
Quantitative and qualitative differences were thus found in the composition of membrane antigens of 
t ransformed and tumor Syrian hamster  cells. These differences may evidently reflect the clonal nature of 
origin of the tumors, the stage of differentiation of the normal cell at which it was fixed by the transformation 
process, and the disturbance of synthesis of individual antigens by the cell during transformation and progres- 
sion. 
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The role of adenosine triphosphatase (ATPase) in energy metabolism is well known. The ATP "pool" 
in the cell is maintained, in particular, by the enzyme inosine diphosphatase (IDPase). The function of this 
enzy~]e in the cells has not yet been fully explained. However, some workers [5, 8] consider that inorganic 
phosphate and inosine are liberated from [nosine diphosphafe under the influence of IDPase. Durh~ intra- 
cellular me~bolism, adenosine is formed from inosine and is phosphorylated to form ATP. 

Most workers [4, 7, i0, 14] describe the localization of the reaction product for ATPase at the light 
hisiochemical level entirely in the parietal cells. A s regards the electron-histoehemical study of ATPase 
and IDPase in cells of the gastric mucosa, there are only isolated reports [3, II-13], the authors of which have 
not paid the necessary attention to the activity of these enzymes in the cell nuclei. Data on the electron-histe- 
chemical detection of these enzymes in nuclei of human gastric carcinoma cells are nowhere to be found. 

Accordingly, the aim of the present investigation was to compare ATPase and IDPase activity in nuclei 
of normal epithelial cells of the human gastric mucosa and in gastric carcinoma cells. 

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

Pieces of tissue obtained by means of a fiberoptic gastroscope from tumors of the human stomach and 
from the gastric mucosa of persons without gastric tumors (control) were studied.* To investigate IDPaseand 
ATPase activity, electron-histochemical methods were used. 

*The gastroscopy and tatting of the specimens were carr ied out by Cand. Med. Sci. E. A. Mikhailov (Depart- 
menr of Endoscopy, Oneologic Scientific Center, A cadezny of Medical Sciences of the USSR), to whom the writers 
are grateful. 

Laboratory of Histochemistry and Electron Microscopy, Department of Pathological Anatomy of Human 
Tumors, Oncologic Scientific Center, Academy of Medical Sciences of the USSR, Moscow. (Presented by 
Academician of the Academy of Medical Sciences of the USSR N. A. Kraevskii.) Translated from Byulleten' 
]~ksperimental~noi Biologii Meditsiny, Vol. 89, No. 7, pp. 86-88, July, 1980. Original article submitted 
October 30, 1979. 
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Fig.  1. IDPase  act ivi ty  in ce l l s  of ga s t r i c  m u c o s a  and gas t r i c  c a r c i n o m a  cells;  a) basal  po r -  
t ion of cell  in epi thel ium lining ga s t r i c  pits;  product  of reac t ion  for  IDPase  loca l ized  in c i s -  
t e r n s  of rough endoplasmie  re t i cu lum,  nuc leo lemma,  p l a s m a l e m m a  of developed in te rd ig i ta -  
t ions ,  and diffusely in nucleus; r eac t ion  product  is absent  in zone of nuc lear  pores  (15,000 x); 
b) a c c e s s o r y  cel l  of  ga s t r i c  mucosa ;  product  of  r eac t ion  fo r  IDPase  d is t r ibuted  profuse ly  in 
k a w o p l a s m  and nucleolus and also in p l a s m a l e m m a .  Enzyme act ivi ty  in nucleolus is s t ronger  
than in ka ryop lasm;  reac t ion  product  absent  in nuc leo lemma (8300 x);  c) undifferent ia ted 
c a n c e r  cell;  cons iderable  weaking of IDPase  act ivi ty  in nucleus; reac t ion  product  absent  in 
nuc leo lemma and p l a s m a l e m m a  of cell; high IDPase  act ivi ty in Golgi l a m e l l a r  complex  
(20,000 • d) nucleus of c ance r  cell  of  a c c e s s o r y  type; m a r k e d  weakening of IDPase  activi ty 
in n u e l e o N a s m  and nucleolus;  enzyme act ivi ty  is s t ronge r  in nueleolus than in nucleoplasm;  
reac t ion  product  absent  in nuc lear  m e m b r a n e  (25,000x).  Here  and in Fig. 2, sect ions  un- 
stained; N) nucIeolus; NM) nuc lear  m e m b r a n e .  

Immedia t e ly  a f t e r  r e m o v a l  the f r agmen t s  were  p re f ixed  in 2.5% glutaraldehyde solution in 0.05M cacody-  
l a t e  buffer  (pH 7.4) with 0.25M suc rose  for  1 h at  4~ They were  then washed in 0.25M suc rose  solution for  
10, 20 and 90 rain succes s ive ly  at 4r Sect ions were  cut in a c ryos t a t  to a th ickness  of 45-50 #, and then incu- 
bated on a water  bath at  36 -3TE for  45 rain in med ium for  detection for  ]:DPase, which contained 5 mM inosine 
diphosphate ( f rom Reanal ,  Hungary) ,  80 mM T r i s - m a t e a t e  buffer ,  (pH 7.2-7.4), 30 mlVl m a g n e s i u m  ace ta te ,  
and 3.6 miVl lead  ace ta te .  The composi t ion  of the incubation med ium for  detection of A T P a s e  and the subsequent  
p r o c e s s i n g  were  desc r ibed  by the w r i t e r s  p rev ious ly  [2]. To compare  the r e su l t s  of detection of IDPase  act ivi ty  
in the ce l l s ,  pa ra l l e l  incubation of the sect ions  was c a r r i e d  out i n t h e m e d i u m  of Novikoff and Goldf ischer  [9] and 
in the med ium sugges ted  above.  

Semithin sec t ions  were  cut f rom all the Epon blocks on an LKB Ul t ra tome riI.  Some of the semithin  
sec t ions ,  1 # thick,  were  s ta ined with toluidine blue by Lynn ' s  method [6], o the r s  3-5 # thick were  t r e a t ed  with 
ammonium sulfide solution by a modif ied  me thod  of  Lysenko [1]. Af t e r  this  p rocedure  the semi th in  sec t ions  
were  studied in the light m i c r o s c o p e ,  where  the place  fo r  sharpening the block was se lec ted .  Ultrathin sect ions  
were  studied in the JEM-IOOC e lec t ron  m i c r o s c o p e .  
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Fig. 2. ATPase  act ivi ty in cel ls  of normal  human gas t r ic  mucosa  and in gas t r ic  carc inoma 
cells;  a) chief  cell  of gas t r ic  mueosa;  product  of reac t ion  for  ATPase  local ized on membranes  
of developed rough endoplasmic re t iculum (seen f rom m a t r i x  of cytoplasm),  and also in con-  
densed chromatin ,  and in g ranu la r  and f ib r i l l a ry  components of nucleolus (15,000 • b) ac-  
ce s so ry  cell  of gas t r ic  mucosa;  products  of his tochemical  react ion dis tr ibuted uniformly 
throughout nucleoplasm with predominant  local izat ion in nucleolus; activity in nucleolemma 
is absent  (15,000 • c) undifferent ia ted cance r  cell; considerable  weakening of ATPase  
act ivi ty in nucleus and nucleolus; reac t ion  products  m o r e  m a r k e d  in nucleolus than in nucleo-  
plasm; ATPase  activity absent  in nuc lear  membrane  {7200 • d) nucleus of cancer  cell  of 
a c c e s s o r y  type; A T P a s e  activity connected with cel l  nucleus is weakened; product  of reac t ion  
for  A T P a s e  located on p lasmalemma of cell  as well as in nucleus (15,000 • 

EXPERIMENTAL RESULTS 

When the incubation medium suggested above was used for electron-histochemical determination of 
IDPase, activity of this enzyme in the normal gastric mucosa was found to be associated with cisterns af the 

rough endoplasmic reticulum, the Golgi complex, plasmalenuna, nuclear membrane, nucleoplasm, and nucleo- 
lus of the epithelial cells (Fig. la, b). The results confirm the observations of Rubin [II, 12], who described 
the IDPase activity of the parietal and endocrine cells of the gastric mucosa. However, unlike Rubin, we found 
that the reaction product was localized on the plasmalemma and inside the nucleus; in the latter case, more- 
over, the reaction product was located not only in the perinuclear space, but also distributed diffusely through- 
out the nucleoplasm. In the uucleolus, however, the density of the reaction product was much greater than 
in the nucleoplasm. 

Cells with different levels of enzyme activity connected with the nucleus were encountered. For instance, 
in cells of the surface epithelium and the epithelium covering the pits, reaction product connected with the 
nucleolemma was found much more often (Fig. la) than in the accessory cells, in which they were often absent 
(Fig. Ib). If the reaction product was localized in the perinuclear space, the zone of the nuclear pores always 
remained inactive (Fig. la). Enzyme activity was dis+=:buted similarly in the nuclei of these cells also: ac- 

967 



e e s s o r y  cel ls  with wel l -def ined reac t ion  product ,  d is t r ibuted  diffusely in the nucleus and nucleolus,  could be 
seen (Fig. lb),  whereas  in o ther  ce l l s  of the s a m e  type it was comple te ly  absent .  Cel ls  were  found with dif-  
fer ing (from low to high) enzyme  act iv i ty  in the i r  nuclei .  A s i m i l a r  p ic ture  also was obse rved  in cel ls  of the 
su r face  epi thel ium and lining the  pi ts ,  and in the  chief  and par ie ta l  ce l l s .  This  dis t r ibut ion of enzyme act ivi ty  
was evidently connected in p a r t i c u l a r  with the physiological  act iv i ty  of  the nuclei .  

A compara t i ve  study of the r e s u l t s  obtained by the u se  of  Novikoff and Goldf i scher ' s  incubation med ium 
[9] and the med ium of the composi t ion  indicated above showed that  during incubation of the sect ion in the l a t t e r  
med ium the in tens i ty  of  fo rmat ion  of  the reac t ion  product  for  IDPase  in the nuclei  was much  s t r onge r  than in 
the f o r m e r .  A s a modif ica t ion  of Novikoff  and Goldf ischer '  s med ium for de terminat ion  of nuc lea r  IDPase  ac -  
t iv i ty ,  the final concentra t ion  of the subs t r a t e  in the med ium was i n c r e a s e d  by 2.5 t imes  and the concentra t ion 
of bivalent  ac t iva to r - ions  (s t imula tors )  was i nc rea sed  sixfold - in the med ium under  discuss ion,  this concerned 
m a g n e s i u m  ions.  It  m u s t  also be pointed out that  ins tead of lead  n i t ra te  and manganese  f luoride,  which were  
p r e s e n t  in Novikoff and Gold f i sche r ' s  med ium,  we used  lead  ace ta te  and m a g n e s i u m  ace ta te  r e spec t ive ly .  The 
p r e s e n c e  of  the s a m e  anions in the incubation med ium as  shown above is some protec t ion  agains t  prec ip i ta t ion  
of a nonspecif ic  r e s idue .  

All the g a s t r i c  t u m o r s  studied were  adenoca rc inomas .  A m a r k e d  d e c r e a s e  in IDPase  act ivi ty was ob-  
s e rved  in the nuclei  of the c a n c e r  ce l l s  and as a ru le  the reac t ion  product  was absent  in the pe r inuc l ea r  space .  
In undif ferent ia ted cance r  cel ls  (Fig. lc)  and also in ce l l s  r e s e m b l i n g  a c c e s s o r y  ce l l s  (Fig. ld) o r  en te rocy tes  
in the i r  u l t r a s t r uc t u r e ,  diffuse t r a c e  act ivi ty  of  this enzyme was found in the nuc lear  chromat in  and in the 
nucleol i .  I t s  intensi ty was g r e a t e r  in the l a t t e r  s t r u c t u r e s  than in the nuc leoplasm.  

A T P a s e  act ivi ty  in the no rma l  ga s t r i c  m u c o s a  was loca l ized  in the nucleoplasm and nueleolus of the 
epi thel ial  ce l l s  as  w e l l  as in the  rough endoplasmic  re t i cu lum and p l a s m a l e m m a  (Fig. 2a, b). The reac t ion  
product  was connected with condensed chromat in  and the g r anu l a r  and f ib r i l l a ry  components  of  the nucleolus;  
in the l a t t e r ,  m o r e o v e r ,  the intensi ty was g r e a t e r  than in the g ranu la r  components  (Fig. 2a). A T P a s e  act ivi ty,  
as  the  work  of Rubin et  al .  [13] showed, depends on the duration of pref ixa t ton  in g lu tara ldehyde  and is inverse ly  
propor t iona l  to the pref ixa t ion  t ime .  F o r  example ,  in the e a r l i e r  publ icat ions of  Rubin [11], when pref ixat ion 
fo r  3 h was used, no A T P a s e  act ivi ty  was found in the pa r i e ta l  ce l l s .  

A T P a s e  activi ty was much  lower  in the nuclei  of the cance r  ce l l s  and in some  it  was comple te ly  absent .  
React ion  product  was d i s t r ibu ted  diffusely in the k a r y o p l a s m  and nucleolus in undifferent ia ted c a n c e r  ce l l s  
(Fig. 2c) and also in ce l l s  which p r e s e r v e d  the u l t r a s t r u c t u r a l  f ea tu res  of  a c c e s s o r y  ce l l s  (Fig. 2d) o r  mucous  
ce l l s  of  the su r face  epi thel ium of the ga s t r i c  pi ts  and pa r i e ta l  ce l l s  and en te rocy tes .  The intensi ty  of  the 
r eac t ion  product  in the nucleol i  of the cance r  ce l l s  in al l  c a s e s  was s t ronge r  than in the nuc leoplasm.  

The cont ro ls  (incubation of sec t ions  without subs t ra te ,  heating the sec t ions  before  incubation for  5 rain 
a t  90~ change of  s u b s t r a t e  to sodium P-g lyccrophospha te  in an equ imola r  concentrat ion) showedthe  spec i f i c -  
i ty of t hese  methods  for  e l e c t ron -h i s t ochem ica l  de te rmina t ion  of IDPase  and A T P a s e  act ivi ty .  

The  r e s u l t s  of  th is  c o m p a r a t i v e  e l ec t ron -h i s tochemica l  invest igat ion of  IDPase  and A T P a s e  in n o r m a l  
epi thel ia l  ce l l s  of  the human g a s t r i c  m u c o s a  and in g a s t r i c  c a r c i n o m a  cel ls  thus showed: f i rs t ,  the eff icacy of 
the  sugges ted  incubation m ed i um  for  use  in the detect ion of  IDPase  in the nuclei  and, second, d is turbance of 
enzyme  s y s t e m s  in human gas t r i c  c a r c i n o m a  cell  nuclei  r e spons ib l e  fo r  the regula t ion of energy  me tabo l i sm  
and fo r  main tenance  of  the A T P  npool" in the cel l  nucleus.  
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An impor tant  but l i t t le  studied aspect  of the problem of t ransplacenta l  carc inogenes is  is the s ea rch  for  
ways of preventing the onset  of t umors  in a progeny exposed to the action of chemical  carc inogens  during the 
per iod of embryogenes i s  [7]. In the w r i t e r s '  opinion, the approach based on the view that during the action of 
carc inogens  in the body, long before  clinical  manifes ta t ion of the turner ,  var ious  hormonal -metabol ic  d is tur -  
bances develop which, on the one hand, faci l i ta te  the development of malignant  ce l ls  and on the other  hand, 
depress  the sys tem of ant iktmor immunity [5], is very  promis ing .  

The a ims of the p re sen t  investigation were  to detect  some of these dis turbances  ar is ing  during t r a n s -  
placental  ca rc inogenes i s  and to a t tempt  to use antidtabetic agents to ove rcome  them with a view to inhibiting 
tttmo r growth. 

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

On the 21st day of pregnancy female  ra t s  were  given an in t raper i toneal  injection of N-n i t rosomethy lu rea  
(NMU) in a dose of 20 mg /kg .  All the F 1 offspring and also the intact ra t s  used as a control  were  divided into 
th ree  groups at the age of 3 months .  In the r a t s  of group 1, a f t e r  s tarvat ion for  18 h, de terminat ions  were  made 
of the blood sugar  (by the o-toluidine method) immunoreac t ive  insulin (IRI), choles tero l ,  t r i g lyce r ides ,  and 
somatomedin,  as desc r ibed  previous ly  [3, 4]; The blood sugar ,  IRI, andsomatomedin  levels  also were  de te rmined  
30, 60, and 120 rain a f te r  pe ro ra l  adminis t ra t ion of glucose in a dose of 3 g/tq~, l l emicas t ra t ion  was pe r fo rmed  
on the female  ra t s  of group 2 and the ability of die thyls t i lbestrol  propionate (DESP), injected subcutaneously in 
a dose of 0.57 pg ove r  a per iod of one week, to depress  compensa tory  hyper t rophy of the ovary  (CliO) was 
studied in these  animals  [2]. The remaining animals ,  exposed to the t ransplacenta l  action of NMU and con-  
stituting group 3, were  divided into subgroups, and until the end of l ife five t imes  a week they were  given 
pe ro ra l l y  through a tube 1 ml  of tap wate r  o r  5 mgbufo rmin  (N-butylbiguanide hydrochloride;  "A debit ,"  f rom 
"C hinoin," Hungary), in the same volume of water .  Neoplasms d iscovered  were  studied microscopica l ly .  

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

The ability of DESP to inhibit CHO induced by hemicas t ra t ion  was significantly depressed  in ra t s  exposed 
to the t ransplacenta l  action of NMU (Fig. 1); this may  be in t e rp re t ed  as a manifestat ion of a r a i s e d  threshold  
of sensit ivi ty of  the hypothalamic-hypophyseal  complex: to inhibition by es t rogen.  This cor responds  to o b s e r -  
vations made in exper iments  in which carc inogens  were  admin is te red  to sexually ma tu re  r a t s  [2]. 

In t h r ee -mon th -o ld  ra t s  whose mo the r s  were  e~q~osed to the action of N1VIU on the 21st day of pregnancy,  
a dec rease  in glucose uti l izat ion was obse rved  a f te r  1 and 2 h in the glucose to le rance  t es t  compared  with the 
control  (Fig. 2). The insulin level  in the control  and e~cperimental animals  did not differ  significantly e i ther  
before  o r  a f te r  adminis t ra t ion  of glucose,  whereas  the somatomedin concentra t ion was significantly depressed  
in ra t s  exposed to t ransp lacenta l  action of NMU (Fig. 2). T h e i n s u l i n - g l u c o s e  index in the control  r a t s  2 h 
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