response)3 
DP-absorbed 256

A n t i -SE  ( 1 °  response)3 
NDP-absorbed 256

NMS 0

A n t i -SE  (2 °  response)^ 1,024

A n t i -S E  ( 2 °  response)^ 1,024

A n t i -SE  (2 °  response)  ̂
DP-absorbed 1,024

A n t i -SE  ( 2 °  response)^  
NDP-absorbed I ,024

a S ix  mice rece iv ed  0 . 2 5  ml o f  a 10% suspension o f  SE i . v .  and were 
bled seven days l a t e r .  Serum was pooled and s p l i t  i n t o  th ree  a l i ­
quots:  one a l i q u o t  was absorbed w i t h  DP; a second a l i q u o t  was ab­
sorbed w i t h  NDP; the t h i r d  a l i q u o t  was not  absorbed.

k S ix  mice rece iv ed  0 . 2 5  ml o f  a 10% suspension o f  SE i . v .  on day 0,  
day 14, and day 21,  Mice were bled f i v e  days a f t e r  the l a s t  immun­
i z a t i o n .  Serum was pooled and s p l i t  i n t o  th ree  a l i q u o t s :  one a l i ­
quot  was absorbed w i t h  DP; a second a l i q u o t  was absorbed w i t h  NDP;. 
the t h i r d  a l i q u o t  was not  absorbed.

c Rec ip ro ca l  o f  the h ig h es t  d i l u t i o n  o f  serum showing c l e a r l y  recog­
n i z a b l e  a g g l u t i n a t i o n  p a t t e r n s . I d e n t i c a l  2 - f o l d  s e r i a l  d i l u t i o n s  
in RBS were made in m i c r o t i t e r  p l a t e s .
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r e a d i l y  iri a d i v i d i n g  p a r a s i t e  p o p u la t io n  than in a n o n d iv id in g  . 

p a r a s i t e  p o p u la t io n .
• •

, i ■
H em agglu t in a t io n  Assay f o r  T% muscul! - s p e c i f i c  

Serum. Ant ibody

To measure TV m u s c u l j - s p e c i f I c  a n t ib o d y ,  a pass ive  hemagglut ina- .  

t ion assay using m i c r o t i  t e r  p l a t e s  was deve loped.  Red c e l l s  coated

w i t h  T. muscul i an t ig e n  were obta in ed  in the fo l l o w i n g  manners NLM
■ . "  '  60 •

mice rece iv ed  SSOrads, Co i r r a d i a t i o n  2k hrs p r i o r  to  i . p .  i n j e c ­

t i o n  o f  3x10^* T\ muscul i . On day 12 Pl mice were bled in t o  c h i l l e d  

A l s e v e r ' s  c i t r a t e  v i a  the r e t r o o r b l t a l  p l e x u s . C o n cen t ra t io n  o f  con­

ta m in a t in g  trypanosomes was reduced to  <10% using d i f f e r e n t i a l  c e n t r i ­

f u g a t i o n  ( 2 5 ) .  E ry th ro c y te s  were washed two t imes in c h i l l e d  PBS and 

then resuspended to a 2% c o n c e n t r a t i o n .  25 pi  o f  t h i s  a n t ig e n -c o a te d  

e r y t h r o c y t e  p r e p a r a t i o n  was placed in each w e l l  o f  a m i c r o t i  t e r  p l a t e .  

Serum to  be te s te d  was subjected  to a s e r i e s  o f  2 - f o l d  d i l u t i o n s  in .  

PBS. 200 p i  o f  eaqh d i l u t i o n  was p i p e t t e d  in to  sep ara te  we I I s .  A f t e r  

the a d d i t i o n  of. e r y t h r o c y t e s  and sera to  the w e l l s ,  m i c r o t i  t e r  p la t e s  

were g e n t l y  a g i t a t e d  to  insure  thorough mixing o f  e r y t h r o c y t e s  ahd 

serum. P l a t e s  were a l lowed  to in cubate f o r  2k hrs a t  room tempera­

t u r e  a f t e r  which e a s i l y  d i s t i n g u i s h a b l e  a g g l u t i n a t i o n  p a t t e r n s  were 

apparent .

The r e s u l t s  (Tab le  I I l )  show t h a t  h ig h es t  serum t i t e r s  were



T ab le  I I I .  U t i l i z a t i o n  o f  T . musculi  an t ig e n  coated mouse e r y t h r o ­
cytes  in a pass ive  h e m ag g lu t in a t io n  assay.
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Source o f
a n t ig e n - c o a t e d
ery throcy tes . PHA t i t e r 3 ,

Source o f  
ant iseru m

NLM/D-18 Pl 256 I r r a d i a t e d ,  T.  musculi  
i n f e c t e d  mice (D-12 P i )

NLM/D-18 P l , '
DP-absorbed 4 M

NLM/D-28 Pl 512 M

NLM/D-28 P I ,
DP-absorbed 8 Il

NLM/Hyperimmunized 1,024  : ' . I

N u d e /D -18 Pl 0 11

Nude/D-28 Pl 0 11

Nu-TC/D-28 Pl 2 Il

NMS 0 M

NLM/Hyperimmunized 0 . I r r a d i a t e d ,  u n i n f e c t e d ,  
mice

N.LM/Hype r immun I zed 0 T.  m u s c u l i - i n f e c t e d  mice

NLM/Hyperimmunized 0 Normal mice ,

3 Rec ip ro ca l  o f  the h ig h est  d i l u t i o n  o f  serum showing a c l e a r l y  recog 
n i z a b l e  a g g l u t i n a t i o n  p a t t e r n .  I d e n t i c a l  2 - f o l d  s e r i a l  d i l u t i o n s  
were made in m i c r o t i t e r  p l a t e s  o f  each pool o f  serum.



achieved w i t h  serum o bta in ed  from mice t h a t  had rece iv ed  a t o t a l '  o f  . 

t h r e e . ! ,  musculi  i n f e c t i o n s  (NLM/Hyperimmunized) . . Serum obta in ed  

f rom X* m u s c u I i - i n f e c t e d  NLM mice on day 18 Pl (NLM/D-18 P i )  and day 

28 Pl (NLM/D-28 P I )  had t i t e r s  o f  256 and 512 r e s p e c t i v e l y .  In no te ­

worthy c o n t ras t , "  !_. muscul I - 1 n fec ted  nude mice did not  produce a 

d e t e c t a b l e  a g g l u t i n i n  response a t  day 18 P I (N ude /D -18 P i )  or  day 28 

(Nude/D-28 P i ) .  Furtherm ore ,  thymus c e l l - r e c o n s t i t u t e d  (see M a t e r i a l s  

and Methods s e c t i o n ) , T\  muscul? - i n fe c te d  nude mice (Nu- T C / D - 28 P I ) 

produced b a r e l y  d e t e c t a b l e  t i t e r s  on day 28 P I .  .

To i n v e s t i g a t e  the s p e c i f i c i t y  o f  t h i s  assay,  some a n t i s e r a  were  

absorbed w i t h  a d i v i d i n g  p o p u la t io n  o f  T\  muscul i (DP) b e fo re  being  

t e s t e d .  Absorbed Abl (NLM/D-18 P I ,  DP-Absorbed) and absorbed I RS 

(NLM/D-28 P | ,  DP-Absorbed) showed a dram at ic  reduct io n  in t i t e r  a f t e r  

ab s o r p t io n .  No a g g l u t i n a t i o n  was observed w i t h  e r y t h r o c y t e s  from 

i r r a d i a t e d  u n in fe c te d  mice,  u n i r f a d i a t e d  mice t h a t  were T.  muscul i -  

i n fec ted  (day 12 P l ) . ,  o r  normal mice (Tab le  111) .

E f f e c t  o f  T .  muscuIi  P a r a s i te m ia  on D i r e c t  and I n d i r e c t  PFC Responses 
o f  Mice to  SE and D i r e c t  PFC Responses to PVP in Mice

Mahy p a r a s i t i c  I n f e c t i o n s  lead to the depression o f  the h o st 's  

a b i l i t y  to  respond to  va r io u s  an t ig ens  and.mitogens ( 1 , 1 5 , 2 6 , 5 2 , 6 5 ) .  

During T *  musculi  p a r a s i t e m ia  the a b i l i t y  o f  mice to respond to  un­

54
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r e l a t e d  an t ig en s  is d r a m a t i c a l l y  depressed.  Recent i n v e s t i g a t i o n s  in ­

d i c a t e  t h a t  s o l u b l e ,  p a r a s i t e - d e r i v e d  substances a c t  d i r e c t l y  on B 

c e l l s  to  produce t h i s  hyporesponsive immune s ta tu s  ( 2 , 3 ) .  The e f f e c t  . 

o f  I *  m u s c u l i - induced hyporesponsiveness on an t ig en  p r im in g ,  deve lop­

ment and f u n c t i o n  o f  memory c e l l s  and on the secondary immune response 

has not  been c h a r a c t e r i z e d .

In o rd er  to  b e t t e r  understand the immune system d y s fu n c t io n  in T.  

muscul i - I n f e c t e d  mice,  experiments were designed to e v a l u a t e  the d i r e c t  

RFC. response to  a T - independent a n t i g e n ,  PVP ( 4 8 ) ,  and a T-dependent  

a n t i g e n ,  SE (14)  in T_. muscul i -  i n fec ted  NLM mice.  T.  muscul i -  in f e c t e d  

NLM rece ived  an o p t i m a l l y  Immunizing dose o f  e i t h e r  PVP o r  SE (see  

M a t e r i a l s  and Methods s e c t io n )  i . v .  on day .14 P I .  U n in fec ted  NLM 

rece ived  s i m i l a r  immunizat ions on the  same day. The r e s u l t s  (Table  

IV) show t h a t  T.  muscul i - i n f e c t e d  NLM mice (Group ; I ; Tab lei IV) had a. 

s i g n i f i c a n t l y . l o w e r  number o f  d i r e c t  P V P - s p e c i f i c  and d i r e c t  S E-sp ec i -  . 

f i c  PFC when compared to normal c o n t r o ls  (Group 2; .Table I V ) .  These 

data  show t h a t  T. musculi  p a r a s i t e m ia  induces hyporesponsiveness to 

both a . T - independent (PVP) and T-dependent  (SE) an t ig e n  in mice.

A d d i t i o n a l  experiments were designed to  determine the  e f f e c t  o f  

T„ muscu l i p a r a s i t e m ia  on S E -pr im in g ,  development o f  SE-memory c e l l s ,  

and on secondary immune responses to  SE. Three d i f f e r e n t  exper imenta l  

designs were used: ( I )  Mice rece ived  a pr imary i n j e c t i o n  o f  SE during



a ' b
TabielV. Effect of T. musculi parasitemia on direct PFC responses of mice to PVP and SE .

Treatment Group

C
PVP-Specific PFC.

C
SE-Specific PFC

PFC/.Spleen
6

PFC/10 PFC/Spleen
6

PFC/10

I. T. musculi-infected
I (day 14 PI) 3,987 ■4.8 13,088 . 18.5

* * * *

2. Uninfected control 9,270 41.6 34,375 164.5

aMice were immunized with.0.25 ug of PVF i.v. 
b
Mice were immunize with 0.25 ml of a 10% suspension of SE i.v. 
c :
Arithmetic mean for 12 mice determined five days after immunization. . .

*  '
Indicates a significant (p <.05) difference between infected and uninfected groups using 
the Students t test.
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T.  musculI  p a r a s i t e m i a  (day 14 P I )  and a secondary i n j e c t i o n  o f  SE 

a f t e r  I .  muscul i e l i m i n a t i o n  (day 35 P I )  (Tab le  V ) ;  (2)  Mice received  

a pr imary i n j e c t i o n  o f  SE b e fo re  musicui i i n f e c t i o n  (day - 7  P i )  and 

a secondary i n j e c t i o n  o f  SE during muscul i i n f e c t i o n  (day 14 P i )  

(Tab le  V I ) ;  (3)  Mice rece ive d  a pr imary i n j e c t i o n  o f  SE on the same 

day as muscu11 i n f e c t i o n  (day 0 P i )  and a secondary i n j e c t i o n  o f  

SE a f t e r  X -  muscul i e l i m i n a t i o n  (day 21 P I )  (Tab le V I I ) .  In each . 

experim enta l  d es ig n ,  s i m i l a r l y  immunized u n in fe c te d  NLM mice served  

as c o n t r o l s .

The r e s u l t s  (Tab le  V) show t h a t  muscu l I - ?n fec ted  NLM t h a t  r e ­

ceived SE i n j e c t i o n s  on day 14 Pl and day 35 Pl (Group I j T a b l e  V) had 

s i g n i f i c a n t l y  lower ( P < . 05) d i r e c t  and i n d i r e c t  SE-spec i f i c  PFC r e ­

sponses than, u n in fe c te d  c o n t r o ls  (Group 2 ; T a b le  V ) . In a d d i t i o n ,  T\  

muscul i - i n f e c t e d  mice t h a t  rece ived  a s i n g l e  pr iming dose o f  SE on 

e i t h e r  day 14 Pl o r  day 35 P I (Groups 3 and 5 ; T a b l e V) had s i g n i f i ­

c a n t l y  (P< ,0 5 )  lower d i r e c t  PFC responses to SE than u n in fe c te d  NLM 

c o n t r o ls  (Groups 4 and 6 ; T a b Ie  V)..

However, i f  mice ,w ere  SE-primed b e fo r e  JT. muscul i i n f e c t i o n  (day 

- 7  P i )  and then rece iv ed  a second i n j e c t i o n  o f  SE on day 14 Pl (Group 

I j T a b l e  V I ) ,  t h e i r  d i r e c t  and i n d i r e c t  S E - s p e c i f ic PFC responses did  

not s i g n i f i c a n t l y  (P>.05 )  d i f f e r  from u n in fe c te d  NLM c o n t r o l s  (Group 

2 ; T ab Ie V i ) ,  ■ These r e s u l t s  suggest  t h a t  T\  muscul,i p a r a s i t e m i a  does



Table V. E f fec t  of  T.  musculi parasitemia on d i rec t  and indirect  RFC responses of  mice
. to SEa 1° (day 14 P l ) / 2 °  (day 35 Pi)

T reatm ent  Group
S E - s p e c i f ic  PFC/Spleen*3 S E - s p e c i f i c  PFCZlO^b

Di f e e t I n d i r e c t Di r e c t I n d i r e c t

I . T .  muscul i - i n f e c t e d 7 9 ,225 188 ,025 174.0 37 6 .0
1 ° (day 14 P l ) / 2 u (day 35 P I ) * • *  .

2 .  U n in fe c te d  c o n t r o l 2 2 ,7 5 4 414,871 . 7 7 .0 1 , 4 2 1 . 0

3.  T .  m u s c u l i - i n f e c t e d 637 ND 1.8 ND
. T 0 (day 14 P I )

4.  U n in fec ted  co n t ro l 2 ,0 0 9 ND 9.1 ND

5. T .  muscul i - i n f e c t e d 185 ,125 ND 45 0 .0 - ND
I v (day 35 P D *

6 , . Uni n f e c t e d  c o n t r o l 220 ,875 ND 81 3 .0 ND,

a Mice were immunized w i t h  0.25ml o f  a 10% suspension o f  SE T . v .

b A r i t h m e t i c  mean f o r  12 mice determined  f i v e  days a f t e r  immunizat ion.
JU '  . .  '  . ■

I n d i c a t e s  s i g n i f i c a n t  (p < . 0 5 )  d i f f e r e n c e  between i n f e c t e d  arid u n in fe c te d  groups 
as determ ined  by S t u d e p t 1s t  t e s t .



Table V I .  Ef fect  of I .  muscull parasitemia on d i rec t  and indirect  RFC responses of mice
to SEa I cH d a y  -7  Pl ) / 2 °  (day 1.4 PI)  .

Treatment  Group
S E - s p e c i f i c  PFC/Spleen*3 S E - s p e c i f i c  PFCZlO6b

Di r e c t I n d i r e c t D i r e c t I n d i r e c t

I . T .  m u s c u l i - i n f e c t e d 15,051 507 ,1 73  . 34 .2 0 1,383
T ° ( d a y  - 7  P I ) / 2 ° ( d a y  14 Pi ).

2. U n in fe c te d  co n t ro l .15,554 561 ,045 50 .00 1,574

3. T .  m u s c u l i - i n f e c t e d 530 ND 0 .5 7 ND
T 0 (day - 7  P I ) * . *

4. U n in fe c te d  co n t ro l 1 ,624 ND 7 .1 3 ND inID

5. T .  m u s c u l i - i n f e c t e d 19 ,062 ND 2 2 .3 0 ND
T 0 Cday 14 P I ) * *

6. U n in fe c te d  co n t ro l 38 ,3 5 9  . ND 67 .2 4 ND

a Mice were immunized w i t h  0.25ml o f  a 10% suspension o f  SE i . v .  

b
A r i t h m e t i c  mean o f  12 mice determined f i v e  days a f t e r  immunizat ion.

*
In d i c a t e s  a s i g n i f i c a n t  (p < . 0 5 )  d i f f e r e n c e  between i n f e c t e d  and u n in fe c te d  groups 
as determined  by S t u d e n t 's  t  t e s t .



Table V I I .  E f fec t  of T\  musculi parasitemia on d i rec t  arid ind irect  RFC responses of mice
to SEa 1° (day 0 P I ) / 2 °  (day 21 Pt ) .

Treatment  Group '
S E - s p e c i f i c  PFC/Spleen*3 S E - s p e c i f i c  PFCZlO6b

Di r e c t I n d i r e c t D i r e c t I n d i r e c t

I .  T .  m u s c u l i - i n f e c t e d
T °  (day 0 P I ) / 2 °  (day 14 P I )

4 4 ,5 0 0 308 ,5 93 8 9 .2 704

2.  U n in fec ted  co n t ro l 7 7 ,624 207 ,8 90 146.9 409

3.  T i  m u s c u l i - i n f e c t e d  
T° (day o P I )

555 ND 1.1

*

ND

4.  U n in fec ted  c o n t ro l 1,380 ND 7 . 2 ND

5. T .  m u s c u l i - i n f e c t e d  
T d Cday 21 P i )

118,000 ND 2 0 4 .8

*

ND

6.  U n in fec ted  c o n t ro l 271 ,87 5 ND 8 9 7 .6 ND

Mice  rece ive d  0.25ml o f  10% suspension o f  SE i . v .

k A r i t h m e t i c  mean f o r  12 mice determined f i v e  days a f t e r  immunizat ion.

I n d i c a t e s  a s i g n i f i c a n t  (p < .05) .  d i f f e r e n c e  between i n f e c t e d  and u n in fe c te d  groups 
as determined by S t u d e n t 's  t  t e s t .
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not s i g n i f i c a n t l y  a l t e r  S E -s p e c i f , | c development o r  subsequent ex­

press io n  o f  secondary immunity to SE i f  S E - p r i m i ng occurs b e fo re  in ­

f e c t i o n .

I f  mice, rece iv ed  a pr iming i n j e c t i o n  o f  SE oh the day o f  T.

.musculi  i n f e c t i o n  (day 0) and then rece iv ed  a second i n j e c t i o n  o f  SE 

a f t e r  e l i m i n a t i o n  o f  p a r a s i t e m ia  (day 21 P i ) ,  d i r e c t  S E -s p e c i f i c  PFC . 

responses a r e  d im in ished  (Group l ; T a b l e  Vl I )  when compared to  un in ­

fe c t e d  c o n t r o l s  (Group 2 ; T a b l e  V I I ) ,  w h i l e  i n d i r e c t  S E -s p e c i f i c  PFC 

responses a re  augmented when compared to  u n in fe c te d  c o n t r o l s .  D i r e c t  

r ed u c t io n  in PFC responses o r  augmentat ion o f  i n d i r e c t  PFC responses 

(Groups I and 2 ; T ab Ie  Vl I ) was not  determined to  be s i g n i f i c a n t  ( p > . 05).  

These r e s u l t s  a ls o  i n d i c a t e  t h a t  i f  S E - p r i m i ng occurs p r i o r  to  para ­

s i t e m i a , .  S E - s p e c i f i c  memory c e l l  development and express io n  o f  se­

condary immunity is not  s i g n i f i c a n t l y  a l t e r e d .

C o l l e c t i v e l y  these data  (Tab les  IV -V I  I ) p r o v id e  ev idence  t h a t  

T.  muscUlI p a r a s i t e m ia  s i g n l f i c a n t Iy  (p < ;0 5 )  I n h i b i t s  a n t ig e n  pr im in g ,  

i f  mice are  primed b e fo r e  o r  on the same day o f  muscu l i i n f e c t i o n ,  

memory c e l l  development and express ion  o f  secondary immunity a re  

hot s i g n i f i c a n t l y  a l t e r e d .  -

■ .■ ■ ■

E f f e c t  o f  T\  muscul i. Paras I temia on D i r e c t  RFC 
Responses to PVP in Nude Nice
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Recent i n v e s t i g a t i o n s  propose t h a t  T_. muscul? induced a l t e r a t i o n s  

o f  the immune system o f  mice a re  due to  a d i r e c t  e f f e c t  o n . B c e l l s  

r a t h e r  than the  a c t i v a t i o n  o f  suppressor T c e l l s  o r  macrophages ( 2 , 3 ) .  

To r u l e  out  the p o s s i b i l i t y  o f  ! , c e l l  p a r t i c i p a t i o n  in _T. muscul?- 

induced hyporesponsiveness , experiments were designed to  i n v e s t i g a t e  

d i r e c t  PFC responses to  a T - independent an t ig e n  (PVP) in T. muscul?- 

i n f e c t e d  nude mice.  Prev io us  s tu d ie s  have shown t h a t  PVP induces a 

vigorous immune response in both a r t i f i c i a l l y  T - c e l I d epr iv ed  mice 

( 4 , 5 )  and nude mice ( 4 7 ) .  T \ muscul i - ?n fec ted  nude mice rece ived  an 

o p t i m a l l y  immunogenic dose o f .  PVP on day 14 P I .  S i m i l a r l y  immunized 

u n in fe c te d  nude mice served as normal c o n t r o l s .

.The r e s u l t s  (Tab le  V I I I )  i n d i c a t e  t h a t  T.  muscul i - i n f e c t e d  nude 

had a s i g n i f i c a n t l y  (p < . 0 5 )  lower d i r e c t  P V P - s p e c i f i c  PFC response  

than u n in fe c te d  nude c o n t r o l s .  These da ta  p rov id e  d i r e c t  evidence  

t h a t  T c e l l  p a r t i c i p a t i o n  is not  r e q u i s i t e  f o r  the  in d u c t io n  or  ex­

press io n  o f  the hyporesponsIve  s t a t u s  o f  7 \  muscul I - I n fe c te d  mice.

E f f e c t  o f  %. muscul? P a r a s i te m ia  on Delayed H y p e r s e n s i t i v i t y  
Responses in Normal Mice

Although the humoral immune d ys fu n c t io n  o f  T\ m u s c u l i - i n fected  ' 

mice has been reported  ( 2 , 3 ) ,  the i n t e g r i t y  o f  c e l l - m e d i a t e d  responses 

o f  %. muscu l? - i n fec ted  mice had not  been in v e s t i g a t e d  t o  d a t e .  . Ex­

periments were designed to  assess the c e l l - m e d i a t e d  immune responses
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T a b le  V I I I .  E f f e c t  o f  T_. muscul I p a r a s i t e m i a  on d i r e c t  RFC responses 
o f  mice to  PVP. a

Treatment Group PFCZSpleenb PFCZio6b

I ,  T .  muscul i - i n f e c t e d
nude mice (.day 14 P I ) 4,451 10 .4

*
2. U n in fec ted  nude mice 11,799 5 8 .7

a Mice were immunized w i t h  0 . 2 5  Hg o f  PVP I . v.

 ̂ A r i t h m e t i c  mean f o r  s i x  mice determined f i v e  days a f t e r  immunizat ion.

*  In d i c a t e s  a s i g n i f i c a n t  (p < , 0 5 )  d i f f e r e n c e  between i n f e c t e d  and 
u n in fe c te d  groups as determined by S tu d e n t 's  t  t e s t .
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o f  T\  muscuj_i_-infected mice, by measuring d e la y e d - t y p e  h y p e r s e n s i t i v i t y  

responses to 1 - f I u o r - 2 , 4 - d ! n i t r o b e n z e n e  (DNFB). I n d i v i d u a l  responses 

o f  T\ m u s a j j^ -  i n f e c t e d  .'were determined on day 14 Pl using an ear  

s w e l l i n g  assay t h a t  has been p r e v i o u s l y  descr ibed  ( 5 8 ) .  Mice were 

p a in ted  w i t h  0 . 2  ml o f  DNFB (0.5%). on the abdomen on each o f  two 

co n secu t ive  days.  Thickness o f  both ears o f  a l l  mice was measured 

and recorded f o u r  days a f t e r  the l a s t  p a i n t i n g .  A f t e r  b a s e l in e  mea­

surements were p er fo rm ed , mice were cha l lenged w i t h  0.2ml o f  DNFB 

(0.2%) on the dorsal  s id e  o f  each e a r .  Ear th ickness was measured .

24 hrs a f t e r  ch a l le n g e  and expressed as the mean % in crease  in ear  

th ickness  f o r  12 mice determined on. day 18 P I .  The r e s u l t s  (Tab le  IX)  

show t h a t  J \  m u scu l i -  I n f e c t e d  mice produced d e la y e d - t y p e  hypersens i­

t i v i t y  responses t h a t  were not  d r a m a t i c a l l y  d i f f e r e n t  from un in fec ted  

c o n t r o l s .  . These data  pro v id e  evidence  t h a t  c e l l - m e d i a t e d  immunity . 

( e . g .  d e la y e d - t y p e  h y p e r s e n s i t i v i t y )  remains i n t a c t  during  JJ musculi  

paras i t e m i a in .m ic e .  Furthermore ,  these o b serva t io ns  a r e  c o n s is te n t  

w i t h  the  concept  t h a t  the immune system d y s fu n c t io n  i n . Ty muscul i -  

I n f e c t e d  mice is due to  a d i r e c t  e f f e c t  on B c e l l s  and does not  in ­

vo lve  T c e l l s  o r  macrophages.

E f f e c t  o f  Vary ing Doses o f  y - i r r a d i a t i o n  on 
T. musculi  P a r a s i t e m ia  In Mice
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T ab le  IX.  E f f e c t  o f  T .  musculi  p a r a s i t e m ia  on d e la y e d - t y p e  hyper­
s e n s i t i v i t y  to  1 - f I u o ro -"2 ,4 -d in i t ro b en z en e  in mice.

Treatment Group
% increase  over  b a s e l i n e  

th ickness

I . T.  m u s c u l i - i n f e c t e d  (day.  14 P I ) ,  
DNFB-t r e a t e d 6 9 . 6  %

2. T .  m u s c u l i - i n f e c t e d  (day 14 P I ) , ■■

v e h i c l e  alone 2 , 0  %

3, U n in f e c t e d ,  DNFB-treated 8 6 .4  %

4. U n i n f e c t e d ,  v e h i c l e  alone 6 . 6  %

a Mice were p a in te d  w i t h  Q.02ml o f  DNFB (0.5%) on the abdomen on each 
o f  two consecut iv e  days. Thickness o f  both ears o f  a l l  mice was 
measured and recorded f o u r  days a f t e r  the l a s t  p a i n t i n g .  A f t e r ,  
b a s e l i n e  measurements were performed,  mice were cha l lenged  w i t h  
0 . 0 2  ml o f  DNFB (0.2%) on the dorsal  s id e  o f  each e a r .

Ear th ickness  was measured Zk hrs a f t e r  ch a l len g e  and expressed as 
the a r i t h m e t i c  mean % in crease  in e a r  th ickness  f o r  12 mice d e t e r ­
mined on day 14 P I .



Previous s tud ies ,  have shown t h a t  X- o r  neutron i r r a d i a t i o n  can 

d r a m a t i c a l l y  in crease  subsequent T. muscul? p a r a s i t e m i a .  Th is  ob­

s e r v a t i o n  im pl ies  t h a t  t h e r e  a r e  r a d i o s e n s i t i v e  components involved in

the host  immune response to  T. muscul i . Experiments were designed to

' 60'

t e s t  t h i s  hypothes is  and to e s t a b l i s h  the lower th re s h o ld  dose o f  Co 

i r r a d i a t i o n  necessary to  induce t h i s  a b e r r a t i o n .  B a ib /c  mice received  

e i t h e r  750rad s ,  55Qrads, o r  350rads uCo i r r a d i a t i o n  (whole body) 24 

hrs p r i o r  to  i n f e c t i o n  w i t h  3x10^ T.. muscul i .. _T. muscul i -  j n f e c t e d , 

u n i r r a d i a t e d  mice served as c o n t r o l s .  E v a lu a t io n  o f  p a r a s i t e m i a  (0/HPF) 

was i n i t i a t e d  bn day 4 P I .  The r e s u l t s  ( F ig u r e  12) show t h a t  mice 

t h a t  rece iv ed  e i t h e r  750rads or  550rads uCo i r r a d i a t i o n  developed f u l ­

minant T.  mus c u I i  p a r a s i tern I a by day. 6 P I .  By day 10 P I ,  75Qrads or

550rads mice were dead. Control  mice which rece ived  750fads o r .550rads

' A n  . / :  ' '  ' - '
o f  Co i r r a d i a t i o n ,  but were not  i n f e c t e d  l ived.  14 days p o s t - i r r a d i a ­

t i o n  apd 200 d a y s .Pl ( e x t e n t  o f  exper im enta l  o b s e rv a t io n )  r e s p e c t i v e l y .  

M i c e . t h a t  rece iv ed  350rads ^^Co i r r a d i a t i o n  did not  deve lop  fu lm in a n t  . 

p a r a s i t e m i a s ,  but  c le a r e d  t h e i r  paras I terni a by.day 27 Pl.; 7 days l a t e r  

than T.  muscul I - i n f e c t e d  normal c o n t r o l s .

These da ta  imply t h a t  t h e r e  is a r a d i o s e n s i t i v e  host  component, 

r e q u i s i t e  f o r  the Immune e l i m i n a t i o n  o f  T .  musculi p a r a s i t e m ia  from 

mice.  Furthermore ,  the r a d i o s e n s i t i v i t y  o f  this,  component was d e t e r ­

mined to l i e  between 350rads and 550rads .





F ig u re  12. T\  musculi  p a r a s i t e m ia  in normal mice t h a t  received.

e i t h e r  750rads ,  SSOrads, o r  SSOrads. 25 hrs p r i o r  to 

IT. muscul i i n f e c t i o n .  Each v a lu e  represents  the  

a r i t h m e t i c  mean o f  8 mice.
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E f f e c t  o f  I r r a d i a t i o n  on Acquired Immunity to musculi

A f t e r  documenting the dram at ic  e f f e c t  o f  y - i r r a d i a t i o n  on the '
;

deve lopment . o f  acquired  immunity in the  muscul jr-mouse model , exper­

iments' were designed to  i n v e s t i g a t e  the e f f e c t s  o f  y - i r r a d i a t i o n  on 

e s t a b l i s h e d  immunity - to  muscul i  ̂ In a d d i t i o n ,  the e f f e c t s  o f  y -  

i r r a d i a t i o n  on those mechanisms r e s p o n s ib le  f o r  the s e q u e s t r a t io n  o f

T\ musculi  j n the  vasa r e c t a  o f  the  kidneys o f  mice were a ls o  i n v e s t i
L

g ated .  Mice were i n f e c t e d  w i t h  3x10 T\  muscuIi  and were al lowed to

deve lop  a normal p a r a s i t e m i a .  AT I mice c le a re d  p a r a s i t e m ia  by day

60
21 PI . . Some mice rece iv ed  .550raids Co on day. 30. PT . T \  muscul i -  . 

recovered mice t h a t  d id  h o t  r e c e iv e  y - i r r a d i a t i o n  served as c o n t r o l s .  

One group o f  I .  muscul[ - recovered mice t h a t  received 550rads ^®Co 

(day 30 P I )  rece iv ed  a second inoculum o f  T. muscul? (3x10^,  i . p . )  on 

day 31 P I ,  w h i l e  another  group t h a t  rece iv ed  SSOrads (day 30 P I )  but  

did  not  r e c e i v e  a second muscul i inoculum served as c o n t r o l s .  Mice  

undergoing a pr imary T\ musculi  p a r a s i t e m ia  were a l s o  included as . 

c o n t r o l s ,  .

The r e s u l t s  (Tab le  X): show t h a t  over  58% o f  the mice t h a t  had 

e l i m i n a t e d  T .  muscul? p a r a s i te m ia  from the p e r i p h e r a l  blood on. day 21 

P I ,  r e t a i n e d  muscul? in the vasa r e c t a  o f  the kidneys f o r  a t  le a s t  

50 days p o s t - e l i m i n a t i o n ,  Subsequent y - i . r r a d i a t i o n  o f  these mice did  

not cause a r e la p s e  o f  T.  muscul i p a r a s i t e m ia  in the  p e r i p h e r a l  blood.



T a b le  X . The E f f e c t  o f  550rads Co i r r a d i a t i o n  bn the p r o t e c t i v e  Immunity 
o f  mice to T .  m u scu l i .

60

THE EFFECT OF 550r 60co IRRADIATION ON THE PROTECTIVE IMMUNITY OF MICE TO T. musculi.

1 °  T  musculf Challenge a xy 2 °  T. muscu/i Challenge ®

b
No. o f Mice Positive for 

T. musculi in Peripheral Blood 
Between Days 3 1 —71

C
No. o f Mice Positive for 

T. musculi in Kidney 
Between Days 3 1 —71

Day 0 Day 3 0 - 0 3 /5
Day 0 - Day 31 0 3 /6
D ay 0 Day 3 0 D ay 31 0 4 /6

Day 31 6 /6 6 /6

3 3x10^ T.  musculI  i . p .

^ A r i t h m e t i c  mean o f  90 high power f i e l d s  o f  Giemsa-s ta ined t h i n  blood smears.

c A r i t h m e t i c  mean o f  90 high power f i e l d s  o f  Giemsa-s ta ined kidney  impression,  
smears.

. 6 0
= SSOrads Co i r r a d i a t i o n .



Mice t h a t  rece iv ed  a secondary T. muscul? c h a l ien g e  a f t e r  y - i r r a d i a t i o n  

were r e f r a c t ! Ie  to  r e i n f e c t i o n .

These data  pro v id e  d i r e c t  ev idence t h a t  y - i r r a d i a t i o n  does not  

a l t e r  those host  mechanisms re s p o n s ib le  f o r  the s e q u e s t r a t i o n  o f  T_. 

muscul i In the vasa r e c t a  o f  the kidney .  In a d d i t i o n ,  these data  imply 

t h a t  acqu ired  immunity to  I .  muscul i , once developed,  is. q u i t e  r a d io ­

r e s i s t a n t .

E f f e c t  o f  y - I r r a d i a t i o n  and S e l e c t i v e  R e c o n s t i t u t i on .. 
o f  Mice on Subsequent T\  muscu l i I n f e c t i o n

In o rd er  to  f u r t h e r  d e f i n e  those components r e q u i s i t e  f o r  the  

immune e l i m i n a t i o n  o f  T\ muscu l I from mice,  experiments were conducted 

in which T\  muscul i . p a r a s i tem ia  was. monitored in mice t h a t  had rece ived  

s u b le t h a l  y - i r r a d i a t i o n  fo l lo w ed  .by s e l e c t i v e  r e c o n s t i t u t i o n  w i t h  v a r i ­

ous syngeneic  c e l l  p o p u la t io n s .  Mice rece iv ed  550rads ^ C o  i r r a d i a t i o n

whole body. F iv e  days a f t e r  i r r a d i a t i o n ,  groups o f  mice rece iv ed  i . v .

8i n j e c t i o n s  o f  e i t h e r  Ix lO  immune spleen  c e l l s ,  normal sp leen  c e l l s ,

immune thymus c e l l s ,  normal thymus c e l l s  o r  no a d o p t ive  t r a n s f e r .  In

Z1
a d d i t i o n ,  mice rece iv ed  3x10 7 \  muscu l I i . p .  the  day o f  a d o p t ive  re ­

p a i r .  U n i r r a d i a t e d ,  T\ muscul i - i n f e c t e d  mice were inc luded  as con­

t r o l s .  E v a lu a t io n  o f  p a r a s i t e m ia  (0/HPF) was begun on day 4 P I ,

The r e s u l t s  ( F ig u r e  13) show mice t h a t  rece ived  SSOrads ^ C o  and

71
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F ig u r e  13* T.  muscul i  p a r a s i t e m i a  Sn normal and i r r a d i a t e d  (5 5 0 r a d s ,

6b •Co) mice t h a t  rece ive d  ad o p t iv e  t r a n s f e r  o f  e i t h e r
.

immune thymus c e l l s  ( 'Sz D5- 1 TC and Normal c o n t r o l -  I TC) , 

immune spleen  c e l l s  ( ' S / D5“ ISC and Normal c o n t r o l - S C ) , 

normal thymus c e l l s  ( s ^ b 5 “ NTC), normal sp leen  c e l l s  

( -S z D5-NSC) , o r  no c e l l s .  NLM and i r r a d i a t e d  mice re­

ce ived  ad o p t iv e  t r a n s f e r  on day 5 p o s t - i r r a d i a t i o n .

Each v a lu e  re p resen ts  the a r i t h m e t i c  mean o f  a t  l e a s t  

s i x  mice.
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were in j e c t e d  f i v e  days l a t e r  w i t h  e i t h e r  immune thymus c e l l s , normal 

thymus c e l l s  o r  normal spleen c e l l s  could not  co n t ro l  T_. musculj_ para ­

s i t e m i a ;  these mice developed ex t rem e ly  high l e v e ls  o f  p a r a s i t e m ia  by 

day 6 Pl and were dead by day 10 P I .  I r r a d i a t e d  mice t h a t  received  

immune spleen  c e l l s  e x h i b i t e d  a loss o f  e a r l y  co n t ro l  over  p aras i t em ia , ,  

but by day 10 Pl i n i t i a t e d  a vigorous immune response t h a t  culminated  

in the e l i m i n a t i o n  o f  7 \  muscul? from, the p e r ip h e r a l  blood by day 18 PI, 

the same day as e l i m i n a t i o n  o f  "T, muscul.i in normal c o n t r o l s ^

These data  p ro v id e  d i r e c t  ev idence t h a t  ad o p t iv e  t r a n s f e r  o f  im-

60
mune spleen c e l l s  f i v e  days a f t e r  i r r a d i a t i o n  (5 5 0 r a d s , Co) can e f ­

f e c t i v e l y  r e p a i r  T /  muscuTI e l i m i n a t i o n  p o t e n t i a l , but  not  e a r l y  con­

t r o l  p o t e n t i a l  in i r r a d i a t e d  mice.  Furthermore ,  immune thymus c e l l s ,  

normal thymus c e l l s ,  or  normal spleen c e l l s  were not  capab le  o f  re ­

p a i r i n g  the i r r a d i a t i o n - i n d u c e d  d e f e c t  in I .  muscul? e l i m i n a t i o n  po­

t e n t i a l  in mice.

A d d i t i o n a l  experiments were designed to  i n v e s t i g a t e  the  p o s s i b i ­

l i t y  t h a t  donor immune spleen  c e l l s  may a c t  in c o l l a b o r a t i o n  w i t h  host  

components in the  p o s t - i r r a d i a t i o n  r e p a i r  o f  T.  muscul i e l i m i n a t i o n

p o t e n t i a l  in mice.  To determ in e  the v a l i d i t y ,  o f  t h i s  proposal  mice
60

were a l lowed  to recover 25 days f o l l o w i n g  i r r a d i a t i o n  (550rad s ,  Co) 

b e fo re  a d o p t iv e  t r a n s f e r  of . va r io u s  c e l l  p o p u l a t i o n s , and subsequent

8
T.  musculI  p a r a s i t e m i a .  . Mice rece iv ed  I . v .  i n j e c t i o n  o f  e i t h e r  1x10
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immune spleen  cel  I s ,  normal spleen  c e l l s ,  immune thymus c e l l s ,  normal

thymus c e l l s ,  o r  no c e l l s  on day 25 p o s t - i r r a d i a t i o n .  Mice a ls o  r e ­
ft

ceived 3x10 %. musculi  i . p .  the day o f  a d o p t ive  r e p a i r .  Normal T.  

m u s c u l i - in f e c t e d  mice were included as c o n t r o l s .  Q u a n t i t a t i o n  o f  para ­

s i t e m i a  was begun on day. 4 P I .  .

The r e s u l t s  (F igure.  14) i n d i c a t e  t h a t  J .  muscul? p a r a s i t e m ia  in 

mice a d o p t i v e l y  r e p a i r e d  w i t h  immune thymus c e l l s *  normal thymus c e l l s  

or normal spleen c e l l s  25 days f o l l o w i n g  i r r a d i a t i o n  d id  not  d i f f e r  

from T. musculi  p a r a s i t e m ia  in i r r a d i a t e d  c o n t r o ls  t h a t  rece iv ed  no 

ad o p t iv e  t r a n s f e r  o f  c e l l s .  C o nverse ly ,  mice t h a t  rece iv ed  immune 

spleen  c e l l s  25 days p o s t - i r r a d i a t i o n  not  o n ly  e x h i b i t e d  a profound 

reduct io n  in TeVels of  p a r a s i t e m ia  e a r l y  in the i n f e c t i o n ,  but  a lso  

e x h i b i t e d  a d ram at ic  decrease in the  d u r a t io n  o f  p a r a s i t e m ia  when 

compared to  T\ muscul i - i n f e c t e d  normal c o n t r o l s .

These da ta  c l e a r l y  i n d i c a t e  t h a t  immune spleen c e l l s  a d o p t i v e l y ,  

t r a n s f e r r e d  in t o  mice 25 days, p o s t - i r r a d i a t i o n  can produce a s t a t e  o f  

enhanced r e s i s t a n c e  to  T. musculi  p a r a s i t e m ia  when compared to  T\  

muscul i - i n f e c t e d  normal c o n t r o l s .  Both e a r l y  co n t ro l  mechanisms and 

e l i m i n a t i o n  mechanisms appeared to  be enhanced by ad o p t iv e  t r a n s f e r  o f  

immune sp leen  c e l l s  25 days p o s t - i r r a d i a t i o n :  In a d d i t i o n ,  these data

a re  in agreement w i t h  the  proposal  t h a t  donor immune spleen  c e l l s  may 

c o l l a b o r a t e  w i t h  a m in im a l ly  r a d i o s e n s i t i v e  p o p u la t io n  o f  host  c e l l s
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:ty :

F ig u re  14. T.  muscu I i. paras I tern i a in normal mice and in i r r a d i a t e d  

(5 5 0 r a d s , ^^Co) mice t h a t  rece iv ed  a d o p t iv e  t r a n s f e r  o f  

e i t h e r  immune o r  normal thymus c e l l s  o r  immune or  normal 

spleen c e l l s  on day 25 p o s t - i r r a d i a t i o n .  Each va lue  

represents  the a r i t h m e t i c  mean o f  a t  l e a s t  s i x  mice.
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t h a t  have regained  f u n c t i o n  by day 25 p o s t - i r r a d i a t i o n .

P o s t - i r r a d i a t i o n  RFC Responses o f  Mice  
to  PVP and SE

To f u r t h e r  i n v e s t i g a t e  the immune s t a t u s  o f  mice a f t e r  re c e iv in g  

60
whole body Co i r r a d i a t i o n ,  PFC responses to  PVP and SE were d e t e r -

60mined on va r io u s  days p o s t - i r r a d i a t i o n .  Mice rece iv ed  55 0 ra d s , Co 

i r r a d i a t i o n  whole body. On days 10, 15, 20,  25,  30 and 60 p o s t - i r r a ­

d i a t i o n  mice rece iv ed  an o p t i m a l l y  immunogenic dose o f . e i t h e r  SE or  

PVP. PFC responses were determined f i v e  days p o s t - im m u n iz a t io n .

The r e s u l t s  presented  in F ig u re  15 c l e a r l y  I n d i c a t e  a conspicuous

dichotomy in recovery o f  PFC responses to SE and PVP p o s t - i r r a d i a t i o n .

60
By day 30 p o s t - I r r a d i a t ton,  S E -sp ec i f i c  PFC, responses o f  Co i r r a d i a ­

ted mice were over 100% o f  u n i r r a d i a t e d  normal co n t ro l  SE-PFC respon­

ses,  C o nverse ly ,  on day 30 p o s t - I r r a d i a t i o n  P V P - s p e c i f ic  responses 

were o n ly  18% o f  u n i r r a d i a t e d  normal c o n t ro l  PVP-PFC responses.  F u r ­

thermore,  t h i s  d i f f e r e n c e  between SE and PVP responsive  B c e l l s  in 

a b i l i t y  to  recover f u n c t i o n  a f t e r  i r r a d i a t i o n  was s t i l l  apparent  60 

days f o l l o w i n g  550rads ^ C o  i r r a d i a t i o n . .

These data  imply t h a t  d i s t i n c t  subpopula t ions o f  B c e l l s  might be 

c h a r a c t e r i z e d  by t h e i r  a b i l i t y  (or  lack  o f  a b i l i t y )  to  recover from

the e f f e c t s  o f  s u b le th a l  i r r a d i a t i o n .  H e te ro g e n e i ty  o f  B c e l l s  and
. ■ v

t h e i r  c l a s s i f i c a t i o n  in to  d i s c r e t e  subpopula t ions has rece iv ed  a g r e a t
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F ig u re  15. P o s t - i r r a d i a t i o n  responses o f  mice to PVP o r  SE on 

v a r io u s  days f o l l o w i n g  55.0rads, ^ C o .  Each va lu e  

rep resen ts  the mean o f  a t  le a s t  12 . mice determined  

f i v e  days f o l l o w i n g  immunizat ion w i th  opt im al  doses 

o f  e i t h e r  a n t i g e n .
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deal  o f  a t t e n t i o n  in the past  two years  ( 2 9 , 4 0 , 4 3 , 4 9 , 5 0 , 5 4 , 5 5 , 6 2 ) .  

Gershon and Kondo (28)  demonstrated t h a t  some B c e l l s  r e q u i r e  T c e l l s  

to  become t o l e r a n t , w h i l e  a second subclass o f  B c e l l s  become t o l e r a n t  

w i t h o u t  T c e l l  p a r t i c i p a t i o n .  P l a y f a i r  and Purves ( 5 9 ) ,  u t i l i z i n g  . 

a d o p t i v e l y  t r a n s f e r r e d  c e l l s  in l i m i t i n g  d i l u t i o n s ,  found t h a t  sy­

nergy between thymus and spleen  or  bone marrow c e l l s  was not  propor­

t i o n a l  to  the r e a c t i v i t y ,  o f  e i t h e r  spleen  o r  bone marrow c e l l s  in the  

absence o f  I  c e l l s .  From t h i s  o b s e rv a t io n  they proposed two sub­

p o p u la t io n s  o f  B c e l l s ,  one o f  which,  B j , d id  not  r e q u i r e  T c e l l  help  

to  g e n e ra te  an immune response,  whereas the second su b p o p u la t io n ,  Bg, 

did  r e q u i r e  T c e l l  he lp  to  gen era te  an immune response.  . In o ther  

s t u d i e s ,  Gorczynski  and Feldman (29)  have used v e l o c i t y  sed im enta t io n  

to s e p a r a te  B c e l l s  in t o  two p o p u la t io ns  which showed d i s c e r n i b l e  

d i f f e r e n c e s  in t h e i r  a b i l i t y  to  respond to  thymus-dependent and thymus-  

independent a n t ig e n s .  Jennings and R i t t e n b e r g  (41)  have used severa l  

thymus-independent and thymus-dependent hapten c a r r i e r  complexes in 

a d d i t i o n  and synergy experiments to  f u r t h e r  s u b s t a n t i a t e  the e x is te n c e  

o f  d i s t i n c t  B c e l l  s u b p o p u la t io n s , In a d d i t i o n ,  Quintans and Kaplan . 

(62)  have shown a d i f f e r e n c e  between a d u l t  and newborn B c e l l s  o f  mice  

in t h e i r  a b i l i t y  to  q u i c k l y  recover from the e f f e c t s  o f  su b le th a l  

i r r a d i a t i o n .
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PVP-PFC Responses o f  Mice 30 days Fol lowin g  
Vary ing Doses o f  °®Co I r r a d i a t i o n

Based on our i n i t i a l  o b serva t io n  ( F ig u r e  15) and recent  i n v e s t i ­

g a t io n s  by o th ers  ( 2 9 , 4 0 - 4 3 , 4 9 , 5 0 , 5 4 , 5 5 , 6 2 ) ,  experiments were designed

to. f u r t h e r  i n v e s t i g a t e  B c e l l  subpopula t ions t h a t  d i f f e r  in t h e i r

6oa b i l i t y  to  recover f o l l o w i n g  s u b le th a l  Co i r r a d i a t i o n .  To determine

60the th resh o ld  amount o f  Co i r r a d i a t i o n  req u i red  to  induce t h i s  d icho­

tomy in reco very ,  B a lb /c  mice rece iv ed  e i t h e r  550rads ,  3 5 0 r a d s ,o r  100 

60
rads o f  Co i r r a d i a t i o n .  Mice rece iv ed  0 , 2 5  pg o f  PVP o r  0 . 2 5  ml o f

I

a 10% suspension o f  SE I , v .  30 days f o l l o w i n g  i r r a d i a t i o n .  PVP- 

s p e c i f i c  and S E - s p e c i f ic  PFC responses were determined f i v e  days post -  

immunizat ion.  The r e s u l t s  (Tab le  X I )  show t h a t  as l i t t l e  as I OOrads 

^ C o  can s i g n i f i c a n t l y  (p < . 0 5 )  lower PVP-PFC responses o f  mice immu­

nized 30. days a f t e r  i r r a d i a t i o n .  Converse ly ,  S E - s p e c i f ic  PFC respon­

ses were above normal c o n t ro l  responses 30 days f o l l o w i n g  e i t h e r

60
55Qrads, 3 5 0 r a d s , 200rads ,  o r  IOOrads Co.

60
These data  imply t h a t  r e l a t i v e l y  low doses ( IOOrads)  o f  Co a re

capab le  o f  i n a c t i v a t i n g  c e l l s  and induce a d e f e c t  in the recovery of

B c e l l s  capable o f  responding to the T - independent a n t i g e n ,  PVP. In
60 ,

marked c o n t r a s t ,  even a f t e r  550rads Co, B c e l l s  capab le  o f  respon­

ding to SE f u l l y  recover f u n c t i o n  by day 30 p o s t - i r r a d i a t i o n .
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T ab le  XT. D i r e c t  RFC responses o f  mice to  PVPc and SEc* 30 days f o l ­
lowing va ry in g  doses o f  0Co r a d i a t i o n 9 .

Treatment  Group D i r e c t  PVP-PFC/106 ± SDb D i r e c t  SE-PFC/IO6 ± SDb

Normal co n t ro l 312 .00  ± 4 8 .7 200 .9 6  ± 48 .6

550rads 11.46  + 5 . 0
•k

106 ,90  ± 65-3

350rads 3 4 .6 0  ± 16.1
A '

2 0 4 .0 0  ± 3 6 , 5  .

200rads 4 0 .9 0  ± . 21 .0
*

298 ,90  ± . 6 .9

10Orads 165.70 ± 6 8 .4 .* 3 1 8 .5 0  ± 87 .4

9 Mice rece iv ed  Co r a d i a t i o n  whole body

k A r i t h m e t i c  mean o f  f i v e  mice determined f i v e  days a f t e r  immunizat ion  

C Mice rece ive d  0 . 2 5  yg o f  PVP i . v .

 ̂ Mice rece iv ed  0 , 2 5  ml o f  a 10% suspension o f  SE i . v .

I n d i c a t e s  s i g n i f i c a n t  (p < . 0 5 )  d i f f e r e n c e  from normal c o n t ro l  values  
as determined by S tu d e n t 's  t  t e s t .
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P o s t - i r r a d i a t i o n  RFC Responses o f  Mice to DNP 
on a ! -d e p e n d e n t  o r  ! - i n d e p e n d e n t  C a r r i e r

A d d i t i o n a l  experiments were conducted in which a s i n g l e  hapten,  

'DNP, l in k e d  to  e i t h e r  a ! -d ep en d en t  c a r r i e r  (DNP-Ovaibumin) o r . a  T~ 

independent c a r r i e r  (DNP-.Ficol I )  was used as an immunogen to . i n v e s t i ­

g a te  the d i f f e r e n t i a l  e f f e c t  o f  ^ C o  i r r a d i a t i o n  on B c e l l  ,subpopul a -

60
t i o n s .  Mice rece iv ed  550rads Co whole body. Mice rece ive d  an o p t i ­

mal dose o f  e i t h e r  DNP-Ficol  I or  DNP-Ovalbumin 30 days f o l l o w i n g  i r r a ­

d i a t i o n .  S i m i l a r l y  immunized u n i r r a d i a t e d  mice served as c o n t r o l s ,  

D i r e c t  and i n d i r e c t  PFC responses o f  DNP-Ovalbumin immunized mice and 

d i r e c t  PFC responses o f  D N P-F ic o l l  immunized mice were determined on 

day 8 and day 5 p o s t - i r r a d i a t i o n  r e s p e c t i v e l y ,  ! h e  r e s u l t s  ( ! a b l e  

X I I )  p ro v id e  ev idence  t h a t  mice recovered t h e i r  a b i l i t y  to  respond to  

DNP-Ovalbumin 30 days p o s t - i r r a d i a t i o n .  In marked c o n t r a s t , the DNP- 

F i c o l l  response o f  mice had not  recovered 30 days f o l l o w i n g  i r r a d i a ­

t i o n ,  ! h e r e  was a s i g n i f i c a n t  (p < . 0 5 )  r e d u c t io n  o f  DNP-Ficol  I PFC 

responses o f  i r r a d i a t e d  mice when compared to  u n i r r a d i a t e d  c o n t r o l s ,  

!h ese  data  suggest  t h a t  B c e l l s  can be c l a s s i f i e d  in t o  d i s t i n c t  

subpopula t ions based on t h e i r  a b i l i t y  to  f u n c t i o n a l  I y  recover a f t e r  

in v iv o  exposure to  SSOrads ^ C o .  Furthermore these da ta  a re  in . 

agreement w i t h  the B̂  B^ hypothes is  (.59) and suggest  the p o s s i b i l i t y

t h a t  B c e l l s  a re  Imparted in t h e i r  a b i l i t y  to f u n c t i o n a l  Iy  recover  
I



T a b le  X I I .  D i r e c t  and i n d i r e c t  RFC responses o f  mice to DNPa on a T - independent c a r r i e r  
30 days f o l l o w i n g  550rads Co r a d i a t i o n .

Treatment  Group
, 6d

D i r e c t  PFC/10 I n d i r e c t  PFCZlO6d % Normal contro l

^^Co/DNP-OvaI bumin 101.64 ' 140.3,4 ' 97 .9 5  %

Normal c o n t r o l /DNP-Ova I bum in 6 7 .4 5 143-36

60CoZDNP-Ficdl I 13.9.40 * ND 38 .7 0  %

Normal c o n t r o l / D N P - F i c o l I 358.71 ND

a 2 , 4 - d i n i trophenol  

6 DNP-Ovalbumiri- 400 yg in 0 . 2 ml o f  Freund 's Complete Adjuvant  i . p .
■ .

C DNP-Ficol  1- 5 yg in' s a l i n e  i . p .

 ̂ A r i t h m e t i c  mean o f  f i v e  mice determined e i t h e r  5 days ( D N P - F ic o l l )  o r  e i g h t  days 
(DNP-Ovalbumin) f o l l o w i n g  immunizat ion.
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f o l  lowing . ^ C o  i r r a d i a t l o n ,  whereas c e l l s  a re  not .

P o s t - i r r a d i a t i o n  PFC Responses o f  Mice, to  
T- In dependent  I and ! - in d e p e n d e n t  2 an t ig en s

H o s i e r ,  Mond and Goldings (54)  have shown t h a t  thymus-Independent

an t ig ens  can be d iv id e d  in t o  two major  subsets based on t h e i r  a b i l i t y

to  s t i m u l a t e  e a r l y  neonata l  or CBA/N B c e l l s  ( ! - in d e p e n d e n t  type I

a n t ig e n s )  o r  t h e i r  c a p a c i t y  to s t i m u l a t e  on ly  more mature B c e l l s  in

ontogeny, which c e l l s  a re  absent in the CBA/N s t r a i n  ( ! - in d e p e n d e n t

type  2 a n t i g e n s ) . Because prev io us  exper iments  (Tab le  X l l ) have shown

t h a t  B c e l l s  responsive  to PVP and DNP-Fic o l l ,  both ! - in d e p e n d e n t

a n t i g e n s ,  have an a l t e r e d  a b i l i t y  to f u n c t i o n a l  Iy  recover fo l lo w in g  

60
Co i r r a d i a t i o n ,  experiments were designed to  i n v e s t i g a t e  p o s t - i r r a ­

d i a t i o n  PFC responses o f  mice to  ! - i n d e p e n d e n t  type I an t ig en s  and T -  

independent type 2 a n t ig e n s .  Mice rece iv ed  550rads ^ C o  i r r a d i a t i o n  

whole body. Mice then received, opt im al  doses o f  e i t h e r  LPS ( T - i n d e -  . 

pendent type I a n t i g e n ) ,  PVP ( ! - in d e p e n d e n t  type 2 a n t i g e n ,  SSS-1 I I 

( ! - in d e p e n d e n t  type 2 a n t i g e n ) , o r . SE ( ! -dependent  a n t i g e n ) . PFC 

responses to  these an t ig en s  were measured f i v e , d a y s  p o s t - im m u n iz a t io n .  

The r e s u l t s  ,(Table Xl I I ) .  show t h a t  PFC responses to  e i t h e r  SSS-1 I I o f  

PVP were s i g n i f i c a n t l y  (p < .0 5 )  lower in 30-day  p o s t - I r r a d i a t l o n  mice 

than in u n i r r a d i a t e d  c o n t r o l s .  Converse ly ,  p o s t - I r r a d i a t l o n  PFC r e ­

sponses to LPS were, not  found to  be s i g n i f i c a n t l y  (p < . 0 5 )  d i f f e r e n t



T a b l e  Xl I I . D i r e c t  PFC responses, o f  mice to  SSS-I I I 3 , LPS^, PVPc , o r  SEc* 30 days 
f o l l o w i n g  °®Co i r r a d i a t i o n 6 .

Treatment  Group PFCZSpleen^ PFCZlO6 f  % Normal co n t ro l

I .  60CoZSSS- I I  I [ T - l  (2)  Ag] I ,604 1 6 . 4 5 . 15 .6  %

2.  Normal c o n t r o l / S S S - 1 I I 17,625 105.18

3. 60CoZLPS [ T - l  ( I )  Ag] 10,374 57 .8 6 122 .0  % '

4.  Normal controlZLPS . 23 ,487 47 .40

5. 60CoZPVP [ T - l  (2)  Ag] 5 ,4 5 9 62 .40 2 1 . 1 %

6. Normal c o n t r o l ZPVP 45 ,436 295 .70

7.  60CoZSE [T-D A g ] . 24 ,000 164.30 9 4 .0  %.

8. Normal controlZSE 59 ,875 174.80

a Mice were immunized w i t h 0 . 5  yg o f  sss-111 i . p .  in s a l i n e .

6 Mice were immunized w i t h 1.0  yg o f  LPS I . v . in s a l i n e .

C Mice were immunized w i t h 0 . 2 5  yg o f  PVP i . v .  in. s a l i n e ,

^ Mice were immunized w i t h 0 . 2 5  ml o f  a . 10% suspension o f  SE in s a l i n e  i . v .

e Mice rece ive d  550 rads ^ C o  i r r a d i a t i o n  30 days p r i o r  to  immunizat ion.

^ A r i t h m e t i c  mean o f  s i x  mice determined f i v e  days f o l l o w i n g  immunizat ion.
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from LPS-PFC responses o f  u n i r r a d i a t e d ,  c o n t r o l s .  Furthermore ,  post ­

i r r a d i a t i o n  S E - s p e c i f i c  PFC responses in mice did not  d i f f e r  s i g n i f i ­

c a n t l y  f rom S E - s p e c i f i c  PFC responses o f  u n f r r a d i a t e d  c o n t r o l s .

H o s ie r  e t  a I . proposed t h a t  T - Independent type I and f - indepen-, 

dent type 2 a p t igens addressed d i f f e r e n t  subpopula t ions o f  B c e l l s .  

P o s t - i r r a d i a t i o n  experiments (Tab le  X I I )  presented here p rov id e  e v i ­

dence t h a t  the B c e l l s  subpopula t ion  addressed by T - independent type 2 

ant ig ens  f a i l s  to f u n c t i o n a l  Iy  recover 30 days f o l l o w i n g  i r r a d i a t i o n ,  

whereas the B c e l l  p o p u la t io n  addressed by T - independent. type I a n t i ­

gens recovers f u n c t i o n a l  I y  by day 30 p o s t - i r r a d i a t i o n .

PVP Optima I -Day T i t r a t i o n  In 30 -day  P o s t - I r r a d I a t i o n  
Mice and Normal Mice

Because one o f  the ways in which i o n i z i n g  r a d i a t i o n  a f f e c t s  a n t i -  . 

body synthes is  Is to lengthen the lag phase o f  an t ib ody  product ion  

(.5), exper iments  were designed to exc lude t h i s  p o s s i b i l i t y  as a mech­

anism o f  the  observed p o s t - i r r a d i a t i o n  recovery dichotomy between B 

c e l l  subpopula t ions responding to  T-dependent  an t ig ens  or  T - indepen­

dent  type I an t ig ens  and T - independent type 2 a n t ig e n s .  Mice r e ­

ce ived  550 rads ^ C o  i r r a d i a t i o n ,  whole body. Groups o f  mice r e c e i v ­

ed an .o pt im a l ,  dose o f  PVP i . v .  on days 30,  3 ) ,  32,  o r  33 p o s t - I r r a d i a ­

t i o n .  S i m i l a r l y  immunized groups o f  u n l r r a d i a t e d  mice served as nor­

mal c o n t r o l s .
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The r e s u l t s  (Tab le  X l V) show t h a t  opt im al  P V P - s p e c i f ic  responses 

were obta in ed  on day f i v e  p o s t - im m u n iza t io n  in both p o s t - i r r a d i a t i o n  

groups. Furtherm ore ,  op t im al  PVP-PFC responses o f  p o s t ? I r r a d i a t ion mice  

were d r a m a t i c a l l y  lower than opt im al  PVP-PFC responses b f  u n i r r a d i a t e d  

c o n t r o l s .

These data  imply t h a t  peak P V P - s p e c i f ic  PFC responses o f  mice were,  

not. observed a f t e r  day f i v e  post - im m u n iza t io n  in p o s t - 1 r r a d i a t  ion mice.  

T h e r e f o r e ,  the  p o s t - I r r a d i a t ion recovery  dichotomy between B c e l l  popu­

l a t i o n s  responding to  e i t h e r  T-dependent  and T - independent type I an­

t ig en s  or  T - 1ndependent type 2 an t ig en s  is not  s imply due to  an in­

creased lag phase in an t ib ody  p ro d u c t io n ,

P V P - s p e c i f | c  PFC Responses in I r r a d i a t e d  
and S e l e c t i v e l y  R e c o n s t i tu te d  Mice

Experiments were designed to determ in e  what c e l l  p o p u l a t i o n s , ad­

o p t i v e l y  t r a n s f e r r e d , could r e s t o r e  PVP-sp ec i f  i.c PFC responses in p o s t -  .

60 •i r r a d i a t i o n  mice.  Mice rece iv ed  550rads Co, whole body. On day 7

8p o s t - I r r a d i a t i o n  mice rece iv ed  e i t h e r  1x10° spleen c e l l s , t h y m u s  c e l l s ,  

o r  bone marrow c e l l s  i . v .  U n i r r a d i a t e d  mice r e c e iv in g  s i m i l a r  adop­

t i v e  t r a n s f e r s  o f  cel  Is were In c lu d ed .a s  c o n t r o l s .  On day 30 post -  

i r r a d i a t i o n ,  groups or i r r a d i a t e d - s e l e c t i v e l y  r e c o n s t i t u t e d  mice and 

uni r r a d i a t e d  c o n t r o l s  . t h a t  rece ived  s i m i l a r  c e l l  po p u la t io n s  were 

immunized w i t h  an opt im al  dose o f  PVP i . v .  Day 30 p o s t - i r r a d i a t  ion
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T ab le  X IV .  PVP opt im al  day t i t r a t i o n  in 30-day p o s t - i r r a d i a t i o n  mice
and normal m i c e . 3

Treatment  Group ■ D i r e c t P V P - s p e c i f ic  PFCZlO6b ^Normal contro l

I . Normal co n t r o l 151,00

2. Day 30 p o s t - i r r a d i a t i o n  
day 5 PVP response 58 ,80 3 9 . 9  %

3- Day 30 p o s t - i r r a d i a t i o n  
day 5 PVP response .4 1 ,50  . 27 .48  %

4. Day 30 p o s t - i r r a d i a t i o n  
day 7 PVP response 0 .8 9 0 .2 0  %

5. Day 30 p o s t - i r r a d i a t i o n  
day 8 PVP response 3 ,1 2 2 .06  %

a Mice rece iv ed  550rad$ Co i r r a d i a t i o n  on day 0,  Mice were immunized 
on e i t h e r  day 30,  31,  3 2 ,  o r  33 w | t h  0.25  ug o f  PVP i . v ,

^ A r i t h m e t i c  mean f o r  s i x  mice determined on day 38 p o s t - i r r a d i a t i o n .
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mice t h a t  were not  s e l e c t i v e l y  r e c o n s t i t u t e d  and normal mice a lso  

rece iv ed  an opt im al  dose o f  PVP ? ,v .  and were included as c o n t r o l s .

The r e s u l t s  (Tab le  XV) show I r r a d i a t e d  mice, t h a t  were r e c o n s t i t u ­

ted w i t h  e i t h e r  spleen  c e l l s ,  thymus c e l l s  o r  bone marrow c e l l s  had 

much h ig h er  P V P - s p e c I f i c  PFC responses than i r r a d i a t e d  mice t h a t  r e ­

ceived no c e l l s ,  but  not  d i f f e r e n t  f rom normal mice t h a t  rece iv ed  

ad o p t iv e  t r a n s f e r  o f  s i m i l a r  c e l l  p o p u l a t i o n s .  I t  was i n t e r e s t i n g  

to note t h a t  ad o p t iv e  t r a n s f e r  o f  thymus c e l l s  impaired the  PVP-PFC 

responses o f  normal mice (51% o f  normal c o n t r o l ) .  Bone marrow c e l l s  

appeared to be the most e f f i c i e n t  c e l l  p o p u la t io n  in r e p a i r i n g  post ­

i r r a d i a t i o n  RFP-RFC responses o f  mice (155% o f  normal c o n t r o l %.

8These data  imply t h g t  a d o p t ive  t r a n s f e r  o f  e i t h e r  Ix lO  spleen  

c e l l s ,  thymus c e l l s ,  o r  bone marrow c e l l s  in to  i r r a d i a t e d  mice is 

capable o f  r e p a i r i n g  p o s t - i r r a d i a t i o n  P V P - s p e c i f i c  RFC responses o f  

m i c e . •
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T ab le  XV. D i r e c t  PVP-PFC responses o f  a d o p t i v e l y  r e p a i r e d  mice 
30 days f o l l o w i n g  °^Co i r r a d i a t i o n , 3

Treatment  Group P V P - s p e c i f ic  PFC/1 Normal contro l

I . I r r a d i a t i o n  c o n t ro l 30.90. 12.02 %

2. Normal c o n t ro l 257 .0 0

3. Day 30 p o s t - i r r a d i a t i o n  
Thymus ce l  I r e p a i red 149,00 . 57 .97  %

4. Normal contro l /Thymus c e l l s 131.00 50 .97  %

5. Day 30 p o s t - i r r a d i a t i o n  
Bone marrow r e p a i re d 397 .0 0 154.47 %

6. Normal co n t r o l /B o n e  marrow 187.00 72 :76  %

7. Day 30 p o s t - i r r a d i a t i o n  
Spleen c e l l  r e p a i re d 187.14 72.81 %

8. Normal c o n t r o l / S p l een c e l l s 281 .9 5 1 0 9 .7 0 %  .

a Mice rece iv ed  550rads ^ C o  i - r a d i a t i o n  on day 0.  Mice rece ived  
1x10° thymus c e l l ,  spleen c e l l s ,  o r  bone marrow c e l l s  i . v .  on day 
7 p o s t - i r r a d i a t i o n .  Mice were immunized w i t h  0 . 2 5  yg o f  PVP i . v .  
on day 30 p o s t - i r r a d i a t i o n .  .

,

A r i t h m e t i c  mean o f  f i v e  mice determined f i v e  days a f t e r  immunizat ion.



DISCUSSION

Results presented  in f i g u r e s  I a n d . 2 p ro v id e  d i r e c t  evidence  f o r  

the thymus dependency o f  _T. muscui? e l i m i n a t i o n  from mice.  Furthermore,  

because d i v i d i n g  forms were observed throughout nude i n f e c t i o n s  w h i l e  

d i v i d i n g  forms were d r a m a t i c a l l y  l i m i t e d  a f t e r  day 12 Pl in both Nu-TG 

and NLM mice,  these data  suggest  the thymus-dependency o f  the a b l a s t i c  

phenomenon. , . .

Al though nude mice were incapable,  o f  c l e a r i n g  T.' musculi  p a r a s i ­

tem ia ,  they were observed to  e x e r t  some c o n t ro l  over  p a r a s i t e m ia  when 

compared to mice t h a t  had rece iv ed  s u b le t h a l  i r r a d i a t i o n  p r i o r  to  

] \  muscui i i n f e c t i o n  ( F ig u r e  I ) .  E a r l y  i n v e s t i g a t i o n s  o f  the T .  muscuir  

mouse model led to the proposal  t h a t  macrophages may be involved  in 

e a r l y  in n a te  immunity to  _T. muscuIi  ( 3 7 * 3 8 ) .  Because nude mice have 

p a r a d o x i c a l l y  high l e v e l s  o f  a c t i v a t e d  macrophage a c t i v i t y  (13)  and 

demonstrate  e a r l y  co n t ro l  over  T.  musculi  p a r a s i te m ia  ( F i g u r e  I ) ,  the  

p o s s i b i l i t y  t h a t  e a r l y  c o n t ro l  over  p a r a s i te m ia  was i n v e s t i g a t e d .

S tud ies  using t rypan b lu e  to  a l t e r  macrophage a c t i v i t y  (9 ,  3 0 - 3 4 ,4 6 )  

jn nude and NLM mice ( F ig u r e  3) revea le d  t h a t  macrophages may not  on ly  

p lay  an importan t  r o l e  in e a r l y  n o n s p e c i f i c  immunity, but  may a lso  

p a r t i c i p a t e  in the  f i n a l  c le a ran c e  o f  T\  muscui i from the p e r ip h e r a l  

blood o f  mice.  Macrophage p a r t i c i p a t i o n  in immune e l i m i n a t i o n  o f  T_. 

muscui j has a ls o  been proposed by Vlens e t  a l .  ( 6 1 , 7 1 ) ,  who have r e ­

ported  t h a t  trypanosomes a re  f r e q u e n t l y  seen adhering to  and being
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r a p i d l y  k i l l e d  by blood monocytes during  the te rm in a l  stages of. T̂ . 

muscuIi  i n f e c t i o n .  P a r a d o x i c a l l y ,  these data  imply t h a t  the in v ivo  

a d m i n i s t r a t i o n  o f  t rypan b lu e ,  which has been re por ted  to  have trypano­

c i d a l  a c t i v i t y  ( 7 5 ) ,  can under c e r t a i n  co n d i t io n s  a c t u a l l y  enhance T\  

muscuI i  i n f e c t i o n s  o f  mice.

The thymus dependency o f  _T. muscu11 e l i m i n a t i o n  does not  d i s t i n ­

guish  between the r o l e  o f  c e l l - m e d i a t e d  or  humoral f a c t o r s  in mechanisms 

o f  immunity to  T_, muscu! j . Previous work has suggested t h a t  i n i t i a l  

acquired  immunity to T\ muscuIi  is due to  the combined a c t i o n  o f  a 

thymus-dependent a b l a s t l n  and a thymus-independent t r y p a n o c id a l  a n t i ­

body, F in a l  c le a r a n c e  o f  T \  musculI  from the p e r i p h e r a l  blood o f  mice 

has been hypothes ized  to be dependent on a c e l l - m e d i a t e d  mechanism 

r a t h e r  than a d i r e c t  an t ib ody  e f f e c t  ( 7 2 ) .  The data  (F ig u res  4 -9 )  con­

f i r m  and extend these t h e o r i e s .  Nude mice t h a t  rece iv ed  a d o p t ive  trans  

f e r s  o f  immune or  normal pop u la t io n s  o f  sp leen  or  thymus c e l l  p r i o r  to  

X* musculi  i n f e c t i o n  were a b le  to  g e n e r a te  %. muscul i e l i m i n a t i o n  po­

t e n t i a l  ( F ig u r e  4 ) .  C onverse ly ,  nude mice t h a t  rece ived  pass ive  t r a n s ­

f e r  regimens o f  e i t h e r  Abl o r  IRS serum demonstrated a marked reduc­

t i o n  in p a r a s i t e m ia  but  were not  a b le  t o  g en era te  T\ m uscu l? e l i m i n a ­

t i o n  p o t e n t i a l  (F ig ures  6 - 9 ) .  I t  was i n t e r e s t i n g  to note  t h a t  passive  

t r a n s f e r  o f  Abl in nudes d id  gen era te  a remarkable re d u c t io n  in %DF and 

p a r a s i t e m i a  (F ig ures  6 and 7) W hi le  pass ive  t r a n s f e r  o f  IRS had l i t t l e
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e f f e c t  on %DF y e t  reduced p a r a s i t e m ia  d r a m a t i c a l l y  (F ig ures  8 and 9 ) .  

These data  a re  in agreement w i t h  the hypothes is proposed by e a r l y  

i n v e s t i g a t o r s  ( 69) t h a t  day 18 Pl mouse serum conta in s  both a b l a s t i n  

and t r y p a n o c id a l  a n t i b o d i e s  w h i l e  day 28 Pl mouse serum conta in s  on ly  

t r y p a n o c id a l  a n t i b o d i e s .

Since,  the  o r i g i n a l  d e s c r i p t i o n  o f  a b l a s t i n  ( 6 6 ) ,  the concept  o f  a 

serum f a c t o r  t h a t  c o n t r o l s  rep ro d u ct io n  without ,  k i l l i n g  p a r a s i t e s  has 

i n t r i g u e d  many i n v e s t i g a t o r s .  Exper imenta l  evidence  accrued in phys ico­

chemical and immunosuppressant s tu d ie s  (23)  in d ic a te s  t h a t  a b l a s t i n  is 

an immunoglobul in, .poss ibly Ig G p  However, the n o n a b s o r b a b i l i t y  o f  ■ 

a b l a s t i n  a c t i v i t y  from an t iserum w i t h  homologous trypanosomes and the  

i n a b i l i t y  to i s o l a t e  i t s  e l i c i t i n g  a n t i g e n ( s )  (23)  has presented  a h i s ­

t o r i c a l l y  p e rp le x in g  problem in understanding the n a tu re  o f  a b l a s t i n  

and the  mechanisms o f  i t s  a c t i o n .  One o f  the problems in the study o f  

a b l a s t i n  has been the lack  o f  dependable In v iv o  assays f o r  a b l a s t i c  

a c t i v i t y ,  Previous data  have shown t h a t  nude.mice a re  not  capable o f  

producing a b l a s t i n  ( F ig u r e  I and 2) but  t h a t  p a s s iv e l y  t r a n s f e r r e d  A b l . 

has a profound e f f e c t  on T_. musculj  p a r a s i t e m ia  in nude mice.  These 

observa t io n s  suggest  the u t i l i t y  o f  the nude mouse as an in v iv o  assay 

ob a b l a s t i n  a c t i v i t y .  Data presented  in f i g u r e s  7 and 8 conf irm  t h i s  

proposal and demonstrate  the r e l i a b i l i t y  o f  t h i s  in v i v o  assay o f  

a b l a s t i n  a c t i v i t y .
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Because a b l a s t i n  is supposedly i n t e r a c t i n g  w i t h  d i v i d i n g  forms o f  

I .  musculi  ( 2 3 ) ,  i t  seemed t h a t  d i v i s i o n a l  forms might be a pr imary  

source o f  a n t i g e n ( s )  t h a t  e l i c i t s  the pro duct io n  o f  a b l a s t i n .  I f  t h i s  

su p p o s i t io n  were t r u e  a d i v i d i n g  fo rm -en r ich ed  p o p u la t io n  o f  I . muscu l? 

should r e s u l t  in a more a p p r o p r i a t e  a n t ig e n  p r e p a r a t i o n  for .  the absorp­

t i o n  o f  a b l a s t i c  an t ise ru m .  To t e s t  t h i s  h y p o t h e s i s , a  d i v i d i n g  form-  

enriched (35%-50%DF) p o p u la t io n  o f  I ,  muscul? was o b ta in ed  from i r r a ­

d i a t e d ,  T_. muscul ? - j n fe c te d  mice and was used to  absorb Abl ant iserum.  

The data  (F ig ures  10 and 11) c l e a r l y  I n d i c a t e  t h a t  a . d i v i d i n g  form-  

enr iched  p o p u la t io n  o f  T\  muscul i can absorb a b l a s t i c  a c t i v i t y  from 

mouse a n t ise ru m ,  w h i l e  a n o n d iv id in g  p o p u l a t i o n , o f  T\ muscul I (<5%DF) ' 

can not .  These data  provided the c r u c i a l  evidence needed to  e s t a b l i s h  

the an t ib ody  n a tu re  o f  a b l a s t i n ,  Furthermore*  these data  suggest  

t h a t  a b l a s t i n  is a "norm al"  an t ib ody  t h a t  can be absorbed from a n t i ­

serum w i t h  homologous trypanosomes. Previous a t tempts  to absorb ab­

l a s t i n  a c t i v i t y  from ant iseru m w i t h  homologous trypanosomes have 

probab ly  f a i l e d  due to a low %DF in the trypanosome p r e p a r a t io n s  used.. 

The r e s u l t s  o f  these experiments a ls o  conf irmed the hypothes is  t h a t  

ant ig ens  e l i c i t i n g  pro duct io n  o f  a b l a s t i n  a re  present  jn a p p r e c ia b le  

amounts in a d i v i d i n g  p a r a s i t e  p o p u la t io n ,

Kendal l , . ,  in his o r i g i n a l  d e s c r i p t i o n  o f  I T ,  muscul j . ( 4 4 ) ,  noted 

another s u r p r i s i n g  aspect  o f  T\  muscuIi  se ro lo g y;  the lack  o f  a s p e c i f i c
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d e t e c t a b l e  a g g l u t i n a t i n g  an t ib ody  response to  the p a r a s i t e .  Subse­

quent i n v e s t i g a t i o n s  have f u r t h e r  ab fuscated  the issue.  Viens e t  a l . 

r e p o r t  t h e i r  f a i l u r e  to  d e t e c t  a s p e c i f i c  a g g l u t i n a t i n g  response to  

i *  musculi  ( 7 2 ) ,  w h i l e  Chang and Dusanic (12)  re p o r t  a d e t e c t a b l e  ag-  

g I u t I n a t i n g  response to  JT. muscu l I . The a b i l i t y  o f  T\  muscul I ' an t ig ens  

to  p a s s i v e l y  absorb onto the su r fa c e  o f  mouse e r y t h r o c y t e s  had been 

w e l l  documented, I t  seemed to  me t h a t  these a n t ig e n - c o a t e d  e r y t h r o ­

cytes  might  p ro v id e  an id ea l  i n d i c a t o r  system f o r  the d e t e c t i o n  o f  T_. 

m u s c u l ! - s p e c i f i c  a g g l u t i n a t i n g  a n t ib o d ie s  in mouse serum. However,  

due to  the rap id  r a t e  o f  e ry thro phagocyt b s is observed in T , : muscul.i-  

I n f e c t e d  mice most a n t ig e n - c o a t e d  E r y th r o c y te s  are. r a p i d l y  c le ared  

from the c i r c u l a t i o n ,  I proposed t h a t  i r r a d i a t e d  mice t h a t  had been 

a l lowed  to  develop a fu lminant '  J \  muscuI i  p a r a s i te m ia  might  be a 

more a p p r o p r i a t e  source f o r  m uscu l j a n t ig e n -c o a te d  e r y t h r o c y t e s .

The data  presented  in t a b l e  111 conf irm  t h i s  hypothesis and c l e a r l y  ' 

.demonstrate t h a t  7 \  musculj  a n t ig e n - c o a t e d  e r y t h r o c y t e s  obta in ed  from 

i r r a d i a t e d  mice a r e  capab le  of. being a g g l u t i n a t e d  w i t h  T \  m u s c u l i - spe-  

c i f i c  a n t i s e r a .  These observa t io n s  suggest  t h a t  a g g l u t i n a t i n g  a n t i ­

bodies a re  produced by mice in response to  T. muscul i i n f e c t i o n .  Fur­

thermore ,  a p p r o p r i a t e  e r y t h r o c y t e  and serum c o n t r o ls  (T ab le  I I I )  show 

t h i s  system to be a s e n s i t i v e  and s p e c i f i c  assay f o r  the d e t e c t i o n  o f  

a n t i - T .  muscul i a g g l u t i n a t i n g  a n t i b o d i e s .  T h e r e fo r e  I conclude t h a t  ..
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t h i s  h e m ag g lu t in a t io n  technique prov id es  a new arid usefu l  technique  

f o r  the  q u a n t i t a t i o n  o f  T\ muscu l j - s p e c i f ic  a n t ib o d ie s  in mouse serum.

The a b i l i t y  o f  p a r a s i t i c  i n f e c t i o n s  to. suppress host  immune r e ­

sponses to  va r io u s  an t ig en s  and mitogens has been w e l l  documented 

( 2 , 3 , 1 6 , 2 6 , 5 2 ) .  However, l i t t l e  is known about the mechanisms by 

which immune responses are a f f e c t e d  ( 2 , 3 ) .  Recent s p e c u la t io n  has cen­

te red  on p a r a s i t e  a c t i v a t i o n  o f  suppressor T c e l l s  (26)  and suppressive  

macrophages ( 3 ) .  I t  is c e r t a i n l y  reasonable  to assume t h a t ,  through . 

t r i a l ,  e r r o r  and ad ju s tm en t ,  p a r a s i t e s  have evolved more than one 

method f o r  the  evas ion  o f  host  immune responses,  T_, muscul i I n f e c t i o n  

s t r o n g l y  depresses the  a b i l i t y  o f  mice to  respond to  an t ig en s  or  m i to ­

gens in v i v o  or  in v i t r o  ( 3 ) .  Furthermore ,  spleen c e l l s  from i n f e c t e d  

mice s e v e r e ly  suppress the I n v j  t r o  responses o f  spleen c e l l s  from non- 

i n f e c t e d  mice when the two popu la t io ns  o f  c e l l s  a re  c o - c u l t u r e d .  E l e ­

gant  work r e c e n t l y  rep o r ted  by A l b r i g h t  e t  a I . (3) suggests t h a t  T_, 

muscul? - induced hyporesponsiveness in mice is not  due to  suppressor T 

c e l l s  o r  suppress i ve macrophages, but  r a t h e r  to s o lu b le  p a r a s i t i c  com­

ponents a c t in g  d i r e c t l y  on B c e l l s  or  t h e i r  p re c u rs o rs .  However,  

s tu d ie s  to  da te  have not  addressed the e f f e c t  o f  T_. muscul ? induced 

hyporesponsiveness on a n t ig e n  p r i m i n g , development and f u n c t i o n . o f  

memory c e l l s ,  o r  on secondary immune responses. I have approached 

these quest io ns  by examining d i r e c t  and i n d i r e c t  RFC responses to  SE
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and d i r e c t  PFC responses to  PVP o f  mice a t  var io us  t imes dur ing  T_. 

muscui? p a r a s i t e m i a .  The data  ( t a b l e s  IV -V I  I I ) conf irm and extend  

e a r l i e r  o b serva t io n s  ( 3 ) .  Stud ies  conducted in T\  muscui? - in f e c t e d  

nude mice (Tab le  V I I I )  p ro v id e  d i r e c t  ev idence  t h a t  T c e l l s  a re  not  

re q u i r e d  f o r  the  in d u c t io n  o r  express ion  o f  Tz mus£ijn_-induced hypo- 

responsiveness in mice.  These o b serva t io n s  a re  in agreement w i t h  the  

concept  t h a t  the immune d e f e c t  observed in Tz muscui? i n f e c t e d  mice 

in vo lves  B c e l l s ,  p r i m a r i l y .  Furthermore ,  s tu d ies  using SE and PVP as 

immunogens (Tab le  IV) suggest  t h a t  T. muscu i I p a r a s i t e m ia  i n h i b i t s  

prim ary  PFC responses to e i t h e r  T-dependent (SE) o r  T - independent (PVP) 

a n t i g e n s . The r e s u l t s  a ls o  suggest  t h a t  secondary immune responses to  

SE are  a f f e c t e d  i f  an t ig e n  pr iming  was at tempted during Tz muscui? p a ra ­

s i t e m i a  (Tab le  V ) .  However, the data  (Tab les Vl and Vl I.) . c l e a r l y  i n d i ­

c a t e  t h a t  once an t ig e n  pr iming  has o c c u r re d ,  memory c e l l  development . 

and subsequent secondary immune responses a re  not  a l t e r e d  by T. muscui i 

i n f e c t i o n .

■ Having p r e v i o u s l y  shown t h a t  i r r a d i a t e d  mice are more imparied in 

t h e i r  a b i l i t y  to  c o n t r o l  Tz muscui i p a r a s i t e m ia  than nude mice (F ig u re  

I ) ,  I examined the e f f e c t s  o f  ^ C o  i r r a d i a t i o n  on severa l  parameters o f  

Tz muscuIi  p a r a s i t e m i a .  Data presented in f i g u r e  12 suggest  t h a t  a t  

l e a s t  one component o f  th e  host  immune response r e q u i s i t e  f o r  Tz muscu i i 

e l i m i n a t i o n  in mice has a ra d jo s e n s i t i v i t y  t h a t  l i e s  between 350 and 550

9 9
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rads Co. C onverse ly ,  these data  i n d i c a t e  t h a t  a l though the deve lop­

ment o f  acquired  immunity to  J_. muscui ? is r a d i o s e n s i t i v e  (F ig u re  12 ) ,  

once developed,  acqu ired  immunity to  t h i s  p a r a s i t e  is q u i t e  r a d i o r e s i s ­

t a n t  (Tab le  X ) .

Recent i n v e s t i g a t i o n s  have shown t h a t  m u l t i p l i c a t i v e  forms o f  T\  

muscui? can p e r s i s t  in the vasa r e c t a  o f  the kidneys o f  12 month-reco­

vered mice t h a t  a re  r e f r a c t ! Ie  to  ch a l len g es  o f  homologous trypanosomes 

( 6 9 ) .  As a r e s u l t  o f  these observa t io n s  i t  has been hypothesized  t h a t  

the vasa r e c t a  o f  the  kidney represents  an immunological Iy  p r iveledged  

s i t e  and t h a t  immune mechanisms are  re s p o n s ib le  f o r  l i m i t i n g  p a r a s i t e s  

to  t h i s  anatomical  l o c a t i o n  ( 6 5 , 7 0 ) .  I s tu d ied  the e f f e c t s  o f  ^®Co on 

the s e q u e s t r a t io n  o f  T \  muscuI i in the  vasa r e c ta  o f  kidneys o f 'Ti. 

m u s c u i ! - recovered mice (T ab le  X ) . The data  c l e a r l y  show t h a t  the f i n e l y  

balanced h o s t - p a r a s i t e  r e l a t i o n s h i p  m a in ta in ed  in the vasa r e c ta  o f  T.  

m u s c u i ! - recovered mice is not  i n t e r u p t e d  by ^®Co i r r a d i a t i o n .  These 

o b serva t io n s  suggest  t h a t  i f  an immune mechanism is indeed respons ib le  

f o r  th e  s e q u e s t r a t io n  e v e n t ,  then t h i s  mechanism is q u i t e  r a d i o r e s i s ­

t a n t  (as one might  e x p e c t ) .

My a t t e n t i o n  was subsequent ly d i r e c t e d  to  the i n v e s t i g a t i o n  o f  what  

p o p u la t io n s  o f  syngeneic c e l l s  might  be a b l e  to r e p a i r  IT. muscui i e l i m ­

i n a t i o n  p o t e n t i a l  in i r r a d i a t e d  mice.  The data ( F ig u r e  13) show t h a t  

o n ly  immune spleen c e l l s  r e s t o r e  T, muscui j  e l i m i n a t i o n  p o t e n t i a l  to
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mice i f  ad o p t iv e  t r a n s f e r  is performed f i v e  days p o s t - i r r a d i a t i o n .

There  was ev idence  t h a t  immune spleen c e l l s  were not a b l e  to r e p a i r  

e a r l y  c o n t ro l  o f  p a r a s i t e m i a ,  but in s p i t e  o f  t h i s ,  e l i m i n a t i o n  o f  jT. 

musculi  was accomplished w i t h i n  the same t ime period  as normal c o n t r o ls  

( F ig u r e  13 ) .  The k i n e t i c s  o f  jT. musculi  p a r a s i te m ia  in i r r a d i a t e d  mice  

t h a t  rece iv ed  immune spleen c e l l s  f i v e  days p o s t - i r r a d i a t i o n  ( F ig u re  .13) 

suggested t h a t  t h e r e  might  be a c o l l a b o r a t i o n  o ccu r r in g  between a m i n i ­

m a l ly  r a d i o s e n s i t i v e  host  component and the a d o p t i v e l y  t r a n s f e r r e d  

immune sp leen  c e l l s .  I f  t h i s  were the case,  w a i t i n g  a longer per iod o f  

t ime a f t e r  i r r a d i a t i o n  b e fo r e  ad o p t ive  t r a n s f e r  o f  immune spleen c e l l s  

should enhance T\  muscul? e l i m i n a t i o n  in t h a t  the proposed m in im a l ly  

r a d i o s e n s i t i v e  host  component(s) should be f u n c t i o n a l  Iy  recovered and 

a b le  to c o l l a b o r a t e  w i t h  donor immune spleen c e l l s .  The data  (F ig u re  

14) support , t h i s  h ypothes is ;  mice t h a t  rece ived  immune spleen  c e l l s  25 

days f o l l o w i n g  ^ C o  i r r a d i a t i o n  were g r e a t l y  enhanced in t h e i r . a b i l i t y  . 

to  e l i m i n a t e  T_. muscul i even when compared to  u n i r r a d i a t e d  c o n t r o l s .

The o b s e r v a t io n  t h a t  the a c t i o n  o f  t r a n s f e r r e d  immune spleen c e l l s  was 

demonstrable o n ly  a f t e r  s i x  days p o s t - t r a n s f e r  excluded the  p o s s i b i l i t y  

o f  any d i r e c t  c y t o t o x i c  e f f e c t  on the  p a r a s i t e  and f u r t h e r  re in f o r c e d  

the hypothes is  t h a t  t r a n s f e r r e d  immune spleen c e l l s  c o l l a b o r a t e  w i t h ,  

host  components in the r e s t o r a t i o n  o f  T_. musculi  e l i m i n a t i o n  p o t e n t i a l  

in i r r a d i a t e d  mice.  A p a r t i c u l a r l y  i n t r i g u i n g  aspect  o f  these data  was



the o b s e r v a t io n  t h a t  the a c t i o n  o f  a d o p t i v e l y  t r a n s f e r r e d  immune 

spleen  c e i l s  in 30 day p o s t - i r r a d i a t i o n  mice ( F ig u re  14) was s t r i k i n g l y  

d i f f e r e n t  from the  a c t i o n  o f  a d o p t i v e l y  t r a n s f e r r e d  immune spleen c e l l s  

in normal mice .  Viens e t  a l .  (71)  have shown t h a t  the simultaneous  

t r a n s f e r  o f  immune spleen  c e l l s  and i n o c u l a t i o n  o f  p a r a s i t e s  d id  not  

r e s u l t  in e l i m i n a t i o n  o f  the p a r a s i t e  but  mere ly  in a s l i g h t  and t r a n s ­

i e n t  q u a n t i t a t i v e  i n h i b i t i o n  o f  p a r a s i t e m i a .  In v iew o f  rep o r ts  t h a t  

i n d i c a t e  the e x q u i s i t e  r a d i o s e n s i t i v i t y  o f  c e l l s  t h a t  p r o v id e  n eg at ive  

r e g u l a t i o n  o f  the  immune response ( 5 , 2 0 , 4 3 )  i t  is tempting to  propose

t h a t  host  n e g a t iv e  r e g u l a t i o n  o f  donor immune spleen c e l l s  is impaired

60
in mice 25 days f o l l o w i n g  Co. However, data presented e a r l i e r  

( F ig u re  5) show t h a t  immune spleen c e l l s  a re  capable  o f  a c c e l e r a t i n g  

T\ muscuIi  e l i m i n a t i o n  in NLM mice.  Another p o s s i b i l i t y  is t h a t  once 

e a r l y  c o n t r o l  mechanisms have been r e e s t a b l i s h e d  as in the day 25 

p o s t - i r r a d i a t i o n  mice ( F ig u r e  14 ) ,  immune spleen c e l l s  a r e  a b le  to func ­

t i o n  in co o p era t io n  w i t h  host  e a r l y  c o n t r o l  mechanisms (p o s s ib ly  macro­

phages) and br ing  about an a c c e l e r a t e d  e l i m i n a t i o n  o f  th e  p a r a s i t e m i a .

In subsequent a t tempts  to  c h a r a c t e r i z e  the immunological s ta tu s  o f  

p o s t - i r r a d i a t i o n  mice an i n t e r e s t i n g  o b s e rv a t io n  was made. The data

( F ig u r e  15) i n d i c a t e  a conspicuous dichotomy in the recovery  o f  RFC

60responses o f  mice to  SE or  RVP f o l l o w i n g  whole body uCo i r r a d i a t i o n .  

SE-PFC responses were t o t a l l y  recovered by day 30 p o s t - i r r a d i a t i o n ,
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whereas PVP-PFC responses o f  mice were s t i l l  d r a m a t i c a l l y  impaired.

T h is  d i f f e r e n c i a l  recovery  o f  PFC responses o f  mice to  d i f f e r e n t  a n t i -  

gens was s t i l l  apparent  as long as 60 days f o l l o w i n g  Co i r r a d i a t i o n  

( F ig u re  15)-  I o n i z i n g  r a d i a t i o n  induces a vast  and complex a r r a y  o f  

sequelae in mammals ( 5 ) ;  components o f  the immune response have been 

shown to  be e x q u i s i t e l y  r a d i o s e n s i t i v e  ( 5 ) •  Because o f  the  m u l t i p l e  

e f f e c t s  o f  i r r a d i a t i o n  in v i v o , numerous mechanisms could be p o s tu la te d  

to e x p l a i n  th e  dichotomy o f  p o s t - I r r a d i a t i o n  PFC responses o f  mice to  

SE and PFP ( F ig u r e  15 ) .  Recent i n v e s t i g a t i o n s  by P l a y f a i r  and Purves 

(59)  have suggested two subpopula t ions o f  B c e l l s  one o f  which,  B p  did  

not r e q u i r e  T c e l l  help to  g en era te  an immune response,  whereas the  

second su b p o p u la t io n ,  Bg, d i d .  Jennings and R i t te n b e r g  (41)  present  

ev idence  f o r  s e p ara te  subpopula t ions o f  B c e l l s  responding to  ! - i n d e ­

pendent and T - dependent : a n t ig e n s .  Other  i n v e s t i g a t o r s  have a lso  des­

c r ib e d  B c e l l  h e t e r o g e n e i t y  using a v a r i e t y  o f  techniques t h a t  w i l l  not  

be discussed here ( 2 0 , 2 8 , 2 9 , 3 6 , 4 0 , 4 2 , 5 0 , 5 5 , 6 2 ) .  In l i g h t  o f  these ob­

s e r v a t io n s  ( 2 0 , 4 1 , 5 9 ) ,  one engaging e x p la n a t io n  f o r  the  data  in f i g u r e  

15 might  be t h a t  subpopula t ions o f  mature B c e l l s  not  o n ly  respond to  

d i f f e r e n t  c lasses  o f  a n t ig e n s ,  but  a l s o  show a d i f f e r e n t i a l  r a d io -  

s e n s i t i v i t y .  Consequently,  I conducted a s e r i e s  o f  experiments to  

f u r t h e r  d e f i n e  the  n a tu re  o f  the PFC response dichotomy in p o s t - i r r a ­

d i a t i o n  mice.  I f  the  d a ta  in f i g u r e  15 were r e v e a l in g  a t r u e  d i f f e r e n ­
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t i a l  r a d i o s e n s i t i v i t y  in B c e l l  subpopula t ions one might  expect  even

6o
low doses o f  Co i r r a d i a t i o n  to i n h i b i t  the  r a d i o s e n s i t i v e  B c e l l  sub-  

p o p u la t io n s .  Mice t h a t  rece iv ed  as l i t t l e  as I OOrads ^ C o  were s i g n i f i ­

c a n t l y  ( p < . 05) impaired in t h e i r  a b i l i t y  to  respond to PVP 30 days 

f o l l o w i n g  i r r a d i a t i o n ,  whereas t h e i r  a b i l i t y  to respond to  SE was ac­

t u a l l y  augmented (Tab le  X I ) .  .

Since  t h e r e  was a p o s s i b i l i t y  t h a t  these data  ( F ig u r e  15;Tab le  X I )  

were in f lu en ced  by the n a tu re  and com plex i ty  o f  the ! -d e p e n d e n t  (SE) and 

T - independent (PVP) an t ig en s  chosen, i t  was decided to  examine the post ­

i r r a d i a t i o n  PFC responses to  a s i n g l e  hapten (DNP) l in k e d  to  e i t h e r  a 

! -d ep en d en t  c a r r i e r  (ovalbumin)  o r  a ! - in d e p e n d e n t  c a r r i e r  ( F i c o I T ) .

The r e s u l t s  (Tab le  Xl I )  c l e a r l y  demonstrate  t h a t  30 day p o s t - i r r a d i a ­

t i o n  responses o f  mice to  DNP-Ficol I were s i g n i f i c a n t l y  ( p < . 05) im- , 

p a i r e d ,  whereas 30 day p o s t - i r r a d i a t i o n  PFC responses to DNP-Ovalbumin 

were not s i g n i f i c a n t l y  a l t e r e d .  From these r e s u l t s  ( F i g u r e  IS=Tables  

Xl and Xl I )  I conclude t h a t  th e r e  is a d i f f e r e n t i a l  r a d i o s e n s i t i v i t y  

between B c e l l  subpopula t ions t h a t  respond to  ! -d ep en d en t  ant ig ens  and 

B c e l l  subpopula t ions t h a t  respond to ! - in d e p e n d e n t  a n t ig e n s .

H o s i e r ,  Mond, and Goldings (54)  have reported  t h a t  thymus indepen­

dent  an t ig ens  can be d iv id e d  in to  two major  subsets based on t h e i r  

a b i l i t y  to s t i m u l a t e  e a r l y  neonatal  or  CBA/N c e l l s  ( ! - in d e p e n d e n t  Type 

I a n t ig e n s )  or  the c a p a c i t y  to  s t i m u l a t e  on ly  mature B c e l l s  In o n to -  .
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geny,  which c e l l s  a re  absent  in the CBA/N s t r a i n  ( ! - in d e p e n d e n t  - type 2 

a n t i g e n s ) .  Because experiments to  t h i s  p o i n t  had o n ly  addressed post -  

i r r a d i a t i o n  PFC responses o f  mice to I - independent type 2 an t ig en s*  i t  

was decided to  examine p o s t i r r a d i a t i o n  PFC responses o f  mice to T-

independent; type I an t ig ens  as w e l l .  The data  (Tab le  Xl I I ) c l e a r l y .
- . ■ .

i n d i c a t e  t h a t  p o s t - i r r a d i a t i o n  PFC responses o f  mice to SSS-11 I (T-

independent type 2) and PVP ( ! - in d e p e n d e n t  type 2) were s e v e r e ly  

im pai red,  whereas p o s t - i r r a d i a t i o n  responses o f  mice to  LPS ( ! - i n d e p e n ­

dent  type I )  and SE ( ! -d ep en d en t )  were not  d r a m a t i c a l l y  a l t e r e d .  I 

conclude t h a t  ! - i n d e p e n d e n t  B c e l l  subpopula t ions (B^ c e l l s )  can be 

f u r t h e r  d issec ted  in t o  s m a l le r  subsets based on t h e i r  p o s t - i r r a d i a t i o n  

PFC responses in mice,  as w e l l  as t h e i r  d i f f e r e n t i a l  a b i l i t y  to r e -  .. 

spond to ! - in d e p e n d e n t  type I or  ! - i n d e p e n d e n t  type 2 a n t ig e n s .

Because o f  t h e . a b i l i t y  o f  i o n i z i n g  r a d i a t i o n  to  s e v e r e ly  slow the  

k i n e t i c s  o f  an t ib ody  pro duct io n  (5)  i t  was p o s s ib le  t h a t  p o s t - i r r a d i a ­

t i o n  i n h i b i t i o n  o f  PFC responses o f  mice to ! - in d e p e n d e n t  type 2 a n t i ­

gens was p r i m a r i l y  due to  an a l t e r a t i o n  in the length o f  t ime  req u i red  

to  gen era te  a peak PFC response.  The data  presented in t a b l e . XIV r u l e  

out t h i s  p o s s i b i l i t y  and s t ren g th en  the  argument t h a t  B c e l l  subsets 

responding to  ! - i n d e p e n d e n t  type 2 an t ig e n  a re  e x q u i s i t e l y  r a d i o ­

s e n s i t i v e .

I f  these data  ( F ig u r e  15; . .Tables X l - X l  I I )  do d i s t i n g u i s h  a post ­
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i r r a d i a t i o n  d e f e c t  in a B c e l l  subset  one might expect  the adopt iv e  

t r a n s f e r  o f  e i t h e r  syngeneic bone marrow c e l l s  or  spleen c e l l s  to be 

more e f f i c i e n t  in r e p a i r i n g  p o s t - i r r a d i a t i o n  PFC responses o f  mice to  

a I - independent type 2 an t ig e n  (PtfP) than the ad o p t iv e  t r a n s f e r  Of 

syngeneic thymus c e l l s .  . Data presented in t a b l e  XV conf irm  t h i s  sup­

p o s i t i o n ,  a l though n o t .a s  d r a m a t i c a l l y  as I had expected .  The pos­

s i b i l i t y  o f  para thymic  lymph node c e l l s  contamin at in g  i n j e c t e d  thymus 

c e l l  p r e p a r a t io n s  may in p a r t  e x p l a i n  the  a b i l i t y  o f  thymus c e l l s  to  

p a r t i a l l y  r e p a i r  p o s t - i r r a d i a t i o n  PFC responses to  PVP. .

C o l l e c t i v e l y ,  these data  ( F ig u r e  15; Tab les  X l -XV) suggest  the

60technique o f  a l lo w in g  mice t o ' recover 30 days f o l l o w i n g  550rads Co 

i r r a d i a t i o n  b e fo re  measuring PFC responses to var ious  c lasses  o f  a n t i r  

gens is a new and usefu l  technique f o r  d is s e c t i n g  B c e l l  subsets .  Use 

o f  t h i s  techniq ue  has r e s u l t e d  in the  i d e n t i f i c a t i o n  o f  two d i f f e r e n t  

B c e l l  (Bj c e l l )  subsets t h a t  a re  responsive  to T - independent type I 

o f  T - independent type 2 a n t ig e n s .
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