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ABSTRACT

I n b r e d  CBA/J m ice  w ere u s e d  i n  d e v e lo p in g  a  d e f in e d  

i n  v iv o  m ouse m odel f o r  s tu d y in g  h o s t - p a r a s i t e  r e l a t i o n 

s h ip  i n  c r y p to c o c c a l  i n f e c t i o n s .  M ice w ere i n f e c t e d  e i t h e r  

i n t r a n a s a l l y  (IN ) o r  i n t r a p e r i t o n e a l l y  ( IP )  w ith  10 v i a b l e  

Ç. n eo fo rm an s c e l l s  and  o rg an ism  g ro w th  p r o f i l e s  i n  th e  

lu n g s ,  s p le e n s ,  l i v e r s  and  b r a i n s  o f  th e  i n f e c t e d  a n im a ls  

w ere  d e te rm in e d  o v e r  a  92 day s tu d y  p e r i o d .  H um oral and  

d e la y e d  ty p e  h y p e r s e n s i t i v i t y  (DTH) r e s p o n s e s  w ere  a ls o  

d e te rm in e d  i n  t h e s e  m ice a t  w eek ly  i n t e r v a l s  th ro u g h o u t  

th e  tim e  p e r i o d .  I n t r a n a s a l l y  i n f e c t e d  m ice  d e v e lo p e d  

s t r o n g  DTH re s p o n s e s  to  a  c ry p to c o c c a l  c u l t u r e  f i l t r a t e  

(CneF) a n t ig e n ,  and  th e r e  was a  good c o r r e l a t i o n  b e tw een  

a c q u i s i t i o n  o f  DTH and  th e  r e d u c t io n  o f  Ç. n eo fo rm an s i n  

th e  i n f e c t e d  t i s s u e s .  I n t r a p e r i t o n e a l l y  i n f e c t e d  m ice  

showed a  s lo w e r  r a t e  o f  r e d u c t io n  i n  num bers o f  C ._ neo fo rm ans 

i n  th e  t i s s u e s  an d  h ad  a  som ewhat s u p p re s s e d  DTH re s p o n s e  

to  CneF a n t i g e n .  A n t ic r y p to c o c c a l  a n t ib o d y  was n o t  d e te c te d  

i n  e i t h e r  IN o r  IP  i n f e c t e d  m ic e , b u t  c r y p to c o c c a l  p o ly 

s a c c h a r id e  a n t i g e n  t i t e r s  w ere  h ig h  i n  b o th  g ro u p s . The 

t r a n s f e r  o f  s e n s i t i z e d  s n le e n  c e l l s  from  IN i n f e c t e d  m ice



X I

t o  sy n g e n e ic  n a iv e  r e c i p i e n t  m ice  r e s u l t e d  i n  t r a n s f e r  

o f  th e  DTH re s p o n s e  t o  c ry p to c o c c a l  a n t ig e n  to  r e c i p i e n t s .

S p le n ic  e n r ic h e d  T - c e l l s  and  s e r a  w ere  o b ta in e d  from  

in b r e d  CBA/J m ice  i n j e c t e d  7 o r  35 d ay s  e a r l i e r  w ith  e i t h e r  

10^ v i a b l e  Ç. n eo fo rm an s o r  s t e r i l e  p h y s io lo g ic a l  s a l i n e .

The t r a n s f e r  o f  day 7 s e n s i t i z e d  e n r ic h e d  T - c e l l s  o r  no rm al 

e n r ic h e d  T - c e l l s  d id  n o t  t r a n s f e r  im m unity  to  Ç . neoform ans 

o r  DTH to  CneF a n t ig e n  to  th e  r e c i p i e n t s .  H ow ever, day 35 

s e n s i t i z e d  e n r ic h e d  T - c e l l s  when t r a n s f e r r e d  to  r e c i p i e n t  

m ice  w ere  a b le  t o  c o n fe r  im m unity  a s  i n d i c a t e d  by th e  r e 

d u c t io n  i n  num bers o f  C. neo fo rm an s c e l l s  i n  th e  t i s s u e s  and 

th e y  a l s o  t r a n s f e r r e d  th e  DTH re s p o n s e  t o  th e  CneF a n t ig e n .

S e ra  from  e i t h e r  s e n s i t i z e d  o r  n o rm al m ice was u n a b le  to  

t r a n s f e r  im m unity  to  r e c i p i e n t  a n im a ls .  T hese r e s u l t s  s u g g e s te d  

t h a t  t h e r e  was a  tim e  r e q u ire m e n t  f o r  deve lopm en t o f  th e  

immune re s p o n s e  i n  th e  donor m ice and  t h a t  T - c e l l s  w ere c r u c i a l  

i n  th e  h o s t  d e fe n se  a g a i n s t  a  c ry p to c o c c a l  i n f e c t i o n .

C u l tu r in g  o f  day 35 Ç. n e o fo n n a n s  s e n s i t i z e d  T - c e l l s  i n  th e  

p re s e n c e  o f  hom ologous a n t ig e n  (CneF) b u t  n o t  i n  th e  p re s e n c e  

o f  h e te ro lo g o u s  a n t ig e n  (PPD o r  DNFB) in d u c e d  m ig r a t io n  

i n h i b i t i o n  f a c t o r  (MIF) p r o d u c t io n ,  th u s  i n d i c a t i n g  t h a t  

ly m p h o cy tes  from  Ç. neo fo rm ans i n j e c t e d  m ice w ere s p e c i f i c a l l y  

s e n s i t i z e d  to  CneF a n t ig e n .



RESPONSES IN MICE FOLLOWING INTRANASAL OR INTRAPERITONEAL 

INFECTION WITH CRYPTOCOCCUS NEOFORMANS

CHAPTER I  

INTRODUCTION

O ver t h e  y e a r s ,  th e  p a th o g e n e s is  o f  C ry n to c o c c u s  

n eo fo rm an s h a s  b e e n  w id e ly  s tu d ie d  and  h a s  b e en  th e  s u b je c t  

o f  s e v e r a l  re v ie w s  ( 1 ,2 ,2 7 ,3 1 ) *  E v id en ce  d e v e lo p e d  th ro u g h  

s t u d i e s  on v a r io u s  a s p e c t s  o f  h o s t - p a r a s i t e  r e l a t i o n s h i p s  

o f  t h i s  i n f e c t i o n  h a s  s u g g e s te d  t h a t  b o th  hum ora l ( 1 2 ,1 4 ,1 3 ,

18) and  c e l l  m e d ia te d  ( 9 ,1 3 ,1 9 ,2 0 ,3 0 ,3 3 )  innnune (CMI) r e s p o n s e s  

a r e  im p o r ta n t  i n  d e fe n s e  a g a i n s t  a  c ry p to c o c c a l  i n f e c t i o n .  

H ow ever, t h e  e x a c t  r o l e  o f  hum ora l a n tib o d y  i n  p r o t e c t i o n  

a g a i n s t  c r y p to c o c c o s is  i s  s t i l l  u n c e r t a i n .  More e v id e n c e  h a s  

b e e n  g e n e r a te d  s u p p o r t in g  CMI a s  th e  im p o r ta n t  f a c t o r  i n  

h o s t  d e fe n se  a g a i n s t  a  c ry p to c o c c a l  i n f e c t i o n .

I t  h a s  b e e n  known f o r  some tim e  t h a t  c r y p to c o c c o s is  

o c c u rs  more f r e q u e n t ly  i n  p a t i e n t  w i th  d e f e c t i v e  CMI (1 0 ,3 2  

3 5 , 3 6 ) ;  how ever, c ry p to c o c c o s is  a l s o  h a s  b e e n  known to  o c c u r  

i n  p a t i e n t  who d id  n o t  s u f f e r  from  any a p p a re n t  d e f e c t  i n



CMI. I n  v iew  o f  th e  w ide  d i s t r i b u t i o n  o f  t h i s  o rg a n ism  i n  

n a t u r e ,  and  th e  p o t e n t i a l l y  f r e q u e n t  e n c o u n te r  w ith  th e  e t i o 

l o g i c a l  a g e n t  w i th o u t  deve lopm en t o f  a c t u a l  d i s e a s e ,  we w ere  

im p e l le d  t o  d e v e lo p e d  a  d e f in e d  an im a l m odel t h a t  w ould  a l lo w  

s y s te m a t ic  e x a m in a tio n  o f  t h e  p a th o g e n e s is  o f  Ç . n eo fo rm an s 

and  th e  h o s t  r e s p o n s e s  to  t h i s  o rg an ism .

C ry p to c o c c a l  i n f e c t i o n s  i n  humans m ost o f t e n  in v o lv e s  

th e  lu n g  parenchym a w i th  th e  r e s p i r a t o r y  t r a c t  b e in g  con

s id e r e d  th e  p r im a ry  p o r t a l  o f  e n t r y  ( 8 ,2 5 ) .  H ow ever, o c ca 

s i o n a l l y  th e  o rg an ism s  d is s e m in a te  t o  th e  b r a i n  and  o th e r  

o rg a n s  d e s p i t e  th e  p re s e n c e  o f  n a t u r a l  a n t i c r y p t o c o c c a l  

f a c t o r s  i n  serum  and  s a l i v a  ( 2 4 ) .  P a th o lo g ic a l  e x a m in a tio n  

o f  c h r o n i c a l l y  i n f e c t e d  t i s s u e s  from  c ry p to c o c c a l  p a t i e n t s  

r e v e a l s  t i s s u e  l e s i o n s  c o n s i s t i n g  o f  g ran u lo m as c o n ta in in g  

m ac ro p h ag e s , ly m p h o c y te s , e p i t h e l o i d  and  g i a n t  c e l l s  ( 2 5 ) .  

A lth o u g h  th e  g ra n u lo m a to u s  l e s i o n s  a r e  o f t e n  w id e ly  s p re a d  

i n  m u rin e  c r y p to c o c c o s i s ,  s i m i l a r  l e s i o n s  a s  th o s e  s e e n  i n  

human i n f e c t i o n s  a r e  p r e s e n t  i n  th e  b r a i n s ,  l u n g s ,  s p le e n s  

and  l i v e r s  o f  c ry p to c o c c u s  i n f e c t e d  m ice  (5 ) •  B ecau se  o f  

th e  s i m i l a r i t y  b e tw een  human and  m u rin e  c r y p to c o c c o s i s ,  

we h av e  c h o sen  to  u s e  th e  mouse to  d e v e lo p  a  l a b o r a to r y  

a n im a l m odel f o r  s tu d y in g  t h i s  d i s e a s e .  F u r th e rm o re , t h e r e  

i s  a l r e a d y  a v a i l a b l e  a  g r e a t  bank o f  know ledge on im m unolo

g i c a l  f u n c t i o n s  and im m unogenetics r e l a t e d  t o  d e la y e d - ty p e



h y p e r s e n s i t i v i t y  (DTH) and  CMI phenom ena i n  v a r io u s  s t r a i n s  

o f  m ice  w h ich  c a n  p ro v id e  g u i d e l i n e s  f o r  u s i n g  th e  m u rin e  

m odel i n  a  s y s te m a t ic  an d  r e l a t i v e l y  i n  d e p th  s tu d y  on th e  

a c q u i r e d  h o s t  d e fe n s e  m echanism s i n  c r y p to c o c c o s i s .  The e a sy  

h a n d l in g  an d  r a p i d  r e p r o d u c t io n  o f  m ice  a l s o  a r e  a d v a n ta g e s  

w h ich  w i l l  e n a b le  u s  t o  u s e  m ore a n im a ls  f o r  th e  s tu d y  w hich  

i n  t u r n  w i l l  p r o v id e  f o r  a  m ore a c c u r a te  a s s e s s m e n t  o f  th e  

h o s t - e t i o l o g i c a l  a g e n t  r e l a t i o n s h i p s  i n  t h i s  i n f e c t i o n .

Our p r im a ry  g o a l  i n  t h i s  s tu d y  was t o  d e f in e  th e  c ry p 

to c o c c o s is - m u r in e  m odel u s in g  two r o u t e s  o f  i n f e c t i o n  i n  one 

i n b r e d  s t r a i n  o f  m ic e . The p a ra m e te r s  d e f in e d  w e re : (a )  Ç. 

n e o fo rm a n s  g ro w th  p r o f i l e s  i n  v a r io u s  o rg a n s  ( i . e .  l u n g s ,  

s p l e e n s ,  l i v e r s  an d  b r a i n s ) ,  (b ) DTH r e s p o n s e s ,  (c )  c r y p to 

c o c c a l  a n t ig e n  l e v e l s ,  and  (d ) a n t ib o d y  t i t e r s  i n  serum .

All  p a ra m e te r s  w ere  fo l lo w e d  o v e r  a  r e l a t i v e l y  lo n g  tim e  

p e r io d  (92  d a y s)  p o s t  i n f e c t i o n .

I n  a d d i t i o n ,  e x p e r im e n ts  w ere  c o n d u c te d  to  d e m o n s tra te  

t h a t  th e  DTH re s p o n s e  c o u ld  be p a s s i v e ly  t r a n s f e r r e d  to  n o rm al 

s y n g e n e ic  r e c i p i e n t s  w i th  s p le e n  c e l l s  fro m  s e n s i t i z e d  

a n im a ls  b u t  n o t  w i th  serum  from  s e n s i t i z e d  m ic e , o r  serum  

o r  s p le e n  c e l l s  fro m  c o n t r o l  a n im a ls .



MATERIALS AND METHODS

M ic e . I n b re d  8 to  12 w eeks o ld  CBA/J m ice  o f  b o th  s e x e s  b re d  

i n  t h e  U n iv e r s i ty  o f  Oklahoma a n im a l f a c i l i t i e s  w ere u se d  

i n  t h i s  s tu d y .

O rg an ism . C ry p to c o c c u s  n eo fo rm an s 184A a s  d e s c r ib e d  by  Murphy 

and  Cozad (2 9 ) was em ployed th ro u g h o u t  t h i s  w ork .

I n f e c t i o n  o f  m ic e . CBA/J m ice  w ere g iv e n  1 .0  x  10^ v i a b l e  

Ç. n eo fo rm an s c e l l s  i n t r a n a s a l l y  (IN ) i n  two 5 u l  p h y s io lo -  

g i c a l  s a l i n e  d r o p l e t s  o r  1 .0  x  10*'̂  c e l l s  i n t r a p e r i t o n e a l l y  

( IP )  i n  0 .5  nil o f  p h y s io lo g ic a l  s a l i n e  (S P S ) . C o n tro l  a n im a ls  

w ere  i n o c u l a t e d  w i th  e q u iv a le n t  vo lum es o f  SPS e i t h e r  i n t r a 

n a s a l l y  o r  i n t r a p e r i t o n e a l l y .

A n tig e n  p r e p a r a t i o n . The c ry p to c o c c a l  c u l t u r e  f i l t r a t e  (CneF) 

a n t ig e n  u se d  f o r  fo o tp a d  t e s t i n g  was p r e p a r e d  a c c o rd in g  to  

th e  p ro c e d u re  d e s c r ib e d  by  C au ley  and  Muirphy ( 9 ) .

D e te rm in a t io n  o f  DTH p r o f i l e . On days 1 , 3« 7 and  w eek ly  

i n t e r v a l s  t h e r e a f t e r  u n t i l  92 days p o s t - i n f e c t i o n ,  10 m ice  

(5 m a le s  and  5 fe m a le s )  from  each  g ro u p  w ere  s e l e c t e d  random ly



f o r  f o o tp a d  t e s t i n g .  The r i ^ t  and  l e f t  h in d  f o o tp a d s  o f  

t h e s e  m ice  w ere  m easu red  "before (Rq and Lq) and 2k  h o u rs  

a f t e r  (Rg^ and  in t r a d e r m a l  i n j e c t i o n  o f  0 .0 3  ml a n t ig e n

i n  th e  r i g h t  fo o tp a d  an d  O.03  ml SPS i n  th e  l e f t .  The n e t  

i n c r e a s e  o f  f o o tp a d  s w e l l in g  was c a l c u l a t e d  by th e  fo l lo w in g  

e q u a t io n :

( R ightgi^  -  R ig h tg  ) -  ( l e f t g ^  -  L e f t^  ) = N et fo o tp a d  

i n c r e a s e .  A n e t  f o o tp a d  s w e l l in g  o f  0 .3  mm o r  more was con

s id e r e d  to  be  a  p o s i t i v e  r e s p o n s e .

M ethod o f  f o o tn a d  m easu rem en t. Mouse fo o tp a d s  w ere  m easu red  

by  u s in g  an  in s t ru m e n t  d e s ig n e d  and c o n s t r u c te d  i n  o u r l a b 

o r a to r y  . T h is  in s t r u m e n t  c o n s i s t e d  o f  a  s u b s ta g e  1000 w a t t  

l i g h t  s o u rc e ,  a  convex  l e n s  and a  3 in c h e s  d ia m e te r  h o le .  

D i r e c t ly  above and  clam ped  t i g h t l y  o v e r th e  h o le  was a  t r a n 

s p a r e n t  7 i  cm r u l e r  w ith  a  1 cm t h i c k  p l a s t i c  b lo c k  g lu e d  

on th e  1 cm mark o f  th e  r u l e r .  The r u l e r  was m arked o f f  i n  

mm. Above th e  r u l e r ,  was a  l e n s  sy stem  and  an  a d ju s ta b le  

m i r r o r  w hich  p r o j e c t e d  th e  l i g h t  com ing from  th e  b a se  on to  

a  s c r e e n .  A b o a rd  w ith  a  s c a l e  c a l i b r a t e d  i n  O.OO5 mm was 

p la c e d  on th e  w a l l  20 f e e t  away from  th e  p r o j e c t o r .  To u se  

th e  a p p a r a tu s ,  a  mouse was p u t  i n t o  a  50 ml s y r in g e  w ith  a 

h o le  c u t  n e a r  th e  end  o f  th e  s y r in g e  so t h a t  th e  f o o t  c o u ld  

be p u l le d  o u t  and  p la c e d  a g a i n s t  th e  p l a s t i c  b lo c k  on th e  

r u l e r .  The th ic k n e s s  o f  th e  fo o tp a d  was r e a d  by m e a su rin g



th e  im age p r o j e c t e d  on th e  c a l i b r a t e d  b o a rd  on th e  w a l l .

T h ree  p e o p le  w ere  in v o lv e d  i n  m e a su r in g  th e  f o o tp a d s ,  a  r e a d e r ,  

a  p r o j e c t i o n i s t  t o  p la c e  t h e  f o o tp a d s  a g a i n s t  th e  b lo c k  and  

a  t h i r d  p e r s o n  who handed  m ice  t o  th e  p r o j e c t i o n i s t  and  who 

r e c o rd e d  th e  r e s u l t s .  T h is  sy s te m  e l im in a te d  any  p o s s i b i l i t i e s  

f o r  b i a s e d  r e a d in g  s in c e  th e  r e a d e r  and  t h e  p r o j e c t i o n i s t  d id  

n o t  know from  w h a t g ro u p  e ac h  mouse cam e.

O rganism  g ro w th  p r o f i l e . A t 3 h o u rs  a f t e r  m ice  r e c e iv e d  e i t h e r  

i n t r a n a s a l  o r  i n t r a p e r i t o n e a l  i n f e c t i o n  w i th  Ç. n e o fo rm a n s , 

and  a t  2 , 4 ,  8 d ay s and  w eek ly  i n t e r v a l s  t h e r e a f t e r  f o r  ^2 

d a y s , 5 m ale  m ice  from  each  g ro u p  w ere e x a n g u in a te d , and  serum  

sam p les  w ere c o l l e c t e d .  The m ice  w ere a u to p s ie d ,  and  s p le e n s ,  

l i v e r s ,  lu n g s  an d  b r a i n s  w ere  c o l l e c t e d  f o r  d e te r m in a t io n  o f  

th e  num bers o f  v i a b l e  Ç . n eo fo rm an s u s in g  th e  p ro c e d u re  p r e 

v io u s ly  d e s c r ib e d  by C au ley  and  Murphy ( 9 ) •

S e r o lo g ic a l  t e s t s . The w hole y e a s t  c e l l  m ic r o a g g lu t in a t io n  

t e s t  a s  d e s c r ib e d  by  Murphy and  Cozad (29) was em ployed to  

m easu re  th e  a n t i c r y p t o c o c c a l  a n t ib o d y  r e s p o n s e  i n  b o th  th e  

IN and  IP  i n f e c t e d  m ic e . R a b b it  a n t i c r y p to c o c c a l  a n tis e ru m  

w ith  a  t i t e r  o f  1 :6 4 0  was u s e d  a s  a  p o s i t i v e  c o n t r o l  w h ile  

n o rm al r a b b i t  serum  s e rv e d  a s  a  n e g a t iv e  c o n t r o l .  The l e v e l  

o f  c ry p to c o c c a l  a n t ig e n  i n  th e  s e r a  o f  th e s e  m ice  was a s s a y e d  

u s in g  th e  l a t e x  c ry p to c o c c a l  a n t ig e n  t e s t  d e s c r ib e d  by  B lo o m fie ld



e t  a l  ( 4 ) .  A 25 u g  p e r  m l s o l u t i o n  o f  c a p s u la r  p o ly s a c c h a r id e  

i s o l a t e d  from  c u l t u r e s  o f  Ç . n eo fo rm an s and  a  n o rm a l r a h b i t  

serum  w ere  u s e d  a s  p o s i t i v e  and  n e g a t iv e  c o n t r o l s  r e s p e c t i v e l y ,  

i n  th e  l a t e x  a g g l u t i n a t i o n  t e s t .

P r e p a r a t io n  o f  lym pho id  c e l l s . M ice w ere  g iv e n  i n t r a n a s a l l y  

e i t h e r  1 .0  x  10^ v i a b l e  Ç. n eo fo rm an s i n  0 .0 1  ml SPS o r  th e  

same volum e o f  SPS. On days 7 . 28 , 35 and  44 p o s t - i n f e c t i o n ,  

s e n s i t i z e d  m ice  and  s a l i n e  c o n t r o l  m ice  w ere s a c r i f i c e d  by  

e x s a n g u in a t io n ,  serum  was c o l l e c t e d  and  s t o r e d  a t  -2 0  C u n t i l  

n e e d e d . S p le e n s  from  th e s e  m ice  p ro v id e d  th e  lym pho id  c e l l s  

f o r  t r a n s f e r .  Donor c e l l  p o o ls  w ere p r e p a re d  by t e a s i n g  th e  

s p le e n  w i th  s t e r i l e  f o r c e p s  o v e r  a  120 mesh s t a i n l e s s  s t e e l  

s c r e e n  i n to  a  p e t r i  d i s h  c o n ta in in g  2 ml o f  D u lb e c c o 's  p h o s 

p h a te  b u f f e r e d  s a l i n e  (DPBS). Red b lo o d  c e l l s  p r e s e n t  among 

th e  d i s s o c i a t e d  lym pho id  c e l l s  w ere ly s e d  u s in g  ammonium 

c h lo r id e  t r i s  b u f f e r e d  s o l u t io n  ( 6 ) .  C e l l s  w ere  w ashed  once 

w ith  DPBS an d  a g a in  w i th  SPS. The v i a b i l i t y  o f  ly m p h o c y te s  

was d e te rm in e d  by  t r y p a n  b lu e  e x c lu s io n  t e s t  and  th e  f i n a l
g

c e l l  s u s p e n s io n  was a d ju s te d  to  a b o u t 5 x 10 v i a b l e  lym pho

c y te s  p e r  ml o f  SPS.

T ra n s f e r  o f  ly m p h o c y te s . A t v a r io u s  tim e  i n t e r v a l s ,  s e n s i t i z e d  

and n o rm al ly m pho id  c e l l s  w ere  o b ta in e d  from  do n o r m ice  and  

w ere  i n j e c t e d  in t r a v e n o u s ly  i n to  d e s ig n a te d  g ro u p s  o f  r e c i p i e n t
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m ic e . S ig h t  r e c i p i e n t s  w ere  u se d  a t  each  tim e  p e r io d ;  5 m ice
Q

w ere  g iv e n  a p p ro x im a te ly  1 .0  x  10 s e n s i t i z e d  ly m p h o c y te s , 

and  3 a n im a ls  r e c e iv e d  a p p ro x im a te ly  th e  same num ber o f  n o rm al 

ly m p h o c y te s . D e lay ed  h y p e r s e n s i t i v i t y  r e s p o n s e s  o f  th e  r e c i p i e n t  

m ice  w ere  c h ec k ed  by  fo o tp a d  t e s t i n g  20 h o u rs  a f t e r  th e  m ice  

r e c e iv e d  ly m p h o id  c e l l  t r a n s f e r s .  On th e  days ly m p h o cy tes  

w ere  t r a n s f e r r e d ;  5 Ç* n eo fo rm an s i n f e c t e d  and  3 SPS in o c u la t e d  

d o n o r m ice w ere  f o o tp a d  t e s t e d  to  d e te rm in e  th e  s t a t e  o f  se n 

s i t i z a t i o n  o f  t h e s e  m ic e .

T r a n s f e r  o f  se ru m . S e ra  o b ta in e d  fro m  d o n o r m ice g iv e n  10^ 

v i a b l e  Ç . n e o fo rm a n s  7 o r  35 days e a r l i e r  w ere  i n j e c t e d  

i n t r a v e n o u s ly  i n  0 .5  ml volum es i n t o  r e c i p i e n t  m ic e . D e layed  

ty p e  h y p e r s e n s i t i v i t y  r e s p o n s e s  w ere d e te rm in e d  by  fo o tp a d  

t e s t i n g  20 h o u rs  f o l lo w in g  serum  t r a n s f e r .

S t a t i s t i c a l  a n a l y s e s . The means and  s ta n d a r d  e r r o r  o f  th e  

m eans program m ed on a  H e w le t t-P a c k a rd  c a l c u l a t o r  m odel 9810A 

w ere u se d  i n  a n a ly s e s  o f  d a ta .



RESULTS

Q u a n t i t a t io n  o f  v i a b l e  C. n eo fo rm an s i n  t i s s u e s  and  th e  DTH 

p r o f i l e . T h ree  h o u rs  a f t e r  i n t r a n a s a l  i n o c u l a t i o n  w i th  10^ 

v i a b l e  C. n eo fo rm an s c e l l s ,  a  few  c ry p to c o c c i  w ere  i s o l a t e d  

from  th e  lu n g s  o f  o n ly  one m ouse ( F i g . l  and  T ab le  1 ) .  A l l  

o th e r  o rg a n s  c u l t u r e d  rem a in e d  s t e r i l e  f o r  th e  f i r s t  8 days 

o f  th e  e x p e r im e n t . By day  15 a f t e r  i n f e c t i o n ,  one o f  th e  f i v e  

m ice  a u to p s ie d  h ad  c ry p to c o c c i  i n  a l l  o rg a n s  c u l t u r e d ;  how ever, 

two o f  f i v e  (4 0 ^ ) h a d  p o s i t i v e  lu n g  c u l t u r e s .  The f i r s t  peak  

i n  num bers o f  c r y p to c o c c i  c u l t u r e d  ( F i g . l  and  2A) a s  w e l l  a s  

num ber o f  c u l t u r a l l y  p o s i t i v e  m ice  came a t  22 days p o s t  i n f e c t i o n  

(T a b le  1 ) .  E ig h ty  p e r c e n t  o f  th e  m ice  h ad  c r y p to c o c c i  i n  th e  

lu n g s  by  t h i s  t im e .  F o llo w in g  t h i s  maxima th e  num ber o f  co lo n y  

fo rm in g  u n i t s  (CFU) i n  th e  lu n g s  d e c l in e d  r a p i d l y ,  and  by day 

^3 Ç. n eo fo rm an s was n o t  c u l t u r e d  from  th e  lu n g s  o f  a  s in g l e  

a n im a l .  H ow ever, one week l a t e r  80% o f  th e  m ice  h ad  low  num bers 

o f  c ry p to c o c c i  i n  o rg a n s  o th e r  th a n  lu n g s .  L ungs re m a in e d  f r e e  

o f  o rg an ism s  from  day 43 th ro u g h  5 7 . On day 50 p o s t  i n t r a n a s a l  

i n f e c t i o n ,  a n o th e r  p eak  i n  CFJ o f  £ .  n eo fo rm an s and  i n  p e rc e n 

ta g e  o f  m ice w ith  p o s i t i v e  c u l t u r e s  was o b s e rv e d . The num ber 

o f  CFU m aking  th e  se c o n d  p eak  was a p p ro x im a te ly  2 l o g  u n i t s
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lo w e r th a n  t h a t  o f  th e  f i r s t  p e a k , i n d i c a t i n g  t h a t  th e  m ice 

w ere m a in ta in in g  Ç . neo fo rm ans p o p u la t io n s  a t  low  l e v e l s .

A gain  by day  64 and  c o n t in u in g  th ro u g h  day 92 , Ç. neo fo rm an s 

was c u l t u r e d  from  lu n g s  o f  th e  i n f e c t e d  a n im a ls .  H ow ever, 

o n ly  20fo o f  th e  in o c u la t e d  p o p u la t io n  h a d  p o s i t i v e  c u l t u r e s  

d u r in g  t h i s  segm ent o f  th e  e x p e r im e n t.

A lth o u g h  o n ly  a  few  IN i n f e c t e d  a n im a ls  showed d e te c 

t a b l e  l e v e l s  o f  Ç . neo fo rm ans i n  th e  lu n g s  d u r in g  th e  f i r s t  

week a f t e r  i n f e c t i o n ,  an  e x p e rim e n t p e rfo rm ed  to  d e te rm in e  

th e  s i t e  o f  c ry p to c o c c i  l o c a l i z a t i o n  fo l lo w in g  i n t r a n a s a l  

i n o c u l a t i o n  r e v e a le d  a b o u t 70^  o f  th e  i n f e c t i n g  dose  was i n  

th e  h e a d  r e g io n ,  e x c lu d in g  th e  b r a i n ,  d u r in g  th e  f i r s t  and 

se co n d  w eeks a f t e r  IN i n f e c t i o n .

The o rg an ism  grow th  p r o f i l e s  i n  th e  i n t r a p e r i t o n e a l l y  

i n f e c t e d  m ice showed d i f f e r e n t  p a t t e r n s  from  th o s e  o f  th e  

i n t r a n a s a l l y  i n f e c t e d  m ic e . T hree h o u rs  f o l lo w in g  IP  i n f e c t i o n ,  

3 o f  5 m ice showed p o s i t i v e  c ry p to c o c c i  c u l t u r e s ,  w ith  one 

mouse h a v in g  c ry p to c o c c i  i n  s p le e n  and l i v e r  and  th e  o th e r  

2 m ice h a v in g  c ry p to c o c c i  i n  e i t h e r  th e  s p le e n  o r  th e  l i v e r  

( F i g .3 and  T ab le  2 ) .  By day 3» 100^ o f  th e  m ice had  c r y p to 

c o c c i  i n  l i v e r s  and  s p le e n s  b u t  n o t  i n  o th e r  o rg a n s . L ik e  

th e  IN i n f e c t e d  m ic e , o rg an ism  c o u n ts  i n  th e  IP  i n f e c t e d  m ice 

a l s o  p e ak e d  a t  22 day s p o s t  i n f e c t i o n  ( F ig .  4a ) w ith  100% 

o f  m ice h a v in g  c ry p to c o c c i  i n  th e  l i v e r s ,  s p le e n s  and  lu n g s .
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A f te r  day  2 2 , mean CPU o f  C. neo fo rm ans b eg an  to  d e c l in e  b u t  

was fo l lo w e d  by  a  se co n d  p e ak  on day ^3 and  a  t h i r d  p eak  on

day 71 , r e s p e c t i v e l y .  The seco n d  and  t h i r d  p e a k s  i n  mean

num bers o f  CPU w ere  one lo g  lo w e r  th a n  th e  f i r s t  p e a k . A f te r  

th e  t h i r d  p e a k , th e  mean CPU c o n tin u e d  to  d e c l in e  th ro u g h  

day 9 2 . T h is  c y c l i c  p a t t e r n  o f  o rg an ism  g row th  was a l s o  

a p p a r e n t  i n  IN i n f e c t e d  a n im a ls ,  w h e th e r  th e  i n f e c t i n g  dose  

was g iv e n  by  d r o p l e t s ,  a s  i n  t h i s  s tu d y , o r  i n  a e r o s o l  fo rm  

(B a te s ,  R.A.  and  J.W . M urphy, A b s tr .  Annu. M eet. Am. Soc .  

M ic ro b io l .  1975» F26, p . 8 9 ) .  A lso , from  day 29 th ro u g h  85 , 

th e  p e r c e n ta g e s  o f  IP  i n f e c t e d  m ice h a v in g  p o s i t i v e  c u l t u r e s

f l u c t u a t e d  b e tw een  80 to  100# e x c e p t  on day 36  when o n ly  6oj5

o f  th e  m ice w ere  c u l t u r a l l y  p o s i t i v e  f o r  c r y p t o c o c c i .

F o llo w in g  th e  i n t r a n a s a l  i n f e c t i o n  w ith  Ç. n e o fo rm a n s , 

p o s i t i v e  DTH re s p o n s e s  to  CneF a n t ig e n  w ere  n o t  d e te c t e d  u n t i l  

day 22 , when 20^ o f  th e  m ice t e s t e d  d e v e lo p e d  p o s i t i v e  DTH 

fo o tp a d  r e s p o n s e s  ( F ig .  2 3 ) .  By day 29, 100^ o f  th e  m ice  h ad  

d e v e lo p e d  p o s i t i v e  DTH to  CneF a n t ig e n .  The i n t e n s i t y  o f  t h i s  

r e s p o n s e  re a c h e d  a  m axim al l e v e l  on day 4-3 and  re m a in e d  a t  

a  r e l a t i v e l y  h ig h  l e v e l  th ro u g h o u t  t h e  92 day s tu d y  p e r io d .  

How ever, th e  DTH r e s p o n s e s  to  CneF a n t ig e n  i n  th e  IP  i n f e c t e d  

m ice a p p e a re d  to  be somewhat s u p p re s s e d  ( F ig .  4B) when com pared 

to  t h a t  o f  th e  IN i n f e c t e d  m ice (F ig .  2 B ) . A lth o u g h  DTH f i r s t  

a p p e a re d  i n  20^ o f  th e  IP  m ice a t  day 22 and  p eak e d  a t  day
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43 a s  i n  th e  IN g ro u p , th e  o v e r a l l  mean i n c r e a s e s  i n  f o o tp a d  

th ic k n e s s  w ere  s i g n i f i c a n t l y  lo w e r th a n  th o s e  o f  th e  IN m ic e . 

The p e rc e n ta g e  o f  IP  i n f e c t e d  m ice show ing  p o s i t i v e  DTH 

re s p o n s e s  was a l s o  s u b s t a n t i a l l y  lo w e r  th a n  i n  th e  IN  g ro u p , 

w ith  40j5 o f  th e  m ice  h a v in g  p o s i t i v e  r e s p o n s e s  a t  any  g iv e n  

t im e  th ro u g h o u t  t h e  e x p e r im e n t ( T ab le  2 ) .  The 5 fe m a le  m ice 

u se d  i n  DTH p r o f i l e  d e te r m in a t io n s  a t  e ach  tim e  p e r io d  w ere 

n o t  u se d  i n  o rg an ism  g ro w th  p r o f i l e  s t u d i e s .  H ow ever, DTH 

m easu rem en ts  from  th e  fe m a le  m ice  f o l lo w in g  IN o r  IP  i n f e c t i o n  

w ere  n o t  s i g n i f i c a n t l y  d i f f e r e n t  fro m  th e  f o o tp a d  m easu rem en ts  

o f  th e  m ale  m ic e .

The IN and  IP  i n f e c t e d  m ice t h a t  s u r v iv e d  th ro u g h o u t  

th e  s tu d y  p e r io d  w ere  a u to p s ie d  a t  183 d ay s p o s t  i n f e c t i o n ,  

and  no c ry p to c o c c i  w ere  c u l t u r e d  from  any  o f  th e  f o u r  o rg a n s  

a s s a y e d .

S e r o lo g ic a l  d a t a . The l e v e l  o f  c ry p to c o c c a l  p o ly s a c c h a r id e  

(CP) a n t ig e n  i n  th e  s e r a  o f  IN and  IP  i n f e c t e d  m ice a r e  shown 

i n  F ig u re  5» C ry p to c o c c a l  p o ly s a c c h a r id e  a n t ig e n  was d e te c te d  

i n  IP  m ice  a s  e a r l y  a s  1 day p o s t  i n f e c t i o n ;  ho w ev er, i n  th e  

IN m ic e , CP a n t ig e n  was n o t  d e m o n s tra te d  u n t i l  day ? •  The 

l e v e l  o f  CP a n t ig e n  i n  s e r a  o f  IN and  IP  m ice  re m a in e d  r e l a 

t i v e l y  c o n s ta n t  up to  day 1 4 , and  e ac h  g ro u p  o f  m ice h ad  a  

mean lo g g  t i t e r  o f  a b o u t 9 .0  a t  t h a t  t im e .  A f t e r  t h a t  p e r io d .
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l e v e l s  o f  CP a n t i g e n  in c r e a s e d  r a p i d l y  i n  th e  IP  i n f e c t e d  

m ice  t o  a  p e a k  mean lo g ^  t i t e r  o f  1 2 .5  by  day 36 p o s t  i n f e c 

t i o n ;  w h e re a s , th e  IN i n f e c t e d  m ice  showed a  p e ak  mean lo g g  

t i t e r  o f  1 1 .5  on day  4 3 . The i n c r e a s e  o f  CP a n t ig e n  l e v e l s  

i n  IN and  IP  m ice  came a f t e r  th e  num bers o f  Ç . n eo fo rm an s 

h ad  r e a c h e d  m axim al l e v e l s  and  h ad  s t a r t e d  to  d e c l in e .

F o llo w in g  th e  p e a k  i n c r e a s e  i n  CP a n t i g e n  t i t e r s ,  th e  l e v e l s  

o f  CP a n t ig e n  i n  th e  s e r a  b eg an  to  d e c r e a s e  r a p i d l y ;  an d  by 

day  9 2 , b o th  th e  IN and  IP  m ice h ad  mean lo g g  t i t e r s  o f  8 . 0 .

A n t ic r y p to c o c c a l  a n t ib o d ie s  i n  s e r a  o f  IN an d  IP  i n f e c t e d  

m ice  w ere  n o t  d e t e c t a b l e  d e s p i t e  c a r e f u l l y  r e p e a te d  a t te m p ts  

to  d e m o n s tra te  th e  p re s e n c e  o f  a g g l u t i n a t i n g  a n t ib o d y .

T r a n s f e r  o f  DTH. F o llo w in g  i n t r a n a s a l  i n o c u l a t i o n  w ith  10^

Ç. n e o fo rm a n s , DTH re s p o n s e s  w ere  n o t  d e te c t e d  i n  th e s e  donor 

m ice on day 7* H ow ever, on day  28 , 35 and  44 p o s t  i n f e c t i o n  

p o s i t i v e  DTH re s p o n s e s  to  CneF a n t ig e n  w ere  o b se rv e d  (F ig .  6 ) .  

T h is  w as i n  c o m p le te  a g re em e n t w i th  th e  DTH p r o f i l e  shown i n  

F ig u re  3B. The r e c i p i e n t  m ice t h a t  r e c e iv e d  s p le e n  c e l l s  

o b ta in e d  from  d o n o r m ice  i n f e c t e d  7 , 28 , 35 o r  44 days p r e 

v i o u s l y ,  showed a  p r o g r e s s iv e  i n c r e a s e  i n  s e n s i t i v i t y  to  CneF 

a n t i g e n  ( F ig .  6 ) .  The r e c i p i e n t s  o f  day  7 s e n s i t i z e d  s p le e n  

c e l l s  a s  w e l l  a s  a l l  r e c i p i e n t s  o f  n o rm a l s p le e n  c e l l s  from  

s a l i n e  c o n t r o l  m ice  d id  n o t  h ave  p o s i t i v e  DTH re s p o n s e s  to  

CneF a n t i g e n .  T h ere  w ere o n ly  40^ o f  th e  day 28 s e n s i t i z e d
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s p le e n  c e l l s  r e c i p i e n t s  w ith  p o s i t i v e  fo o tp a d  r e s p o n s e s ;  

w h e re a s , a l l  r e c i p i e n t s  o f  day  35 o r  44  s e n s i t i z e d  s p le e n  

c e l l s  h a d  p o s i t i v e  DTH re s p o n s e s  to  CneF a n t i g e n .  D e lay ed  

h y p e r s e n s i t i v i t y  r e s p o n s e s  w ere  n e g a t iv e  i n  a l l  m ice t h a t  

r e c e iv e d  t r a n s f e r s  o f  serum  o b ta in e d  from  d o n o r m ice  immu

n iz e d  w i th  e i t h e r  C. n eo fo rm an s o r  s a l i n e  a t  7 o r  35 days 

e a r l i e r .
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F ig u re  1 . O rganism  g row th  p r o f i l e  on lu n g s .  D ra in s , 

l i v e r s  and  s p le e n s  o f  m ice  i n f e c t e d  i n t r a -
3

n a s a l l y  w i th  10 v i a b l e  Ç. n e o fo rm a n s .
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F ig u re  2A. Mean c o lo n y  fo rm in g  u n i t s  (CFU) o f  m ice  

i n f e c t e d  i n t r a n a s a l l y  w i th  10^  v i a b l e  C_. 

n e o fo rm a n s .

F ig u re  2B. F o o tp a d s  d e la y e d  h y p e r s e n s i t i v i t y  r e s p o n s e s  

to  c r y p to c o c c a l  c u l t u r e d  f i l t r a t e  a n t ig e n  i n  

i n t r a n a s a l l y  i n f e c t e d  m ic e . H o r iz o n ta l  s o l i d  

l i n e s  ( -  ' )  i n d i c a t e  th e  ra n g e  o f  d e la y e d

h y p e r s e n s i t i v i t y  r e s p o n s e s  i n  s a l i n e  c o n t r o l  

m ic e .
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T a b le  1 . C om parison  o f  th e  p e rc e n ta g e  o f  i n t r a n a s a l l y  

i n f e c t e d  m ice  w ith  p o s i t i v e  c ry p to c o c c i  

c u l t u r e  and  th e  p e rc e n ta g e  o f  th o s e  show ing  

p o s i t i v e  DTK r e s p o n s e s .



INDIVIDUAL ^PERCENT SHOWING POSITIVE CRYPTOCOCCAL CULTURES ON DAY :

ORGANS 0 1 3 8 15 22 29 43 50 57 64 71 78 85 92

LUNG 20 0 20 0 40 80 20 20 0 0 0 20 2Q 20 20 20

. LIVER 0 0 0 0 20 0 0 0 0 60 40 0 0 0 0 20

SPLEEN 0 0 0 0 20 0 0 20 0 40 40 20 0 0 0 0

BRAIN 0 0 0 0 20 20 0 0 0 20 0 0 0 0 0 0

% TOTAL MICE 
WITH POSITIVE 

CULTURES
20 0 20 0 40 80 20 40 0 80 60 40 20 20 20 20

ALL
**

PERCENT OP MICE WITH A POSITIVE DTH RESPONSE

MICE
0 0 0 0 0 2 0 100 100 100 100 100 80 100 100 IOC 100

* 5 m ale  m ice  w ere  u se d  on e a c h  a u to p s y  p e r io d ,
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F ig u re  3 . O rgan ism  g ro w th  p r o f i l e  on lu n g s ,  b r a i n s ,  

l i v e r s  and  s p le e n s  o f  m ice i n f e c t e d  i n t r a -  

p e r i t o n e a l l y  w ith  10^ v i a b l e  Ç. n e o fo rm a n s .
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F ig u re  4A. Mean c o lo n y  fo rm in g  u n i t s  (CFU) o f  m ice  i n f e c t e d  

i n t r a p e r i t o n e a l l y  w ith  10^ v i a b l e  Ç . n e o fo rm a n s .

F ig u re  4B. F o o tp a d s  d e la y e d  h y p e r s e n s i t i v i t y  r e s p o n s e s  to

c ry p to c o c c a l  c u l t u r e d  f i l t r a t e  a n t ig e n  i n  i n t r a -  

p e r i t o n e a l l y  i n f e c t e d  m ic e . H o r iz o n ta l  s o l i d

l i n e s  ( --------- ) i n d i c a t e  t h e  ra n g e  o f  d e la y e d

h y p e r s e n s i t i v i t y  r e s p o n s e s  i n  s a l i n e  c o n t r o l  

m ic e .
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T a b le  2 . C om parison  o f  th e  p e rc e n ta g e  o f  i n t r a p e r i t o n e a l l y  

i n f e c t e d  m ice  w i th  p o s i t i v e  c ry p to c o c c i  c u l t u r e  

and  th e  p e rc e n ta g e  o f  th o s e  show ing  p o s i t i v e  DTH 

r e s p o n s e s .



INDIVIDUAL * PERCENT SHOWING POSITIVE CRYPTOCOCCAL CULTURES ON DAY :

ORGANS 0 1 3 8 15 22 29 36 43 50 57 64 71 78 85 92

LUNGS 0 0 0 60 60 100 100 40 40 20 0 40 0 40 20 20

LIVER 40 80 100 80 80 100 100 40 100 80 80 60 100 80 40 0

SPLEEN 40 80 100 10C 80 100 100 60 100 60 20 80 100 80 80 20

BRAIN 0 0 0 0 20 0 40 0 20 40 20 60 20 80 20 0

. % TOTAL MICE 
WITH POSITIVE 

CULTURES
60 80 100 100 80 100 100 60 100 80 80 80 100 100 80 20

ALL
**

PERCENT OP MICE WITH A POSITIVE DTH RESPONSE

MICE
0 0 0 0 0 20 40 40 40 0 20 0 40 40 0 40

** 10 m ice  (5  m a le s  & 5 f e m a le s )  w ere  u se d  a t  e a c h  t e s t  p e r io d .  
* 5 m ale m ice  w ere u se d  on each  a u to p s y  p e r io d .
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F ig u re  5- C ry p to c o c c a l  p o ly s a c c h a r id e  a n t ig e n s  i n  serum  

o f  IN ( •  ) an d  IP  ( A  ) i n f e c t e d  m ic e .
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F ig u re  6 . F o o tp a d s  d e la y e d  h y p e r s e n s i t i v i t y  r e s p o n s e s  o f  

do n o r and  r e c i p i e n t  m ic e .
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DISCUSSION

A lthough, v a r io u s  r o u t e s  su ch  a s  i n t r a c e r e b r a l , i n t r a 

v e n o u s , i n t r a p e r i t o n e a l  an d  su b c u ta n e o u s  h av e  b e en  u se d  i n  

th e  p a s t  t o  s tu d y  th e  p a th o g e n e s is  o f  e x p e r im e n ta l  m urine  

c ry p to c o c c a l  i n f e c t i o n s ,  no one h a s  a c t u a l l y  fo l lo w e d  th e  

c o u rs e  o f  th e  d i s e a s e  f o r  a  lo n g  p e r io d  o f  tim e  and  s im u l ta 

n e o u s ly  exam ined many d i f f e r e n t  p a ra m e te r s  o f  h o s t  r e s p o n s e s .  

I n  t h i s  s tu d y , we have  d e m o n s tra te d  t h a t  m ice  i n f e c t e d  i n t r a 

n a s a l l y  d e v e lo p e d  a  g r e a t e r  d e g re e  o f  d e la y e d  h y p e r s e n s i t i 

v i t y  t o  c ry p to c o c c a l  c u l t u r e d  f i l t r a t e  a n t ig e n  th a n  m ice  

i n f e c t e d  w i th  th e  same num ber o f  Ç. n eo fo rm an s th ro u g h  th e  

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

As DTH i n  t h e  IN i n f e c t e d  m ice  in c r e a s e d  i n  i n t e n s i t y ,  

a s  m easu red  by th e  i n c r e a s e  i n  fo o tp a d  t h i c k n e s s ,  i t  was 

p a r a l l e l e d  by  a  r a p i d  d e c re a s e  i n  th e  num ber o f  Ç. neo fo rm ans 

c e l l s  i n  th e  a n im a ls .  F u r th e rm o re , th e  i n t e n s i t y  o f  th e  DTH 

re s p o n s e s  i n  th o s e  m ice s ta y e d  f a i r l y  h ig h  f o l lo w in g  th e  p eak  

r e s p o n s e ,  and  th e  num bers o f  Ç. n eo fo rm an s c e l l s  rem a in ed  

low  a f t e r  th e  i n i t i a l  d e c r e a s e .  Thus i n  th e  IN i n f e c t e d  m ic e , 

t h e r e  w as a n  a s s o c i a t i o n  b e tw een  th e  a c q u i s i t i o n  o f  DTH 

re s p o n s e  and  th e  r e d u c t io n  o f  G. n eo fo rm an s i n  t i s s u e s .

31
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S im i la r  a s s o c i a t i o n s  "between DTH an d  immune p r o t e c t i o n  a g a i n s t

Ç . n e o fo rm a n s  h av e  a l s o  b e e n  d e m o n s tra te d  by  o t h e r s  (1 9 ,2 1 ,

3 0 ) .  D y k s tra  an d  F riedm an  ( I 6 ) d e m o n s tra te d  t h a t  su b c u ta n e o u s

v a c c in a t i o n  w i th  v i a b l e  Ç . n e o fo rm a n s  c o n f e r r e d  p r o t e c t i o n
2

a g a i n s t  a  s u b s e q u e n t  IV  c h a l le n g e  w i th  10 v i a b l e  c ry p to c o c c i  

b u t  o n ly  i f  t h e  c h a l le n g e  was g iv e n  a t  l e a s t  3 w eeks (21  d ay s) 

a f t e r  v a c c i n a t i o n .  A s i m i l a r  tim e  r e q u ir e m e n t  f o r  im m unity  

t o  show a  v i s i b l e  e f f e c t  was o b se rv e d  a l s o  i n  t h i s  s tu d y .

The IN  an d  IP  i n f e c t e d  m ice  d id  n o t  b e g in  t o  show a  d e c re a s e  

i n  th e  num ber o f  c r y p to c o c c i  u n t i l  a f t e r  22 d ay s p o s t - i n f e c t i o n  

( F ig .  2A & 4 A ), a t  w h ich  tim e  th e  DTH re s p o n s e  was show ing 

th e  m o st r a p i d  i n c r e a s e  i n  i n t e n s i t y .

I n  th e  IP  i n f e c t e d  m ic e , th e  DTH re s p o n s e  t o  CneF 

a n t i g e n  w as s i g n i f i c a n t l y  lo w e r  th a n  i n  th e  IN i n f e c t e d  g ro u p , 

and  th e  num bers o f  c r y p to c o c c i  w ere much h i g h e r  i n  th e  IP  

i n f e c t e d  m ice  th a n  i n  th e  IN i n f e c t e d  a n im a ls .  The low  DTH 

r e s p o n s e s  an d  th e  h ig h  p e rc e n ta g e  o f  a n im a ls  w i th  Ç . neo fo rm an s 

i n  t i s s u e s  i n  th e  IP  i n f e c t e d  g ro u p  c o u ld  h av e  b e en  due to  

th e  r o u t e  o f  i n f e c t i o n .  Hay and  R e is s  (23 ) r e c e n t l y  showed 

t h a t  m ice  i n f e c t e d  in t r a v e n o u s ly  w i th  10^ v i a b l e  Ç . n eo fo rm an s 

d e v e lo p e d  w eak er CMI r e s p o n s e s  th a n  m ice  i n f e c t e d  s u b c u ta n e o u s ly . 

E x a c t ly  w h a t c a u s e s  th e  d e p re s s e d  DTH r e s p o n s e s  f o l lo w in g  IP  

i n f e c t i o n  i s  n o t  y e t  known, b u t  one p o s s i b i l i t y  c o u ld  be  t h a t  

p r e s e n t a t i o n  o f  a n t i g e n  by th e  IP  o r  IV r o u t e s  p r e f e r e n t i a l l y  

in d u c e s  s u p p r e s s o r  c e l l s  o r  s u p p r e s s o r  f a c t o r s .  I n  f a c t ,  i n
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s u p p r e s s o r  c e l l  and  s u p p re s s o r  f a c t o r  s t u d i e s ,  many w o rk e rs  

u s e d  t h e  IP  o r  17 r o u t e s  o f  i n j e c t i n g  th e  a n t i g e n  to  p r e f e r e n 

t i a l l y  in d u c e  s u p p r e s s io n  o v e r  h y p e r s e n s i t i v i t y  ( 1 1 , 2 2 , 2 8 , 3^ ) .  

A n o th e r  p o s s i b i l i t y  f o r  th e  o b s e rv e d  low  DTH re s p o n s e s  i n  IP  

i n f e c t e d  m ice  c o u ld  b e  t h a t  th e  IP  r o u t e  o f  i n f e c t i o n  i s  n o t  

e f f i c i e n t  i n  s t i m u l a t i n g  th e  a p p r o p r i a te  p o p u la t io n  o f  lym pho

c y te s  r e s p o n s ib l e  f o r  th e  e x p r e s s io n  o f  DTH r e s p o n s e .

O nly a  few  IN i n f e c t e d  a n im a ls  showed d e t e c t a b l e  num bers 

o f  o rg a n ism s  i n  th e  lu n g  d u r in g  th e  f i r s t  two w eeks fo l lo w in g  

i n f e c t i o n .  H ow ever, a p p ro x im a te ly  70^ o f  th e  i n f e c t i n g  dose 

o f  Ç . n eo fo rm an s c o u ld  be c u l t u r e d  from  r e g io n s  o f  th e  h ead  

e x c lu d in g  th e  b r a i n  d u r in g  th e  same tim e  p e r i o d .  A ls o , b a sed  

on  th e  f a c t  t h a t  100# o f  th e  IN t r e a t e d  a n im a ls  d e v e lo p e d  

s t r o n g  DTH r e s p o n s e s  to  CneF a n t ig e n  by  28 day  p o s t  i n f e c t i o n ,  

we assum e t h a t  th e  IN t r e a t e d  m ice w ere  in d e e d  i n f e c t e d  w ith  

Ç . n eo fo rm an s ev en  th o u g h  th e  i n f e c t i o n  c o u ld  n o t  be  a lw ay s 

d e te c t e d  by  th e  c u l t u r a l  m ethods em ployed i n  th e s e  e x p e r im e n ts .  

A n o th e r  im p o r ta n t  f e a t u r e  o b se rv e d  from  th e  o rg a n ism  g row th  

p r o f i l e s  o f  IN and IP  i n f e c t e d  m ice  was th e  phenom enon o f  

c y c l i c  g ro w th  p a t t e r n s .  The IN and  IP  i n f e c t e d  m ice  showed 

a n  e v e n tu a l  d e c l in e  o f  Ç. n eo fo rm an s i n  v a r io u s  o rg a n  t i s s u e s .  

T hese animals a c h ie v e d  th e  r e d u c t io n  o f  o rg a n ism s  th ro u g h  a  

f l u c t u a t i o n  b e tw een  i n c r e a s e  and  d e c re a s e  i n  num ber o f  c ry p to 

c o c c i  i n  th e  t i s s u e  and  w ith  e ac h  s u c e s s iv e  i n c r e a s e  i n  num ber 

o f  Ç . n eo fo rm an s b e in g  l e s s  th a n  th e  p r e v io u s  i n c r e a s e .
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S im i la r  c y c l i c  p a t t e r n s  o f  Ç . neo fo rm an s g row th  a l s o  have  

b e en  o b se rv e d  i n  B a lb /c  m ice  i n f e c t e d  th ro u g h  th e  a e r o s o l  

r o u t e  u s in g  a  H enderson  a p p a r a tu s  (B a te s ,  R.A. and J.W . M urphy, 

A b s t r .  Annu. M eet. Am. S oc . M ic ro b io l .  1975» F26, p . 89 ) .

The p r o f i l e s  o f  CP a n t ig e n  d e te c te d  i n  th e  s e r a  o f  

IN an d  IP  i n f e c t e d  m ice from  day 1 to  day 35 w ere s i m i l a r  to  

r e s u l t s  o b ta in e d  by  C au ley  and  Murphy ( 9 ) .  The in c r e a s e  i n  CP 

a n t ig e n  l e v e l s  fo l lo w in g  i n c r e a s e  i n  num ber o f  c ry p to c o c c i  i n  

th e s e  a n im a ls  c o n firm e d  th e  id e a  t h a t  num ber o f  c ry p to c o c c i  

i n  t i s s u e s  i s  r e f l e c t e d  by l e v e l  o f  CP a n t ig e n  i n  th e  s e r a .  

B e s id e s  p o s s ib ly  r e f l e c t i n g  th e  num ber o f  Ç. neo fo rm ans i n  

th e  t i s s u e s ,  th e  e f f e c t  l e v e l  o f  CP a n t ig e n  h a s  on h o s t ' s  

immune re s p o n s e  have  n o t  b e en  d e f in e d  i n  o u r  m odel. S e v e ra l  

s t u d i e s  (3 , 7 , 1 7 , 26 ) have i n d i c a t e d  CP a n t ig e n  c o u ld  i n h i b i t  

th e  a b i l i t y  o f  m acrophages t o  p h a g o c y tiz e  Ç. n e o fo rm a n s . how ever, 

r e s u l t s  o f  t h i s  s tu d y  d id  n o t  i n d i c a t e  t h a t  CP c a u se d  d e t r i 

m e n ta l  e f f e c t s  on th e  a b i l i t y  o f  th e  a n im a ls  to  e l im in a te  th e  

i n f e c t i o n .  Murphy and  Cozad (29) have  shown t h a t  500 u g  o f  

c ry p to c o c c a l  p o ly s a c c h a r id e  i n j e c t e d  i n to  CBA/J m ice  in d u c e d  

im m u n o lo g ica l p a r a l y s i s .  The h ig h e s t  mean CP a n t ig e n  l e v e l s  

d e te c t e d  i n  s e r a  o f  IP  and  IN m ice i n  t h i s  s tu d y  w ere 500 ug  

and  300  u g , r e s p e c t i v e l y ,  w h ich  w ere  l e v e l s  c a p a b le  o f  in d u c in g  

im m u n o lo g ica l p a r a l y s i s .  S in c e  no a g g l u t i n a t i n g  a n t ib o d ie s  

w ere d e te c te d  i n  e i t h e r  th e  IP  o r  IN i n f e c t e d  m ice th ro u g h o u t 

th e  92  day s tu d y  p e r io d ,  i t  i s  p o s s ib l e  t h a t  immune p a r a l y s i s
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w as in d u c e d  by  th e  p o ly s a c c h a r id e  a n t ig e n  o r  th e  a n t i b o d i e s  

p ro d u c e d  w ere  n e u t r a l i z e d  by  th e  h i ^  l e v e l s  o f  CP a n t ig e n .  

C i r c u l a t i n g  CP a n t ig e n  d id  n o t  a p p e a r  to  a f f e c t  th e  CMI r e s 

p o n se s  s in c e  th e  a n im a ls  d e v e lo p e d  s u b s t a n t i a l  DTH r e a c t i o n s  

w h ich  w ere  p re su m a b ly  r e s p o n s ib l e  f o r  r e d u c in g  th e  num bers 

o f  c r y p to c o c c i .  F i n a l l y ,  th e  a b i l i t y  o f  s p le e n  c e l l s ,  b u t  n o t  

s e r a  from  DTH p o s i t i v e  d o n o r m ic e , to  t r a n s f e r  DTH to  sy n g e n e ic  

n a iv e  r e c i p i e n t s  c o n firm e d  t h a t  th e  DTH re s p o n s e s  d e te c te d  i n  

t h i s  s tu d y  w ere in d e e d  c e l l - m e d ia te d .

I n  summary, t h i s  s tu d y  p r o v id e s  in f o r m a t io n  on c e l l u l a r  

an d  hum ora l immune r e s p o n s e s  o f  m ice  w i th  d is s e m in a te d  c r y p to 

c o c c o s is  o v e r  a  p ro lo n g e d  p e r io d  o f  t im e . I t  a l s o  p r e s e n t s  a  

d e t a i l e d  a c c o u n t o f  o rg an ism  g row th  p r o f i l e s  i n  v a r io u s  o rg a n s  

a s  a  co n seq u en ce  o f  2 d i f f e r e n t  r o u t e s  o f  i n o c u l a t i o n s .  I n  

a d d i t i o n ,  i t  p r o v id e s  two v e ry  w e l l  d e f in e d  m u rin e  c ry p to c o c 

c o s i s  m odels f o r  f u r t h e r  i n  d e p th  s t u d i e s  on th e  r o l e  o f  T- 

ly m p h o cy tes  an d  t h e i r  p ro d u c ts  ( e . g . ,  ly m p h o k in e s ) , th e  r e l a 

t i o n s h ip  o f  DTH to  immune p r o t e c t i o n ,  and  immune s u p p r e s s io n  

i n  c ry p to c o c c a l  i n f e c t i o n .
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CELL TRANSFER OF BilUNITY TO CRYPTOCOCCOSIS

CHAPTER I I  

INTRODUCTION

Im m u n o lo g ica l s t u d i e s  on th e  h o s t  d e fe n s e  a g a i n s t  

a  c ry p to c o c c a l  i n f e c t i o n  have  p ro v id e d  a  s u b s t a n t i a l  am ount 

o f  i n d i r e c t  e v id e n c e  ( 1 - 3 ,1 1 ,1 4 ,1 $ )  i n d i c a t i n g  th e  im p o r ta n c e  

o f  c e l l - m e d ia te d  im m unity  (CMI) i n  th e  p r o t e c t i o n  a g a i n s t  

t h i s  d i s e a s e .  H ow ever, d i r e c t  e v id e n c e  to  s u p p o r t  t h i s  c o n c e p t 

h a s  b e e n  l a c k in g .  I n  hum ans, c ry p to c o c c o s is  h a s  f r e q u e n t ly  

b e e n  fo u n d  to  o c c u r  i n  p a t i e n t s  w ith  d e f e c t iv e  CMI (5 » 3 2 ,3 3 )*  

S tu d ie s  i n  m ice h ave  d e m o n s tra te d  a l s o  an  in c r e a s e d  s u s c e p 

t i b i l i t y  to  c r y p to c o c c o s i s  i n  im m u n o lo g ic a lly  d e f i c i e n t  

a n im a ls  (nude m ice ) when com pared to  n o rm al m ice ( 7 , 1 6 ) .

D a ta  s u g g e s t  t h a t  d e f i c i e n c i e s  a s  i n  nude m ice r e s u l t  i n  

in c r e a s e d  s u s c e p t i b i l i t y  and  i n a b i l i t y  to  m ount an  e f f e c t i v e  

immune r e s p o n s e .  H ow ever, no d a ta  i s  y e t  a v a i l a b l e  to  show 

d i r e c t l y  t h a t  c r y p to c o c c a l  s e n s i t i z e d  T -ly m p h o cy tes  a r e  

r e s p o n s ib le  f o r  immune p r o t e c t i o n .

T here  a r e  num erous s t u d i e s  i n d i c a t i n g  T -ly m p h o cy te s
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p a r t i c i p a t e  i n  many im m u n o lo g ica l f u n c t i o n s  ( 6 ,8 - 1 0 ,2 0 ,2 5 ,3 1 ) .

A d e f i c i e n c y  o f  T - c e l l s  w ould  a f f e c t  n o t  o n ly  c e l l - m e d ia te d  

a n t i m ic r o b ia l  a c t i v i t y  b u t  a l s o  h e lp e r  c e l l  f u n c t i o n  i n  th e  

p r o d u c t io n  o f  a n t i b o d i e s .  F u r th e rm o re , T - c e l l  r e g u l a t i o n  o f  

immune r e s p o n s e s  a l s o  w ould be  a f f e c t e d  by a  T - c e l l  d e f i c i e n c y .  

T h e re fo r e ,  by  d e m o n s tra t in g  t h a t  im m unity  c a n  be  t r a n s f e r r e d  

to  s y n g e n e ic  a n im a ls  w i th  s e n s i t i z e d  T -ly m p h o cy te s  b u t  n o t  

w i th  serum  from  s e n s i t i z e d  a n im a ls  o r  T - c e l l s  from  c o n t r o l  

a n im a ls ,  th e n  th e  r o l e  o f  CMI i n  p r o t e c t i v e  im m unity  a g a i n s t  

c ry p to c o c c o s i s  w i l l  be  e s t a b l i s h e d .  I n  an  e a r l i e r  s tu d y  we 

d e m o n s tra te d  t h a t  m ice  i n f e c t e d  i n t r a n a s a l l y  a c q u i r e d  DTH 

re s p o n s iv e n e s s  and  im m unity  to  Ç .  n eo fo rm an s a t  th e  same t im e , 

and  t h a t  th e  s e n s i t i z e d  ly m p h o c y tes  w ere  c a p a b le  o f  t r a n s f e r r i n g  

DTH to  n a iv e  r e c i p i e n t  m ice  (T .S . L im , P h .D . D i s s e r t a t i o n . ,

U. o f  Oklahom a, Norman. 1 9 7 9 ) . T h e r e fo r e ,  th e  o b j e c t i v e  o f  

t h i s  s tu d y  i s  to  a t te m p t  to  p r o v id e  a  d i r e c t  e v id e n c e  t h a t  

c r y p to c o c c a l  s e n s i t i z e d  T -ly m p h o cy te s  p la y  a  d e f i n i t e  r o l e  

i n  e l im in a t io n  o f  th e  c ry p to c o c c a l  c e l l s  from  th e  i n f e c t e d  

h o s t .



MATERIALS AND METHODS

■ M ic e . CBA/J m ice  w ere  b r e d  i n  th e  a n im a l f a c i l i t i e s  o f  th e  

U n i v e r s i ty  o f  Oklahoma u s in g  b r e e d in g  s to c k  p u rc h a s e d  from  

J a c k s o n  L a b o r a to r y , B ar H a rb o r , M aine . I n b re d  m ice  o f  b o th  

s e x e s ,  a g e s  8 to  12 w eeks w ere  u se d  i n  th e  s tu d y .

O rg an ism . C ry p to c o c c u s  n eo fo rm an s 184A a s  d e s c r ib e d  by Murphy 

and C ozad ( 2 6 ) was em ployed th ro u g h o u t  t h i s  s tu d y .

Im m u n iza tio n  o f  m ic e . F o llo w in g  e t h e r  a n e s t h e s i z a t i o n ,  m ice 

w ere im m unized i n t r a n a s a l l y  w i th  1 .6  x  10^ v i a b l e  y e a s t  c e l l s  

su sp en d e d  i n  two 5 u l  s a l i n e  d r o p l e t s  u s in g  a  50 u l  H a m ilto n  

g l a s s  s y r in g e  a t t a c h e d  to  a  27 gauge n e e d le .  C o n tro l  m ice 

w ere s i m i l a r l y  g iv e n  10 u l  o f  s a l i n e  i n t r a n a s a l l y .

C o l l e c t i o n  and  e n ric h m e n t o f  T -ly m p h o c y te s . Lymphoid c e l l s  

from  im m unized and  s a l i n e  c o n t r o l  m ice  w ere  h a r v e s te d  

a c c o rd in g  to  p ro c e d u re s  d e s c r ib e d  p r e v io u s ly  (T .S . Lim , P h .D . 

D i s s e r t a t i o n . ,  U. o f  O klahom a, Norman. 1979») • The n y lo n  w ool 

m ethod  d e s c r ib e d  by  J u l i u s  e t  a l  (1 9 ) was u se d  f o r  o b ta in in g  

ly m p h o cy te  p o p u la t io n s  e n r ic h e d  f o r  T - c e l l s .
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D e te rm in a t io n  o f  h o m o g en e ity  o f  e n r ic h e d  T -ly m p h o cy te s  s u s -  

•p en sio n . The am ount o f  T - c e l l  h o m o g en e ity  i n  e n r ic h e d  T-lym 

p h o c y te  s u s p e n s io n s  was d e te rm in e d  by  t r e a t i n g  th e  n o n -e n r ic h e d  

and  e n r ic h e d  p o p u la t io n  o f  T - c e l l  w i th  M R /J  a n ti-C B A /J  a n t i 

serum  ( a n t i - T h y  1 .2 )  p l u s  a b so rb e d  g u in e a  p i g  com plem ent (GPC) 

and  a s s a y in g  f o r  c e l l  v i a b i l i t y  u s in g  th e  t r y p a n  b lu e  dye 

e x c lu s io n  a s s a y .  A lso  d i r e c t  and  i n d i r e c t  f l u o r e s c e i n  l a b e le d  

a n t ib o d y  te c h n iq u e s  w ere  p e rfo rm e d  w hich  l a b e l e d  th e  B - c e l l s  

an d  B an d  T - c e l l s ,  r e s p e c t i v e l y .  T h e r e fo r e ,  by  s u b t r a c t i n g  

th e  num ber o f  c e l l s  s t a i n e d  d i r e c t l y  ( B - c e l l s )  from  th o s e  

s t a i n e d  i n d i r e c t l y  (T an d  B - c e l l s )  w i th  f l u o r e s c e i n  l a b e l e d  

r e a g e n t s ,  th e  num ber o f  T -ly m p h o cy tes  i n  th e  e n r ic h e d  T - c e l l  

p o p u la t io n s  w ere  o b ta in e d .

The d i r e c t  f l u o r e s c e n t  a n t ib o d y  s t a i n i n g  o f  lympho

c y te s  u s in g  f l u o r e s c e i n  c o n ju g a te d  g o a t  a n ti-m o u s e  IgG 

(GAMIG) (Ca p p e l  L a b . ,  I n c .  C o c h r a n v i l l e ,  P a .)  was done by 

a d d in g  1 .0  x  10^ e n r ic h e d  T -lym phocy te  i n  0 .5  m l o f  p h o sp h a te  

b u f f e r e d  s a l i n e  (PBS) c o n ta in in g  f e t a l  c a l f  serum  (PCS) 

i n t o  a  1 .5  m l c o n ic a l  p o ly p ro p y le n e  m i c r o - t e s t  tu b e .  U s in g  

PBS w i th  5^ PCS, a  1 /8  d i l u t i o n  o f  c o n ju g a te d  GAMIG was 

made an d  0 .0 5  m l o f  t h i s  d i l u t e  a n t is e r u m  was added  to  th e  

c e l l  s u s p e n s io n s .  The tu b e s  w ere  m ixed  w e l l ,  in c u b a te d  a t  

room te m p e r a tu re  f o r  30 m in u te s ,  th e n  c e n t r i f u g e d  a t  230 x  g 

f o r  5 m in u te s .  The s u p e r n a ta n ts  w ere c a r e f u l l y  a s p i r a t e d  

and  d i s c a r d e d .  The c e l l s  w ere w ashed once w i th  0 .5  ml o f
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PBS c o n ta in in g  5 ^  PCS to  rem ove any  unbound f l u o r e s c e i n  

l a b e l e d  a n t ib o d y . A f te rw h ic h , e ach  c e l l  p e l l e c t  was r e s u s 

pended  w ith  0 .0 1  ml o f  g l y c e r in  i n  PBS (pH 7 . 2 - ? . 6 ) .  The e n t i r e  

c e l l  s u s p e n s io n  i n  each  m i c r o - t e s t  tu b e  was t r a n s f e r r e d  to  

a  m ic ro sc o p e  s l i d e  and  c o v e re d  w i th  a  22 x  22 mm c o v e r  s l i p .

The num ber o f  ly m p h o c y tes  w hich  showed p e r i p h e r a l  f lu o r e s c e n c e  

w ere  c o u n te d  a t  4-OOX u s in g  a  L e i tz  W e tz la r  O r th o lu x  f l u o r e s 

c e n t  m ic ro sc o p e .

The i n d i r e c t  f l u o r e s c e n t  a n tib o d y  s t a i n i n g  o f  lym pho

c y te s  was i d e n t i c a l  to  th o s e  d e s c r ib e d  f o r  th e  d i r e c t  f l u o r e s 

c e n t  a n tib o d y  s t a i n i n g  e x c e p t  t h a t  lym phocy te  s u s p e n s io n s  

w ere f i r s t  in c u b a te d  w i th  1 :4  d i l u t i o n  o f  a n t i - T h y  1 .2  mouse 

serum  f o r  30 m in u te s  a t  room te m p e ra tu re .  T h is  p e r m i t t e d  th e  

b in d in g  o f  T -ly m p h o cy tes  by  a n t i - T h y  1 .2  a n t ib o d y . A f te r  i n 

c u b a t io n ,  th e  c e l l s  w ere w ashed , c e n t r i f u g e d ,  and  th e  s u p e r 

n a t a n t  was d i s c a r d e d .  F lu o r e s c e in  l a b e le d  GAMIG was th e n  added  

to  th e  c e l l s  a s  d e s c r ib e d  e a r l i e r  so  a s  to  l a b e l  T and  B c e l l s .

DTH re s n o n s e  i n  d o n o r m ic e . On 7 and  35 d ays p o s t  IN a d m in is 

t r a t i o n  o f  Ç . n e o fo rm a n s , m ice w ere random ly  s e l e c t e d  and  

f o o tp a d  t e s t e d  f o r  DTH re s p o n s iv e n e s s  to  c ry p to c o c c a l  c u l tu r e d  

f i l t r a t e  a n t ig e n  (CneF) a c c o rd in g  to  p ro c e d u re  d e s c r ib e d  by  

C au ley  and  Murphy ( 7 ) .

T r a n s f e r  o f  e n r ic h e d  T -ly m p h o c y te s . On days 7 and  35 fo l lo w in g  

i n t r a n a s a l  a d m i n i s t r a t io n  o f  1 .6  x  10^ v i a b l e  C. n eo fo rm an s



45

c e l l s  o r  s a l i n e ,  m ice  w ere  p u t  u n d e r  deep  e t h e r  a n e s t h e s i a .  

B lo o d  w as o b ta in e d  th ro u g h  c a r d ia c  p u n c tu r e ,  and  s e r a  w ere 

c o l l e c t e d ,  p o o le d  and  s t o r e d  a t  -20C u n t i l  n e e d e d . S p le e n s  

w ere  rem oved from  th e s e  d o n o r m ice  and  u s e d  f o r  o b ta in in g  

e n r ic h e d  T -lym phocy te  p o p u la t i o n s .

R e c ip ie n t  m ice  w ere  d iv id e d  i n t o  4  g ro u p s  and  w ere 

g iv e n  i n t r a v e n o u s ly  1 .8  x  10^ v i a b l e  Ç. n eo fo rm an s  c e l l s .

Two h o u rs  l a t e r ,  g ro u p  1 m ice  w ere  in t r a v e n o u s ly  (IV ) i n j e c t e d

w i th  0 .2  ml s a l i n e  w h ile  g ro u p  2 m ice  r e c e iv e d  a p p ro x im a te ly

sa]
v8

Q
1 .0  X 10 s e n s i t i z e d  e n r ic h e d  T -ly m p h o cy te s  i n  0 .2  m l s a l i n e

s u s p e n s io n .  Group 3 m ice  w ere  i n j e c t e d  IV w i th  1 .0  x  10 

s e n s i t i z e d  e n r ic h e d  T -ly m p h o cy te s  w hich  h a d  b e e n  t r e a t e d  

w i th  a n t i - T h y  1 .2  a n t is e ru m  p lu s  com plem ent to  l y s e  t h e  T-
Q

c e l l s  an d  g ro u p  4  m ice  w ere  g iv e n  1 .0  x  10 e n r ic h e d  T -lym 

p h o c y te s  o b ta in e d  from  n o rm al s a l i n e  t r e a t e d  m ic e .

A p p ro x im a te ly  20 h o u rs  a f t e r  ly m p h o c y te s  t r a n s f e r ,

5 m ice  from  e ac h  g ro u p  w ere  s e l e c t e d  random ly  and  fo o tp a d  

t e s t e d  t o  d e te rm in e  DTH r e s p o n s iv e n e s s  t o  CneF a n t ig e n .

Serum t r a n s f e r . Immune and  n o rm al s e r a  o b ta in e d  e a r l i e r  from  

s e n s i t i z e d  and  n o n - s e n s i t i z e d  m ice  w ere u s e d  f o r  t r a n s f e r  

to  r e c i p i e n t  m ic e . Two g ro u p s  o f  m ice  w ere  i n t r a v e n o u s ly  

i n j e c t e d  w i th  1 .0  x  10^ v i a b l e  C_. n eo fo rm an s c e l l s ,  2 h o u rs  

p r i o r  t o  t h e  i n j e c t i o n  o f  se rum . One g ro u p  r e c e iv e d  i n t r a 

v e n o u s ly  0 .5  ml o f  serum  from  n o n - s e n s i t i z e d  m ic e ; w h e reas  

th e  o th e r  g ro u p  r e c e iv e d  0 .5  ml o f  serum  from  s e n s i t i z e d
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m ic e . The same volum e o f  t h e  a p p r o p r i a t e  serum  was a d m in is 

t e r e d  a g a in  on day s 3» 6 and  10 p o s t  c h a l le n g e  t o  th o s e  m ice  

w h ich  h ad  n o t  b e e n  s a c r i f i e d  d u r in g  th e  p r e v io u s  a u to p s y  

p e r io d .  Tw enty h o u rs  a f t e r  th e  f i r s t  serum  t r a n s f e r ,  5 m ice  

from  e a c h  g ro u p  w ere fo o tp a d  t e s t e d  w i th  CneF a n t i g e n .

V i a b i l i t y  c o u n ts  f o r  C. n e o fo rm a n s . One day  a f t e r  th e  i n j e c 

t i o n  o f  ly m p h o c y te s  o r  se rum , 3 m ice  from  e a c h  g ro u p  w ere  

s a c r i f i e d ,  an d  o rg a n s  w ere  c o l l e c t e d .  The num bers o f  v i a b l e  

y e a s t  c e l l s  i n  th e  s p l e e n s ,  l i v e r s ,  lu n g s  and  b r a i n s  o f  e ac h  

mouse w ere  d e te rm in e d  a c c o rd in g  to  p ro c e d u re  d e s c r ib e d  by 

C au ley  and  M urphy ( 7 ) .  S i m i l a r ly  a u to p s ie s  w ere  done on  

day s 3» 7» 10 and  14 p o s t  p a s s iv e  t r a n s f e r  o f  ly m p h o c y te s  

and  on days 7 and  l 4  p o s t  serum  t r a n s f e r .

M acrophage m ig r a t io n  i n h i b i t i o n  t e s t . The m acrophage m ig ra 

t i o n  i n h i b i t i o n  t e s t  was u s e d  t o  d e m o n s tra te  t h e  s p e c i f i c i t y  

o f  s e n s i t i z e d  ly m p h o c y te s  f o r  Ç . n e o fo rm a n s . M ice w ere  e i t h e r  

s e n s i t i z e d  w i th  10^ v i a b l e  Ç . n e o fo im a n s  i n t r a n a s a l l y ,  w ith

0.5fo  2 ,4 - d i n i t r o - l - f l u o r o b e n z e n e  (DNFB) (S igm a C hem ica l C o .)  

a c c o rd in g  to  p ro c e d u re  d e s c r ib e d  by  Phanuphak e t  a l  (3 0 ) o r  

w i th  0 .5  m l o f  c o m p le te  F r e u n d 's  a d ju v a n t  (CFA) (D ifc o )  su b -  

c u ta n e o u s ly  on th e  b a c k  and  on th e  l e f t  an d  r i g h t  s id e  o f  

th e  a b d o m in a l. One week a f t e r  r e c e i v i n g  0 .5  ml o f  CFA, m ice 

w ere  g iv e n  a n o th e r  0 .1  m l o f  CFA i n t r a p e r i t o n e a l l y . M ice t h a t
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r e c e iv e d  o n ly  s t e r i l e  s a l i n e  w ere  u se d  a s  c o n t r o l s .

T h i r t y - f i v e  days a f t e r  Ç . n eo fo rm an s im m u n iz a tio n ,

4  d a y s  a f t e r  th e  l a s t  s k in  p a i n t i n g  w i th  DNFB o r  7 d ay s a f t e r  

th e  l a s t  i n j e c t i o n  o f  CFA, 4  m ice  from  e a c h  g ro u p  w ere  s a c r i 

f i e d .  S p le e n s  from  th e s e  m ice  w ere  rem oved an d  e n r ic h e d  popu

l a t i o n s  o f  T - c e l l s  w ere  o b ta in e d .  The e n r ic h e d  T - c e l l s  w ere 

a d ju s t e d  t o  a  c o n c e n t r a t i o n  o f  a b o u t 5*0 x  10^ c e l l s / m l  i n  

t i s s u e  c u l t u r e  Medium 199 c o n ta in in g  27 mM sodium  b ic a r b o n a te  

su p p le m e n te d  w i th  3^  FCS and  c o n ta in in g  50 u n i t s  o f  sodium  

p e n i c i l l i n  G an d  50 u g  o f  s t r e p to m y c in  p e r  m l. E n r ic h e d  T- 

ly m p h o c y te s  from  Ç. n eo fo rm an s s e n s i t i z e d  m ice  w ere c u l t u r e d  

i n  e i g h t  l 6  x  125 mm p l a s t i c  t i s s u e  c u l t u r e  tu b e s  (F a lc o n  

P l a s t i c )  by  a d d in g  2 .0  m l o f  th e  e n r ic h e d  T - c e l l  s u s p e n s io n  

i n t o  e ac h  tu b e .  A 0 .1  ml volum e o f  p re d e te rm in e d  o p tim a l  

d o se  o f  CneF a n t ig e n  h a v in g  a  c o n c e n t r a t i o n  o f  100 u g  o f  

p r o t e i n  was added  to  2 o f  th e  8 t u b e s .  A n o th e r  two tu b e s  w ere 

a d d ed  w i th  0 .1  ml o f  a  0 .0 5 0  DNFB i n  s a l i n e .  F i n a l l y ,  t o  th e  

re m a in in g  4  tu b e s  o f  T - c e l l  s u s p e n s io n s ,  2 tu b e s  w ere added  

w i th  0 .1  m l o f  25 u g /m l o f  p u r i f i e d  p r o t e i n  d e r i v a t i v e  (PPD) 

(P a rk e  D a v is  & C o ., D e t r o i t ,  M i.)  and  th e  o th e r  2 tu b e s  w ere

ad d ed  w i th  0 .1  ml s t e r i l e  s a l i n e .  The f i n a l  volum e i n  each
4tu b e  was a d ju s t e d  t o  2 .5  ml b y  a d d in g  o . l  ml o f  3 .0  x  10 

c e l l s / m l  o f  l i g h t  m in e r a l  o i l  s t im u la te d  p e r i t o n e a l  e x u d a te  

c e l l s  and  m ore t i s s u e  c u l t u r e  Medium 199* S im i la r  p ro c e d u re  

w as a l s o  c a r r i e d  o u t  w ith  e n r ic h e d  T - c e l l s  from  CFA an d  DNFB 

s e n s i t i z e d  m ic e . The tu b e s  w ere a llo w e d  t o  in c u b a te  f o r  48
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h o u rs  a t  37C u n d e r  Sfo COg a i r .  S u p e rn a ta n ts  w ere  c o l l e c t e d ,

a n d  m ig r a t io n  i n h i b i t i o n  f a c t o r  (MIF) a c t i v i t y  was d e te rm in e d  

a c c o rd in g  t o  p ro c e d u re  d e s c r ib e d  by  H a r r in g to n  and  S ta s tn y  

(1 8 ) u s in g  l i g h t  m in e r a l  o i l  s t im u la te d  m acrophages from  

n o rm a l m ic e .

S t a t i s t i c a l  a n a l y s e s . The m ean, s ta n d a r d  e r r o r  and  u n p a ir e d  

t - t e s t s  program m ed on a  H e w le tt  p a c k a rd  m odel 98IOA c a l c u l a t o r  

w ere  u s e d  i n  a n a ly s e s  o f  th e  d a ta .



RESULTS

DTH r e s p o n s e s . F o o tp ad  r e s p o n s e s  o f  do n o r m ice  and  lym phoid  

c e l l  r e c i p i e n t  m ice  a r e  shown i n  F ig u re  1 .  Donor m ice  immu

n iz e d  i n t r a n a s a l l y  w i th  v i a b l e  Ç. neo fo rm an s 7 days e a r l i e r  

showed n e g a t iv e  DTH re s p o n s e s  t o  CneF a n t ig e n ;  h ow ever, by 

day 35 p o s t  i n f e c t i o n ,  d o n o r m ice  d e m o n s tra te d  s t r o n g  DTH 

r e s p o n s e s  to  CneF a n t ig e n .  R e c ip ie n t  m ice  r e c e i v i n g  e i t h e r  

s e n s i t i z e d ,  n o n - s e n s i t i z e d ,  o r  a n t i - T h y  1 .2  a n t ib o d y  t r e a t e d  

s e n s i t i z e d  e n r ic h e d  T - c e l l s  from  day  7 d o n o r m ice  d id  n o t  

have  p o s i t i v e  r e s p o n s e s  t o  CneF a n t ig e n  when fo o tp a d  t e s t e d  

20 h o u rs  a f t e r  c e l l  t r a n s f e r .  H ow ever, m ice  r e c e i v i n g  s e n s i 

t i z e d  e n r ic h e d  T - c e l l s  from  day 35 d o n o rs  showed p o s i t i v e  

DTH re s p o n s e s ;  w h ereas t h e  o th e r  g ro u p s  o f  m ice  r e c e i v i n g  

day  35 n o n - s e n s i t i z e d  o r  a n t i - T h y  1 .2  t r e a t e d  day 35 se n 

s i t i z e d  T - c e l l s  d id  n o t  d e v e lo p  DTH re s p o n s e s  t o  CneF a n t ig e n .

E f f e c t  o f  c e l l  t r a n s f e r . On days 1 , 3 , 7» 10 an d  14 fo l lo w in g  

in tr a v e n o u s  c h a l le n g e  w i th  1 .0  x  10 v i a b l e  Ç. neo fo rm ans 

and  t r a n s f e r  o f  s e n s i t i z e d ,  n o n - s e n s i t i z e d ,  a n t i -T h y  1 .2  

a n tib o d y  t r e a t e d  s e n s i t i z e d  ly m p h o cy tes  o r  s a l i n e  i n j e c t i o n ,

3 m ice from  each  o f  th e  4- g ro u p s  w ere  a u to p s ie d  to  d e te rm in e

4 9
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t h e  C. n eo fo rm an s c e l l  num bers i n  v a r io u s  o rg a n  t i s s u e s .

T h ere  w ere  no s i g n i f i c a n t  d i f f e r e n c e s  ( th ro u g h o u t  th e  a u to p s y  

p e r io d )  i n  th e  num ber o f  Ç . n eo fo rm an s CHJ among th e  i n f e c t e d  

o rg a n  t i s s u e s  o f  t h e  3 g ro u p s  o f  days 7 d o n o r c e l l s  r e c i p i e n t s  

and  th e  g ro u p  1 c h a l l e n g e - c o n t r o l  t h a t  r e c e iv e d  Ç . n eo fo rm an s 

and  s a l i n e .  By day  1 4 , th e  num ber o f  mean C. n eo fo rm an s CFU 

i n  g ro u p  1 c h a l l e n g e - c o n t r o l , g ro u p  2 o f  th e  days 7 s e n s i 

t i z e d  T - c e l l s  r e c i p i e n t s ,  g ro u p  3 o f  th e  a n t i - T h y  1 .2  t r e a t e d  

s e n s i t i z e d  T - c e l l s  r e c i p i e n t s  and  i n  g ro u p  4 o f  th e  n o rm al T- 

c e l l s  r e c i p i e n t s  w ere  1 .7 1 7  x  10? ,  1 .5 6 5  x  1 0 ? , I . 78I  x  10^ 

and  1 .7 7 6  X 10^ r e s p e c t i v e l y .  A lth o u g h  t h e r e  w ere no s i g n i 

f i c a n t  d i f f e r e n c e s  on day  1 i n  th e  mean num bers o f  Ç . n e o fo r 

mans CFII among th e  3 g ro u p s  o f  day  35 dono r c e l l s  r e c i p i e n t s  

and  th e  g ro u p  1 c h a l l e n g e - c o n t r o l  t h a t  r e c e iv e d  o n ly  Ç . 

n eo fo rm an s an d  s a l i n e ,  by  day 3» g ro u p  2 m ice  t h a t  r e c e iv e d  

s e n s i t i z e d  e n r ic h e d  T - c e l l s  b e g an  to  show a  s lo w e r  i n c r e a s e  

i n  o rg an ism  c o u n ts  w i th  a  mean CFU p e r  mouse o f  a b o u t 4 .0  x

10^; w h e re a s , t h e  o th e r  3 g ro u p s  showed a  g r e a t e r  i n c r e a s e
4i n  C_. n eo fo rm an s c e l l s  w i th  a n  a v e ra g e  o f  3*0 x  10 CPU p e r  

m ouse. On day 7» 10 and  14 r e c i p i e n t  m ice i n  g ro u p s  1 , 3 and  

4  showed a  r a p i d  i n c r e a s e  i n  mean Ç . n eo fo rm an s CPU, b u t  

g ro u p  2 r e c i p i e n t  m ice  c o n tin u e d  to  have a  s lo w e r  r a t e  o f  

i n c r e a s e  i n  C. n eo fo rm an s c e l l s  i n  t i s s u e s .  By day 1 4 , th e  

mean CPU f o r  g ro u p  2 m ice  was I .0 6  x  1 0 ^ , and  th e  mean CPU 

f o r  g ro u p  1 , 3 and  4  w ere  4 .3 9  x  1 0 ^ , 4 .7 0  x  10^ and
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4 .6 2  X 10^ r e s p e c t i v e l y .  The d i f f e r e n c e s  i n  m ean CFCJ b e tw een  

g ro u p  2 r e c i p i e n t  m ice  and  th e  o th e r  3 g ro u p s  o f  r e c i p i e n t  m ice  

b e g in n in g  from  day  3 th ro u g h  day  l 4  w ere  h ig h ly  s i g n i f i c a n t  

a s  i n d i c a t e d  by  th e  u n p a i r e d  s t u d e n t ' s  t - t e s t  (P < . 0 .0 0 5 ) .

E f f e c t s  o f  serum  t r a n s f e r . Two h o u rs  a f t e r  in t r a v e n o u s  

c h a l le n g e  w i th  a p p ro x im a te ly  1 .0  x  10^ v i a b l e  Ç . n e o fo rm a n s , 

m ice w ere  e a c h  g iv e n  0 .5  ml o f  p o o le d  serum  o b ta in e d  e a r l i e r  

from  im m unized o r  s a l i n e  c o n t r o l  d o n o r m ic e . On day 1 , 7 and  

14 a f t e r  c h a l le n g e  an d  serum  i n j e c t i o n ,  t h r e e  m ice  fro m  e ach  

g ro u p  w ere  ran d o m ly  p ic k e d  f o r  a u to p s y  and  d e te r m in a t io n  o f  

num bers o f  Ç . n e o fo rm a n s  c e l l s  i n  t i s s u e s .  On day  3» day 6, 

and  a g a in  on day  1 0 , th o s e  m ice  t h a t  h a d  n o t  b e e n  a u to p s ie d ,  

w ere g iv e n  a n o th e r  0 .5  ml o f  "immune" d o n o r serum  o r  s a l i n e  

c o n t r o l  d o n o r se ru m . No d i f f e r e n c e s  w ere  o b s e rv e d  i n  th e  

o rg an ism  g ro w th  p r o f i l e s  o b ta in e d  fro m  m ice  r e c e i v i n g  day 7 

s e n s i t i z e d  d o n o r serum  o r  day  7 s a l i n e  c o n t r o l  m ice serum  

(F ig u re  3 ) •  S im i la r  o b s e r v a t io n  was a l s o  fo u n d  b e tw ee n  m ice 

t h a t  w ere  g iv e n  day  35 im m unized d o n o r serum  and  m ice  t h a t  

r e c e iv e d  day  35 s a l i n e  c o n t r o l  d o n o r serum  ( F ig u re  4 ) .  I n  

b o th  c a s e s ,  Ç . n e o fo rm a n s  c o n tin u e d  to  i n c r e a s e  th ro u g h o u t  

th e  s tu d y  ev en  t h o u ^  th e  r e c i p i e n t  m ice  w ere  b e in g  g iv e n  

"immune" serum  i n j e c t i o n s .  The mean num bers o f  CFU w ere  n o t  

s i g n i f i c a n t l y  d i f f e r e n t  b e tw ee n  th e  t e s t  an d  th e  c o n t r o l  

g ro u p s  o f  m ice  a t  any  tim e  i n t e r v a l .
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M ig ra t io n  i n h i b i t i o n  t e s t . The d e g re e  o f  T -ly m p h o cy te  s p e c i 

f i c i t y  i n  m ice  im m unized w i th  Ç . n eo fo rm an s was d e te rm in e d  by  

u s i n g  2 u n r e l a t e d  a n t i g e n s ,  PPD a n d  DNPB i n  a  m ig r a t io n  

i n h i b i t i o n  a s s a y .  R e s u l t s  o f  t h i s  s tu d y  a r e  p r e s e n te d  i n  

T a b le  1 .  S e n s i t i z e d  ly m p h o c y tes  o b ta in e d  from  Ç. n e o fo rm a n s ,

CPA an d  DNFB im m unized m ice  d id  n o t  p ro d u c e d  MIF when c u l t u r e d  

i n  t h e  p re s e n c e  o f  h e te r o lo g o u s  a n t i g e n .  H ow ever, when homo

lo g o u s  a n t ig e n  was added  t o  t h e  ly m p h o cy te  c u l t u r e s ,  MIF 

was p ro d u c e d  a s  m easu red  by  th e  a s s a y .  I n  o th e r  w o rd s , PPD 

and  DNFB d id  n o t  s t im u la te  Ç . n eo fo rm an s s e n s i t i z e d  ly m p h o c y te s  

to  p ro d u c e  MIF; how ever, th e  CneF a n t ig e n  d id  s t i m u l a te  a  

f a c t o r  w h ich  i n h i b i t e d  m ig r a t io n  o f  m ac ro p h ag es , th u s  show ing  

s p e c i f i c i t y  o f  Ç . n eo fo rm an s s e n s i t i z e d  T - c e l l s  t o  CneF 

a n t i g e n  (P <  0 .0 2 5 )•
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F ig u re  1 .  F o o tp a d s  d e la y e d  h y p e r s e n s i t i v i t y  r e s p o n s e s  

o f  d o n o r m ice  and  t h e i r  ly m pho id  c e l l  r e c i 

p i e n t s  t o  C nef a n t ig e n .  Group 1 r e c e iv e d
li,

1 .0  X 10 v i a b l e  Ç. n e o fo rm a n s . Group 2
L

r e c e iv e d  1 .0  x  10 v i a b l e  Ç . n eo fo rm an s +
O

1 .0  X 10 day 7 o r  day 35 e n r ic h e d  T - c e l l s  

from  s e n s i t i z e d  donor m ic e . Group 3 r e c e iv e d
L 8

1 .0  X 10 v i a b l e  Ç. neo fo rm ans + 1 .0  x  10 

a n t i - t h e t a  and g u in e a  p ig  com plem ent t r e a t e d  

day  7 o r  day 35 s e n s i t i z e d  e n r ic h e d  T - c e l l s .
L

Group 4  r e c e iv e d  1 .0  x  10 v i a b l e  Ç. neo fo rm ans
Q

+ 1 .0  X 10 n o rm al e n r ic h e d  T - c e l l s .  I  i n d i 

c a t e s  im m unized m ic e , C i n d i c a t e s  s a l i n e  

c o n t r o l  m ic e , IS  i n d i c a t e s  m ice  r e c e iv e d  

serum  from  im m unized dono r m ice  and  NS 

i n d i c a t e s  m ice r e c e iv e d  n o rm al serum  from  

s a l i n e  c o n t r o l  d o n o r.
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F ig u re  2 . O rganism  g ro w th  p r o f i l e  o f  day  7 and  day  35
h.

r e c i p i e n t  m ic e . Group 1 r e c e iv e d  IV 1 .0  x  10 

v i a b l e  Ç. n eo fo rm an s ( A - - A ) , g roup  2 r e c e iv e d
iL 8

1 .0  X 10 v i a b l e  Ç. neo fo rm an s + 1 .0  x  10 

day 7 o r  day  35 e n r ic h e d  T - c e l l  from  s e n s i 

t i z e d  do n o r (O o ) , g roup  3 r e c e iv e d  1 .0  x
if, 8

10 v i a b l e  Ç . n eo fo rm an s + 1 .0  x  10 a n t i -  

t h e t a  p lu s  g u in e a  p i g  com plem ent t r e a t e d  

day 7 o r  day 35 s e n s i t i z e d  s p le n ic  T - c e l l s  

( • —- • )  an d  g ro u p  4  r e c e iv e d  1 .0  x  10^ v i a b l e
Q

Ç. n eo fo rm an s + 1 .0  x  10 n o rm al s p le n ic  T- 

c e l l s  from  day 7 o r  day 35 s a l i n e  c o n t r o l  

do n o r ( A — A ).
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F ig u re  3* O rganism  g ro w th  p r o f i l e  o f  m ice  r e c e i v i n g  

serum  from  d o n o r m ice  i n o c u la t e d  i n t r a -  

n a s a l l y  7 d ay s  e a r l i e r  w i th  10^ Ç. n eo fo rm an s  

( □ - - a )  o r  w ith  s t e r i l e  s a l i n e  (0 — 0 ) .

Arrow i n d i c a t e s  tim e  when serum  was i n j e c t e d .
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F ig u re  4 .  O rganism  g ro w th  p r o f i l e  o f  m ice  r e c e i v i n g  

serum  from  d o n o r m ice  in o c u la t e d  i n t r a n a -
•3

s a l l y  35 d ay s  e a r l i e r  w i th  10^ Ç . n eo fo rm an s 

( □ - - O )  o r  w i th  s t e r i l e  s a l i n e  (O— o )  •

A rrow  i n d i c a t e s  tim e  when serum  was i n j e c t e d .
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T ab le  1 . S p e c i f i c i t y  o f  MIF p r o d u c t io n  by  Ç.

n e o fo rm a n s , CFA an d  DNFB s e n s i t i z e d  

ly m p h o c y te s  upon  s t i m u l a t i o n  w i th  a n t i g e n .



NUMBER
OF IMMUNIZING MIGRATION DISTANCE MIGRATION RATIO**

IMMUNE
MICE ANTIGEN

CneF

ANTIGEN IN At 

DNFB

jSAY MEDIUM 

PPD SALINE CneF,SAL DNFB,SAL PPD,SAL

4
C ry p to c o c c u s

neoform ans

21 .50
17 .0 0

(1 9 .2 5 )

4 o . 25 
3 7 .7 5 .  

(3 9 .0 0 )

37 .00
39 .25

(3 8 .1 2 5 )

4 2 .0 0
4 5 .0 0  

(4 3 . 5 0 ) 0 .4 4 2 5 0 .8965 0 .8764

4 DNFB
4 6 .0 0
39 .00  

(4 2 .5 0 )

28 .75
24 .25

( 2 6 . 5 0 )

4 l . 25 
38 .0 0  

( 3 9 . 6 2 5 )

4 6 .0 0
50 .7 5

(4 8 .3 7 5 ) 0 .8 7 8 5 0 .5478 0 .8191

4 CFA
38 .75
4 1 .2 5

(4 0 .0 0 )

34 .50
39 .2 5

( 3 6 . 875 )

24 .25
21.00

( 2 2 . 625 )

40 .2 5
4 3 .2 5

(4 1 .7 5 ) 0 .9580 0 .8832 0 .5419

4 SALINE
4 4 .2 5  
47 .25. 

(4 5 .7 5 )

4 3 .0 0
4 5 .5 0

(4 4 .2 5

42 .7 5
50 .0 0

(4 6 .3 7 5 )

4 5 .7 5
4 7 .5 0

(4 6 .6 2 5 ) 0 .9 8 1 2 0 .9490 0 .9 9 4 6

** The migration ratio was calculated by dividing the migration distance of PEC assayed 
in CneF, DNFB or CFA medium by distance in saline medium. () The mean PEC migration 
distance of a duplicated MIF assay in media containing either homologous or heterologous 
antigen.



DISCUSSION

I n  t h i s  s tu d y  o f  e x p e r im e n ta l  c r y p to c o c c o s is ,  we

have shown t h a t  a d o p tiv e  im m unity  to  C ry p to co c cu s  neo fo rm ans

can  be  c o n fe r r e d  upon  sy n g e n e ic  n a iv e  r e c i p i e n t s  by  l i v e

T -ly m p h o cy te s  o b ta in e d  from  m ice  a c t i v e l y  im m unized w ith

v i a b l e  Ç. n e o fo rm a n s . H ow ever, th e  a b i l i t y  o f  th e s e  lym phoid

c e l l s  to  c o n fe r  im m unity  a p p e a re d  to  be  tim e  r e l a t e d .

D y k s tra  and  F riedm an  (12) p o in te d  o u t  i n  t h e i r  s tu d y  t h a t

im m unity  to  Ç . neo fo rm an s was o b se rv e d  o n ly  i f  th e  m ice
2

w ere c h a l le n g e d  w ith  10 v i a b l e  C_. neo fo rm ans a t  l e a s t  

3 w eeks a f t e r  th e y  r e c e iv e d  su b c u ta n e o u s  im m u n iz a tio n .

I n  o u r  s tu d y  e n r ic h e d  s p l e n ic  T - c e l l s  i s o l a t e d  from  m ice 

im m unized i n t r a n a s a l l y  7 d ay s e a r l i e r  w ith  10^ v i a b l e  Ç. 

neo fo rm an s f a i l e d  to  c o n fe r  im m unity  to  r e c i p i e n t  m ice
2l

c h a l le n g e d  in t r a v e n o u s ly  w i th  a p p ro x im a te ly  10 v i a b l e  Ç . 

n e o fo rm a n s . O rganism  g row th  p r o f i l e s  on t h i s  g roup  o f  

r e c i p i e n t  m ice  and 2 o th e r  g ro u p s  o f  r e c i p i e n t s  w hich  w ere 

g iv e n  e i t h e r  a n t i -T h y  1 .2  t r e a t e d  s e n s i t i z e d  e n r ic h e d  T- 

c e l l s  o r  n o rm al e n r ic h e d  T - c e l l s  d id  n o t  show any s i g n i 

f i c a n t  d i f f e r e n c e s  from  th e  c o n t r o l  g roup  w hich  was i n t r a 

v e n o u s ly  g iv e n  10^ v i a b l e  £ .  neo fo rm ans o n ly . On th e  o th e r
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h a n d , when e n r ic h e d  s p l e n ic  T - c e l l s  w ere o b ta in e d  from  donor 

m ice  im m unized 35 d a y s  e a r l i e r  w i th  10^ v i a b l e  G. n eo fo rm an s 

an d  t r a n s f e r r e d  to  n a iv e  r e c i p i e n t s ,  im m unity  was c o n fe r r e d  

on th e  r e c i p i e n t  m ic e . H ow ever, i f  th e  ly m p h o id  c e l l s  w ere 

f i r s t  t r e a t e d  w i th  a n t i - T h y  1 .2  a n t ib o d y  p lu s  com plem ent to  

e l im in a te  th e  T -ly m p h o cy te s  b e f o r e  t r a n s f e r  to  th e  r e c i p i e n t  

m ic e , no im m unity  was c o n f e r r e d  on th e  r e c i p i e n t s .  T hese r e s u l t s  

i n d i c a t e d  t h a t  s e n s i t i z e d  T - c e l l s  w ere  r e s p o n s ib l e  f o r  con

t r o l l i n g  th e  num bers o f  Ç . n eo fo rm an s  c e l l s .  S im i la r  r o l e  

f o r  T - c e l l s  was a l s o  o b se rv e d  i n  m u rin e  c o c c id io id o m y c o s is  

( 4 ) .  F u r th e rm o re , th e  i n a b i l i t y  o f  serum  from  Ç. n eo fo rm an s 

im m unized d ono r m ice  to  c o n fe r  im m unity  on r e c i p i e n t  m ice 

f u r t h e r  c o n firm e d  th e  r o l e  o f  T - c e l l s  i n  th e  h o s t  d e fe n s e  

a g a i n s t  a  c r y p to c o c c a l  i n f e c t i o n .  T h is  a b se n c e  o f  a  p r o t e c t i v e  

r o l e  on th e  immune serum  i n  d is s e m in a te d  c r y p to c o c c o s is  was 

i n  c o n t r a s t  to  th e  r o l e  o f  h u m o ra l a n tib o d y  i n  s y s te m ic  

c a n d i d i a s i s  w here a n t ib o d y  a p p e a re d  to  p la y  an  im p o r ta n t  r o l e  

i n  th e  h o s t  d e fe n s e  (2 9 ) .

I t  i s  a l s o  o f  i n t e r e s t  t o  n o te  t h a t  i n  m u rin e  c r y p to 

c o c c o s is  t h e r e  was o n ly  a  2 to  3 day s l a t e n t  p e r io d  b e tw een  

c e l l  t r a n s f e r  and  th e  e x p r e s s io n  o f  im m unity  i n  th e  r e c i p i e n t  

m ic e . T h is  was i n  c o n t r a s t  to  th e  a d o p tiv e  im m unity  to  t u b e r 

c u l o s i s  s t u d i e s  w here th e  l a t e n t  p e r io d  was m ore th a n  7 days 

( 2 2 ,2 3 ) .  I t  h a s  a l s o  b e e n  shown t h a t  im m unity  to  t u b e r c u l o s i s  

r e q u i r e d  b o th  th e  sm a ll  and  l a r g e  ly m p h o c y te s  (24 ) and  t h a t
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ly m p h o cy tes  w h ich  c o n fe r  im m unity  may d i f f e r  from  c e l l s  t h a t  

t r a n s f e r  d e la y e d  h y p e r s e n s i t i v i t y  ( 1 3 ,2 1 ) .  W hether su ch  

f e a t u r e s  w i l l  b e  se e n  a l s o  i n  th e  immune r e s p o n s e s  o f  m u rin e  

c ry p to c o c c o s is  a r e  n o t  known. I n  o u r  o p in io n ,  we h av e  

u n d o u b te d ly  d e m o n s tra te d  th e  im p o rta n c e  o f  T -ly m p h o cy te  i n  

h o s t  d e fe n s e  a g a i n s t  a  c r y p to c o c c a l  i n f e c t i o n  and  t h a t  th e  

DTH re s p o n s e  was a s s o c i a t e d  w ith  im m unity  to  c r y p to c o c c o s i s  

i n  d o n o r (T .S . Lim , P h .D . D i s s e r t a t i o n . ,  Ü. o f  O klahom a, 

Norman. 1979») and  r e c i p i e n t  m ic e . F u r th e rm o re , i n  o u r  m u rin e  

c ry p to c o c c o s is  s tu d y , th e  MIF a s s a y  p e rfo rm e d  u s in g  o u r  c ry p 

to c o c c a l  c u l t u r e d  f i l t r a t e  a n t ig e n  ( 7 ,2 ? )  and  two o th e r  

u n r e l a t e d  a n t i g e n s ,  PPD and  DNFB, d e m o n s tra te d  t h a t  T -lym pho

c y te s  from  Ç . n eo fo rm an s im m unized m ice w ere h ig h ly  s p e c i f i c  

f o r  CneF a n t ig e n .

Our s tu d y  d e m o n s tra te d  t h a t  th e  e n r ic h e d  p o p u la t io n  

o f  s p l e n ic  T - c e l l s  o b ta in e d  from  Ç . n eo fo rm an s s e n s i t i z e d  

m ice w ere  a b le  to  t r a n s f e r  d e la y e d  h y p e r s e n s i t i v i t y  and  a n t i -  

c ry p to c o c c a l  im m unity  a s  w e l l  a s  show ing s p e c i f i c i t y  to  CneF 

a n t ig e n  i n  MIF p r o d u c t io n .  N e v e r th e le s s ,  we a r e  n o t  c e r t a i n  

i f  th e  p o p u la t io n  o f  T - c e l l s  r e s p o n s ib le  f o r  any  o f  th e s e  

th r e e  r e s p o n s e s  in d e e d  b e lo n g  to  th e  same s u b p o p u la t io n  o r  

to  d i f f e r e n t  s u b p o p u la t io n s  o f  T - c e l l s .  S tu d ie s  on o th e r  

i n f e c t i o u s  d i s e a s e ,  su ch  a s  l i s t e r i o s i s ,  have  f a i l e d  to  

d e m o n s tra te  any  p a r a l l e l  b e tw een  th e  d e g re e  o f  h y p e r s e n s i t i 

v i t y  and  r e s i s t a n c e  to  i n f e c t i o n  ( 1 7 ,2 8 ) .  T h e r e fo r e ,  i n
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m u rin e  c r y p to c o c c o s i s ,  f u r t h e r  s tu d y  i s  n e e d e d  to  r e s o l v e  

t h i s  q u e s t io n  o f  d i r e c t  a s s o c i a t i o n  b e tw een  DTH an d  c r y p to 

c o c c a l  im m un ity .
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