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R e t a r d a t i o n  of  M u r i n e  Vira l  L e u k e m o g e n e s i s  b y  P r o l o n g e d  A n t i g e n i c  S t i m u l a t i o n  

In f ec t i on  of mice  with RAUSCHER l eukemogen ic  virus I 
has been demonstrated to have a markedly immuno- 
depressive effect2-4. Studies from this and other labora- 
tories 2,~,5 have suggested that this might be the con- 
sequence of competition between virus and antigen for 
a common pluripotential target cell. The concept of a 
c o m m o n  t a r g e t  cell has  also been  s u p p o r t e d  b y  obser-  
v a t i o n s  t h a t  leukemogenes is ,  as well  as the  i m m u n e  
response,  could be  p o t e n t i a t e d  b y  pr io r  in j ec t ion  w i t h  
comple te  F r e u n d ' s  a d j u v a n t  a& On t he  o t h e r  h a n d ,  
i n t ens ive  t r e a t m e n t  of mice w i t h  non -v i r a l - r e l a t ed  an t i -  
gens over  a 5 week  per iod  resu l ted  in l eukemic  r e t a r d a t i o n  
b y  w h a t  seemed to  be  a com pe t i t i ve  processK Thus ,  i t  
appea red  t h a t  l eukemogenes i s  could be  acce le ra ted  or 
r e t a r d e d  d e p e n d i n g  u p o n  the  a d j u v a n c y  or i m m u n o -  
genic i ty  of t he  a d m i n i s t e r e d  s t imulus .  The  p r e s en t  s t u d y  
was d i rec ted  to i n v e s t i g a t i n g  t h e  effects  of l o n g - t e r m  
weekly  in jec t ions  of b o v i n e  s e rum a l b u m i n  (BSA) a n d  
h u m a n  type -0  e r y t h r o c y t e s  (HRBC)  on  RAUSCHER leu- 
kemogenes i s  in B A L B / c  mice, in  wh ich  t he  v i rus  was  
a d m i n i s t e r e d  8 m o n t h s  a f t e r  t he  in i t i a t ion  of a n t i g e n  
t r e a t m e n t .  The  f ind ings  h a v e  ind ica t ed  t h a t  B S A  a d m i n -  
i s t r a t i o n  h a d  l i t t l e  effect  on  leukemogenes is ,  whi le  
H R B C  resu l t ed  in m a r k e d  r e t a r d a t i o n  of t he  l eukemic  
process�9 

I n  a p r e l i m i n a r y  exper imel l t ,  2 groups  of 20, 5-week- 
old female  B A L B / c  mice received 6 even ly - spaced  i.p. 
in jec t ions  e l  0.2 ml  of 1 :3  d i lu ted ,  sa l ine -washed  sheep  
e r y t h r o c y t e s  (SRBC) or  of 0.2 ml  sa l ine  a lone  over  a 
3 week  period.  F ive  days  a f te r  t h e  las t  in jec t ion ,  0.2 ml  
of a 10% RAUSCHBR v i rus  p r e p a r a t i o n  s ( s even th  passage  
in t h i s  l abo ra to ry )  was  inocu la t ed  i.p. Af te r  12 weeks, 
12/20 of t h e  S R B C - t r e a t e d  mice  were dead  as c o m p a r e d  
to  13/20 of t h e  sa l ine - t r ea t ed  an ima l s ;  and,  a f t e r  6 
m o n t h s ,  14/20 and  15/20 in t he  S R B C  and  sal ine groups,  
respect ive ly ,  were dead.  These  resul ts  d e m o n s t r a t e d  t h a t  
w i t h  r e l a t ive ly  few in jec t ions  of cel lular  an t i gens  t h e r e  
was l i t t l e  effect  on  t he  su rv iva l  of in fec ted  animals �9  A 
more  p ro longed  i m m u n i z a t i o n  schedule  was  t h e n  u n d e r -  
t aken ,  as descr ibed  below. 

Three  g roups  of t h i r t y  9-week-old female  B A L B / c  mice 
were s t a r t e d  on  one  of t he  r eg imens  of week ly  in jec t ions  
cons i s t ing  of 0.25 m l  vo lumes  of (1) 1.25 m g  B S A  (Pentex ,  
F r a c t i o n  V) in saline,  (2) sa l ine -washed  h u m a n  type -0  
b lood  cells as a 33% suspens ion  in saline,  or (3) 0.85~/o 
s a h n e  alone. "Weekly in jec t ions  of B S A  a n d  H R B C  
resu l t ed  in a n a p h y l a c t i c  d e a t h s  in  9/30 of t he  BSA-  
t r e a t e d  a n d  10/30 of the  H R B C - t r e a t e d  mice  b e t w e e n  the  
second a n d  f o u r t h  m o n t h s  of t h e  expe r imen t ,  dea ths  no t  
occurr ing  the rea f t e r .  One of t h e  sa l ine- in jec ted  mice d ied  
early,  p r e s u m a b l y  f rom f a u l t y  in j ec t ion  procedure .  A t  
t he  age of 10 m o n t h s ,  0.2 m l  of a 10% suspens ion  of 
RAUSCHER v i rus  (passage 8) was  inocu la t ed  i.p. in to  all  
groups.  No f u r t h e r  a n t i g e n  was  a d m i n i s t e r e d  s u b s e q u e n t  
to  vi rus  inocu la t ion .  

I n  t he  F igure  are  dep ic ted  pe r cen t  su rv iva l s  for t he  
3 groups  of mice  fol lowing v i rus  inocula t ion .  Saline- a n d  
B S A - t r e a t e d  an ima l s  showed  l i t t l e  d i f ference in in i t ia l  
d e a t h  ra tes .  H o w e v e r  b y  14 weeks, w h e n  all  29 mice  in  
t he  sa l ine- in jec ted ,  v i rus - inocu la t ed  g roup  were dead,  
3/21 B S A  an ima l s  were st i l l  a l ive  and  su rv ived  for an  
a d d i t i o n a l  1-2  m o u t h s .  I n  mice  t h a t  h a d  p rev ious ly  
rece ived  H R B C  in jec t ions ,  d e a t h s  were m a r k e d l y  r e t a rded ,  
8/20 an ima l s  s u r v i v i n g  t he  in i t i a l  14 week  period�9 Seven  
m o n t h s  a f t e r  v i rus  inocula t ion ,  5 of these  mice  were a l ive  
and,  u p o n  sacrifice, 4 showed  l i t t le  or no evidence  of 
l eukemia  as assessed b y  h e m a t o l o g y  a n d  sp l enomega ly  
(Table).  T h y m u s e s  were n o r m a l  in size or invo lu ted ,  a n d  
l iver  we igh ts  were normal .  S m u d g e  ceils, p rev ious ly  
d e m o n s t r a t e d  to  be  assoc ia ted  w i t h  RAUSCHER leukemo-  
genesis~, 9, were  increased  on ly  in mouse  No. 1. A l t h o u g h  
th i s  a n i m a l  showed  some spleen en l a rgemen t ,  i ts  peri-  
p h e r a l  n u c l e a t e d  b lood cell c o u n t  was  n o t  n o t a b l y  
e leva ted .  

A def in i te  r e t a r d a t i o n  of l eukemogenes i s  was  observed  
in t h e  mice r ece iv ing  weekly  in jec t ions  of h u m a n  red  
b lood ceils ove r  a n  8 m o n t h s  per iod  pr ior  to  RAUSCI~ER 
v i rus  inocula t ion .  S imi lar  t r e a t m e n t  w i t h  b o v i n e  s e rum 
a l b u m i n  did  n o t  r e su l t  in  such  r e t a r d a t i o n .  One exp lana -  
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Percent survivors with time following RAUSCHER virus infection of 
mice pre-treated over a period of 8 months with saline, bovine 
serum albumin (BSA) or human red blood cells (HRBC). 

Nucleated celI counts, spleen, thymus and liver weights of human 
red blood cell-treated mice surviving 7 months post-virus inoculation 

Mouse Nucleated Smudge Organ weights 
No. blood cells/100 

cells/mm ~ nucleated spleen thymus liver 
cells (mg) (mg) (g) 

l 10,800 70 993 involuted 1.13 
2 4,400 8 315 15 1.45 
3 7,200 4 145 25 1.33 
4 7,900 18 286 19 1.32 
5 8,300 8 227 43 1.55 
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t ion  migh t  be t he  differences in an t igen  close employed,  
s ince mice in the  BSA group received 1.25 m g B S A  
weekly  while the  H R B C  group received inocula of 0.8 ml  
packed  red cells. In  th is  connect ion,  a n u m b e r  of pos- 
sible mechan i sms  could be invoked to  account  for the  
p ro tec t ive  effect  of H R B C  admin is t ra t ion .  For  example ,  
H R B C  m a y  have  s t imula ted  fo rmat ion  of an t ibodies  
cross reac t ing  wi th  RAUSCHER virus. Al te rna t ive ly ,  a 
non-specif ic  p ro tec t ive  effect  migh t  be obta ining,  such 
as s t imula t ion  of in ter feron productionS0 by  the  red ceils 
or by  virus con t amina t i ng  these  cells. Delayed  dea ths  
m a y  also have  been the  consequence  of decreased  avail-  
abi l i ty  of cells suscept ible  to virus infect ion due to  the i r  
pr ior  c o m m i t m e n t  along immunologic  p a t h w a y s  7. 

METCALF 11, employ ing  weekly inject ions  of BSA and 
Salmonella /lagellar antigen,  r epor ted  an increased inci- 
dence  of re t icular  t umor s  in C3H mice. Inc reased  re t icular  
t umors  were also d e m o n s t r a t e d  in an imals  following 
t r ans fe r  of spleen ceils f rom pa ren t  to  F1 hyb r id  rec- 
ip ients  ~2 and  be tween  s t ra ins  of mice differ ing at  the  
H-1 h i s tocompa t ib i l i t y  locus13. Possible mechan i sms  sug- 
ges ted have  included ac t iva t ion  of oncogenic  virus  and 
s t imula t ion  of i m m u n o c o m p e t e n t  cells to neoplas t ic  pro-  
l iferation.  DAMESHEK 14 has proposed  t h a t  cer ta in  forms 
of leukemia  m a y  be due to abnormal i t ies  in immu n o -  
prol iferat ion.  Such differences f rom those  f indings  of the  
p resen t  s t u d y  m a y  be due to differences in t he  hos t  cell 
t ypes  involved in the  neoplast ic  responses.  If, as specu- 
la ted  2-s, the  t a rge t  for RAUSCHER virus  infec t ion  is a 
s t em cell, ava i labi l i ty  of such cells m a y  be inf luenced b y  
the  sys temic  requ i rements  for d i f fe ren t ia ted  cells. On 
this  basis, it  would be proposed  t h a t  the  d e m a n d  for 
d i f fe ren t ia ted  cell types  pa r t i c ipa t ing  in the  response  to 

foreign red cell an t igens  was  suff icient ly grea t  to  cause 
a d iminu t ion  in n u m b e r s  of precursor  cells avai lable  for 
viral  infection.  F u r t h e r  s tudies  are requi red  to  clarify 
the  mechan i sm of th is  r e t a r d a t i v e  effect  on vira l  leukemo-  
genesis and to  de t e rmine  its re la t ionship,  for example ,  
to  an t igen  dose and s t ruc tu re  15. 

Zusammenfassung. Die Mor ta l i tg t  an Leuk~tmie bei  
BALB/c-M~tusen wurde  durch  w6chent l iche  i.p. In jek-  
t ionen  mi t  mensch l i chen  E r y t h r o z y t e n  herabgese tz t ,  
wenn  sie w g h ren d  8 Mona ten  vor  der  I m p f u n g  m i t  RAU- 
SCHER-Leuk~Lmievirus v o r b e h a n d e l t  waren.  7 Mona te  
nach  der  Vi rus infek t ion  zeigten 20% dieser  M~use keine 
Zeichen yon  Leuk~mie.  Kon t ro l lve r suche  mi t  der  gleichen 
Serie yon In j ek t i onen  yon  Ochsense ruma lbumin  zeigten 
ke inen  Schutz.  
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B l a s t o m i t o g e n i c  A g e n t s  in  L e g u m i n o s a e  a nd  O t h e r  

E x c e p t  for the  pokeweed  mi togen  of Phytolacca ameri- 
cana 1 , plan ts  which  have  been repor ted  to con ta in  sub- 
s tances  capable  of s t imula t ing  blas tolni togenesis  in lym- 
phocy te  cul tures  have  been l imited to t he  family  Legumi-  
nosae 2-5. I t  is known t h a t  a p las lnacy to id  cell t ype  
appears  in pokeweed  s t imula ted  cul tures  6 in add i t ion  
to t he  blas t  cell p roduced  by  bo th  p h y t o h e m a g g l u t i n i n  
(Phaseolus vulgaris) and  pokeweed2,% In  searching  for a 
possible di f ferent ia l  effect  of b las tomi togenic  agents  f rom 
di f ferent  sources, upon  re f rac tory  lymphocy tes ,  we have  
screened seed ex t rac t s  f rom a va r i e ty  of p l an t  families 
for b las tomi togen ic  act iv i ty .  In  doing so we have  discov- 
ered 4 such agents  in the  seeds of p lan ts  f rom the  families 
Composi tae,  Ephedraceae ,  Clusiaceae and  Solanaceae.  

L y m p h o c y t e  cul tures f rom several  hea l t hy  donors  
were p repa red  by  gelat in sed imen ta t ion  of def ib r ina ted  
blood as prev ious ly  descr ibed 7. Saline ex t rac t s  of the  
seeds were p repa red  and f i l tered t h rough  Millipore fil ters 
(0.45 tx). A 1 or 2 illl suspension of l y m p h o c y t e s  (1 • 106 
lymphocy tes /ml )  in TC-199 conta in ing  100 U of penicil l in- 
s t r e p t o m y c i n  m ix tu r e  and 20% autologous  se rum was 
cul tured  in each t igh t ly  s toppered  Bellco d isposable  glass 
tube.  The seed ex t rac t s  were added  to  t he  tubes  in 
volumes  of 0.01 ml  and  0.1 ml. For  each group of cul- 
tures  an ex t r ac t  of red k idney  beans (P. vulgaris), pre-  
pa red  in t he  same manner ,  was used as t he  reference 
mi togen.  Tubes  to  which  no ex t r ac t  was added  served  
as controls.  The cul tures were sacrificed at  48 or 72 h 
and  smears  were  p repa red  and  s ta ined  wi th  "vVright's 
stain.  500-1000 cells were coun ted  on smears  f rom 72 h 

F a m i l i e s  

cul tures  which  appea red  to  con ta in  more  blas ts  t h a n  the  
control  cultures.  Cells ca tegor ized as t r ans fo rmed  were 
'blasts ' ,  i e .  large cells w i th  fine ehromat in ,  single or 
mul t ip le  large nucleoli, and  abundan t ,  blue cy top lasm,  
of ten  conta in ing  vacuoles.  These cells could be dis t in-  
guished f rom the  mac rophages  t h a t  were p resen t  in some 
of the  c u l t u r e s  L y m p h o c y t e s  w i th  increased cy top lasm,  
bu t  l i t t le or no nuclear  change  were no t  classified as 
t rans formed .  

N ine ty  seed ext rac ts ,  r epresen t ing  38 families were 
tes ted  for b las tomi togen ic  ac t iv i ty  s. Those ex t r ac t s  
d e m o n s t r a t i n g  s ignif icant  b las tomi togen ic  ac t iv i ty  a t  
72 h are l is ted ill t he  Table.  
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