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CELLS WITH FRAGMENTED NUCLEI IN ASCITES 

HEPATOMA 22A AND THEIR ROLE IN PROLIFERATION 

T. S. Ivleva and I. D. Belyaeva UDC 616.36-006-018.1-092.9 

During aging of an ascites hepatoma 22A (AH22A) the number of cells with fragmented nuclei 
(especially multilobate) increases: in an AH22A aged 6 days they numbered 15 �9 9.30/o0o, ina 
tumor aged 14 days 196" 53~ in a delayed tumor aged 18 days 453 ~: 51~ - The main 
method of formation of fragmented nuclei is by amitosis. Approximately 150 and 170~ of 
cells with fragmented nuclei in a 14- and 18-day old AH22A were in the reversible resting R1 
stage (or in a very protracted Gl-period, extending over 4 days), whereas the remaining 50 
and 230~ vf cells respectively had left the mitotic cycle irreversibly and were evidently 
undergoing involution, which takes place more rapidly during passage-stimulated division. 

KEY WORDS: ascites hepatoma; fragmented nuclei; mitotic cycle. 

As a result of a few investigations, evideneehas been obtained that during growth of certain ascites 
tumors the number of cells with fragmented nuclei (FN) in them increases, [2, 3]. Two types of fragmentation 
have been observed: multinuclear and multilobate (nuclei with deep invaginations). Many of these cells are 
viable: during stimulation of division by passage, DNA synthesis takes place in the FN [2] and these cells pass 
through normal mitosis [3]. The authors cited above suggested that FN are formed in ascites tumor cells as a 
result of disturbances of mitosis. During a long study of ascites hepatoma 22A (AH22A) the present writers 
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also d i scovered  cells  with FN in the late s tages  of development  of the t u m o r s ,  but a different  method of the i r  
fo rmat ion  was postulated.  

The object  of this invest igat ion was to de t e rmine  the re la t ive  number  of cel ls  in FN in AH22A of d i f fe r -  
ent ages ,  the m e c h a n i s m  of t he i r  format ion,  and the extent to which cel ls  with FN par t ic ipa te  in growth of the 
tumor .  

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

The work  was done on an AH22A maintained by pas sages  of 0.25 c m  3 asc i t e s  fluid (about40 • 10 ~ cel ls)  
at in te rva l s  of  two weeks through C3HA mice  weighing 20-24 g. The longest  per iod of su rv iva l  of the an imals  
was 14-15 days,  and in the l~st few days they were  in the t e r m i n a l  s tage.  A delayed (18 days) AH22A was ob- 
tained by the method desc r ibed  p rev ious ly  [1]. The f requency of mul t ipo lar  anaphases  and te lophases  and of 
phases  of recons t ruc t ion  was de te rmined  by counting 50 (25 in the case  of the 12-day AH22A) of these  late s tages  
of mi tos is  in each an imal  (3 o r  4 at each t ime) .  The number  of cel ls  with FN, the number  of smal l  cel ls ,  and 
the index of labeled nuclei (ILN) were  de te rmined  by counting 1000 cells  in each  an imal  (3 o r  4 ce l l s  at each 
t ime)  and e x p r e s s e d  in promi l le .  Thymidine-3H was injected in t raper i tonea l ly  in a dose of 0.3 gCi/g body weight 
into an imals  with t e r m i n a l  and delayed AH22A and in a dose of 0,15 g C i / g  during the f i r s t  few days a f t e r  p a s s -  
age. The spec imens  were  coated with type N liquid emuls ion and exposed for 10-20 days af  4~ 

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

In the course  of growth of the AH22A heterogenei ty  of i t s  cel ls  appeared  with r e spec t  to the shape of the 
nucleus:  cel ls  with FN (chiefly mult i lobate)  appeared .  In a 6-day t u m o r  t he r e  were  15 �9 9.3%0 cel ls  with FN 
(mean for  4 animals) ,  and in a 14-day old t u m o r  there  were  196 ~- 53~ (mean for  8 animals) .  To d i scove r  how 
FN a r i s e ,  the f requency of mul t ipo lar  anaphases  and of phases  of r econs t ruc t ion  of the nucleus was de te rmined  
in AH22A at the ea r ly  (2 and 4 days) and late (10 and 12 days) s tages  of development .  In young and old t u m o r s  
mul t ipo lar  mi toses  (in the overwhelming  major i ty ,  with th ree  poles) were  found with p rac t i ca l ly  equal  f requen-  
cies:  2 + 1.4 and 2.25 �9 1% re spec t ive ly  (mean for  3 or  4 an imals  at each t ime) ,  and all  s tages  of recons t ruc t ion ,  
m o r e o v e r ,  were  accompanied  by c l ea r l y  defined cytotomy. The n u m b e r  of cel ls  with FN inc reased  pa r t i cu l a r ly  
in the de l ayed  (18 days) AH22A to 453 ~- 51%0 (mean for  four animals) ,  although during the four  days of delay 
mitot ic  act iv i ty  in the t u m o r  r ema ined  at a v e r y  low level  [1]. 

The fac ts  desc r ibed  above indicate that  the pr inc ipa l  method of fo rmat ion  of cel ls  with FN in AH22A is 
by ami tos i s  ( f ragmenta t ion and fo rmat ion  of cons t r ic t ion  r ings) ,  and division by mi tos is  (mul t ipolar  mi to ses  
without cytotomy) was evidently comple te ly  absent .  In the late s tages  of t u m o r  development  the p ro l i f e ra t ive  
pool is  known to be cons iderab ly  reduced,  i .e . ,  the number  of cel ls  left in the mitot ic  cycle fal ls .  De t e rmina -  
t ion of the re la t ive  number  of labeled and unlabeled cells  with s imple  and f ragmented  nuclei in the delayed AH22A 
(after  admin is t ra t ion  of thymidine-3H for  4 days at  12-hour ly  in tervals )  showed that mos t  cel ls  with FN were  
unlabeled (368~-8.2 unlabeled cells  with s imple  nuclei ,  401~- 48.1 with F N ; t h e n u m b e r  of labeled cel ls  was  168• 
21.3 and 47 ~-1.0 respec t ive ly) .  This  is  evidence that  they had left the mitot ic  cycle in the res t ing  state.  During 
s t imulat ion of divis ions by inoeulati  on of a new host  with t e r m i n a l  and delayed AH22A, during e m e r g e n e e  of the tumor  
many of the cel ls  with FN re tu rned  to the mitot ic  cycle.  Data showing incorpora t ion  of label  by dif ferent  t umor  
cel ls  in the e a r l y  s tages  a f t e r  pa s sage  a re  given in Table  1. They show that  cel ls  with FN switched to DNA syn-  
t hes i s  s imultaneQusly with ce l l s  having a s imple  type of nucleus;  the to ta l  number  of cel ls  with FN i n c o r p o r a t -  
ing label  15 h a f te r  pa s s age  was 150-160~ but the number  of unlabeled cells with FI~ was sharp ly  reduced (as 
was shown p rev ious ly  [1], by this t i m e  most  cel ls  have switched to DNA synthesis) .  Consequently,  in the t e r m -  
inal  and delayed AH22A approx ima te ly  150%0 of cel ls  with FN were  in the r e v e r s i b l e  r e s t ing  R 1 s tage (or in a 
v e r y  p ro t r ac t ed  Gl -per iod  , the durat ion of which exceeds  4 days).  The r e m a i n d e r  of the cel ls  with FN (number-  
ing about 50 and 2300/00 r e s p e c t i v e l y  in t e rm i na l  and delayed a sc i t e s  hepa tomas  evidently left the mi to t ic  cycle 
i r r e v e r s i b l y  and were  undergoing involution: the ce l l s  were  sharp ly  reduced in s ize and the i r  nuclei were  
shrunken and pycnotie.  During the f i r s t  15 h a f t e r  pa s sage  a gradual  i nc rease  in the number  of these  degen-  
e ra t ing  smal l  cei ls  could be obse rved  (Table 1). The p roce s s  of involution of the cel ls  (among which the re  were  
probably  m~ny cells  in FN), which c o m m e n c e s  in the t e r m i n a l  s tage,  takes  place more  rapidly during s t imula -  
t ion of cel l  division. This  was c l e a r  f r o m  the following exper iment :  0.25 e m  3 of a sc i t e s  fluid was t a k e n f r o m  
each of two mice with t e r m i n a l  AH22A and injected into intact  mice.  The donors  and rec ip ien ts  were  killed 18 h 
l a te r  and the re la t ive  num ber  of  sma l l  (degenerating) cel ls  was de te rmined .  In the 14-day  AH22A the re  were  
3.5 • 1.5~ in the 14 day +18 h t u m o r  t he r e  were  44.0 • 7.8~ and 18 h a f t e r  pa s sage  of the 14-day t u m o r  the re  
were  155.0 • 7.0. Clear ly  during s t imulat ion of divis ion the number  of sma l l  cel ls  was much g r e a t e r  thanin  the 
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TABLE 1. Changes in ILN (in ~ af ter  Passage of 14-day and 
1 8-day AH22A 

Time after passage 
and time of injection 
ofthymidine~$H, 14- 
day AH22A 

simple 
nuclei 

Labeled 

FN 
simple 
nuclei 

Unlabeled 

FN small 
cells 

0 
3 
6 
9 

12 
15 

18-day AH22A 
0 
3 
6 
9 

12 
15 

64 
99-+10,3 

177-+25,2 
304-+4,3 
432-+ 15,6 
408-+10,4 

20 
40-+10,1 

107• 
285-+13,3 
365-+43,7 
345!47,3 

4 
17-+3,6 
41-+13,6 
80-+22,2 

107-+ I0,6 
147-+21,6 

4 
4-+2,1 

18-+7,2 
119-+15,0 
130-+27,1 
169-+4,0 

726 
656-+22,4 
586-+51,0 
461 -+32,4 
316+_16,3 
266-+14,0 

523 
550-+8,4 
502_+103,0 
321-+13,9 
194_20,3 
213-+49,5 

201 
197-+24,8 
173-+27,5 
108_+20,7 
76+_14,8 
90-+21,2 

393 
264-+27,3 
254• 
186-+33,8 
56-+18,1 
39-+9,5 

5 
31 _+3,6 
23• 
47-+t4,6 
69-+4.0 
89-+31,7 

60 
142-+20,3 
119• 
89___21,2 

255-+35,4 
234-+55,4 

t e rmina l  AH22A (in this case the donormouse  was killed on the 15th day of tumor  development). The total  num-  
ber  of cells with nucleus of the proper  shape (labeled and unlabeled) remained roughly constant during the f i rs t  
12-15 h af ter  passage,  i.e., the sudden change in the condition af ter  passage  did not lead to normal izat ion (by 
amitosis) of the shape of FN. Mitotic activity was still  low at this t ime [1]. The number  of cells with FN fell 
sharply  towards the end of the f i rs t  day after  passage,  af ter  establ ishment  of intensive prol i ferat ion [1]: in the 
24-h AH22A (after passage of the te rminal  AH22A) there  were 55"  10.1~ cells with FN (mean for  three ani-  
mals). The decrease  in the number  of cells with FN during growth of AH22A evidently took place by mitotic 
cell division, as the resul t  of which the shape of the nuclei re turned to normal .  Whereas  the mode of formation 
of FN, the relat ionship of cells with FN to the mitotic cycle,  and thei r  behavior during stimulation of divis ion 
are  sufficiently evident, only suggestions can be put forward regarding the causes of their  appearance in the 
late stages of tumor  development. The change in shape of the nuclei is perhaps a morphological  expression of 
changes in cell metabolism, connected both with the slowing or  cessat ion of synthesis required in preparat ion 
for division and with changes in the euvironmedt of  the cell  ( increasing hypoxia, for example). 

I. 

2. 
3. 

LITERATURE CITED 

I. D. Belyaeva and T. S. Ivleva, Byull. l~ksp. Biol. Med., No. 2, 218 (1977). 
E. R. Burns, Exp. Cell Res., 66, 152 (1971). 
A. Levan and T. S. Hausehka, Hereditas (Lund.), 39, 137 (1953). 

1168 


