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V i r u s - L i k e  P a r t i c l e s  in Acute  L y m p h o b l a s t i c  L e u k e m i a  

V i r u s  p a r t i c l e s  h a v e  b e e n  r e v e a l e d  in  l y m p h o r e t i c u l a r  
s a r c o m a  a n d  m u l t i p l e  m y e l o m a l ,  2. T h e r e  is  a lso  a s t r o n g  
c lue  t h a t  h u m a n  l e u k e m i a  c a n  be  c a u s e d  b y  v i r u s  3. 
H o w e v e r ,  i n t r a c e l l u l a r  v i r u s - l i k e  p a r t i c l e s  h a v e  n o t  b e e n  
p r e v i o u s l y  r e p o r t e d  f r o m  l e u k e m i c  b o n e  m a r r o w .  

A 5 - y e a r - o l d  gir l  h a d  s p l e n i c  a n d  h e p a t i c  e n l a r g e m e n t  
w i t h  t e m p e r a t u r e  e l e v a t i o n s .  T h e  w h i t e  b l o o d  cel l  c o u n t  
w a s  low. S t u d y  of t h e  b o n e  mar row"  a s p i r a t e  a n d  p e r i p h -  
e ra l  b l o o d  s m e a r s  c o n f i r m e d  t h e  d i a g n o s i s  of  a c u t e  
l y m p h o b l a s t i c  l e u k e m i a .  

B o n e  m a r r o w  a s p i r a t e s  we re  o b t a i n e d  for  e l e c t r o n  
m i c r o s c o p y  d u r i n g  t h e  p a t i e n t s  p r e l e u k e m i c  p h a s e ,  a n d  

a t  i n t e r v a l s  of  1, 4 a n d  12 w e e k s  a f t e r  t h e  o n s e t  of  t h e  
l e u k e m i c  p h a s e .  C y t o p l a s m i c  i n c l u s i o n s  w e r e  o b s e r v e d  
w i t h i n  t h e  c y t o p l a s m  of  m a n y  m o n o n u c l e a r  cel ls  (Fig-  
u r e s  a, 3, 4). I n  t h e  c y t o p l a s m i c  i n c l u s i o n s ,  d e n s e  v i r u s -  
l ike  p a r t i c l e s  w e r e  p r e s e n t .  T h e y  we re  e n c l o s e d  b y  a 
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Fig. 1. Mononuclear ceils from bone marrow showing virus Iike 
particles within cytoplasmic inclusions (B). M, mitochondrion; 
N, nucleus, x 65,000. 

Fig. 2. Whorled and tortuous membranes within the inclusions. 
Budding of virus like particles from the membranes was suggested. 
• 50,000. 

Fig. 3, Some inclusions showing a whorled membrane (arrow} may  
represent transitional forms between mitochondria and virus contain- 
ing inclusions. M, mitochondrion. • 65,000. 

Fig. 4. The limiting membranes of some inclusions are absent (arrow). 
The virus like particles can be seen in the cytoplasm. B, virus con- 
taining inclusion; M, mitoehondrion; N, nucleus. • 32,000. 
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s i ng l e  l i m i t i n g  m e m b r a n e .  T h e  p a r t i c l e s  w e r e  r a t h e r  
u n i f o r m  in  s ize  a p p r o x i m a t e l y  400 A in  d i a m e t e r  a n d  
we re  c o m p o s e d  of  a t h i c k  e l e c t r o n - d e n s e  o u t e r  wa l l  a n d  a n  
e l e c t r o n - l u c e n t  c e n t e r .  L e s s  t h a n  1 %  of  t h e  p a r t i c l e s  
c o n t a i n e d  s m a l l  n u c l e o i d s  w h i c h  r e s e m b l e d  t h e  A - t y p e  
p a r t i c l e s  as  d e s c r i b e d  b y  ]3aSR~I-IARD 4. 

I n  s o m e  c y t o p l a s m i c  i n c l u s i o n s ,  w h o r l e d  m e m b r a n e s  
w e r e  f o r m e d  ( F i g u r e  3). P a r t i c l e s  l y i n g  b e t w e e n  t h e m  
w e r e  o e c a s s i o n a l l y  seen .  S o m e  i n c l u s i o n s  c o n s i s t e d  e n t i r e l y  
of  w h o r l e d  m e m b r a n e s  ( F i g u r e  2). I n  a f ew  i n s t a n c e s ,  
b u d d i n g  of  v i r u s - l i k e  p a r t i c l e s  f r o m  t h e  m e m b r a n e s  w a s  
s u g g e s t e d .  

T h e  o r i g in  of  t h e  m e m b r a n e - b o u n d e d  v i r u s  c o n t a i n i n g  
i n c l u s i o n s  m a y  p o s s i b l y  be  f r o m  m i t o c h o n d r i a .  S o m e  
i n c l u s i o n s  h a v e  t h e  s ize  as  m i t o c h o n d r i a ,  s o m e  i n c l u s i o n s  
h a v e  o n l y  a f ew  w h o r l e d  m e m b r a n e s  w i t h  a f ew p a r t i c l e s  
( F i g u r e  3). T h e s e  m a y  be  s u g g e s t e d  as  t r a n s i t i o n a l  f o r m s  
b e t w e e n  t h e  m i t o c h o n d r i a  a n d  v i r u s  c o n t a i n i n g  inc lu -  
s i o n s  s. 

Zusa144men/assung. I n  K n o c h e n m a r k - M o n o c y t e n  e ine s  
f i i n f j / i h r i gen  MS~dchens k o n n t e n  i m  C y t o p l a s m a  E i n -  
s ch l t i s s e  b e o b a c h t e t  w e r d e n ,  d ie  m i t  g e w u n d e n e n  M e m -  
b r a n e n  u n d  v i r u s ~ i h n l i c h e n  P a r t i k e l n  fegi i l l t  w a r e n .  
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Antigen Binding Rosette Forming Cells in a Friend Virus-Induced Leukemia 

T h e  s u p p r e s s i o n  of  i m m u n o l o g i c a l  f u n c t i o n s  i n d u c e d  b y  
i n f e c t i o n  of  e x p e r i m e n t a l  a n i m a l s  w i t h  R N A  t u m o r i g e n i c  
v i r u s e s  is a p o o r l y  u n d e r s t o o d  p h e n o m e n o n  ~. I n f e c t i o n  
w i t h  a v i r u s  b e f o r e  a d m i n i s t r a t i o n  of a n t i g e n  h a s  a 
g r e a t e r  s u p p r e s s i v e  e f f ec t  o f  t h e  s u b s e q u e n t  a n t i b o d y  
r e s p o n s e  t h a n  d o e s  i n f e c t i o n  a f t e r  i m m u n i z a t i o n 2 ,  3. 
F u r t h e r m o r e ,  s p l e e n  cel ls  f r o m  a v i r u s - i n f e c t e d  d o n o r  
s h o w  d e c r e a s e d  i m m u n o l o g i c a l  p o t e n t i a l  w h e n  t r a n s f e r r e d  
a d o p t •  t o  a n  i m m u n o i n c o m p e t e n t  r e c i p i e n t  *. T h e s e  
f i n d i n g s  i m p l y  t h a t  t h e  l e u k e m o g e n i c  v i r u s  c a u s e s  a d e f e c t  
a t  t h e  l eve l  of  i m m u n o l o g i c a l l y  c o m p e t e n t  a n t i g e n  
r e a c t i v e  cel ls  (ARC) .  D o e s  t h e  v i r u s  e l i m i n a t e  t h e  A R C s  
b y  d e s t r o y i n g  t h e m ,  o r  do  t h e  A R C s  r e m a i n  p r e s e r v e d  
in  a s t a t e  of  f u n c t i o n a l  p a r a l y s i s  p r e v e n t e d  f r o m  d i f fe r -  
e n t i a t i n g  i n t o  a n t i b o d y  p r o d u c t i o n  u p o n  a n t i g e n i c  
s t i m u l a t i o n  ? T h e  f o l l o w i n g  e x p e r i m e n t s  w e r e  u n d e r t a k e n  

in  a n  a t t e m p t  to  d i s t i n g u i s h  b e t w e e n  t h e  t w o  a f fo r e -  
m e n t i o n e d  a l t e r n a t i v e  m e c h a n i s m s  of  v i r a l  i n h i b i t i o n  o f  
t h e  a n t i b o d y  r e s p o n s e .  T h e  e f f ec t  of  F r i e n d  l e u k e m i a  v i r u s  
(FLV)  on  r o s e t t e  f o r m i n g  ceils ,  w h i c h  a r e  c a p a b l e  of  
b i n d i n g  a n t i g e n  ( h e t e r o l o g o u s  e r y t h r o c y t e s )  in  v i t r o ,  w a s  
c h o s e n  as  a m o d e l  s y s t e m .  

S ix -  to  t w e l v e - w e e k - o l d  m a l e  B a l b / c  m i c e  ( F l o w  
L a b o r a t o r i e s ,  R o c k v i l l e ,  Md. )  we re  u s e d .  F r i e n d  l e u k e m i a  
v i r u s  w a s  o b t a i n e d  f r o m  Dr .  W .  CEGLOWSKI, T h e  P e n n -  
s y l v a n i a  S t a t e  U n i v e r s i t y  3, 4. 

R o s e t t e  f o r m i n g  cel ls  ( R F C )  in  m o u s e  s p I e e n  w e r e  
e n u m e r a t e d  b y  i n c u b a t i o n  of  a s p l e e n  cel l  s u s p e n s i o n  
w i t h  s h e e p  r e d  b l o o d  cel ls  ( sheep  R B C )  a c c o r d i n g  t o  t h e  
t e c h n i q u e  o f  BIOZZI e t  al.  5, w i t h  t w o  m o d i f i c a t i o n s :  a) 
b u f f e r e d  H a n k s '  b a l a n c e d  s a l t  s o l u t i o n  w a s  u s e d  for  
cell  s u s p e n s i o n  i n s t e a d  of  E D T A  b u f f e r  a n d  b) ce l ls  w e r e  

Table I. Effect of previous FLV infection ~ on the response of specific 
plaque forming cells (PFC) and rosette forming cells (RFC) to im- 
munization with 10 s sheep RBC 

Interval h PFC RFC/10 G cells 

(days) per spleen per l0 s cells o 

1 66700 (-4- 10950) a 420 ( •  91) 38000 (:J= 26400) 
Control 66600 ( •  26200) 426 ( •  132) 24000 (:c 7600) 

5 ~ 7 7 0 0 ( •  2100) 3 9 ( •  10) 8 4 0 0 ( ~  3300) 
Control e 68600 ( •  27370) 430 (j :  40) 26400 (~: 1000) 

Immune  responses were assayed in the spleen 4 days after immuni-  
zation, aFriend leukemia virus (FLV) a was prepared as a 10% (w/v) 
homogenate of spleens from infected Balb/c mice, in Puck's saline 
(Gibco, N.Y.), pH 7.4. The homogenate was subjected to 2 centrifu- 
gations (1,500 g, 15 in• 4 ~ and at 7,000 g, 10 rain, 4 ~ respectively). 
The final supernatant  fraction was filtered through a MilIipore filter 
(0.8 tim) and frozen at 80 ~ Activity of the virus was determined 
by the spleen colony assay I4. Each mouse received i.v. 5,000-10,000 
focus forming units of FLV. b Interval in days between infection with 
FLV and immunizat ion with SRBC. Controls were uninfected mice 
of the same age. ~ on the basis of approximately 10 s cells 
in 0.1 ml of 1% (v/v) spleen ceils suspension, aArithmetie mean from 
5-10 individual mice (J: s tandard deviation), e Dilferenee between in- 
fected and control animals in both PFC and RFC responses, respec- 
tively, is significant (p < 0.01) as calculated by a rank test 15. 

TabIe II. Number of background plaque forming cells (PFC) and ro- 
sette forming cells (RFC) in spleens of non-immunized, FLV-infected 
mice 

Interval PFC 
after infection per spleen per 106 ceI1s b 
(days) 

3 

Control 

5 277 ( •  260) a 2 ( •  1.3) 

Control 28 ( •  28) a < 1  e 

RFC/10 s cells 

820 ( •  53)~ 

1040 ( •  258) 

1700 ( •  245) 

1000 ( •  447) 

a For preparation and infection with FLV see Table 1 ; controls were 
uninfected mice of the same age. b Calculated on the basis of approxi- 
mately 106 cells in 0.1 ml of 1% (v/v) spleen cell suspension, cArithme- 
tic mean from 6 individual mice (:j: s.d.), aStatistically significant 
difference between infected and controI group (p < 0.01) by the rank 
test. el to 5 PFC detected in 0.1 ml of 10% suspension (10 T ceils). 
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