Mixed Endocrine Gastric Tumors Associated With
Hypergastrinemia of Antral Origin

L.-I. Larsson, MD, J. F. Rehfeld, MD, R. Stockbriigger, MD, G. Blohme,
MD, L.-M. Schédén, MD, G. Lundqvist, MD, L. G. Kindblom, MD,
J. Save-Soderberg, MD, L. Grimelius, MD, and L. Olbe, MD

A patient with atrophic gastritis and excessively raised serum gastrin concentrations
(4000 to 5000 pg/ml) was found to have multiple polypous tumors of the gastric corpus
mucosa. Following gastrectomy, serum gastrin concentrations decreased to undetec-
table levels. The tumors consisted of a mixed population of endocrine cells. The
majority of tumor cells were of the ECL type, but, in addition. enterochromaffin cells of
various subtypes as well as agranular cells were found. The tumors were locally
invasive and invaded the walls of submucosal blood vessels. The surrounding mucosa
showed a severe atrophic gastritis with intestinalization and contained numerous goblet
cells, enterochromaffin cells, and cholecystokinin cells. Cholecystokinin cells do not
occur in the normal oxyntic mucosa. Hence, the observation of this cell type in
intestinalized gastric epithelium suggests that ““intestinalization” also is associated with
changes in endocrine cell populations. Gastrin has been shown to affect the function of
the ECL cells. Indications for a trophic action of gastrin on these cells have been
obtained. It is discussed whether greatly raised serum gastrin levels in patients with
atrophic gastritis may be associated with increased risks for the development of certain
types of gastric tumors. (Am J Pathol 93:53-68, 1978)

APART FROM THE WELL-KNOWN FEATURESof the Zollinger-Ellison
syndrome.! hypergastrinemia may be associated with other changes that
seem related to the trophic effects of gastrin on certain cell systems. Such
changes include the voluminous hyperplasia of parietal cells 2 and endo-
crine cells (so-called ECL cells) of the gastric corpus mucosa *¢ as well as
pancreatic islet cell hyperplasia.® Recognition of such long-term effects
are important for the understanding of the pathophvsiology of hyper-
gastrinemia.

In the following report we describe a patient with hvpergastrinemia of
antral origin associated with multiple mixed endocrine tumors of the
gastric corpus mucosa.

Clinical Data

The patient was a 57-vear-old woman with a 28-vear history of insulin-
treated. uncomplicated. diabetes mellitus. In 1964 the patient underwent
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a thyroidectomy due to benign goiter, and substitution therapy with
thyroid hormones (sodium levothyroxine [Levaxin]) was instituted. In the
same year she underwent surgery for a benign tumor of the left breast. In
1976, screening tests on diabetic patients revealed that this patient had
excessively raised serum gastrin levels (varying between 4000 and 5000
pg/ml; normal levels are below 100 pg/ml). A pentagastrin test revealed
achlorhydria. Despite previous slight anemia, serum concentrations of
iron, vitamine B,,, and folic acid were normal. Serum levels of insulin,
secretin, vasoactive intestinal polypeptide, pancreatic polypeptide, gluca-
gon, parathormone, TSH, and cortisol were within the normal range.
Gastrointestinal x-ray series revealed no abnormalities, but on gastroscopy,
multiple (approximately 20) polypous lesions were detected in the corpus
mucosa. The antral mucosa appeared normal. Biopsies from the polypous
lesions revealed endocrine-like tumors with local infiltration of the sub-
mucosa and blood vessels. A total gastrectomy was performed in 1976.
Subsequently, serum gastrin levels decreased to unmeasurable concentra-
tions (below 10 pg/ml). The patient tolerated the operation well and her
insulin requirements fell. One year following surgery, no evidence of
metastases has been detected and she is now working part-time.

Materials and Methods

Material from the tumors and from the antral mucosa was obtained at gastroscopy and
at surgery. For light microscopy the material was fixed in 10% neutral formalin or in
Bouin’s fluid and was subsequently embedded in paraffin. Electron microscopic material
was fixed in a 3% formaldehvde and 2% glutaraldehvde mixture in 0.1 M sodium
phosphate buffer, pH 7.3, for 3 to 4 hours, washed in the buffer, postfixed in 1% osmic
acid, dehydrated, and embedded in Epon 812.

Light Microscopy
Paraffin sections were stained with van Gieson-hematoxylin, hematoxylin and eosin,

periodic acid-Schiff, or silver according to Grimelius,'® Sevier and Munger'! (argyrophil
reactions), or Singh'? (argentaffin reaction).

Fluorescence Microscopy

Three-micron sections were deparaffinized and mounted in Entellan (Merck). Thev
were subsequently analyzed in a Zeiss standard 18 fluorescence microscope equipped for
epiillumination using an HBO 50 mercury lamp as light source and selective filters for
excitation at 405 nm. Under these conditions, cells that contain large amounts of 5-
hydroxytryptamine (such as the enterochromaffin cells) are detected due to their intense
formaldehyde-induced yellow fluorescence.! Specificity of the reaction was confirmed by
comparing the distribution of fluorescent cells with that of argentaffin cells. Exposure of
the sections to a sodium borohydride solution considerably lowered the fluorescence
intensity, which subsequently could be made to reappear by renewed exposure to formal-

dehyde.™*
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Immunocytochemistry

Three-micron paraffin sections were subjected to an indirect immunocytochemical
method for the demonstration of gastrin and cholecystokinin (CCK) immunoreactivity.
Gastrin antiserums Nos. 4562 and 4710 and CCK antiserum No. 4698 were emploved as
described in detail elsewhere.’® " Gastrin antiserum No. 4562 recognizes the COOH
terminal portion of both gastrin and cholecystokinin. whereas antiserum No. 4710 is
specific for the mid portion of human gastrin-17.* CCK antiserum No. 4698 is specific for
the region 25-30 of CCK-33'%""; hence, it fails to bind any gastrins or to react with antral
gastrin cells.”® The antiserums were applied in appropriate dilutions for 24 hours at 4 C.
The site of antigen-antibody reaction was revealed either by the PAP procedure of
Sternberger '*'* or with fluoresceinisothiocvanate (FITC)-labeled sheep antirabbit IgG
(SBL. Stockholm, Sweden). Controls were those recommended by Sternberger ** and in-
cluded the application of antigen-inactivated antiserums (10 ug of synthetic human gastrin
I [ICI, Alderley Park, Cheshire. England] or purified porcine cholecystokinin [kindly
provided by Prof. V. Mutt, Department of Biochemistry. Karolinska Institute, Stockholm,
Sweden] per milliliter of diluted antiserum). Inmunofluorescence preparations were ana-
lvzed in the fluorescence microscope emploving a xenon XBO 75 lamp as light source and
selective interference filters to obtain excitation at 490 nm (the excitation maximum for
FITC). The number of antral gastrin cells was obtained by counting immunoreactive cells
in perfect transverse sections. The result was expressed as number of gastrin cells per field
of vision (objective 10 X, eye-piece 12.5 X), according to previously established meth-
ods.'®* The values were compared with those obtained in a previous study of antral
gastrin cells in normal and achlorhydric patients.'

Electron Microscopy

Ultrathin sections were cut on an LKB III ultrotome and contrasted on grids with lead
citrate and uranyl acetate. The preparations were examined in a Jeol JEM 100 C electron
microscope.

Gastrin Radioimmunoassay

Serum samples were analyzed in triplicate with a specific gastrin radioimmunoassayv
employing antiserum No. 2604 and '** I-labeled synthetic human gastrin I. In addition. gel
chromatography on preoperative serum samples was carried out on Sephadex G-30 super-
fine columns (Pharmacia Fine Chemicals. Uppsala. Sweden). as monitored by the above
assayv (for details see References 20 and 21).

Results
Gross Appearance

The gastric resection measured 27 cm on the greater curvature and 22 cm
on the lesser curvature. Within the corpus region approximately 20 pale
grayv-white polyps up to 7 mm in diameter were seen (Figure 1).

Light Microscopy
The corpus mucosa was atrophic and revealed prominent in-
testinalization of the epithelium. Villi-like structures, goblet cells, Paneth

cells, and pseudopyloric glands were frequently encountered. No parietal
cells could be detected. The polyvpous tumors were found to be covered



56 LARSSON ET AL American Journal
of Pathology

either with typical gastric surface epithelium or, more commonly, with
the intestinalized epithelium. Beneath the epithelium, cords and whorls of
tumor cells were detected (Figures 2 and 3). Most of the tumor cells were
fairly small, uniform, and rounded, with light-staining, vesicular nuclei
and a pale, slightly eosinophilic cytoplasm (Figure 2). Mingling with these
cells were occasional smaller cells with dark-staining hyperchromatic nu-
clei (Figure 2C). The tumors were mostly delimited to the mucosa,
although a few of the polyps contained tumor cell cords which infiltrated
and penetrated some thin-walled mucosal and submucosal vessels. Most
of the tumor cells stained strongly with silver according to Grimelius *°
and Sevier and Munger !* (Figure 3).

Fluorescence Microscopy

Strongly yellow fluorescent enterochromaffin cells were detected in
both the antral mucosa and in the intestinalized epithelium of the gastric
corpus. In the latter location, the cells assumed the typical flask-shape of
intestinal enterochromaffin cells. In addition, similar yellow-fluorescent
enterochromaffin cells were scattered in the gastric tumors.

Immunocytochemistry
Antral Mucosa

Scattered gastrin cells occurred in the antral mucosa, which was devoid
of cholecystokinin (CCK) cells. The gastrin cell number was low and
averaged 10 to 20 cells per field of vision (in normal patients the corre-
sponding value is 50 to 60 cells per field of vision *®). No evidence of
antral tumor tissue was obtained.

Corpus mucosa

The tumors were devoid of gastrin and CCK immunoreactive cells.
CCK immunoreactive cells were, however, detected in the intestinalized
epithelium overlying the tumors (Figure 4). These cells reacted with the
specific CCK antiserum (No. 4698) as well as with the cross-reacting
gastrin antiserum (No. 4562), whereas they failed to react with the gas-
trin-specific antiserum (No. 4710). Their identity with CCK cells was thus
proved. The CCK cell frequency was low and roughly equaled one third
to one fourth of the duodenal CCK cell frequency in humans and experi-
mental animals. All immunologic and staining controls confirmed the
specificity of the immunocytochemical reactions.
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Electron Microscopy

The gastric tumors were built up of a multiplicity of cells, the majority
of which contained the characteristic cytoplasmic granules of endocrine
cells. The predominating cell type contained large nuclei and corre-
sponded to the uniform, rounded cells with vesicular nuclei seen in the
light microscope. Ultrastructurally, these cells were characterized by the
presence of vesicular cytoplasmic granules, containing a small electron-
dense core that often was eccentrically placed in the granules (Figures 5
and 6). The halo between the dense core and the surrounding membrane
was electron-lucent and usually wide. The cells contained a variable
number of granules as well as considerable amounts of granular endo-
plasmic reticulum and a well-developed Golgi apparatus (Figures 5 and
6). The ultrastructure of these cells is identical with that of the ECL cells
described in the 1977 Lausanne nomenclature.?? ECL cells were calcu-
lated to represent more than 70% of the total tumor cell population. In
addition, few (1 to 2%) cells containing the characteristic pleomorphic,
electron-dense granules of enterochromaffin cells * were detected (Figure
7). The size of the enterochromaffin cell granules varied considerably and
at least two types could be discerned: one containing small pleomorphic
granules of the type seen in enterochromaffin cells of normal human
gastric mucosa and another type containing much larger, pleomorphic
granules of the type seen in intestinal epithelium and in mid-gut carci-
noids.® These cells probably correspond to the yellow-fluorescent cells
seen by fluorescence microscopy of formalin-fixed material. The remain-
der of the tumor cells were smaller and devoid of cytoplasmic granules
and contained hyperchromatic nuclei.

Radioimmunoassay

Preoperative serum samples were found to contain high gastrin concen-
trations (4000 to 5000 pg per ml). Gel chromatography of the samples on
Sephadex G-50 superfine columns revealed the presence of gastrin com-
ponents I through IV, eluting in a pattern corresponding to that seen in
other patients with atrophic gastritis. Following total gastrectomy, serum
gastrin concentrations fell considerably (to below our detection limit: 10

pg/ml), an observation strongly in favor of an antral origin of the raised
gastrin levels.

Di .

The high serum gastrin concentrations detected in the present patient
by far exceed those seen in most patients with atrophic gastritis.®* The
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pronounced fall in serum gastrin concentrations seen after gastrectomy
confirms that the stomach was the source of the hypergastrinemia. How-
ever, the frequency of antral gastrin cells was slightly below normal,
whereas the gastrin cell frequency is usually raised in hypergastrinemic,
achlorhydric patients. Hence, the possibility of a gastric gastrin-producing
tumor must be considered. Only two well-investigated such cases are on
record: in both patients these tumors occurred in the antropyloric gland
area.”® No antropyloric tumors were found in the present case. Immu-
nocytochemical studies on material from the tumors of the present patient
did not reveal any gastrin immunoreactive cells. Electron microscopy
revealed that the tumors were composed of cell types distinctly different
from both normal gastrin cells and cells seen in gastrin-producing tumors.
Hence, we believe that they are unlikely to represent the source of
hypergastrinemia. The reasons for this may be summarized as follows: a)
no gastrin-producing tumors have ever been encountered in the body
mucosa and only two such tumors have been found in the antral mucosa,
b) the immunocytochemical and electron microscopic results show that
the tumor cells were distinct from gastrin-producing cells, and ¢) in some
hypergastrinemic achlorhydric patients the antral gastrin cell frequency is
low.” Hence, we believe that in the present case the antral gastrin cells
were hyperactive, releasing excessive amounts of gastrin to the circula-
tion. Immunocytochemistry detects only tissue stores of gastrin. Possibly,
some hyperplastic antral gastrin cells may have stored gastrin in amounts
below the detection limit of the immunocytochemical technique.

The tumors of the body mucosa consisted mainly of the so-called ECL
cells, which made up 70 to 80% of the tumor cells. Due to their ultra-
morphologic and cytochemical similarity to well-known peptide-hor-
mone-producing cells, they are supposed to secrete an as vet unidentified
hormone.*2 In some rodents, the ECL cells are known to store and
synthesize histamine, but it is very doubtful whether they do so in other
mammals.*** In the rodent Mastomys (Praomys) natalensis, tumors simi-
lar to those of the present patient have been shown to produce large
quantities of histamine and to cause increased gastric acid secretion.?**" In
rats, ECL cells respond promptly to stimulation by exogenous or endoge-
nous gastrin by activation of the histamine-forming enzyme histidine
decarboxylase.?*

Experiments producing chronic changes in serum gastrin concentra-
tions have indicated that gastrin exerts a trophic action on the ECL cells.
Hence, antrectomy, producing low serum gastrin concentrations, is associ-
ated with a reduction in the number of ECL cells, whereas portacaval
shunting greatly increases the number of ECL cells.®® Antrectomy partly
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prevents the proliferation of ECL cells seen after portacaval shunting,
supporting the notion that the effects of the latter operation are, at least
partly, mediated by gastrin.?® In addition, numerous observations have
indicated the occurrence of ECL cell hyperplasia in states of hypergas-
trinemia in humans.*® These data suggest that the trophic actions of
gastrin are not restricted to exocrine cell populations. In accordance with
this notion, proliferation of pancreatic islet cells is frequently encountered
in patients with hypergastrinemia,’® and preliminary evidence suggests
a trophic effect of gastrin on the pancreatic islet cell population.?

Interestingly, the gastric tumors were mixed in that they, in addition to
ECL cells, contained enterochromaffin cells of at least two types as well as
agranular cells. Mixed endocrine tumors seem to be comparatively com-
mon and have been noted to occur in, for example, the pancreas.!*

A feature worthy of note was that the severely intestinalized epithelium
of the body mucosa not only contained villi and goblet cells but also
cholecystokinin cells, which are restricted to the duodenal and jejunal
epithelium under normal conditions. Hence, the changes associated with
gastric atrophy and intestinalization may include also endocrine cell pop-
ulations.

It is tempting to speculate that in the patient in this study the primary
lesion was achlorhydria due to gastric atrophy with intestinalization of her
corpus mucosa. The subsequently raised serum gastrin levels, caused by
decreased acid feedback inhibition, may have been instrumental in bring-
ing about hyperplasia and neoplasia of the ECL cells. Although still
conjectural, the possible combination of achlorhydria, hypergastrinemia,
and the development of gastric endocrine tumors deserves more study.
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[Hlustrations follow]



s - - =

Figure 1—Gastric corpus mucosa (natural size). Two small
tumors are seen (arrows).

-

potypous



(% J0 uopnonpeu Bupuud yym) (882 x ‘0 ‘882 X ‘g ‘081 X ‘)
‘191onu ojjewWoIyoIedAy pue wse|dojho AJUBDS Y)M 8|80 SB ||om Se §]|80
lowny pejejuelelp-jlem Apuesedde yjoq sjeeres Bujuiels uisoe pue

ujjAxojeweH —9 ‘winjeyyide pez|jeuiseiu| ey) Jo |||1A 8y) o} Juese(pe
BuMOoIB 81180 J0Wn) BA[IBBBU-SY d 8Y} SMOYS Bujujels ujjAxolewey/)Iyos
-ploe o|pojied—g ‘@Ns8|) 8A|}00UL0D AJUBOS Y}M SPIOD PUR SIOUM U]

Buimoub j9jonu JenojseA ejed yim 8180 sjeeAe. Bu|u|e)s uisoe pue ujjAxo}
“BWOH—Y '8800NW 8ndJ00 By} JO SI0WN)} BY) JO SUO|VS—Z 8Ind4




_",. ‘.‘.
Y S S

Figure 3—Corpus tumor stained with silver according to Sevier and Munger.!
Note the intact overlying intestinalized epithelium and the intensely argyrophil
tumor cells. (X 230)
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Figure 4—Intestinalized epithelium immunocytochemically stained for CCK (Antiserum No. 4698; PAP technique).
Several strongly immunoreactive CCK cells are seen. The oxyntic mucosa is normally devoid of CCK cells.
(X 430) Figure 5—Electron micrograph of a gastric corpus tumor. The tumor cells contain numerous granules as
well as well-developed endoplasmic reticulum and a prominent Golgi apparatus, indicating active peptide or protein
synthesis. The cytoplasmic granules belong to the ECL cell variety, although in this electron micrograph the space
between the dense core and the surrounding membrane is less wide than is usually seen. (See Figure 6). In most of the
neoplastic ECL cells, granules of the type shown in this figure were seen in the vicinity of the Golgi apparatus, whereas
larger and mgrg ovaesicular granules occurred more peripherally. This may indicate that the smaller granules are newly
formed. (X 12,500)
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