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D epletion  of C D 4+ or C D 8 + T -ce lls  p rev en ts  Plasmodium 

berghei induced cerebral m alaria in  en d -s tag e  disease
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Un ive rs ity  o f  N ijm egen , D epar tm en t of M ed ica l  M ic ro b io lo g y , P .O .  B o x  9101  , 6 5 0 0  H B  N ijm eg en , The N e th e r la n d s  

{Received 13 March 1996; revised 23 July 1996; accepted 23 Ju ly 1996)

S U M M A R Y

T h e  ro le  o f  T - c e l l s  in  d e v e l o p m e n t  o f  e x p e r i m e n t a l  c e r e b r a l  m a l a r i a  w a s  a n a l y s e d  i n  C 5 7 B 1 / 6 J  a n d  C 5 7 B l / 1 0 m i c e  i n f e c t e d  

w i t h  P lasm odium  berghei K 1 7 3  o r  Plasmodium  berghei A N K A  b y  t r e a t m e n t  w i t h  a n t i - C D 4  o r  a n t i - C D 8  m A b s .  M i c e  w e r e  

p r o t e c t e d  a g a i n s t  c e r e b r a l  m a l a r i a  ( C M )  w h e n  a n t i - C D 4  o r  a n t i - C D 8  m A b s  w e r e  i n j e c t e d  b e f o r e  o r  d u r i n g  i n f e c t i o n .  E v e n  

in  m ic e  in  e n d - s t a g e  d i s e a s e ,  i .e .  w i t h  a b o d y  t e m p e r a t u r e  b e l o w  35-5  ° C ,  t r e a t m e n t  w i t h  a n t i - C D 4  o r  a n t i - C D 8  a n t i b o d i e s  

o r  t h e  c o m b i n a t i o n  p r o t e c t e d  a g a in s t  C M ,  w h e r e a s  c h l o r o q u i n e  t r e a t m e n t  w a s  c o m p l e t e l y  i n e f f e c t i v e  in  i n h i b i t i n g  f u r t h e r  

d e v e l o p m e n t  o f  t h e  c e r e b r a l  s y n d r o m e .

K e y  w o r d s :  Plasmodium  berghei, c e r e b r a l  m a l a r i a ,  p r o t e c t i o n ,  C D 4 ,  C D 8 , b l o o d - b r a i n  b a r r i e r .

I N T R O D U C T I O N

T h ere  are a num ber o f rodent m odels available for  

the stu d y  o f the p athogenesis o f exp erim en ta l 

cerebral m alaria. In these stud ies m ice (R est, 1982; 

G rau et ah  1986; T h u m w o o d  et ah  1988; C urfs et ah  

1989), rats (W right, M asem b le & Bazira, 1971) and  

ham sters (R est & W right, 1979) w ere u sed  in  

com b in ation  w ith  different strains o f  P. berghei 

parasites, e .g . A N K A  (G rau et al. 1986) or K 173  

(C urfs et al. 1989).

In  all th ese  m od els an im m u n op ath o log ica l re 

action  is considered  to be involved  in  th e  d e 

is p rev en ted  b y  C D 8 + T - c e l l  d e p le tio n , b u t n o t b y  

C D 4 + T -c e ll  d ep le tio n . In  o u r  m o d e l (P . berghei 

K 1 7 3 , C57B1 m ice ) C u rfs  e t a l.  (1 9 8 9 ) con firm ed  a 

role for  T -c e lls  in  th e  d e v e lo p m e n t o f  ex p er im en ta l 

cereb ral m alaria  s in ce  n u d e  m ice , th y m e c to m iz e d  

m ice  and m ic e  trea ted  w ith  an  a n t i-T -c e l l  seru m  

w ere p ro tected  ag a in st cereb ra l m alaria.

H ere , w e d escr ib e  th e  resu lts  o f  trea tm en t w ith  

a n ti-C D 4  and  a n t i-C D 8  a n tib o d ies  in  P . berghei 

A N K A -  and K 1 7 3 -in fe c te d  C 57B1 m ice . T h e  resu lts  

sh o w  that trea tm en t w ith  a n t i-C D 4  or a n t i-C D 8 

an tib od ies can  p rev en t d e v e lo p m e n t o f  ex p er im en ta l 

cereb ral m alaria . M o reo v er , ev en  w h en  p erfo rm ed

v elop m en t o f th e  syn drom e. S tud ies in  rod en t sh o rtly  b efo re  e x p e c te d  d ea th , i.e . in  e n d -s ta g e

m od els sh ow ed  sequestration  and adherence o f  w h ite  

blood  cells to the endothelia l lin in g  of p ost-ca p illary  

ven u les in  th e brains in association  w ith  d ev e lo p m en t  

o f petech iae (R est, 1982; Polder et ah 1992).

In  the m o d el described  by Grau et ah  (1986)

(P . berghei A N K A , C B A /C a  m ice), C D 4+ T -c e lls  

play an im portant role since dep letion  o f  C D 4 + T~ 

cells p reven ts, and transfer o f C D 4 + T -c e lls  from  

m ice  d evelop in g  cerebral m alaria enhances, d ev e l 

op m en t o f  the cerebral syndrom e. In  add ition , 

d ep letion  o f  C D 8 + T -c e lls  d id  not prevent cerebral 

m alaria. In  m ice w ith  M u rin e A cquired  Im m u n o 

d efic ien cy  S ynd rom e (M A ID S ), w hich  is character 

ized  by abnorm al fu n ction in g  o f  C D 4 + T -c e lls  the  

level o f p ro tection  against m urine C M  is sign ifican tly  

increased and is related to  the duration o f th e  viral 

in fection  and, hence, w ith  th e severity o f  C D 4 + T -  

cell im m u n od efic ien cy  (Eckw alanga et ah  1994). In  Para s i te

d isea se  w h en  b o d y  tem p era tu re  has d ecreased  to

35*5 °C  or lo w er , d e p le tio n  o f  C D 4  or C D 8  T -c e l ls

effective ly  p rev en ted  fu rth er  d e v e lo p m e n t o f  th e  

cerebral sy n d ro m e.

M A T E R I A L S  A N D  M E T H O D S

M ice

C 5 7 B la ck /6 J  or C 5 7 B la c k /1 0  m ice , aged  6 -1 0  w eek s,

w ere  o b ta in ed  fro m  sp ec ific  p a th o g e n -fr e e  c o lo n ie s  

m ain ta in ed  at th e  C en tra l A n im a l F a c ility  o f  th e  

U n iv ers ity  o f  N ijm e g e n . A ll m ic e  w ere h o u se d  in  

p lastic  cages and  rece iv e d  w ater  and stan d ard  R M H  

food  (H o p e  F a rm s, W o erd en , T h e  N e th e r la n d s) a d  

l ib itum .

the m od el u sin g  W M /M s  rats and P . berghei N K 6 5  

parasites (Im a i & K am iyam a, 1994) cerebral m alaria

* C o r r e s p o n d i n g  a u t h o r .  T e l :  - f  31 2 4  3 6 1 4 6 6 4 ,  F a x :  + 3 1

2 4  3 5 4 0 2 1 6 .  E - m a i l :  r . h e r m s e n @ m m b . a z n . n l

Plasmodium  berghei  K 1 7 3  an d  P lasm od ium  berghei 

A N K A  w ere m a in ta in ed  b y  w eek ly  tran sfer  o f  

parasitized  ery th ro cy te s  (P E ) from  in fec ted  in to  

n aive  m ice. E x p er im en ta l m ic e  w ere in fec ted  in tra-

Parasitology (1997), 114, 7 -1 2  C o p y rig h t ©  1997 C a m b rid g e  U n iv e rs i ty  P re s s
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Protection against cerebral malaria

1 0 0

75

50

2 5

0

Controls

Tx intact Tx intact Tx intact
F ig , 1. P r o te c t io n  a g a in s t  c e re b ra l  m a la r ia  in  th y m c c to m iz e d  ( T x )  v e r s u s  i n t a c t  m ic e  a n d  in  r e l a t i o n  to  t r e a t m e n t  w i t h

a n t i - C D 4  o r  a n t i - C D 8 m A b s  2 d a y s  b e fo re  a n d  2 d a y s  a f te r  in f e c t io n .  C 5 7 B 1 /6 J  in f e c te d  w i t h  Plasmodium  berghei 

K 1 7 3  ( T )  o r  w i th  A N K A  ( # ) ;  C 5 7 B 1 /1 0  in fe c te d  w i th  P . berghei K 1 7 3  ( ■ ) .  T h e  n u m b e r  o f  m i c e  p r o t e c t e d  a g a i n s t  

C M  v e r s u s  th e  to ta l  n u m b e r  o f  in fe c te d  m ic e  is in d ic a te d  f o r  e a c h  e x p e r im e n ta l  g r o u p .

m a jo r ity  o f  c a s e s  > 3 2  °C )  s u r v iv e  t h is  c r i t ic a l  p e r io d  

b u t  d ie  in  th e  th ir d  w e e k  o r  la te r  a f te r  in f e c t io n

p e r ito n e a lly  w ith  103 P E  fr o m  b lo o d  o f  in fe c te d  M ic e  th a t  s h o w  a t r a n s ie n t  h y p o t h e r m ia  ( in  t h e  

d o n o r  a n im a ls  o f  th e  sa m e  stra in . P .  berghei A N K A  

(o r ig in a lly  o b ta in e d  fr o m  D r  B . M o n s ,  L a b o r a to r y

o f  P a r a s ito lo g y , U n iv e r s ity  o f  L e id e n , T h e  N e t h e r -  w i t h o u t  a n y  n o t ic e a b le  c e r e b r a l  p a t h o lo g y ,  

la n d s) is a g a m e to c y te -p r o d u c in g  stra in  w h ic h  is  

p a ssa g e d  th r o u g h  Anopheles gambiae m o s q u ito e s  

after 4  w e e k ly  b lo o d  p a ssa g e s . F o r  th is  p u r p o s e
Body temperature

m o s q u ito e s  are a llo w ed  to  fe e d  o n  m ic e  3 d a y s  a fter  B o d y  te m p e r a tu r e  w a s  m e a s u r e d  w i t h  a d ig i t a l

in fe c t io n  w ith  1 0 7 p arasites . B lo o d - f e d  m o s q u ito e s  

r e c e iv e d  a n  a d d it io n a l b lo o d m e a l c o n ta in in g  n o r m a l  

e r y th r o c y te s  5 d a y s  la ter  a n d  w e r e  a l lo w e d  to  in fe c t  

m ic e  1 4  d a y s  la ter .

t h e r m o m e t e r  ( T e c h n o t e r m  1 2 0 0 )  in t r o d u c e d  in t o  

th e  r e c tu m  a n d  r e a d  a fte r  10  s e c .

Parasitaemia

Histology

M ic e  w e r e  k i l le d  b y  an  o v e r d o s e  o f  e t h e r  a n d  th e ir  

b r a in s  w e r e  c o l le c t e d  o r  t h e y  w e r e  c o l l e c t e d  p o s t -  

T h in  b lo o d  f ilm s  w e r e  m a d e  fr o m  ta i l -b lo o d ,  s ta in e d  m o r te m . B r a in  t i s s u e  w a s  f ix e d  in  C a r n o y ’s f lu id  fo r  

w ith  M a y -G r i in w a ld  a n d  G ie m s a ’s s o lu t io n s ,  a n d  4  h . P a ra ffin  s e c t io n s  (5 ¡ivci) w e r e  s t a in e d  w i t h  

th e p r o p o r t io n  o f  red  b lo o d  c e lls  in fe c te d  w it h  th e  P A S /H a e m a t o x y l in  o r  G o l d n e r ’s  t r ic h r o m e  s ta in ,  

p a ra site  w a s  d e te r m in e d . S e c t io n s  w e r e  s c o r e d  fo r  th e  p r e s e n c e  o f  p e t e c h ia e .

Detection of cerebral malaria

A p p r o x im a te ly  9 5  % o f  C 57B 1 m ic e  in fe c te d  w i t h  1 0 3 

P . berghei K 1 7 3  (C u rfs  et al. 1 9 9 2 )  or  P .  berghei 

A N K A  p a ra s ite s  d ie  early  in  th e  s e c o n d  w e e k  a fter  

in fe c t io n . A p p r o x im a te ly  1 d a y  b e fo r e  d e a th  a 

p r o g r e s s iv e  h y p o th e r m ia  d e v e lo p s  w h ic h  is s tr o n g ly  

c o r re la ted  w ith  d e v e lo p m e n t  o f  h a e m o r r h a g e s  in  th e  

b rain s as o b s e r v e d  b y  h is to lo g y  (C u r fs  et al. 1 9 8 9 ) .

In  v iv o  CD 4+ or CD 8+ T-cell depletion

R a t m o n o c lo n a l  a n t i - C D 4  a n d  a n t i - C D 8 a n t ib o d ie s  

w e r e  p r o d u c e d  b y  h y b r id o m a  Y T S  1 9 1 .1 .2 ,  E C  A C C  

n o . 8 7 0 7 2 2 8 2  a n d  Y T S  1 6 9 .4 .2 .1 ,  E C A C C  n o .  

8 7 0 7 2 2 8 3  r e s p e c t iv e ly .  B o t h  m A b s  a r e  o f  t h e  I g G 2 b  

i s o ty p e .  P r is t a n e - p r im e d  n u d e  m ic e  w e r e  in j e c t e d  

L p. w ith  3 x  1 0 6 h y b r id o m a  c e l l s  a n d  t h e  a s c i t e s  

p r o d u c e d  w a s  c o l le c t e d .  A f t e r  a m m o n iu m  s u l f a t e
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T a b l e  1 . E f f e c t  o f  t r e a t m e n t  w i t h  a n t i - C D 4  o r  

a n t i - C D 8 m A b s  b e f o r e  a n d  d u r in g  in f e c t io n  w i t h  

Plasmodium  berghei K 1 7 3  p a r a s i t e s  o n  d e v e lo p m e n t  

o f  c e r e b r a l  m a la r ia  in  C 5 7 B 1  m ic e

T r e a t m e n t /  

d a y ( s )  o f  

t r e a t m e n t *

M i c e  p r o t e c t e d  a g a in s t  

C M - t r e a t e d  m ic e

n ( % )

C o n t r o l 9 / 7 8 f 12

I g G 2 b - c o n t r o l s J

- 2 / 2 0 / 5 0

9 1 / 7 1 4

A n t i - C D 4

- 2 / 2 3 9 / 4 9 1 80

4 3 / 3 1 0 0

6 3 / 3 1 0 0

8 7 / 8 88

8  +  1 0 5 / 5 1 0 0

A n t i - C D 8

- 2 / 2 3 3 / 3 6 f 92

4 3 / 3 1 0 0

6 2 / 3 6 6

8 5 / 8 63

8  +  1 0 5 / 5 1 0 0

# I n  r e l a t i o n  to  i n f e c t i o n  a t  d a y  0 .

f  S u m m a r i z e d  d a t a  f r o m  P .  berghei K 1 7 3  o r  P .  berghei 

A N K A - i n f e c t e d  m i c e  ( s e e  F ig .  1).

% I s o t y p e - m a t c h e d  i r r e l e v a n t  m A b  as  a  c o n t r o l  o f  m A b  

a n t i - C D 4  o r  a n t i - C D 8  t r e a t m e n t .

(4 5  % ) p r e c ip i t a t io n  a n d  d ia ly s is  a g a in s t  H 20 ,  t h e  

s o l u t i o n  w a s  f r e e z e - d r i e d  a n d  s t o r e d  a t 4  ° C  u n t i l  

u s e d .  A l i q u o t s  w e r e  s o lu b i l i z e d  in  s t e r i le ,  p y r o g e n -  

f r e e  s a l in e  a n d  u s e d  im m e d ia t e ly .  N o r m a l  a n d  

t h y m e c t o m i z e d  m ic e  w e r e  tr e a te d  o n c e  o r  t w ic e  

(4  d a y s  a p a r t)  b y  i .p .  in j e c t io n  o f  0*3 m g  o f  e i t h e r  

a n t i - C D 4  o r  a n t i - C D 8 m A b .  T r e a t m e n t  w i t h  a n  

i r r e le v a n t  i s o t y p e  m a t c h e d ,  a m m o n iu m  s u lf a t e  p r e 

c ip i t a t e d  ra t m A b  w a s  u s e d  in  c o m p a r is o n  to  

t r e a t m e n t  w i t h  n o r m a l  r a t  s e r u m  as a n o th e r  c o n t r o l .  

B o t h  c o n t r o l  t r e a t m e n t s  d id  n o t  p r e v e n t  d e v e l 

o p m e n t  o f  C M  a n d  d id  n o t  a f fe c t  p a r a s ita e m ia .  

T h e r e f o r e ,  b o t h  c o n t r o l  t r e a t m e n t s  w e r e  u s e d  in  t h e  

C D 4 +/ C D 8 + T - c e l l  d e p le t io n  e x p e r im e n t s .  T h e  

e f f ic a c y  o f  T - c e l l  d e p le t io n  w a s  d e t e r m in e d  in  

p e r ip h e r a l  l e u c o c y t e s  i s o la t e d  b y  w a te r  s h o c k - t r e a t e d  

p e r ip h e r a l  b lo o d ,  o r  in  A C T - t r e a t e d  s p le e n  c e l l  

s u s p e n s i o n s  f r o m  s a m p le s  c o l l e c t e d  3 d a y s  a f te r  

t r e a t m e n t  w i t h  t h e  a n t i - T - c e l l  m A b s  ( H u d s o n  &  

H a y ,  1 9 8 9 ) ,  A n a ly s i s  o f  C D 4 +/ C D 8 + T - c e l l  d e 

p l e t i o n  i m m e d i a t e l y  a f te r  in j e c t io n  o f  t h e  m A b s  w a s  

c o m p l i c a t e d  b y  t h e  p r e s e n c e  o f  th e  in j e c t e d  m A b  

c o a t in g  t h e  C D 4 +/ C D 8 + T - c e l l s  in  th e  c e l l  s u s 

p e n s i o n s ,  a p r o b le m  t h a t  w a s  a b s e n t  w h e n  t h e  

a n a ly s is  w a s  p e r f o r m e d  3 d a y s  a fte r  t h e  la s t  a n t i - T -  

c e l l  t r e a t m e n t ,  C e l l  s u s p e n s i o n s  w e r e  in c u b a t e d  in  

P B S  c o n t a i n in g  1 0  %  F C S ,  0 ’0 5  %  s o d iu m  a z id e  a n d  

0 -0 5  m g / m l  o f  t h e  a n t i - C D 4  o r  a n t i - C D 8 m A b s  fo r  

3 0  m in  a t  4  ° C  f o l l o w e d  b y  a 3 0  m in  in c u b a t io n  o f  a 

5 0  t i m e s  d i l u t e d  F I T C - l a b e l l e d  r a b b it  a n t i - r a t  I g

( D a k o )  in  P B S  c o n t a in in g  4 0 %  m o u s e  s e r u m  a n d  

0 - 0 5 %  s o d iu m  a z id e .  A f t e r  w a s h in g  w i t h  P B S  +  

0 ’0 5  % s o d iu m  a z id e  f lu o r e s c e n c e  w a s  r e a d  m i c r o 

s c o p ic a l ly .

F r o m  t h e  p e r ip h e r a l  b lo o d  a n d  t h e  s p l e e n  r e s p e c t 

i v e ly  8 0 %  a n d  9 2 %  o f  C D 4 + a n d  6 2 %  a n d  7 9 %

o f  C D 8 'h T - c e l l s  w e r e  d e p le t e d .  T r e a t m e n t  w i t h  

e i th e r  a n t i - C D 4  o r  a n t i - C D 8 m A b s  d id  n o t  c h a n g e  

s ig n i f i c a n t ly  t h e  p r o p o r t io n  o f  B - c e l l s  ( d a t a  n o t  

s h o w n ) .

P r o t e c t io n  a g a in s t  c e r e b r a l  m a la r ia  w a s  i n d e p e n 

d e n t  o f  i .v .  or  i .p .  in j e c t io n  o f  th e  a n t i - T - c e l l  m A b s  

(d a ta  n o t  s h o w n ) ,  a n d  i .p .  in j e c t io n s  w e r e  u s e d  f o r  a ll  

e x p e r im e n t s .

Thymectomy

T h y m e c t o m y  ( T x )  w a s  p e r f o r m e d  o n  m i c e  a n a e s 

t h e t iz e d  w i t h  c h lo r a lh y d r a te  (4*5 %  s o l u t i o n ;  1 0  /¿ 1 /g  

b o d y  w e ig h t ) .  M i c e  w e r e  a l lo w e d  to  r e c o v e r  f r o m  

s u r g e r y  fo r  a p e r io d  o f  2 w e e k s  b e fo r e  t h e y  w e r e  u s e d  

in  e x p e r im e n t s .

S ta tis t ica l  analysis

F o r  s ta t is t ic a l  a n a ly s is  th e  S t u d e n t ’s i - t e s t  ( c o m 

p a r is o n  o f  2 g r o u p s )  a n d  th e  K r u s k a l - W a l l i s  t e s t  

( c o m p a r is o n  o f  m o r e  th a n  2 g r o u p s )  w e r e  u s e d .  P  

v a lu e s  <  0*05 w e r e  c o n s id e r e d  s ig n if ic a n t .

R E S U L T S

T h e  e f f e c t  o f  t r e a t m e n t  w i t h  a n t i - C D 4  or  a n t i - C D 8 

m A b s  o n  d e v e lo p m e n t  o f  e x p e r im e n t a l  c e r e b r a l  

m a la r ia  w a s  a n a ly s e d  in  t h y m e c t o m iz e d  a n d  in t a c t

C 5 7 B 1 /6 J  a n d  C 5 7 B 1 /1 0  m ic e  in f e c t e d  w i t h  P .  

berghei A N K A  o r  P .  berghei K 1 7 3  p a r a s i t e s .  F i g .  1 

s h o w s  t h a t  t r e a tm e n t  w i t h  a n t i - C D 4  or  a n d - C D 8 

m A b s  p r o t e c t e d  a g a in s t  C M , ir r e s p e c t iv e  o f  t h y 

m e c t o m y  in  b o t h  C 5 7 B 1 /6 J  o r  C 5 7 B 1 / 1 0  m i c e  

in f e c t e d  w i t h  e i th e r  P . berghei K 1 7 3  or  P .  berghei 

A N K A  p a r a s ite s .

P a r a s i ta e m ia  in  .co n tro l m ic e  th a t  d ie d  o f  C M  w a s  

a p p r o x im a t e ly  5 - 1 0 %  w it h  a r e d u c t io n  o f  t h e  

h a e m a t o c r i t  o f  a p p r o x im a t e ly  2 0 % .  N e i t h e r  t h y 

m e c t o m y ,  n o r  t r e a t m e n t  w i t h  a n t i - C D 4  o r  a n t i - C D 8 

m A b s  s ig n i f ic a n t ly  c h a n g e d  p a r a s i ta e m ia  a n d  h a e m 

a to c r i t  d u r in g  in f e c t io n  as c o m p a r e d  t o  c o n t r o l s .  A l l  

t r e a te d  m ic e  th a t  d id  n o t  d ie  o f  c e r e b r a l  m a la r ia  

d e v e lo p e d  th e  s a m e  s e v e r e  a n a e m ia  in  th e  c o u r s e  o f  

th e  in f e c t io n  (d a ta  n o t  s h o w n ) .  T r e a t m e n t  w i t h  

e i t h e r  a n  i s o t y p e - m a t c h e d  ra t m A b  o r  n o r m a l  r a t  

s e r u m  as a c o n t r o l  fo r  d e p le t io n  o f  C D 4 + or  C D 8 + T -  

c e l l s  b y  s p e c i f ic  rat m A b s  h a d  n o  e f f e c t  o n  

d e v e lo p m e n t  o f  C M  ( T a b le  1 ) a n d  d id  n o t  c h a n g e  

p a r a s ita e m ia .

T h e  d a ta  in  T a b le  1 s h o w  th a t  t r e a t m e n t  w i t h  a n t i -  

C D 4  o r  a n t i - C D 8 m A b s  2 d a y s  b e f o r e  a n d  2 d a y s
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F ig . 2. T h e  effect on  b o d y  tem p eratu re  o f  trea tm en t w ith  a n t i-C D 4  or a n t i-C D 8  m A b s  2  d a y s  b e fo r e  a n d  2  d a y s  a fter  

Plasmodium berghei K 1 7 3  in fec tio n  in  C 5 7B 1/6 J  m ic e . ( • )  C o n tro l m ic e ;  ( O )  a n t i - C D 4  trea ted  m ic e ;  ( □ )  a n t i - C D 8

t r e a te d  m ic e  (n — 5).

T a b le  2 . E f fe c t  o f  tr e a tm e n t  w i t h  a n t i - C D 4  a n d / o r  a n t i - C D 8 m A b s  o r  

c h lo r o q u in e  o n  d e v e lo p m e n t  o f  c e r e b r a l m a la r ia  in  C 5 7 B 1 /6 J  m ic e  

in fe c te d  w ith  Plasmodium berghei K 1 7 3  p a r a s ite s

T r e a t m e n t *

I n f e c te d  m ic e  

C M  p r o t e c t e d / t o t a l

C M  p r o t e c t e d  m i c e  

in c r e a s e d  T  ° C - |7 to t a l

n ( % ) n ( % )

S a lin e 2 / 5 2 4 1 / 2 5 0

C h lo r o q u in e J 0 / 1 0 0 N . S .

A n t i - C D 4 1 2 /1 7 71 1 1 / 1 2 9 2

A n t i - C D 8 1 0 / 2 0 50 9 / 1 0 9 0

A n t i - C D 4 + a n t i - C D 8 7 / 8 88 I p 1 0 0

* T r e a t m e n t  w a s  g iv e n  w h e n  th e  b o d y  t e m p e r a t u r e  w a s  b e tw e e n  35*5 a n d  30*0 ° C .  

f  M ic e  w i th  a s ta t i s t ic a l ly  s ig n i f ic a n t  in c r e a s e  o f  t h e i r  b o d y  t e m p e r a t u r e  a t  2 4  h  

a f te r  t r e a tm e n t .

X C h lo r o q u in e  t r e a t m e n t :  0*8 m g  i .p .  m o u s e / d a y .

N . S . ,  N o  s u rv iv o rs .

after  in fe c t io n  p r o te c te d  8 0  % a n d  92  % r e s p e c t iv e ly  

o f  th e  m ic e ,  w h e r ea s  1 2 % o f  th e  c o n tr o l  m ic e  w e r e  

p r o te c te d . M o r e o v e r , T - c e l l  d e p le t io n  d u r in g  in-* 

fe c t io n  a n d  e v e n  w h e n  p e r fo r m e d  o n  d a y  8 , i .e .  

sh o r t ly  b e fo r e  e x p e c te d  d ea th  as o b s e r v e d  in  n o n 

d e p le te d  c o n tr o ls , e f fe c t iv e ly  p r e v e n te d  d e v e lo p m e n t  

o f  th e  fa ta l sy n d r o m e  (T a b le  1).

T h e  e f fe c t  o n  b o d y  te m p e r a tu r e  o f  tr e a tm e n t  w ith  

a n t i - C D 4  or  a n t i - C D 8 m A b s  2 d a y s  b e fo r e  a n d  2 

d a y s  after in fe c t io n  w ith  P . berghei K \ 7  2 in  C S 7 B 1 /6 J

m ic e  w as a n a ly sed  in  8 in d e p e n d e n t  e x p e r im e n ts .  

T h e  r e su lts  o f  1 r e p r e se n ta t iv e  e x p e r im e n t  are  

d e p ic te d  in  F ig . 2. B o d y  te m p e r a tu r e  o f  u n tr e a te d  

in fe c te d  m ic e  d ra m a tica lly  d ecr ea sed  a fter  9 d a y s  o f

in f e c t io n .  A n t i - C D 4  o r  a n t i - C D 8 - t r e a te d  m i c e  

s h o w e d  a l im i t e d  d e c r e a s e  o f  th e ir  b o d y  t e m p e r a t u r e  

w h ic h  s ta b i l iz e d .  T h e  s a m e  e f f e c t  o n  b o d y  t e m 

p e r a tu r e  w a s  f o u n d  w h e n  t r e a t m e n t  w i t h  a n t i - C D 4  

or a n t i~ C D 8 m A b s  w a s  g iv e n  as a s in g le  t r e a t m e n t  

u p  to  d a y  8 o f  in f e c t io n  ( r e s u l t s  n o t  s h o w n ) .  A n t i -  

C D 8 t r e a tm e n t  2 d a y s  b e f o r e  a n d  2 d a y s  a f te r  

in f e c t io n  p r e v e n t e d  d e v e lo p m e n t  o f  C M  a s  e f f e c t iv e  

as C D 4 + T - c e l l  d e p le t io n  ( T a b le  1) a n d  n o  s ig n i f i c a n t  

d if fe r e n c e  in  b o d y  t e m p e r a t u r e  d u r in g  in f e c t io n  o f  

th e  a n t i - C D 4  a n d  a n t i - C D 8 t r e a te d  m ic e  w a s  f o u n d  

(F ig .  2 ) .

T o  d e te r m in e  fu r th e r  t h e  la t e s t  p o s s ib le  m o m e n t  

fo r  e f f e c t iv e  a n t i - C D 4  o r  a n t i - C D 8 t r e a t m e n t  in  th e
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course o f in fection , m ice w ere selected  w ith  a body  

tem perature betw een  35*5 and 30 °C. I f  left untreated  

such in fected  m ice died w ith in  24 h as show n in Fig. 

2. T h e  results in T ab le 2 show  that m ice  w ith  such  

a hypotherm ia could  be protected against fatal 

cerebral m alaria by treatm ent w ith  a n ti-C D 4  an d /or  

a n ti-C D 8  antibodies, w hereas ch loroquine treatm ent 

could  n ot save any o f these m ice. N o  relation could  

be found betw een  body tem perature at the m om ent 

o f a n ti-T -ce ll treatm ent (30—35'5 °C) and protection  

against fatal cerebral malaria (data not show n). A nti- 

C D 4  or a n ti-C D 8  treatm ent o f m ice w ith  a body  

tem perature below  30 °C never prevented  death. 

T reatm en t w ith  a n ti-C D 4 + or a n ti-C D 8 + m A bs in 

m ice w ith  end-stage disease did not protect all m ice 

from  the cerebral syndrom e (T able 2). T h ese  last 

tw o observations w ere probably due to  petechiae 

that already developed  before treatm ent (Polder e t

a l.  1988).

D ep letio n s that prevented  further d evelop m en t o f 

the cerebral syndrom e also resulted in  a subsequent 

increase in  body tem perature (T able 2). Overall in  

93%  (2 7 /2 9 )  o f the a n ti-T -ce ll treated m ice body  

tem perature increased w ith in  24 h and prevented  

further d evelop m en t o f the cerebral syndrom e.

D I S C U S S I O N

T h ese  stud ies dem onstrate the im portance o f C D 4 + 

and C D 8 + T -c e lls  in the pathogenesis of m urine 

cerebral m alaria (C M ), and this was in d ep en d en t o f 

the use o f  C 57B1/6J or C 57B 1/10 m ice, or infection  

w ith  P .  b e rgh e i  K 173 or P . bergh e i  A N K A  parasites. 

T h ym ectom ized  m ice were used to  prevent the 

influx o f n ew  T -c e lls  after treatm ent w ith  a n ti-T -ce ll 

m A bs, but no significant difference w as found w hen  

data w ere com pared to intact m ice. T reatm en t w ith  

a n ti-T -ce ll m A bs did not com pletely  elim inate all 

C D 4 + or all C D 8 + T -ce lls . T ogeth er  these obser 

vations su ggest that com plete absence o f  C D 4 + or 

C D 8 + T -c e lls  is not necessary to prevent d evel 

opm ent o f  m urine C M . A n ti-C D 4 + or a n ti-C D 8 + T -  

cell treatm ent had no effect on parasitaem ia and 

d evelop m en t o f anaem ia confirm ing th e observations 

m ade by G rau e t  a l.  (1986) in another m urine P . 

be rgh e i  C M  m od el and by Im ai & K am iyam a (1994) 

in a rat P . b e rgh e i  N K  65 C M  m odel.

T h e  observation  that both  a n ti-C D 4 + and anti- 

C D 8 + T -c e ll  dep letion  can prevent C M  is in  

contrast to observations m ade previou sly  by Grau et  

a l.  (1986), w ho described  a role for C D 4 + but not 

C D 8 + T -c e lls  in d evelopm ent o f C M  in  P . berghe i  

A N K A -in fec ted  C B A  m ice. In contrast, W aki e t  a l .  

(1992) and Im ai & K am iyam a (1994) found a role 

for C D 8 + but not C D 4 + T -ce lls  in preventing either 

early m ortality  or C M , respectively , in  P . bergh e i  

N K 6 5 -in fec ted  rodents. A  role for b o th  C D 4 + and 

C D 8 + T -c e lls  in  d evelop m en t o f  C M  in  P . bergh e i  

A N K A -in fec ted  m ice was noted by W eidanz and

co lla b o ra tors u s in g  various ty p es  o f  k n o c k -o u t m ice  

(p erson a l co m m u n ica tio n ). H a n co ck  e t  a l .  (19 94 ) 

fo u n d  th at trea tm en t w ith  a n t i-C D 4  a n tib o d ies  n o t  

o n ly  d e p le te s  C D 4 -p o s it iv e  T -c e l ls  b u t a lso  C D 4 -

p o s it iv e  m o n o n u c lea r  cells; h o w e v e r , th e ir  p o ss ib le  

ro le  in  C M  rem ain s to  be d e term in ed .

In  co n tra st to  ou r resu lts G rau  e t  a l .  (1 9 8 6 ) fo u n d  

that C D 8 + T -c e l l  d ep le tio n  d id  n o t  p rev en t d e 

v e lo p m e n t o f  C M  in  P . b e r g h e i  A N K A -in fe c te d  

C B A  m ic e . T h is  apparent d iscrep a n cy  m a y  relate to  

d ifferen t m o u se  stra ins u sed  a n d /o r  a d ifferen ce  in  

th e stra in  o f  P . b e r g h e i  A N K A .

A n t i-C D 4  or a n ti-C D 8  T -c e l l  trea tm en t w as  

e ffec tiv e  e v e n  in m ic e  w ith  e n d -s ta g e  d isea se  (b o d y  

tem p era tu re  b e tw een  35*5 an d  30 °C ). H is to lo g ic a l 

an a lysis  o f  brains o f  m ice  d e v e lo p in g  th e  cerebral 

sy n d ro m e sh o w ed  that w h ite  b lo o d  ce lls  adhere to  

th e  en d o th e lia l lin in g  (C urfs e t  a l .  1 9 8 9 ; P o ld er  e t  a l .  

1 992) su g g e s tin g  th at th ese  C D 4 + an d  C D 8 + T -c e lls  

are in v o lv e d  in  d isturban ce o f  th e  e n d o th e lia l l in in g  

and  th ere b y  in  th e  fu n c tio n in g  o f  th e  b lo o d -b r a in  

barrier.

D is tu r b a n c e  o f  th e  b lood —brain  barrier in  m ic e  

d e v e lo p in g  C M  w as also o b serv ed  b y  T h u m w o o d  e t  

a l ,  (1 9 8 8 ) and  N e il l  & H u n t (1 9 9 2 ). T h e y  d escr ib ed

leakage o f  E van s b lu e  from  th e v a scu la tu re  in to  brain  

p a ren ch y m a . In  a d d itio n , P . b e r g h e i  K 1 7 3 -in fe c te d  

m ic e  w ith  e n d -s ta g e  d isease are se n s it iv e  to d e 

v e lo p m e n t o f  fo lic  a c id -in d u ced  c o n v u ls io n s , w h ile  

co n tro l m ic e  are n o t . T rea tm en t w ith  a n t i-C D 4 + or 

a n t i-C D 8 + m A b s  n o t  on ly  p rev en ts  C M  b u t su c 

c e ss fu lly  treated  m ice  also reco v er  fro m  th e ir  

se n s it iv ity  to  fo lic  a c id -in d u ced  c o n v u ls io n s  w ith in

4 h  a fter m A b  trea tm en t (C . H e r m se n  e t  a l . 9 u n p u b 

lish ed  o b serv a tio n s). In  h u m a n  cereb ra l m alaria  

c o n v u ls io n s  are co m m o n  (W aru iru  e t  a l .  1996), 

ra isin g  th e  q u e stio n  as to  w h eth er  in  h u m an  C M  

ad h eren ce  o f  seq u estered  in fec ted  red  b lo o d  cells an d  

p o ss ib ly  th e  p resen ce  o f  le u co c y te s  (P o ld er , 1989; 

P orta  e t  a l . 1993 ; E lin g  & K rem sn er , 1 994; P atnaik  

e t  a L  1 9 9 4 ; E lin g  & S au erw ein , 1995) are in v o lv e d  in  

e x c e ss iv e  a ctiv a tio n  o f  en d o th e lia l ce lls  and  s u b 

se q u e n t d istu rb a n ce  o f th e fu n c tio n  o f  th e  b lo o d -  

b rain  barrier.

C h lo ro q u in e  trea tm en t co u ld  n o t  save m ice  in  

e n d -s ta g e  d isease  w h ile  a n t i-C D 4  or a n t i-C D 8  

trea tm en t w as still effective . T h is  m a y  b e ex p la in ed  

b y  th e  fact th at ch lo ro q u in e  lik e m o s t  o th er  a n ti-  

m alaria l d ru gs n eed s m ore th an  1 d ay to  su p p ress  

p arasitaem ia  e ffectiv e ly , w h ereas m o s t  o f  th e  m ice  in  

e n d -s ta g e  d isea se  d ie  w ith in  1 day.

O u r data are co m p a tib le  w ith  th e  h y p o th e s is  th a t 

a lo ca lized  in flam m atory  rea ctio n  in v o lv in g  b o th  

C D 4 + an d  C D 8 + T -c e lls  d istu rb s and  d am ages th e
V J

en d o th e lia l lin in g  o f  th e  b lo o d -b r a in  barrier e v e n tu 

a lly  lea d in g  to  p etech ia e . O ur data su g g e s t  th at b o th  

C D 4 + and C D 8 + T -c e lls  are in v o lv e d  in  s t im u la tio n  

o f a d o w n strea m  p rocess o f  th e  d e v e lo p m e n t o f  th e  

p etech ia e .
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