
summation of the inactivation indices of the separa te ly  transplanted cells),  and when the ratio between the ceils 
was 2 : 5 : 1 the inactivation index was only 44.4%, instead of the expected 100%. These resul ts  show that the 
composit ion of the subpopulation of T lymphocytes used includes cells protecting the stem ceils against the 
inactivating action of allogeneic T lymphoeytes.  It will also be evident that the population of splenic T lympho- 
cytes contained more  ceils abolishing the inactivating action of the syngeneic killer ceils than the population of 
T lymphocytes from LN. This fact can evidently explain the lower inactivating power of the Spl than of the LN 
T lymphoeytes (Table 1). 

The nature of the protector  cells  found in these experiments is unknown. The possibili ty cannot be ruled 
out that they are  a subpopulation of lymphoeytes intended to protect  s tem cells against the harmful action of 
various factors .  Another possibil i ty is that the experimental  conditions chosen facil i tate the accumulation of 
large  numbers  of the cells known as suppressor  ceils,  with an important role in the regulation of immunity 
react ions [41. 
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S Y N T H E S I S  OF  ~ - F E T O P R O T E I N  AND A L B U M I N  

BY H U M A N  E M B R Y O N I C  H E P A T O C Y T E S  

T.  L.  s  D. A.  ~ l ' g o r t ,  
a n d  G. I. A b e l e v  

UDC 612.64'35-085.23 

Population aspects of the production of specific secre ted  proteins (serum albumin and c~-feto- 
protein) were studied in cul tures of hepatocytes f rom human embrygs  at 6-12 weeks of devel-  
opment. A method based on local hemolysis  in gel using sheep 's  e ry throeytes  conjugated with 
antibodies against the proteins for test ing was used. The overwhelming majori ty  of hepatocytes 
were  shownto synthesize both proteins.  
KEY WORDS: human embryo;  hepatoeyte cul tures ;  fetoprotein; se rum albumin; local 
hemolysis  in gel. 

In mammalian  development a s t r ic t ly  regular  change in the composit ion of the blood serum, is observed.  
In the ear ly  stages of development a- fe toprote in  (c~-FP) is predominant,  whereas albumin and t rans fe r r in  are  
present  in very  low concentrat ions.  In the course  of development  the c~-FP level falls from 3-5 to 10 -G mg/ml, 
whereas  the concentrat ions of albumin and t rans fe r  rin r ise  sharply [1]. All three  proteins are  synthes iz ed by the 
liver [1]. However, it was not previously known whether there  exists in the liver a "mosaic"  of hepatoeytes, 
each synthesizing one par t icular  protein, or whether they a re  produced by the same cells.  In par t icular ,  it was 
not known whether different populations of ceils synthesizing embryonic and "adult" proteins exist in the 
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Fig. 1. Local  hemolys is  of RBC conjugated with antibodies against  HSA or c~-FP, 
a f t e r  incubation with cul tures  of human hepatocytes ;  p.laques around one (a), two (b), 
and th ree  (c) cel ls  and colonies of cel ls  (d). Hep) Hepatocytes ;  RBC) sheep ' s  e r y t h r o -  
cy tes ;  ZL) zone of lysis .  Phase  cont ras t ,  140 • 

embryonic liver or whether they are produced by the same cells, which alter their profile of synthesis in the 
course of differentiation. 

In the investigation descr ibed  below s e r u m  prote in  synthes is  was studied by the method suggested by 
Mo[irtaro et aL [7] as a modificat ion of the method of local  hemolys is  in gel. The overwhelming major i ty  of 
hepatoeytes in the embryonic  human l iver  w e r e  shownto produce s e rum albumin and a - F P  s imul taneously .  

EXPERIMENTAL METHOD 

Primary cultures of hepatocytes from human embryos at 6-12 weeks of development (obtained at thera- 
peutic abortions) were used for analysis. The residue of hepatocytes obtained after primary treatment [5], 

washing, and centrifugation was poured into a series of petri dishes (Anumbra glass dishes 60 mm in diameter) 
containing culture medium (Eagle's medium with 20% bovine serum) until not more than one to three single 

cells or groups were present in a field of vision under a magnification of i0 • 7. To prevent the layer of gel 
with the erythrocytes from sliding, the bottom of the dish was smeared at the perimeter with 0.1% agarose 
befo,~e sterilization. The cells were cultured at 37~ in an atmosphere containing 7% CO~. The time of per- 
formanee of the experiment was chosen depending ~)n how quickly the cells spread out in a monolayer: 18-42 
h after seeding. Before the experiments the medium was drawn off and the dishes were washed twice with 

medium without serum. 

Antibodies against human serum albumia (HSA) were isolated from commercial antiserum against human 
serum proteins (N. F. Gamaleya Institute ofEpidemiology and Microbiology) by means of an immunosorbent 
prepared from a commercial preparation of HSA on a basis of Sephadex G-200 [3]. Antibodies against c~-FP 

were isolated from commerical antiserum against a-FP (N. F. Gamaleya Institute), additionally exhausted by 
the addition of normal human serum (I vol. of normal serum to I0 vol. of antiserum), with the aid of an immuno- 
sorbent prepared from human fetal serum on the basis of aminoeellulose ester [2] or Sepharose 413, activated 
by CNBr (Pharmacia Fine Chemicals AB, Uppsala, Sweden). 

Antibodies were conjugated with sheep's erythrocytes (RBC) by the use of CrCI 3 [6, 7]. After each batch 
of RBC eoniugated with antibodies against HSA or ~.-FP had been obtained, these erythrocytes were tested for 
reactivity, specificity, and sensitivity in the lysis test [7]. All possible combinations of antibodies, antigens, 
and antisera were tested, including antiserum against human T-globulin (HGG). The lowest concentration of 
antigen causing lysis was I00 ng/ml for ~-FP and I0 ng/ml for HSA. The method of local hemolysis suggested 
by Molinaro [7] for the detection of cells producing HSA and o~-FP was modified as follows. A mixture (19 : i) 
of 0.85% agarose, made up in Hanks's solution, and a 20% solution of thrice-washed erythrocytes conjugated with 
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TABLE 1. Syn thes i s  of HSA and (~,-FP in 
C u l t u r e s  of H e p a t o e y t e s  f r o m  Human  
E m b r y o s  at  6-12 Weeks  of D e v e l o p m e n t  
( loca l  h e m o l y s i s  in ge l  method)  

' N [ i Fractibn of cells and cell groups eausilig 
Iysis of sheep's erythrocyte~s in'gel (absdL 

[ ~o lute number and percen/ages) 
t~ o I~ ~. RBC anti-HSA RBC anti-a-FP 

~I~oE r ~ L 2 - 3  s 1 2-3 3 Qj,x3 
}< ~o I N "~' cell cells cells cell ieelIs ceils 

3/, 
75% 

21/29 
72% 

13/16 
8196 
13/15 
86% 
13/21 
62% 

11/12 
92% 
4/12 
33% 

14/;~% 
80% 

12/13 
92% 
8/11 
72% 

Legend .  N u m e r a t o r  - n u m b e r  of c e i l s  
f o r m i n g  p l a q u e s ,  d e n o m i n a t o r  - t o t a l  
n u m b e r  of c e l l s .  

2 8/2 8 
I00% 
2/T 

100% 
12/12 
;oo% 
3'~/B 3 
97% 

32/35 
91% 

lO/it 1 
lOO% 
12/12 
ioo% 
13/16 
81% 

23/29 
79% 
34/3e 
95% 

12/13 
92% 

24/29 
83% 

24/28 
86% 

a n t i b o d i e s ,  p r e p a r e d  h n m e d i a t e l y  b e f o r e  u se ,  was pou red  in v o l u m e s  of i ml  o v e r  the  washed  d i s h e s  with c u l -  
t u r e s .  The  c e i l s  w e r e  incuba ted  with e r y t h r o c y t e s  fo r  3 -4  h (37~ 7% CO2), 1 ml  of the  d e v e l o p i n g  a n t i s e r u m  
was added  to each ,  and incuba t ion  con t inued  fo r  1 h. The  a n t i s e r a  w e r e  d rawn  off, 1 m l  of c o m p l e m e n t  ( f r e sh ly  
f r o z e n  gu inea  p ig  s e r u m  in a d i lu t ion  of 1 : 10) was added  to each  d i sh ,  and incuba t ion  con t inued  for  a f u r t h e r  1 
h. The  d i s h e s  w e r e  e x a m i n e d  u n d e r  an i n v e r t e d  p h a s e - c o n t r a s t  m i c r o s c o p e  and the  p e r c e n t a g e  of c e l l s  g iv ing  
h e m o l y t i c  p l aques  was counted .  In each  v a r i a n t  of the  e x p e r i m e n t  t h e r e  w e r e  two to four  d i she s .  In each  d i sh  
the  s i n g l e  c e l l s ,  g roups  of two o r  t h r e e  c e i l s ,  and l a r g e r  c o l o n i e s  w e r e  counted  s e p a r a t e l y ,  t h e r e  be ing  u s u a l l y  
50 d i s c r e t e  g roups  to each  d ish .  

E X P E R I M E N T A L  P~ESU L T S  

The  f o r m a t i o n  of h e m o l y t i c  p l aques  was o b s e r v e d  a round  h e p a t o c y t e s  s e c r e t i n g  the t e s t  an t igen  (Fig .  1). 
The  r e s u l t s  of d e t e r m i n a t i o n  of the f r a c t i o n  of e m b r y o n i c  h e p a t o c y t e s  a round  which p l aques  we re  f o r m e d  a r e  
g iven  in T a b l e  1 ( s e v e r a l  t y p i c a l  e x p e r i m e n t s ) .  C l e a r l y  a l l  o r  n e a r l y  a l l  the  h e p a t o c y t e s  could  p r o d u c e  both 
HSA and c~-FP.  H o w e v e r ,  s c a t t e r  of the  da t a  ob t a ined  in the  d i f f e r e n t  e x p e r i m e n t s ,  o r  even  in the s a m e  e x p e r i -  
men t  in p a r a l l e l  d i s h e s ,  was o b s e r v e d  and was e v i d e n t l y  due to d i f f e r e n c e s  in the  a d a p t a b i l i t y  of the  c e l l s  to in 
v i t r o  c o n d i t i o n s .  

The  s p e c i f i c i t y  of the  r e s u l t s  was  c o n f i r m e d  by a s e r i e s  of c o n t r o l  e x p e r i m e n t s .  When homologous  a n t i -  
s e r u m  used  for  d e v e l o p m e n t  was r e p l a c e d  by a n t i s e r u m  of a d i f f e r e n t  s p e c i f i c i t y  (RBC an t i -HSA by a n t i - c ~ - F P  
o r  a n t i - H G G ,  RBC a n t i - c ~ - F P  by an t i -HSA o r  an t i -HGG)  no p l a que s  w e r e  f o r m e d .  No p l a que s  l i k e w i s e  w e r e  
f o r m e d  a f t e r  r e p l a c e m e n t  of  e r y t h r o c y t e s  con juga t e d  with a n t i b o d i e s  by n o r m a l  e r y t h r o c y t e s  o r  when c u l t u r e s  
of e m b r y o n i c  f i b r o b l a s t s  w e r e  used  i n s t e a d  of h e p a t o c y t e s .  

In s o m e  e x p e r i m e n t s  the  incuba t ion  t i m e  of  the  c e l l s  with the  e r y t h r o c y t e s  was changed  f r o m  0 to 6 h. In 
th i s  c a s e  a t e n d e n c y  was o b s e r v e d  for  the  n u m b e r  of p l a que s  to i n c r e a s e  with t i m e  and,  in p a r t i c u l a r ,  for  t h e m  
to i n c r e a s e  in s i z e ,  showing  tha t  p laque  f o r m a t i o n  de pe nds  on the  s y n t h e s i s  of HSA and cy-FP de novo by  the 
c e l l s .  
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The method revealed high sensitivity. The quantity of both antigens produced by one ceil, even in 1 h, 
was often sufficient to cause lysis of e ry throcytes  over an area severa l  t imes larger  than the area of the cell. 

The initial suspension of human embryonic liver ceils was heterogeneous in composition, only 60% of the 
total number of cells being hepatocytes. This suspension could not therefore  be used to study population 
aspects  of protein synthesis by the ceils by the local hemolysis in gel method. The modification of the method 
used, consist ing of p re l iminary  cul ture  of the ceils  in petri  dishes followed by superposit ion of a layer of 
e ry throcyte  suspension in agarose  on the cell monolayer  and microscopic  assessment  of the resul ts ,  had 
three advantages:  F i r s t ,  it enables hematopoietic cells to be eliminated during culture;  second, it enables the 
morphology of each cell, whether giving or not giving a plaque, to be determined; and third, it enables living 
cells to be c lear ly  differentiated from dead. 

The resul ts ,  namely 100% of ceils producing both ce-FP and HSA (the maximal result), mean that human 
embryonic hepatocytes,  at the period of development studied (6-12 weeks) can in the overwhelming major i ty  of 
cases  synthesize a - F P ,  and that the synthesis of both HSA and a - F P  takes place in the same ceils. However, 
despite the high sensit ivity of the method and the s trong dependence of protein synthesis on the physiological 
state of the cells,  the population s t ruc ture  cannot be estimated exactly by this method - for example, the rat io 
between ceils producing and not producing a - F P  cannot be so established, or a cell  sys tem more  adapted to 
growth in vi tro is required.  Analysis  based on the maximal  resul t  in paral le l  vers ions  of the test  will probably 
be co r r ec t  in every  ease.  

In some experiments  the formation of hemolytic plaques was observed around dead hepatocytes which had 
separated f rom the glass and were in the body of the gel. This phenomenon could be due to several  causes.  
Dead cel ls  could have taken up bovine se rum from the cul ture  medium, and the proteins of that serum,  diffusing 
into the agarose,  could then have formed hemolytic pIaques by c rossed  reactions with HSA or ce-FP. However, 
neither RBC anti-HSA nor RBC a n t i - a - F P  gave lysis i n t h e  bovine serum lysis test  [7]. Another explanation, 
namely "suicide" of the cell  as a resul t  of what is called "bystander lysis ,"  i.e., lysis of ceils bordering on the 
an t igen-an t ibody  complex activating the C 5 component of complement,  is possible.  

The resul ts  of these experiments  conf i rm those obtained for the human embryonic liver by methods of 
immunofluorescence and microe lec t rophores i s  in polyacrylamide gel [4], 
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