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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. 
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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- 
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n o m a  of t he  lung, r a the r  t h a n  lung adenomatos is ,  was 
recent ly  proposed  n E lec t ron  microscopical  s tudies  show 
t h a t  m o s t  of  t he  t u m o r  ceils appear  to  be  der ived  f rom 
the  B a lveolar  cell, one of the  two  known types  of a lveolar  
epi thel ia l  cells is. 

I n  the  present  s tudy,  p u l m o n a r y  t u m o r  mate r ia l  f rom 
8 adu l t  Awassi  sheep and f rom 1 lamb,  a l l  hav ing  a 
cl inical  and h is topathologica l  diagnosis  of lung adeno-  
mata ,  were  t aken  for e lec t ron microscopy.  L u n g  t issue 
f rom 9 cl inical ly hea l t hy  Awassi  ewes, ob ta ined  f rom an 
abat to i r ,  served as control .  

E lec t ron  microscopic  examina t i on  of th in  sections of 
the  ovine  lung t u m o r  revealed  the  f r equen t  occurrence  
of v i rus  par t ic les  ad jacen t  to  t he  free surface of t he  
t u m o r  cells. Virus  budd ing  f rom the  t u m o r  cell  microvi l l i  
was also observed.  Also, groups of v i rus  par t ic les  were 
noted  wi th in  the  t u m o r  cell  cy top lasmic  ma t r i x ;  in 
ex t r eme ly  rare instances,  par t ic les  were found to  form 
a t  the  granular  endoplasmic  re t i cu lum m e m b r a n e  and 
also free wi th in  t he  cis ternae.  Viruses were  no t  observed  
in t he  normal ,  cont ro l  lung cells. 

The  ext race l lu lar  viruses  had  the  appearance  of C t y p e  
mur ine  or  feline v i rus  par t ic les  s. The  par t ic les  averaged  
100 ~m in d iameter .  Some possessed the  ou te r  coat,  
i n t e rmed ia t e  layer,  and re la t ive ly  e lec t ron- lucent  nu-  
cleoid, a p p r o x i m a t e l y  50 btm in d iameter ,  charac ter i s t ic  

Fig. 1. An immature C type virus particle near the microvill i  of a 
tumor cell. An intermediate membrane and nucleoid with a relative 
electron-lucent central area are present, x 60,000. 
Fig. 2. A mature particle having an electron-dense nucleoid near 
the border of the tumor cell. x 70,000. 
Fig. 3. A group of viral  particles (A type) are seen within the 
cytoplasmic mat r ix  of a tumor cell. x 38,000. Insert, virus particles 
within the cisternae of the granular endoplasmic retieulum, x 24,000. 

of  ' i m m a t u r e '  mur ine  C t y p e  par t ic les  S, 4 (Figure 1). 
Others  had  a cen t ra l  located e lec t ron-dense  nucleoid,  
charac ter i s t ic  of ' m a t u r e '  C t y p e  v i rus  par t ic les  a, 4 
(Figure 2). The  in t r acy top lasmic  vi rus  par t ic les  had  the  
appearance  of t y p e  A mur ine  par t ic les  ~, a (A v also called 
naked  A) and were a p p r o x i m a t e l y  70-80 ~m in d i ame te r  
(Figure 3). I n  this  par t ic le  t he  ou te r  shell  is th inner  t h a n  
the  inner  and  i ts  e lec t ron- lucent  cent re  has  a grea te r  
d i ame te r  t h a n  those  t y p e  A par t ic les  3 ( type  A1) found 
wi th in  t he  cis ternae (Figure 3, insert).  

The  ae t io logy of sheep p u l m o n a r y  adenomatos i s  is 
st i l l  t he  subjec t  of m u c h  speculat ion,  a l though  posi t ive  
t ransmiss ion  expe r imen t s  wi th  ex t r ac t  of affected lungs 
h a v e  been repor ted  13,14 The  aet iological  s ignificance of 
t h e  v i rus  par t ic les  described here  is now be ing  studied.  
To the  best  of our  knowledge,  no e lect ron-microscopic  
observa t ions  have  been repor ted  on virus  associat ion in 
v i v o  in sheep hav ing  p u l m o n a r y  adenomatos i s ;  however ,  
Herpes-like par t ic les  were  found in cu l t i va t ed  macro-  
phages  f rom lungs of sheep suffering f rom this  disease is. 
I n  t he  present  s tudy,  nuc lear  par t ic les  of  t h e  Herpes 
t y p e  group were no t  observed.  I t  is of in te res t  t h a t  
recent ly  A and C t y p e  par t ic les  indis t inguishable  f rom 
those  found in na tura l ly -occur r ing  ovine  lung tumors  
were observed  in two  16- and  24-month-old  mice,  h a v i n g  
co inc ident ly  lung adenomatos i s  and  leukemia .  However ,  
an  et iological  re la t ion  be tween  these  v i rus  par t ic les  and 
the  lung adenomatos i s  was considered unl ike ly  x6. The  
de tec t ion  and demons t r a t ion  of C t y p e  vi rus  par t ic les  
associated wi th  this  na tu ra l ly  occurr ing t u m o r  ex tends  
the  range of  v i r a l - t umor  hos t  sys tems  f rom the  avian,  
mur ine  and  feline to  t he  ovine  species, and  f rom leukemia-  
sa rcoma to  epi thel ia l  tumors .  Thus  add i t iona l  v is tas  to  
t he  cause of h u m a n  neoplas ia  have  become open. 

ZusammenJassung. Elek t ronenmikroskop i sche r  Nach-  
weis bei  Lungen-Adenoka rz inomen  yon  Schafen,  dass 
diese jeweils  z u s a m m e n  m i t  Vixuspar t ikeln  auf t re ten,  
die morphologisch  solchen aus versch iedenen  spontanen  
und i iber t ragbaren  Neop lasmen  yon  Gefliigel, Nage t ie ren  
und K a t z e n  iihnlich sind. 

K. PERK and I. HOD 

The Hebrew University, Faculty of Agriculture, P.O.B 12, 
Rehovot (Israel), 20 October 1970. 

I W. BERNHARD, C. OBERLING and P. VXGIER, Bull. Cancer d3, 407 
(1956). 

2 W. BERNHARD and M. GUERIN, Comp. r. Acad. Sci., Paris 247, 
1802 (1958). 

3 A. J. DALTON, Fedn Proc. 21, 936 (1962). 
4 A. J. DALTON, Natn Cancer Inst. Monog. 22, 143 (1966). 

F. C. CHESTERMAN, J. J. HARVEY, R. R. DOURMASHKXN and M. H. 
SALAMA~, Cancer Res. 36, 1759 (1966). 
K. PERK, D. A. SHACHAT and J. B. MOLO~EY, Cancer Res. 28, 
1197 (1968). 
W. S. H. JARRETT, E. M. CRAWFORD, W. B. MARTI~ and F. DAVIS, 
Nature, Loud. 202, 507 (1964). 

8 T. KAWAKAMI, G. THEILEN and R. MUNN, Proc. electromierosc. 
Soe. Am. Twenty-sixth Ann. Meeting (1968), p. 24. 

9 S. P. S~YDER and G. H. THEILEN, Nature, Loud. 221, 1074 (1969). 
to S. ENCHEV, Comp. r. Acad. Bulg. Sci. /6, 441 (1963). 
11 T. A. NOBEL, F. NEWMANN and U. KLOPFER, J. eomp. Path. 79, 

537 (1969). 
xz K. PERK, I. HOD and T. A. NOBEL, J. hath. Cancer Inst., in press. 
is K. V. F. JUBE and P. C. KENNEDY, Pathology o] Domestic Animals 

(Academic Press, London 1963), p. 207. 
a4 S. ENCHEV, Vet. Sei., Sofia 5, 13 (1968). 
is W. SMZTH and J. M. K. MACKAY, J. comp. Path. 79, 421 (1969). 
1~ R. E. BROOKS, Cancer Res. 30, 1534 (1970). 


