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As a rule tumors  p r e se rve  the features  of differentiation of the t issue f rom which they arose .  These 
features  are  usually unequally expressed  in different cells of the same tumor.  This inequality may be the r e -  
sults of the fact  that a s tem line capable of producing a progeny going on to terminal  differentiation exists in 
tumors .  The s tem line of a tumor does not c a r r y  features  of differentiation, but it is de termined for a pa r t i c -  
ular  direct ion of development,  which is real ized in some of its progeny. The ratio of s tem cells to different i-  
ated cells de termines  the level of differentiation of the tumor and its heterogenei ty with respec t  to express ion 
of features  which can be studied. Such a tumor  s t ruc ture  has in fact  been demonst ra ted  for embryonic  te ra to-  
carc inomas  [11, 12], mouse virus e ry throblas tos i s  [15], and myeloid leukemia [13], in which s tem lines and 
terminal ly  differentiated cells segregat ing f rom them have been discovered.  

The origin of many tumors  f rom determined but not differentiated p r e c u r s o r  cells of a definite t issue is 
in complete harmony with the scheme descr ibed previously  [7].  At the same time the possibi l i ty cannot be 
ruled out that in malignant cell t ransformat ion  ability for se l f -support ,  which is a feature under normal  condi- 
tions of only s tem or  semis t em cells,  is acquired by differentiated cells, which p re se rve  the level of their  dif- 
ferentiat ion in the tumor.  

This problem has not been resolved for the overwhelming major i ty  of tumors,  for experimental  ap- 
proaches  to the determinat ion of the level of differentiation of the s tem cell in a tumor are almost  completely 
absent. The exceptions are leukemias,  which have differential  membrane  antigens, antibodies against  which 
can suppress  the corresponding s tem cells [61. 

Hepatomas of animals and man p r e s e r v e  many features of normal  hepatocytes,  including ability to syn-  
thesize s e rum proteins [1t .  It is quite unclear  whether they are  produced by the s tem cells  of the tumor  o r  by 
their  differentiated progeny.  The la t ter  would seem to be the most  l ikely explanation [21, and for  severa l  
yea r s  the wr i te rs  have endeavored to find a way of testing this hypothesis experimental ly  [2, 4]. 

The object of this investigation was to study the ability of clonogenic (stem) cells of a hepatoma to syn-  
thesize the embryonic  se rum protein alphafetoprotein (AFP).  AFP-produc ing  cells have been demonst ra ted  by 
the method of local hemolysis  in gel [8, 10], with cer ta in  modifications introduced by the wri ters .  The clono- 
genic ability of AFP-produc ing  cells was determined by colony format ion by them during subsequent culture.  

EXPERIMENTAL METHOD 

Rat hepatoma McA-RH 7777, cultured in vitro, was generously provided by Dr. Beeker and Professor 
Van Potter under the aegis of the Soviet-American Collaboration on the Immunology of Tumors. This hepa- 
toma actively synthesizes AFP and a number of serum proteins of adult animals [3]. 

Rabbit antibodies (AB) against rat AFP, purified on an immunosorbent for use in the work were gener- 
ously provided by D. A. El'gort. Activity of the AB was completely suppressed by a purified preparation of 
AFP, in equivalent proportions. The AB were dialyzed against the culture medium and kept at -20 ~ C. Sheep's 
red blood cells (SRBC) were conjugated with protein A (from Pharmacia, Sweden) with the aid of CrCI 3 by the 
method in [9], suggested for conjugation of SRBC with AB: 0. I ml of a 0.05% solution of protein A was conju- 
gated with 0.5 ml of a 20% suspension of SRBC with the aid of 0.6 ml of 0.01% CrCI 3. The material was cul- 
tured in plastic Petri dishes 35 mm in diameter (Falcon Plastics, 3001), treated with a 0.1% solution of poly- 
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TABLE 1. Charac te r i s t i cs  of Clonogenie Cells 
and Clones of Hepatoma McA-RH 7777 

Type of Number of  Number of 
elonOgenic Type of clone: 

cells cells e lon~  

+AFP 

- - A F P  

106 

66 

+ AFP 
-- .AFP 
Mixed 

-F-.AFP. 
- - A F P  
Mixed 

60 
31 
15 
2 

61 
3 

Fig. 1. Photographs of the same area  of a Pe t r i  dish on the 2nd (a), 5th (b), and 8th day 
(c) of culture,  a) Magnification 4 (Diavert mic roscope ) ,  field of vision was outlined im-  
mediately af ter  testing with a needle on the outer  side of the floor of the dish; b) lysis  of 
the e ry throcy tes  had not yet  taken place on the 5th day of culture,  the plaques were en- 
larged; c) clone formation can be distinguished on the 8th day. Clones growing f rom 
+AFP a n d - A F P  cells are  visible. 

lysine (from Serva, West Germany) .  The t rypsinized suspension of hepatoma cells was seeded into dishes, 
washed to remove free polylysine (2000 cells per  dish) in Hanks' solution without serum.  After  at tachment of 
the cells to the dish 0.01 ml of a 20~ suspension of SRBC, conjugated with protein A (SRBC-A), was added. 
The SRBC-A was uniformly distr ibuted over the dish and adhered f i rmly to its surface covered with polylysine, 
to form a continuous monolayer .  The monolayer  of cells and SRBC-A was then covered with 0.5 ml of 0.3% 
agarose  solution (from Calbiochem, USA) in DMEM medium with 2070 embryonic  calf s e rum (ECS) containing 
]0 ~g of AB. After  solidifying the agarose  formed a l ayer  about 0.5 m m  thick. The dishes were incubated at 
37~ in an a tmosphere  containing 5% CO 2 for 20-24 h. During this t ime the cells still had not begun to divide. 
The AF P  secre ted  by the cells was adsorbed on SRBC-A, which had previously  bound AB of the IgG class .  Free  
diffusion of AFP in the gel was blocked by AB, and the excess  of AB in the medium enabled the formation of an 
an t igen-ant ibody complex to red blood cells,  binding complement  (C' ) ,  to take place. After  incubation, guinea 
pig se rum (C') ,  diluted 1/30-1/40 with culture medium, was layered above the layer  of agarose.  The concen- 
trat ions of AB and C' were chosen beforehand. The dishes were examined under a " D i a v e r t "  inverted m i c r o -  
scope (from Leitz, West Germany) .  After  only 30 rain c lear  zones of hemolysis  (plaques) were visible around 
single cells.  After  60 rain the number  of plaques did not increase  any more,  nei ther  did their  Size. 

Single plaque-forming cells and also cells without plaques were outlined with a pointed needle f rom the 
under side of the dish, under microscopic  control:  The cells thus outlined were photographed. 

Next, 0.5 ml of culture medium with 20% ECS was added to each dish, af ter  which the dishes were i n c u -  
bated for 7-10 days and the same fields of vision were periodical ly  photographed. On the 2nd day most  of the 
adherent  cells had begun to divide, and for  aper iod of several  days they formed colonies (clones).  Under these 
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Fig. 2. +AFP clone growing from plaque- 
forming cell. Here and in Fig. 3 cells were 
stained by the immunoperoxidase method with 
antibodies against ra t  AFP. Diavert micro-  
scope (Leitz, West Germany).  Magnification 
70. 

Fig. 3. AFP clone growing from a cell not 
forming a plaque. 

circumstances the SRBC and plaques were sometimes preserved until the end of the experiment. 

The cells were fixed in 4/~ formalin in buffered physiological saline and stained for AFP by the immuno- 
peroxidase method [5, 141. 

Cells in the same dishes which did not form plaques, and absence of plaques in the dish before addition 

of C' served as the internal control. 

EXPERIMENTAL RESULTS 

Plaques formed by single hepatoma cells producing AFP, just like the ceils of that hepatoma which did 
not form plaques, are illustrated ill Fig. ia. The use of an SRBC-A monolayer in the version described above 
enabled very distinct plaques to be obtained, located in the same plane, and the daily incubation of cells, com- 

parable with the cell cycle, before addition of C' enabled all the AFP-producing cells evidently to be discov- 
ered. Two days after seeding the cells, most cells, whether or not they formed plaques, could be seen to be di- 
viding. By the 8th day in culture colonies of about 30 cells were formed (Fig. lb, e). Consequently, neither the 
polylysine covering of the base of the dish nor the presence of erythrocytes, activated C', or lysis products of 
erythrocytes prevented colony formation. Attempts were therefore made to remove C' and erythrocyte lysis 
products as quickly and completely as possible, and this was facilitated by the thin layer of gel used in this 
variant of the method. 

The reproducibility of the method is very high. Quantitative results of one experiment are given below. 

The cloning efficiency in this experiment was close to 70~c - 250 colonies from 359 single cells. It was 
the same both for AFP-producing (+AFP) cells and for cells not producing AFP (-AFP): 69~ (163 of 236) and 
71% (87 of 123) respectively. 
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Some colonies were  studied before  the s tage of staining (Figs .  2 and 3; Table  1). It will be c l ea r  f rom 
Table I that the colonies in m o s t  c a se s  p r e s e r v e d  the type of synthes is  of the ances t r a l  cell .  "Swi tch ing"  of 
the type of synthes is  was obs e rved  m o r e  often f r o m  +AFP to - A F P  than vice v e r s a .  This  r e su l t  pe rhaps  does 
not r e f l ec t  the t rue  re la t ionship ,  for  sens i t iv i ty  of local  hemolys i s  in A F P  de te rmina t ion  may  be much higher  
than i ts  detect ion by the immunoperox idase  method in cel ls .  The study of " s w i t c h i n g "  in clonal l ines with 
max imal  A F P  product ion may  give the p r ec i s e  answer  to this quest ion.  In jus t  the s a m e  way the nature  of 
" m i x e d "  clones r equ i r e s  fu r the r  study. 

The r e su l t s  thus show that  hepa toma McA-RH 7777 cons is t s  of +AFP and - A F P  clones which, in mos t  
cases, do not possess [ntraclonal heterogeneity for this character. Most cells in both types of clones are self- 
maintaining (clonogenic). Ability to synthesize AFP does not correlate with the clonogenic potential of the 
hepatoma cells. Consequently, this character is expressed in the stem line of the tumor and is not connected 
with the formation of terminally differentiated cells, as the present writers postulated previously [2]. The 
answer to the question, to what extent is the synthesis of adult serum proteins produced by this hepatoma ex- 
pressed in its stern line, will be obtained by similar experiments. 

The approach suggested in this paper enables the presence of characters of differentiation inherent to 
this tumor to be detected in tumor stern cells. The method developed for this purpose, in the writers' view, 
has a more general value and can undoubtedly be used for selecting rare clones with assigned antigenic proper- 
ties for  the quanti tat ive ana lys i s  of the clonal s t r u c t u r e  of cell  populat ions and s t em l ines of var ious  tumors  
producing soluble antigens.  

The authors  a re  gra tefu l  to D. A. ~El'gort for  isolat ing antibodies agains t  A F P  and for  advice,  to A. K. 
Yazova fo r  the an t i s e rum agains t  AFP,  to E. B. Mechetner  for  valuable  advice during d i scuss ion  of technical  
p r o b l e m s ,  and to O. A. Muratova  for  technical  a s s i s t ance .  
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