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S uperinfection of Tumors  with Viruses 

T he  use  of oncoly t ic  v i ruses  for t he  d e s t r u c t i o n  of 
m a l i g n a n t  t u m o r s  is based  on t h e  cy toc ida l  effect  of t he  
v i rus  u n d e r g o i n g  full  in fec t ious  cycles of rep l ica t ion  
w i t h i n  t h e  t u m o r  cells i, ~. Vi ruses  w i t h  f r ank  or po t en t i a l  
n e u r o t r o p i s m  h a v e  p roved  to be  m o s t  d a m a g i n g  to tu -  
m o r s  s, 4. Vi ruses  t h a t  rep l ica te  in t he  c y t o p l a s m  and  leave 
t he  h o s t  cells b y  a b u d d i n g  process  s e ldom cause  i m m e -  
d ia te  cell d e a t h ;  v i ru s - in fec t ed  cells m a y  su rv ive  a nd  
c o n t i n u e  to re lease  v i rus .  T h u s ,  v i rus -ca r r i e r  t u m o r  cells 
m a y  be es tab l i shed .  T h e  weak  h i s t o i n c o m p a t i b i l i t y  of 
t u m o r  ceils m a y  be re inforced  by  t h e  added  a n t i g e n i c i t y  
of t he  s u p e r i n f e c t i n g  v i ru s  and  an  e n h a n c e d  t u m o r  rejec- 
t i on  m a y  t h u s  be  elicited, l:n t h e  s y s t e m  es t ab l i shed  b y  
LINDENMANN a n d  KLEIN 5, a neuro t rop i c  in f luenza  v i ru s  
d e s t r o y e d  asci t ic  Eh r l i ch  c a l c i n o m a  cells in mice  gene t -  
ical ly r e s i s t a n t  to  t he  v i rus .  Su rv ivo r s  of t he  oncoly t ic  
process  ex h ib i t ed  s t r o n g  i m m u n i t y  to  cha l lenge  w i t h  
t u m o r  cells. EATON et  al." d e m o n s t r a t e d  oncolys is  of 
Gross  l e u k e m i a  v i ru s  carr ier  l y m p h o m a  cells by  New- 
cas t le  d isease  v i rus  (NDV). P r e i m m u n i z a t i o n  of mice  w i th  
N D V  increased  t h e  r a t e  of re jec t ion  of cha l l eng ing  l ym-  
p h o m a  ceils t h a t  car r ied  N D V  an t igen .  

Mater ia ls  and methods. M a l i g n a n t l y  t r a n s f o r m e d  cul- 
t u r e s  of m u r i n e  cells h a r b o r i n g  an  a t t e n u a t e d  m o u s e  
l e u k e m i a  v i rus  were used  7, s. These  cells grow as s a r c o m a  
in mice.  T u m o r - b e a r i n g  mice  do no t  develop  l eukemia .  
Y o u n g  a d u l t  mice  m a y  re jec t  s u c h  t u m o r s ,  if fewer t h a n  
10 ~.7 cells are  inocu la ted .  Mice i nocu la t ed  a t  b i r t h  suc- 
c u m b  to c o n t i n u o u s  t u m o r  growth .  A neu ro t rop i c  v a r i a n t  
of t h e  RO California  s t r a i n  of N D V  9 was  used  to super -  
in fec t  t u m o r  cells. Th i s  v i rus  unde rgoes  full in fec t ious  
cycles  of rep l i ca t ion  in t h e  b r a i n  of n e w - b o r n  mice  c a u s i n g  
f a t a l  encephal i t i s .  I n  a d u l t  mice  i nocu la t ed  in t racerebra l ly ,  
' toxic  e n c e p h a l o p a t h y '  b u t  no infec t ious  rep l ica t ion  of 
t h i s  v i ru s  occurs .  

Results  and discussion. Table  I s u m m a r i z e s  4 ex- 
p e r i m e n t s  p e r f o r m e d  w i th  n o n - i n b r e d  T i m c o  Swiss 
mice.  I n  t h e  f i rs t  e x p e r i m e n t ,  m a l i g n a n t l y  t r a n s f o r m e d  
l e u k e m i a  v i rus  carr ier  ceils of T imco  Swiss m u r i n e  t i s sue  
cu l tu re  l ine No. 479 were supe r in fec t ed  w i t h  N D V  and  
p a s s a g e d  once  in vi t ro .  Th ree  g roups  of n e w - b o r n  mice  
were i nocu la t ed  i.p. w i t h  104,~ l ive cells per  mouse .  
The  f i rs t  g roup  received t he  ceils w i t h o u t  supe r in -  

fec t ion  w i t h  N D V .  T h e  second  group  rece ived  cells 
supe r in fec t ed  w i th  N D V  and s u s p e n d e d  in he a t - i na c t i -  
v a t e d  m o u s e  s e r u m  c o n t a i n i n g  N D V - n e u t r a l i z i n g  an t i -  
bodies.  T h e  t h i r d  g roup  w a s  g iven  cells supe r in fec ted  
w i t h  N D V  a n d  s u s p e n d e d  in n o r m a l  m o u s e  se rum.  The  
second  g roup  of mice  received 2 add i t i ona l  doses of an t i -  
N D V  i m m u n e  s e r u m ;  t he  t h i rd  g roup  was  t r e a t e d  twice  
w i th  n o r m a l  m o u s e  se rum.  Mice of t he  second  group  
s u c c u m b e d  to t u m o r s  fas te r  t h a n  those  of t he  f i rs t  a nd  
t h i rd  group.  Mice of t he  t h i rd  g roup  d i sp layed  a pro- 
longed course  of t u m o r  growth .  A s t a t i s t i ca l  a na ly s i s  
u s ing  t he  YVilcoxon t e s t  c lear ly  shows  t h a t  g roup  1 a n d  
g roup  2 differ  s ign i f i can t ly  (P  = 0.00034); also signifi-  
c a n t l y  d i f fe ren t  are g roup  1 a n d  g roup  3 (P  = 0.016) a nd  
g roup  2 a nd  g roup  3 (P  = 0.00054). I n  t he  second  exper i -  
m e n t ,  10-day-old  mice  were i nocu la t ed  i.p. w i th  c u l t u r ed  
cells of a t u m o r  t h a t  o r ig ina ted  in mice  a f te r  i nocu la t ion  
w i t h  No. 479 cells (protocol  No. 1078). Cu l tu re  No. 1078 
was  p a s s a g e d  in v i t ro  twice,  b o t h  as supe r in fec t ed  w i t h  
N,DV a nd  no t  supe r in fec t ed  snbl ines .  Mice i nocu la t ed  w i t h  
i0  a.a c u l t u r e d  cells of t h e  N D V - s u p e r i n f e c t e d  sub l ine  
s u c c u m b e d  to  t u m o r s  earlier t h a n  t hose  i nocu la t ed  w i t h  
cells of t he  sub l ine  no t  super in fec ted .  T h e  blood s e r u m  of 
2 mice  of the  g roup  inocu la t ed  w i t h  N D V - s u p e r i n f e c t e d  
cells ful ly  neu t r a l i zed  t he  10 -1 d i lu t ion  of N D V  c o n t a i n i n g  
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Table I. Length of life and occurrence of tumor in mice inoculated with neoplastic tissue culture cells with or without superinfection with NDV 

Experiment Material inoculated Mice inoculated Average 
No. day of 

Age Total Found Found death 
with tumor without tumor 

1 No, 479 cells Nb 9 9 0 44.7 (42M9) 
No, 479 cells + NDV + imm serum Nb 9 9 0 35.4 (34M0) 
No, 479 ceils + NDV + norm serum Nb 8 8 0 55 (42-71) 

2 No, 1078 cells Suckl 4 4 0 71 (24-119) 
No, 1078 cells + NDV Suckl 6 6 0 30.5 (24 39) 

3 No. 1078 ceils Nb 5 5 0 21.4 (21 23) 
No, 1078 cells + NDV Nb 7 7 0 30.7 (2240) 

4 No, 1078 cells Nb 10 10 0 26 (killed) 
No. 1078 cells + NDV Nb 16 13 3 26 (killed) 

Nb = new-born; Suckl 
Passage 138 of culture 
the 100th passage% s. 

- 10-day-old. 
No. 479 was used; both malignant transformation of cultured cells and attenuation of leukemia virus occurred after 
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Table II. Oneolytie effect of VSV on a murine lymphoma 

Specialia 15. 7. 1969 

Experiment Tumor No. of cells Super- 
No. cells inoculated infecting 

per mouse virus 

Mice dead with lymphoma Average Mice rejecting 
(day of death of day of Iymphoma (day 
individual mice) death individual mice 

found healthy) 

Total: 
Lymphoma 
inoculated 

1 No. 620 approx. 106 
No. 620 approx. 106 NDV 

2 No. 620 approx. 106 
No. 620 approx. 106 VSV 

3 No. 818 10 ~-3 
No. 818 10 ~.a VSV 
No. 818 105,~ NDV 

4 No. 818 105,7 
No. 818 105,7 VSV 

19 20 20 21 47 69 32.6 - 6/6 
19 28 47 47 35.2 218 4[5 

27 28 29 30 30 26.8 - 5[5 
29 30 29.5 188 188 188 2/5 

17 17 17 17 18 34 20 - 6]6 
17 17 28 20 216 216 3]5 
4 13 18 20 54 21.8 - 5]5 

15 15 15 15 15 17 18 15.7 - 7[7 
17 22 23 41 25.6 224 224 224 4/7 

b r a i n  e x t r a c t  of n e w b o r n  mice ( a p p r o x i m a t e l y  10 e.7 LDs0 
of NDV),  whereas  s e rum of 2 mice  of t he  g roup  inocu la t ed  
w i t h  cells of t h e  n o t  super in fec ted  cu l tu re  No. 1078 fai led 
to neu t ra l i ze  NDV.  I n  t he  t h i r d  expe r imen t ,  n e w - b o r n  
mice were inocu la ted  i.p. w i t h  10 ~ cells of cu l tu re  No. 1078, 
e i the r  w i t h  or w i t h o u t  supe r in fec t ion  w i t h  NDV.  4 mice 
s u c c u m b e d  p r e s u m a b l y  to  encepha l i t i s  w i t h i n  3 days  a f t e r  
i nocu la t ion  in t he  g roup  rece iv ing  N D V - s u p e r i n f e c t e d  
cells. D e a t h  f rom t u m o r s  was de layed  in t h e  g roup  ino- 
cu l a t ed  w i t h  N D V - s u p e r i n f e c t e d  cells. T he  s t a t i s t i ca l  
d i f ference b e t w e e n  these  2 groups  is s ign i f i can t  ( P  = 
0.006). I n  t he  f o u r t h  expe r imen t ,  n e w - b o r n  mice  were 
inocu la ted  w i t h  103.a N D V - s u p e r i n f e c t e d  a n d  non-  
super in fec ted  cells of cu l tu re  No. 1078, respect ive ly .  
Six 2-day-old  mice  d ied  p r e s u m a b l y  f rom encepha-  
litis, Jn t h e  g roup  inocu la t ed  w i t h  N D V - s u p e r i n f e c t e d  
cells. 26 days  later ,  w h e n  t he  f i rs t  d e a t h s  f rom t u m o r  
g r o w t h  occurred,  all mice were killed. Mice inocu la t ed  
w i t h  no t  super in fec ted  cells all h a d  large  tumors .  3 of 
16 mice  inocu la t ed  w i t h  cells super in fec ted  w i t h  N D V  
were free  of t u m o r s ;  13 mice  h a d  t u m o r s  b u t  t h e  neo-  
p l a sms  were smal le r  t h a n  those  in t he  con t ro l  group.  

These  e x p e r i m e n t s  sugges t  t h a t  (1) s l o w e r  t u m o r  
g r o w t h  in v ivo  caused  b y  super in fec t ion  of t h e  inocu la ted  
cells w i t h  N D V  m a y  occur ;  and  (2) acce le ra ted  t u m o r  
g r o w t h  in mice  i nocu la t ed  w i t h  N D V - s u p e r i n f e c t e d  neo-  
p las t ic  cells also m a y  occur.  T he  l a t t e r  effect  m a y  be  cor- 
r e l a t ed  w i t h  t h e  presence  of an t ibod ie s  d i r ec ted  aga ins t  
N D V ;  these  an t ibod ie s  e i the r  m a y  be  added  to  t h e  s y s t e m  
or p r o d u c e d  b y  t he  hos t .  T he  f acu l ty  of specific a n t i b o d y  
p r o d u c t i o n  m a y  no t  b e  fuIly ope ra t i ve  in mice  a t  b i r t h ;  
ce l l -media ted  i m m u n e  react ions ,  however ,  m a y  be  act i -  
v a t e d  a l r eady  a t  b i r th ,  because  these  l a t t e r  facul t ies  of 
i m m u n i t y  a p p e a r  earl ier  b o t h  phy lo-  a n d  on togene t i ca t ly  
t h a n  those  of specific a n t i b o d y  p r o d u c t i o n  l~  T u m o r  
g r o w t h  fac i l i t a t ion  in t he  presence  of a n t i - N D V  a n t i b o d y  
m a y  be  exp la ined  b y  ' i m m uno l og i ca l  e n h a n c e m e n t ' ,  a 
p h e n o m e n o n  t h o u g h t  to  be  an t agon i s t i c  to  ce l l -media ted  
t u m o r  r e j e c t i o n ~ .  

Tab le  I I  shows t h a t  a l e u k e m i a  v i rus  (Rauscher)  
p r o d u c i n g  m u r i n e  l y m p h o m a  (protocol  No. 620)v,s and  
a n  es t ab l i shed  cu l tu re  of l y m p h o b l a s t s  de r iv ing  f rom th i s  
l y m p h o m a  (protocol  No. 818) 7,s were n o t  i n h i b i t e d  signifi- 
c a n t l y  b y  N D V  w h e n  t he  v i rus  was i n c u b a t e d  for 1 h 
a t  37 ~ w i t h  t he  cells before  inocu la t ion  in to  3-week-old 
mice. However ,  ves icu la r  s t o m a t i t i s  v i rus  (VSV) exer ted  
d e t e c t a b l e  oncoly t ic  effect. All those  mice found  w i t h o u t  
t u m o r  a t  188, 216 and  224 days  a f t e r  i nocu la t i on  of 

l y m p h o m a  cells and  V S V  did  show t u m o r  g r o w t h  1 m o n t h  
a f t e r  inocu la t ion .  These  t u m o r s  were re jected,  whereas  
mice  rece iv ing  on ly  I y m p h o m a  cells, failed to  r e j ec t  t h e  
t u m o r .  

These  s tud ies  r e m a i n  incomple te ,  because  as ye t  no 
answer  ha s  been  p r o v i d e d  to t he  fol lowing ques t ions :  
(1) Does N D V  rep l i ca te  in  t he  cu l tu red  m a l i g n a n t  cells ? 
(2) Does t he  decreased  g r o w t h  r a t e  of some NDV-supe r -  
infec ted  t u m o r s  occur  on  a c c o u n t  of a n  i m m u n e  re jec t ion  
b y  t h e  host ,  or is i t  due  to sub t l e  c y t o p a t h i c  d a m a g e  b y  
t he  super in fec t ing  v i rus  ? (3) W a s  t he  acce le ra ted  g r o w t h  
of some  N D V - s n p e r i n f e c t e d  t u m o r s  due  to ' i m m u n o l -  
ogical e n h a n c e m e n t ' ?  I n d i r e c t  ev idence  ind ica tes  N D V  
an t igens  p r e sen t  in  t u m o r  cells, because  t u m o r - b e a r i n g  
y o u n g  a d u l t  mice were  s h o w n  to  p roduce  a n t i b o d y  
neu t r a l i z ing  NDV.  Conversely,  release of neu ro t rop i c  
v i rus  f rom these  cells shou ld  be  min imal ,  because  on ly  a 
few n e w - b o r n  mice died, p r e s u m a b l y  because  of ence- 
p h a l i t i s , w i t h i n  t he  f i rs t  few days  a f te r  inocu la t ion .  Ne i t he r  
i n h i b i t i o n  of g r o w t h  no r  c y t o p a t h i e  effects  were obse rved  
in v i t ro  in  cu l tu res  super in fec ted  w i t h  NDV1K 

Zusammen/assung. Neoplas t i sche  Gewebsku t tu ren ,  infi-  
z ie r t  m i t  e inem M~useleuk/~mievirus,  w u r d e n  en twede r  
m i t  <~Newcastle Disease Virus~ oder  m i t  <~Vesiculare Sto- 
m a t i t i s  Virus~> super in f iz ie r t ;  die Zel len ze ig ten  beschleu-  
n ig te  oder  ve r lgnger t e  W a c h s t u m s r a t e n ,  w e n n  sie in den  
u rspr i ing l i chen  M/ iuse s t amm in j iz ie r t  wurden .  
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