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Abstract:

A 69-year-old woman with multiple neuroendocrine neoplasms (NENs) was referred to our hospital. Al-
though she had extreme hypergastrinemia (11,675 pg/mL), no findings that indicated types I to III gastric
NENs were found. Although gastric corpus atrophy was suspected on conventional white-light imaging, find-
ings on magnifying endoscopy with narrow-band imaging indicated no severe atrophy. A biopsy from the
background fundic gland mucosa revealed no atrophic changes, parietal cells with vacuolated cytoplasm and
negative findings for H'K*-ATPase. Thus, this case was diagnosed as multiple NENs with parietal cell dys-

function. Neither progression nor metastasis has been confirmed during two-year follow-up.

Key words: neuroendocrine neoplasms, parietal cell dysfunction, achlorhydria, hypergastrinemia

(Intern Med 61: 2441-2448, 2022)
(DOI: 10.2169/internalmedicine.8253-21)

Introduction

Gastric neuroendocrine neoplasms (NENs) are classified
into three subgroups according to the presence of hypergas-
trinemia or underlying diseases (1, 2). This classification is
useful for determining the treatment strategy for gastric
NENS, as these subgroups correlate with metastasis and the
prognosis. NENs that do not match the above classification
have rarely been reported, and such cases show parietal cell
dysfunction in the background mucosa of the stomach.

We herein report a rare case of multiple gastric NENs
with parietal cell dysfunction and extreme hypergastrinemia.

Case Report

A 69-year-old Japanese woman with no complaints under-
went esophagogastroduodenoscopy (EGD) at a nearby hos-
pital and was found to have multiple elevated gastric lesions

diagnosed as NENs by a biopsy. Since it was difficult to di-
agnose the type of gastric NENs, she was referred to our
hospital. She had no history of proton pump inhibitor usage,
no history of Helicobacter pylori eradication, and no family
history of multiple neuroendocrine neoplasia-1 (MEN-1) or
other gastric disorders.

Conventional white-light imaging (C-WLI) at our hospital
showed 6 yellowish submucosal tumor-like lesions with
vasodilation, all of which were <5 mm in maximal diameter,
in the fundic gland area of the stomach (Fig. 1A, B). Mag-
nifying endoscopy with narrow-band imaging (ME-NBI)
showed an absent microsurface pattern and vasodilation on
the top of the tumor (Fig. 1C). The biopsy specimens re-
vealed that the tumor was covered with a monolayer of fo-
veolar epithelium (Fig. 2A), and small nests and cords of
polygonal neoplastic cells were present within a fibrotic
stroma (Fig. 2B, C). The tumor cells were positive for chro-
mogranin A (Fig. 2D), synaptophysin (Fig. 2E) and CD56
(Fig. 2F). Although atrophic changes in the gastric corpus
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Figure 1. Endoscopic images of gastric NENs. C-WLI showed multiple gastric NENs (light-blue
arrows) (A). A NEN located on the greater curvature of the upper body appeared to be a submucosal
tumor-like lesion with vasodilation (B). ME-NBI revealed vasodilation and the absence of a microsur-
face pattern on the top of the tumor (C). NEN: neuroendocrine neoplasm, C-WLI: conventional
white-light imaging, ME-NBI: magnifying endoscopy with narrow-band imaging

Figure 2. Histopathological findings of a gastric NEN in a biopsy specimen. Hematoxylin and Eosin
staining revealed that the tumor was covered with a monolayer of foveolar epithelium (A, blue ar-
row), and nests and cords of small uniform cuboidal cells were present within a fibrotic stroma (B, C).
Immunostaining revealed that the tumor cells were positive for chromogranin A (D), synaptophysin
(E) and CD56 (F). Bar=100 um. NEN: neuroendocrine neoplasm
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Figure 3. Endoscopic images of background gastric mucosa. Discolored mucosa with marked vas-

cular visibility on the entire area of the greater curvature of the corpus along with the disappearance

of folds without an atrophic border indicated severe atrophic changes in the corpus in C-WLI (A).
ME-NBI in the corpus revealed a slightly enlarged, round pit with unclear or irregular subepithelial
capillary networks in the corpus (B), indicating the absence of severe gastric atrophy. In the antrum,
the visibility of the vascular pattern was negative on C-WLI (C), and subepithelial capillary networks

and surrounding circular pits were observed on ME-NBI (D), indicating no atrophy in the gastric

antrum. C-WLI: conventional white-light imaging, ME-NBI: magnifying endoscopy with narrow-

band imaging

were suspected on C-WLI, which showed discolored mucosa
with vascular visibility on the entire area of the greater cur-
vature of the corpus (Fig. 3A), ME-NBI revealed slightly
enlarged, round pits with unclear or irregular subepithelial
capillary networks in the corpus (Fig. 3B), suggesting that
there may have been no severe gastric atrophy (3, 4). In the
antrum, the visibility of the vascular pattern was negative on
C-WLI (Fig. 3C), and subepithelial capillary networks and
surrounding circular pits were observed on ME-NBI
(Fig. 3D), which indicated that there was no atrophy in the
gastric antrum (4). No endoscopic findings suggestive of
certain diseases, such as enterochromaffin-like (ECL) cell
hyperplasia/dysplasia, were observed in the background gas-
tric mucosa.

In the laboratory examination (Table 1), marked hypergas-
trinemia (11,675 pg/mL) was present; however, no abnormal
findings were observed in the titers of serum IgG antibodies
against H. pylori (H. pylori-LATEX “SEIKEN”, Denka Ltx,

Tokyo, Japan), autoantibodies against intrinsic factor or pa-
rietal cell, serum albumin, calcium or intact parathyroid hor-
mone values. H. pylori was negative, as also confirmed by
the urea breath test (1.6%oc). There were no findings sugges-
tive of gastrinoma on computed tomography (CT), somato-
statin receptor scintigraphy, selective arterial calcium injec-
tion test (Fig. 4) or abdominal angiography. The mean intra-
gastric pH on the 24-hour pH monitoring test was 6.67, in-
dicating a non-acidic condition. We also conducted an endo-
scopic gastrin test, which estimates the gastrin-stimulated
gastric acid secretory response and correlates well with the
peak acid output and maximal acid output (5). Although hy-
pochlorhydria and profound hypochlorhydria are defined
based on endoscopic gastrin test results of <2.1 and <0.6
mEq/10 min, respectively (6, 7), the value in this case was 0
mEq/10 min, indicating achlorhydria.

An endoscopic biopsy from the endoscopically non-NEN
fundic gland mucosa revealed no atrophic changes in the
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Table 1. Results of Blood Examination.
Measured value ~ Normal range Measured value ~ Normal range

WBC 5.2 103/uL 3.3-8.6 Ferritin 17.5 ng/mL 12-60
RBC 379 10%/uL 386-492 Intact PTH 61 pg/mL 10-65
Hb 11.7 g/dL 11.6-14.8 PGI 22.7 ng/mL >70
Ht 34.7 % 35.1-44.4 PG II 12.2 ng/mL
PLT 28.1 10%uL 15.8-34.8 PG /I 1.9 >3
TP 7.6 g/dL 6.6-8.1 Vitamin B12 744 pg/mL 180-914
Albumin 4.3 g/dL 4.1-5.1 Folic acid 14.9 ng/mL >4.0
Na 139 mmol/L 138-145 Gastrin 11,675 pg/mL 42-200
K 4.6 mmol/L 3.6-4.8 H. pylori antibody <3 U/mL <3
Cl 102 mmol/L 101-108 Parietal cell antibody <10 <10
Ca 9.7 mg/dL 8.8-10.1 Intrinsic factor antibody ) (-)

WBC: white blood cell, RBC: red blood cell, Hb: hemoglobin, Ht: hematocrit, PLT: platelet, TP: total protein, Na: sodium, K:
potassium, Cl: chlorine, Ca: calcium, PTH: parathyroid hormone, PG: pepsinogen, H. pylori antibody: IgG antibody against

Helicobacter pylori
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Figure 4. The selective arterial calcium injection test. This
test showed no significant increase in the serum gastrin level in
any of the evaluated arteries.

fundic gland, but large parietal cells with vacuolated cyto-
plasm and dilated glands were observed (Fig. SA, B). The
number of parietal cells was not decreased in this case. Al-
though the chief cells were positive for pepsinogen
(Fig. 5C), the parietal cells were completely negative for H*
K*-ATPase (Fig. 5D). Mononuclear cell aggregates were ap-
parent in the deeper mucosa (Fig. 5E), but immunostaining
revealed that the number of mononuclear cells positive for
CD8 was small (Fig. 5F). The biopsy specimens from the
endoscopically non-NEN fundic gland mucosa showed ECL
cell hyperplasia/dysplasia around the muscularis mucosa
(Fig. 6), which was differentiated from NENs by the fact
that an individual nodule was <500 pum (8). In this speci-
men, parietal cell protrusion was found (Fig. 6A). An endo-
scopic biopsy from the endoscopically non-NEN antral mu-
cosa showed no intestinal metaplasia or the presence of py-
loric glands (Fig. 7). Based on the above findings, the pa-
tient was diagnosed with multiple gastric NENs with parietal
cell dysfunction.

The mechanism underlying the development of gastric
NENs in this type is similar to that in type I gastric
NEN (9); thus, the therapeutic approach was decided based
on that of type I gastric NEN. According to the guide-
lines (2), surveillance or endoscopic resection is recom-
mended for type I gastric NEN if the tumor is <1 cm in
size, and anterectomy to suppress hypergastrinemia and limit
ECL growth is a treatment option. Because all tumors were
<5 mm and the patient did not opt for endoscopic resection
or anterectomy, follow-up with EGD and CT at 1-year inter-
vals was selected. No progression, metastasis or change in
the size or number of gastric NENs has been confirmed dur-
ing two-year follow-up.

Discussion

Gastric NENs account for 5.6-8.7% of all digestive
NENSs (10-12), and most cases with gastric NENs are subdi-
vided into three types: type I, gastric NENs that develop
against a background of atrophic gastritis (autoimmune gas-
tritis or H. pylori-related chronic gastritis) and achlorhydria
with hypergastrinemia; type II, gastric NENs that occur in
the setting of gastrinoma and hyperchlorhydria that occurs
as a part of MEN-1; and type III, gastric NENs that occur
sporadically without hypergastrinemia (1, 2). To date, only
five cases of gastric NENs associated with parietal cell dys-
function have been reported worldwide (Table 2) (9, 13-15).
Vacuolation of parietal cells is a characteristic of parietal
cell dysfunction, but it is reported to be associated with
long-term proton pump inhibitor use or H. pylori infec-
tion (16). In the present case, the patient had no history of
long-term proton pump inhibitor use, and H. pylori findings
were negative, with no history of its eradication. Further-
more, parietal cell protrusion and dilated fundic glands with
completely negative staining for H'K'-ATPase were also ob-
served. We therefore diagnosed this case as a gastric NEN
with parietal cell dysfunction, making it the sixth case of
such a tumor.
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Figure 5. Histopathological findings of parietal cell dysfunction. Hematoxylin and Eosin staining
showed dilated glands and no atrophic change of the fundic glands (A). The parietal cell cytoplasm
was vacuolated (B). On immunostaining, the chief cells were positive for pepsinogen (C), but the pa-
rietal cells were completely negative for H'K*-ATPase (D). In the deeper mucosa, mononuclear cell
aggregates were apparent (E). Inmunostaining revealed that the number of mononuclear cells posi-
tive for CD8 (F) was small, indicating very mild inflammation. Bar=100 pm.

Figure 6. Histopathological findings of ECL cell hyperplasia/dysplasia. Small nodules of ECL cells
<500 pm in diameter were found around the muscularis mucosa on Hematoxylin and Eosin staining
(A) and synaptophysin staining (B), which was diagnosed as ECL cell hyperplasia/dysplasia. In the
subclassification of ECL cell hyperplasia/dysplasia, these nodules were diagnosed as micronodular
hyperplasia because the size of each nodule was <150 pm. Parietal cell protrusion was also found (A,
blue arrow). ECL: enterochromaffin-like

Figure 7. Histopathological findings of antral mucosa. An endoscopic biopsy of the endoscopically
non-NEN antral mucosa showed no intestinal metaplasia and the presence of pyloric glands (A, B).
NEN: neuroendocrine neoplasm

2445



Intern Med 61: 2441-2448, 2022 DOI: 10.2169/internalmedicine.8253-21

Table 2. Reports of Gastric NENs with Parietal Cell Dysfunction.

. Endoscopic
Diameter findings of Serum Immunostaining
References Age (y)/ and background gastrin Autoantibody Ht?n?atoxylm apd Eosin of HK+- Treatment, clinical
sex number . level staining for parietal cells outcome
of tumors gastric mucosa (pe/mL) ATPase
‘ in C-WLI
9 37/male <5 mm, No atrophy 6,800 PCA, normal; Parietal cell protrusion, Completely Observation
>20 IFA, negative vacuolation, dilated negative for o/
fundic glands and f3 subunits
9 36/male Small, No atrophy 2,600 PCA, normal; Parietal cell protrusion, Completely Anterectomy
multiple IFA, negative vacuolation, dilated negative for o/
fundic glands and f3 subunits
13 47/male  6-15 mm, No atrophy >800 PCA, normal; Dilated fundic glands, NA Proximal
19 IFA, negative hypertrophy and gastrectomy, with
hyperplasia of parietal lymphadenectomy,
cells no metastasis
14 54/male 1-13 mm, Thickened 1,400 PCA, normal Dilated oxyntic glands, Weak stain for 3 Subtotal
>10 gastric folds hypertrophy and subunit gastrectomy with
hyperplasia of parietal anterectomy,
cells Positive for LN
metastasis
15 50/female 2-12mm,  No atrophy 1,400 PCA, normal Vacuolation, dilated NA Total gastrectomy
multiple oxyntic glands, with
hypertrophy and lymphadenectomy,
hyperplasia of parietal no metastasis
cells
Present 69/female <5 mm, 6 Discolored 11,675 PCA, normal; Parietal cell protrusion, Completely Observation
case mucosa with IFA, negative vacuolation, dilated negative

marked vascular
visibility in the
corpus

fundic glands

NENSs: neuroendocrine neoplasms, C-WLI: conventional white light imaging, PCA: parietal cell antibody, IFA: intrinsic factor antibody, NA: no assessment,

LN: lymph node

This type of NEN cannot be subdivided into the tradi-
tional three types of NENs because these tumors showed hy-
pergastrinemia and achlorhydria with neither chronic atro-
phic gastritis nor MEN-1 in the underlying disease. How-
ever, NENs with parietal cell dysfunction are a type of
ECL-cell NEN, and the mechanism underlying the incidence
of such NENSs is similar to that of type I gastric NENs. In
either type of NEN, dysfunction or depletion of parietal
cells causes achlorhydria, hypergastrinemia due to G cell
hyperplasia, ECL cell hyperplasia and finally NENs (9). Al-
though the prognosis of NENs with parietal cell dysfunction
is unclear, the mechanism of incidence might indicate a rela-
tively good prognosis, similar to that of type I gastric NEN.

The diagnostic criteria for autoimmune gastritis have not
been established, but the presence of parietal cell antibody
and intrinsic factor antibody-negative cases has been re-
ported (17). In the present case, NENs due to autoantibody-
negative autoimmune gastritis and parietal cell dysfunction
were considered as differential diagnoses. Although parietal
cell dysfunction showed no atrophic change in the back-
ground gastric mucosa in the previous cases (9, 15), severe
atrophic changes in the corpus were suspected in C-WLI be-
cause the endoscopic findings met the criteria for severe
atrophic gastritis (18). In contrast, ME-NBI revealed a
slightly enlarged, round pit with unclear or irregular subepi-
thelial capillary networks, which indicates only mild gastritis

according to the classification proposed by Tahara et al. (3).
Among cases with this ME-NBI finding, 85.7% were re-
ported to lack severe gastric atrophy by histopathology (19).
Indeed, the present case also showed very mild inflamma-
tion in the histopathology. The reason for the discrepancy in
gastric atrophy between C-WLI and ME-NBI or histopa-
thological findings is unclear; however, vacuolated parietal
cell cytoplasm might be associated with a thin, discolored
mucosa with marked vascular visibility on C-WLIL. In this
regard, the ME-NBI findings might help differentiate parie-
tal cell dysfunction from autoantibody-negative autoimmune
gastritis other than the early type, as described below.

ME-NBI showed an absent microsurface pattern on the
top of the gastric NEN, which reflects the fact that this tu-
mor grew beneath the epithelium without a gland structure.
This ME-NBI finding is in accordance with the characteris-
tics described in a previous report about gastric NEN (20).
Regarding the histopathology of the biopsy specimen, the
tumor was located beneath a monolayer of foveolar epithe-
lium. Tumors without a gland structure, such as lymphoma
and poorly differentiated cancer covered with a thin normal
gastric layer, often have an absent microsurface pattern on
ME-NBI, and this was also true in the present case.

This case showed an extremely high serum gastrin level
(11,675 pg/mL). Previous studies defined values exceeding
300-450 pg/mL as indicating the presence of hypergastrine-
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Table 3. Comparison of Characteristics between Parietal Cell Dysfunction and Early-stage Autoimmune Gastritis.

Parietal cell dysfunction

Early-stage autoimmune gastritis

Endoscopic finding in corpus e  No atrophy e Polygonal areae gastricae surrounded by a reticular
border in a mosaic-like pattern
*  Thickened gastric folds ¢  Edematous mucosa and slight swelling of the areae

¢ Discolored mucosa with

gastricae
Discolored mucosa and vascular visibility

marked vascular visibility

¢ Reddish and edematous change of the gastric areas
*  No significant atrophic change

Hematoxylin and Eosin staining in corpus ¢ Parietal cell protrusion e Parietal cell protrusion
e Parietal cell vacuolation e Parietal cell vacuolation
*  Dilated fundic glands *  Dilated fundic glands

Immunostaining for H*K+-ATPase e Negative (or weak)
Immunostaining for pepsinogen e Positive
Autoantibody *  PCA, normal

¢ IFA, negative

¢ Inflammation in deep mucosa

¢ Reduction of parietal cells

e Negative or weak in some areas

e Negative or weak in some areas

¢  PCA, high (possibly normal in some cases)
e IFA, positive or negative

PCA: parietal cell antibody, IFA: intrinsic factor antibody

mia in gastric NENs (21, 22). Among gastric NENs with
hypergastrinemia, the serum gastrin levels in cases with pa-
rietal cell dysfunction were reported to be 1,400-6,800 pg/
mL, and those in some patients with type I NENs were
>10,000 pg/mL (21). Although some clinicians believe such
high levels of serum gastrin occur frequently in patients
with Zollinger-Ellison syndrome (ZES), including MEN-
1 (23), this was not the case. Indeed, serum gastrin levels
>10,000 pg/mL are also uncommon in patients with ZES,
occurring in 4.9-9% of such patients (23). Thus, although
the presence/absence of hypergastrinemia is useful for dis-
tinguishing type III from type I, type II, or parietal cell dys-
function in gastric NENs, it may be difficult to distinguish
the latter three types of gastric NENs by the serum gastrin
level alone.

This case has some limitations in its applicability to the
diagnosis of parietal cell dysfunction. First, although we
confirmed a lack of H'K'-ATPase expression on im-
munostaining, other functions, such as the intrinsic factor
production, were unknown. However, to our knowledge,
there are no other immunostaining approaches that can
evaluate the parietal cell function. Second, early-stage auto-
immune gastritis cannot be ruled out. Recently, several cases
of early-stage autoimmune gastritis have been reported, and
several histopathological findings, such as parietal cell pro-
trusion, dilated fundic glands and a lack of H'K™-ATPase ex-
pression, were also found in these cases (24-26). Although
the parietal cell autoantibody titer was normal in the present
case, differing from the previous cases (24-26),
autoantibody-negative early-stage autoimmune gastritis could
not be ruled out. Considering the similar histopathological
findings between parietal cell dysfunction and early-stage
autoimmune gastritis (Table 3), we hypothesize that parietal
cell dysfunction and autoantibody-negative early-stage auto-
immune gastritis are similar diseases. However, to confirm

this hypothesis, long-term observation to evaluate whether or
not the corporal gastritis is progressing is required.

In conclusion, we experienced a rare case of multiple
NENSs with parietal cell dysfunction that had extreme hyper-
gastrinemia. When we encounter patients with multiple gas-
tric NENs with achlorhydria and hypergastrinemia, parietal
cell dysfunction should be considered as a differential diag-
nosis. ME-NBI may help lead to the diagnosis of such a
disease, and a subsequent histopathological evaluation of the
fundic gland mucosa is required.
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