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Ontogenetic changes in n o r m a l  diploid cei ls  and cel ls  with c h r o m o s o m a l  abe r ra t ions  (strain 
LTsCh-162;47 ,XY,  +7} during l o n g - t e r m  cu l tu re  in the s t a t ionary  phase  were  studied. The 
human f ib rob las t s  in cul ture  were  found to p o s s e s s  a type of ontogenettc change specif ic  for  
each  cul ture ,  and the dynamics  of  these  changes depended on the densi ty of the cell  population. 
Two morpholog ica l ly  different  subpopulat ions of cel ls ,  differ ing in the i r  degree  of he t e ro -  
ohromat in iza t ion  of the cel l  nucleus (under n o r m a l  conditions), and th ree  different  subpopula-  
t ions of cel ls  in the abe r r an t  s t r a in  (47,XY, +7} were  found on investigation of the cel l  nucleus.  
KEY WORDS: cel l  cul ture ;  ontogenetic changes;  he te rochromat in iza t ion .  

A study of the dynamics  of changes in human cei ls  during l o n g - t e r m  cul ture  in the s ta t ionary  phase 
showed that  human f ib rob la s t - l i ke  cel ls  undergo r egu la r  changes while kept in this phase [1]. These  changes 
a re  e x p r e s s e d  as r egu la r  he te rochromat in iza t ion  of the nucleus,  the accumulat ion of lipids, an i nc rea se  in 
acid phosphatase  activity,  and a d e c r e a s e  in the viabi l i ty  (seeding efficiency) of  the cel ls .  He t e roch roma t in i -  
zat ion of the nucleus is mani fes ted  as an inc rease  in the number  of cel ls  with la rge  ch romocen te r s ,  the mean 
number  of which m a y  reach  20. Two subpopulat ions of cel ls  a re  found in cul tures  of diploid f ib rob las t - l ike  
cel ls :  one with diffuse chromat in  and one with a he t e rochromat in i zed  nucleus.  The repe t i t ive  c h a r a c t e r  of 
the changes in the unreproduoed cell  population sugges ts  the p r e s e n c e  of a group of ontogenettc changes in 
the cultured cel ls .  It  has  also been shown that  in the case  of the " x e r o d e r m a  p igmentosum" gene mutation the 
group of ontogenetic changes is sharp ly  dis turbed.  

In this  invest igat ion the c h a r a c t e r  of the ontogenetic changes was studied in an undivided population of 
f ib rob las t s  of s t ra in  LTsCh-162  (47,XY, +7} 

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

N o r m a l  diploid cell  s t r a ins  and an abnorma l  s t r a in  obtained at the Labo ra to ry  of Human Cytogenetics  
(LTsCh), Inst i tute  of Medical  Genetics,  Academy Of Medical Sciences of the USSR, were  used. The f ib rob las t -  
like cel l  s t r a ins  were  obtained and cul tured by the method usual ly  used in the Labo ra to ry  of Cytogenetics [3]. 
Strain LTsCh-162,  obtained f r o m  spontaneous abort ion m a t e r i a l ,  was desc r ibed  p rev ious ly  by Kuliev e t a l .  [3]. 
Jus t  as in the previous  exper imen t s ,  ce l ls  were  seeded in the following th ree  concentrat ions:  2.5 �9 l0 s, 1.5 - l0 s, 
and 0 .5 .10  s c e l l s / m l .  The following p r o p e r t i e s  of  the cel ls  were  investigated: the s ta te  of the nucleus, the 
s ta te  of the cy top lasm (accumulat ion of lipids, acid phosphatase  activity,  adsorpt ion of neut ra l  red), and the 
viabi l i ty  of the cel ls .  All the methods used were  fully descr ibed  prev ious ly  [1]. 

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

Strain LTsCh-162  {47,XY, + 7), like s t r a in  LTsCh-484  (xe rode rma  pigmentosum) desc r ibed  previous ly ,  
d i f fers  sha rp ly  f r o m  n o r m a l  cel ls  in ce r ta in  v e r y  impor tan t  p rope r t i e s .  F i b r o b l a s t s  of s t ra in  LTsCh-162 are  
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Fig. 1. Changes in number  of cells per  f lask 
during culture in s ta t ionary phase (strain 
LTsCh-162).  Abscissa ,  days of culture;  o r -  
dinate, number  of cells per flask (. 104). 1) 
Initial concentration of cell suspension 2.5 - 105 
ce l l s /ml ;  2) initial concentration of cell sus -  
pension 1.5" 105 ce l l s /ml ;  3) initial concentra-  
tion of cell  suspension 0.5 �9 105 ce i l s /ml .  

Fig. 2. Cell nuclei of s t rain LTsCh-162 (47,XY, 
+7). Ceils of three  types can be seen. 
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Fig. 3. Changes in number of cells with ehro-  
moeenters  and number  of chromocente rs  in cells 
of f ibroblast  cultures f rom spontaneous abortion 
(47,XY, +7) during long- te rm cuIture in stat ion- 
ary  phase (strain LTsCh-162).  Abscissa,  days 
of euIture; ordinate,  fract ion of nuclei with eh ro -  
mocenters  (in %). 1) Initial concentrat ion of cell sus -  
pension 2.5 - 105 ce i l s /ml ;  2) initial concentration of 
cell suspension 1.5.  l0 s ce I l s /ml ;  3) initial concen- 
t rat ion of cell suspension 0.5 �9 105 ce l l s /ml .  

more  res is tant  to an increased population density with an initial concentration of 2.5 �9 10 s ce l l s /mI .  In this 
cell concentration death of the culture occur red  on the 29th day, compared with the 20th day normalIy (Fig. 1). 
With an initial concentrat ion o f l . 5  �9 105 and 0.5.105 ce l l s /ml  death of theeul ture  occur red  on the 33rd-34th 
days (a little ea r l i e r  than normally) .  Death of the cells of s t rain LTsCh-162 took place, moreover ,  at a lower 
saturat ing density than normally.  Morphological investigation showed that s t rain LTsCh-162 consists  of three 
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subpopulations of cells differing in the degree of heterochromatinizat ion of their  nucleus (Fig, 2). Three types 
of cells can be seen. Type I is charac ter ized  by a pale nucleus with a delicate network of diffuse chromatin,  
type II by a nucleus with a definite number of large ehromocenters ,  and type III by a nucleus with a definite 
number  of smal le r  ehromocenters ,  which are evidently more  numerous in the cells.  Counting the chromo-  
centers  in the course  of cultivation showed that their  number was constant and was about 22. The longer the 
cells were kept in the s ta t ionary phase, the fewer cells of type II and III (with chromocenters)  were present  
(Fig. 3). On t rea tment  of the cells by Arr ighi  and Hsu 's  method [2] no "ka ryomeres , "  such as are observed 
in normal  s t ra ins ,  could be detected, and the cell nuclei of s t rain LTsCh-162 were evidently more  sensitive to 
this t rea tment  for they became deformed and homogeneously stained. An important  feature distinguishing the 
cells of s t rain LTsCh-162 is their  ex t remely  low level of lipid accumulation. By the end of the stat ionary 
phase lipid deposits could be seen only in the form of tiny scat tered granules.  No significant differences from 
normal  were found in acid phosphatase activity and adsorption of neutral  red. Changes in the nutrient medium 
took place just as normal ly .  Replacement  of the nutrient medium did not lead to changes in the cells. The 
seeding efficiency of s t ra in  LTsCh-162 also was reduced, but less so than normal ly  (from 81% at the beginning 
of culture to 51% at its end). The cell density in the culture 1 week before death was a little reduced, but later,  
just  as normally,  simultaneous migrat ion of the cell layer  away from the glass took place (see Fig. 1). 

The resul ts  are  thus fur ther  confirmation of the existence of a definite group of ontogenetic changes in 
cells cultured in the s ta t ionary phase, namely a group of morphological ,  metabolic,  and physiological p rope r -  
t ies,  varying with physical  and biological t ime and with the population-ecological  conditions (in this par t icular  
case, on the population density). 

It will be c lear  f rom a compar ison of normal  cells and cells with gene and chromosome mutations that 
these cells differ f rom normal  in a wide range of pa ramete r s .  These differences are perhaps connected some-  
how with disturbance of differentiation p rocesses  in aberrant  s t rains  [3]. The most  important feature of s t rain 
LTsCh-162 distinguishing it f rom normal  s t ra ins  and f rom strain LTsCh-484 (xeroderma pigmentosum), is 
the presence  of three morphological ly  different subpopulations. The cells of type I and II are like those of 
normal  s t ra ins ,  except that there  are more  large chromoeenters  (22) in the nuclei of the type II cells, evi-  
dently on account of the ex t ra  No. 7 chromosome.  The subpopulation of cells (type III) with a large number of 
tiny chromocente rs  is unusual. In connection with these observat ions  the question of the role of genetic fac-  
tors  in the subdivision of the cell population into morphological ly  different subpopulations ar ises .  Fur ther  
investigations into the life span of cells in the s ta t ionary phase, and into the s t ruc ture  and dynamics of un- 
divided cell populations may help to solve this problem. 

The author is grateful  to V. M. Gindilis for guidance with the s tat is t ical  analysis,  to K. N. Grinberg for 
constant help with and interes t  in this r e sea rch ,  and to A. M. Kuliev for generously providing ceil s train 
LTsCh-162.  
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