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Abstract
Introduction:Gastric adenocarcinoma of the fundic gland type (GA-FG) is characterized by a well-differentiated neoplasm. More
than 100 cases have been reported, but only a few cases have been described in China. Therefore, its clinicopathological
characteristics need to be investigated further. Herein, we report five cases and briefly review the relevant literature.

Patient concerns: Five patients, including three women and two men, were identified in the Ningbo Clinical Pathological
Diagnosis Center between March 2017 and July 2020. Patients (case 1, case 2, and case 5) underwent gastroscopy due to
epigastric pain. Apart from the lesion, others were occasionally discovered on physical examination.

Diagnosis: Gastric adenocarcinoma of the fundic gland type (GA-FG).

Intervention: Five patients were treated with endoscopic submucosal dissection.

Outcomes: Surgical outcomes were good. Esophagogastroduodenoscopy showed a scar with no recurrence, and no
postoperative symptoms were observed from 3 to 43months during the follow-up.

Conclusion: We present five cases of well-differentiated tubular adenocarcinoma that mimicked the fundic glands. Cell
differentiation by MUC2, MUC5AC, MUC6, pepsinogen-I, and H+/K+-ATPase. Immunohistochemical findings in GA-FG suggested
differentiation of the fundic glands. In addition, it has a low proliferation. p53 and Her-2 were negative, and b-catenin was positive in
the cytoplasm, indicating that the pathogenesis of this tumor was different from that of traditional intestinal and diffuse gastric
carcinomas. In summary, this neoplasm is rare and unusual. To better understand this issue, similar cases should bemonitored in the
future.

Abbreviations: ESD = endoscopic submucosal dissection, GA = gastric adenocarcinoma, GA-FG = gastric adenocarcinoma of
fundic gland type.
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1. Introduction

Gastric adenocarcinoma of the fundic gland type (GA-FG) is a
novel entity. In 2007, a case of GA-FG was first reported by
Tsukamoto.[1] Subsequently, Ueyama proposed 10 cases and
proposed gastric adenocarcinoma of the fundic gland (chief cell
predominant type: CCP) as a new entity of gastric adenocarci-
noma in 2010.[2] Since then, an increasing number of cases have
been reported in Japan[3–12] and Korea.[13] GA-FG is distinct
from traditional intestinal and diffuse gastric carcinomas. It is a
well-differentiated neoplasm with unclear etiopathogenesis and
has a good prognosis, rarely demonstrating metastasis and
recurrence. The malignant potential of this lesion remains
considerable.[11] Most cases undergo endoscopic submucosal
dissection (ESD), but there are few reports of surgical resection
existence.[14,15] GA-FG is now listed separately as a new category
of gastric adenocarcinoma in the fifth edition of theWorldHealth
Organization (WHO) classification of digestive system tumors. In
previous reports, GA-FGs were found to be small tumors <1cm
in diameter, and developed in the upper and middle third of the
stomach.[2] Macroscopically, GA-FG is a whitish tumor
accompanied by irregular vascular growth, and most cases are
detected as small submucosal tumor (SMT)-like lesions or
whitish depressed lesions that develop in non-atrophic oxyntic
mucosa.[16]

https://orcid.org/0000-0002-8813-9482
https://orcid.org/0000-0002-8813-9482
mailto:niana217@126.com
http://dx.doi.org/10.1097/MD.0000000000028469


Table 1

The clinicopathological findings of this study.

Parameters Case 1 Case 2 Case 3 Case 4 Case 5

Age (years)/sex 62/female 54/female 57/female 58/male 54/male
Serum anti-H. pylori antibody Negative Negative Negative Negative Negative
Chronic gastritis (–) (–) (–) (–) (–)
Therapy ESD ESD ESD ESD ESD
Location Upper third Middle third Middle third Upper third Lower third
Size (cm) 0.8 0.5 0.3 0.9 0.8
Gross type 0-IIa 0-IIb 0-IIa 0-IIa 0-IIa
Depth SM (400mm) SM (250mm) SM (100mm) SM (200mm) SM (400mm)
Lymphatic invasion (–) (–) (–) (–) (–)
Venous invasion (–) (–) (–) (–) (–)
Survival time (months) 43 19 16 12 3
Outcome Alive Alive Alive Alive Alive

ESD= endoscopic submucosal dissection, SM= submucosal layer.
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As is known to all, human stomach carcinomas were classified
into two major groups, namely intestinal and diffuse types of
Lauren in histologically. It is widely believed that the phenotypic
expression of tumor cells reflects the tissue of origin.[17] In
previous studies, GA-FG typically displayed the expression of
pepsinogen-I and H+/K+-ATPase.[2,13,18] Pepsinogen-I is pro-
duced only by the chief and mucus neck cells in the fundic glands.
Normal gastric parietal cells possess an H+/K+-ATPase proton
pump. This enzyme is mainly located near the cell surface
membranes and in the membranes of intracytoplasmic canaliculi.
Therefore, H+/K+-ATPase is considered a marker of parietal cell
differentiation.[19] In this study, cell differentiation, mucin
proteins, pepsinogen-I, and H+/K+-ATPase were evaluated.
Furthermore, we determined that Her-2 protein expression

was used to assess the malignant biological behavior and
prognosis of gastric cancer. Gastric cancer patients who exhibit
Her-2 protein overexpression might be potential candidates for
new adjuvant therapies, involving the application of humanized
monoclonal antibodies.[20] However, the expression of Her-2 in
GA-FG is unknown. A few reports presented b-catenin and was
increased in GA-FG, suggesting that Wnt/b-catenin signaling
activation may be associated with tumorigenesis.[21] We then
collected five cases that illustrated well-differentiated tubular
adenocarcinoma and mimicked the fundic glands, along with a
brief review of the literature.
2. Case description

Characterized by well-differentiated columnar cells mimicking
fundic gland cells, and notably chief cells, five cases were
identified in the Ningbo Clinical Pathological Diagnosis Center
between March 2017 and July 2020.
The clinicopathologic findings are summarized in Table 1.

Patients included three females and two males, aged 54–62years
(average, 57years). Patients (case 1, case 2, and case 5)
underwent gastroscopy due to epigastric pain. Apart from the
lesion, others were occasionally discovered on physical exami-
nation. None of these patients had serum anti-H. pylori antibody.
The endoscopic findings in all the cases were small. All patients
underwent ESD. Four tumors were macroscopically identified as
submucosal tumor (SMT)-like 0-IIa (superficial elevated type),
and one was identified as 0-IIb (superficial flat type) and covered
with normal colored or whitish vasodilated mucosa. They were
small, with the diameter of 0.8, 0.5, 0.3, 0.9, and 0.8cm (average,
2

0.66cm). All cases had lesions that invaded the submucosal layer
(Fig. 1). Lymphatic or venous invasion was not identified in any
of the cases. None of the patients died or exhibited signs of disease
recurrence during the follow-up period.
In addition to conventional hematoxylin and eosin staining,

ESD-resected specimens were subjected to immunohistochemical
staining. Histological examination of the biopsy specimens
obtained from the lesion revealed that the GA-FGs in all cases
were mainly composed of highly differentiated columnar cells
mimicking fundic gland cells, predominantly chief cells, with pale
gray-blue, basophilic cytoplasm, and mildly enlarged nuclei. In
some cases, the tumor cells with coarse granular eosinophilic
cytoplasm were admixed and were similar to parietal cells. With
careful observation, the nuclei were slightly larger than those of
normal fundic glands and were markedly hyperchromatic. The
atypical glands were well-circumscribed with an abrupt transi-
tion from the normal mucosa, which was one of the signs of
neoplasia. The superficial area tended to retain the normal
foveolar epithelium, whereas the deep area tended to show
irregular branching and dilatation. All cases of typical GA-FG are
demonstrated in Figure 1.
The immunohistochemical markers MUC5AC for foveolar

cells, MUC6 for mucous neck cells or pyloric gland cells, and
MUC2 for goblet cells were tested. Furthermore, pepsinogen-I, a
marker of differentiation to chief cells, and H+/K+-ATPase as a
marker for parietal cell differentiation were also employed.When
these markers were expressed in 10% or more of the cytoplasm,
they were considered positive. Immunohistochemical examina-
tion revealed that the neoplastic glands were diffusely and
strongly reactive for MUC6 and pepsinogen I, and nonreactive
for MUC2. MUC5AC was stained only in the non-atypical
foveolar epithelium that covered the tumor surface. In addition,
all cases revealed focal positivity for H+/K+-ATPase. Moreover,
it had a low labeling index Ki-67 (<5%). p53 and Her-2 were
negative. Moreover, b-catenin was detected in the cytoplasm.
Immunohistochemical discoveries of typical GA-FG are shown in
Figure 2 (case 4).

3. Discussion

GA-FG is a recently recognized and rare pathologic subtype of
gastric adenocarcinoma. However, it has distinct clinicopatho-
logical characteristics, especially in terms of tumor location,
histologic features, phenotypic expression, and low-grade



Figure 1. Hematoxylin and eosin stain: case 1 (A and B), case 2 (C and D), case 3 (E and F), case 4 (G and H), and case 5 (I and J). All cases display the invasion of
the submucosal layer and reveal carcinoma mimicking fundic glands with irregular glandular structure.
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malignancy.[2] Most reports on GA-FG cases are from Japan and
Korea, with only a few reports fromWestern countries,[22] and a
few cases have been reported in China.[23] In this study, we
collected five cases that were identified as GA-FG. Three women
3

and two men aged 54–62years, indicating that this lesion often
occurs in elderly people. Most previously reported cases were
aged people, ranging from 42 to 82years, while the incidence rate
of males was close to that of female.[18,24] In addition, the
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Figure 2. Immunohistochemical staining (EnVision) results in gastric adenocarcinoma with chief cell differentiation (case 4). Carcinoma revealed diffuse positivity for
MUC6 (A), but MUC5ACwas only stained in the non-atypical foveolar epithelium that was covered on the surface of tumor (B). Pepsinogen-I was strongly expressed
in GAFG (C and D), and focal positivity for H+/K+-ATPase (E and F). The b-catenin of all cases was only expressed in cytoplasm (G and H).
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majority of cases were solitary and small, generally located in the
upper third of the stomach.[12,24,25] However, recently, a case of
multiple gastric adenocarcinoma of fundic gland type was
reported,[26] and its endoscopic findings were characteristic.
Endoscopy usually proves that it is covered by normal-colored or
faded-whitish mucosa with vasodilatation or branched vessels on
the tumor surface.[2,3,6,16,22,23,25,27] Although, in some cases,
4

endoscopy revealed chronic atrophic gastritis or intestinal
metaplasia, in most cases, the tumors are surrounded by gastric
mucosa without pathological evidence of mucosal changes.[25] As
is known to all, H pylori infection plays a major role in
conventional adenocarcinoma; some previous reports demon-
strated that most cases were negative in GA-FG, and all patients
were negative in our report as well,[28] suggesting that the



Zhang et al. Medicine (2022) 101:2 www.md-journal.com
pathogenesis of GA-FG may be different from conventional
adenocarcinoma.
Histologically, GA-FG is a well-differentiated adenocarcino-

ma, mainly composed of cells resembling chief cells and is
classified into CCP, parietal cell predominant type, and mixed
type,[1] with the most common type being CCP. However, the
well-differentiated morphology of GA-FG often confuses path-
ologists. Previous studies have concluded the histopathological
characteristics. Although GA-FG-CCP is composed of a variety
of mildly atypical columnar cells that mimic the fundic glands, the
atypical glands were well circumscribed with an abrupt transition
from the normal mucosa.[3,13,25] In addition, it varies in size
and shape, with anastomosing and endless glands.[2,3,13] The
cytoplasm of tumor cells was pale gray to blue, basophilic, and
resembled chief cells. At higher magnification, nuclei were
monotonous and slightly larger than those of normal fundic
gland cells, and frequently contained small but prominent
nucleoli.[13,29] Furthermore, the surface of the tumor is primarily
covered by the non-atypical foveolar epithelium.[2,5,25] The
histopathology results in our cases were typical. All cases had
lesions that invaded the submucosal layer (Fig. 1). Lymphatic or
venous invasion was not identified in any of the cases.
At present, many studies have demonstrated that GA-FGs are

characterized as neoplastic lesions that arise directly from the
gastric mucosa without intervening in intestinal metaplasia, but
chief cell differentiation.[2,29] Hence, we confirmed that using
immunohistochemical analysis. As we all know that GA-FG
typically exhibited the expression of pepsinogen-I and H+/K
+-ATPase, pepsinogen-I is produced by the chief and mucus neck
cells in the fundic glands.[29] H+/K+-ATPase is mainly located
near cell surface membranes and in the membranes of intra-
cytoplasmic canaliculi, and it is considered a marker for parietal
cell differentiation. In the present study, pepsinogen-I expression
was observed in all cases, thus supporting the differentiation of
chief cells, which are a component of the fundic gland. All cases
revealed focal positivity for H+/K+-ATPase, which was in
accordance with hematoxylin and eosin staining, which showed
tumor cells and resembled parietal cells. All cases were classified
as GA-FG with the chief cell differentiation type in our study. In
contrast, MUC2 for goblet cells was negative, and MUC5AC for
foveolar cells was stained in the non-atypical foveolar epithelium
that was covered on the tumor surface. In contrast, Ueyama et al
speculated thatMUC5ACmay be expressed in advancedGA-FG-
CCP lesions with a large diameter and massive submucosal
invasion.[2] Therefore, more cases need to be confirmed. In
addition, in our report, MUC6 was also strongly expressed in
GA-FG-CCP, suggesting that it is categorized as a purely gastric
phenotype.
In previous reports, most reported cases of GA-FG were

proven to have submucosal invasion,[22] while only several
cases reported lymphovascular invasion,[2,6,12,14,15,24] indicat-
ing that its biological malignancy was not high. Most patients
were treated with ESD.[8,18,25,29] We evaluated the tumor cell
proliferation ability using the Ki-67 index, which was low. As a
marker of poor prognosis in gastric carcinoma, in terms of p53,
the expression of all cases were negative, which was consistent
with previous researches,[2] which reflected that the growth of
GA-FG was slow and less aggressive. It is known that the
histologic features and phenotypic expression of GA-FG are
different from those of conventional gastric adenocarcinoma,
their pathogenesis may be distinct. In our report, we detected
that Her-2 protein expression in all cases was negative and was
5

used to assess the malignant biological behavior and prognosis
of conventional gastric adenocarcinoma.[20] Furthermore,
b-catenin in all cases was only expressed in the cytoplasm,
and the results did not correspond with those of previous
studies, demonstrating that b-catenin accumulated in the
nucleus, followed by activation of the Wnt/b-catenin signaling
pathway. Therefore, it may be associated with tumorigenesis in
GAFG.[21] Thus, whether b-catenin signaling contributes to
tumorigenesis in GAFG requires further investigation. In
addition, several studies have indicated that GNAS mutations
contribute to tumorigenesis in GAFG, and it is thought to be a
common and highly specific genetic feature of GAFG. To date,
the molecular mechanism of GAFG has not been clearly
demonstrated.
In summary, we examined five cases of GAFG, which were

rarely reported in China, and discussed their characteristics in
comparison with previous reports. GAFG exhibited distinct
clinicopathological characteristics compared to conventional
gastric adenocarcinoma. In particular, the histologic features
were deceptive, and it took a long time to understand this disease.
In contrast, the tumorigenesis of GAFG has not been elucidated in
detail; therefore, further studies are needed.
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