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SINCE THE DESCRIPTION in 1955 by Zollinger and
Ellison of the syndrome of fulminating acid-peptic

ulcer disease and non-insulin-producing islet cell tumors
of the pancreas,44 there have been descriptions of many
additional patients which illustrate interesting variations
of clinical pictures. The frequent association of other
endocrine tumors in these patients was pointed out by
Ellison and Wilson in 1964,6 and multiple endocrine
adenomas now have been reported in up to 48% of pa-
tients with the classic Zollinger-Ellison (Z-E) syn-
drome.31 The entire symptom-complex, including the
Z-E Syndrome, is now commonly referred to as multiple
endocrine adenomatosis, type I (MEA, I). The MEA
syndrome was probably first introduced into the medical
literature by Erdheim in 19037 when he reported an
acromegalic with an eosinophilic adenoma of the pituitary
and four enlarged parathyroid glands, on postmortem
examination. In 1953, Underdahl and co-workers 36
brought attention to the common association of "multiple
endocrine adenomas" of the pituitary, pancreas and para-
thyroid when they described eight new cases with tumors
of two or more of these glands and 14 other cases in the
literature. In 1954 Wermer43 and Moldawer and asso-
ciates 23 described the familial aggregation of multiple
endocrine adenomas; Wermer proposed that this was a
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distinct syndrome inherited as an autosomal dominant
trait. The frequent occurrence of peptic ulcer disease
was noted in these patients, leading these workers to sug-
gest a genetic relationship between the ulcer diathesis
and the endocrine adenomas. Ballard and co-workers 1 in
1964 presented a large family with the multiple endo-
crine adenomatosis syndrome and reviewed the clinical
features of the disease in the 85 cases reported by that
time. Islet cell involvement was present in 81.2% of the
cases; the parathyroids showed adenomas or hyperplasia
in 88.2% of the cases. The pituitary was involved in
64.9%, which was followed in order of decreasing fre-
quency by the adrenals (37.6%) and the thyroid (18.8%).
As with most dominant disorders, considerable varia-

bility is present from patient to patient, even within the
same family. Many of the reported cases of the MEA, I
and the Z-E syndromes have been said to have a negative
family history and have thus been considered to be new
dominant mutations. However, when relatives of typi-
cally affected patients are carefully examined, many are
found to have asymptomatic forms of the disease. John-
son and associates 17 carefully evaluated 27 relatives of a
patient with the MEA syndrome who were 10 years of
age or older and found that 12 of the 27 had endocrinop-
athies. The frequency of the involvement rose from zero
in relatives studied at the end of the first decade of life
to more than 50% of those examined in the 5th or 6th
decades. The proportion of those involved who were
symptomatic also increased with age. Other families have
been described in which the Z-E ulcerogenic tumor has
been associated with parathyroid and pituitary tumors as
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well as lipomas and bronchial and carcinoid tumors.5'
6,11,16,22,33,38,41 In a recent report Vance et al.39 studied

the endocrine abnormalities in eight members of a

family with multple endocrine adenomatosis. Three
members of this family had documented islet cell hyper-
plasia, adenoma and/or carcinoma associated with hypo-
glycemia or the Z-E syndrome, and all but one member
of the family was found to have hypersecretion of insulin
often associated with elevated blood glucagon and/or
gastrin levels. A high incidence of asymptomatic endo-
crine abnormalities also was found. These investigators
propose that the basic genetic defect in the MEA, I syn-

drome involves hyperplasia of the primordial cells of the
islets of Langerhans with chronic oversecretion of one or

more islet cell hormones, which in turn influence changes

in the other foregut endocrine glands.
The pluriglandular, polyhormonal and familial mani-

festations of the MEA. and Z-E syndromes suggest that
there may be a basic, possibly genetic, abnormality of
the endocrine cells of the embryologic foregut. The ma-

jority of these polypeptide-secreting cells have been
shown to have common cytochemical characteristics;24
although these cells appear to arise from the foregut
endoderm, evidence has shown a common neural crest
orgin27 and thus they are neuroectodermal.42 Hyperplasia
of these polypeptide-secreting cells is often seen in the af-
fected endocrine glands in the MEA and the Z-E syn-

dromes, either with or without associated adenomatous
or neoplastic changes, but it is not known whether the
cellular hyperplasia is on a primary genetic basis or is
due to an abnormal differentiation of totipotential cells
or is secondary either to trophic influences, to abnormal
feedback control mechanisms, or to an altered polypep-
tide. Neither the parathyroid or adrenocortical endocrine
cells have as yet been shown to have neural crest origins
or cytochemical properties in common with polypeptide-
secreting cells; therefore involvement of these endocrine
glands may still be considered as secondary phenomena
in the MEA syndromes, Types I and II. The latter syn-

drome, MEA II, encompasses primarily pheochromocy-
toma and medullary thyroid carcinoma which are tumors
of cells which have a neural crest origin.2732 The two
types of MEA syndromes, which are distinct genetically
and represent effects of different gene mutations, do
have a clinical overlap in that parathyroid hyperplasia
is seen in both types.31 Elevated serum gastrin levels
with antral gastrin cell adenomatosis has been found in
one patient with medullary carcinoma of the thyroid.29
The spectrum of the interendocrine clinical features of
the Z-E syndrome, as well as the inter-related embryol-
ogy and functional cytology, has recently been docu-
mented.1'

In the Z-E syndrome islet cell hyperplasia is not in-
frequently seen; for this reason ulcer symptoms may per-

sist even after complete surgical excision of suspected
unifocal neoplasms.9 Immunoreactive gastrin has been
shown to be present in normal human pancreatic islets
by immunofluorescent studies 14,18 and it is likely that
the gastrin-containing cells are the classical delta (D)
cells of Bloom.2 Gastrin or substances having gastrin
activity have been extracted from primary ulcerogenic
tumors, metastases and in serum by bioassay and by ra-
dioimmunochemical assay.38'13'15'20 The hyperplastic
gastrin-secreting cell of the pancreas is the D cell, but
the identification of the precise islet cell type in ulcero-
genic tumors is not definite; the variable morphology
of the tumor cells may represent a pathological change
affecting the proven gastrin-secreting D cell of the nor-
mal islet.40 Argyrophil-metachromatic cells which are
morphologically similar to the delta cells of the pan-
creas have been observed in the antropyloric mucosa of
the stomach.35 In studies of the distribution of the en-
docrine cells of the human stomach, duodenum, and
jejunum the gastrin (G) cells have been shown to be
distributed primarily in the gastric antrum,26 but they have
also been observed in the duodenal bulb and gastrin has
been extracted in minute amounts from the duodenal
mucosa.10 Morphologically the G cells appear as large,
clear, oval cells distributed in a layer at the junction of
the middle and deepest third of the antral mucosa (mid-
zone). By immunoflorescence these cells have been dem-
onstrated to store gastrin;19'25 by electromicroscopy the
secretory granules of these cells are round and of various
densities and they vary in size (average 180 nm).
That antral gastrin cells may participate in inter-endo-

crine relationships and may even be implicated in the
genetically-induced MEA syndrome is suggested by re-
cent reports of G cell changes in several clinical states.
Pearse and Bussolati 25 noted a consistent hyperplasia of
antral G cells in cases of gastric acid hypersecretion.
Solcia, Capella and Vassalo 34 reported that pyloric G
cells were numerous or markedly increased in eight of
15 patients with gastric acid hypersecretion of duodenal
ulcer or gastric ulcer with pyloric obstruction. Polak,
Bussolati and Pearse28 found a true hyperplasia of the
gastrin-producing cells in four patients with hyperpara-
thyroidism due to adenoma and hyperplasia. They used
cytochemical technics, immunofluorescence with tele-
vision image analysis and ultrastructural studies to show
these cells to be fully granulated as well as hyperplastic.
Creutzfeldt et al.4 reported hyperplasia of the antral G
cells in three patients with primary hyperparathyroidism
without acid hypersecretion or ulcer disease. In acro-
megaly a profound degree of antral G cell hyperplasia
with high levels of gastric acid secretion has been re-
ported by Pearse and Bussolati.25 Creutzfeldt4 also re-
ported hyperplasia of G cells in six patients with acro-
megaly, four of whom had significantly increased gastrin
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TABLE 1. Routine Endocrine Studies Performed on the Patients with
Z-E Syndrome and Their Families

A. Pituitary
1. Serum growth hormone response to insulin, arginine,

glucose
2. Follicle-stimulating hormone
3. Metapyrone study
4. Thyroid stimulating hormone

B. Parathyroid
1. Serum calcium and phosphorus (3 determinations)
2. Tubular reabsorption of phosphate
3. Parathormone

C. Pancreas
1. Glucose tolerance test with measurement of insulin levels
2. Serum gastrin

D. Adrenal Cortex
1. Urinary 17-ketosteroids and 17-ketogenic steroids, basal

and with metapyrone
2. Plasma cortisol

E. Other Studies
1. Plasma testosterone 5. Urinary 5-HIAA
2. True Thyroxine 6. Gastric analysis

3. 'II uptake

4. Urinary VMA

(12-hr. or BAC and
MAC)

7. Antral mucosal biopsy
(for G cell changes)

8. Miscellaneous

content of the antral mucosa, but only one of whom
showed enhanced secretory activity. He suggested that
the hypophysis may exert a trophic influence, as yet
unproven, on the G cells of the antrum.
The G cell population of the gastric antrum in pa-

tients exhibiting the Z-E syndrome has not been well
documented. In some patients exhibiting the Z-E syn-

drome, but in whom no pancreatic tumor was demon-
strable, antral G cell hyperplasia has been found, while
in other patients with pancreatic tumors no antral
changes have been noted;29 these observations have led
to the suggestion that the hypergastrinism in patients
exhibiting the Z-E syndrome may be accountable to
gastrinosis of either the pancreatic islets or the gastric
antrum.

It has become increasingly apparent that the Zol-
linger-Ellison syndrome should be considered as a com-

ponent of the more inclusive multiple endocrine adeno-
matosis syndrome; 1,30 it is therefore important to study
such patients and their families for the presence of other
endocrine lesions including cellular hyperplasias. Antral
G cells are reasonably accessible for study; observations
of antral G cell changes, coupled with appropriate endo-
crine screening measurements may lead to the elucida-
tion of the fundamental pathophysiologic abnormality.

Method of Study

Two families, ascertained through a proband affected
with the Z-E syndrome, have been studied prospectively
by thorough endocrine screening in a Clinical Research
Unit. Additionally in one of these families, cytochemical

and ultrastructural assessments of the number and ap-
pearance of antral gastrin cells obtained by biopsies of
antral mucosa during fiberoptic gastroscopy (Olympus
GFB) were made. These latter observations have been
correlated with the values for gastric acids, serum gas-
trin levels and other screening tests. The endocrine
studies which were carried out in these families are
shown in Table 1.

Antral gastrin cell studies were carried out whenever
possible on the following groups of patients: (a) one of
the two above families with MEA, I syndrome (the P.
family) including both affected and non-affected mem-
bers, and (b) randomly selected, non-related patients
having diagnoses of duodenal ulcer, hyperparathyroidism,
acromegaly, Z-E syndrome and patients with no known
endocrine disease. The antral mucosal tissue was ob-
tained by fiberoptic gastroscopic biopsies in most in-
stances, or by direct surgical sampling during abdominal
operations for duodenal ulcer or the Z-E syndrome.
Whenever possible the biopsied mucosa was fixed imme-
diately in 2.5% phosphate-buffered glutaraldehyde mix-
ture, prepared and imbedded in Epon-Araldite resin.
Sections (1 micron) from these blocks were stained
with toluidine blue and scanned by light microscopy
for estimation of the number of "clear" cells which have
the morphologic appearance of G cells per rosette of
gland. Only those sections through the mid-zone of the
antral mucosa in which these cells were present were used
for counting. From these identified blocks ultra thin sec-
tions were prepared for electronmicroscopic identifica-
tion of gastrin cell granules and an estimation of the de-
gree of granulation of these cells recorded as full, normal,
or poor granulation. In nine patients, such as the pro-
bands of the families and others having had total gas-
trectomy previously, only light microscopy of available
hematoxylin and eosin-stained paraffin sections was pos-
sible for the counting of cells having the morphology of
G cells (large, "clear", oval cells) in the midzone of the
antral mucosa. In the Z-E patients, the antral G cell
findings were correlated with the presence or absence
of grossly demonstrable pancreatic tumors. In eight pa-
tients, quantitative studies were possible and carried out
(by A.G.E.P.) on 35 mm. color transparencies of im-
munofluorescent preparations, using a television image
analyzer. In this instrument a television camera scans the
photomicrographs and produces a colored image on a
monitor. A particular color is selected by the operator to
represent a particular density range. By electronic
means the relative area occupied by the pre-selected
color can then be determined.

Results
The pedigree of each of the two families is illustrated

in Figure 1 and the endocrine abnormalities in them are
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indicated in Table 2. In one family (R. family) of 29
members in four generations, 11 of 15 members studied
to date have shown abnormalities. These include islet
cell tumors (2) requiring total gastrectomy and hypo-
physectomy in one, gastroduodenal carcinoid tumor (1),
hyperparathyroidism (4), gastric hyperrugation with ul-
cer (8). The proband (III-5) over a 16-year span has had
a right adrenalectomy for adrenal cortical adenoma with
Cushing's syndrome, a total gastrectomy for metastatic
ulcerogenic tumor, a transthoracic removal of a me-
diastinal metastasis, a negative abdominal second-look
procedure, several excisions of cervical and mediastinal
lymph nodes containing metastases, a transfrontal hypo-
physectomy and a total thyroidectomy.'0 At the present
time he is asyptomatic with a normal serum gastrin and
x-rays show regression of a biopsy-proven mediastinal
metastasis.

In the P. family, 11 of 14 members in three genera-
tions have been studied. Four of 11 have developed
proven endocrine abnormalities including hyperpara-
thyroidism due to adenoma and/or hyperplasia (4), met-
astatic islet cell tumor (1), a non-functional pituitary
lesion (1) and a functional adrenal cortical lesion (1).
Four of the eight children in the second generation have
reached the third decade 'and three of the four have

R. FAMILY

I
II

mI 0 0 22 +[
2 3 4

P FAMILY
*1+

I llF<QI~~~~~~~~~~~~~~~

l] Parathyroid Tumor

6I Islet Cell Tumor
i Pituitary Tumor

[! Adrenal Cortical Tumor

0 Probably Affected

OZDeceased

* Ulcer
o Gastric Hyperrugation
* Carcinoid Tumor

+ Thyroid Tumor
A Lipomas
V Examined, Normal at Present

A Proband

FIG. 1. Diagrams of the pedigree of two families which illustrate
the autosomal dominant characteristic and the variable penetrance
within the families. These families are being studied prospectively
by routine endocrine screening tests listed in Table 1. Occult and
overt endocrine abnormalities, as indicated here and in Table 2,
appear at ages of the early twenties, particularly in the P. family.

TABLE 2. Family Data

Family Age at Antral Gastric Acids
& lst Para- Pitui- Adrenal Gastric G Cell mEq/L Gastrin

Pt. No. Study thyroid Pancreas tary Cortex Other Rtigae Ulcer No/ BAC* MAC* pg/mi Comments
Rosette

R. Family
I-I 75
II-2 65
11-3 65

_- - + +

_ +

III-1 59 0 0 0 0 0 + 0
III-2 55 ? + - - 0 + +

III-3 54 0 0 0 0 + + 0

- - - - Duodenal Ulcer
- - - - Ulcer, Diabetes mellitus
- 60 - - Duodenal ulcer

Recurrent ulcer
Left renal stone
Diabetes mellitus

- 0 73 120-199 Hiatus hernia
- > 100 - 2200 Postbulbar duodenal

ulcer, perforated
Recurrent stomal ulcer
Total gastrectomy 1971
Renal stones

- 30 91 80-203 Thyroidectomy 1948 for
Adenoma

Duodenal ulcer symp-
toms

12-hr gastric vol. 1760
ml.

II1-4 44 0 ? 0 0 0 + 0 - 0 110 69-100 Pancreatic tumor on
sonogram

Lipoma
III-5 36 0 +** 0*** + + + + 2-6 120 130 >1650 Cushing's syndrome

Rt. Adrenalectomy 1955
Total gastrectomy 1961
Second look 1966
Exc. metastases 1966,

1968
Hypophysectomy 1968
Total thyroidectomy

1969
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TABLE 2. (Continued)

Antral
Family Age at G Cell Gastric Acids
& 1st Para- Pitui- Adrenal Gastric No/ mEq/L Gastrin

Pt. No. Study thyroid Pancreas tary Cortex Other Rugae Ulcer Rosette BAC* MAC* pg/ml Comments

Lipomas
Now well-normal
serum gastrins

III-6 43 0 0 0 0 0 + + - 47 - - Pyloric ulcer by x-ray
III-7 47 + 0 ? 0 + + - - 20 - 20-50 Gastroduodenal car-

cinoid tumors
Subtotal gastrectomy

1969
Parathyroidectomy 1970
Expanding sella with

increasing HGH
III-8 54 0 0 0 0 0 + + - 35 113 90 Duodenal ulcer
IV-6 - - - - - + + - - - - Duodenal ulcer

Esophagitis
I V-9 20 0 0 0 0 0 0 0 - 0 26 270 Asymptomatic
IV-10 24 0 0 0 0 0 0 0 - 0 46 40 Asymptomatic

Lipomas
IV-2 18 ? - - - - - - - - - Hypercalcemia
P. Family
I-1 43 + + 0 0 0 + + - 114 128 >850 Renal stones

Post-bulbar duodenal
ulcer

S.T. parathyroidectomy
1960, 1962

Total Gastrectomy 1967
Regression of metastases
Now well; serum gastrin

140 pg/ml.
II-1 26 + 0 0 0 0 0 0 2-4 58 130 20-195 Asymptomatic -> renal

stones
Parathroid hyperplasia
Sub-total parathyroid-
ectomy 1971

II-2 25 + 0 0 ? 0 0 0 2-4 0 0 25-78 Asymptomatic -. renal
stones

Parathyroid hyperplasia
Total parathyroidectomy

1971, 1972
Cushing's syndrome

I1-3 23 0 0 0 0 0 0 ? 4-8 60 130 20-138 Asymptomatic
Duodenal bulb deform-
ity

Increasing gastric acids
11-4 20 + 0 ? 0 0 + 0 2-4 22 91 20-209 Asymptomatic

Parathroid hyperplasia
S.T. parathyroidectomy

1971
Enlargement of sella

II-5 19 0 0 0 0 0 0 0 - 0 79 83-297 Asymptomatic
II-6 16 0 0 0 0 0 0 0 4-8 58 132 20-248 Asymptomatic
II-7 12 0 0 0 0 0 0 0 4-8 54 124 20-293 Asymptomatic
I1-8 4 0 0 0 0 0 0 0 - - - 133-90 Asymptomatic

Delayed bone age
III-2 5 0 0 0 0 0 0 0 - - - 25 Asymptomatic
I I1-3 4 0 0 0 0 0 0 0 - - - 60 Asymptomatic

Growth lag

LEGEND: + = positive; involved
0 = negative; not involved
?= probably involved
- = not studied

* BAC = Basal acid concentration; MAC = Maximal acid concentration after Histalog
** Although there was metastatic involvement of nodes, liver and lung compatible with islet cell carcinoma, no grossly demonstrable

lesion of the pancreas was found.
*** The pituitary gland was normal histologically at the time of hypophysectomy for metastatic disease.
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TABLE 3. Antral G Cell Changes

No. of Gastric Acids
G Cells G Cell G Cell mEq/L Serum Gastrin

Diagnosis Patients Rosette Area (%) Granulation BAC MAC pg/ml.

No endocrine disease 7 0-2 0.5 Normal 15 70 50-100
Duodenal ulcer 4 2-4 2.0 Full 46 124 24-110
Hyperparathyroidism 5 4-10 8.0 Full 38 130 20-195
Pituitary tumor 2 2-9 17.0 Full 22 91 80-120
Zollinger-Ellison Syndrome with

pancreatic tumor 5 0-1 <0.5 Full 115 130 900-3700
Zollinger-Ellison Syndrome without

pancreatic tumor 6 6-12 15.0 Full 120 130 2800-9500
Zollinger-Ellison Syndrome with

medullary carcinoma of thyroid 1 4-10 10.0 Full 120 9000

required operative treatment. The proband (I-i) re-

quired three operations initially for excision of the para-

thyroid glands and a total gastrectomy for metastatic
islet cell carcinoma after which there was visible regres-

sion of hepatic and pulmonary metastases.10 He has had
a transthoracic excision of a single recurrent pulmonary
metastasis and is at the present time asymptomatic with
no demonstrable evidence of metastases and a normal
serum gastrin level.
The results of the antral G cell studies are indicated

in Table 2 (P. family), Table 3 and in Figures 2-9.
There was an increase over normal in the number of
antral endocrine cells having the morphologic character-
istics of G cells, as noted by light microscopy of toluidine
blue-stained sections, in the members of the P. family.
This observation was consistent whether the family mem-
bers were symptomatic or asymptomatic and irrespec-
tive of the presence or absence of other endocrine ab-

FIG. 2. Photomicrograph of the mid-zone

glands of normal antral mucosa from a pa

tient with no known endocrine disease illus-

trating sparse distribution (0-2/gland-
rosette) of large clear oval cells having the
morphologic characteristics of G cells. (Op-
tical microscopy of glutaraldehyde-fixed,
resin-imbedded, toluidine blue-stained sec-

tions, original magnification x 440.)

normalities. The degree of apparent G cell hyperplasia
seemed to correlate positively with gastric acid hyper-
secretion; the serum gastrin levels in this family were

with in the normal range, except in the presence of the
Zollinger-Ellison syndrome. True but moderate G cell
hyperplasia was noted in the antra of duodenal ulcer
patients. A definite increase in the number and in the

area of immunofluorescence of G cells was seen in hyper-
arathyroidism, acromegaly and in the Z-E syndrome in
which pancreatic lesions were not grossly demonstrable.
The serum gastrin values in the latter group of patients
were extremely elevated (2,800-9,500 pg./ml.), and the
antral gastrin cell population constituted 15% of the area

of the antral mucosa, or 30 times the normal G cell
fluorescent area. In hyperparathyroidism the G cells
numbered 4-10 per gland rosette and represented 8% of
the antral mucosal area. In acromegaly the G cells con-

stituted 17% of the total mucosal area in one of the pa-
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FIG. 3. Photomicrograph of the mid-zone
glands of the antral mucosa from a patient
(II-2 in P. family) with symptomatic endocrine
involvement illustrating the numerous large
clear oval cells having the morphologic appear-
ance of G cells. (Optical microscopy of glutar-
aldehyde-fixed, resin-imbedded, toluidine blue-
stained sections, original magnification x 440.)

tients. Antral G cell hyperplasia was not marked in those
patients exhibiting the clinical features of the Z-E syn-
drome without grossly demonstrable pancreatic lesions,
but including metastatic involvement of lymph nodes,
liver and lung, and high serum gastrin levels for which
total gastrectomy was performed. The number of G cells
varied from six to 12 per gland rosette with immuno-
fluorescence of 15% of the area, a hyperplasia of sufficient
magnitude to be consistent with the term "gastrincytoma"

or "gastrinoma." A marked gastrinosis of the antral mu-
cosa was noted in a patient with severe symptoms due
to gastric acid hypersecretion with high serum gastrin
levels; at autopsy a medullary carcinoma of the thyroid
gland was found and there was no demonstrable pancre-
atic lesion. One patient who exhibited severe clinical man-
ifestations of the Z-E syndrome due to islet cell
hyperplasia without tumor, and who required a total gas-
trectomy, also had antral G cell hyperplasia (2 to 7 G

FIG. 4. Photomicrograph of the mid-zone
glands of the antral mucosa from a patient

p (II-7 in the P. family) who is asymptomatic
with no discernible endocrine involvement

/ illustrating the numerous large clear oval
~~~ ~~cells having the morphological appearance

of G cells. There are slightly elevated gastr~ic
.4.r acid concentration values. (Optical mi-

croscopy of glutaraldehyde-fixed, resin-im-OWN ~~~~bedded, toluidine blue-stained section, origi-
4 nal magnification x 440.)
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FIG. 5. Photomicrograph of the glands of
the antral mucosa from a patient, non-
familial, with hyperparathyroidism due to an
adenoma, illustrating numerous large clear
oval cells having the characteristic appear-
ance of G cells in the mid-zone of the
mucosa. (Optical microscopy of glutaralde-
hyde-fixed, resin-imbedded, toluidine blue-
stained section, original magnification X
275.)

ZOLLINGER-ELLISON SYNDROME

FIG. 6. Electronmicrograph of a portion of a gastrin (G) cell in the antral mucosa from a patient (II-2 in P. family) with symptom-
atic endocrine involvement illustrating the full secretory granulation of the cytoplasm. The granules are round and of varying
densities. A portion of the large nucleus is at the bottom of the photomicrograph (original magnification x 15,000).
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cells per gland rosette). A definite discrete polypeptide
tumor of the stomach wall (interpreted as a metastasis)
was noted in a total gastrectomy specimen from a patient
with gastrin-secreting carcinoma of the pancreas. In four

Ann. Surg. * Sept. 1972

FIG. 7. Photomicrograph
of the mid-zone of the
antral mucosa from a pa-
tient with duodenal ulcer
illustrating moderate hy-
perplasia of immuno-
fluorescent G cells, orig-
inal magnification X
720).

patients with demonstrable pancreatic islet cell tumors
a normnal population of antral G cells was noted, similar
to the pattern observed in patients without endocrine
disease.

FIG. 8. Photomicrograph
of the mnid-zone of the
antral mucosa from a pa-
tient with hyperpara-
thyroidism illustrating
marked hyperplasia of
immunofluorescent G
cells (original magnifica-
tion X 720).
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FIG. 9. Photomicrograph
of the mid-zone of the
antral mucosa from a pa-
tient with the clinical
picture of the Zollinger-
Ellison syndrome with
high levels of gastric
acids and serum gastrin,
but without a grossly
demonstrable pancreatic
tumor; a marked hyper-
plasia of immunofluores-
cent G cells is shown
(original magnification
x 720).

Discussion

The study of two kindred reveals that asymptomatic
family members harbor endocrine abnormalities which
can be elucidated by diagnostic screening and who be-
come symptomatic with time. Two members of the P.
family passed urinary tract stones after hypercalcemia
was found. As the family members reached the third
decade, hyperparathyroidism, gastric acid hypersecre-
tion, pituitary and adrenal cortical abnormalities de-
veloped insidiously; while there may be a synchronous
overlap of these endocrinopathies, there is a metachro-
nous pattern which should lead to an expectant aware-

ness of the possibility of the development of new endo-
crine manifestations in these patients. The advisability
of prospective screening and counseling of families of
probands affected with any of the foregut endocrino-
pathies seems more than obvious. As in other autosomal
dominant traits, the two families presented in this report
demonstrate a great deal of variability in expressivity.
Some individuals have a full-blown pluriglandular in-
volvement; others have, for a time, only asymp-tomatic
hypercalcemia, while in others only the gastrointestinal
symptoms are present. The most common clinical endo-
crine abnormality in these, as well as other families, is
that of hyperparathyroidism due to chief cell hyper-
plasia. It is difficult to justify its relatively common

frequency if it is considered that this abnormality is prob-

ably of secondary nature, i.e. responsive to the hypo-
calcemia of calcitonin secretion or to glucagon stimula-
tion. Although the secretory product of the parathyroid
glands is a polypeptide, the secretory cells have not as
yet been shown to derive from neuroectodermal cells.
Based on these and other family descriptions there

can be little doubt that there is a genetic basis for the
development of the Z-E and the MEA syndromes as
phenotypic variants of the same mutant gene; the exact
genetic abnormality is not clear. The hereditable charac-
teristics of simple duodenal ulcer disease are thought to
be polygenic.
The observations of apparent antral gastrin cell hyper-

plasia in all members of the P family who had biopsies
suggest that these changes precede the development of
symptomatic endocrine disease. Furthermore, the antral
G cell hyperplasia in patients exhibiting the Z-E syn-
drome without tumor suggests also that antral G cell
hyperplasia may precede the development of islet cell
tumors; why the G cell hyperplasia should "recede" if
it is postulated that islet cell tumors develop sequentially
is not understandable at this time. Perhaps the Zollinger-
Ellison syndrome with high serum gastrin levels may
occur as a result of gastrinosis of either the antral G cells
or the pancreatic islet D cells, as has been suggested.29
More studies for the purpose of correlating pancreatic
and antral gastrin-secreting cell changes are needed to
clarify these observations..Despite the anti-gastrin fluores-
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cence similarities between pancreatic islet D cells and the
antral G cells, there seem to be cytochemical differences in
properties of the two gastrin-storing cells.40 There have
been descriptions of patients who have had the clinical
findings of the Z-E syndrome, including high serum gas-
trin levels and even metastases consistent with islet cell
carcinoma, yet who do not have grosssly demonstrable
pancreatic tumors.12a,12b These patients have been con-
sidered to have occult islet cell tumors or islet cell hyper-
plasia; the relatively new findings of antral G cell hyper-
plasia may account for the elevated serum gastrin levels in
this small group of patients. In other clinical endocrinop-
athies hyperplasia of the antral G cells does not neces-
sarily imply a functional hypersecretion of gastrin from
these cells. The G cells are full of granules and are un-
doubtedly storing the gastrin, as in duodenal ulcer pa-
tients in whom the serum gastrin values are not elevated.
When patients with duodenal ulcer are given bicarbonate
by mouth the serum gastrin values rise,12b which indi-
cates that these cells are capable of responding to a
stimulus, and conversely, are inhibited from secreting
by the acid secretions of the vagally-innervated stomach.
The hyperplasia of antral G cells in duodenal ulcer and
in other acid hypersecretory states may be a compensa-
tory phenomenon in response to the continuous acid in-
hibition of gastrin release. Alternatively, the G cell hyper-
plasia may be secondary to an as yet unknown pituitary
trophic influence or it could result from an abnormal
cell differentiation such as an uncontrolled totipotential
cell. Or finally, as is suggested by the data in this report,
the antral G cell hyperplasia may be an underlying
genetic abnormality in the polypeptide-secreting endo-
crine system. Glandular hyperplasia, and perhaps neo-
plasia with or without increased horrnone synthiesis may
be due to a direct effect of mutation on gland function.
Theoretically, all endocrine cells involved in this syn-
drome might contain a factor rendering them responsive
to the same mutant gene, resulting in excessive growth
of the affected cells.
The basic mechanisms for the pathogenesis of the Zol-

linger-Ellison and multiple endocrine adenomatosis syn-
dromes remain unknown. Wermer43 has proposed a
pleiotrophic defect which stimulates cell growth in each
of the glands. According to Vance et al.39 the primary
genetic defect resides in the islet cells, consisting of hy-
perplasia of the primordial islet cells. These produce a
chronic oversecretion of one or more of the islet cell
hormones, glucagon, insulin and/or gastrin. These in
turn influence changes in the other polypeptide-secreting
glands. This phenomenon of nesidioblastosis is supported
by their study of a family in which a high frequency of
pancreatic involvement was present. The pleomorphic
functional capability of islet cells is compatible with
their hypothesis. Although that theory is attractive, it

does not explain antral gastrin cell hyperplasia which
seems to occur before measurable islet cell functional ab-
normalities. The possibility of an enteric to insular in-
fluence37 is as plausible as an insular to enteric influence.
For instance, gastric acid-stimulation of the release of
enteric (duodenal) hormones such as secretin may af-
fect islet cell function and structure. These various
theories of the pathogenesis of the Z-E and MEA syn-
dromes have been described in detail elsewhere."
The observation of antral G cell changes in this study

were made using four cytological technics: light micros-
copy of hematoxylin and eosin-stained, formalin-fixed
paraffin sections for counting; light microscopy of tolui-
dine blue-stained, glutaraldehyde-fixed, resin-imbedded
sections for counting; electronmicroscopy of glutaralde-
hyde-fixed sections for degree of granulation; and im-
munofluorescent micrography with television image esti-
mation of G cell area. The reliability of observation
increases respectively in the four technics. The optical
microscopy for counting of cells which have the mor-
phologic characteristics of G cells (large, oval "clear"
cells with a large nucleus) is not proof that these en-
docrine cells are in fact gastrin-containing cells; experi-
ence in viewing many sections is required before such
observations become meaningful.26 Although such
technics, particularly light microscopy of toluidine blue-
stained sections, are practical for screening and count-
ing purposes, the accurate and incontrovertible designa-
tion of the exact endocrine cell and its specific hormone
content is extremely difficult. We, as others,2' urge caution
in such interpretations based only on light microscopy.
The immunofluorescent technics, as used in some of the
observations reported here, are much more reliable.

It is possible that the gastrointestinal endocrine cell
which is the most accessible for study-the antral G cell
-may lead the way to earlier diagnosis of the MEA, I
syndrome of which the Zollinger-Ellison syndrome is
a phenotypic variant.

Conclusions
Further evidence is presented for a genetic autosomal

dominant basis of the multiple endocrine adenomatosis
syndrome of which the Zollinger-Ellison syndrome is a
component. Two kindred which are being screened pro-
spectively have yielded asymptomatic endocrinopathies
which have become symptomatic and have required sur-
gical treatment. Studies of gastrin cells obtained by an-
tral biopsy from these and other patients suggest that
an apparent hyperplasia of the antral G cells accom-
panies duodenal ulcer, hyperparathyroidism, acromegaly
and some cases of the Z-E syndrome. The antral gastrin
cell hyperplasia in the MEA, I syndrome is of sufficient
magnitude to be consistent with the term "gastrincy-
toma."
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DISCUSSION

DR. JAMES CHARLES THOMPSON (Galveston): We have studied
the antral mucosal gastrin levels in patients with the Zollinger-
Ellison syndrome-only three such patients-and found them to
be normal. They were patients who had pancreatic tumors. I
would like to ask Di. Friesen if he has measured antral gastric
mucosal levels in patients with the Zollinger-Ellison syndrome, with
and without pancreatic tumors, and specifically to ask what the
tissue gastrin levels are in patients who have this hyperplasia, or
gastrinoma; and secondly, to ask what happens after antrectomy to
the serum gastrin levels in patients who have antral gastrinomas
and no pancreatic tumors.

DR. ROBERT M. ZOLLINGER (Columbus): I am really sorry I
brought it up, it is causing so much trouble.

Dr. Friesen always comes up with new and stimulating con-
cepts about these gastrin producing islet cell tumors. Sometimes
I believe him, and sometimes I do not. This moming I am not
quite sure, but I would like to believe him.

It is perfectly true, as he points out, that many of these in-
stances do occur in families. In our experience, I think we have
eight families of approximately 30 cases that we have studied
rather intensively.

In addition, we have reviewed the records of about 800 re-
ported cases through 1970, and we feel that the Wermer syn-
drome is involved in about one in 20, or 5%, and that multiple
endocrine involvement is present in 20 to 25% of the cases.

However, I would point out that when you review the litera-
ture, there has been no mention of any endocrine survey in at
least one half of the cases, so right off the bat we have about 400
cases in which we could not be sure about the true incidence of
endocrine involvement. And furthermore, recent studies have
demonstrated the islet cell tumors are associated with an increase
in thyrocalcitonin, which in turn may result in hyperplasia of the
parathyroid glands. So, when you begin to realize that the para-
thyroids are involved, in perhaps 20% of the cases, this may be a
secondary effect, and not a true endocrine involvement, as we, at
least, tend to regard it.

Dr. Friesen presents a very interesting concept concerning the
antrum and gastrin cell hyperplasia, which he believes may be
of sufficient magnitude to be consistent with the term "gastrin
cytoma." The origin of the gastrin cell, I think, is still a little
bit debatable. We heard Dr. Greider from Washington Univer-
sity talk to us the other day about this. She has been studying
this problem for many, many years, and I am not sure that the
light microscopists or the electron microscopists are really cer-
tain where, or to what extent these cells really occur.

I hope, however, that he is correct in this assumption and that
biopsy of the antrum may assist the clinician. This may be par-
ticularly helpful in the borderline cases that we have heard about
this morning, when the gastrin level tends to be low.

I would say just a word about low gastrin levels. When they
are low, I mistrust the immunoassay rather than the patient. Of
course, all tumors have to start small, and it is true that some of
them are borderline, and here we would have an example of
biopsy of the antral mucosa, which might help in these borderline
cases.

PRESIDENT MooRE: I would like to ask Dr. Friesen a question.
If this is a single gene, why does it involve so many different
organs? Could it be that the pituitary is basic to most of the
cases? I noticed you had, I think, one or two with enlarged sellae.

DR. S. R. FRIESEN (closing): I will answer Dr. Thompson's
questions first, if I may. Did we measure the tissue antral gas-
trin content in Zollinger-Ellison patients? The answer is no. We
have measured tissue gastrin values in the antrum in dogs, but
not in these patients.
What happens to the serum gastrin after an antrectomy in

which there is antral gastrinosis? I do not know exactly, except
in the instance of one patient, particularly. This patient had very
high gastric acid values, over 2000 ml. in 12 hours, over 100
mEq easily in that 12 hours of output of acid, and who had a
serum gastrin value of 558, right in between the values for duo-
denal ulcer and the Zollinger-Ellison syndrome. At operation
there was a nodular pancreas, and I biopsied the pancreas and
a lymph node and found normal pancreas and no tumor in the


