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Cells f r o m  l i ve r  explants  f r o m  pat ients  with Chronic l iver  d i seases  and of l iver  t i s sue  f r o m  rabbi t s  
r ece iv ing  inject ions of carbon te t rach lor ide ,  a r e  capable of act ive p ro l i fe ra t ion  in v i t ro  with the fo rma t ion  
of an epi thel ial  zone of growth, the s t r u c t u r e  of which differs  depending on the c h a r a c t e r  of the pathological  
p r o c e s s .  

Despi te  the well  m a r k e d  abil i ty of the l ive r  to r egene ra t e ,  cult ivation of adult human and animal  l iver  
in v i t ro  as a ru le  gives negat ive  r e s u l t s .  P ro l i f e r a t i on  of epithelial  l iver  cel ls  in cul ture has  been  obtained 
only in the case  of e m b r y o s  and newborn an imals  [4-9]. 

Studies of cult ivation of embryonic  l i ve r  cel ls  have revea led  that these  cel ls  in v i t ro  r e t a in  the s t r u c -  
ture  and metabo l ic  f e a t u r e s  of cel ls  of the or ig inal  t i ssue  [3, 10, 11]. Since chronic  d i seases  of the l i ve r  
a r e  accompanied  as a ru le  by a m a r k e d  inc rea se  in the r egene ra t i ve  act ivi ty  of the organ,  it is to be ex-~ 
peered  that  this ac t iva t ion  will  a l so  be  man i fes t ed  in v i t ro .  

This pape r  de sc r ibe s  the r e su l t s  of in v i t ro  cult ivation of p ieces  of l i ve r  t i ssue  obtained by diagnostic  
b iopsy  on pat ients  with chronic  d i s ea se s  of this organ,  and also the r e su l t s  of exper imen t s  to cult ivate the 
l i ve r  of adult r abb i t s  be fo re  and a f t e r  poisoning with carbon t e t r ach lo r ide .  

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

L ive r  t i s sue  f r o m  6 pa t ien ts  (3 with chronic  hepat i t i s  developing a f te r  infective jaundice, 3 with 
pos tnec ro t i c  c i r r h o s i s  of the l iver)  aged 18-23 y e a r s  was obtained by b iopsy  under  d i rec t  v is ion during 
during l apa roscopy .  In control  expe r imen t s  p ieces  of l i ve r  obtained not m o r e  than 2 h a f t e r  death f r o m  a 
group of 3 pa t ien ts  f r ee  f r o m  l ive r  d i sease  during life were  used.  The l ive r  was explanted in p ieces  not 
m o r e  than 0.5 m m  in d i a m e t e r  in C a r r e l ' s  f l a sks .  A mix tu re  of human and cock p l a s m a  was used  as solid 
phase .  The nutr ient  medium,  consis t ing of 70% medium No. 199, 25% human s e rum,  5% chick embryonic  
ex t r ac t  (50%), and ant ibiot ics  (100 units each of penici l l in and s t r ep tomyc in  p e r  m l  medium) was added 20- 
30 rain a f te r  explantat ion of the t i s sue .  A gas mix tu re  containining 5% CO 2 was then blown into the f lasks  
(pH of med ium 7.2-7.4) and the cul tures  were  incubated at 37 ~ the nut r ient  med ium being changed eve ry  3-4 
days for  4 weeks .  The cul tures  were  s ta ined with hematoxy l in -eos in  or  Sudan black.  Altogether  m o r e  than 
100 human  l ive r  cu l tures  were  obtained.  

In another  s e r i e s  of expe r imen t s  the l i ve r  of chinchilla rabbi t s  aged 6-7 months was used.  Serum 
and hepar in ized  p l a s m a  were  p r e p a r e d  f r o m  blood obtained by card iac  puncture .  L a p a r o t o m y  was p e r f o r m e d  
on the rabb i t s  1-2 days l a te r ,  f i lms  were  made of the l iver ,  and using a human kidney puncture  needle,  two 
identical  cyl inders  of t i s sue  were  r e m o v e d  f r o m  the r ight  lobe of the l iver ,  a f t e r  with the opera t ion  wound 
was closed.  One of the p ieces  of l i ve r  t i s sue  thus obtained was explanted into C a r r e l ' s  f lasks ,  while f r o m  
the second a 50% ex t r ac t  of l ive r  t i s sue  was obtained by homogenizat ion in two volumes  of nutr ient  medium,  
keeping the homogenate  fo r  24 h at 4 ~ and sepa ra t ion  of the superna tant  a f te r  eentr i fugat ion for  10 min  at 
2500 r p m .  P ieces  of l i ve r  not l a r g e r  than 0.5 m m  were  p laced in a thin l aye r  of donor ' s  p l a s m a .  Nutrient  
med ium consis t ing  of 20% s e r u m  of the s a m e  rabbi t s  and 80% Eag le ' s  med ium was added 30 rain l a t e r .  In 
some  s e r i e s  of cu l tures ,  10-20% of Eagle~s med ium was rep laced  by  an equal vo lume of ex t r ac t  of donor ' s  
l ive r .  Cultivation was c a r r i e d  out at  37 ~ with change of nutr ient  medium eve ry  2-3 days for  3-4 weeks .  
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Fig.  1. Epi thel ia l  zone of growth in l i ve r  
cul ture  of pat ient  P. ,  aged 29 y e a r s ,  with 
chronic  hepat i t i s  (18th day of cult ivation).  
Sudan b l a c k - h  ematoxyl in .  100 • 

Fig.  2. L iver  cul ture  of pat ient  K., aged 32 
y e a r s ,  wi th  pos tnec ro t i c  c i r r h o s i s ' 0 f  the 
l i ve r  (19th day of cultivation).  Hematoxy l in -  
eosin,  400 x .  

Fig.  3. Hepatocytes  in a cul ture  of rabb i t  
l i ve r  obtained a f t e r  admin i s t r a t ion  of c a r -  
bon t e t r ach lo r ide  (4th day of cult ivation in 
med ium with autologous s e r u m ) .  M a y -  
G r u e n w a l d - G i e m s a ,  400 x .  

After  l aparo tomy,  the rabbi t  r ece ived  a subcutaneous in-  
jection of carbon t e t rach lo r ide  in a dose of 0.3 m l / k g  twice a 
week for  4 weeks .  A second l apa ro tomy  was then p e r f o r m e d ,  
two p ieces  of l i ve r  were  again removed ,  and the an imal  was 
sac r i f i ced  by bleeding f rom the carot id  a r t e ry ,  the blood ob-  
tained being used to p r e p a r e  s e r u m  and p l a s m a .  A fu r the r  
s e r i e s  of expe r imen t s  was then c a r r i e d  out to cult ivate the 
newly obtained l ive r  t i ssue .  The cul tures  were  s ta ined by the 
M a y - G r u e n w a l d - C i e m s a  method or  with hematoxy l in -eos in .  
In each s e r i e s  of expe r imen t s  16-20 cul tures  of donor ' s  l iver ,  
s e r u m ,  and l ive r  ex t r ac t  were  p r e p a r e d .  Exper imen t s  were  
c a r r i e d  out on 4 rabb i t s .  

In a s e r i e s  of expe r imen t s  to tes t  the toxici ty  of the nu-  
t r ien t  med ium in the l iver  cu l tures ,  a t ryps in ized  subcul ture  
of rap id ly  p ro l i f e r a t ing  f ib rob las t s ,  obtained f r o m  the r abb i t  
act ing as donor of l ive r  t i s sue  by cultivation of p ieces  of p e r i -  
hepat ic  ce l lu lar  t i s sue  of the s a m e  rabbi t s  in a medium of c o r -  
responding  composit ion,  was used.  

EXPERIMENTAL RESULTS 

In the experiments to cultivate liver tissue from cadavers of persons free from liver disease during 
life and also liver tissue from adult rabbits obtained at biopsy before the beginning of carbon tetrachloride 
administration, negative results were obtained. Negative results were also obtained during cultivation of 
the liver of healthy rabbits with 10-20% liver extract of the tissue and serum donor when i0-30% nutrient 
medium from cultures of rapidly proliferating fibroblasts were added tothe flasks containing rabbit liver 
explants at various stages of cultivation, and when a suspension of fibroblasts of the same rabbit was intro- 
duced into the flasks. Absence of proliferation of intact liver tissue in vitro was not connected with the 
toxicity of the nutrient medium used, because the fibroblasts in the flasks with liver explants proliferated 
rapidly, forming a monolayer suitable for subcultivation after 5-6 days. 

Different results were obtained by cultivation of liver tissue from patients and from rabbits poisoned 
with carbon tetrachloride. Initial migration of polygonal cells of epithelial type in the liver cultures of 
patients with chronic hepatitis was observed on the 4th-5th day, and in cultures of cirrhotic liver on the 8th- 
10th day after the beginning of cultivation. Toward the end of the 2nd-3rd week, cells which initially had 
been present singly, in pairs, or in small groups, formed an epithelial monolayer in contact with the explants 
(Fig. i). In some parts of the zone of growth the epithelial layer was intersected by narrow bands of inter- 
woven, highly elongated fibroblast-like cells. In the zone of epithelial membrane, areas were found with 
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organotypic  growth: in these  reg ions  the bands of epithel ial  cel ls  were  co lumnar  in s t ruc tu re ,  i .e. ,  they were  
a r r a n g e d  in chains of 3-9 cel ls  in contact  with each o ther  by one s ide .  Sol i tary mi to t ic  f igures  were  v is ib le  
in l i ve r  cul tures  f r o m  pat ients  with chronic  hepa t i t i s .  Marked p o l y m o r p h i s m  of the epi thel ia l  cel ls  was a 
noteworthy fea tu re  (Figs.  1 and 2). Nuclei of epi thel ial  cel ls  were  usual ly  located centra l ly ,  and they were  
sma l l  in s ize  com pa red  with the a r e a  of the cy toplasm.  The nuclei were  homogeneous in s t r u c t u r e  and con-  
tained f rom 1 to 7 nucleoli ,  which were  round or ,  s o m e t i m e s ,  rod - shaped  or  i r r e g u l a r .  Occasional ly  giant 
cel ls  were  even, having 3-8 sma l l  nuclei ,  in contact  with each other ,  as  well as one or  two o rd ina ry  nuclei .  
The region of the cy top lasm of the epithel ial  cel ls  was nonhomogeneous in s t ruc tu re  close to the nucleus.  
This region often contained l a rge  vacuoles  unstained by eosin and Sudan black,  granules  of dark  pigment ,  
and also sudanophilic inclusions.  The signs of cell  degenerat ion in l i ve r  cul tures  of pat ients  with hepat i t is  
were  ill defined. 

The ra t e  of growth of cul tures  of c i r rho t ic  l iver  was s lower ,  and the i r  zones of growth consis ted  
chiefly of i s le ts  of epithel ial  cel ls  with a few f ib rob las t s  (Fig. 2). Still m o r e  m a r k e d  po lymorph i sm of the 
epi thel ia l  cel ls  was obs e rved  in these cul tures ,  and a typical ,  giant and mul t inuc lear  cel ls ,  o r  cel ls  with a 
collect ion of 4-8 smal l  nuclei  and i r r e g u l a r l y  shaped nuclei,  were  m o r e  f requent ly  seen.  The cell  nuclei 
usual ly  contained not m o r e  than one or  two la rge  nucleoli .  Cultures of adult human c i r rho t ic  l ive r  also were  
dis t inguished by the i r  much m o r e  m a r k e d  evidence of cel l  degenerat ion:  m a r k e d  eosinophil ia  and vacuolat ion 
of the cy toplasm,  espec ia l ly  of its inner  por t ions ,  and pycnos is  of the nuclei were  f requent ly  obse rved .  How- 
ever ,  the degree  of cell  l ipoidosis  was m ode ra t e  in these  cul tures  a lso .  

In l ive r  cul tures  of r abb i t s  poisoned with carbon te t rach lor ide ,  migra t ion  of hepatocytes ,  init ial ly 
f o rming  epithelial  i s le t s  n e a r  to or  some  dis tance f r o m  the explant (Fig. 3), and subsequent ly  an epithel ial  
zone of growth, was obse rved  by the 3rd-4th  day of cult ivation.  The bes t  r e su l t s  were  obtained by cul t iva-  
tion of l iver  t i s sue  with s e r u m  of the s a m e  rabbi t  obtained gf ter  admin is t ra t ion  of carbon t e t r ach lo r ide .  
L ive r  ex t r ac t  of the s a m e  rabbi t s  s l ightly inhibited p ro l i f e ra t ion  of the l ive r  cel ls .  Serum obtained before  
admin is t ra t ion  of carbon t e t rach lo r ide  s t imula ted  p ro l i fe ra t ion  of hepatocytes  to a f a r  l ess  degree  than s e r u m  
obtained a f t e r  a course  of injections of carbon t e t r ach lo r ide .  After  s taining by the M a y -  G r u e n w a l d -  
Giemsa  method,  the sma l l  round nucleus with a coa r se  chromat in  s t ruc tu re  appeared  red  with a violet  tinge, 
while the cy top lasm appea red  light o r  dark  blue,  and when s ta ined with hematoxyl in -eos in ,  cons iderable  
eosinophil ia,  granulat ion,and vacuolat ion of the cy toplasm were  revea led .  

I t  is c l ea r  f rom this descr ip t ion  and i l lus t ra t ion  that cel ls  in cul tures  of human l ive r  affected by a 
pathological  p r o c e s s  p o s s e s s  cons iderable  morpholog ica l  s im i l a r i t y  with cel ls  of the hepat ic  epithel ium in 
p r e p a r a t i o n s  obtained by punch biopsy of the l i ve r  [1, 2]. The r e su l t s  a r e  evidence that epithel ial  cel ls  f rom 
the l i ve r  of adult pa t ients  with chronic  l ive r  d i seases  and of the l ive r  of rabbi t s  with expe r imen ta l  toxic 
hepat i t i s  can be cult ivated in v i t ro  for  a long t ime .  
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