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MENI ¢.825-1G>A mutation in a family with multiple
endocrine neoplasia type 1: A case report
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Abstract. Multiple endocrine neoplasia type 1 (MENI) is
an autosomal dominant disease characterized by combined
occurrence of tumors and hyperplasia in tissues including
the parathyroid, gastrointestinal endocrine tissue and
anterior pituitary. Heterozygous germline mutation of the
tumor suppressor gene MENI is the cause of the disease.
Treatment and long-term follow up of patients with MEN1
are rarely reported in the literature due to the relative rarity
of the disease; thus, there is limited understanding of tumor
biology and behavior, and heterogeneous clinical presenta-
tion. This case report observed a family that presented with
MENTI ¢.825-1G>A mutation. The clinical features and treat-
ment were followed up for >20 years. Detailed family history
of this pedigree was investigated and followed up. Genomic
DNA was extracted by standard methods from peripheral
leukocytes. The coding sequence, including 9 coding exons
and 16 splice junctions of the MENI gene of leukocyte DNA
was determined. The proband presented with gastrinoma,
pituitary tumors, hyperparathyroidism, thymoma and lung
carcinoid tumors, and was followed from age 35 to 54 years
old. During the 20 years, the patient underwent four surgeries:
Trans-sphenoidal adenomectomy, followed by post operative
radiotherapy at 39 years; hyperplasia parathyroid gland
resection at 40 years; removal of pancreatic, head and neck,
duodenal, gallbladder, bile duct, subtotal gastric (4/5) and
pyloric region lymph nodes at age 41; and a thymectomy and
left lung carcinoid tumor removal procedure at the age of
49. The patient died of unrelated trauma and had a relatively
stable illness course. DNA sequence analysis revealed MENI
gene ¢.825-1G>A or IVS 5-1G>A mutation in the family.
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Two carriers in the pedigree were identified and followed
up. Data indicated that although MENI1 is a complex disease
involving multiple organs and systems, MEN1 tumors should
be considered surgically curable. If patients are properly
cared for by multidisciplinary teams comprising of relevant
specialists with experience in the diagnosis and treatment
of patients with endocrine tumors, patients may have a rela-
tively positive prognosis.

Introduction

Multiple endocrine neoplasia type 1 (MEN1) is an autosomal
dominant disease characterized by combined occurrence of
tumors/hyperplasia in the parathyroid gland, gastrointestinal
endocrine tissue, anterior pituitary and other tissues. The
responsible gene, MENI, has been mapped to chromosomal
region 11q13 (1,2). The gene is composed of 10 exons and
encodes a 610-amino acid protein (MENIN) (1,2). It is
hypothesized to be involved in cell growth regulation, cell
cycle, genome stability and synapse plasticity. A two-hit
mutation hypothesis in this gene proposes that the first hit
or mutation is inherited as a germline mutation and the
second hit occurs as a somatic mutation in the predisposed
endocrine cell (3). This second mutation may occur by chro-
mosome loss (e.g. loss of heterozygosity), chromosome loss
with duplication, mitotic recombination or another localized
event, such as a point mutation. As a consequence of these
two mutations, both alleles of the MENI gene are inacti-
vated, allowing tumor growth (3,4). Germline mutations of
the MENI gene were detected to be inherited or sporadic in
patients affected by MENI-like tumors (5). Although MEN1
is a rare disease with an estimated prevalence of 30-200
per million, the penetration rate is high among MENI gene
carriers. Preexisting evidence demonstrated that all carriers
were completely exposed by 50 years of age (6).

Although >1,000 families presenting with MEN1 have
been described since the cloning of the gene in 1997 (7), the
clinical treatment and long term follow-up is rarely reported
in the literature (8). This case describes a Chinese family
presenting with MENI1, with a mutation in intron 5 of the
MENI gene, which has not been described previously. After
four surgical procedures and full follow up over 20 years, the
proband showed a relatively benign prognosis.
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Case report

Ethical approval. Written informed consent was obtained
from the proband, her relatives and the 75 healthy controls
prior to genetic testing. This study was approved by the
ethics committee of Peking Union Medical College Hospital
(Beijing, China). Written informed consent was obtained
from study participants or the caretakers or guardians of
the minors involved in this study. All clinical investigations
were conducted according to the principles expressed in the
Declaration of Helsinki.

Proband (I111-3) patient history. The proband (I1I-3),
a female, was born in a family native to Benxi, Liaoning
Province of China in July 1953. The patient complained of
diarrhea and upper abdominal pain since the age of 30. At the
age of 32, the patient presented with galactorrhea, secondary
amenorrhea, extremity and back pain, and gross hematuria.
She first consulted the Peking Union Medical College Hospital
in March 1988 when she was 35 years old. Gastroscopic inves-
tigation revealed multiple ulcers of the duodenal bulb and
post bulbar area. Endocrine investigation revealed a serum
gastrin level in the fasting state of 550-950 pg/ml (reference
range, 20-160 pg/ml). The ratio of basic acid output (reference
range 3.9+1.98 mmol/h) and maximal acid output was 25.2
(reference range 3-23 mmol/l), with a ratio of 63.5%. Serum
prolactin was 125 ng/ml (reference range, 1.5-11.5 ng/ml).
Computer tomography scans showed pituitary macroadenomas
that were less enhanced by the contrast agent, 3x3x2.5 cm in
size, in the pituitary region. The serum calcium level was
9.6-10.7 mg/dl (reference range 8.4-10.4 mg/dl), and phos-
phate level was 3.0-4.0 mg/dl (reference range 3.0-5.0 mg/dl).
Urine calcium excretion (24 h) was 310 mg (reference range,
<300 mg) and serum parathyroid hormone was elevated to
37.2 ng/dl (radioimmunoassay normal range, <27 ng/dl). X-ray
and ultrasonography did not reveal the presence of kidney
stones. The patient was was diagnosed with MENT1 gastri-
noma, a pituitary tumor and primary hyperparathyroidism.
Surgical treatment was refused by the patient and 20 mg/day
of omeprazole was administered, which relieved diarrhea and
upper abdominal pain.

In the following 2 years, the patient complained of head-
aches and her visual field was restricted in her left eye. She
accepted a trans-sphenoidal adenomectomy in May 1992
(at 38 years of age) in the Peking Union Medical College
Hospital. The tumor was 3x3x3 cm in size and sella tursica
basement invasion was identified; the tumor was histological
diagnosed as sparsely granulated cell nonfunctional adenoma.
Radiotherapy was also administered post surgery at a dose of
5,000 rads/month. Following treatment, the patient's menstrual
periods resumed, headaches were relieved and thyroid function
test results were normal. In addition, the level of adrenocortico-
tropic hormone was <13 pg/ml (reference range 25-50 pg/ml);
24 h urine free cortisol level was 25.8 ug (reference range
60+3.5 pg/24h); serum gastrin was 180 pg/ml (reference range
50-150 pg/ml); parathyroid hormone was 36.8 ng/dl (radioim-
munoassay normal range <27 ng/dl); serum free calcium ion
was 1.31 mmol/l (normal range, 1.1-1.2 mmol/l) and total serum
calcium was 10.7 mg/dl (reference range 2.25-2.75 mmol/l).
BII-MIBI revealed a radioactivity-dense area in the upper and
lower thyroid area.
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In September 1993, at 39 years old, the patient underwent a
second surgical procedure because of elevated serum calcemia
and hyperparathyroidism. All four parathyroid glands were
found to be enlarged. All the right side and half of each of
the two left side parathyroid glands (2+1/2+1/2) were resected,
which resulted in normalization of serum calcium and phos-
phate levels.

At 40 years old, the patient underwent the advised pancre-
atoduodenectomy (whipple procedure) to treat the gastrinoma.
The pancreatic head and neck, duodenal, gallbladder, bile duct,
subtotal gastric (4/5) and pyloric region lymph nodes were
removed. Pathological investigation showed infra-duodenal
mucosa and multiple pancreatic neuroendocrine neoplasias,
immunohistochemical analysis revealed positive cell nuclear
staining of gastrin, chromogranin A and neuron-specific
enolase, and negative staining of 5 hydroxytryptamine,
pancreatic polypeptide and glucagon; lymph node metastases
were located in 7/21.

At the age of 45, the patient was diagnosed with diabetes
and insulin treatment was initiated. Thymoma and lung masses
in her left lung were identified at the age of 46; thus, a fourth
surgical procedure was conducted in December 2002. The
whole thymus and one lobe of the left lung were removed from
the patient. Pathological investigation revealed a malignant
carcinoid tumor in the thymus and left lung with lymph nodes
metastasis. Immunohistological analysis revealed that these
masses were positively stained for cytokeratin AEI/AE3 and
negatively stained for chromogranin A and Syn.

The proband, who had poorly-controlled diabetes, died
of cerebral hemorrhage after severe accidental trauma in
December 2007 at the age of 54.

Family history. The pedigree of this family is shown in
Fig. 1. Five members (III-3, I11-5, IV-1, IV-2 and IV-3) of the
family were screened. In order to confirm the presence of
the mutation in the family, 75 healthy controls from a health
checkup population were also enrolled in the present study.
A detailed illness and family history were taken; pituitary,
primary parathyroiddism, hypertension, peptic ulcer history
and family history were negative. Detailed family history
and venous blood samples were first studied in May 2003.
The patient's grandfather (I-1) succumbed to severe stomach
disease at 84 years old. Her father (II-1) was diagnosed
with gastrinoma and underwent surgery at 56 years old, he
succumbed to malignant thymoma at 70 years old. An uncle
(IT-3) succumbed to stomach disease and kidney stones. An
aunt (II-5) had kidney stones, and her daughter (III-15) had
nonfunctional pituitary adenoma and underwent surgery at the
Peking Union Medical College Hospital at the age of 36 years
old in 1986. The brother of the proband (III-1) succumbed to
gastrinoma of the pancreas, malignant thymoma with lymph
node, brain and bone metastasis at the age of 55. The proband's
sister (IT1I-5) was 47 years old in 2003, her two nieces (IV-1 and
IV-3) were 23 and 20 years old, respectively and her daughter
(I'V-2) was 20 years old; all four were in good health.

MENI gene mutation analysis. Genomic DNA was extracted
by standard methods from peripheral leukocytes. The coding
sequence, including 9 coding exons and 16 splice junctions
of the MENI gene of leukocyte DNA, was determined. DNA
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Table I. Laboratory findings of IV-2 tested in March 2003 and March 2012.
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Clinical observation Reference range March 2003 March 2012
Hemoglobin (g/1) 110-150 135 101
Red blood cells (x10'%/1) 3545 42 34
ACTH (pg/ul) 25.0-65.0 28.2 32.0
Plasma Glucose (mmol/l) 3.1-64 35 4.5
Insulin (2 U/ml) 2.6-249 5.1 6.1
Serum calcium (mmol/l) 2.15-2.55 2.35 2.45
Serum phosphorus (mmol/I) 0.87-1.45 1.12 1.01
Alkaline phosphatase (IU/1) 40-150 68 108
Parathyroid hormone (pg/ml) 15.0-65 92 167
PRL (ng/ul) 34-24.1 15 23.0
TSH (uIU/ul) 0.30-3.9 0.39 045
Gastrin (pg/ml) 50-150 80 235
GH (ng/ul) 0-2 0.7 0.8

ACTH, adrenocorticotropic hormone; PRL, prolactin; TSH, thyroid stimulating hormone; GH, growth hormone.
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Figure 1. Pedigree of a family with MEN1. Generations available for study are indicated by Roman numerals I, I, IIT and I'V. Black symbol, affected subjects;
square, male; circle, female. / indicates a deceased individual at the time of the investigation, and the arrow indicates the presence of a proband. + in circle,

MENI mutation carrier; - in circle, negative in MENI mutation gene test.

fragments ranging from 240 to 393 bp in length were amplified
from leukocyte DNA, genomic DNA was amplified in the
presence of 75 ng of each oligonucleotide primer and 1.5 units
of pfu Taq polymerase (Tianwei, Beijing, China) in a final
volume of 50 ml of the following solution: 0.5 mmol/l deoxy-
nucleotide triphosphates, 1 or 2 mmol/l MgCl,, 67 mmol/I Tris
(pH 8.8), 16.6 mmol/l ammonium sulfate, 6.7 mmol/l EDTA
and 10 mmol/l 2-mercaptoethanol. The primer sequences used
were as previously described (9,10), derived from the DNA
sequence (Genbank accession no. U93237) and synthesized by
Shanghai Bioasia (Shanghai,China). Amplification proceeded
by a denaturation step of 5 min at 95°C, followed by 33 cycles
of 1 min at 95°C, 2 min at 55°C and 3 min at 72°C, and a final
extension step of 8 min at 72°C using a PTC-150 Thermocycler
(MJResearch,Inc., St. Bruno, QC, Canada). PCR products were
purified with 2% agarose gel electrophoresis and sequenced
with Sanger dideoxy chain termination (Shanghai Bioasia;),
The sequences obtained were matched with the published

MENI gene (Genbank accession no. U93237). The entire
coding region of the MENI gene, including the exon-intron
boundaries, was sequenced. The direct DNA sequencing
results of the proband (III-3) revealed heterozygous G to A
variation at the nucleotide position-1 of intron 5 (c.825-1G>A
or IVS5-1G>A. DNA mutations in the MENI gene were not
observed in the 75 healthy controls (Fig. 2). No other muta-
tions were found in the coding regions and the exon-intron
boundaries regions. The heterozygous germline mutation was
also identified in the patient's daughter (IV-2) and one niece
(IV-1), but not in another niece (IV-3).

Follow up.Familial history in 2003 revealed that the sister (I11-5),
nieces (IV-1 and IV-3) and daughter (I'V-2) of the proband were
clinically normal, with negative history of stomach disease,
kidney stones, menstrual disorders, hypertension, lipoma and
other endocrine disorders. In addition, serum calcium, phos-
phate and alkaline phosphatase levels were all normal.
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Figure 2. Final nucleotide of intron 5, guanine, is substituted with adenine in one of the alleles.

For private reasons, one carrier (IV-1), who was 32 years
old and fathered one child in 2012, was not accepted for
further investigation.

The final follow up occurred in March 2012, the family
history was provided by the proband's sister (III5) and her
daughter (IV-2). The proband's daughter (IV-2) had 2 sons
(7 years old and 7 months old in 2012). She was in good health
except from mild anemia, with no complaints of stomach pain,
hypoglycemia or bladder stones. The laboratory findings are
summarized in Table I. The patient was observed to have an
elevated serum parathyroid hormone level and normal serum
calcium level; however, after 8 years of follow up, parathyroid
ultrasound did not detect enlarged parathyroid glands.

Discussion

A Chinese MENI pedigree was investigated in this study.
MENI gene sequence analysis revealed the presence of a
heterozygous mutation ¢.825-1G>A (IVS 5-1 G>A). Two
carriers were identified and followed in the pedigree. The
family was followed up for over 20 years.

Since the cloning of the gene in 1997, 1,336 mutations
and 24 normal allelic variants had been described by 2008.
Intron 5 mutations were reported in two different studies
(935-1G>C) (11,12). A Japanese 66-year-old male presenting
with prolactinoma, a gastrin-secreting carcinoid tumor and
multiple parathyroid lessons. The mutation caused transcription
skipping of exon 6 (88 bp), resulting in a frame shift muta-
tion and premature termination codon. Raghavan et al (12)
presented another case of a 35-year-old with multiple
gastrinomas, pituitary microadenoma, hyperparathyroidism,
a serum gastrin level of 2,000 pg/ml (normal, <100 pg/ml),
and markedly elevated serum calcium and PTH. The patient
underwent 3.5/4 parathyroid gland excision was performed
and pituitary microadenoma was treated with bromocriptine.
The clinical outcome and follow up of the patients was not
mentioned in these two case reports. The proband in the present
study presented with a mutation that was different but in the
same site as the mutations of these two cases. The proband
had a clear family history and presented with gastrinoma,
pituitary tumor, parathyroid hyperplasia, thymoma and a lung
malignant carcinoid tumor. Thus, this suggests that mutations
in this site cause a similar phenotype.

As reported by the National Cancer Institute summit
meeting in 2007 on GEP-NETs (13), standardized clinical
management is often limited by different aspects of the
disease. For example, the relative rarity, the limited under-
standing of tumor biology and behavior, heterogeneous
clinical presentation, and the lack of prospectively evaluated
risk stratification systems, has resulted in incomplete imple-
mentation of staging systems. Evidence for proper follow up
and controlled study of treatment efficacy are poor (14,15).
Patients with MEN1 have a decreased life expectancy, and the
outcomes of current treatments, which are generally similar
to those for the respective tumors occurring in non-MENI1
patients, are not as successful. This is due to the presence
of multiple tumors, which may be larger, more aggressive,
and resistant to treatment, as well as the presence of metas-
tases (16). These characteristics of MEN1 tumors thereby
render it difficult to achieve a successful cure. For example,
patients with MENI1 often develop multiple submucosal
duodenal gastrinomas, thereby reducing surgical cure rates
compared with similar sporadic solitary tumors, (17). Patients
with MENI1 also develop multiple parathyroid tumors, and
subtotal parathyroidectomy has been shown to result in
persistent or recurrent hypercalcemia within 10 years in
20-60% of patients with MENI1, as opposed to ~4% in patients
without MENI1 (18). The proband underwent four surgical
procedures and was followed up for 20 years. She died of
accidental trauma and had a relatively stable illness course.
This indicates that although multiple organs and systems were
involved in MENI1, MENI tumors should be considered surgi-
cally curable diseases if the patients are properly cared for by
multidisciplinary teams comprising relevant specialists with
experience in the diagnosis and treatment of patients with
endocrine tumors. Recent studies support this hypothesis. For
example, duodenal gastrinoma in patients with MENI could
be considered a surgically curable disease by pancreaticoduo-
denectomy with a high cure rate (19).

In conclusion, an MENI1 pedigree was reported in the
present study. The clinical course of the proband was followed
up for 20 years. The clinical course of the patient indicates
that although MENI is a complex disease involving multiple
organs and systems, patients with MENI may have a relatively
benign prognosis after proper treatment. MEN1 tumors should
thus be considered as surgically curable.
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