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QUANTITATIVE ASSESSMENT OF THE DEGREE OF MORPHOLOGICAL 

DEDIFFERENTIATION OF GASTRIC CANCER CELLS 
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Quantitative a s s e s s m e n t  of the nucleic acid content in p repa ra t ions  stained with gal locyanin and 
c h r o m e  a lum was c a r r i e d  out in 20 cases  of ga s t r i c  c a r c inoma .  Coeff ic ients  r ep re sen t ing  the 
r a t i o s  between DNA + RNA of the nucleus and RNA of the cy top lasm and between DNA of the 
nucleus  and the total  RNA in the nucleus and cytoplasm,  and the index of DNA accumulat ion 
were  compared  in adenoca rc inomas  and in undifferent ia ted ca r c inomas  of the s tomach.  The  
ra t io  between the a r e a  of nucleus and cy top lasm and the ra t io  of DNA +RNA of the nucleus to 
RNA of the cy top lasm were  s ta t i s t ica l ly  significantly higher in the adenoca rc inomas  than in the 
undifferent ia ted gas t r i c  c a r c i n o m a s .  Th i s  sugges ts  a lower  level  of different ia t ion of the adeno-  
ca r c inoma  of the ce l l s  than of t umor  ce l l s  f r o m  undifferentiated f o r m s  of gas t r i c  ca rc inoma .  

KEY WORDS: gas t r i c  ca rc inoma;  nucleic acids;  m i c r o s p e c t r o p h o t o m e t r y .  

In the morphologica l  d iagnosis  of t u m o r s  a s s e s s m e n t  of the degree  of ma tu r i ty  of the tumor  cel ls  is used, 
and usual ly  the in tensi ty  of po lymorph i sm,  the ra t io  between the volumes  of the nucleus and cy top lasm of the 
t u m o r  cells',  and the h y p e r c h r o m a t i s m  of the nuclei  a re  usual ly de te rmined  visual ly .  However ,  this  approach 
is not sufficient  in all ca ses  for  the object ive  evaluation of the degree  of morphologica l  dedifferent iat ion of 
t u m o r  ce l l s  and, in pa r t i cu la r ,  to judge changes in the i r  ploidy. The quanti tat ive study of the content of genetic 
m a t e r i a l  in the nuclei  of t umor  cel ls ,  according  to data in the l i t e r a tu re ,  involves de te rmina t ion  of the DNA 
content in the nucleus,  s tained by the Feulgen reac t ion .  Staining with gallocyanin and chrome alum, which is 
also specif ic  and suitable for  quanti tat ive invest igat ions [13, 14], can be used to de t e rmine  the content of  both 
DNA and RNA. Very  few invest igat ions  us ing this method have been published in connection with the morphology 
of cancer ,  and yet  it can provide  new informat ion with r e s p e c t  to the object ive  study of c r i t e r i a  of the degree  
of dedifferent ia t ion of t m n o r  cel ls .  Grea t  impor t ance  also has  been at tached to the nuc leocytop lasmic  ra t io  
for  a s s e s s m e n t  of  the deg ree  of different iat ion [5, 8, 9]. The object  of the p r e sen t  invest igat ion was the ob-  
jec t iv iza t ion  of c r i t e r i a  of the degree  of dedifferent ia t ion of gas t r i c  cance r  cel ls .  

Cer ta in  quanti tat ive indices we re  used in o r d e r  to a s s e s s  cell dedifferentiat ion:  coeff icients  r ep re sen t i ng  
the r a t i o s  between the a r e a  of c r o s s - s e c t i o n  of nucleus and cy toplasm,  and indices of the nucleic acid content 
in the nucleus and cy top lasm of tumor  ce l l s  f r o m  adenocarc inomas  and undifferent iated f o r m s  of gas t r i c  c a r c i -  
noma.  

EXPERIMENTAL METHOD 

Mater ia l  f r o m  20 pat ients  with gas t r i c  c a r c i n o m a  (7 with adenocarc inoma and 13 with undifferent ia ted 
tumors )  was examined.  Sect ions cut a f t e r  f ixation in C a r n o y ' s  fluid and embedded in celloidin and paraf f in  
wax in the s ame  way for  all  c a se s  were  stained with gallocyanin and chrome alum; one of two se r i a l  sect ions 
was t r e a t ed  before  staining with p r o t e a s e - f r e e  c rys ta l l ine  r ibonuc lease .  

In each case  the volume of the nucleus and cy top lasm was m e a s u r e d  with an integrat ing m i c r o s p e c t r o -  
pho tomete r  [1], the DNA and RNA content in the nucleus and the RNA content in the cy top lasm of 30 t umor  cel ls  
in the sect ion without r ibonuc lease  t r e a t m e n t  and the DNA content in the nucleus of 30 t umor  cel ls  and of 30 
lymphocy tes  in a sect ion t r e a t ed  with r ibonuc lease  were  de te rmined .  The r a t io  between the a r e a s  of c r o s s  
sect ion of the nucleus  and cy top lasm in 30 ce l l s  f r o m  each pat ient  was calculated.  The  r e s u l t s  of the m e a s u r e -  
men t s  were  subjected to s ta t i s t ica l  ana lys i s .  The level  of probabi l i ty  of the signif icance of d i f fe rences  adopted 
was  0.95. 
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Fig. 1. Distribution of cells by nucleo-cyto- 
plasmic ratio in adenocarcinomas (A) and un- 
differentiated carcinomas (B) of the stomach. 
Abscissa, nucleo-cytoplasmic ratio; ordinate, 
number of cells. 
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Fig. 2. DNA content in tumor cells  of adenocarcinomas 
(A) and undifferentiated carcinomas (B) of stomach. Ab- 
scissa,  DNA content (in ploidy units); ordinate, number of 
cel ls .  

EXPERIMENTAL RESULTS 

T h e  d i s t r i b u t i o n  of  the  t u m o r  c e l l s  by the  v a l u e s  of  t he  n u c l e o - c y t o p l a s m i c  r a t i o  o b t a i n e d  in  c a s e s  of  
a d e n o c a r c i n o m a s  (210 ce l l s )  and u n d i f f e r e n t i a t e d  c a r c i n o m a  (390 c e l l s )  i s  shown in h i s t o g r a m s  in F i g .  1. In 
t he  a d e n o c a r c i n o m a s  no t u m o r  c e l l s  w e r e  found wi th  a n u c l e u s  w h o s e  a r e a  of  c r o s s  s e c t i o n  a m o u n t e d  to  0 .25-  
0.5 of  t h e  a r e a  of  t he  c y t o p l a s m ,  w h e r e a s  in  t h e  u n d i f f e r e n t i a t e d  c a r c i n o m a s  m o r e  than  20 such  c e l l s  w e r e  
found.  In a d e n o c a r c i n o m a s  s i ng l e  c e l l s  w e r e  found whose  n u c l e u s  had an a r e a  8-15 t i m e s  g r e a t e r  t han  the  
a r e a  of  the  c y t o p l a s m ,  w h e r e a s  no s u c h  c e l l s  w e r e  found in t he  u n d i f f e r e n t i a t e d  c a r c i n o m a s .  T h e  n u m b e r  of  
t u m o r  c e l l s  wi th  a n u c l e o - c y t o p l a s m i c  r a t i o  of  o v e r  1 w a s  30.5% of the  t o t a l  n u m b e r  o f  c e l l s  in  t h e  a d e n o c a r c i -  
n o m a s  but  on ly  13.8% in t h e  u n d i f f e r e n t i a t e d  c a r c i n o m a s .  T h e  m e a n  v a l u e s  of  the  n u c l e o - c y t o p l a s m i c  r a t i o  a l so  
d i f f e r e d  s t a t i s t i c a l l y  s i g n i f i c a n t l y ,  be ing  2.09 • 0.23 fo r  a d e n o c a r c i n o m a s  and 0.87 :e 0.09 fo r  u n d i f f e r e n t i a t e d  
c a r c i n o m a s  (t = 5.09, P < 0.01). 
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T u m o r  ce l l s  of adenoea rc inomas  thus had a higher  nuc leo -cy lop la smic  ra t io  than undifferentiated c a r -  
c inoma cel ls .  The  fac t  that  the lower  the degree  of d i f ferent ia t ion of the cel ls  the higher  the i r  nuc l eo -cy to -  
p l a s mic  ra t io  has been es tab l i shed  and conf i rmed in r e cen t  y e a r s  by m o r p h o m e t r i c  methods  [5, 8, 9]. C o n -  
sequently,  t umor  cei ls  of undifferent ia ted c a r c i n o m a s  a r e  m o r e  ma tu re ,  according  to this  index, than adeno-  
c a r c i n o m a  cel ls .  Th i s  is in a g r e e m e n t  with the m o r e  man i f e s t  functional different ia t ion of the t u m o r  ce l l s  of 
the undifferent ia ted c a r c i n o m a  than of the adenoca rc inoma  [6]. 

C o m p a r i s o n  of the content of  DNA +RNA in the nucleus with the RNA content in the cy top lasm in each 
t u m o r  cell  showed tha t  the m e a n  r a t io  of nuc lear  DNA +RNA to cy top lasm RNA was 7.0 * 1.06 for  adenoca rc i -  
nomas  and 3.53 • 0.47 for  undifferent ia ted c a r c i n o m a s .  The  di f ference  was signif icant  (t= 3.01, P < 0.01). P r e -  
dominance of the nuclear  nucleic acid content ove r  the cy top lasmic  RNA was thus much m o r e  m a r k e d  in the 
adeno c a r c i n o m a s .  

To obtain the DNA/RNA ra t io  fo r  the nucleus and cy top lasm the mean  values  of nuc lear  DNA+RNA, cy-  
t op l a smic  RNA, and nuc lear  DNA w e r e  calculated for  the t umor  cel ls  in each case .  F r o m  the mean  nuc lear  
DNA +RNA content the mean  nuc lear  DNA content was sub t rac ted  to give the mean  RNA content in the nucleus,  
and this  was added to the mean  cy top lasmic  RNA content fo r  that  case .  In this  way the ra t io  between the mean  
nuc lear  DNA and the to ta l  n u c l e a r + c y t o p l a s m i c  RNA could be  ca lcula ted .  This  index, of course ,  is l e s s  ac -  
cu ra te  than the p rev ious  one, fo r  the  nuc lear  DNA +RNA and DNA were  found in di f ferent  cel ls  of d i f ferent  
sec t ions  f r o m  the s a m e  pat ient .  The  mean  value of th is  ra t io  for  adenoca rc inomas  was 0.76 • 0.26 and for  
undif ferent ia ted c a r c i n o m a s  0.44 * 0.04. Although the s a m e  tendency was found as for  the ra t io  of nuc lear  
DNA +RNA to cy top lasmic  RNA, i .e . ,  it was higher  for  adenoca rc inomas  and lower  fo r  undifferent iated c a r c i -  
nomas ,  the d i f ference  was not s ignif icant  (t = 1.28, P > 0.2). 

To es tab l i sh  whether  it is the DNA content o r  the RNA content in the t u m o r  ce l l s  that  is r e spons ib l e  for  
the d i f fe rences  between these  r a t i o s ,  the DNA content was analyzed in the nuclei  of adeuoca rc inomas  and un- 
d i f ferent ia ted  c a r c i n o m a s  a f te r  reduct ion  to ploidy units (Fig. 2). The h i s t o g r a m s  show no d i f ference  in d i s -  
t r ibut ion of adenoca rc inoma  and undifferent ia ted c a r c i n o m a  cel ls :  Ceils with a DNA content g r e a t e r  than 
te t rap lo id  (4c) or  octaploid (8c) consti tuted the s ame  pe rcen tage  of the total  number  of t u m o r  cel ls .  

On ave rage ,  t he re fo re ,  nuclei  of adenoca rc inomas  contain a l i t t le  m o r e  DNA than nuclei  of undifferent i -  
ated c a r c i n o m a  cel ls .  The higher  va lues  of the r a t io  of the nuclear  nucleic acid content to the cy toplasmic  
RNA content in adenoca rc inomas  than in undifferent iated c a r c i n o m a s  is due to the higher  RNA content and to 
d i f fe rences  in its d is t r ibut ion between the nucleus and cy top lasm.  

Synthesis  of speci f ic  RNAs on the DNA t empla t e  and the i r  t r a n s p o r t  into the cy top lasm a re  essent ia l  for  
d i f ferent ia t ion and ma tu ra t ion  of ce l l s .  As was shown in a su rvey  by Dustin [12], the cy top lasmic  f ac to r  plays  
the  dec i s ive  ro l e  in cell  d i f ferent ia t ion.  Undifferent ia ted and embryon ic  cel ls  a r e  cha rac t e r i zed  by a high 
nuc lear  RNA content and a r e l a t i ve ly  lower  cy top lasmic  RNA content [4]. Da ta  in the l i t e r a t u r e  on quanti tat ive 
de te rmina t ion  of RNA in t u m o r s  a r e  few in number  and cont rad ic tory  in nature:  T u m o r  cel ls  with a low level  
of d i f ferent ia t ion contain l e s s  RNA in the i r  cy top lasm than highly di f ferent ia ted  t umor  ce l l s  [3, 10]. Conse-  
quently, the sharp  p redominance  of the nuc lear  nucleic acid content ove r  the cy top lasmic  RNA content in adeno-  
c a r c i n o m a s  mus t  be r e g a r d e d  as  evidence  of the lower  level  of d i f ferent ia t ion of the i r  ce l l s  than of undiffer-  
ent ia ted c a r c i n o m a  cel ls .  

I t  has  been emphas ized  [7, 11] that  p ro l i f e ra t ive  act ivi ty  " i n t e r f e r e s  ~ with cell  matura t ion .  In fact,  in 
the per iod of DNA synthes is  p reced ing  cell  division, synthes is  of the RNA n e c e s s a r y  for  different ia t ion on DNA 
is imposs ib le .  F o r  that  r ea son ,  sha rp  s t imula t ion  of DNA synthes is  l eads  to some  d e c r e a s e  in the RNA content 
in the ce l l s .  Consequently,  the tendency for  s h a r p e r  p redominance  of the DNA content ove r  RNA in adenoca rc i -  
nomas  than in undifferent ia ted c a r c i n o m a s  obse rved  in the p re sen t  invest igat ion can be r ega rded  as the r e s u l t  
of the g r e a t e r  intensi ty of p ro l i f e ra t ion  and the lower  level  of different iat ion of adenocarc inoma than of undif- 
fe ren t ia ted  c a r c i n o m a  cel ls .  

I t  can thus be concluded that  adenoca rc inomas  and undifferent iated ca r c inomas  differed significantly f r o m  
each o ther  in the i r  nuc l eo -cy top la smic  volume ra t io ,  indices of DNA accumulat ion,  and the ra t io  between t h e  
total  content of  nucleic acids in the i r  nucleus and cy top lasm.  The  higher  values  of these  r a t io s  in the adeno-  
c a r c i n o m a s  than in undifferent ia ted c a r c i n o m a s  can be r ega rded  as evidence of the lower  level  of d i f fe ren t ia -  
t ion of adenoca rc inoma  ce l l s  than of undifferent iated c a r c i n o m a  ce l l s  and of the i r  g r e a t e r  p ro l i f e ra t ive  act ivi ty .  
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GROWTH OF S Y N G E N E I C  T R A N S P L A N T A B L E  TUMORS 

IN SYRIAN H A M S T E R S  I M M U N I Z E D  WITH E M B R Y O N I C  

H A M S T E R  TISSU E 

E .  L .  V e n d r o v  and  G.  I .  D e i c h m a n  UDC 616-006-092.9-085.373.36-036.8 

The effect of immunization with embryonic tissue on growth of two syugeneic transplantable 
tumors was investigated in Syrian hamsters.  Immunization of inbred hamsters with embryonic 
hamster tissue followed by transplantation of continuous lines of syngeneic tumors was shown 
neither to inhibit nor to stimulate growth of the tumors. It is suggested that embryonic antigens 
do not participate in the mechanism of transplantation antitumor immunity. 

KEY WORDS: embryonic antigens; immunization. 

The possibility of using embryonic antigens for immunization against tumors is a topic for discussion. 
Evidence that immunization with embryonic antigens can prevent both the formation of primary induced tumors 
and growth of transplanted tumors has been obtained [1, 2]. Other workers have described the unsuccessful 
results  of such immunization [4, 5]. Some workers who obtained positive results  by immunization with em- 
bryonic cells against tumors induced in Syrian hamsters with SV40 virus state in their later communications 
that several conditions must be closely observed if immunization with embryonic tissue is to be successful [3]. 
These conditions are as follows: 1) the embryos must be of a certain age (in particular, 9-10 days for Syrian 
hamster embryos}; the suspension of embryonic cells must be prepared by mechanical dispersion without the 
use of trypsin or versene; 3) the embryos must be from females pregnant for the f irst  time; 4) triple immuni- 
zation of the animals with embryonic tissue is essential; 5) the embryonic tissue must be irradiated to prevent 
its differentiation in vivo and the formation of embryos; 6) the most sensitive modification of the transplanta- 
tion test  must be used. 

The effect of the first  and subsequent gestations on the frequency of origin of primary tumors induced by 
virus SV40 in Syrian hamsters was investigated previously. The results showed that the significant decrease 
in the frequency of tumor formation in multiparous females is not an immunologic phenomenon. 

The object of the present investigation was to study the effect of immunization with embryonic hamster 
t issue on growth of two transplantable tumors in inbred hamsters.  
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