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Abstract
BACKGROUND
[bookmark: OLE_LINK1096][bookmark: OLE_LINK1099][bookmark: OLE_LINK1093][bookmark: OLE_LINK1094][bookmark: OLE_LINK1095][bookmark: OLE_LINK1100]The molecular changes present in gastric neuroendocrine tumors (NETs) include a loss of heterozygosity or mutation of MEN1, CDKN1B gene mutation, P27 heterozygous mutation, and ATP4A gene missense mutation. We identified and are the first to report a case of type 1 histamine-producing enterochromaffin-like cell NETs (ECL-cell NETs) with a BRCA2 gene germline mutation.

CASE SUMMARY
[bookmark: OLE_LINK1092][bookmark: OLE_LINK1101]The patient had a history of iron-deficient anemia for 5 years, and gastroscopic examination indicated multiple gastric tumors. Then, the patient underwent distal gastrectomy. Microscopically, multifocal tumor cells were found in the mucosa and submucosa; tumor cells were organoid and arranged in nests and cords, and the stroma was rich in sinusoids. The surrounding gastric mucosa showed atrophy with mild intestinal metaplasia or pseudopyloric gland metaplasia. Neuroendocrine cells could be seen with diffuse linear, nodular, and adenomatous hyperplasia. Immunohistochemically, the tumor cells diffusely expressed cytokeratin, chromogranin, synaptophysin, and CD56. Whole-genome high-throughput molecular sequencing revealed a pathogenic germline mutation in the BRCA2 gene, a heterozygous germline frameshift mutation in exon 11, c.6443_6444del (p.S2148Yfs*2). The final diagnosis was gastric type 1 ECL-cell NETs with a BRCA2 gene germline mutation, accompanied by autoimmune gastritis.

CONCLUSION
[bookmark: OLE_LINK1102]This is the first report of a case of type 1 gastric ECL-cell NETs with a pathogenic germline mutation of the BRCA2 gene. The findings of this report will expand the germline mutation spectrum of gastric NETs and increase the understanding of the molecular changes present in these tumors for their improved diagnosis in the future.
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[bookmark: OLE_LINK6415][bookmark: OLE_LINK1104][bookmark: OLE_LINK1105][bookmark: OLE_LINK1106]Core Tip: Type 1 enterochromaffin-like neuroendocrine tumors (ECL-cell NETs) occur most frequently and are associated with autoimmune gastritis. In gastric neuroendocrine tumors, molecular changes occur in genes including MEN1, CDKN1B, P27, and ATP4A. This is the first report of type 1 ECL-cell NETs with a pathogenic germline mutation of the BRCA2 gene. 


INTRODUCTION
Among the digestive system tumors of the World Health Organization tumor classification series, gastric neuroendocrine tumors (NETs) include histamine-producing enterochromaffin-like NETs (ECL-cell NETs), somatostatin-producing D-cell NETs, gastrin-producing G-cell NETs, and serotonin-producing enterochromaffin-cell NETs (EC-cell NETs). ECL-cell NETs are divided into type 1, type 2, and type 3 according to their clinicopathological characteristics. Type 1 ECL-cell NETs account for the highest percentage of gastric NETs (approximately 80-90%), and are associated with autoimmune gastritis (AIG), anti-parietal cell antibodies (PCAb), and/or anti-intrinsic factor antibodies (IFAb)[1].
The molecular changes present in gastric NETs include a loss of heterozygosity or mutation of MEN1, CDKN1B gene mutation, P27 heterozygous mutation, and ATP4A gene missense mutation[2-5]. At present, further research on the molecular mechanisms of gastric NETs is still being conducted.
In this research, we identified and are the first to report a case of type 1 ECL-cell NETs with a BRCA2 gene germline mutation. In addition, we performed a review of the relevant literature to expand the understanding of the molecular changes present in gastric NETs.

CASE PRESENTATION
Chief complaints
A young woman was admitted to our hospital because of recurrent abdominal discomfort.

History of present illness
The patient's symptoms had lasted for 2 mo.

History of past illness
The patient had a history of iron-deficient anemia for 5 years, which was treated with oral iron. The patient had no history of prior surgeries.

Personal and family history
The patient did not disclose any family genetic or aggregation diseases. Other family members had no clear history of cancers.

Physical examination
The physical examination of the patient showed no abnormalities, and there were no obvious signs or symptoms of anemia, such as pale oral mucosa.

Laboratory examinations
Routine blood test results showed that the patient’s hemoglobin level was 106 g/L (normal range: 113-151 g/L). Biochemical indices were all normal. The levels of tumor markers, such as alpha-fetoprotein, carcinoembryonic antigen, carbohydrate antigen 125, and carbohydrate antigen 19-9, were all normal. Serum ferritin was markedly lower than normal at 1.8 U/mL (normal range: 7.0-323.0 U/mL).

Imaging examinations
The patient next underwent gastroscopy and abdominal ultrasound examination. Gastroscopy showed that there were multiple grain-like protrusions in the great curvature of the stomach, with a hyperemic erosive focus found in the middle of the great curvature of the stomach (Figure 1). Abdominal ultrasound examination showed no abnormalities.

FINAL DIAGNOSIS
[bookmark: OLE_LINK1124]The patient underwent a biopsy after gastroscopy for pathological examination. Tumor cells could be seen in the lamina propria of the gastric mucosa in the pathological analysis of the biopsy sample. Immunohistochemically, the tumor cells diffusely expressed cytokeratin (CK), chromogranin A (CGA), synaptophysin (Syn), and CD56, indicating that the tumors were gastric NETs.  

TREATMENT
Because gastroscopy revealed multiple lesions in the stomach, the patient underwent distal gastrectomy surgery, and the excised distal gastric tissue was sent for pathological examination.
[bookmark: OLE_LINK570][bookmark: OLE_LINK571]Grossly, in distal gastrectomy specimens, several polyps, 4-5 mm in diameter, were found in the antrum. Microscopically, multiple foci of tumor cells were found in the mucosa and submucosa, with tumor cells being organoid and arranged in nests and cords, with mild atypia; mitotic figures were not easily visible, and the stroma was rich in sinusoids (Figure 2). The surrounding gastric mucosa showed atrophy with mild intestinal metaplasia or pseudopyloric gland metaplasia (Figure 3). Neuroendocrine cells could be seen with diffuse linear, nodular, and adenomatous hyperplasia. Nests of neuroendocrine cells were observed at the upper resection margin but not at the lower margin. No tumor metastasis was observed in the surrounding lymph nodes.
Immunohistochemically, the tumor cells diffusely expressed CK, CGA, Syn, and CD56. MLH1, PMS2, MSH2, and MSH6 were positive. CK20 and CDX2 were negative (Figure 4). Staining for gastrin in the surrounding gastric mucosa was negative or focally positive (Figure 4).
Tumor cells were positive for neuroendocrine markers, with 1 mitotic cell/2 mm2 at high magnification, and the Ki-67 index was 1%. The diagnosis was gastric NETs (G1).
[bookmark: OLE_LINK1108][bookmark: OLE_LINK1107]Combined with the patient's history and microscopic histomorphological changes, it was recommended that the patient undergo a test for anti-parietal cell antibodies and/or anti-intrinsic factor antibodies, and the serum results for anti-parietal cell antibodies were positive. The patient subsequently underwent whole-genome high-throughput molecular sequencing, which revealed a pathogenic germline mutation in the BRCA2 gene, a heterozygous germline frameshift mutation in exon 11, c.6443_6444del (p.S2148Yfs*2) (Figure 5). 

OUTCOME AND FOLLOW-UP
The patient has been followed up to date, with regular routine blood examinations and semiannual gastroscopies performed. The patient still has anemia at present, and gastroscopies have shown no abnormalities. The latest routine blood test results showed a hemoglobin level of 72 g/L (normal range: 113-151 g/L). However, ultrasound examination revealed a cyst in the left ovary, with a diameter of < 2 cm, and the cyst was only regularly followed up without further treatment.

DISCUSSION
AIG is a progressive form of chronic gastritis. The histopathological changes that occur in AIG are atrophy of the secretory glands in the gastric body and fundus with intestinal metaplasia or pseudopyloric metaplasia, but changes in the gastric antrum mucosa are not obvious. Serological examinations show positivity for parietal cell antibodies and/or intrinsic factor antibodies. AIG has no characteristic symptoms in the early stage. Most patients experience dyspepsia or anemia as the first symptoms. Some cases of AIG can evolve to gastric adenocarcinoma or gastric NETs. In one study of 245 AIG patients with pernicious anemia, 28 patients (11.4%) developed type 1 NETs, 24 (9.8%) developed adenocarcinoma, and 52 (21.1%) developed hyperplastic polyps[6]. The patient in this report had iron-deficiency anemia for 5 years and developed type 1 gastric NETs.
Gastric anacidity in AIG stimulates the continuous secretion of gastrin by gastric antrum G cells, and hypergastrinemia promotes the proliferation of ECL cells. Histopathological analysis of early AIG shows a linear proliferation of ECL cells, which is manifested by the proliferation of five adjacent ECL cells in the glandular neck region and the expression of CGA as detected by immunohistochemistry. With the continuous progression of the disease, ECL cells may proliferate and develop into NETs[7]. In the patient whose case is presented here, a series of changes, such as linear hyperplasia of neuroendocrine cells and micronodular hyperplasia, could be seen in the glands of the gastric mucosa around the tumor. 
[bookmark: OLE_LINK1110][bookmark: OLE_LINK1111][bookmark: OLE_LINK1112]The BRCA2 gene is located on the long arm of chromosome 13 and is normally expressed in breast cells. The BRCA2 gene is involved in DNA damage repair. Germline mutation of the BRCA2 gene can lead to tumors. At present, BRCA2 gene germline mutations have been reported in prostate neuroendocrine carcinoma, gallbladder neuroendocrine carcinoma, and ovarian non-small cell neuroendocrine carcinoma[8-10]. BRCA2 gene germline mutations can also be seen in hereditary diffuse gastric cancer syndrome[11,12]. The finding of BRCA2 gene germline mutations in gastric NETs has not previously been reported. Our patient was the first case of type I gastric NETs with a pathogenic germline mutation in the BRCA2 gene. A review of the literature shows that the homologous recombination pathway (HRD) involved in DNA repair pathways leads to tumorigenesis in pancreatic NETs with BRCA2 germline mutations[13]. However, more research is needed on the exact role of BRCA2 germline mutations in the pathogenesis of gastric NETs.
[bookmark: OLE_LINK1114][bookmark: OLE_LINK1115][bookmark: OLE_LINK1116]Some studies have shown that the incidence of type 1 ECL-cell NETs is low (approximately 4.37-11.4%)[6,14,15]; these NETs are usually small (< 1 cm) and have a median diameter of 5 mm, but they are prone to recurrence and can be complicated by gastric adenocarcinoma[16]. Metastasis can occur when the tumor diameter is greater than 1 cm. Type 1 ECL-cell NETs are gastrin dependent and are treated by controlling hypergastrinemia. A clinical trial by Lloyd et al[17] found that the application of netazepide (YF476), a gastrin/CCK-2 receptor antagonist, could eradicate some type 1 ECL-cell NETs after one year of treatment[17]. Somatostatin analogs (SSAs) can inhibit gastrin secretion and the proliferation of ECL cells to shrink the tumor and reduce recurrence[18]. SSAs have been reported to selectively treat multiple, unresectable, relapse-prone type I gastric NETs[19-21]. Studies have shown that tumors with BRCA2 gene germline mutations are sensitive to PARP inhibitors[22]. In patients with type 1 ECL-cell NETs with a BRCA2 gene germline mutation, further studies are needed to determine whether a benefit could be achieved with PARP inhibitor treatment.
The following appears to be steps for the differential diagnosis of type 1 ECL-cell NETs. First, it is necessary to differentiate gastric adenocarcinoma from type 1 ECL-cell NETs associated with AIG. Immunohistochemical analyses of type 1 ECL-cell NETs show the expression of the neuroendocrine markers CgA, Syn, and CD56, which are not expressed in gastric adenocarcinoma. In addition, in type 1 ECL-cell NETs, the tumor cell heterogeneity and mitotic index are lower than those of gastric adenocarcinoma. Second, type 1 ECL-cell NETs in the stomach need to be differentiated from type 2 ECL-cell NETs and type 3 ECL-cell NETs. Type 1 ECL-cell NETs are highly correlated with AIG and have unique clinical and pathological characteristics, such as changes including atrophic gastritis seen under gastroscopy, anti-intrinsic factor antibody and/or anti-parietal cell antibody positivity, changes in the fundus of the stomach, a decrease in the number of glands in the mucosa of the gastric fundus, and pyloric gland or intestinal metaplasia.

CONCLUSION
This is the first case report of gastric NETs (type 1 ECL-cell NETs) with a pathogenic germline mutation of the BRCA2 gene. The findings presented in this report will expand the germline mutation spectrum of gastric NETs and increase the understanding of the molecular changes present in gastric NETs for the improved diagnosis of gastric NETs in the future. 
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Figure 1 Polyps and a ulcer of the gastric mucosa could be seen under an endoscope. A: Gastric mucosa atrophy and polyps were seen; B: A superficial ulcer with central scar-like changes was seen in the large curvature of the central part of the stomach.


[image: ]
Figure 2 Pathological morphology of gastric neuroendocrine tumors. A: Under low-power magnification, a neuroendocrine tumor was shown to infiltrate into the surrounding tissues; B: Under high-power magnification, tumor cells were rich in blood sinuses.
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Figure 3 Pathological changes of atrophic gastritis in the gastric corpus mucosa. A: Under low-power magnification, a reduction in the number of gastric fundus glands was seen; B: Under high-power magnification, gland intestinal metaplasia and lymphocyte infiltration were seen.

[image: ]
Figure 4 Immunohistochemical findings. A-C: The tumor cells were strongly positive for CgA (A), Syn (B), and CD56 (C); D: Immunohistochemical staining showed that gastrin was absent. An image showing positive immunohistochemical staining for gastrin is presented in the lower right corner as a positive control for comparison.
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[bookmark: OLE_LINK1127]Figure 5 Next-generation sequencing showed the presence of a heterozygous germline mutation in BRCA2 exon 11, c.6443_644del, (p_s2148Yfs*2). The upper and lower parts in the figure are tumor and control, respectively.
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