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The DNA content in surface epithelial cells of the gas t r ic  mucous membrane  was studied by 
a cytofluorometr ic  method in 38 patients undergoing operations for duodenal and gas t r ic  ulcer 
and for carc inoma of the stomach. A c lear  difference in DNA distribution was found between 
cells f rom the ulcer margin  and tumor cells. It is considered that the resul ts  may prove use-  
ful in the future for the differential cytodiagnosis of gas t r ic  ulcer and carcinoma.  

Quantitative investigations of DNA in tumors  of var ious organs have shown that a cha rac te r i s t i c  f.ea- 
ture of tumor cells  is a high level of and wide variat ion in their DNA content compared  with normal t i ssues  
[3, 4, 7, 10-12, 15, 17, 18, 21, 23, 24]. The suggestion has been made that a study of the DNA content could 
be of diagnostic value [10, !3, 16, 22]. However, the authors are  aware of only a few investigations [14, 19] 
into the DNA content in the gas t r ic  mucous membrane,  and then only in the presence  of malignant tumors.  

In clinical pract ice  the grea tes t  difficulties in the differential diagnosis of benign and malignant d i s -  
ease of the stomach are  presented by carc inoma and ulcer. Ulcerat ive carc inoma of the stomach, for ex-  
ample, is ve ry  common, accounting for  about 54% of all cases  of carc inoma [9]. Its clinical and radiologica[ 
manifestat ions are  frequently indistinguishable f rom those observed in peptic ulcer. 

Cytomorphological  investigations of biopsy specimens of the gas t r ic  mucous membrane  have also shown 
that the differential diagnosis between carc inoma and ulcer can give r i se  to grea t  difficulty, for in gas t r ic  
ulcer the features of atypia charac te r i s t i c  of cancer  cells are  frequently discovered. 

The object of the present  investigation was to compare  the DNA content in the surface epithelium of the 
gas t r ic  mucous membrane  Jn gas t r ic  ulcer and carcinoma.  

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

The mater ia l  of this investigation consisted of cytological specimens (films) obtained from the mucous 
membrane  of s tomachs re sec ted  from 38 patients undergoing operative t reatment  of duodenal (four cases) 
and gas t r ic  ulcer (11 cases) and carc inoma of the stomach (23 cases).  

The films were fixed in a mixture of alcohol and glacial acetic acid (3 : 1) for 5 rain and stained with 
Schiff 's luminescent reagent.  The quantity of fixed dye in the interphase nuclei was determined by means 
of a cytof luorometer  const ructed from a type ML-2 luminescence microscope  and FEU-79 photoelectronic 
multiplier.  Details of the method of staining the specimens and making the measurements  were descr ibed 
previously [6]. In each case, to determine the DNA from 170 to 200 nuclei were measured.  The relat ive 
DNA content was a s sessed  from the intensity of f luorescence of the nuclei, measured  in conventional units. 

The standard for the diploid DNA content per  nucleus used in the investigation was the DNA content in 
50 circulat ing blood lymphocytes or  in 50 leukocytes present  in the test  films. The resul ts  were  subjected 
to stat ist ical  analysis.  
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Fig. 1. DNA content in su r face  epithelial  ce l l s  of normal  
mucous  m e m b r a n e  of the s tomach (A), f r o m  the marg in  
of an ulcer  (B) and in cance r  ce l l s  (C) de te rmined  by 
f luo romet r i c  and s ing le -wave  cy tospec t ropho tomet r i c  
methods.  H e r e  a n d  in Fig. 3: ordinate,  number  of  
nuclei (in percent) ;  absc i s sa ,  DNA content (in convent ion-  
al units). 

Fig. 2. Cells  of normal  cyl indr ical  epi thel ium of t h e  s tomach (a), 
f rom the m a r g i n  of  an ulcer  (b), and cance r  cei ls  (c and d). 
Pappenhe im ' s  stain,  object ive 100 x, ocular  Homal  2.4 x. 

A para l le l  cy tomorphologica l  invest igat ion was made  of ma t e r i a l  in f i lms stained by Pappenhe im ' s  
method.  The morphologica l  changes in the ce l l s  were  a s s e s s e d  by the c lass i f ica t ion  suggested by 
Papanicolaou and Cooper [20]. A his tological  control  was used. 

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

The su r face  epi thel ium of the g a s t r i c  mucous  m e m b r a n e  in pat ients  with duodenal u lcer  was taken as 
the normal ,  for  in this d i sease  the g a s t r i c  mucous  m e m b r a n e  has  the normal  his tological  p ic ture  [5, 8]. 

The s tabi l i ty  of the cy to f luoromet r i c  method for invest igat ions such as these  has  been descr ibed  p r e -  
v ious ly  [6]. However ,  work has  r ecen t ly  been published in which the r e su l t s  of cy tof luoromet r ic  inves t iga-  
t ions differed f rom those obtained by cy tospec t rophotomet ry ,  such as is usually used to de te rmine  the DNA 
content in ce l l s  [1, 2]. 
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T A B L E  1. R e s u l t s  of  C y t o f l u o r o m e t r i c  I n v e s t i g a t i o n s  o f  t h e  DNA 

C o n t e n t  i n  S u r f a c e  E p i t h e l i a l  C e l l s  of  t h e  N o r m a l  G a s t r i c  M u c o u s  

M e m b r a n e ,  C e l l s  f r o m  t h e  U l c e r  M a r g i n ,  a n d  C a n c e r  C e l l s  

Results of histological ,~ ~. ~ o ~ ~u~ o .  ~ o , ~  ~ o o ~ : ;  
Test No. Investigation -~ ~ ~ ~ ~ = ~ ~ , ~  " 

Normal 
mucous 
membrane 

Gastric 
ulcer 

Carcinoma 
of thd 
stomach 

p* 
10 

F* 
P . 

31 
F 
P 

62 
F 
P 

60 
F 

16 

17 
43 
28 

45 
37 
64m 

64b 
61 
63 
65 
79 

Mucous membrane of normal 
structure 

The same 

Chronic, in stage of 
exacerbation 

The same 

Chronic, iustage of scar 
formation 

Chronic 
The same 
I Chronic, in stage of 

exacerbation 
The same 

Chronic 
The same 

Adenocarclnoma, undiffer * 
; enfiated in places 
] Solid 
Undifferentiated 
The same 

~ Adenocarcinoma 
Undifferentiated, scirrhus 

in places 
Adenocarcinoma 
Mucous, adenocarcinoma in 

places 
Undifferentiated, adenocarctnom; 

in places 
Adenocarcinoma 
Adenocarclnoma, solid in 

places 
A denocareinoma, scltrhus in place 
Solid 
Adenocareinoma 
Adenocarcinoma, solid in 

places 
Solid, adenocarcinoma in 

places 
Adenocarclnoma, scirrhus in place., 
Solid 
A denocarcinoma, scirrhus in place,, 
MUCOUS 
Adenocarcinoma 
The same 
Mucous 

I 
100 
100 
100 

100 
I00 

100 
I00 

100 

200 

200 
200 

180 
190 
200 

200 
200 
200 
200 
170 
200 

8,4 
6,0 

12,4 

15,0 
7,0 

7,7 
12,1 

11,6 

24,1 

22,0 
24.6 

26,6 
26,6 
25,5 

26,0 
25,1 
26,9 
25,6 
25,1 
24,6 

2c 
2c 
2c 

2e 
2c 

2c 
2c 

2c 

2c -- 4C 

2c - -  4c 
2c - -  4c 

2c - -  4c 
2c - -  4c 
2, - -  4, 

2c - -  4, 
2c - -  4c 
2c - -  4c 
2c - -  4c 
2c - -  4c 
2c - -  4c 

5,0 
24,5 
6,0 

26,0 
8,0 

16,0 
8,5 

48,5 

29,5 
15,0 

16,5 
46,5 
23,9 
28,5 

22,5 

31,5 
52,0 
36,0 
60,5 
35,3 
65,0 
46,0 

7,5 

* P )  p y l o r i c  p o r t i o n ;  F)  f u n d a l  p o r t i o n .  

F o r  t h i s  r e a s o n  a c o m p a r a t i v e  s t u d y  w a s  m a d e  of  m a t e r i a l  t a k e n  f r o m  t h e  s a m e  p a t i e n t s  a n d  u s i n g  
c y t o f l u o r o m e t r i c  a n d  s i n g l e - w a v e  c y t o s p e c t r o p h o t o m e t r i c  (4 = 498  nm)  m e t h o d s ;  t h e  f i l m s  f o r  c y t o s p e c t r o -  

p h o t o m e t r y  w e r e  s t a i n e d  by F e u l g e n ' s  m e t h o d .  T h e  DNA c o n t e n t  w a s  d e t e r m i n e d  i n  t h e  s u r f a c e  e p i t h e l i u m  

of  t h e  n o r m a l  g a s t r i c  m u c o u s  m e m b r a n e  a n d  in  p a t i e n t s  w i t h  u l c e r  a n d  c a r c i n o m a  ( o n e  c a s e  o f  e a c h ) .  

D e s p i t e  t h e  d i f f e r e n c e s  in  c o e f f i c i e n t s  of  v a r i a t i o n  ( F i g .  1) a n d  t h e  h i g h e r  p e r c e n t a g e  of  p o l y p l o i d  a n d  

a n e u p l o i d  c e l l s  d e t e c t e d  by t h e  c y t o s p e c t r o p h o t o m e t r i c  m e t h o d  in  c a r c i n o m a ,  t h e  r e s u l t s  c o n f i r m e d  t h e  

r e l i a b i l i t y  o f  t h e  f l u o r o m e t r i c  m e a s u r e m e n t s  a n d  g a v e  g o o d  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  by  o t h e r  w o r k e r s  

b y  t h e  c y t o p h o t o m e t r i c  s t u d y  o f  D N A  in  v a r i o u s  n o r m a l  a n d  m a l i g n a n t  t i s s u e s  [4, 15, 16, 23].  
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Fig. 3. H i s t o g r a m s  of d i s t r i bu -  
t ion of nuclei in c i rcula t ing  blood 
lymphocytes ,  normal  su r face  
epithel ial  cei ls ,  ce l l s  f r o m  the 
ulcer  marg in ,  and cance r  ce l l s  
by DNA content. 

I t  was the re fo re  decided to use the cy tof luoromet r ic  method as 
the mos t  convenient and the quickest  for the purpose  of the inves t iga -  
tion. 

In pat ients  with duodenal ulcer, m a t e r i a l  was taken in each case  
f rom two regions  of the s tomach (pyloric and fundal) along the l e s s e r  
curvature~ In all c a se s  the gas t r i c  mucous  m e m b r a n e  on his tological  
examinat ion was normal  in s t ruc ture .  On cytomorphologica l  inves t i -  
gation of the ce l l s  no changes could be found (Fig. 2a). The ce l l s  had 
a well  p r e s e r v e d  cytoplasm,  c l ea r ly  defined cell  boundaries,  a round 
or oval nucleus about 7/~ in d iamete r  and a del icate  network: of c h r o -  
matin.  

It  will be c l ea r  f rom Table  1 and the h i s tog ram given in Fig. 3 
as an example  that  the dis tr ibut ion of nuclei by DNA content in the 
su r face  epi thel ium of the normal  gas t r i c  mucous  m e m b r a n e  has  one 
max imum,  indicating that this population cons is t s  of ce l l s  homogene-  
ous as  r e g a r d s  the i r  DNA content. Most ce l l s  contain the diploid (2c) 
amount  of DNA. The coeff icients  of var ia t ion,  which do not exceed 
15%, also indicate homogenei ty  of these  cell  populations as r e g a r d s  
the i r  DNA content. 

The dis tr ibut ion of cell  nuclei obtained f rom the marg in  of the 
ga s t r i c  u lcer  by DNA content d i f fered  apprec iab ly  f rom the d i s t r i -  
bution of nuclei  of the normal  mucous  m e m b r a n e  (Table 1, :Fig. 3). 
The  coeff icients  of va r i a t ion  were  v e r y  s ignif icant ly higher than those 
for  homogeneous cell  populations. A high pe rcen tage  of nuclei con-  
tained m o r e  than the diploid amount of DNA, but not m o r e  than 4c, 

i.e~ the c h a r a c t e r i s t i c  amount for  diploid ce i l s  which have comple ted  DNA synthesis .  This  i nc rea se  in the 
DNA content can be explained by the high p ro l i f e ra t ive  act ivi ty  of the ce l l s  at the u lcer  m a r g i n  in connection 
with regenera t ion .  

On cytomorphologica l  invest igat ion of ce i l s  f rom the ulcer  m a r g i n  some degree  of ce l lu lar  a typia  was 
obse rved  (Fig. 2b). The ce i l s  had w e l l - p r e s e r v e d  cy top lasm with dis t inct  ce l lu lar  boundaries ,  but the i r  
nuclei were  sl ightly en la rged  and contained a c o a r s e  chromat in  network. Often the nucleoli  were  enlarged 
and inc reased  in number .  

Cel lular  p o l y m o r p h i s m  was pa r t i cu l a r ly  m a r k e d  in the mal ignant  tumors .  On cytomorphologica l  in-  
ves t iga t ion  the ce i l s  showed w e l l - m a r k e d  atypia (Fig. 2c, d). The ce l l s  were  enlarged,  with highly v a c u o -  
luted cytoplasm,  and with an abnormal  nuc leo-cy top lasmic  rat io.  The nuclei m e a s u r e d  up to 36-38/~ in 
d i a m e t e r  and cons iderab le  an i soka ryos i s  was observed.  The nucleoli were  enlarged,  inc reased  in number ,  
and i r r e g u l a r  in shape. 

In the i r  DNA content the cance r  ce i l s  also d i f fered  sharp ly  f rom normal  ce l l s  and ce l l s  f rom the u lcer  
marg in .  The  table and Fig. 3 indicate an even wider  va r ia t ion  among the ce l l s  than in gas t r i c  ulcer .  In 
m a n y  ca se s  the DNA content pe r  nucleus was 4-5 t imes  above the diploid level .  The pe rcen tage  of diploid 
cel ls  was g rea t ly  reduced  and the pe rcen tage  of ce l l s  with a polyploid and aneuploid DNA content increased.  
A high pe rcen tage  (up to 65) of tumor  ce l l s  contained definitely m o r e  than the te t raplo id  (4c) amount  of DNA. 
The p r e sence  of such a high pe rcen tage  of ce l l s  with a genet ica l ly  unbalanced DNA content can be explained 
not only by the p r e s e n c e  of nuclei in the s tage of DNA synthes is ,  but also by va r ious  ch romosoma l  d i s tu r -  
bances.  

This  invest igat ion thus r evea l ed  a m a r k e d  dif ference in the dis tr ibut ion of cel ls  f rom the ulcer  m a r -  
gin f rom cance r  ce l l s  by the i r  DNA content. 
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