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CASE REPORT
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Neuroendocrine Tumors in the Stomach, Duodenum, and Pancreas Accompanied by Novel
MEN1 Gene Mutation

Min A Yang, Woong Ki Lee, Hong Shik Shin, Sung Hyun Park, Byung Sun Kim, Ji Woong Kim, Jin Woong Cho and So Hee Yun

Division of Gastroenterology, Department of Internal Medicine, Presbyterian Medical Center, Jeonju, Korea

Multiple endocrine neoplasia type 1 (MEN1) syndrome is a relatively rare disease, characterized by the occurrence of multiple endo-
crine tumors in the parathyroid and pituitary glands as well as the pancreas. Here, we report a case of MEN1 with neuroendocrine
tumors (NETs) in the stomach, duodenum, and pancreas. A 53-year-old man visited our hospital to manage gastric NET. Five years
prior to his visit, he had undergone surgery for incidental meningioma. His brother had pancreatic nodules and a history of surgery
for adrenal adenoma. His brother’s daughter also had pancreatic nodules, but had not undergone surgery. The lesion was treated
by endoscopic submucosal dissection and diagnosed as a grade 1 NET. Another small NET was detected in the second duodenal
portion, resected by endoscopic submucosal dissection, which was also diagnosed as a grade 1 NET. During evaluation, three nodules
were detected in the pancreas, and no evidence of pituitary, parathyroid tumors, or metastasis was observed. After surgery, the pan-
creatic lesions were diagnosed as NETs, with the same immunohistochemical patterns as those of the stomach and duodenum.
Genetic testing was performed, and a heterozygous mutation was detected in the MEN1 gene, which is located on 11q13.
(Korean J Gastroenterol 2017;69:181-186)
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INTRODUCTION

Neuroendocrine tumors (NETs) are rare tumors arising
from enterochromaffin cells. NETs secrete biomarkers and
hormones, including insulin, C-peptide, chromogranin A,
pancreatic polypeptide, and 5-hydroxyindoleacetic acid, and
are diagnosed based on expression of these neuroendocrine
markers."

Gastroenteropancreatic (GEP) NETs can present synchro-

nously with various genetic diseases, such as multiple endo-
crine neoplasia type 1 (MEN1), von Hippel-Lindau disease,
and neurofibromatosis.” MEN1 is characterized by the pres-
ence of tumors or hyperplasia of the endocrine glands, such
as parathyroid glands, pituitary gland, and enteropancreatic
system, and its incidence is very low.>* We report a case of
a patient with NETs in the stomach, duodenum, and pan-
creas, accompanied by a newly discovered MEN1 gene
mutation.
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CASE REPORT

A 53-year old man was diagnosed with NET in the lesser
curvature of the lower body of the stomach using an endo-
scopic forceps biopsy during a regular health check-up. He
was taking medications for diabetes and hypertension. He
had previously undergone surgery for meningothelial menin-
gioma in the right frontal area, which had been incidentally
discovered after an automobile accident 3 years before. He
has a history of drinking (287 g/week) and smoking (20
packs/year). In his familial history, his brother had under-
gone surgery for adrenal adenoma and had multiple pancre-
atic tumors; his brother’s daughter also had multiple pancre-

atic tumors. The findings of physical examination were
unremarkable. The laboratory results were as follows: total
bilirubin, 0.4 mg/dL; amylase, 56 U/dL; serum carcinoem-
bryonic antigen, 9.0 ng/mL; carbohydrate antigen 19-9, 5.09
U/mL; and gastrin, 133.7 pg/mL. The microscopic urine test
results were normal. To evaluate metastasis and gastric wall
invasion, abdominal computed tomography was performed;
we detected the following: Arterial enhancement of a 10x10
mm nodule in the neck of the pancreas, a 6x6 mm nodule in
the tail, and a 30x30 mm thick-walled cyst adjacent to the en-
hanced nodule in the tail (Fig. 1). Moreover, for an evaluation
of potential distant metastasis, a positron emission tomog-

raphy was performed; the results showed normal stand-

Fig. 1. Abdominal computed tomography scan. (A) An arterial enhancing nodule in the pancreatic neck (arrow) and one thick-walled cystic
nodule with a mural component and marginal calcification in the tail (arrowhead). (B) Another arterial enhancing nodule in the pancreatic

tail (arrow).

Fig. 2. Endoscopic findings for the neuroendocrine tumors in the stomach. (A) A raised nodule with a whitish color and 8x8 mm in the area
of the lesser curvature at the lower body of the stomach (arrow). (B) Endoscopic submucosal dissection of the gastric lesion using a soft trans-
parent hood. (C) The completely resected gastric lesion.
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ardized uptake values.

Endoscopic submucosal dissection for gastric NET
(GIF-Q260; Olympus, Tokyo, Japan) was performed using an
IT knife (KD-611L; Olympus, Tokyo, Japan) and needle knife
(KD-1L-1; Olympus, Tokyo, Japan) (Fig. 2A-C). During this pro-
cedure, a raised 3x3 mm nodule was discovered incidentally
in the second duodenal portion (Fig. 3). The final histologic
analysis revealed an 8 x 8 mm grade 1 gastric NET (Ki-67
<2%, mitotic rate <1/10 high-power fields [HPF]) (Fig. 4). A
NET was also revealed using a duodenal forceps biopsy.
Therefore, endoscopic mucosal resection was performed for

Fig. 3. Endoscopic findings for a 3x3 mm yellowish nodule in the
second duodenal portion (arrow).

the duodenal lesion, which was finally diagnosed as a grade
1 NET (Ki-67 <2%, mitotic rate <1/10 HPF) (Fig. 5).
Endoscopic ultrasound-guided fine-needle aspiration bi-
opsies of the pancreatic lesions were then performed.
Cytopathological examination of the neck nodule revealed
clusters of small round cells that were not arranged in any
pattern. The cystic lesion in the tail contained clusters of rela-
tively small cells arranged in a ribbon-like pattern. Surgery
was required to make a definitive diagnosis and to treat pan-
creatic tumors. The post-operative pathologic findings for the
pancreatic lesions revealed that they were grade 1 NETSs,
based on a Ki-67 labeling index <2% and mitoses <2/10 HPF,
with positive staining for synaptophysin and chromogranin A.
Due to the simultaneous existence of NETs in the stomach,
duodenum, and pancreas, we clinically suspected MEN1 and
performed a diagnostic evaluation. An ultrasonography of
the thyroid and parathyroid glands revealed normal findings.
The additional laboratory findings were as follows: Serum cal-
cium, 9.6 mg/dL; phosphorus, 3.5 mg/dL; serum para-
thyroid hormone, 33.3 pg/mL; thyroid-stimulating hormone,
1.37 ulu/mL; and calcitonin, <1.0 pg/mL. The 24-hour urine
epinephrine, norepinephrine, metanephrine, vanillylmandelic
acid (VMA), free cortisol, and 5-hydroxyindoleacetic acid levels
were all within its respective normal range. Brain magnetic reso-
nance imaging (MRI) showed no pituitary gland abnormalities.
Finally, DNA sequencing analysis was performed using the
peripheral blood cells with an MEN1 cDNA reference se-
quence (GenBank accession number NM_130799.1),and a

Fig. 4. Pathologic findings after endoscopic submucosal dissection of a gastric neuroendocrine tumor invading the submucosa and mucosa.
(A) Tumor cells forming a mostly glandular and trabecular pattern (H&E, x100). (B) Immunoreactivity for synaptophysin (synaptophysin,
x100).
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Fig. 5. Pathologic findings for an endoscopically-resected mucosal specimen containing a duodenal neuroendocrine tumor. (A)
Neuroendocrine tumor (arrow) and normal duodenal epithelium (arrowhead) (H&E, x100). (B) Monotonous proliferation of small round cells
with hyperchromatic nuclei and scant cytoplasm forming nests, exhibiting a trabecular growth pattern (H&E, x100). (C) Immunoreactivity for
synaptophysin (synaptophysin, x100).
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Fig. 6. DNA sequencing analysis of exon 2 of the MEN1 gene, show-
ing a heterozygous ¢.2_9delinsAGGGGGTT mutation. MEN1, multi-
ple endocrine neoplasia type 1.

Patient

heterozygous mutation, ¢.2_9delinsAGGGGGTT, was newly
detected in exon 2 (Fig. 6).

DISCUSSION

MEN1 is an autosomal dominant disorder. In 1988, the
MEN1 gene was discovered in chromosome 11q13, by genet-
ic linkage analysis based on a DNA single-nucleotide poly-
morphism microarray.5 The MEN1 gene encodes menin,
which is a putative tumor suppressor protein that is critical
in the development and function of neuroendocrine cells,
and it modulates gene transcription, as well as DNA repli-
cation and repair.S'(5 A germline mutation in this gene results
in the production of an abnormal menin protein, causing
MEN1.°

More than 1133 germline mutations and 203 somatic mu-
tations in the MEN1 gene have been reported to date.
Although some potential mutational hot spots have been
identified, most of the reported mutations are diffusely scat-
tered throughout the 1830-bp coding region of the MEN1
gene.’

Clinical manifestations of MEN1 vary among families due

to the diversity of family-specific MEN1 gene mutations.®
Patients with the familial MEN1 Burin variant have been re-
ported to exhibit an increased frequency of prolactinoma and
low prevalence of gastrinoma, also possessing two common
nonsense mutations (Tyr312Ter and Arg46OTer).8 Similar to
our patient, 67 patients—out of 306 MEN1 patients—showed
GEP-NETs as a first manifestation, as reported by Schaaf et
al.? These patients tended to have familial, rather than spora-
dic, GEP-NETs, and they possessed truncating mutations.’
Another example is familial isolated primary hyperparathyroidism.
In contrast with the common MEN1 gene mutations, mis-
sense mutations and in-frame deletions account for the ma-
jority of familial isolated primary hyperparathyroidism gene
mutations; however, the coding regions are also scattered.’
Therefore, various genotype-phenotype correlations in
MEN1 are difficult to establish and must be verified in the
future.” To establish genotype-phenotype correlations be-
tween the novel MEN1 gene mutation and presence of multi-
ple NETs with meningioma in our case, further studies are
necessary.

Our patient did not present with hyperparathyroidism;
however, it is an early symptom in most MEN1 patients, devel-
oping sometime between the 2nd and 4th decades in life.**

Approximately 60% of MEN1 patients have Zollinger-
Ellison syndrome, which is a characteristic syndrome of func-
tioning NETs. In addition, many asymptomatic patients have
an elevated serum gastrin level.>*°

The serum gastrin level of our patient was not high enough
to suspect gastrinoma, and he did not show symptoms of
Zollinger-Ellison syndrome. Moreover, the gastroscopy find-
ings did not reveal peptic ulcer or thickened gastric folds.
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VIPoma and insulinoma were also excluded, as the patient
did not experience secretory diarrhea even during fasting.
The baseline insulin level and electrolytes were normal.

Pancreatic NETs are rare, comprising less than 2% of all
pancreatic tumors.™ Non-functioning NETs are most com-
monly found in the pancreatic/duodenal area in MEN1.>*%*3
At the time of diagnosis, approximately 60% of non-function-
ing NETs have already metastasized.™ However, if the tumor
size is 20 mm or smaller, the metastasis and mortality rates
are low, and the life expectancy of patients with non-function-
ing NETs is similar to that of those with functioning
g.f,astrinoma.12 A recent study reported that in MEN1 asso-
ciated pancreaticoduodenal NET, the metastatic rate in-
creased with age at surgery and metastatic disease was seen
to be more common in gastrinoma. In addition, among pa-
tients without metastasis at the time of surgery, 8% of pa-
tients developed metastasis, and their mortality was 11%
during the follow-up; however, metastasis was not associated
with age or tumor size. Therefore, regardless of age or tumor
size, patients with MEN1 associated pancreaticoduodenal
NETs should be monitored actively, and even be considered
for treatment with surgery.™*

As non-functioning duodenal NETs grow, obstruction,
jaundice, pancreatitis, and bleeding may occur—albeit rarely
—in addition to carcinoid syndrome-like diarrhea and ab-
dominal pain.™

Our patient did not exhibit any symptoms of functioning
NETs; therefore, he was diagnosed as having non-functioning
NETs in the duodenum and pancreas with an accompanied
type 2 gastric NET.

In a previous study using brain MRI, meningioma was re-
ported in 8% of 74 MEN1 patients compared with 0.9% of in
the general population, and it was 11 times more frequent in
patients with MEN1 than in those with pancreatic endocrine

tumors alone.™®"’

Most patients with meningioma are
asymptomatic; therefore, if MEN1 is clinically suspected in a
patient, brain MRI should be performed, especially if the pa-
tient is in the 5th decade of life.”

Chang et al.'® reported that metastatic risk factors for
NETs include a tumor size of 10 mm or larger, a central de-
pression or ulcer at the tumor surface, extension beyond the
muscularis propria, lymphatic or venous involvement, at
least 3 mitoses per 10 HPF, and a Ki-67 labeling index of 3%
or higher. In general, NETs can be completely cured by endo-

scopic resection or by surgical removal; however, chemo-

therapy is also recommended for patients with distant

metastasis.’*%°

Although typical MEN1 phenotypic features, such as hyper-
parathyroidism and pituitary adenoma, were not present in our
patient, we suspected MEN1 due to his family history, the pa-
tient's history of brain surgery for meningioma and multiple
gastric, duodenal and pancreatic NETs. DNA sequencing analy-
sis of the MEN1 gene revealed an in-frame mutation,
¢.2_9delinsAGGGGGTT, in exon 2; such a mutation has not
been previously described in the literature. Thus, we report
a novel MEN1 gene mutation associated with specific pheno-
typic features, including brain meningioma and three NETs in
the stomach, pancreas and duodenum. These findings dem-
onstrate novel genotype- phenotype correlations in MEN1.
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