
apparatus in the cells  of the regenera t ing  lung (Figs. lc and 3a). Scanning e lec t ron  microscopy  showed that the 
brush cel ls  a re  in fact  capable of secre t ion  (Fig. 2a, b). 

The e l ec t ron-mic roscop ic  data thus show that a lveolar  brush cei ls  can p e r fo rm  severa l  functions: absorp-  
tive, contract i le ,and sec re to ry .  The mic ro f ib r i l l a ry  apparatus of the alveolar  brush ceils  contains prote ins  
that differ f rom the tubulins of microtubules .  
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E LE  C T R O N - M I  C R O S C O  P I C  

A N D E L E C T R O N - A U T O R A D I O G R A P H I C  C H A R A C T E R I S T I C S  

O F  E M B R Y O N I C  L U N G  C E L L S  IN O R G A N  C U L T U R E S  

N. A.  F i l i p p o v a  a n d  T .  S. K o l e s n i c h e n k o  UDC 616-24-013-086.3 

E lec t ron -mic roscop ic  and e lec t ron-autorad iographic  investigations of embryonic  mouse lung 
cel ls  were  undertaken during the ear ly  stages of organotypical  culture.  The fate of undif- 
fe ren t ia ted  cells  could be t raced  by e lec t ron  autoradiography. 

KEY WORDS: E lec t ron -mic roscop ic  autoradiography; histological  differentiation; u l t r a -  
s t ruc tu ra l  differentiation. 

The re la t ionship  between differentiat ion at the histological  (tissue, organ) and subcel lular  levels,  and in 
which they occur  have not ye t  been adequately studied [1, 6, 8, 9, 11], and this is an obstacle to our understand-  
ing of the mechanisms  of morphogenesis  taking place under  physiological  ( regenerat ion etc.) and pathological 
(tumor growth etc.) conditions. Organ cul tures  of embryonic  t issues ,  in which morphogenet ic  p roces se s  
s imi lar  to those in vivo a re  p rese rved ,  consti tute a convenient model  with which to study this problem [3, 5, 7]. 
The object  of the presen t  investigation was to study the degree  of differentiat ion of cei ls  in the developing 
embryonic  lung under conditions when his tological  differentiat ion of the t i ssue  had not ye t  r eached  the postnatal  
level. 

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

The lungs of 18-19-day line A mouse embryos  were  used for organ culture.  The technique of organotypi-  
eel  cul ture was descr ibed  previously  in detail  [31. Organ cul tures  were  invest igated 24, 48 and 72 h af ter  the 
beginning of cul ture.  Thymidine-3I-I (specific activity 24 mCi /mmole)  was added to the organ cul ture  in a dose 
of 5 m C i / m l  medium 24 h af ter  the beginning of culture.  The thymidine-aH was washed out of par t  of the mate -  
r i a l  af ter  1 h and of the r e s t  af ter  24 h. P ieces  of lung t i ssue  were  fixed in 2.5% glutaraldehyde solution in 
cacodylate buffer, pH 7.4, postfixed in 1% OsO 4 solution, dehydrated, and embedded in Epon 812. Sections 10 ]~m 
thick were  p repa red  by the method of Rengol 'd  et al [4], coated with I l ford L-4 emulsion, and exposed for 14 
days at 4~ After development of the autoradiographs ,  pieces  of t i ssue containing the label were  select ively  

OncoIogic Scientific Center ,  Academy of Medical Sciences of the USSR, Moscow. (Presented  by Academi-  
cian of the Academy of Medical Sciences of the USSR L. N. Shabad.) Trans la ted  f rom ByuIleten' t~ksperimen- 
tal 'noi Biologii i Meditsiny, vol. 88, No. 10, pp. 490-491, October,  1979. Original a r t i c le  submitted March 12, 
1979. 
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Fig. 1. Elec t ron  m i c r o g r a p h s  of o rgan  cul ture  a f te r  24 h: a) genera l  appearance  of undifferent ia ted 
cei ls  of o rgan  cul ture,  7 0 0 0 x ; b ) f r a g m e n t o f c e l l  with l ame l i a r  osmiophi l lc  bodies cha r ac t e r i s t i c  of 
type II pneumocytes  in i ts  cytoplasm,  12,000• c) F ragmen t  o fund i f f e ren t i a t edce l lw i th l abe l ,  18,000x. 
He re  and in Fig. 2: N) nucleus; LOB) Lameilar osmiophikic bodies. 

cut out for  subsequent  e l ec t ron-au to rad iograph ic  investigation.  Ultrathin sect ions  50 nm thick w e r e  cut f r o m  
the se lec ted  a r e a s  of t i s sue  on the LKB-II I  Ui t ra tome,  coated with I i ford L-4  emulsion,  exposed for  60 days at  
4~ and developed in amidol  developer  r e c o m m e n d e d  by the Photographic  Chemica[  R e s e a r c h  Inst i tute and 
studied in the IEM e lec t ron  mic roscope .  

E X P E R I M E N T A L  R E S U L T S  

E l e c t r o n - m i c r o s c o p i c  invest igat ion of the embryonic  lung 24 h a f te r  the beginning of organ cul ture  
showed that  the t i s sue  cons is ted  a lmos t  en t i re ly  of p r imi t ive  cei ls  whose u i t r a s t r u c t u r a l  organizat ion was such 
that  they couldnot  be c l a s sed  as any type of cel l  foundln the pulmonary  epi thel ium (Fig. la).  These  were  sma l l  
cei ls  with large,  lobular nuclei.  The cl~romatin was dis t r ibuted diffusely over  the nucleus,  fo rming  l a rge r  con- 
cent-rations chiefly along the inner nuclear  m e m b r a n e .  In some nuclei finely granular  nucleoli could be ob- 
se rved .  The cy top lasm was ex t r eme ly  poor  in u i t r a s t r u c t u r e s  but contained so l i t a ry  sma l l  mi tochondr ia ,  r i b o -  
somes ,  and glycogen granules .  The p l a s m a  m e m b r a n e  of each  cel l  bordered  on the cor responding  m e m b r a n e s  
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Fig. 2. E l e c t r o n - m i c r o g r a p h s  of organ cul ture  af ter  48 h (a, b) and 72 h (c, d). a) Genera lv iew 
of cel l  different ia t ing into type II pneumocyte.  Lame l l a r  osmiophi l i cbod ies  of different  densi t ies  
can be seen  in cytoplasm,  7000• b) uad i f fe reu t ia tedce l l  with in tensive Labeling above nucleus, 
8000• c) f r agmen t  of d i f ferent ia ted type II pneumocyte,  18,000• d) label  above nucleus of type II 
pneumocyte,  9000 x. 

of 3-5 ceils .  I t  was  undulating and f o r m e d  junctions of inter locking type. The width of the in te rce l lu la r  space  
var ied .  Bes ides  the re la t ive ly  undifferent ia ted cel ls  desc r ibed  above, t he re  we re  a lso  a few cel ls  in whose 
cy top lasm the re  we re  densely packed l amel la r  osmiophi l ic  bodies c h a r a c t e r i s t i c  of type II pneumocytes ,  s u r -  
rounded by a single m e m b r a n e  (Fig. lb). W e l l - m a r k e d  degenera t ive  changes could be seen  in many cei ls  of 
the expIants .  

There  were  ve ry  few labeled cei ls .  The labels  obse rved  above the nuclei of undifferent ia ted cells ,  where  
it was  local ized above the nucleoli or  the nuclear  chromat in  (Fig. lc). The intensi ty of labeling was  low - only 
two or th ree  gra ins  of s i lver .  No label was p resen ted  in ce l l s  with u i t r a s t r uc tu r a l  f ea tu res  of type II pneumo-  
cytes .  

After  48 h of organ cul ture  the t i s sue  cons is ted  of loosely a r r anged  ce l l s  at  di f ferent  levels  of d i f fe ren t ia -  
tion. Bes ides  undifferent ia ted cel ls ,  o thers  we re  seen  that  we re  di f ferent ia ted and had specif ic  u l t r a s t r u c t u r a l  
f ea tu res .  These  w e r e  cei ls  in whose cy top lasm l ame i l a r  osmiophi l ic  bodies of di f ferent  density could be seen, 
evidently re f lec t ing  d i f fe rences  in the i r  degree  of ma tu r i ty  (Fig. 2a), as  well  as  cei ls  whose p l a s m a  m e m b r a n e  
fo rmed  numerous  microv i l l i  and ci l ia  with complex s t ruc tu re  on the apica l  par t .  
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Labeled ce l l s  we re  m o r e  n u m e r o u s  than at  the previous  t ime.  Intensive labeling was obse rved  in some 
undifferent ia ted cel ls ,  which had 15 to 20 gra ins  of s i l ve r  above the nucleus (Fig. 2b). In some different ia ted 
ce l l s ,  l a b e l a l s o  was found above the nuclei,  but the re  was  less  of it  ( f rom 2 to 10 gra ins  of s i lver) .  

Sections through the explants  a f ter  72 h of o rgan  cul ture  cons is ted  of densely packed cells .  Their  u l t r a -  
s t r a c t u r a l  organiza t ion  was m o r e  complex  sti l l .  Most of the type II pneumocytes  we re  highly different ia ted 
cel ls  (Fig. 2c), s i m i l a r  in t he i r  u l t r a s t r u c t u r a l  organizat ion to the cor responding  ce l l s  in adult an imals  [2]. 
Type I pneumocytes ,  ce l ls  with zymogen granules ,  appeared  for  the f i r s t  t ime  in the field of vis ion at  this s tage 
of cul ture.  Cells  of the ci l ia ted epi thel ium had the i r  o rgane l les  d is t r ibuted at  the poles.  

The number  of labeled cel ls  was increased .  Most of them were  di f ferent ia ted (type II pneumocytes ,  
c i l ia ted epi thel ial  cel ls ,  goblet  cells)  with a low intensi ty  of labeling, namely  2-7 gra ins  of s i lve r  (Fig. 2d). 

By e l ec t ron -au to rad iog raphy  it was poss ib le  to t r a c e  the fate  of the undifferent ia ted cei ls .  After  pulse 
labeling 24 h a f te r  the beginning of cul ture ,  g ra ins  of s i lve r  we re  obse rved  above the nuclei only of undif feren-  
t ia ted cel ls ,  and the labeling index was  cons iderably  lower than that  obse rved  by Kury  [11] in the developing 
mouse  lung on the 18th-19th day of embryon ic  development.  The r e a s o n  was probably  that  in o rgan  cul ture  the 
t i s sue  adapts  i t se l f  to i t s  new conditions, and the duration of the presynthe t ic  per iod is  cons iderably  i nc rea sed  
in m o s t  cel ls .  

Two types  of labeled ce l l s  were  obse rved  a f te r  48 h in cul ture.  These  were  undifferent ia ted cel ls  with 
in tensive labeling, const i tut ing the ma jo r i ty ,  and cel ls  which had begun to d i f ferent ia te  and had evidently taken 
up the label during division of the labeled p r e c u r s e r  cell.  

The cel l  cycle  in the pulmonary  epi thel ium on the 19th-20th day of embryogenes i s  is  known to extend over  
16.25-17.25 h in p e r i p h e r a l  a r e a s  and r a t h e r  m o r e  in cen t ra l  zones. On the basis  of these  f igures ,  s ince the 
duration of the cel l  cycle  of embryonic  ce l l s  in organ  cul ture  is  unknown, but is evidently a l i t t le longer, i t  can 
be postulated that some of the undifferentiated DNA-synthesizing cells had succeeded in dividing and starting to 
differentiate. This hypothesis is supported by the absence of label in differentiated cells on pulse labeling 
after 24 h in culture, and its appearance in them after 48 h and, in particular, after 72 h in culture, but with a 
much lower labeling index. 

After 72 h in culture, most labeled cells were differentiated, but the intensity of labeling was low. 

Comparison of the degree of differentiation at the histological and ultrastructural levels thus shows that 
these two processes are not synchronized in culture, subcellular differentiation preceded histological to some 
degree.  
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