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Details are  given of a morphometr ic  and e lec t ron-microscop ic  analysis of the mitochondrial ,  
e rgas top lasmic ,  and polysomal  sys tems of the cells Of experimental  rat  f ibrosarcomas  and 
normal  r a t  f ibroblasts at  various levels of differentiation. Normal fibroblasts at different 
levels of differentiation are  shown to differ in the ratio between extracel lular  and in t racel -  
[u[ar protein synthesis .  No stat is t ical  differences were found in the level of organization of 
the mitochondrial  sys tem or  of total protein synthesis .  The u l t ras t ruc tura l  organization of 
f ib rosarcoma cells is indistinguishable in all morphometr ic  parameters  f rom that of em-  
bryonic cells;  ioeo, in the s t ruc ture  of the apparatus for protein synthesis f ib rosa rcomace l l s  
are undifferentiated. 
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The problems relating to the s imi lar i ty  and difference between the u l t ras t ruc ture  of neoplastic and 
normal  ceils still  remain  far f rom completely solved. A widespread shortcoming during the study of these 
problems is that the cells compared are  not histogenetically equivalent [5]. Moreover ,  normal cells in 
different  states of function and at  different levels of differentiation may differ sharply from each other in 
their u l t ras t ruc ture  [4, 7, 8], and this is often not taken into account. Finally, although many workers  have 
descr ibed quantitative changes in the u l t ras t ruc ture  of malignant cells by compar ison with normal [9, 12], 
they usually have not subjected these changes to quantitative analysis and they have assessed  the results  
pure ly  on the basis of visual tests .  

It was accordingly decided to make acompara t ive  morphometr ic  study of the u l t ras t ruc ture  [1] of 
the cells of experimental  ra t  f ib rosarcomas  and of rat  f ibroblasts at various levels of differentiation, as 
histogenetical ly equivalent to normal  cells and their neoplastic analogs [2]. 

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

Three groups of cells (30 cells f rom 3 animals in eachgroup) were chosen as normal  f ibroblasts:  1) 
f ibroblasts of the skin of rat  embryos at the end of pregnancy as cells a lready fully established on the 
road of fibroblastic differentiation, but whose col lagen-forming function was still in an undeveloped state; 
2) fibroblasts f rom the intestine of an adult ra t  as cells most  of which are in an active state (analogous 
skin cells are 70-80~ inactive and degenerated) [4, 13]; 3) fibroblasts of a 7-day aseptic granuloma ob- 
tained by implanting a s ter i le  glass disc beneath the skin of an adult animal.  The u l t ras t ruc ture  of 30 cells 
f rom three experimental  f ib rosarcomas  induced in rats  by subcutaneous injection of DMBA ! l ,2-d imethyl -  
9,10-aminoazobenzene) in a dose of 1 mg/100 g body weight, also was investigated. 

The methods used to take the mater ia l ,  for fixation, dehydration, and embedding in epoxy res ins ,  and 
for staining the sections for e lect ron microscopy were those in general use.  Ultrathin sections were cut 
with the LKB-111 ul t ra tome and photographed on the JEM-7A electron microscope with a standard magni-  

Elect ron Microscopy Group, P. A. Gertsen Moscow Oncologic Scient i f ic-Research Institute. (P re -  
sented by Academician of the Academy of Medical Sciences of the USSR, A. I. Strukov.) Translated f rom 
Byulleten'  ]~ksperimental 'noi Biologii i Meditsiny, Vol. 78, No. 9, pp. 83-86, September,  1974. Original 
ar t ic le  submitted September 21, 1973. 
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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 Coe f f i c i en t s  of  the 
L e v e l  of  M o r p h o l o g i c a l  O r g a n i z a t i o n  of  O r g a n o i d s  of  N o r m a l  and 
T u m o r  C e l l s  

Parameters 
and coef- 
ficie nts 

s~ 
s~ 
L~ 

AM 

s~ 

,vz A 
NRE 

KE/K o 
KE+ Kp 

L e g e n d .  

Fibroblasts 
of adult 
rats 

Fibroblasts of rat 
granuloma 

0,101+--0,o27 
0,86=0,I 2 
1,80-+0,26 
1,41-----0,20 
3,00-+ ,062 

0,51 
0 28--+0,06 
6,10-+ 1,10 
4,79-+0,93 
2,53-+0,85 
27,4-+ 2,1 
3,8-+ 1,0 
110-+39 

27,0-+ 7,3 
5,3~3,2 
138• 40 

Conf iden ts  l i m i t s  

0,057-+0,016 
0,65-+0,19 
1,50-+0,56 
1,02-+0,44 
1,79-----0,61 

0,61 
0,16-+0,03 
3,87-+0,92 
3,04-----0,72 
1,25-+0,31 
99,0-+ 1,9 
4,3-+ 1,5 
68-----50 

45,6-+ 11,4 
1,68----- 1,12 
114-+50 

given fo r  13 = 

Fibroblasts of rat 
embryo 

0,063-+-0,020 
0,58-- + ,017 
1,24-+0,45 
0,97-+0,36 
1,97-+0,52 

0,41 
0,13-+ ,003 
3,15-+0,79 
2,47-+0.62 
t ,23--+0,36 
30,1• 
2,5-+ 1,0 

34,5-+ 24,8 
100-+17 

0,42--+0,35 
135-+ 29 

0o05. 

Cell of tat 
fibrosareoma 

0,063~0,020 
0,66--0,17 
1,35m0,32 
1,05~0,25 
2,55"0,73 

0,49 
O, I I +0,03 
2,80--0,65 
2,20-+-0,5 l 
1,24-+0,28 
24,0-+ 1,5 
3,0--+0,9 

15.2--7,9 
86-+ 12 

0.24-++-0,14 
103-+ I 1 

f i c a t i on  of  9000x .  The m o r p h o m e t r i c  p a r a m e t e r s  of  the o r g a n o i d s  w e r e  r e c o r d e d  [3, 11, 14] on 8 • 24 e m  
p h o t o g r a p h i c  p r i n t s  wi th  a f ina l  m a g n i f i c a t i o n  of  27 ,000•  Since  i t  is  d i f f i cu l t  to judge  d i f f e r e n c e s  in the 
o r g a n o i d s  a s  a whole  in n o r m a l  and t u m o r  c e l l s  on the  b a s i s  of  s i ng l e  p a r a m e t e r s ,  c o e f f i c i e n t s  r e f l e c t i n g  
the  l e v e l  o f  m o r p h o l o g i c a l  o r g a n i z a t i o n  of  e a c h  o r g a n o i d  w e r e  c a l c u l a t e d  f r o m  i ts  m o r p h o m e t r i c  p a r a m -  
e t e r s  [10]. S ince  t h e s e  c o e f f i c i e n t s  w e r e  d e r i v e d  f r o m  d a t a  in the l i t e r a t u r e  fo r  m o r p h o f u n c t i o n a l  c o r r e l a -  
t ions  b e t w e e n  the c o r r e s p o n d i n g  o r g a n o i d s ,  e a c h  c o e f f i c i e n t  r e f l e c t s  to a c e r t a i n  d e g r e e  the l e v e l  of  the 
func t iona l  s t a t e  of  the p a r t i c u l a r  o r g a n o i d .  The p r i n c i p a l  c oe f f i c i e n t s  ob ta ined  w e r e  the fo l lowing:  

the c o e f f i c i e n t  of  the l eve l  of m o r p h o l o g i c a l  o r g a n i z a t i o n  of  the m i t o c h o n d r i a :  

K M=SKV.AM.(Sv.Vv).(LA.NA),M" ~t K.  K 

w h e r e  S K is  the s u r f a c e  a r e a  of  the c r i s t a e  of  the m i t o e h o n d r i a  in  1 tt 3 of  c y t o p l a s m ,  AM the p e r c e n t a g e  of  
c o n v e n t i o n a l l y  act ive" m i t o c h o n d r i a  of  a v e r a g e  s i z e ,  S M the s u r f a c e  a r e a  of  the m i t o e h o n d r i a  in 1 ~t 3 of  
c y t o p l a s m ,  VvM the f r a c t i o n  by  v o l u m e  of  the m i t o c h o n d r i a  in 1 tt 3 of  c y t o p l a s m ,  LAK the t r a c k  length  of the 
c r i s t a e  p e r  I p2 c r o s s  s e c t i o n  of  c y t o p l a s m ,  and N K the n u m b e r  of  m i t o e h o n d r i a l  c r i s t a e  cu t  a c r o s s  in 1 
g2 c r o s s  s e c t i o n  o f  c y t o p l a s m ;  

the c o e f f i c i e n t  o f  the l eve l  of  m o r p h o l o g i c a l  o r g a n i z a t i o n  of  the g r a n u l a r  e r g a s t o p l a s m :  

E E RE E E K E : S  v I / v , N  L ( L A . N A L  

w h e r e  S E is the s u r f a c e  a r e a  of  the e r g a s t o p l a s m i e  m e m b r a n e s  in  1 g~ of  c y t o p l a s m ,  V E the f r a c t i o n  by  
vo lume  of  the g r a n u l a r  e r g a s t o p l a s m  in 1 g~ of  c y t o p l a s m ,  N RE the n u m b e r  of  r i b o s o m e s  in 1 p length  o f  
t r a c k  of  the e r g a s t o p l a s m i c  m e m b r a n e s ,  LAE the t r a c k  l eng th  of  the e r g a s t o p l a s m i c  m e m b r a n e s  p e r  1 g2 
c r o s s  s e c t i o n  of c y t o p l a s m ,  and N E the n u m b e r  o f  c l o s e d  c o n t o u r s  of  c i s t e r n s  o f  the e r g a s t o p l a s m  p e r  1 g2 
c r o s s  s e c t i o n  of  c y t o p l a s m ;  

the  c o e f f i c i e n t  o f  the l eve l  of  m o r p h o l o g i c a l  o r g a n i z a t i o n  o f  f r e e  p o l y s o m e s  : 

K p ~ N ?  , 

i~  the n u m b e r  of r i b o s o m e s  c o m b i n e d  into p o l y s o m e s  p e r  1 p2 c r o s s  s e c t i o n  of  c y t o p l a s m ;  and 

the d e r i v e d  c o e f f i c i e n t s  : 

,kSK p ~.d K E+ %. 

w h e r e  the f o r m e r  r e f l e c t s  the r a t i o  b e t w e e n  the e x t e r n a l  and i n t e r n a l  s y n t h e s i s  of  the c e l l ,  and the l a t t e r  
the  c o m b i n e d  s y n t h e t i c  a c t i v i t y  of  the c e l l .  The v a l u e s  of  the m o r p h o m e t r i c  p a r a m e t e r s  and t h e i r  c o e f f i -  
c i e n t s  a r e  g iven  in Table  1. 

1 0 5 2  



Fig.  1o E l e c t r o n - m i c r o s c o p i c  p ic ture  of ce l l s  mos t  typical  of the 
groups studied (30,000x): a) u l t r a s t r uc tu r e  of adult r a t  f ibroblast ;  
b) u l t r a s t r uc tu r e  of  f ib roblas t  of exper imenta l  asept ic  granuloma 
of rat;  c) u l t r a s t ruc tu re  of f b r o b l a s t  of  r a t  embryo;  d) u l t r a s t r u c -  
ture of cel l  of expe r imen ta l  r a t  f i b r o s a r c o m a .  

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

The e l e c t r o n - m i c r o s c o p i c  p ic ture  of the mos t  typical  cel ls  of  the groups studied is i l lustrated in 
Fig. 1. The detailed s ta t i s t ica l  analysis  of the morphome t r i c  data yielded the data given in Table 1. The 
f i r s t  point to be noted is that d i f ferences  between the f ibroblas ts  of the adult r a t s ,  of the asept ic  granuloma,  
and of the embryos  were  d i scovered  in the biosynthet ic  appara tus :  s p e c i f c a l l y  in the rat io  between the in-  
t r ace l lu l a r  and ex t race l lu l a r  syn thes i s ,  ref lec ted  in the coefficient  K E / K p .  The intensive in t race l lu la r  
synthes is  in the embryonic  cel ls  was accounted for  by the high level  of  development  of  the polysomal  s y s -  
t em,  the " fac tory"  of pro te in  used  chiefly for  the needs of the cel l  i t se l f  [6, 9]; the co l lagen- forming  function 
of  these ce l l s ,  however ,  is low compared  with that of adult animals  [4]. The coefficients  ref lec t ing  the b io-  
synthet ic  act ivi ty  of  f ibroblas ts  of the exper imenta l  g ranu loma occupied an in te rmedia te  posit ion between 
the co r respond ing  coeff icients  for  the f ibroblas ts  of the embryos  and the adult an imals ,  also in a g r e e m e n t  
with data in the l i t e ra tu re  on the functional act iv i ty  Of cel ls  of this type.  Meanwhile the di f ferences  in KE 
of the cel ls  of  these groups were  the r e su l t  of  d i f ferences  in the sur face  a r ea  of  the m e m b r a n e s  of the 
e r g a s t o p l a s m  and in the volume of  its c i s t e r n s ,  but not in the densi ty  of granulat ion of the m e m b r a n e s  [4]. 
I t  is an in te res t ing  fac t  that the level of organizat ion of the mitochondria l  appara tus  in all  the groups of 
cel ls  was the s ame  whether  based on KM or  on its component  p a r a m e t e r s ,  in contradict ion with the resu l t s  
desc r ibed  by o ther  w o r k e r s  who observed  analogous groups of cel ls  v isual ly  and found di f ferences  in the 

1053 



ul t ramorphology  of the mi tochondr ia .  The total  synthetic  act ivi ty of the cel ls  invest igated also was identi-  
cal ,  as ref lected in the v i r tua l  equali ty of the coeff icients  KE + Kp~ Analysis  of the data obtained by t r e a t -  
ment  of the f i b r o s a r c o m a s  showed that in t e r m s  of all  p a r a m e t e r s ,  both bas ic  and der ived,  the tumor  cell  
was  indistinguishable f r o m  the embryonic ;  i .e . ,  the synthetic appara tus  is s t ruc tu ra l ly  undifferent iated.  
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