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As r epo r t ed  in  t h e  Table ,  t h e  cells were  oncogenic  in  
isogeneic  hos t s  u n t i l  180 th  day ,  a n d  t h e  c o n c o m i t a n t  
occur rence  of i n t r a  a n d  e x t r a  ce l lu lar  B i t t n e r - l i k e  par -  
t ic les  was  a sce r t a ined .  Af t e r  t h e  233 th  d a y  t h e  ceils were  
no  more  ab le  to  i nduce  t u m o r s  in  C 3 H ] H e  A r ] I R E  
a l t h o u g h  t h e i r  i n o c u l u m  size was  20 t i m e s  larger .  B y  
e lec t ron  mic roscopy  i t  h a s  a lways  b e e n  poss ible  to  cor- 
r e l a t e  t h e  los t  of oncogen ic i ty  to  t h e  absence  of v i r a l  
par t ic les .  

Relationship between the occurrence of virus particles and the 
oncogenicity observed for salivary adenocarcinoma cell cultured 
in vitro 

Age of No. of Site of Tumor takes in Intra- 
the culture cells inocula- C3H/He strain cellular 

inoculated tion particles/ 
cells • 

20 days 40,000 s.c. 100% {30130) 116 
45 days 40,000 s.c. 100% (30/30) 128 

100 days 40,000 s.c. 80% (24/30) 102 
121 days 80,000 s.c. 70% (21/30) 73 
180 days 80,000 s.c. 70% (21/30) 60 
233 days 800,000 s.c. 0% (0/30) 0 
253 days 800,000 s.c. 0% (0/30) 0 
253 days 800,000 i.p. 0% (0/30) 0 

On  t h e  bas i s  of t he se  resu l t s  we can  conc lude  t h a t  t h e  
v i rus  is t h e  c a u s a t i v e  a g e n t  of t h e  s a l i v a r y  g l and  adeno-  
ca rc inoma .  E x p e r i m e n t s  are  n o w  in progress  on  t h e  
re la t ions  of  t h e  v i ru s  a n d  on  i ts  charac te r i s t i c s ,  in  o rde r  
to  k n o w  i ts  m o s t  i m p o r t a n t  p rope r t i e s  a n d  a n y  poss ib le  
d i f fe ren t ia l  c h a r a c t e r  t o w a r d  t y p i ca l  B i t t n e r - v i r u s .  

So fa r  as t h e  o b s e r v a t i o n s  conce rned  t h e  m a m m a r y  
t u m o r ,  i t  h a s  been  r e p o r t e d  x, 2,s t h a t  t h e  v i rus - f ree  cells 
w h e n  in jec ted  in v i ru s - ca r r i e r  a n i m a l s  a re  ab le  to  a s s u m e  
a g a i n  t h e  h o s t ' s  v i rus  par t ic les .  I n  c o n t r a s t  to  t h i s  f r o m  
t h e  d a t a  a b o v e  repor ted ,  i t  seems  t h a t  t h e  cells i so la ted  
f rom t h e  s a l i va ry  g l and  t u m o r  a re  u n a b l e  to  ut i l ize  v i r a l  
pa r t i c l e s  occur r ing  in t h e  h o s t  in  o rde r  to  rep lace  t h e i r  
o r ig ina l  oncogenic i ty .  

Riassunto. Cellule p o r t a t r i c i  d i  v i ru s  d e r i v a t e  d a  a d e n o - ,  
c a r c i n o m a  de l la  g h i a n d o l a  s a l iva re  c o l t i v a t e  in  v i t r o  sono 
oncogen iche  p e r  l 'osp i te  isogenico p e r  c i rca  sei mes i  di  
co l tu ra .  Dopo  t a l e  per iodo  p e r d o n o  l ' oncogen ic i t~  e n o n  

pita poss ib i le  r i t r o v a r e  par t i ce l le  v i ra l i .  Sul la  ba se  di  
ques t i  r i s u l t a t i  si conc lude  che il v i r u s  ~ l ' a g e n t e  eausa le  
d e l l ' a d e n o c a r c i n o m a  del la  g h i a n d o l a  s a l iva re  del  t o p o  
C3H/He .  
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Each value represents an averaged figure obtained counting 10 s K. K. SANFORD, Cancer Cell in Culture (Ed. H. KATSUTA; Univer- 
different cells, sity of Tokyo Press, Tokyo 1968), p. 281. 

G r o w t h  P r o m o t i o n  by  E x t r a c t s  f r o m  W i l m s '  T u m o r  in v i t ro  

W e  h a v e  r ecen t l y  i so la ted  a r e l a t i v e l y  h o m o g e n e o u s  
p r o t e i n - p o l y s a c c h a r i d e  c o m p l e x  f rom W i l m s '  t u m o r  w h i c h  
r e sembles  a n  a b n o r m a l  s e r u m  c o m p o n e n t  d e t e c t e d  in 
W i l m s '  t u m o r - b e a r i n g  ch i l d r en  x. T h e  t u m o r  c o m p o n e n t  
was  i so la ted  b y  a p rocedu re  p rev ious ly  used  to  o b t a i n  
ac id  m u c o p o l y s a c c h a r i d e s  (AMPS) f rom t h e  cell  sur face  
of n o r m a l  a n d  p o l y o m a - v i r u s  t r a n s f o r m e d  f i b rob l a s t s  in  
cu l t u r e  2. T h e  f i b r o b l a s t  A M P S  e x t r a c t s  p r o m o t e  or  
i n h i b i t  cell  p ro l i f e r a t i on  d e p e n d i n g  on  w h e t h e r  t h e y  are  
de r ived  f rom v i r a l - t r a n s f o r m e d  or  n o r m a l  cells, respec t i -  
vely.  W e  explored,  therefore ,  t h e  poss ib i l i t y  of a s imi l a r  
a c t i v i t y  in  A M P S  cell  sur face  m a t e r i a l s  de r ived  f r o m  
W i l m s '  t u m o r ,  a n d  in  s e r u m  f rom W i l m s '  pa t i en t s .  

T h e  a b n o r m a l  c o m p o n e n t  was  i so la ted  f r o m  sera  of 
W i l m s '  p a t i e n t s  b y  a d d i n g  1 v o l u m e  of 6 %  ace t ic  acid 
pe r  v o l u m e  of s e r u m  a n d  s e p a r a t i n g  t h e  s u p e r n a t e  b y  
c e n t r i f u g a t i o n  a t  5000 ×g .  T h e  p r e c i p i t a t e  was  w a s h e d  
in  3 %  ace t ic  ac id  a n d  red i s so lved  in 3 v o l u m e s  of p H  8.5 
bu f f e red  i so ton ic  sal ine.  B o t h  s e r u m  p r e c i p i t a t e  (SP) 
a n d  s e r u m  s u p e r n a t e  (SS) were  a s sayed  for  g r o w t h  effects  
on  cells  in  cu l tu re .  

A p o r t i o n  of f resh  W i l m s '  t u m o r  was  w a s h e d  w i t h  
sal ine,  minced ,  a n d  e x t r a c t e d  w i t h  0 .02% d i s o d i u m  
E D T A  in  ca lc ium-  a n d  m a g n e s i u m - f r e e  p h o s p h a t e  buf -  
fered sal ine.  A b o u t  400 g of m i n c e d  t u m o r  was  s t i r red  
w i t h  300 m l  E D T A  so lu t ion  in  a s p i n n e r  cu l t u r e  f lask.  
Af t e r  l h,  t h i s  suspens ion  was  cen t r i fuged  (5000×g ,  
15 min) ,  t h e  v iscous  s u p e r n a t e  was  d i l u t ed  1 : 2 in  saline,  
a n d  m a d e  u p  to  3 %  ace t ic  ac id  b y  vo lume ,  as w i t h  t h e  
s e r u m  samples .  T h e  r e s u l t i n g  t u m o r  p r e c i p i t a t e  (TP) 
a n d  i t s  s u p e r n a t e  were  a lso t e s t e d  in g r o w t h  s tudies .  

A 0.1 m l  a l i q u o t  of e ach  t e s t  so lu t ion  was  a d d e d  to  a 
ser ies  of L e i g h t o n  t u b e s  c o n t a i n i n g  k n o w n  c o n c e n t r a -  
t ions  of t r y p s i n i zed  t e s t  cells in  1.5 m l  of Eag le ' s  m i n i m u m  
essen t ia l  m e d i u m  (MEM) s u p p l e m e n t e d  w i t h  10% new- 
b o r n  calf  se rum,  a n d  penic i l l in  a n d  s t r e p t o m y c i n  (Grand  
I s l a n d  Biologicals) .  Con t ro l  t u b e s  were  p r e p a r e d  f rom 
t h e  s a m e  pools  of cells, b u t  c o n t a i n e d  0.1 ml  of m e d i a  
or  n o r m a l  h u m a n  s e r u m  in l ieu of s e r u m  or t u m o r  
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Fig. 1. Primary human embryonic kidney cell cultures in Leighton 
tubes after 105 h in culture (xh0). A) Control cells; with 0.1 ml 
normal human serum added. B) Test cells with 0.1 ml of an EDTA 
extracted Wilms' tumor fraction added (AMPS content; 27tzg 
determined as hexosamines plus uronic acids). 
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ex t rac t s .  T h e  t u b e s  were  i n c u b a t e d  a t  37 °C a n d  e x a m i n e d  
per iodica l ly .  Cell n u m b e r s  were  o b t a i n e d  b y  t ryps in iz ing ,  
d i lu t ing ,  a n d  c o u n t i n g  cells in  a n  e lec t ron ic  cell  c o u n t e r  
(Coul ter  E lec t ron ics ,  Model  B). 

T h e  cell  l ines  t e s t ed  were :  h a m s t e r  k i d n e y  (BHK-21) ,  
h u m a n  e m b r y o n i c  l ung  (WI-38),  p r i m a r y  h u m a n  em-  
b r y o n i c  k i d n e y  ( H E K ) ,  d ip lo id  h u m a n  e m b r y o n i c  k idney ,  
d ip lo id  h u m a n  e m b r y o n i c  lung,  p r i m a r y  h u m a n  em-  
b r y o n i c  sk in  a n d  muscle ,  a n d  d ip lo id  h u m a n  sk in  (Micro- 
b io logica l  Associates) .  

T h e  m o s t  m a r k e d  effects  o n  cell  g r o w t h  were  seen  
w i t h  t h e  u sua l ly  s low-growing  p r i m a r y  H E K  cul tures ,  
as  shown  in  F i g u r e  1. I n  t h i s  ins tance ,  e n h a n c e d  pro-  
l i fe ra t ion  was  n o t e d  w i t h  t h e  E D T A  t u m o r  ex t r ac t .  
F igure  2 dep ic t s  t y p i c a l  g r o w t h  cu rves  o b t a i n e d  w i t h  t h e  
t e s t  f r ac t ions  on  H E K  cells. T h e  t u m o r  p r e c i p i t a t e  (TP) 
a n d  s e r u m  p r e c i p i t a t e  (SP)  b o t h  e n h a n c e d  ce l lu lar  pro-  
l i fe ra t ion ,  b u t  t h e  cu rves  for  T P  showed  a lag p h a s e  w i t h  
long  pe r iod  of c o n t i n u o u s  m u l t i p l i c a t i on ,  w he r ea s  S P  
p r o d u c e d  a n  i m m e d i a t e  s h a r p  r ise  in  cell n u m b e r  fol lowed 
b y  a r a p i d  decl ine  of t h e  popu la t i on .  N e i t h e r  t h e  s e r u m  
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Fig. 2. Growth curves of primary human embryonic kidney cells 
after the addition of tumor or serum extracts, x - x ,  acetic acid 
precipitate from serum containing the abnormal component (SP); 
&-zX, acetic acid precipitate from the EDTA tumor extract (TP); 
0--0, serum supernatant or serum with the abnormal component 
removed by acetic acid treatment (SS); O-©, control cells con- 
taining an additional 0.1 ml media. Samples of normal human 
serum or EDTA solution could be substituted as controls with 
the same growth pattern resulting. 

no r  t u m o r  s u p e r n a t a n t s  (SS, TS) showed  a n y  effects  on  
p ro l i f e r a t ion  b e y o n d  those  of cont ro ls .  N o n - p r e c i p i t a t e d  
t u m o r  s e r u m  gave  g r o w t h  cu rves  l ike  t h o s e  of t h e  S P  
add i t ive ,  a n d  whole  E D T A  t u m o r  e x t r a c t  was  s imi l a r  to  
T P  in g r o w t h  effect.  Thus ,  t h e  g r o w t h  r e g u l a t i n g  agent (s )  
are  those  p r ec ip i t ab l e  w i t h  3 %  ace t ic  acid.  V a r y i n g  
degrees  of e n h a n c e d  p ro l i f e ra t ion  were  also seen w h e n  
t h e  T P  a n d  S P  f r ac t ions  were a d d e d  to  t h e  BHK-21 
h a m s t e r  k i d n e y  line,  b o t h  p r i m a r y  a n d  c o n t i n u o u s  
d ip lo id  h u m a n  e m b r y o n i c  k idney ,  a n d  l ung  lines, b u t  
n o t  w i t h  t h e  skin ,  or  sk in  a n d  musc le  cells t e s ted .  

These  r e su l t s  i nd i ca t e  m a r k e d  e n h a n c e m e n t  of cell 
p ro l i f e r a t ion  b y  a d d i t i o n  of e i t h e r  t h e  E D T A  W i I m s '  
t u m o r  e x t r a c t  or  t h e  i so la ted  a b n o r m a l  s e rum c o m p o n e n t .  
T h e  d i f ference  in g r o w t h  k ine t i c s  b e t w e e n  T P  a n d  S P  
is n o t  ye t  a c c o u n t e d  for. I n  v iew of t h e  f ac t  t h a t  l u n g  
is a p r i m a r y  t a r g e t  for  m e t a s t a s i s  of W i l m s '  t u m o r ,  i t  is 
of i n t e r e s t  t h a t  t h e  ac id -p rec ip i t ab l e  f r ac t ions  f rom t u m o r  
a n d  s e r u m  p r o m o t e  g r o w t h  of b o t h  k i d n e y  a n d  l u n g  cells, 
b u t  do  n o t  a f fec t  p ro l i f e r a t ion  of sk in  cells or  m i x e d  
sk in  a n d  musc le  cells in  v i t ro .  

I n  v i ew  of ev idence  r e l a t i n g  p r o t e i n - p o l y s a c c h a r i d e s  
on  t h e  cell sur face  to  con t ro l  m e c h a n i s m s  of cell g r o w t h  3, a, 
i t  m a y  be  r e a s o n a b l e  to  con jec tu re  t h a t  t h e  m u c o p r o t e i n  
in  W i l m s '  t u m o r  s e r u m  is i n v o l v e d  in  me tas t a s i s .  Th i s  
v iscous  m a t e r i a l  m a y  a c t  as  a ca r r i e r  for  m a l i g n a n t  cells 
a n d  en lodge  t h e m  a t  m e t a s t a t i c  loci b y  a specific a d h e s i v e  
m e c h a n i s m .  T h e  s u b s t a n c e  m a y  t h e n  a id  in  p ro l i f e r a t ion  
of  t h e  m a l i g n a n t  cell once  i t  r eaches  such  a s i te  5. 

Zusammenfassung. A n o m a l e  K o m p o n e n t e n ,  die aus  
B l u t s e r u m  u n d  T u m o r e n  yon  P a t i e n t e n  m i t  W i l m s c h e n  
T u m o r e n  isol ier t  wurden ,  f6 rde rn  da s  W a c h s t u m  der  
Nie ren-  u n d  L u n g e n z e t l e n - K u l t u r e n .  
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U l t r a - S t r u c t u r a l  S p e c i f i c i t y  i n  R e g e n e r a t i n g  S m o o t h  M u s c l e  

I n  a n  e x p e r i m e n t a l  c r u s h  i n j u r y  to  t h e  t a e n i a  of t h e  
gu inea -p ig  c a c u m  in  w h i c h  a p p r o x i m a t e l y  10,000 cells 
a re  c rushed ,  d a m a g e d  s m o o t h  musc le  cells  a re  r a p i d l y  
rep laced .  B y  14 d a y s  fo l lowing  t h e  c r u s h  t h e r e  is l i t t l e  
mic roscop ic  ev idence  of t h e  les ion 1. 

F r o m  3 d a y s  p o s t o p e r a t i v e l y  onwards ,  h i g h  levels  of 
D N A  syn thes i s  ( shown a u t o r a d i o g r a p h i c a l l y  b y  H a t h y m i -  

d ine  u p t a k e )  a n d  m i t o t i c  f igures  in  t h e  s u r r o u n d i n g  un-  
c rushed  s m o o t h  musc le  cells i nd i ca t e  t h a t  new cells in  
t h e  les ion ar i se  b y  a process  of m y o b l a s t i c  r egenera t ion* .  
Sma l l  sp ind l e - shaped  m y o b l a s t s  i n v a d e  t h e  s i t e  of t h e  
les ion a n d  m a t u r e  i n t o  s m o o t h  musc le  cells  w i t h i n  7 -10  
days.  A few m y o b l a s t s  u n d e r g o  s u b s e q u e n t  m i to s i s  before  
m a t u r a t i o n .  


