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The combined action of the chemical carcinogen urethane and of influenza virus on 
human embryonic lung tissue was studied by the organ cultivation method. The com- 
bined action of these factors leads to intensive proliferation of the tissue components, 
to the appearance of signs of cellular anaplasia, and to the formation of polyp-like 
structures projecting into the lumen of the bronchi. 

In previous investigations the writers showed how the combined action of the chemical carcinogen 
urethane and of influenza virus could be studied on organ cultures of mouse embryonic lungs [3]. By this 

means neoplastic transformation of the lung cells was obtained, 
and this was confirmed by the development of malignant neo- 
plasms of the cytoblastoma type from pieces of transformed 
lung tissue implanted into syngeneic mice. 

In the present investigation the action of urethane and in- 
fluenza virus was studied on organ cultures of human embryonic 
lung. 

Fig.  1. Organ culture of lung. Con- 
trol,  12th day of experiment.  Degen- 
erat ive changes in lung t issue.  Here 
and in Figs.  2 and 3: hematoxylin- 
eosin, 90• 

E X P E R I M E N T A L  M E T H O D  

Urethane (Ethyl Carbamate).  Batch No. 13978, giving all 
the charac te r i s t i c  react ions for authenticity and purity of this 
compound, was used as a 2% solution in physiological saline. 

Influenza virus.  Type A2 influenza virus ,  s t ra in  No. 2226, 
was used after  purification to remove components of the allantoic 
fluid by the absorption-elution method [2]; infective ti ter 105EIDh0, 
t i ter  in the passive hemagglutination test  i : 1280. 

Organ Culture. Organ cultures were  prepared  f rom lungs 
obtained f rom embryos  aged 7-9 weeks. Washed pieces of the 
lungs were  placed on cigaret te  paper  raf ts ,  f reely floating on 
the surface of the nutrient medium [1], which consisted of two 
par ts  medium No. 199, one par t  calf serum,  one par t  embryonic  
extract ,  and antibiotics. The medium was changed every 6 days. 

Laboratory of Virus Etiology of Tumors, Kiev Research Institute of Epidemiology, Microbiology, and 
Parasitology. (Presented by Academician of the Academy of Medical Sciences of the USSR L. V. Groma- 
shevskii.) Translated from Byuileten' ]~ksperimental'noi Biologii i Meditsiny, Vol. 73, No. 1, pp. 90-93, 
January, 1972. Original article submitted October 13, 1970. 

�9 Consultants Bureau, a division of Plenum Publishing Corporation, 227 West 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

91 



TABLE l .  
C u l t u r e s  of Human  E m b r y o n i c  Lungs  
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Note. N u m e r a t o r  g ives  n u m b e r  of s ec t ions  e x a m i n e d  h i s to log ica l ly ;  
d e n o m i n a t o r  g ives  tota l  n u m b e r  of explan ts .  

*Resul t s  e x p r e s s e d  as  + s igns  us ing  the s cheme  of eva lua t ion  p r o -  
posed  by R~ l l e r  e t  a l .  [4]. 

F ig .  2 Fig .  3 

F ig .  2. Organ  cu l tu re  of lung t r e a t e d  with u r e thane  and in f luenza  v i r u s .  
Po lyp - l i ke  p r o l i f e r a t i o n  of ce l l s  p r o j e c t i n g  into l u m e n  of b ronchus  s een  
in  bo t tom r igh t -hand  c o r n e r .  12th day of e x p e r i m e n t .  

F ig .  3. F r a g m e n t  of o rgan  cu l tu re  of lung t r e a t e d  with u r e t h a n e  and 
in f luenza  v i r u s ,  12th day of cu l t iva t ion .  In t ens ive  p r o l i f e r a t i o n  of a lveo lo -  
cytes  and d i s t u r b a n c e  of a l v e o l a r  s t r u c t u r e  of the lung (400• 

Conduct  of the E x p e r i m e n t .  E x p e r i m e n t s  w e r e  c a r r i e d  out on c u l t u r e s  of four  types .  1) Cont ro l  ex -  
p e r i m e n t s  to t e s t  explan ts  f r o m  lungs  sub j ec t ed  to no t r e a t m e n t ;  2) p i eces  of lungs  w e r e  p laced  for  24 h 
in 2% u r e t h a n e  solut ion,  a f t e r  which  they w e r e  washed  and t r a n s f e r r e d  to ra f t s  for  cu l t iva t ion ;  3) lung e m -  
b ryos  were  p laced  for  2 h in v i r u s - c o n t a i n i n g  f luid  with a t i t e r  of 1 : 1280; a f t e r  a d s o r p t i o n  (at 25~ the 
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pieces were  washed and t r an s f e r r ed  to raf ts  for  cultivation; 4) explants kept in urethane solution for  24 h 
were placed in v i rus-conta ining fluid, and after  adsorption they were washed and t r ans f e r r ed  to raf ts  for 
cultivation. 

On the 6th, 12th, and 15th days of the exper iment  explants were taken for histological examination. 
The mater ia l  was fixed in formalin,  embedded in paraffin wax, and sections were stained with hematoxylin 
and eosin, and then examined in the MBI-6 light microscope  under magnifications of 70, 280, and 630x. 

EXPERIMENTAL RESULTS 

The principal results are given in Table i. In the control explants weak, diffuse proliferation of the 
cells was combined with marked necrotic changes. After the first week of cultivation both the relative num- 
ber of necrotic foci and the severity of the necrotic changes were increased. Evidence of proliferation 
was observed (by the 15th day) only at the periphery of the explants: slight thickening of the alveolar septa~ 
narrowing of the lumen of the alveoli and bronchioles; changes in shape of the alveolocytes which became 
fusiform (Fig. I). 

Intensification of prol i fera t ion was observed in tim ear ly  stages (6th day) of cultivation of the explants 
t reated with urethane,  as shown by the format ion of d iscre te  but indistinctly outlined foci of hyperplasia ,  
consisting of cells of uniform pat tern with oval or round, often hyperehromic ,  nuclei. However, organ cul- 
tures t rea ted  with urethane degenerated rapidly; after  the 12th day necrotic changes identical in charac te r  
with those in the control  were observed in the sections.  

Infection of the human lung explants with influenza virus  was followed by rapid prol iferat ion of the 
cel ls .  Foci of prol iferat ing alveolocytes with hyperchromic  nuclei formed in the lung t issues.  The normal  
s t ruc ture  of the lung t issue was completely disturbed, and the lumen of the alveoli and bronchioles was 
filled with cel ls .  Abnormal mitoses  were  observed  in individual foci. Degenerative changes were  absent, 
even in the late stages (15th day) of cultivation. 

The combined action of urethane and influenza virus  led to the development of more  severe  hyper-  
plasia:  the interalveolar  septa were  greatly- increased in thickness, and proliferat ing alveolocytes com-  
pletely filled the lumen of the alveoli. Polyp-l ike s t ruc tures  consisting of large,  polymorphic cells were  
fo rmed in the large bronchi into the lumen of which they projected (Fig. 2). This combined action of u r e -  
thane and v i rus  led to polymorphism and a typism of the'. cells,  the changes in their  staining proper t ies ,  
and to the appearance of abnormal  mitoses  which, to some extent, can be regarded  as a manifestatio~ of 
metaplasia  (Fig. 3). 

The resul ts  indicate that combined action of the carcinogen and influenza vi rus  during organ culti-  
vation leads to the appearance of morphological  signs of t ransformat ion.  These consis t  of polymorphism 
of the cells,  hyperchromia  of their nuclei, multiple (including abnormal) mitoses ,  and the formation of 
polyp-like s t ruc tures  in the lumina of the large bronchi.  

This potentiation of the action of urethane can evidently be attributed to the fact that under the con- 
ditions used in these experiments  the influenza vi rus  acted as a stimulant of proliferat ion.  This act ion 
was aided by the abortive type of infection taking place in the organ culture and also by the relat ive v i r -  
ulence of the v i rus  studied. Without causing death of the cells,  the influenza vi rus  had a preferent ial  ef- 
fect  on their  differentiation and development. 
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