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Prolonged (for 10 to 16 genera t ions  respec t ive ly)  t ransplan ta t ion  of Za jde la ' s  a sc i t e s  
hepa toma  with me ta s t a t i c  and asc i t e s  ce l l s ,  coupled with repea ted  applicat ion of cel l  
d i spe r s ing  agents  ( t rypsin and EDTA), led to the se lec t ive  accumulat ion in the c o m p o s i -  
t ion of both va r i an t s  of the s t r a in  ( "me tas t a t i c "  and "asc i t e s" )  compared  with cel ls  c h a r -  
ac t e r i zed  by a nucleus of s m a l l e r  d i a m e t e r  than that  of the a sc i t e s  cel ls  of the or iginal  
s t r a in .  The dis t r ibut ion of the ce l l  nuclei of the a sc i t e s  ce l l s  of both va r i an t s  of the 
s t r a in  by d i am e t e r  was the same  as in the cel l  population of a m e t a s t a s i s  of the or ig ina l  
s t r a in  in the p a r a t r a c h e a l  lymph gland. The study of the dis tr ibut ion of the cel ls  of these  
populat ions among complexes  of both va r i an t s  of the s t ra in ,  produced with the aid of t r e a t -  
ment  by d i spe r s ing  agents ,  r evea led  a shift  toward  the numer i ca l  p redominance  of single 
t u m o r  cel ls  in the population. This  shift was absent  in the cel l  population of the m e t a s t a s i s  
of the or ig ina l  s t r a in  in the lymph gland. 
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The concept  of the he te rogenei ty  of the population s t ruc tu re  of mos t  t ransp lan tab le  ( e spec ia l lyasc i t e s )  
t u m o r s ,  based  p r i m a r i l y  on the r e su l t s  of cytogenet ic  invest igat ions ,  is not disputed at the p resen t  t ime .  
Very  probably  the genotypical ly  d i s s i m i l a r  cel ls  of the or ig inal  t u m o r  a lso  p o s s e s s  d i s s i m i l a r  biological  
p r o p e r t i e s  (prol i fera t ive  act ivi ty ,  abil i ty to invade and to m e t a s t a s i z e ,  and so on). In that case  it mus t  be 
poss ib le ,  in pr inciple ,  to isolate  t u m o r  cel ls  se lec ted  for  these  biological  p r o p e r t i e s .  One resu l t  of this  
se lect ion would be the "unification" of the or iginal  he te rogeneous  s t ruc tu re  of the t u m o r  cel l  population 
with r e spec t  to a num ber  of  in terconnected  or  apparent ly  independent p a r a m e t e r s .  

In the invest igat ion desc r ibedbe low,  an a t tempt  was made to compare  the dis t r ibut ion of cel ls  of a 
t r ansp lan tab le  ra t  a sc i t e s  hepa toma (Zajdela ,s  hepatoma) ,  the m e t a s t a s e s  of this t u m o r  in the p a r a t r a c h e a l  
lymph glands, and also " m e t a s t a t i c "  (M) and "a sc i t e s "  (A) va r i an t s  of this t u m o r  [2] with r e spec t  to the 
d i a m e t e r  of the cel l  nuclei and the num ber  of t u m o r  cel ls  in the cel l  complexes  (islets) of different  s i ze s .  

It might  be supposed that  prolonged t ransp lan ta t ion  of a t u m o r  by m e t a s t a t i c  ce l l s  would lead to 
changes in the population c h a r a c t e r i s t i c s  of the M-va r i an t  of the or ig ina l  s t ra in  with r e spec t  to one or  both 
of the p a r a m e t e r s  named,  whereas  t ransp lan ta t ion  of the s t r a in  by a sc i t e s  cel ls ,  not suscept ible  to the ac -  
t ion of d i spe r s ing  agents  (original s t ra in)  o r  d i spe r sed  by the s ame  method as cel ls  of the m e t a s t a s i s  (A- 
var iant ) ,  would not br ing about s i m i l a r  changes .  
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T A B L E  1. C o m p a r a t i v e  C h a r a c t e r i s t i c s  of  D i f f e r e n t  V a r i a n t s  of  
C e l l  P o p u l a t i o n s  of  Z a j d e l a , s  A s c i t e s  H e p a t o m a  
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F i g .  1. D i s t r i b u t i o n  of  c e l l s  of  c o m p a r e d  p o p u l a t i o n s  by  d i a m e t e r  
of  n u c l e i .  R o m a n  n u m e r a l s  denote  t e s t  o b j e c t s  in the  s a m e  o r d e r  
a s  in  T a b l e  1. A b s c i s s a ,  d i a m e t e r  of  c e l l  n u c l e i  in c o n v e n t i o n a l  
u n i t s  ( i n t e r v a l  b e t w e e n  c l a s s e s  19 /z; c l a s s  1 i n c l u d e s  c e l l s  wi th  a 
n u c l e u s  f r o m  38 to 43 IZ in d i a m e t e r ;  c l a s s  10, c e l l s  wi th  a nuc l eus  
f r o m  197 to  206 # in d i a m e t e r ) ;  o r d i n a t e ,  p e r c e n t a g e  of  c e l l s  in 
e a c h  c l a s s ,  

F i g .  2, D i s t r i b u t i o n  of  c e l l s  of  c o m p a r e d  p o p u l a t i o n s  by c o m p l e x e s .  
A b s c i s s a ,  n u m b e r  o f  c e l l s  in c o m p l e x ;  o r d i n a t e ,  p e r c e n t a g e  of  c e l l s  
in  e a c h  type  of  c o m p l e x .  R e m a i n d e r  of  l e g e n d  a s  in F ig .  1. 
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E X P E R I M E N T A L  M E T H O D  

The A-  and M-var iants  of the s t ra in  were obtained by the method descr ibed by Kiseleva et al. [2].* 
Dispers ion of the cell complexes in o rde r  to obtain a suspension of single cells for  use in the t ransp lan ta -  
tion of both var iants  was ca r r i ed  out by t rea tment  with a mixture of equal volumes of 0.01%trypsin solution 
and 0.02% EDTA solution on a magnetic mixer  at 37~ for  7 min. The cells of the original  s t ra in  were  not 
t rea ted  in anyway,  and tmdiluted asc i tes  fluid was used for  the inoculations. The inoculating dose in every  
case was 1 �9 106-3 �9 106 tumor  cel ls .  

The d iameter  of the nuclei of the tumor  cells was measured  in films of the f reshly obtained asc i tes  
fluid and in squash prepara t ions  f rom the t issue of the metas ta t ica l ly  changed para t rachea l  lymph glands, 
stained by Le i shman ' s  method, by means of an ocular  m i c r o m e t e r  (MBI-3 microscope ,  magnification 90 • 
10 • 1.5, oil immers ion) .  The d iameter  of the nucleus of each cell was measured  in two mutually perpen-  
dicular  direct ions,  the m e a n  d iameter  of the nucleus was then calculated in conventional units of the ocular  
m i c r o m e t e r  scale,  and the values thus obtained were converted into microns  with the aid of an objective 
m i c r o m e t e r  gauge. 

In each of the objects for  study a 100 cell nuclei were measured ,  excluding complexes containing 
more  than 25 cells f rom the measuremen t  (because of frequent superposi t ions of one nucleus over  another).  

The distr ibution of the tumor  cells among the complexes was calculated in the same fi lms. Altogeth- 
er  100 cells were counted in each film. 

The objects investigated included: 1) asc i tes  cells of two different generat ions of the or iginal  s t rain;  
2) cells  of a metas tas i s  in a pa ra t rachea l  lymph gland, obtained from the same rat  as the asc i tes  ceils of 
the second tes t  generat ion of the original  s t rain;  3) asc i tes  cel ls  of A-  and M-var iants  of the s t ra in  (at the 
16th and 10th generat ions respect ively) .  For  s ta t is t ica l  analysis  of the resu l t s ,S tuden t ' s  c r i t e r ion  and the 

c r i t e r ion  were used (differences between the distr ibutions were a s ses sed  by the K o l m o g o r o v - S m i r n e v  
method). 

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

Data reflect ing the distr ibution of the cells  of the tes t  objects by the d iameter  of the cell  nuclei and 
by complexes are given in Table 1 and Figs.  1 and 2. 

A simple visual  compar ison  of the h i s tograms  in Fig. 1 is sufficient to reveal  the s imi lar i ty  between 
the distr ibution of the nuclei of the asc i tes  cells  of both investigated generat ions of the original  s t ra in  on 
the basis  of the i r  d iameter  (histograms I and II, k =1.63, limiting value of the c r i t e r ion  1.96). The shift 
to the left of the distr ibution of the metas ta t ic  cells compared  with the asci tes  cells of the same rat  (histo- 
g rams  II and HI, A =4.09) and also the considerable  s imi la r i ty  of the distributions charac te r iz ing  the asci tes  
cells of the A-  (histogram IV) and the M- (histogram V) var iants  with each other  and with the distribution 
of the metas ta t ic  cells of the original  s t ra in  will be noted. It can be concluded from the a s ses smen t  by 
the k c r i te r ion  that distr ibutions III, IV, and V can be in terpreted as samples  f rom one general  population 
(k for these cases  does not exceed 0.9-1.2). In other  words,  cells  of a solid metas tas i s  of the original  
s train,  unexposed during t ransplantat ions  to any special  p rocedures ,  are  distr ibuted by d iameter  of the i r  
nuclei in the same way as the asci tes  cells  of both (A and M) var iants  of the s t ra in  obtained as a resul t  
of regula r  t rea tment  of the t umor  cells with dispers ing a g e n t s - t r y p s i n  and EDTA. The ex t raord ina ry  
c loseness  of the distr ibutions IV and V to each other  (k=l .0)  suggests  that the use of the M-var iants  of 
the metas ta t ic  cells for inoculations (for the period of 10 consecutive generations) cannot be regarded  as 
the cause of the differences appearing between the original  s t ra in  (distributions I-II) and the M-var iant  
(distribution V, X =4.3 and 3.2 respect ively) .  It is natural  to suggest  that the s imi lar i ty  observed above 
between distr ibutions IV and V (character iz ing the A-  and M-var ian ts  of the strain) was due to the repeated 
and consecutive application of the ce l lu lar  d ispers ing  agents during the obtaining of the two var iants .  

It will be c l ea r  f rom Table 1 that the differences detected between the distributions probably con-  
s is ted essent ia l ly  of an increase  in the proport ion of cells with a nucleus of smal l  (less than 70 ~) d iameter  
among the asci tes  cells  of the A-  and M-var iants ,  for  this would be reflected in changes in the mean d iam-  
e ter  of the nuclei and a shift of the h i s tograms  in Fig. 1 to the left. Similar  changes cha rac te r i zed  the 
cell  population of the metas tas i s  of the original  s t rain.  

*Inoculations of both var iants  and of the original  s t ra in  were ca r r i ed  out by A. I. Pavlotskii .  
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In the compara t ive  study of the distr ibution of the asc i tes  and metas ta t ic  cel ls  of Zajdela ' s  hepatoma 
with respec t  to the DNA content in the nuclei [1],the cel ls  of the metas tas i s  @ere cha rac t e r i zed  by a lower 
mean level  of ploidy and a shift of the h is togram to the left, s imi l a r  to that shown in Fig. 1. These two 
groups,  i r r e spec t ive  of the findings obtained (the sm a l l e r  mean  d iamete r  and the lower content of DNA in 
the ce l l  nuclei of the metas tas i s ) ,  possibly had a common basis .  

Prolonged inoculation (for 16 and 10 generat ions respect ively)  of A- and M-var iants  of the s train,  
coupled with the repeated  application of ce l lu la r  d ispers ing  agents ( trypsin and EDTA), thus led to the 
se lec t ive  accumulat ion of cel ls  cha rac t e r i zed  by a significantly s m a l l e r  d i ame te r  of t h e i r  nuclei and the 
cel ls  of the or iginal  s t ra in  in the composi t ion of both populations. P resumably  the fac tor  causing this uni- 
fying select ion of "parvonuc lear"  cel ls  was the repeated use of t ryps in  and EDTA during the prepara t ion  
of A- and M-var ian ts  of the s t ra in .  Cells with " l a rg e r "  nuclei  were more  sensi t ive to the harmful  action 
of the d ispers ing  agents.  It is cur ious that a s imi la r  type of se lec t ion evidently takes place during the 
format ion of the cel l  population of the metas tas i s  of the or iginal  s t ra in  in the pa ra t r achea l  lymph gland, 
and, in this case ,  it was brought about in the course  of a ve ry  short  per iod equal to the l ifespan of the c a r -  
r i e r  of  the or iginal  tumor .  

The study of the distr ibution of the cei ls  of the compared  populations by complexes (Fig. 2) c lea r ly  
revea led  a shift toward numer ica l  predominance of single cei ls  ove r  cel ls  in the composit ion of the com-  
plexes,  cha rac t e r i s t i c  of the A- and M-var ian t s .  This shift was slight in degree in the cel l  population of 
the me tas t a s i s  of the or iginal  s t ra in .  

According to some investigations,  single cei ls  of t ransplantable  hepatomas are  more  res is tant  to the 
d ispers ing  action of t ryps in  than cei ls  forming complexes  [4]. If the accumulat ion of single ceils  in the A- 
and M-var ian ts  of Zajdela,s  hepatoma is based on the i r  h igher  res i s t ance  to the destruct ive action of the 
d ispers ing  agents,  inc reased  mitotic act ivi ty of the ase i tes  cei ls  of the A- and M-var iants  would be ex-  
pected by compar i son  with the asc i tes  cel ls  of the or iginal  s t ra in ,  for  it has been shown [4] that the single 
cel ls  in fact consti tute the pro l i fe ra t ive  pool of ce r ta in  t ransplantable  mouse hepatomas.  The ex t r eme ly  
high mitot ic  act ivi ty of the f rac t ion of single t umor  cel ls  in Zajdela ' s  asc i tes  hepatoma [3] is in full ag r ee -  
ment with this conclusion.  However,  it must  be noted that a f te r  in t raper i toneal  inoculation of intact r ec ip -  
ients with equal numbers  of asc i tes  tumor  cei ls  of the A- and M-var ian ts  only the A-var iant  exceeded the 
or iginal  s t ra in  in its ra te  of growth [2]. 
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