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The fine s t ruc ture  of the mitochondria,  e rgas toplasm,  and polysomes of cells  of p r i m a r y  
and transplanted tumor  t issue cul tures  was studied by morphomet ry .  In both p r i m a r y  and 
t ransplanted cul tures considerable  differences were  found in the fine s t ruc tu re  of ceils of 
different s t ra ins .  On the whole, however, these  groups differed significantly in the organ-  
ization of their  cytoplasmic prote in-synthes iz ing  apparatus.  P r i m a r y  cultures were  c h a r -  
ac ter ized  by a more  reduced e rgas top lasm and a more  highly developed polysome system~ 
For  tumor  ceils,  cul ture  in vitro can be presumed to be a fac tor  facil i tating fur ther  r e o r -  
ganization of the pro te in-synthes iz ing  sys t em toward the synthesis  of subst ra tes  neces sa ry  
for  growth and multiplication of the cell  mass .  
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Various exogeneous fac tors ,  especial ly a fac tor  such as prolonged cultivation in vitro, may have a 
considerable  influence on the morphological  and functional s tate  of tumor  cel ls .  It was therefore  decided 
to study the u l t ras t ruc tura l  features  of tumor  cells in p r ima ry  t rypsinized and transplanted cul tures ,  i~ 
to at tempt to analyze the c h a r a c t e r  of u l t ras t ruc tura l  reorganizat ion of tumor  ceils during cul ture  in vitro. 
It is most  logical to use u l t ras t ruc tura l  morphomet ry  in investigations of this sor t  [1, 3, 6, 8]. No infor-  
mation could be found in the access ib le  l i te ra ture  on investigations of this type using methods of quanti ta-  
tive analysis  of ceil  u l t ras t ruc ture .  

A compara t ive  quantitative study was accordingly  made of the u l t ras t rue tura l  organizat ion of cells 
of p r ima r y  trypsinized and transplanted tumor  t i ssue  cul tures .  

EXPERIMENTAL METHOD 

A compara t ive  morphomet r ic  analysis  was made of two-day cul tures of p r ima ry  t rypsinized tmnors :  
rat  r e t i cu losa rcoma  321 (KRS-321) [i] and hamste r  s a r c o m a  induced by human adenovirus of sero type  12 
SKhA-12), and also cells of t ransplantable lines HEp-2 (carc inoma of the human larynx) and CaVe (car-  
c inoma of the human stomach).  Cells for  e l ec t ron -mic roscop ic  investigation were  detached f rom the cov-  
ers l ip  with 0.02% versene  solution, centrifuged at 4000 rpm for  8 rain, and then fixed with 3% glutara lde-  
hyde and 1% OsO 4 by the usual methods.  After dehydration in alcohols and embedding in a mLxture of epoxy 
res ins  (Epon--Araldite),  ultrathin sect ions were  cut on the LKB-111 ul t rasome,  stained with uranyl acetate 
and lead citrate, and examined in the IEM-7A electron microscope. For morphometric analysis 30 cells 
were chosen by random selection in each experimental group. In this way 120 objects (30 x 4) were inves- 
tigatedo The following morphometric parameters were obtained from photographic prints with an enlarge- 
ment of 27,000 • [i, 3]: the surface area of the mitochondrial cristae (~r), the surface-volume ratio of 
the mitochondria m m (Sv/V v ), the coefficient of fragmentation of the mitochondrial cristae (KC[). The frac- 
tion of conventionally active mitochondria (AM) determined as the sum of mitochondria of classes 2, 3, and 
4 by size [7], ~he volume of the cisterns of the ergastoplasm (ve), the number of ribosomes per micron 
length of the ergastoplasm membranes (N~ e), and the coefficient of fragmentation of the ergastoplasm (K~). 
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T A B L E  1. M o r p h o m e t r i c  P a r a m e t e r s  and Coeff ic ients  of Level  of 
Morpholog ica l  Organ iza t ion  of Cei ls  f r o m  Cul tu res  of  T u m o r s  KRS- 
321 and SKhA-12 and of T r a n s p l a n t a b l e  T u m o r  S t ra ins  HEp-2  and CaVe 

Parame- 

ters 

K rn 
S~ r 
m m s v /v~  

K~ r 
AM 
Ke 
s e 
N[ e 

K? 
Kp 
Ke/Kp 

Primary culture of 
tumor cells 

KRS- 321 SKhA-12 

6,1+---1,16 11• 
2,2+0,5 2,6-----0,4 

11,4--- 1 13,8 + 1,2 

2,2*-0,22 1,7m0,12 
�9 0,53 0,57 

1,5~0,34 0.4• 
1,5"~-0,2 1,8+0,2 
22-----2 15~1,2 

0,056• 0,008 0,055-----0,013 
1,35"-'-0,15 0,9-+-0,08 

63• 12 122~ 15 
0,03~ 0,008 0,008• 

~0,001 
<0,05 
<o,ool 
<o,ool 

<0~01 
<0,05 
<o,ool 
<0,05 
<o,ool 
<o,ool 
<0,001 

Transplantable culture 
of tumor cells 

HEp- 2 

15-----3 
3,9• 

11,9~ 0,6 
�9 1,7• 

0,48 
0,09• 
0,06-----0,14 

16• 
0,006-----0,0032 

1,5~0,2  
153• 

0,0006-----0,00026 

CaVe 

5------ 1,2 
2,2-----0,54 

13,6+1,2 
2,1• 

0,35 
0,6~-0,15 

1-----0,13 

15-----1,6 
0,05• 

1,2+0,16 
94• 13 

0,0I 1~0,004 

<0,001 
<o,ooi 
<0,02 
<o,ool 

~0,001 
<o,ool 
<0,05 
<o,ool 
<0,05 
<0,001 
~o,ool 

T A B L E  2. C o m p a r i s o n  of Mean A v e r a g e d  
M o r p h o m e t r i c  P a r a m e t e r s  and Coeff ic ients  
f o r  Cells  of P r i m a r y  T r y p s  inized and T r a n s -  
p lantable  Cu l tu res  of T u m o r  Cells  

Mean averaged 
Parame- ivalue s forpri- 
ters mary tumor 

cultures 

Km 
s~ r 

K~ r 
AM 
Ke 
s3 
NF 
v~ 

Kp 
Ke/Kp 

8,55--+ 1,24 
2,4+0,34 

12,6• 
2~0,13 
0,55 

0,95m0,24 
1,65~0,14 

19• 
0,0555• 

1,1• 
92~11 

0,019• 

Mean aVer- 
aged values 
for transplant 
able tumor 
'.cultures 

10-----1,7 
3,05--+0,5 
12,75+0,6 

1,9-- 0,1 
0,42 

0,35--+0,06 
0,8• 

15,5 + 1,2 
0,028----- 0,006 

1,35---+0,12 
124• 

),006• 0,005 

<<0,05 
<0.05 
<0,05 
<0,05 

<0,001 
<o,ooi 

<o,ool 
~O,OOl 

<O,Ol 
<o,ooi 
<0,05 

On the bas i s  of t he se  p a r a m e t e r s  convent ional  coef f ic ien ts  
of the level  of "morpho log i ca l  o rgan iza t ion"  w e r e  c a l c u -  
lated [9]: K m f o r  the mi tochondr i a  as SCv r .  (S~PVvm) "AM" 
1/K~r; K fo r  the e r g a s t o p l a s m a s  s e . v  e .  Nlre. 1/K~e ; Kp e r v v __  . _ 
f o r  the po ly soma l  appara tus  as NaP, the n u m b e r  of r i b o -  
s o m e s  p e r  squa re  m i c r o n  of cy top l a sm.  The  ra t io  Ke/Kp, 
r e f l ec t ing  the ra t io  between e x t r a c e l l u l a r  and in t r ace l lu -  
l a r  p ro te in  syn thes i s ,  a lso was invest igated.  All the p a -  
r a m e t e r s  indicated above w e r e  subjec ted  to s t a t i s t i ca l  an -  
a lysis~ The  conf idence  l imi ts  of the mean  values  w e r e  
d e t e r m i n e d  with a re l iab i l i ty  of 95%. 

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

C o m p a r i s o n  of the u l t r a s t r u c t u r e  of the t u m o r  cel ls  
of the p r i m a r y  t ryps in i zed  cu l tu res  with each o the r  r e -  
vealed  d i f f e rences  in nea r ly  all p a r a m e t e r s .  The  values  

S v / V  v in the SKhA-12 ce l l s  w e r e  s ign i f ican t ly  of Km and m m 
h igher  than those  in the KRS--321 cel ls ,  w h e r e a s  the values  
of K~ r (the r e c i p r o c a l  of Km) w e r e  lower .  Meanwhile,  the 

va lues  of p r a c t i c a l l y  all p a r a m e t e r s  c h a r a c t e r i z i n g  the d e g r e e  of deve lopment  of the e r g a s t o p l a s m  (except 
Vv e) in the SKhA-12 ce l l s  w e r e  s ign i f ican t ly  l ower  than in the  KRS-321 ce l l s ,  w h e r e a s  the values  of Kp, on 
the o t h e r  hand, w e r e  h igher .  S imi la r  d i f f e rences ,  but with h i g h e r  levels  of s ign i f icance ,  w e r e  obse rved  
when HEp-2  and CaVe ce l l s  w e r e  c o m p a r e d  (Table 1). 

B e c a u s e  of  the c o n s i d e r a b l e  individual  d i f f e rences  be tween the va r ious  s t r a i n s  of both p r i m a r y  and 
t r a n s p l a n t a b l e  cu l tu r e s  d i s c ove re d ,  a c o m p a r a t i v e  ana lys i s  was made  of the ave raged  data  al lowing f o r  
d i s p e r s i o n  between g roups  (Table 2). As Tab le  2 shows,  the m o r p h o m e t r i c  c h a r a c t e r i s t i c s  of the m i t o -  
chondr i a l  appa ra tus  in the g roups  s tudied showed about equal m e a n  tendencies .  Agains t  this  background ,  
a s ign i f ican t  d i f f e r ence  was found in the s t r u c t u r a l  o rgan iza t ion  of  the p r o t e i n - s y n t h e s i z i n g  sy s t em.  Cells  

Nre  of the p ~ i m a r y  cu l tu r e s  w e r e  c h a r a c t e r i z e d  by l ower  va lues  of Ke, S e, V e, and L ' and the h igher  value  
of K~. Meanwhi le  t he i r  p o l y s o m a l  appa ra tus  was m o r e  developed (Kp). The  value of  Ke/K p also was much 
lower ,  but  b e c a u s e  of the c o n s i d e r a b l e  s c a t t e r  of the m e a n  s a m p l e  data  c h a r a c t e r i z e d  by  s e r i a l  va lues ,  the  
d i f f e rences  be tween the m e a n  ave raged  values  of the p a r a m e t e r  in ce l l s  of the p r i m a r y  and t r ansp lan tab le  
cu l tu r e s  w e r e  not s igni f icant  with r e s p e c t  to the s t a t i s t i c a l  c r i t e r i a  used.  

Quant i ta t ive  ana lys i s  of the f ine  s t r u c t u r ~  of the  ce l l s  of these  cu l tu r e s  showed that  in both  p r i m a r y  
and t r ansp l an t ab l e  t u m o r  cu l tu r e s  c o n s i d e r a b l e  d i f f e rences  could be found in the s t r u c t u r a l  o rgan iza t ion  of 
ce l l s  of the d i f fe ren t  s t r a i n s ,  a f fec t ing  the i r  e n e r g y - f o r m i n g  and p r o t e i n - s y n t h e s i z i n g  s y s t e m s .  On the 
whole,  however ,  the p r i m a r y  and t r a n sp l a n t ab l e  t u m o r  cu l tu r e s  d i f fe red  s ign i f ican t ly  in the o rgan i za t i on  
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of their cytoplasmic protein-synthesizing apparatus. Pr imary  cultures were character ized by a more re -  
duced ergastoplasm which, in the modern view [4, 5], is responsible for  the synthesis of highly specialized 
protein substrates.  In addition, the value of Kp, reflecting the activity of nonspecific protein synthesis, 
was much higher. Presumably cultivation in vitro is a factor  which, in the ease of tumor cells, contributes 
to the further reconstruction of the protein-synthesizing system toward the synthesis of nonspecific sub- 
strates essential for  growth and multiplication of the cell mass. 
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