
K A R Y O L O G I C A L ,  M O R P H O L O G I C A L ,  A N D  P H Y S I O L O G I C A L  

I N V E S T I G A T I O N  OF T H E  C E L L S  OF H U M A N  T R A N S P L A N T A B L E  

LINE 1 - 9 6  A N D  C L O N E  L I N E S  L - 9 8  A N D  L - 5 6  

I .  I .  G e o r g a d z e  UDC 616-006.446. 018.1 

During a study of the natural changes in the sensit ivity of ceils  to a virus within the l imits of one ce l l  popula-  
t ion in vitro, tests were carried out on the sensit ivity of g0 clone lines isolated by cul t ivat ion of different cells of 

human leukemia  line 1-96 to the cytopathogenic  action of pol iomyel i t i s  virus. Besides ce l l  lines character ized by a 
degree of sensi t ivi ty typica l  of the parent ceils ,  clones were found with al tered sensitivity: some more sensitive, 
some more resistant. For example ,  l ine L-98 was more resistant and L-56 more sensitive than the maternal  1-96 cells. 

The sensit ivity to the cytopathogenic act ion of pol iomyel i t i s  virus was specific.  Coxsackie B8 and vacc in ia  
viruses had the same act ion on al l  three ce l l  lines. The observed difference in sensit ivity persisted throughout the 
period of observation (60 passages, approximate ly  240 ce l l  generations). 

Data reported in the l i tera ture  show that subcultures differing in their  sensit ivity to a part icular  virus from the 
cells of the parent l ine are often charac ter ized  by different morphological  [2, 5, 13, 14] and karyological  properties 

[1, 6, 9, 10, 12]. 

In the present invest igat ion an a t tempt  was made to discover the possible connection between the changes in 

sensit ivity and the karyotype,  and also between the changes in cer ta in  morphoIogical  and physiological  signs of the 

cei ls  of lines 1-96, L-98, and L-56. 

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

The cells used for the morphological  investigations were grown on  mica  sheets, fixed with Bouin's fluid, and 
stained with hematoxyl in-eosin .  To study the growth curve, cells grown in tubes were removed dai ly  with versene 
solution containing neutral  red (4 tubes each t ime)  and counted in a Goryaev's chamber.  The mitot ic  ac t iv i ty  of 

the culture was determined by counting the mi to t ic  figures in 2000 nuclei.  

To determine  the duration of the mi to t ic  cycle ,  the colcbAcine method was used [3]. Colchicine solution was 

added to the vessels with the growing cultures in the period of their logar i thmic  growth to give a final  concentration 
of 0.0002% for 5 h. Control mica  sheets were fixed before the addit ion of co lchic ine  to determine the mi to t ic  ac -  

t iv i ty  of the cultures. 

The duration of mitosis was ca lcu la ted  from the formula [7], t m = (MI A)/Mleo 1, where t m is the duration 
of mitosis, MI the mi to t ic  index of the part icular  culture, Mlco 1 the number of mitoses after t reatment  with co l -  

chicine,  and A is the t ime of act ion of the colcbicine.  

To determine  the duration of the mi to t ic  cyc le  the formula was used, T = (0.698 �9 tm)/MI,  where T is the 
duration of the mi to t ic  cycle ,  t m the duration of mitosis, MI the mi to t ic  index of the part icular  culture, and 0.698 

a constant. 

The karyologica l  analysis was carried out on preparations made by the method of Pogosyants and co-workers 

[4]. ColcbJcine was added to the culture for a h in a concentration of 0.0002% after t rea tment  with hypotonic solu- 
tion (1% solution of sodium ci trate)  for 30 rain at 37 ~ The ce l l  suspension was t reated with the f ixat ive (1 part 
g l ac i a l  ace t ic  acid and 3 parts absolute methyl  alcohol) and centrifuged. A drop of the suspension was placed on 
glass slides, and dried, s tained with ace to-orce in ,  and mounted in balsam. The chromosomes were counted in the 

Laboratory of Viral  Cytopathology, Moscow Research Institute of Viral  Preparations, Ministry of Health of the USSR, 
Moscow (Presented by Active Member of the Academy of Medical  Sciences of the USSR G. V. Vygodchikov). Trans- 
la ted from Byulleten'  ~ksperimental 'noi  Biologii i Meditsiny, Vol. 62, No. 7, pp. 86-89, July, 1966. Original ar-  

t i c le  submitted June 5, 1965. 
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Fig. 1. Growth curves of 

lines 1-96 (I), L-98 (II), and 
L-56 (III). 

metaphase plates with a min ima l  number 
plates were counted. 

Fig. 2. Curves of mi to t ic  ac -  
t iv i ty  of cells of lines 1-96 (l), 

L-98 (II), and L-56 (liD. 

of overlapping chromosomes. For each  ce l l  line 100 metaphase 

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

The cells of all  three lines were polygonal in shape with round nuclei ,  and some cells had processes. In con- 
trast to the maternal  ceils,  the celts of the clone lines L-98 and L-56 were smat ler  in size. Some degree of granu- 
lar i ty  and vacuolat ion of the cytoplasm was observed. Often mult ipolar  mitoses and lagging behind of the chromo-  
somes were found. In all  the cultures syncytia  were present, possibly as a result of imperfec t  mi to t ic  divisions. 

The cells of l ine L-98 never formed a continuous sheet but grew in groups, forming curious shapes. The cu l -  
ture had a tendency to grow in a strat if ied form. 

The growth curves (Fig. 1) show that the maximal  number of cells for al l  lines was observed on the 5th day of 
cult ivation.  The number of 1-96 cells increased gradually,  and then fell  gradually as the culture aged, whereas in 
the clone lines the number of cells fel l  sharply in the aging period. 

Determination of the mi tot ic  index revealed that the peak of mi tot ic  ac t iv i ty  appeared in the culture of the 
1-96 cells on the 3rd day of cult ivation,  whereas in the clone lines the maximal  number of mi to t ic  figures occurred 
on the 2rid day. In the culture of L-98 cells a second peak of mitoses occurred on the 4th day of cult ivation.  Mi- 
toses were st i l l  present (0.9%) on the 7th day in the same culture, whereas none were seen in the cells of the 1-96 

and L-56 cultures. The highest mi tot ic  ac t iv i ty  (3.8%) was shown by the cells of l ine L-56, the lowest (2.2%) by 
the cells of l ine L-98 (Fig. 2). 

TABLE 1. Evaluation of 
Signif icance of Differen- 
ces in Mitotic Ac t iv i tyof  
Lines L-98 L-66 and 1-96. 

Line Mitotic t 
index 

L-56 0,036 3,5 
L-98 0,022 

L-56 0,036 2,0 
1-96 0,03 

1,7 L-98, 
1-96 

0,022 
0,03 

As Table 1 shows, the difference between the mitot ic  ac t iv i ty  of lines L-56 

and L-98 was s ta t i s t ica l ly  significant i t  = 3.5). The difference between the mi to t ic  
ac t iv i ty  of the cultures L-56 and 1-96, and 1-96 and L-98, although not significant,  
indicates a definite tendency towards a decrease in mi tot ic  act ivi ty  with an increase 
in resistance. The longest mi to t ic  cyc le  was observed in the 1-96 cells,  and the 
shortest tn the cells of the clone l ine L-56 (Table 2). 

TABLE 2. Duration of Mitosis and of 
Mitotic Cycle in 1-96, L-98, and L-56 
Cells 

Cul-  MI MKco 1 
ture 

1-96 0,03 ]4,2% 
L-56 0,038 6,3% I 
L-98 0 ,025t6 ,1% I 

A t M T 

2,1 43 
1,8 28 

3 1,2 30 
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Fig. 3. Histogram of cells  of lines 1-96 (I), L-98 (II), and L-56 (III). Along the 
axis of absc i ssas -number  of chromosomes; along the axis of ord ina tes -number  
of invest igated metaphases,  in %. 

The results of the karyological  invest igat ion showed that the modal  number of chromosomes for the I-96 cells 
was 64, in agreement  with previous findings [1]. In both the sensitive and the resistant clones it was equal to 60 
chromosomes. The l ine L-56 was character ized by a high content (15%) of giant nuclei  with a chromosome number 
of between 100 and 200 (Fig. 3). 

These results thus show that the ce l l  lines studied differed not only in their ac t iv i ty  to the cytopathogenic ac -  
t ion of pol iomyel i t i s  virus, but also in a number of other characterist ics.  

However, it  cannot be concluded from these results which morphological  properties determine the greater or 
lesser sensi t ivi ty to the act ion of the vires. There are reports in the l i terature showing that f ibroblast - l ike  cells are 
more resistant to the virus than ep i the l ium- l ike  [13]. This correlat ion was not present in the present experiments 
and the ceils of all  three lines were ep i the l ium- l ike .  

In this part icular  case a connection was present between the sensit ivity and the degree of mi to t ic  ac t iv i ty  of 

the cultures. The L-56 cells,  with their greater sensit ivity to pol iomyel i t is  virus, were mi to t ica l ly  more active than 
the compara t ive ly  resistant L-98 ceils; l ine 1-96 occupied an in termedia te  position in regard both to sensitivity and 
to intensity of mi to t ic  activity.  

~As pointed out above, the sign of al tered sensit ivity in the clone lines persisted throughout the period of ob-  
servation (240 ce l l  generations). Such s tabi l i ty  in a sign suggests that i t  is hereditary in nature. However, the re-  

duction in the modal  number of chromosomes by comparison with the parent 1-96 line in the clones with both in-  
creased and decreased sensit ivity shows that the changes in sensitivity are based not on numerica l  but, possibly, on 
structural changes in the chromosomes or on point mutations. 

S U M M A R Y  

A morphologic study of l eukemic  ceils 1-96 and of two clones, L-6, L-56 and L-98, with modif ied  susceptibil i ty 
to pol iomyel i t i s  virus as compared to the parenta l  l ine showed that cells  of a l l  three cultures were ep i the l ium- l ike .  

The modal  number of chromosomes of both c lonal  sublines differed from that of the parental  l ine 1-96. 
There was a correlat ion between the degree of susceptibi l i ty  to the virus act ion and the mi to t ic  ac t iv i ty  of the lines 
studied. The more susceptible L-56 clone had a higher mi to t ic  index than the resistent L-98 clone. The difference 

was significant.  The parental  cells 1-96 were in te rmedia te  both for their  susceptibi l i ty  and mi to t ic  activity.  
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera- 

tions of the abbreviations as given in the original Russian journal. Some or all o f  th is  peri-  

odical  l i terature m a y  we l l  be avai lab le  in E n ~ I i s h  translat ion.  A complete list of the cover-to- 
cover English translations appears at the back of the first issue of this year. 
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