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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. 
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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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incubated  for 3 h a t  4 ~ An t ibody  p laque- forming  cells 
(PFC) against  sheep RBC were enumera ted  in a l iquot  s 
of the  same spleen cell suspension by  the  agar  p laque 
technique  ~. 

The  immunosuppress ive  effect of Fr iend  leukemia  virus 
(FLV) increases wi th  the  in te rva l  be tween  virus  infect ion 
and subsequent  immuniza t ion  wi th  R B C  (Table I). 
Infect ion wi th  the  virus  5 days before immuniza t ion  wi th  
sheep RBC resul ted in marked  inhibi t ion  of the  i m m u n e  
response to e ry throcytes ;  bo th  the  number  of hemoly t ic  
P F C  and the  number  of newly  arrising roset te  forming 
cells (RFC) in the  spleen were suppressed when compared  
to the  response of uninfected controls. 

In  contrast ,  spleens of non- immunized  mice t rea ted  
wi th  the  virus conta ined  as m a n y  ant igen b inding R F C  as 
spleens of normal  mice (Table II) .  We  not iced  a significant  
enhancement  of background  P F C  by  the  virus infection 
even wi thou t  adminis t ra t ion  of sheep R B C  (Table II) .  
This f inding correlated wi th  the  earlier observat ion  of 
o thersL There  is no explana t ion  of this  phenomenon  
present ly  avai lable  hu t  p re l iminary  results of cell t ranfer  
exper iments  indicate  t ha t  the  increase of background 
P F C  is due to the  effect of virus  upon a l ready exis t ing 
an t ibody  forming cells ra ther  t han  the  format ion  of new 
P C F  f rom precursor  cells (Cerny, unpubl ished results). 

The  f inding of normal  numbers  of R F C  in FLV-infec ted  
spleen accompanied by  re la t ive  unresponsiveness to 
immuniza t ion  wi th  sheep R B C  raised a ques t ion about  
the  na ture  of e ry th rocy te  binding on mouse spleen ceils. 
I t  seemed possible t h a t  the  virus infection, followed by  a 
cell t ransformat ion ,  could produce a s t ruc tura l  change on 
the  surface of splenocytes  resul t ing in a non-specific 
adhesion of sheep RBC. To tes t  this  possibi l i ty  spleen cell 
suspensions were prepared  f rom the  fol lowing groups of 
mice:  a) mice immunized  wi th  sheep R B C ;  b) mice 
infected wi th  F L V  and immunized  wi th  sheep RBC;  c) 
mice infected wi th  FLV.  P re t r ea tmen t  of cells wi th  hetero-  
logous ant i -mouse globulin serum specifically and equal ly  
suppressed format ion  of roset tes  in each of the  3 cell 
suspensions (Table I I I ) .  Thus i t  appears  t h a t  the  b inding 
of sheep R B C  on bo th  normal  and FLV-infec ted  mouse  
spleen cells is media ted  by  an immunologIobul in  on the  
cells, and is a specific phenomenon.  

Resul ts  of exper iments  in several  laborator ies  have  
shown tha t  select ive r emova l  of rose t te - forming cells s or 
of ant igen b inding cells 9 resul ted in specific d iminut ion 

of immunologica l  competence  of the  remaining lymphoid  
ceils against  t h a t  antigen.  Fur thermore ,  i t  was demonst ra t -  
ed previous ly  (as well  as in this  report)  t h a t  ant igen 
b inding on the  cell surface is media ted  by  an immuno-  
globulin receptorS, 1~ Thus it  can be pos tu la ted  tha t  t h e  
na tura l  roset te  forming cells represent  a t  least  a f ract ion 
of an t igen-reac t ive  cells. On the  o ther  hand,  i t  is l ikely 
tha t  the  increasing number  of R F C  after  immuniza t ion  
wi th  e ry throcytes  represents  a mix tu re  of newly generated 
an t ibody  secreting cells and  non-secret ing an t ibody  
carrying cells 10. 

D a t a  presented here (i.e., no inhibi t ion by F L V  of 
roset te  format ion,  bu t  inhibi t ion  of the  immune  response 
to sheep RBC) suggest t h a t  an t igen  reac t ive  cells m a y  
remain  preserved dur ing a virus  induced leukemogenesis,  
whereas dif ferent ia t ion leading to an t ibody  product ion  is 
inhibi ted.  This  possibi l i ty  is fur ther  s t rengthened by  our 
f inding t h a t  a spontaneous  regression of virus  induced 
leukemia  - observed in some exper imenta l  systems - is 
followed by  a rapid  recovery  of immunoIogical  respon- 
siveness and even by  hyper reac t iv i ty  to an antigenic 
challenge ix. Thus the  virus  induced immunosuppress ion  
appears  to be analogous to the  phenomenon  of ant igen  
induced immunosuppress ion  - immunologica l  tolerance. 
Lympo id  tissues of an immunologica l ly  to lerant  rodent  
conta in  normal  numbers  of ant igen  b inding cells ~ and 
the  period of unresponsiveness  is somet imes followed by  
hype r reac t iv i ty  ~3. Studies on the  re la t ionship be tween 
tolerance and virus  induced immunosuppress ion  m a y  
reveal  an essential  control  mechanism in immunological  
cellular d i f ferent ia t ion ~5. 

Rdsumd. Les souris infect6es par  le virus  de la leuc6mie 
de Fr iend  ava ien t  le meme  hombre  de cellules spl6niques 
capables de se lier k des 6rythrocytes  de mou ton  grs k un 
r6cepteur  immunolgobul ine  que les souris normales,  non 
infect6es, et  se rvant  de contr61e, poss6dent 6galement.  De 
plus, les souris infect~es par  le virus  r6pondent  ~ l ' im-  
munisa t ion  par  des 6rythrocytes  de mou ton  defacon 
n e t t e m e n t  diminu6e. 
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Table III. Inhibition of splenic rosette forming cells (RFC) with anti- 
globulin serum a 

Origin of spleen ceils b RFC per l0 s spleen cells 
RaM o NRS a 

A) SRBC immune <100 e 52,000 
13) FLV-infeeted SRBC-immune <100 26,000 
C) FLV-infeeted <100 2,500 

�9 Sera used for inhibition were rabbit anti-mouse immunoglobulin 
polyvalent serum (RAM) (Microbiological Associated, Bethesda, Md.) 
and normal rabbit serum (NRS) (Difco, Michigan). Both sera were 
inactivated and absorbed twice mouse R13C and once with sheep RBC 
before use. Aliqnots of cells (10% w/v spleen cell suspension pooled 
from 3 mice) were incubated for 30 rain with RaM or NRS, respecti- 
vely, at a final dilution of serum 1 : 50. Incubation was followed by 4 
washings of cells in Hank's 13SS before RFC assay, bTreatment of 
cell donors (3 per group) : A) Immunization with l0 s SRBC (4 days) ; 
13) Infections with FLV (-5 days) and immunization with SRBC (4 
days); C) Infection with FLV (-5 days). r pre-ineubated with 
rabbit anti-mouse immunoglobulin serum, a Cells pre-incubated with 
normal rabbit serum, e No RFC found in total i0~000 spleen cells exa- 
mined, 
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