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Act ions  of Interferon in T i s s u e  Cultures  H a r b o r i n g  

E a r l y  obse rva t ions  ~ and  e x p e r i m e n t s  2 show t h a t  mur ine  
l eukemia  viruses are  sens i t ive  to  in terferon.  However ,  
p r i m a r y  t i ssue  cu l tures  de r iv ing  f rom mice wi th  vira l  
l eukemia  p roduce  only  smal l  a m o u n t s  of interferon~,O; 
a n d  es tab l i shed  cu l tures  ha rbor ing  mouse  leukemia  
viruses are devoid  of in te r fe ron  ac t iv i ty  *-e Thus,  mouse  
leukemia  viruses  appea r  as poor  inducers ,  or  even  an tago-  
nists ,  of in terferon.  This  r epo r t  descr ibes  a sys t em in 
wh ich  mouse  leukemia  v i rus  is p r e sen t  and  the  effect  of 
exogenous  in te r fe ron  on a n o t h e r  virus  is a l tered.  

A t issue cul ture  line was  deve loped  f rom spleen and  
t h y m u s  cells of no rma l  suckling Swiss mice  and  has  been  
m a i n t a i n e d  b y  serial  passages  of t he  cells s ince Augus t  
1964, b o t h  as un in fec ted  (protocol  No. 491) a n d  infec ted  
wi th  t he  Rausche r  mouse  leukemia  virus  (protocol No. 
479) lines, respec t ive ly  s. Ea r ly  passages  of these  lines 
were  exposed  to  ves icular  s t oma t i t i s  vi rus  (¥SV) ;  th is  
virus  was  received f rom Dr. W. HENLE and  has  been  
p r o p a g a t e d  in our  l abo ra to ry  in cul tures  of no rma l  mouse  
e m b r y o  cells. The  c y t o p a t h i c  effect  and  repl icat ion of 
VSV were no t  s ignif icant ly  a l tered  in t he  cell line harbor -  
ing the  leukemia  virus 6, as compa red  wi th  the  behav io r  
of t he  V SV in t he  un in fec ted  line a n d  in normal  mouse  
e m b r y o  cul tures.  The  c y t o p a t h i c  effect  of V S V  a t  mul t i -  
plici t ies of a p p r o x i m a t e l y  1:1 (or less t h a n  1 IDs0VSV]cell  ) 
in these  cul tures  consis ted  of the  early fo rma t ion  of a few 
cells wi th  4 nuclei  followed b y  rap id  d i s in tegra t ion  of 
t he  cul ture,  i.e. wi th in  24-48 h a f te r  infect ion.  In t e r fe ron  
p reven t ed  and  s igni f icant ly  reduced  t h e  e x t e n t  of the  

Cytopathie effects and sensitivity to interferon of vesicular stoma- 
titis virus (VSV) with extensive replication 

Protocol No. VSV 
of cultures 
tested C P Release Sensitivity 

t o l F  

ME rapid, rapid strong 
complete 

491 rapid, rapid strong 
complete 

479 rapid, rapid mediocre 
early passages complete 

479 transformed altered, delayed weak or 
(late passages) delayed none 

1078 transformed altered, delayed weak or 
delayed none 

Mouse  L e u k e m i a  Virus  

c y t o p a t h i c  effect  and  repl icat ion of the  VSV. In t e r f e ron  
was  ob ta ined  f rom the  se rum of mice killed 8 h a f te r  t he  
i.v. in jec t ion  of a neuro t rop ic  s t r a in  of t h e  Newcas t l e  
disease virus  ~,7. This  se rum was  acidif ied and  re-alkal in-  
ized and  s to red  deep  frozen in d ry  ice. 

The cul ture  line ha rbo r ing  the  Rau s ch e r  virus (protocol 
No. 479) has  g radua l ly  undergone  ' m a l i g n a n t  t r ans fo rma-  
t ion '  2 years  a f te r  i ts  in i t ia t ion  s. Pr ior  to  i ts  t r ans fo rma-  
t ion,  th i s  cell l ine cons is ted  of a mono laye r  of e longa ted  
cells which  rep l ica ted  mouse  leukemia  virus  part icles ,  as 

Fig. 1. Giant cell with 1 large nucleus in transformed line No. 479. 
Papanicolaou stain, × 25 objective, × 10 ocular. Insert: lnouse 
leukemia virus particles in this culture. Electron microscopy. 
X 66,000. 

Replication; extensive, titer of VSV in fluid exceeds dilution 10 -4. 
ME, normal mouse embryo cultures, secondary. No. 491, suckling 
mouse thymus and spleen cell line not infected intentionally with 
leukemia virus (this line harbors virus particles resembling mouse 
leukemia virus)s No. 479, suckling mouse thymus and spleen culture 
infected with Rauseher virusS, s. No. 1078, culture of myxofibro- 
sarcoma 8 of mouse inoculated with transformed cells of culture 
No. 479. CP, cytopathic effect; rapid, complete, disintegration of 
culture within 48 h; altered, delayed, formation of multinucleated 
giant cells and syncytia followed by disintegration from 48-96 h. 
Release; rapid, titers exceeding dilution 10 -4 of VSV appear in fluid 
within 24--48 h; delayed, similar titers appear after 48 h. Sensitivity 
to interferon (IF), strong, dilution 1:2 of mouse serum (IF) inhibits 
approx. 50-75% of focus formation or CP of approx. 104.7 IDs0 of 
VSV in a sheet of approx. 104-~ cells; mediocre, approx. 25-50% of 
VSV inhibited; weak, less than 25% of VSV inhibited. 
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Fig. 2. Formation of multinucleated giant cells by cell-fusion in 
cultures No. 479 (A) and No. 1078 (B) infected with VSV. Wright 
stain, × 20 objective, × 8 ocular. 

Fig. 3. Disintegration of syncytia in culture No. 1078 pretreated with 
interferon and infected with VSV. Wright stain, × 20 objective, 
× 8 ocular. 

s h o w n  b y  e lec t ron  mic roscopy  o, f luo rescen t  a n t i b o d y  
s t a i n i n g  9 a n d  b ioassays  5. Af te r  t h e  t r a n s f o r m a t i o n ,  g i a n t  
cells w i t h  large  m u l t i l o b u l a t e d  nuclei  a n d  severa l  large  
nucleol i  were fo rmed  (Figure  1) a n d  t h e  g r o w t h  p a t t e r n  
ha s  b e c o m e  i r r egu la r  a n d  m u l t i l a y e r e d  8. T h e  t r a n s f o r m e d  
cu l tu re  c o n t i n u e s  to  m a n u f a c t u r e  mouse  l e u k e m i a  v i rus  
pa r t i c les  b u t  t h e  cells grow o u t  as  m y x o f i b r o s a r c o m a  in 
n e w - b o r n  mice  8. A t i ssue  cu l t u r e  l ine  f rom such  a m y x o -  
f i b r o s a r c o m a  has  also been  i n i t i a t e d  (protocol  No. 1078); 
t h i s  cu l t u r e  also m a n u f a c t u r e s  m o u s e  l eukemia  v i rus  
pa r t i c les  8. T h e  r eac t i ons  of t h e  t r a n s f o r m e d  cu l tu re s  
(protocol  Nos. 479 a n d  1078) to  in fec t ion  w i t h  V S V  a n d  
to  i n t e r f e r o n  h a v e  changed .  A d d i t i o n  of V S V  to  t h e  
t r a n s f o r m e d  cu l tu res  a t  a m u l t i p l i c i t y  of 1 : 1, or  less, i.e. 
less t h a n  1 IDs0 VSV/cel l ,  r esu l t s  in  t h e  f o r m a t i o n  of 
n u m e r o u s  m u l t i n u c l e a t e d  g i a n t  cells c o n t a i n i n g  20-50 
nucle i  a n d  of s y n c y t i a  c o n t a i n i n g  ove r  100 nuclei .  These  
cells (Figure  2) pe rs i s t  for  48-72  h a n d  re lease  on ly  smal l  
a m o u n t s  of V S V  in to  t h e  t i s sue  c u l t u r e  f luid.  B e t w e e n  
48 a n d  96 h, a s low d i s i n t e g r a t i o n  of t h e  m u l t i n u c l e a t e d  
g i a n t  cells a n d  s y n c y t i a  occurs  w i t h  re lease  of V S V  i n t o  
t h e  m e d i u m .  I n t e r f e r o n  a d d e d  to  t he  t r a n s f o r m e d  cu l tu re s  
p r io r  to  in fec t ion  w i t h  V S V  fai led to p r e v e n t  t he  fo rma-  
t ion  a n d  l a t e r  d i s i n t e g r a t i o n  of m u l t i n u c l e a t e d  g i a n t  cells 
a n d  s y n c y t i a  (Figure  3) a n d  t h e  release of VSV.  T h e  
i n t e r a c t i o n s  of i n t e r f e r o n  a n d  V S V  w i t h  these  cu l tu res  
are  s u m m a r i z e d  in t h e  Table .  

These  o b s e r v a t i o n s  sugges t  t h a t  n o t  t he  p resence  of  
t h e  l e u k e m i a  v i ru s  in  t h e  t r a n s f o r m e d  cu l tu re s  car r ies  
t h e  m a i n  r e spons ib i l i t y  of t h e  a l t e r ed  course  of in fec t ion  
w i t h  V S V  a n d  los t  s ens i t i v i t y  to  in t e r fe ron ,  i n a s m u c h  as  
mouse  l e u k e m i a  v i ru s  was  p r e s e n t  in  t h e  s a m e  cell l ine  
before  t r a n s f o r m a t i o n  occurred.  Before  t h e  t r a n s f o r m a -  
t ion,  however ,  t he  s e n s i t i v i t y  of the  l eukemia  v i rus  ca r r i e r  
cu l tu res  to  exogenous  i n t e r f e r o n  was  a l r e a d y  decreased.  
I t  a p p e a r s  more  l ikely t h a t  t h e  t r a n s f o r m e d  cells a d o p t e d  
a new a t t i t u d e  t o w a r d  a n  exogenous  v i rus  a n d  in te r fe ron .  
I t  is n o t  as  y e t  k n o w n  w h e t h e r  t h i s  c h a n g e  in  ce l lu lar  
b e h a v i o r  occur red  ' s p o n t a n e o u s l y '  or  u n d e r  t h e  effect  of a 
de fec t ive  s a r c o m a - i n d u c i n g  v a r i a n t  of t h e  mouse  l e u k e m i a  
virus .  T h e  f o r m a t i o n  of m u I t i n u c l e a t e d  g i a n t  cells a n d  
s y n c y t i a  a p p e a r s  to  be  t h e  r e su l t  of cel l - fusion;  thus ,  a 
m a j o r  s t r u c t u r a l  c h a n g e  of t he  cell sur face  a n d  t h a t  of 
t he  lysosomal  s y s t e m s  of t h e  t r a n s f o r m e d  cells m u s t  h a v e  

t a k e n  place.  U n d e r  these  condi t ions ,  i t  appea r s ,  a h igh ly  
cy toc ida l  v i rus  f i rs t  elicits cel l-fusion a n d  t h e  cel l -dis inte-  
g r a t i o n  becomes  de layed ;  a n d  i n t e r f e r o n  is n o t  ab le  to  
i n h i b i t  v i rus  syn thes i s ,  i.e. t h e  i n c o r p o r a t i o n  of v i r a l  
messenger  R N A  in to  t h e  po ly r ibosomes  was n o t  p r e v e n t e d .  
Release  of t h e  new v i ru s  g en e ra t i o n s  was r e t a r d e d  in t h e  
t r a n s f o r m e d  cu l tu res  a n d  p r o b a b l y  occur red  a f t e r  t h e  
exogenous  i n t e r f e r o n  h a s  a l r e a d y  been  e l imina ted .  Thus ,  
t r a n s f o r m e d  ceils are  exce l l en t  m e d i a  for v i ru s  rep l ica t ion .  
T u m o r s  h a v e  s ince long  b e e n  k n o w n  to  p r o m o t e  repl ica-  
t i o n  of pa s senge r  a n d  onco ly t i c  v i ruses  1°,al. I t  m a y  t h e n  
be  expec t ed  t h a t  s t i m u l o n s  12 or  o t h e r  a n t i - i n t e r f e r o n  
agen t s  13 occur  in  t u m o r  cells a n d  t h a t  ' dep res s ion  of 
i n t e r f e r o n  f o r m a t i o n '  in  mice  in fec ted  w i t h  l e u k e m i a  
v i rus  14,1s m i g h t  be  d u e  to  a n t i - i n t e r f e r o n  a g e n t s  or to  
loss of s en s i t i v i t y  to  i n t e r f e r o n  16. 

Zusammenfassung. Das Vi rus  d e r  ves iku l~ ren  S t o m a t i t i s  
v e r u r s a c h t  Ze l l ve r schme lzung  u n d  S y n c y t i e n b i l d u n g  in 
m i t  M~.use-Leukb.mie-Virus in f i z i e r t en  G e w e b s k u l t u r e n .  
I n t e r f e r o n  k o n n t e  diese Ze l l ze r s t6 rung  in d e r  K u l t u r  n i c h t  
v e r h i n d e r n .  
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