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Prol i ferat ion of l iver  and hematopoietic t issue took place and differentiation was maintained in organ 
cul tures of l iver f ragments  f rom 16-18 day-old mouse embryos  on mill ipore f i l ters  for 24 days in vi t ro.  
Foci of intensive hematopoiesis  were found in contact with l iver t issue.  These cultures synthesized serum 
albumin and ~f-globulin.  

Organ cultures have not yet been adequately used as a means of cultivation of embryonic l iver .  How- 
ever ,  in investigations when this principle of cultivation at the boundary between the liquid and gaseous 
phase of the nutrient medium was used [5-7], the most  convincing morphological  evidence that l iver cells 
can be grown in vi t ro  was obtained. 

In the present  investigation the method of organ cultivation on membrane  fi l ters was used to obtain 
long-surviving cultures of mouse embryonic  l iver in which prol iferat ion took place and differentiation of 
l iver  and hematopoietic t issue was maintained. This could be concluded f rom the morphology of the cul-  
tures  and also f rom the fact that they synthesized cer ta in  plasma proteins:  albumin and embryonic serum 
o~f-globulin, synthesis of which takes place in parenchymatous cells of the i iver [1-3]. 

EXPERIMENTAL METHOD 

Pieces of liver (2-3 mm in diameter) from line CBA mouse embryos aged 16-18 days were explanted 

on AUFS millipore filters (pore size 0.6-0.9 #) placed above nutrient medium in Conway dishes by the 

method described previously [41. In some cases 20 mg each of L-glutamine and sodium ~-glyceroDhos- 
phate was added to I00 ml of culture medium. In one experiment radioactive glycine was added to the me- 

dium in a dish containing six 7-day cultures. The filters with the cultures were fixed after 3-24 days with 

alcohol-formol, and stained totally. After dehydration and clearance in xylol, total preparations were made. 

Some cultures were embedded in paraffin wax and series of sections 6-7 /~ in thickness were cut and stained 

with alum-hematoxylin. Altogether 86 cultures were used. A micromethod of double diffusion in gel was 

used to determine o~f-globulin, with the aid of a test system for ~f-globulin [i, 2]. The test system con- 
sisted of rabbit antiserum against serum of newborn mice exhausted with plasma of adult mice, and of the 

serum of newborn mice taken in optimal dilution (1:128). The test preparations were compared with a 

standard test system. 

Serum albumin was determined in a similar manner in the preparations. As test system in this case 

rabbit serum against serum of adult mice, and purified albumin taken in optimal dilution were used. By 

parallel dilution of the serum and antigen this test system was equalized in intensity with the test system 

for ~ f-globulin. 

The determinations were carried out in culture media before and after concentration. For concentra- 

tion, 5 ml of medium was precipitated with 5 ml of 10% TCA and the precipitate was dissolved in I ml 
physiological saline with alkalifieation. Preliminary experiments showed that under these circumstances 
no inactivation of antigen takes place. Pure medium for cultivation and the culture media of nonhepatie 

cultures were used as controls. 
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Fig. 1. Sections through 6-day explant of em-  
bryonic l iver .  Hematoxylin, 200x. 

Fig. 2. Zone of growth of 12-day culture of 
embryonic l iver .  Hematoxylin, 800x. 

TABLE 1~ 
Cultures of Mouse Embryonic Liver  
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Legend: +++strongly positive react ion for ~f-globulin (albumin); 
antigen concentrat ion in culture medium equal to its concentrat ion 
in tes t  system; + + antigen concentrat ion smal le r  than in test  
sys tem;  + weak positive reaction; - no antigen detected inmedium. 

To determine the uptake of labeled amino acids into ~f-globulin and albumin, the method of immuno- 
autoradiography was used [3]. A solution of glycine-C 14 was added to the nutrient medium to give a concen-  
t ra t ion of 2pCi /ml .  After incubation for 2 days with the label the culture medium was concentrated,  and the 
precipi tat ion react ion in agar  was then ca r r i ed  out by the usual  method. The agar  plates were washed, 
dr ied,  and exposed on film. The blackening of the autoradiograph produced by the labeled precipitate indi- 
cated incorporat ion of label into the antigen. 

EXPERIMENTAL RESULTS 

In the first 6 days,growth of epithelial membranes and extensive zones consisting of hematopoietic 
cells were observed on the filters around the explanted pieces of liver. The epithelial cells had a large 
vesicular nucleus with one or two nucleoli. They had sharply defined borders and were polygonal in shape. 
They were joined together by cell bridges and formed a membrane. On the under surface of the filter cells 
resembling branching histioeytes were growing, presumably strornal cells which had penetrated through 
the pores of the filter. In the center of the explants necrosis took place, while in the peripheral areas the 
layers of epithelial cells and myeloid cells remained intact (Fig. I). 
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After  8-24 days the growing epithelial  m e m b r a n e s  on the upper  sur face  of the f i l te rs  became  s t r a t i -  
fied. The epi thel ium in them a s s um ed  the cha r ac t e r i s t i c  morphology of l iver  cel ls  and he re  and there it 
was  a r r anged  as bands r e sembl ing  the columns found in the l iver  (Fig. 2). Numerous  myeloid cells were  
a r r a n g e d  on the m e m b r a n e ,  fo rming  la rge  hematopoie t ic  foci containing hematopoie t ic  cel ls  at different  
s tages  of matura t ion .  P ro l i fe ra t ion  of l ive r  cel ls  took place in the cen t ra l  pa r t s  of the f r agmen t s .  How- 
eve r ,  hematopoie t ic  t i s sue  was found only in the pe r iphe ra l  pa r t  of the f r agment s ,  in close contact  with 
l ive r  cells;  the cen t ra l  zone of the explants contained no hematopoie t ic  t i ssue .  

The resu l t s  of de te rmina t ion  of otf-globulin and albumin in the course  of growth of the cul tures  showed 
that the cul tures  synthesized these prote ins  during 24 days of growth (Table 1). The degree  of synthesis  
c o r r e l a t e d  with the s ta te  of the cul ture.  The occu r rence  o f  t rue  synthes is  of otf-globulin was conf i rmed im-  
m u n o a u t o r a d i o g r a p h i c a l l y - f r o m  incorpora t ion  of labeled amino acid into the invest igated antigens.  In this 
expe r imen t ,  it mus t  be emphas ized ,  the cul ture  was taken a f t e r  no m o r e  than 6 growing f ragments  remained  
in the dish.  Besides  a lbumin and ~f-g lobul in ,  the cul ture media  contained one fur ther  unidentified antigen. 

P ro l i fe ra t ion  of both epithelial  and hematopoie t ic  t i s sue  found in embryonic  l ive r  thus takes  place in 
o rgan  cu l tures ,and  the i r  d i f ferent ia t ion continues.  Much of the init ially explanted l iver  t i s sue  consti tuting 
the center  of the explants degenera tes  in the f i r s t  days.  At the pe r iphe ry  of the f r agments  the l iver  cells 
r e m a i n  intact and fo rm an extensive zone of growth in the fo rm of cha r ac t e r i s t i c  epithelial  m e m b r a n e s  
growing over  the upper  su r face  of the f i l te rs .  

Both inside the f r agmen t  and in the m e m b r a n e s  fo rmed  by them,  the epithelial  cel ls  had the cha r ac -  
t e r i s t i c  morphology of l iver  ce l l s ,  and numerous  mi toses  were  found in them.  The c h a r a c t e r  of d i f fe ren-  
t iat ion of these  cel ls  could be judged f rom the specif ic  synthetic  act ivi ty  which they retained.  The p r e s -  
ence of prolonged and intensive synthes is  of s e r u m  prote ins  in the cu l tures  was demons t ra ted  conclusively.  

Reaccumula t ion  of ~f -g lobul in  and albumin in high concentra t ion took place  in the cul tures  during f r e -  
quent exchanges of cul ture  fluid. Final ly,  incorpora t ion  of labeled amino acids into the invest igated p r o -  
te ins  is d i r ec t  evidence of the o c c u r r e n c e  of synthes is  of a lbumin and o~f-globulin in the cul ture.  Growth of 
typical  connec t ive - t i s sue  e lements  migra t ing  f r o m  the explant through the pores  of the f i l ter  took place 
over  a lower  su r face  of the f i l t e r s .  This se lec t ive  a r r a n g e m e n t  of the growing epithelial  and connective 
t i s sues  on different  su r faces  of the f i l te r  was  explained by the s ize and mobil i ty  of  the l iver  cel ls  and Kupf- 
fe r  cel ls  and by d i f fe rences  in the i r  sens i t iv i ty  to the oxygen concentra t ion in the medium.  

A cha rac t e r i s t i c  fea ture  of the cul tures  desc r ibed  above was the long Pers i s t ence  of intensive h e m a -  
topoies i s  where  the hematopoie t ic  cel ls  we re  in contact  with embryonic  l ive r  cel ls .  The morphology of the 
hematopoie t ic  t i s sue  until  the 24th day of cult ivation indicated continuing h is togenes is  of hematopoie t ic  
ce l l s .  In fact ,  extens ive  foci consis t ing of young hematopoie t ic  cel ls ,  whose life cycle do not exceed 3-4  
days ,  we re  found in cul tures  at this per iod.  Consequently,  these were  cel ls  whose h is togenes is  had con- 
tinued in v i t ro  and not surv iv ing  e lements .  Numerous  mi to se s  were  obse rved  among the hematopoie t ic  
ce l l s .  It  r ema ins  unexplained whether  the prolonged hematopo ies i s  in these cul tures  was connected with 
some  spec ia l  p rope r ty  of embryonic  hematopoie t ic  t i ssue ,  by vir tue  of which it  can p e r s i s t  for a long t ime  
in organ cul ture ,  or  with some  influence of embryonic  l i v e r  cel ls  on hematopoie t ic  t i ssue .  
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