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The number of nucleoli in the cells of the body is usually small  [1, 2]. It may be increased  in many nor -  
mal (regenerations) and pathological p rocesses ;  the la t te r  include malignant t ransformat ion  of cells, which is 
often accompanied by amplification of r-DNA genes [10, 14]. An increase  in the number of nucleoli has also 
been demonst ra ted  in psor ias i s  [7], the pathogenesis of which is connected with hyperprol i ferat ion of cells of 
the epidermis .  It has been suggested that the number  of nucleoli may be an informative charac te r i s t i c  of sev-  
eral  d iseases  connected with activation of immune p r o c e s s e s  in the body, and also for monitoring their  t rea tment  [8]. 

However, it is not yet c lear  whether an increase  in the number of nucleoli in the cell is a specific fea-  
ture  of a par t icu lar  disease o r  whether this increase  is s imply due to a change in the prol iferat ive activity of 

the cells. 

Cell prol i ferat ion in vitro Is based on stimulation of prol i ferat ion by serum growth factors  [2]. A pri~ 
m a r y  culture of human diploid cells is a good model with which to study st imulated cell proliferat ion.  In this 
case the factor  causing the cells to commence the mitotic cycle is the conditions of cultivation themselves,  in- 
eluding the composition of the nutrient medium. 

The aim of this investigation was to study the prol i ferat ive charac te r i s t i cs  of cells of a p r ima ry  culture 
and the ear ly  stages of culture, changes in the number  of nucleoli during stimulation of entry of the cells into 
the mitot ic  cycle, and manifestat ion of features  of differentiation depending on long- t e rm culture. 

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

Experiments  were car r ied  out on diploid cells obtained f rom various t issues  (skin, muscle  t issue,  lung, 
pigmented epithelium of the eye) of fetuses aborted on medical grounds at the 8th-12th week of pregnancy. The 
technique of obtaining p r im a ry  cultures was the same as that usually adopted [1]. The conditions of culture and 
organization of the cloning experiment were descr ibed previously [6]. The index of labeled cells was determined 
autoradiographical ly [9]. The cells were stained by Urma's method [5] with Water blue, orcein,  and eosin. By 
this method it is possible to demonstra te  the morphological  features  of the cells in vitro.  Considering that it is 
not a recognized method for  specific staining of nucleoli, it was compared with the method that is accepted for 
this purpose,  namely  staining with methyl green  and pyronine,  by Unna's method [3]. By the specificity of s tain-  
ing of the nuclei, the two methods were found to be identical in this model. The resul ts  were subjected to s ta -  

t is t ical  analysis  by the usual methods [4]. 

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

Most p r imar i ly  t rypsinized cells adhered to the culture surface in 1-2 h. During the f i rs t  day of culture 
the number  of cells did not increase .  The f i r s t  mitoses  could be observed after 40 h. After  a dense monolayer  
had been obtained (7-10 days) the cells were t rypsinized and t r ans fe r r ed  to a vessel  of g rea te r  a rea  (first pas-  
sage). Later ,  the cultures underwent passage every 5-6 days. 

The suspension of p r imar i ly  t ryps in ized  cells was divided into three par ts .  One part  was used to de ter -  
mine the index of labeled cells, the other  for continuing their  culture, while the third par t  was maintained under 
clonal conditions. At the 2nd and 5th passages  the s t ra ins  were analyzed again with respec t  to these pa rame te r s .  
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TABLE i. Prol i fera t ive  Charac ter i s t ics ,  Features  
of Differentiation, and Number of Nucleoli in Cul- 
tures  Obtained f rom Various Human Embryonic  T i s -  
s ues 

T ~ s u e  

Skin 

Lung 

Muscle tissue 

Pigmented 
e~eithelium of 

eye 

Passage 

Primary 
culture 

3O h 
96 h 
2rid 
5th 
Primary 

culture 
30 h 
96 h 
2nd 
igth 
i Primary 

culture 
30h 
96 h 
2nd 
5th 
Primary 

culture 
30h 
9@ h 
2nd 
5th 

~; Mean 
~ '~' ~ number of 

"~'U ~ ~ 0~r176 nucleoliper 
o ~ ,. ~ cell 

O 

0 , 2  - -  

17 

0 
0 

93 

36 
0 

1,90• 
2,87___0,060 
3,61___0,037 
3,65• 

1,95+0,077 
2,84• 
3,73• 
3,74• 

1,93• 
2,76• 
3,86• 
3,83!0,049 

1,79• 
2,66+__0,043 
3,68• 
3,71• 

The study of the number  of nucleoli depending on the length of t ime in culture (the number of passages)  
showedthat,  i r respec t ive  of the nature of the t issue (skin, muscle  t issue,  lung, pigmented epithelium of the eye) 
t r ans fe r  of the cells to in vitro conditions and associa ted stimulation of prol iferat ion led to an increase  in the 
number of nucleoli per cell (Table 17. All changes in this pa ramete r  took place before the second passage dur-  
ing culture, and thereaf te r  the number of nucleoli did not change. 

The study of the prol iferat ive charac te r i s t i cs  of the cultures and manifestat ion of features  of t issues 
showed that cells of the p r im a ry  culture have the lowest prol i ferat ive charac te r i s t i cs .  They increased  during 
culture to reach a maximum at the 5th passage.  However, it was cells of the p r imary  culture which had the 
most marked signs of differentiation, cha rac te r i s t i c  of cells in vivo, This conclusion applies to muscle cells 
and cells of the pigmented epithelium of the eye. As regards  other t issues ,  it is more  difficult to make a s im-  
i lar  s tatement because of the absence of signs of differentiation clear ly detectable in vitro. In the course of 
culture the signs of differentiation disappeared and by the 5th passage it was impossible  to determine the t i s -  
sue to which the s t ra in  belonged. 

Hence, judging f rom the intensity of proliferat ion,  the f i rs t  stages (passages) in culture are the period of 
adaptation, but they are  most  favorable (especially the p r imary  culture) for manifestat ion of signs of cell dif- 
ferentiation. This is probably due to the fact that the original t issue is a heterogeneous population and consists 
of cells with different prol i ferat ive charac te r i s t i cs  and with a different degree of stabili ty of the signs of dif- 
ferentiation. In the course  of culture,  se leetkontakes  place in favor of cells with high prol iferat ive potential and 
a la rge  number  of nucleoli. The existence of clonal selection has now been conclusively proved [11]. Special 
attention must be paid to the fact that, according to the resul ts  of this study, the change in the number of n u d e -  
oli precedes  a change in prol i ferat ive charac te r i s t i cs  (Table t7. 

It is a r emarkab le  fact that the t ime of culture {hours) of p r imar i ly  t rypsinized cells also affects the num- 
ber  of nucleoli. A significant difference can be observed in ceils fixed after  30 and 96 h are  compared.  The 
t ime of the f i rs t  fixation (30 h) was chosen because in the ea r l i e r  stages of culture it is difficult to count n u d e -  
oli. The time required for  complete adherence and spreading of the p r imar i ly  t ryps inized cells is 30 ho 

Differences in the number  of nucleoli between the 30th and 96th hours of culture must evidently be ex- 
plained by select ion of the cells.  In the w r i t e r s '  view, this increase  in the number of nucleoli is  connected with 
t rans fe r  of the quiescent cells into the mitotic cycle and maintenance of cell prol i ferat ion which has a l ready 
begun. Cell sys tems  in vivo are  populations consisting of prol iferat ing and nonproliferat ing cells;  the la t ter ,  
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m o r e o v e r ,  include not only highly different ia ted,  but also s t em cells  [2]. Stem cells spend a l a rge  par t  of the i r  
l ife c y d e  in a res t ing  s ta te .  E l e c t r o n - m i c r o s c o p i c  invest igat ions have shown that nucleoli  of different ia ted 
cells a re  cha rac t e r i zed  by cer ta in  definite morphologica l  f ea tu res  (c i rcular  nucleoli).  On t rans i t ion  of the 
cel ls  f r o m  the res t ing  s ta te  into the cell cycle and, in pa r t i cu la r ,  during PHA-dependent  s t imulat ion of pro l i f -  
e ra t ion  of human pe r iphera l  blood leukocytes ,  the fine s t ruc tu re  of the nucleoli  undergoes cer ta in  changes [15]; 
the o r d e r  of these  changes,  m o r e o v e r ,  is opposi te  to that obse rvab le  during e ry thro id  cell different iat ion [13]. 
It is s t r ik ing that the nudeo lus ,  as a morphologica l  s t ruc tu re ,  undergoes spec i f ic  changes f i r s t  in all these  
cases  [12]. When the data given in Table 1 a re  analyzed,  a s i m i l a r  re la t ionship  can be observed .  

The data descr ibed  above suggest  that act ivat ion of the nucleoli  and an i nc rea se  in the i r  number  cannot 
be speci f ic  c h a r a c t e r i s t i c s  of any pa r t i cu l a r  pathological  s ta te .  Any d isease  connected with dis turbance of the 
nprol i fera t ive  h o m e o s t a s i s "  of a t i s sue  will lead to a change in the ra t io  between pro l i fe ra t ing  and quiescent  
cells and to an i nc r ea s e  in the number  of nucleoli .  
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Colonies in the spleen of i r r ad i a t ed  mice  are  known to be produced by polypotent,  highly se l f - suppor t ing  
hematopoie t ic  p r e c u r s o r  cel ls  [5]. In this connection the identity of hematopoie t ic  s t em cells  (HSC) and of cel ls  
fo rming  colonies in the spleen (CFU s) appeared  evident.  The two t e r m s  a re  often used as synonyms.  Never -  
the less ,  no s t r i c t  proof  of this dogma has yet been  obtained; indeed, on the cont ra ry ,  t he re  is weighty, although 
indirect ,  evidence of d i f ferences  between HSC and CFU s [1]. It  has recen t ly  been  shown exper imenta l ly  that 
some  splenic  colonies a r e  produced by bone m a r r o w  cel ls  incapable of se l f  support  [2]. These  colonies a re  
t r ans ien t  in nature ,  i .  e. ,  they can be detected 7-9 days,  but not 10-12 days a f t e r  injection of the cel ls .  T r a n -  
s ient  colonies also a re  distinguished by the fact  that they contain no polypotent p r e c u r s o r s  capable of forming 
mixed colonies of e ry thro id  and myeloid  cel ls  in cul ture (CFUem), and also unipotent p r e c u r s o r s  of granulo-  
cytes and mac rophages  (CFH c) and of e ry th rocy te s  (PFU e) although more  ma tu re  e ry thro id  p r e c u r s o r s  (CFU e) 
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