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A simple and reproducible  method of monolayer  cultivation of hepatocytes  f rom 7-12-week 
human fetuses is suggested. Such cu l tu res  a re  capable of l imited growth, they can be main-  
tained without subculture for 4-6 weeks, and they p r e s e r v e  cer ta in  specific cha rac te r i s t i c s :  
synthesis  of such charac te r i s t ic  se rum proteins as albumin and a-fe toprotein ,  the p resence  
of a high glycogen content and high monoamine oxidase activity, and the charac te r i s t i c  r e a c -  
tion to high concentrat ions of glueocorticoid.  These proper t ies  can be used in experimental  
genetics as m a r k e r s  o r  for  selection purposes .  
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Fo r  the study of many problems connected with the control  of cell  differentiation and cer ta in  special  
problems,  many workers  in recent  yea r s  have attempted to use prol i fera t ing specialized-human cel ls  in 
cul ture  in vitro. Parenchymatous  cel ls  of human embryonic l iver  a re  �9 important  in this respec t  
for  these cel ls  have a number  of effectively control lable metabolic mechanisms.  

The following types of human l iver  cel ls  a re  descr ibed in the l i t e ra ture  as suitable for  cul ture:  1) 
aneuploid t ransplantable lines, with some tendency to malignant change [6], obtained from spontaneously 
t ransformed cel ls  of a p r ima ry  human l iver  c u l t u r e -  these cel ls  p r e s e r v e  cer ta in  specific functions r e l a -  
tively unchanged; 2) diploid cul tures  consis t ing of morphologically changed cel ls  o r  a mixture  of cel ls  of 
different types [5, 7, 8, 9, 10] - t h e s e  cul tures  p rese rved  cer ta in  specific p roper t i es  for  a varied period of 
time. 

The objective of this investigation was to obtain a monolayer  cul ture  of hepatoeytes satisfying the 
following demands:  maintenance of viability as long as possible;  homogeneity as regards  cell  type; p r e s e r -  
vation of specific cha rac te r i s t i c s .  The requirements  as regards  method were  simplicity and reproduc i -  
bility. Fur the rmore ,  so that such cul tures  could be used in experimental  genetics,  they must  also possess  
proper t ies  by means of which they could se rve  as m a r k e r s  or  for posit ive selection. 

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

The l iver  f rom human fe tuses  aged 7-12 weeks (from therapeutic abortions) was cultured. The l iver  
was washed with medium, the surrounding connective t issue was removed,  and the organ was cut up into 
small  pieces in 2-3 volumes of a 1 : 1 mixture of t rypsin and versene.  After  incubation for  30 rain at 36.5 ~ C 
the minced l iver  was vigorously pipetted, covered with excess of medium, and centrifuged for 10 rain at 
2000 rpm. The res idue was resuspended in medium and the cel ls  were  counted in a Goryaev ' s  chamber ,  
using Tiirck 's  fluid. The hepatocytes under these conditions appear  as the la rges t  cel ls ,  retaining their  
cytoplasm. F r o m  1 �9 106 to 3.106 cel ls  (depending on the age of the fetus) in 4 ml medium were  t r ans fe r red  
to a Pe t r i  dish (diameter 5.5 cm) with covers l ips  (9 • 18 mm) on the bottom. The cel ls  were  cultivated at 
36.5 ~ C in an a tmosphere  with 7% CO z. The medium was changed on the third day. F ragmented  and non- 
adherent  red cel ls  were  careful ly washed off with a jet of medium. The medium was then changed every 
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Fig. 1. Human hepatocytes  in vitro: a) cul ture  with addition 
of prednisolone (phase contras t ,  140x); b) cel ls  in cul ture  
without prednisolone (phase contras t ,  i40 x); c) stained with 
hematoxy l in -eos in ;  160 x; d) react ion for  glycogen, 720 x; e) 
react ion for  monoamine oxidase, 160 x. 

3 days. The composi t ion of the nutrient medium for  seeding was: Eag le ' s  medium with glutamine 80%, 
embryonic calf  se rum (GJBC (9) 20 %, prednisolone 150 mg /ml .  Fur the r  cultivation was ca r r i ed  out in the 
same medium without prednisolone.  On the third day of cultivation insulin (0.12 unit /ml)  and glucose (to a 
final concentrat ion of 0.1%) were  added. 

Intravital  phase -con t ras t  microscopy ,  using an inverted mic roscope  and fixed prepara t ions ,  was a -  
dopted for  the cytomorphological  investigation. The mater ia l  was fixed with Bouin's  solution and stained 

wi th  hema toxy l in -eos in .  Cytochemical  tes ts  fo r  glycogen, lipids, alkaline and acid phosphatases,  mono-  
amine oxidase, nonspecific es te rase ,  and dopa-oxidase were  ca r r i ed  out by the usual methods [1, 3]. 

F o r  the autoradiographic investigation the mater ia l  was incubated for  24 h with thymidine-H 3 (USSR) 
in a dose of 0.5 Ci /ml .  The pool of labeled cel ls  was determined by counting 2-4 cul tures ,  with at least  
500 cel ls  in each cul ture,  at each point. ~ , fe toprotein  and se rum albumin were  determined in the cul ture  
medium by Ouchter lony 's  double immunodiffusion test  in gel in the micromodif ica t ion [2] using a standard 
tes t  sys tem [4]. To de termine  c~-fetoprotein, an immunodiagnostic serum for p r i m a r y  ca rc inoma  of the 
l iver and tera toblas toma,  p repa red  by the N. F. Gamaleya Institute of Epidemiology and Microbiology, was 
used. The test  sys tem for  human se rum albumin was kindly provided by A. I. Gusev and A. K. Yazova. 

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

Altogether  87 specimens were  taken for  cul ture.  Cultivation was successful  in all cases .  The seeding 
efficiency was 50-65 % depending on the age of the fetus. The cul tures  were  maintained without subculture 
for  4-6 weeks. Observat ions on evolution of the cul tures  gave the following resul ts .  Single cel ls  and con-  
g lomera tes  of 10-12 cel ls  settled to the bottom and became attached there in under 12 h af ter  seeding. Phase -  
cont ras t  microscopy  after  24 h revealed numerous  islands of polygonal epithelial cel ls  with la rge  nuclei 
and granular  cytoplasm.  Most cel ls  had one nucleus, but cel ls  with two nuclei were  fair ly common and those 
with three  nuclei less  so. The nucleus contained one or  two compact ,  round nucleoli (Fig. la,  c). In cu l -  
tures  to which no prednisolone was added during seeding, cel ls  with different morphology could be seen be-  
tween the islands of hepatocytes  - r a n g i n g  f rom single polygonal cel ls  to fus i form bipolar  c ells Of f ibroblas t -  
like type (Fig. lb). After  seeding with prednisolone the islands of epithelial ce l l s  were  much l a r g e r  and on 
the 7th-10th day they were  a lmost  confluent. 
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In the expe r imen t s  in which thymidine-H 3 was  used, 18 • 3 % of labeled nuclei w e r e  found on the third 
day of cult ivation,  21 • 4 % on the 4th day, 31 • 5 % on the 5th day, and 21 • 6 % on the 6th day. On the 10th 
day the c ells ceased  to incorpora te  thymidine-H 3, and approx imate ly  f r o m  that day ce l l s  with labeled nu- 
clei  appeared  i n d e n s e z o n e s  of the cu l ture .  On the 22nd day labeled nuclei a lso  w e r e  found in the dense  p a r t s  
of the l aye r .  The appea rance  of labeled ce l l s  l a t he  late pe r iods  of cult ivation m a y  pe rhaps  indicate that  death of 
the hepatoeytes  in the  s ta t ionary  s tage does  not take place c r i t ica l ly ,  as  inttm ease  of f ib rob las t s ,  bu tby  gradual  
dea thaad  sepa ra t iono f ind iv idua l ee l l s ,  while neighboring ce l l s  s t a r t t o r e p l i c a t e .  T h i s c o u l d b e  aman i f e s t a t i on  
of physiological  r egene ra t ion  in v i t ro .  Despi te  the obvious i nc rea se  in the  number  of ce l l s  and the l a rge  p r o -  
por t ion of ce l l s  syii thesizing DNA, m i t o s e s  we re  r a r e l y  seen  in these  cu l tu res  and an exact  count Of t h e - -  
mitot ic  index was difficult.  Some b inuc lear  ce l l s  w e r e  seen in which one nucleus was in mi tos i s  (Fig. lc ) .  

The r e su l t s  of the cy tochemiea l  t e s t s  w e r e  as  follows. The reac t ion  for  glycogen was s t rong  in all  
cel ls .  Glycogen filled the whole cy top lasm in l a rge  m a s s e s .  The s t ronges t  reac t ion  was obse rved  in the 
dense  p a r t s  of the monolayer .  It was  weake r  in the s t ra t i f ied  ce l l s  and at  the pe r iphery  of the colonies (Fig. 
ld).  In the t e s t s  for  l ipids Sudan-posi t ive  ma t e r i a l  was  uniformly d is t r ibuted  throughout the cy top lasm to 
f o r m  networks  or  ves ic les .  The r eac t ion  for  alkaline phosphatase  was pos i t ive  in all  ce l l s ,  but its act ivi ty 
var ied.  The reac t ion  for  acid phosphatase  was s t rong in all ce l l s .  The reac t ion  for  e s t e r a s e  (nonspecific) 
was w e a k e r  than in f ibroblas ts .  The reac t ion  for  monoamine  oxidase  ( t ryptamine oxidase) was s t rong in 
all  ce l l s  (Fig. le ) .  A m arked  reac t ion  for  dopa-oxidase  was observed  in the dense  a r e a s .  

On the 7th and 10th days of cult ivat ion,  immunochemica l  ana lys is  of the sec t ions  showed the p r e s e n c e  
of s e r u m  pro te ins  synthes ized in vivo by pa renehymatous  ce l l s  of the embryonic  l i ve r  - a - f e t o p r o t e i n  and 
s e r u m  albumin. All cu l tu res  grown under  s tandard  conditions act ively  synthes ized these  pro te ins .  In o rde r  
to p ro tec t  these  pro te ins  in the medium,  cult ivation for  s eve ra l  days  without a change of medium was r e -  
quired. 

A p r i m a r y  cu l tu re  of human embryonic  l ive r  ce l l s  adapted to growth in vi t ro  was thus obtained. The 
specif ici ty  of the ce l l s  in this invest igat ion was es tabl ished on the bas i s  of a combinat ion of fea tures :  p r o -  
duction of s e r u m  prote ins ,  a high glycogen content, high monoamine  oxidase act ivi ty,  and a reac t ion  to high 
concent ra t ions  of glucocort icoid.  

The authors  a r e  gra teful  to S. D. P e rova  and G. I. Abelev (Labora tory  of Immunochemis t ry  of T u mo rs ,  
N. F. Gamaleya  Inst i tute of Epidemiology and Microbiology) for  the immunochemica l  ana lys i s  of the cu l tu re  
media .  
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