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HISTOLOGIC, IMMUNOHISTOCHEMICAL AND 
MORPHOMETRY STUDY OF THE MUCOSA 
OF THE TOTAL GASTRIC ANTRUM 
I N PATIENTS WITH CARCINOMA OF THE STOMACH 

G. E . Holle, M . D . , M. Stiegelmeier, M . D , J . Riedel, M . D . , R. Ringel, M . D . , 
R. Siewert, M . D . , W. Eisenmenger, M . D . , and F. Holle, M . D . , F . A . C . S . ( H O N . ) , 

Munich, Germany 

Examination of gastrin-immunoreactive G-cells, soma-
tostatin-immunoreactive D-cells, enterochromaffin cells 
and 5-hydroxytryptamine-immunoreactive (5-HT-immu-
noreactive) cells of the completely mapped histologic 
antrum (70 to 100 tissue blocks) was done in 20 
normal stomachs of persons between 17 and 94 years 
of age (from forensic autopsy). Results were compared 
with those of nine patients between 48 and 76 years 
of age with total gastrectomy for carcinoma of the 
proximal part of the stomach. Cell counts and mor-
phometric examinations were performed. Results were 
summarized for the proximal (I), middle (II) and 
distal (III) one-third of the antrum and for the major 
(A) and minor (B) curvature side. 

In normal stomachs, the G-cell count was 2.52 per­
cent of the total gland cell count in AI; 4.25 percent 
in A l l and 4.77 percent in AIIL In BI, the numbers 
were 2.5 percent, in ΒΠ, 3.73 percent and 4.06 percent 
in ΒΙΠ. The D-cell count was 0.47 percent in AI, 
0.62 percent in A l l and 0.58 percent in ALII. The 
numbers were 0.44 percent in BI , 0.51 percent in 
BII and 0.51 percent in ΒΠΙ. In the antrum of the 
stomach with carcinoma, the G-cells revealed a non­
significant 20 to 70 percent lower cell count, while 
the D-cell count was reduced insignificantly by as much 
as 35 percent in all areas. 

The 5-HT-immunoreactive cell count in normal stom­
achs is 0.25 percent in AI of the total gland cells, 
0.32 percent in ΑΠ and 0.39 percent in ΑΙΠ. In B, 
it shows numerically no difference to that of A. Con­
trary to the cell count in normal stomachs, the ear-

Fro m the Gastroenterology Research Laboratories, Walther Straub 
Institute, Institute of Forensic Medicine, Ludwig Maximilians Uni­
versity, Department of Surgery, Technical University and the Surgical 
Policlinic, Ludwig Maximilians University, Munich. 

This work was supported, in part, by the Deutsche Forschungsge­
meinschaft, Bonn, Germany. 

Reprint requests: Dr. G. E . Holle, Ludwig Maximilians University, 
Gastroenterology Research Laboratories, Walther Straub Institute, 
Pettenkoferstr. 8a, 8000 Munich 2, Germany. 

cinoma antrum revealed a 200 to 400 percent increase 
in 5-HT-immunoreactive cell count, highly significant 
in every area of the antrum. Because 5-HT is known 
as a growth stimulant, especially for tumors, an in­
crease in 5-HT-immunoreactive cells may be a factor 
that contributes to the initial histologic changes ob­
served during the early phase of gastric tumor. Surg. 
Gynecol Obstet, 1993, 176: 65-72. 

T H E M E A N S for diagnostically assessing the mucosa 
o f the upper part o f the gastrointestinal tract 
have increased greatly and have been di f feren­
tiated because o f rout inely taken endoscopic b i ­
opsies and t h r o u g h the abil ity to demonstrate, 
immunohistochemical ly , specific bioactive cells i n 
this tissue (1) . Both o f these developments, how­
ever, raise new questions. Is i t n o t necessary to 
redefine the difference between n o r m a l and path ­
ologic tissue? Fur thermore , what is the diagnostic 
validity o f a sample as small as that obtained at 
biopsy? Nei ther a quantitative nor a qualitative 
diagnosis seems to be possible f r o m a biopsy 
sample, for example, because o f the f requent 
focal occurrence o f endocr ine cells and degen­
erat ion i n the gastric mucosa (2) . However, def i ­
n i t i o n o f what is " n o r m a l " healthy stomach m u ­
cosa is lacking, a l though i t cou ld provide the 
basis for evaluating pathologic alterations, such 
as those that occur i n carcinoma o f the stomach. 
A l t h o u g h there are numerous histologic and cy­
tologic studies o f carcinoma o f the stomach, most 
deal w i t h the t u m o r and the immediate prox imi ty 
(3-6) or w i t h the mito t i c activity (7) . T h e c u r r e n t 
study was undertaken to evaluate the histologic 
factors, immunohistochemical ly and m o r p h o m e t -
rically, o f specific mucosal cells o f the h u m a n 
gastric a n t r u m o f n o r m a l postmortem stomachs 
(fresh forensic material and transplantation ma-

65 
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M A C MAC 

F I G . 1 

1 I n o r m a l s ( n - 9 ) 
c a n c e r ( n = 7 ) 

F I G . 2 

F I G . 1. T h r e e representative strips from proximal antrum, I (transitional zone) , middle antrum, 
I I , and prepyloric antrum, I I I , of the completely mapped antrum (70 to 100 tissue blocks) were 
examined for histologic factors, immunohistochemically and morphometrically. AW, Anterior wall; 
PW, posterior wall; A, antrum; Py, pylorus; MIC, minor curvature; MAC, major curvature, and 
1 to 10, tissue blocks. 

F I G . 2. L e n g t h (distance orad to aborad border) of the histologic antrum measured at the 
major and minor curvature side. T h e shrinkage factor (approximately 10 to 15 percent) because 
of tissue preparation was not taken into account. O p e n bar, normal stomach (n=9) and cross-
hatched bar, stomachs with carcinoma (n=7). 

ter ia l ) ; to p e r f o r m the same examinations o n 
the a n t r u m that is free o f t u m o r o f resected 
stomachs f r o m patients w i t h carcinoma o f the 
gastrointestinal tract whose tumors were located 
exclusively i n the p r o x i m a l part o f the stomach, 
and to compare the results o f b o t h examinations 
for possible histologic differences. 

m i n o r c u r v a t u r e m a j o r c u r v a t u r e 

T M P 
I I n o r m a l s ( n = 1 7 ) 

Μ Ρ 

cancer (n = 9) 

F I G . 3. G-cell count in three areas of the minor and 
major curvature side each in normal stomach and stomachs 
with carcinoma. . 1] Transitional zone, M, middle and P, 
prepyloric antrum. G-cell were given as number percent 
of the total gland cells (8,000 to 12,000 per area counted) . 
O p e n columns, normal stomach (n=7), and cross-hatched 
columns, stomachs with carcinoma (n=9). 

MATERIALS AND METHODS 
Twenty fresh h u m a n stomachs f r o m forensic 

autopsy no later than four hours postmortem 
or f r o m t ransp lantat ion were examined . T h e 
stomachs came f r o m persons who were between 
17 and 94 years o f age, who had no gastric symp­
tomatology. T h e results were compared w i t h those 
o f n ine stomachs o f patients between 48 and 76 
years o f age who had carcinoma o f the upper 
part o f the stomach and who had undergone 
total gastrectomy. Ninety percent o f the tumors 
had metastases. I n al l instances, the a n t r u m was 
unaffected by the carcinoma. 

After removal o f the contents, the stomachs 
were opened at the greater curvature side, washed 
i n ice water, prepared i n ten to 12 l ong i tud ina l 
strips (Fig. 1) , and fixed i n Bouin 's f l u i d for 24 
hours. Some strips were fixed i n 10 percent formalin 
solution for 48 hours, dehydrated and embedded 
i n paraff in. F r o m the total a n t r u m , i n c l u d i n g 
the corpus-antrum and a n t r u m - d u o d e n u m t ran ­
sitional zones (70 to 100 tissue blocks) , 5 m i ­
crometers th ick serial transversal sections ( f rom 
the surface to the muscle layers) were prepared 
alternately for di f ferent ial cell counts as described 
recently (8) w i t h hematoxylin-eosin for the total 
g land cells, mod i f i ed Z i m m e r m a n n dye for pa­
rietal cells, Masson-Fontana for enterochromaff in 
cells and the peroxidase-antiperoxidase m e t h o d 
after Sternberger (9) for gastrin-immunoreactive 
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F I G . 4. D-cell count like G-cell count in Figure 3 from normal stomachs (n=17) and those of 
patients with carcinoma of the stomach (n=9). T, Transitional zone; M, middle , and Pt prepyloric. 
O p e n columns, normal stomachs, and cross-hatched columns, stomachs with carcinoma. 

F I G . 5. 5-Hydroxytryptamine-immunoreactive cell count from normal stomachs and those of 
patients with carcinoma of the stomach. T h e differences are all highly significant (p<0.001). T, 
Transitional zone; M , middle, and P, prepyloric. O p e n columns, normal stomachs (n=6), and 
cross-hatched columns, stomachs with carcinoma (n=6). 

G-cells, somatostatin-immunoreactive D-cells and 
5 -hydroxytryptamine- immunoreact ive ( 5 - H T - i m ­
munoreactive) cells. T h e antisera came f r o m rab­
bits after i m m u n i z a t i o n (a) w i t h synthetic h u m a n 
gastrin-17 and gastrin-34 f r o m E. Wünsch pre­
pared and tested by W. G. Forssmann, (b) syn­
thetic somatostatin-28 (octacosapeptide) f r o m E. 
Wünsch prepared and tested by L . Pradayrol and 
(c) the serotonin polyclonal antibody PSE 003 
(10). Antibodies a and b were d i lu ted 1:1000 
and incubated for 72 hours. Ant ibody c was d i ­
lu ted 1:20 w i t h an incubat ion t ime o f three hours. 
Cell counts were done according to the m e t h o d 
j o i n t l y developed w i t h A. Schauer. I n every tissue 
block, two areas compris ing 8,000 to 12,000 n u ­
clei -containing g land cells were counted and the 
specific cells were ident i f ied i n alternate sections, 
o u t l i n e d , on a drawing microscope, counted and 
determined as a percentage o f the total g land 
cells. T h e count m e t h o d gives as a result the 

density o f the cell popu la t i on i n re lat ion to the 
total g land cell count i n the area counted. The 
total a n t r u m was completely examined. T h e oral 
border l ine was ident i f i ed by the occurrence o f 
the pyloric glands, the r a p i d decrease o f parietal 
cells and the increase o f gastrin immunoreact ive 
G-cells. Data were given as mean values o f the 
c ount ing results o f the tissue blocks o f three rep­
resentative circular strips o f I the p r o x i m a l , I I 
the midd le and I I I the prepyloric a n t r u m . M i n o r 
and major curvature sides were di f ferent iated 
(Fig. 1) . 

T h e l ength o f the a n t r u m ( f rom the p r o x i m a l 
transit ional zone to the border o f the duodenal 
mucosa) was de termined at the m i n o r and major 
curvature side by measuring the l ength o f the 
muscularis externa i n representative sections o f 
the consecutive tissue blocks. Two parallel l o n ­
g i tud ina l strips were measured at the major and 
m i n o r curvature side w i t h the help o f the semi-
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F I G . 6. V I Gastrin-immunoreactive G-cells (peroxidase-an-
tiperoxidase stain after Sternberger) from the antrum of 
a 66 year old patient with carcinoma of the proximal part 
of the stomach show irregular G-cell distribution within 
the mucosa. Arrows, G-cells in the upper portion of the 
glands and near the muscularis mucosae. Calibration bar 
equals 100 micrometers. 

computerized Leitz A S M analytical system. T h e 
average values f r o m the two strips were given 
as the actual measurements. This d i d n o t take 
in to account the shrinkage factor by the tissue 
preparat ion, which amounts to 10 to 15 percent. 
However, i t requires a definite de terminat ion o f 
the orad and aborad (prox imal and distal) his­
tologic border l ine o f the a n t r u m . 

For statistical analysis, the Student's t test f or 
paired values was used. Data are expressed as 
mean values w i t h standard deviation, w i t h p>0.05 
indicat ing significance. 

RESULTS 

I n n o r m a l stomachs, the orad-aborad distance 
o f the histologic a n t r u m measured 4.527 ± 1 . 4 4 
centimeters at the m i n o r curvature side a n d 
5.59 ± 1.6 centimeters at the major curvature side. 

I n the a n t r u m o f stomachs wi th carc inoma, this 
measurement was 5.165 ± 1 . 4 7 centimeters a n d 
6.872 ± 2 . 1 6 centimeters, respectively (Fig. 2) . 

Because the size o f the histologic a n t r u m varies 
greatly, the increased carcinoma a n t r u m d i d n o t 
reach significance. The height o f the mucosa 
measured i n zone I was 724 ± 1 8 0 micrometers ; 
i n zone I I , 667 ± 1 5 2 micrometers , a n d i n zone 
I I I , 647 ± 1 2 9 micrometers. I n the carc inoma an­
t r u m , this measurement was s ign i f i cant ly i n ­
creased and reached 1,168 ± 2 0 1 micrometers i n 
zone I , 1,136 ± 1 6 1 micrometers i n zone I I and 
1,102 ± 2 2 6 micrometers i n zone I I I . T h e mucosa 
height decreased f r o m orad to aborad i n the 
a n t r u m o f n o r m a l stomachs and that o f the pa­
tients w i t h carcinoma o f the stomach. T h e meas­
u r e m e n t o f the muscularis mucosae was reversed. 
I t increased f r o m orad to aborad a n d measured 
105 ± 2 8 micrometers i n zone I i n the n o r m a l 
stomach, and 131 ± 3 4 and ± 2 8 micrometers i n 
zone I I and I I I . I n the stomachs w i t h carc inoma, 
the measurements are 130 ± 3 7 m i c r o m e t e r s , 
140 ± 3 7 micrometers and 167 ± 7 7 micrometers , 
respectively. The height o f the g land-bearing area 
i n the mucosa was 457 to 425 micrometers f r o m 
orad to aborad i n n o r m a l stomachs a n d f r o m 
560 to 517 micrometers i n the carc inoma antra l 
mucosa. Cel l count o f the G-cells, D-cells a n d 
5-HT-immunoreactive cells gave results as a mean 
o f the 20 healthy stomachs. A t the m i n o r cur­
vature side, the G-cell numbers a m o u n t e d to 
2.5 ± 1 . 2 percent i n zone I , 3.8 ± 1 . 5 percent i n 
zone I I and 4.1 ±2 .1 percent in zone I I I . A t the 
major curvature side, the values were 2.6 ± 1 . 3 , 
4 .7±1 .6 and 4 .9±2 .1 percent o f the tota l g land 
cells, respectively. I n the a n t r u m w i t h carc inoma, 
the G-cell values were insigni f icantly d i f ferent 
f r o m the n o r m a l stomachs, even t h o u g h de­
creased between 44 and 30 percent at the m i n o r 
curvature side and between 35 a n d 21 percent 
at the major curvature side (Fig. 3 ) . 

T o exclude deviations due to age differences 
between the two groups ( n o r m a l stomachs and 
carcinomas), we addit ional ly examined n o r m a l 
stomachs f r o m persons between 40 a n d 94 years 
o f age. This latter g roup consisted o f n ine stom­
achs. I t gave a nonsignif icant lower G-cell count 
o f 30 percent i n zone I and I I a n d o f 10 percent 
i n zone I I I o f the a n t r u m i n compar ison w i t h 
the total g roup o f n o r m a l stomachs (n=20) . 

Somatostatin immunoreact ive D-cell numbers , 
which are ten times lower than the G-cell n u m ­
bers i n the h u m a n a n t r u m o f n o r m a l stomachs, 
had values o f 0.44 ± 0 . 3 2 percent i n zone I , 0.51 ± 



0.33 percent i n zone I I and 0.52 ± 0 . 3 4 percent 
i n the prepylor ic zone I I I at the m i n o r curvature 
side and 0.47 ± 0 . 3 percent, 0.63 ± 0 . 3 4 percent 
a n d 0.6 ± 0 . 3 4 percent, respectively, at the major 
curvature side. I n the stomach w i t h carcinoma, 
the values were approximately 36 percent lower 
at the m i n o r curvature side and nonsignif icantly 
lower i n zones I and I I I at the major curvature 
side (Fig. 4 ) . I n the D-cell count o f the older 
n o r m a l stomachs (n=9) , we f o u n d a 40 percent 
lower value i n zone I , 28 percent lower value 
i n zone I I a n d 30 percent lower value i n zone 
I I I o f the a n t r u m i n comparison wi th the values 
o f the total n o r m a l stomachs (n=20). 

T h e 5 -HT- immunoreact ive cell numbers dis­
played contrary behavior. F r o m a cell count o f 
0.25 ± 0 . 1 8 percent i n zone I , 0.3 ±0 .21 percent 
i n zone I I a n d 0.42 ±0 .28 percent i n zone I I I 
at the m i n o r curvature side and a cell count o f 
0.26 ± 0 . 2 , 0.39 ± 0 . 3 and 0.52 ± 0 . 2 8 percent, re­
spectively, at the major curvature side i n the an­
t r u m o f n o r m a l stomachs, these cells were highly 
significantly increased i n the a n t r u m o f patients 
w i t h carc inoma o f the gastrointestinal tract i n 
al l areas examined between 226 and 340 percent 
at the m i n o r curvature side and 187 and 305 
percent at the major curvature side (Fig. 5 ) . This 
increase i n 5-HT-immunoreact ive cell count i n 
the g roup w i t h carcinoma was stil l stressed when 
be ing compared w i t h the values o f the older 
n o r m a l stomachs (n=9) , w h i c h displayed a de­
creased 5 -HT- immunoreact ive cell count com­
pared w i t h the total n o r m a l stomachs (n=20). 

T h e pattern o f the d is t r ibut ion o f the bioactive 
mucosal cells was also altered i n the stomach 
w i t h carcinoma. Whi l e i n n o r m a l stomachs the 
G-cells were f o u n d i n a relatively close band over 
the pyloric glands i n the midd le one- th ird o f 
the mucosa, i n stomachs w i t h carcinoma, the G-
cells are scattered over the entire antral mucosa 
and were, i n single instances, f o u n d to be invaded 
i n the muscularis mucosae layer (Fig. 6) . O n 
the other h a n d , the decreased D-cells i n the stom­
ach w i t h carc inoma showed focal accumulations, 
usually i n regions o f in f lammatory in f i l t ra t i on and 
i n the f lattened e p i t h e l i u m o f cystic degeneration, 
whi le on the o ther side wide areas were unoc­
cupied by D-cells (Fig. 7) . 

T h e increased 5-HT-immunoreactive cells were 
scattered over the entire antral mucosa f r o m the 
ep i the l ium to the pyloric glands i n the a n t r u m 
o f the stomach w i t h carcinoma and sometimes 
reached the reg i on o f the muscularis mucosae 
(Fig. 8 ) . A l t h o u g h the areas o f examinat ion were 
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F I G . 7. Somatostatin immunoreactive D-cells (antibody L . 
Pradayrol, solution 1:1000, incubation time 72 hours) . Prepy­
loric antrum of patient with proximal carcinoma of the 
stomach. Calibration bar equals 80 micrometers. Peroxi-
dase-antiperoxidase stain after Sternberger. 

outside the actual mal ignant process, al l types 
of degeneration cou ld be f o u n d i n the antral 
mucosa (Fig. 9 ) : hyperplasia and dysplasia o f the 
glands with cystic d i la tat ion , necrobiosis o f the 
superficial e p i t h e l i u m i n some instances, intesti­
nal metaplasia o f al l degrees and also in f lam­
matory inf i l trat ions and fibrosis. A l l together, the 
hyperplastic gastropathy increase the mucosal 
thickness by 61 to 70 percent. T h e severity o f 
the changes increased according to the prox imi ty 
of the tumor , whi le the 5-HT-immunoreactive cell 
count showed the highest 5-HT-immunoreactive 
cell frequency i n the distal parts o f the a n t r u m 
away f rom the t u m o r (Fig. 5) . 

I t is worth m e n t i o n i n g that we could n o t find 
a single a n t r u m w i t h o u t any alterations, even i n 
the mucosa o f n o r m a l stomachs. I n young vol­
unteers, for example, 17 years o f age, there are 
mostly focal in f i l t rat ions , sometimes invading i n 
a small band the entire mucosal thickness. Only 
in the elderly d i d we observed focal intestinaliz-
ation o f the ep i the l ium, as well as in f lammatory 
in f i l t rat ion t h r o u g h the ent ire wall or more ex­
panded under the surface ep i the l ium. 

DISCUSSION 

O n the basis o f the current study o f the n o r m a l 
stomach of healthy persons, some features have 
to be considered as regular phenomena. One 
such conspicuous feature is the manifestation o f 
a l imi ted n u m b e r o f endocrine cells i n a type-
specific d is tr ibut ion i n the gastric mucosa. For 
the G-cells, the values range f r o m 2.5 ± 1 . 2 to 
4.9 ±2 .1 percent o f the glandular cells counted 
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F I G . 8. 5-Hydroxytryptamine-immunoreactive cell hyperpla­
sia in the prepyloric antrum of a patient with c a r c i n o m a 
of the proximal part of the stomach. Cal ibrat ion bar equals 
80 micrometers . Peroxidase-antiperoxidase stain after Stern-
berger. 

in the gastric a n t r u m , f o u n d i n a b a n d shape 
i n the midd le one - th ird o f the mucosa above 
the pylor ic glands. I n the results o f an earl ier 
study o n material taken at biopsy f r o m healthy 
persons and f r o m patients w i t h ulcers i n the duo­
d e n u m a n d gastrointestinal tract , we d e t e r m i n e d 
that the lower l i m i t for hyperplasia was a r o u n d 
10 percent G-cell count (11) . I n the present study 
o f the ent ire mapped a n t r u m , we f o u n d that 
the n u m b e r o f G-cells i n the stomach o f an o lder , 
but healthy, person was between 10 to 20 percent 
lower, b u t not significantly reduced . T h e local­
ization w i t h i n the mucosa was also n o r m a l , al­
though these stomachs were occasionally m a r k e d 
by islands o f intestinal metaplasia. 

T h e somatostatin immunoreact ive D-cells, o f 
wh i ch there were a power o f ten fewer t h a n the 
G-cells, are distr ibuted i n the a n t r u m over the 
entire mucosa, b u t concentrated i n the lower 
two-thirds, where they gave a cel l c o u n t o f 0.545 
percent. A n increase o f u p to 1.95 percent D-cells 
has been described f r o m biopsies o f the a n t r u m 
i n stomachs w i t h ulcers i n the gastrointestinal 

tract after selective p r o x i m a l vagotomy (12). A 
pathologic increase i n D-cells i n the ent ire u p p e r 
part o f the gastrointestinal tract was also r epor ted 
(8) . I n the older b u t n o r m a l stomachs (n=9) , a 
nons igni f i cant decrease o f D-cells o f a p p r o x i ­
mately 30 percent compared w i t h the total n o r m a l 
stomachs (n=20) can be observed i n this study. 
I n n o r m a l a n t r u m mucosa, the 5 -HT- immunore ­
active cells are also pr imar i ly f o u n d i n the basal 
p o r t i o n o f the mucosa, where the 5-HT-contain-
i n g enterochromaff in cells can be stained w i t h 
silver and c h r o m i u m salts (13, 14). T h e 5-HT-
immunoreact ive cells are, i n contrast w i t h the 
enterochromaff in cells, also frequently present 
i n the upper sections o f the mucosa and are o f 
the " o p e n " cell type (Fig. 8 ) . I n the c u r r e n t 
study, i n n o r m a l stomachs, these specific bioactive 
cells were never encountered outside the mucosa 
and were never dislocated w i t h i n i t . They were 
numerical ly nonsignif icantly reduced between 18 
and 40 percent i n the selected group o f the 
older n o r m a l stomachs (n=9) . 

I n contrast w i t h these definite criteria o f the 
physiologic state, the finding o f focal lymphocyte 
and plasmacyte i n f i l t r a t i o n i n adolescents and 
the focal manifestation o f intestinalization i n the 
a n t r u m o f the stomach o f older, b u t healthy, 
persons are so c o m m o n that a l i m i t e d n u m b e r 
o f biopsy samples do no t suffice to reliably i n ­
dicate a pathologic state. 

One cr i ter ion that can be derived f r o m com­
parison o f results for stomachs w i t h carcinoma 
is that the a n t r u m o f the stomach w i t h carcinoma 
is large. The expanded p r o x i m a l carcinomas i n 
the present study do no t p e r m i t a reliable esti­
mate o f the size o f the entire stomach. One 
investigator (15) described the stomach w i t h gas­
tric ulcer and stomach w i t h carcinoma w i t h a 
mean size o f 715 square centimeters as being 
small i n comparison w i t h a n o r m a l one wi th a 
mean size o f 803 square centimeters and w i t h 
those w i t h duodenal ulcers w i t h a mean size o f 
938 square centimeters. Therefore , the d imen­
sions we de termined must indicate an enlarged 
a n t r u m , def ined by histologic factors i n a stomach 
w i t h carcinoma. 

A l t h o u g h G-cell and D-cell counts are low i n 
the antral mucosa i n a stomach w i t h carcinoma, 
they are stil l i n the lower range o f n o r m a l . This 
can partly be explained by the lower G- and 
D-cell count , wh i ch was f o u n d i n the selected 
group o f o lder n o r m a l probands. T h e group wi th 
carcinoma ranged i n age between 48 and 76 
years. T h e stomach w i t h carcinoma is subacid. 
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We know that serotonin inhibi ts the release o f 
stomach acid and gastrin (16) and possibly also 
the maturat ion o f G-cells. T h e reason for the 
alteration i n the cell d i s t r ibut ion w i t h i n the m u ­
cosa may be the degeneration o f the a n t r u m 
mucosa i n carcinoma o f the stomach. I t is ques­
tionable whether or n o t this also explains the 
invasion o f endocrine cells near the muscularis 
mucosae. 

T h e extensive 5-HT-immunoreactive cell hyper­
plasia i n the antral mucosa o f al l the stomachs 
w i t h carcinoma we studied was impressive, prob­
ably a manifestation o f the disease. Based on 
the results o f earlier studies o f carcinomas o f 
the stomach, argentaff in cells were present i n 
carcinomas and surround ing tissue i n f r o m less 
than 2 percent (17, 18) to 31 percent o f the 
instances (3) . T h e results o f subsequent i m m u -
nohistochemical studies showed scattered sero­
t o n i n conta in ing t u m o r cells i n 31 percent o f 
the adenocarcinomas; they were always restricted 
to small areas o f the t u m o r (19). Mitosis o f these 
cells was never demonstrated (7, 19). Despite 
this, we cannot exp la in why a 5 - H T - i m m u n o ­
reactive cell can mature i n an undi f ferent iated 
adenocarcinoma. Some possible mechanisms are de­
scribed; for example, cell fusions between carci­
noma and enterochromaff in cells (19, 20) . 

F r o m the G-cells, we know that they are absent 
i n intestinalized glands (21). T h e 5 -HT- immuno­
reactive cells seen i n poor di f ferentiated adeno­
carcinoma may arise f r o m mucosal stem cells 
still equipped to generate d i f ferent iat ing cells 
w i t h i n the tumor . T h e occurrence o f 5 -HT- im­
munoreactive cells i n undi f ferent iated tumors is 
actually rare (focal appearance only i n some t u ­
mors) . This is i n contrast w i t h the regularly ob­
served 5-HT-immunoreactive cell hyperplasia i n 
the a n t r u m o f the stomachs w i t h carcinoma, most 
marked i n areas away f r o m the tumor . I t is also 
worth m e n t i o n i n g that the intestinal degenera­
tions observed i n the gastric a n t r u m o f stomachs 
with carcinoma occurred more frequently i n the 
more p r o x i m a l p o r t i o n o f the a n t r u m near the 
tumor. 

From all o f these observations, we conclude 
that the a n t r u m mucosa o f the stomach w i t h 
carcinoma is the pr imary site o f 5 -HT- immunore ­
active cell hyperplasia. T h e significant increase 
i n 5-HT-immunoreactive cells and the enlarged 
antrum i n the stomach w i t h carcinoma is a source 
o f overproduct ion o f serotonin. I t has been shown 
that intraper i toneal injections o f small doses (10 
micrograms per k i logram) o f serotonin result i n 

F I G . 9. Intestinalization of the glands, cystic degeneration 
a n d inflammatory infiltration in the middle a n t r u m of a 
patient with a a d e n o c a r c i n o m a of the proximal part of 
the stomach. Hematoxyl in a n d eosin stain. Calibration bar 
equals 100 micrometers . 

an increase o f the cell mi to t i c rate selectively i n 
the t u m o r (22) . T h e 5-HT-immunoreact ive cell 
hyperplasia described i n the present study con­
tr ibutes to the t u m o r g r o w t h and possibly to the 
i n i t i a l t u m o r deve lopment i n the h u m a n stomach. 
Th i s i n i t i a l t u m o r development , however, seems 
to evolve part i cu lar ly i n areas i n which the m u ­
cosal degenerat ion is most marked . 

SUMMARY 

E x a m i n a t i o n o f the completely mapped a n t r u m 
revealed i n the n o r m a l stomach (n=20) an en­
docr ine cel l c o u n t o f gastrin immunoreact ive G-
cells o f 2.52, 4.25 a n d 4.77 percent i n re la t i on 
w i t h the tota l ep i the l ia l cel l count i n the u p p e r 
( I ) , m i d d l e ( I I ) a n d prepylor ic ( I I I ) reg ion o f 
the a n t r a l mucosa at the m i n o r curvature side. 
C o r r e s p o n d i n g somatostatin immunoreact ive D-
cel l c o u n t showed 0.47 a n d 0.51 percent, respec-
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tively, and 5-HT-immunoreactive cell counts were 
0.25, 0.32 and 0.39 percent, respectively. I n com­
parison, cell count o f the a n t r u m i n prox imal ly 
located carcinoma o f the stomach showed n o n ­
significant lower G-cells (minus 20 to 70 percent) 
and D-cells (minus 35 percent ) , but displayed 
increased 5-HT-immunoreactive cell numbers by 
200 to 400 percent (p<0.0001) i n the entire an­
t r u m , most frequendy i n the region away f r o m 
the tumor , while in f lammatory degeneration was 
mostly pronounced near the tumor . 
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