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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 .  
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A further analysis of this model has cast light on the 
important  and much disputed question of whether a 
fully differentiated cell such as a smooth muscle cell 
(containing specific structural proteins) can undergo 
mitotic division without first dedifferentiating. I t  is held 
that  dedifferentiation is associated with mitosis in 
specifically committed cells 3. 

Electron microscopic examination of cells within and 
surrounding the crush lesion after 3, 5, 7 and 10 days 
shows significant ultrastructural  features of the regenera- 
tion process in smooth muscle cells. 

At 3 and 5 days, the cytoplasm of uncrushed smooth 
muscle cells adjacent to the lesion shows a relative 
increase in rough endoplasmic reticulum, particularly in 
the perinuclear zone where large ribosome-lined cisternae 

A) A smooth muscle cell in mitosis at the edge of a 3-day-old crush 
lesion. × 4000. 
B) An enlargement of inset in A), showing myofilaments. × 58,000. 

filled with amorphous material  are common. Myofila- 
merits occupy the bulk of the cytoplasm. In similar cells 
which contain fewer cisternae, free ribosomes are abun- 
dant  and microtubules run longitudinally throughout the 
cytoplasm. Myofilaments occupy a well defined layer 
in the peripheral cytoplasm. Autoradiographic studies 
with H 3 thymidine * indicate that  these are premitotic 
cells in late S or G2 phase 4. Smooth muscle cells in 
mitosis have similar cytoplasmic features (to the above), 
including myofilaments (Figure 1). Myoblasts which 
appear to arise from this mitot ic  division dominate the 
lesion. They have large open-faced nuclei with dispersed 
chromatin and prominent nucleoli. Their cytoplasm 
contains many polyribosomes, and a thin peripheral 
layer of myofilaments. 

From 5-10 days, increasing numbers of smooth muscle. 
cells with a large concentration of cytoplasmic myofila- 
ments are found in the lesion. By 14 days, only relatively 
mature smooth muscle cells are seen. 

HOLTZER et al. 6-~ used chondrocytes as a model to 
study the relationship between DNA synthesis and the 
synthesis of cell specific substances (in this case chon- 
droitin sulphate). They found that  not  only are these 
2 synthetic processes mutually exclusive, but  tha t  chon- 
drocytes in vi tro progressively lose their  abil i ty to 
produce chondroitin sulphate following mitosis. They 
concluded tha t  mitosis in a committed or differentiated 
cell is associated with dedifferentiation. 

Such is not the case with smooth muscle regenerating 
in vivo. The presence of cytoplasmic myofilaments 
within the smooth muscle cells at all  myogenic stages 
(including mitosis) demonstrates the specific nature of 
this cell. 

Zusammenlassung. Elektronenmikroskopisch wird erst- 
reals die Regeneration yon glatten Muskelzellen in vivo 
beschrieben und festgestellt, dass diese Zellen entgegen 
der herrschenden Auffassung keine Differenzierung durch- 
machen, bevor sic sich teiten. 

J. K. McGEAcIttE s 

Department o~ A natomy, University o/Western Australia, 
Nedlands (Western Australia 6009), 3 November 1970. 

x j. K. McGEACHIE, J. Anat. 106, 196 (1970). 
s j .  K. McGEAcmE, J. Anat. 108, 212 (1971). 
* H. HOLTZER, General Physiology of Cell Specialization (Eds. 

D. MAZ~En and A. TYLEn; McGraw-HiLl, New York 1963), p. 80. 
4 H. QUASTLER and F. G. SHERMAN, Expl. Cell ires. 17, 420 (1959). 
5 H. HOLTZER, J. ASBo,tT, J. LASH and S. HOLTZER, Proc. natn. 

Acad. Sci., USA 46, 1533 (1960). 
s H. HOLTZER, 19th Growth Symposium (Ed. D. RUDNICK; 

Ronald, New York 1961), p. 35. 
F. E. STOCKDALE, J. AnBOTT, S. HOLTZER and H. HOLTZER, 
Devel. Biol. 7, 293 (1963). 

s I thank Prof. D. ALLnROOK, of this Department, for his guidance 
in the preparation of this paper. This work is supported by the 
National Health and Medical Research Council of Australia. 

D e m o n s t r a t i o n  o f  V i r u s  P a r t i c l e s  i n  O v i n e  P u l m o n a r y  A d e n o m a t a  

Several spontaneous and transmissible avian 1, ro- cares tha t  this neoplasm is also associated with C type 
dent 2-e and, as recently reported, feline ~-g neoplasms, viral particles. This disease of sheep is characterized by 
have been found to be associated with and probably papilliform proliferations of the epithelium of the alveoli 
caused by C type viral particles. The present electron- and bronchioli and by frequent metastat ic  involvment  
microscopic study of ovine pulmonary adenomata indi- of different organs or tissues10, n. Thus the term carci- 


