Application of genetic testing
to define the surgical approach
in a sporadic case of multiple
endocrine neoplasia type 1
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We report the use of a genetic test for therapeutic decision making in a case of primary ' Endocrine Division (SEMPR),

. - . . T . g Department of Internal
hyperparathyroidism ass.omated. with Cus.hlng s dlseas? (CD). A 20 year.old w.oman v.vas Medicine, Hospital das Clinicas,
evaluated for gradual weight gain, asthenia, muscle pain, and hypertension. Biochemical  yniversidade Federal do Parana
and radiologic tests confirmed CD and she underwent transsphenoidal surgery. Immu-  (UFPR), Curitiba, PR, Brazil

N .
nohistochemistry of the microadenoma was positive for adrenocorticotropic hormone Ceuizzgk;éag?;ﬁory'
(ACTH). On follow-up, hypercalcemia with high parathyroid hormone (PTH) levels was 3Onco|c;gy ﬁ)i\,ision, Nossa
detected, associated with nephrolithiasis and low bone mineral density in the spine and  Senhora das Gragas Hospital,
. . .. . . . . f Curitiba, PR, Brazil

hip. Parathyr0|.d scintigraphy showed tracer uptake in the |nfer|o.r region of the left thyroid Department of Neurosurgery,
lobe, and cervical ultrasound showed a heterogeneous nodule in the same area, sugges-  UFPR, Curitiba, PR, Brazil
tive of a parathyroid adenoma (PA). Genetic testing detected mutation in the MEN 7gene  °Department of Pathology,
and total parathyroidectomy with the implantation of a fragment of one gland in the fo-  UFPH- Curitba. PR, Brazil
rearm was performed. Pathology showed a PA and 3 normal parathyroid glands, without
hyperplasia, despite the diagnosis of MEN 1.This case illustrates the role of genetic testing

in defining the therapeutic approach for sporadic MEN 1. ArqBras Endocrinol Metab. 2010;54(8):705-10

SUMARIO
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ma area, sugestivo de adenoma da paratireoide (AP). O teste genético detectou mutacao
no gene MEN 1e elafoi submetida a paratireoidectomia total com implante de fragmento
de uma das glandulas no antebraco. A patologia confirmou AP e as outras trés glandulas
normais, sem hiperplasia, apesar do diagnésticode MEN 1. Esse casoilustraaimportancia
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INTRODUCTION ized by the occurrence of tumors of the parathyroid,
D 1 ultiple endocrine neoplasia type 1 (MEN 1) enteropancreatic neuroendocrine tissues, and ante-
is an autosomal dominant disorder character- rior pituitary. It is a rare disease with an estimated
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prevalence of 0.01-2.5 cases per 1,000 individuals
(1-3). The presentation of MEN 1 occurs within the
context of previously identified kindred, in a newly
ascertained individual with advanced disease who
might be the proband of new kindred, or an example
of a de novo mutation. In the latter case, it might
be challenged to establish the diagnosis. The familial
forms are the most common and require a first de-
gree relative that presents the tumor in at least one
of the three most frequently affected tissues. The
sporadic forms account for 8%-14% of the affected
patients and it is usually diagnosed in advanced stages.
Comparing tumors in the same tissues, they usual-
ly appear one to two decades earlier in the familiar
forms compared to the sporadic ones (1-3).

The MEN I gene was identified in 1997 and con-
sists of 10 exons encoding a 610-amino acid pro-
tein known as menin (4). Menin is predominantly
a nuclear protein that has roles in transcriptional
regulation, genome stability, cell division, and pro-
liferation (5). MEN I mutations are scattered in and
around the open reading frame of menin and may
include nonsense, missense and donor-splice muta-
tions, as well as small deletions and small insertions.
These mutations usually predict protein absence or
truncation (the “first hit”), which in combination
with a somatic or postnatal loss of the other copy
of MEN 1 (the second hit, frequently involving the
loss of a large segment or all of chromosome 11)
in one cell, initiate neoplastic clonal expansion from
that cell (1).

Pituitary adenoma occurs in about one third of
MEN 1 cases, whereas the frequency of MEN 1 in
cases of apparently sporadic pituitary tumor is usual-
ly below 5% (1,6,7). Cushing’s syndrome in MEN 1
can be caused by a pituitary adenoma, an ectopic tu-
mor or rarely by an adrenal adenoma (1,6-9). Cush-
ing’s disease due to ACTH oversecretion accounts
for only 5% of the pituitary tumors involved in
MEN 1 (6). On the other hand, hyperparathyroidism
(HPT) is the most common hormonal manifestation
of MEN 1 (1,2), although only 1%-5% of the cases
of primary HPT are related to the syndrome (10). In
comparison with sporadic cases, HPT in MEN 1 has
an carlier age of presentation and a different pathol-
ogy, characterized by a multiglandular disease (1-3).
Enteropancreatic neuroendocrine tumors such as
gastrinomas, insulinomas and glucagonomas, occur
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in about 60% of the patients; they are usually mul-
tiple, can secrete various hormones and can be ma-
lignant, although a proportion of these tumors are
silent and do not produce symptoms (1-3).

Genetic testing has been advocated to identify
MEN 1 carriers of the MEN 1 families for earlier
detection of tumors. Analysis of the MEN I gene
has also been recommended for therapeutic decision
making such as in cases of apparently sporadic tu-
mors (1). The aim of the present Case Report was
to demonstrate the importance of genetic testing
for therapeutic decision making in a sporadic case of
MEN 1, manifested by Cushing’s disease and subse-
quent primary HPT.

SUBJECT AND METHODS

Case report

A 20-year-old female patient was initially evaluated
in May, 2008 due to a progressive weight gain of 20
kg (representing 37% of her previous body weight)
during the two previous years, especially in the last
9 months. In addition, she had complaints of asthe-
nia, localized muscle pain in the lower limbs, and
referred previous detection of high blood pressure.
She had been taking oral hormonal contraceptives
for two years. The positive findings in her physi-
cal examination were a mild hypertension (130,90
mmHg), body mass index (BMI) of 30.8 kg/m? and
a centripetal body fat distribution. Moon face, red-
purple striac and “buffalo hump” were not observed.
Laboratorial investigation tests revealed urinary free
cortisol of 489.6 ng/24 hours (reference range 42-
473 ng), serum cortisol level of 21.2 png/dL (585
nmol/L) after 1 mg-dexamethasone (normal sup-
pression below 5 ng/dL or 140 nmol /L), and serum
ACTH level of 43.8 pg/mL (9.6 pmol/L) (refer-
ence range 10-52 pg/mL or 2-11 pmol/L). Pitu-
itary magnetic resonance imaging (MRI) identified
a hypodense lesion with § mm in the larger diameter
associated with a pituitary stalk deviation, compat-
ible with pituitary microadenoma. She underwent a
transsphenoidal surgery for resection of the lesion in
June, 2008, and the pathologic and immunohisto-
chemical analysis of the tumor — which was positive
only for ACTH and negative for all the other pitu-
itary hormones — confirmed the diagnosis of corti-
cotropinoma. The patient developed adrenal insuf-
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ficiency two weeks after surgery, with serum cortisol
levels < 1 pg/dL (< 27.6 nmol /L), and prednisone
was initiated. Glucocorticoid replacement therapy
was gradually withdrawn, her symptoms improved,
she lost 13 kg and her serum and urinary cortisol
levels normalized.

Two months after the transsphenoidal surgery,
a blood test showed calcium levels of 11 mg/dL
(2.85 mmol/L). Subsequent evaluation confirmed
hypercalcemia in association with high serum lev-
els of PTH (367.5 ng/L; reference range 1-84
ng/L). Phosphatemia and calciuria were normal,
and 250H-vitamin D levels were low (11.3 ng/mL
or 28.2 nmol/L). Parathyroid scintigraphy showed
tracer uptake in the topography of the inferior re-
gion of the left thyroid lobe, and a cervical ultra-
sound showed a solid, irregular, and heterogeneous
nodule of 21x9x10 mm in the same area, sugges-
tive of a parathyroid adenoma. Other relevant find-
ings were a bilateral nephrolithiasis in the abdominal
ultrasonography and a low bone mineral density at
the lumbar spine (0.759 g/cm?; Z-score = -2.4 SD),
femoral neck (0.564 g/cm?; Z-score = -2.6 SD),
and total femur (0.716 g/cm?; Z-score = -1.9 SD).

When the primary HPT was confirmed, just at-
ter the diagnosis and treatment for Cushing’s dis-
case, the existence of a MEN 1 was strongly consid-
ered, but in a sporadic form, since her family history
was negative for typical MEN 1 manifestations. In
this case, as the disease is multiglandular, parathy-
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roidectomy with the implantation of a fragment of
one gland in the forearm would be indicated. On
the other hand, if the diagnosis of MEN was not
confirmed, adenomectomy would probably be the
best choice (11,12). At this time, mutational analy-
sis was performed by sequencing the entire coding
region of the MEN I gene (Genetika Laboratory,
Curitiba, Brazil). A frameshift c1561dupC muta-
tion at the exon 10 of the MEN I gene was found,
predicting a truncated form of menin which was
identified (Figure 1). On July, 2009, with the diag-
nosis of sporadic MEN 1, the patient was submitted
to total parathyroidectomy with immediate implan-
tation of a small fragment of one parathyroid gland
in the nondominant forearm. Pathology confirmed
the presence of a parathyroid adenoma, while the
remaining three parathyroid glands were histologi-
cally normal, with no evidence of hyperplasia or
neoplasia (Figure 2). One year after surgery, she
has maintained normal calciuria and serum levels of
calcium (last result = 9.5 mg/dL or 2.46 mmol /L)
and PTH (last result = 56.6 ng/L) within the nor-
mal range on treatment with 1.500 mg of calcium
per day and 10.000 IU of vitamin D per week. The
only complication encountered during follow-up
was the cardiologic diagnosis of Wolft-Parkinson-
White syndrome, for which a catheter ablation was
performed. Thus far, there has been no clinical, bio-
chemical or radiologic evidence of any enteropan-
creatic neuroendocrine tumor.
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Figure 1. Electropherogram showing the ¢1561dupC mutation characterized by the insertion of an additional cytosine at position 1561 of the MEN 1 gene
predicting a truncated form of menin. The ¢.1561dupC mutation at exon 10 results in a frameshift, and is predicted to create a novel stop codon (TGA instead
of normal AGG; p.Argh21fsX15) 15 codons after the codon the mutation occurs in.
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Figure 2. Histopathology slide demonstrating parathyroid gland with
sheet-like arrangement of monotonous parathyroid cells (hematoxylin and
e0sin 20X).

DISCUSSION

Early identification of the manifestations, improve-
ments in diagnostic techniques and therapeutic ap-
proaches has had a favorable impact on the morbidi-
ty and mortality associated with MEN syndromes. In
the classical MEN 2A — which is clinically character-
ized by the presence of medullary thyroid carcinoma
(MTC), bilateral pheochromocytoma and primary
HPT; in MEN 2B, where MTC is associated with
pheochromocytoma and mucosal neuroma; and in
familial MTC, genetic testing detects nearly 100% of
RET proto-oncogene mutation carriers and is now
considered the standard of care for all first degree
relatives of patients with newly diagnosed MTC.
Each variant of MEN 2 results from a different RET
mutation, with a good genotype-phenotype corre-
lation, allowing the design of good guidelines for
timing of prophylactic thyroidectomy and extent of
surgery based on risk levels (13).

Unlike the situation in MEN 2, there is no mu-
tation-guided intervention and no clear genotype-
phenotype relations for MEN 1, where more than
20 difterent combinations of endocrine and nonen-
docrine tumors have been reported (1,2). Although
screening for endocrine tumor manifestations in
definite or probable MEN I mutation carriers seems
likely to help improve management, this has not
been proven. Nevertheless, genetic testing in MEN
1 is recommended, among other clinical situations,
in sporadic cases with two or more MEN 1-related
tumors (1,2). However, patients with certain spo-
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radic tumor combinations, such as parathyroid and
somatotroph or corticotroph, as in this reported
young female patient, may have unexpectedly low
frequency of MEN I mutation (14). The reasons for
that include two kinds of tumors with high natural
incidence in older subjects developed by chance, an-
other familial tumor syndrome with low penetrance,
as previously observed in familial acromegaly with
primary hyperparathyroidism by mutation of another
gene, or a somatic mutation during early embryonic
stages (14). Taken together, the data demonstrate
that despite the high clinical suspicion of MEN 1
in our patient, the coincident presentation of Cush-
ing’s disease and primary hyperparathyroidism could
not be completely ruled out, especially with a para-
thyroid scintigraphy showing a pattern compatible
with only one hyperfunctioning gland.

The likelihood of MEN 1 mutation is higher
with younger onset age for the tumor or with tumor
multiplicity in that organ. The frequency of MEN
1 germline mutation with a tumor, presumed to be
sporadic based on family evaluations, is speculated
as follows: parathyroid adenoma (1%), gastrinoma
(5%), prolactinoma (1%), foregut carcinoid (2%),
lipoma (0.1%), and angiofibroma (1%) (1). These
estimates show the importance of establishing the
genetic diagnosis of our patient before the decision
for the surgical approach for her primary HPT: a
negative test would indicate more conservative man-
agement with resection of the parathyroid adenoma,
while the positive test for MEN 1 would favor a
complete removal of the parathyroid glands (11,12).
The latter approach was chosen with the finding of a
c1561dupC mutation at the exon 10 of the MEN I
gene in our patient. In this heterozygous frameshift
mutation, an additional cytosine occurs at position
1561, resulting in a stop codon. Lemos and Thakker
(15) reported on 1,336 mutations described in the
first decade following the identification of the MEN
1 gene, which are scattered in and around its open
reading frame. MEN I mutations include nonsense,
missense, donor-splice, small deletions and small in-
sertions, and more than 70% of them are predicted
to generate truncated forms of menin (1,2,15).

From a practical point of view, MEN 1 is defined
in a patient with two of the three main MEN 1-re-
lated endocrine tumors (parathyroid adenomas, en-
tero-pancreatic endocrine tumors, and pituitary tu-
mor). Familial MEN 1 is similarly defined as at least
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one MEN 1 case plus at least 1 first degree relative
with one of the three main MEN 1-related endo-
crine tumors (1). However, the expression of one
or more of the less common tumors of MEN 1 can
occur by chance, unlike syndromic variants that oc-
cur repeatedly in MEN 2, especially in sporadic cases
(13). This was the situation of our patient, whose
initial manifestation was Cushing’s Disease at 20
years of age. Anterior pituitary adenoma is the first
clinical finding of MEN 1 in up to 25% of sporadic
cases, but only less than 5% of these tumors are cor-
ticotropinomas (1,2,6). In fact, Cushing’s disease is
a rare disease even in the general population, with
an incidence of 5-10 cases per million, per year. In
1993, Gaitan and cols. (16) reported on a similar
case of a woman with Cushing’s disease and primary
HPT, who had a daughter with Cushing’s disease
and another daughter and two other relatives with
primary HPT. In contrast, our patient had a negative
family history for any tumor related to MEN. Pro-
lactinomas represent 25% of the pituitary adenomas
in MEN 1, followed by nonfunctioning adenomas
in 10% and somatotropinomas in 5% of the cases
(1,2,6). As corticotropinomas are very rare, sched-
ules to screen for tumor expression in the carriers
of MEN I mutation include annual determination
of prolactin and IGF-1 levels and an MRI every 3-5
years, beginning at 5 years of age, but they do not
usually recommend for a biochemical evaluation of
Cushing’s syndrome (1).

The diagnosis of primary HPT in our case was
initially suspected by the detection of asymptomatic
hypercalcemia. This emphasizes the importance of
measuring serum calcium in patients with pituitary
tumors, especially those at younger ages and who
have prolactinomas, as a simple test for detection of
MEN 1 (7). For carriers of MEN I mutation, deter-
mination of serum calcium and PTH is advised to
start at 8 years of age (1). Primary HPT is the most
common endocrinopathy in MEN 1, reaching nearly
100% of penetrance by the age of 50 years (1-3). In
contrast, MEN 1 represents less than 5% of all cases of
primary HPT (10). In MEN 1, HPT is most frequently
asymptomatic, but when symptoms are present, they
are similar to those observed in other forms of HPT
(1-3). Compared to sporadic parathyroid adenomas,
HPT in MEN 1 starts at an earlier age (25 versus 55
years), lack gender preference (1:1 versus 3:1 temale/
male ratio), and differs in pathology, with the presence
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of multiglandular disease, which justifies a most aggres-
sive surgical approach (1-3,11-12). However, despite
the diagnosis of MEN 1, the pathologic study in
our case did not reveal a multiglandular disease. It
is believed that the development of multiglandular
parathyroid disease in MEN 1 is a question of time,
and the age of our patient may explain the absence
of hyperplasia in the other three parathyroid glands
(17). Our patient presented no specific symptoms of
HPT, but subsequent investigation demonstrated bi-
lateral nephrolithiasis and low bone mineral density
at the lumbar spine and femoral neck. In Brazil, a re-
cent study of 36 cases from 8 unrelated MEN 1 families
with uncontrolled HPT found that bone mineral and
urolithiasis-related renal complications in this popula-
tion was early-onset, frequent, extensive, severe and
progressive, which are in agreement with our findings
(18). Moreover, the hypercortisolism in our patient
was also a contributor to the impairment of her bone
mass.

Our patient has no clinical, biochemical or radiolog-
ical evidence of any enteropancreatic neuroendocrine
tumor so far. The prevalence of these tumors in MEN
l-affected individuals varies in different clinical series
from 30%-75% and approaches 80% in necropsy series
(1-3). Biochemical screening for these tumors includes
fasting glucose, gastrin, insulin, proinsulin, glucagon,
and chromogranin A. In suspected cases, additional
tests and more detailed investigation may be indicated.
Search for insulinoma in carriers is recommended to
start at 5 years of age, whereas for gastrinoma, foregut
carcinoid and other enteropancreatic tumors the age to
begin testing is 20 years of age, with annual evaluation
of the biochemical screening (1).

More recently, our patient had the cardiologic di-
agnosis of Wolff-Parkinson-White syndrome, which
is the most common cause of ventricular pre-excita-
tion. In this condition, all or part of the ventricle is
excited earlier than would normally be expected due
to defects in the conduction pathway, often leading
to ventricular fibrillation and sudden cardiac death
(19). It was recently discovered that many of the un-

derlying mutations responsible for the familial form

of Wolft-Parkinson-White syndrome are located in
the gene encoding for the regulatory gamma(2)-
subunit (PRKAG2) of the AMP-activated protein
kinase (20). The cellular mechanisms for the ob-
served arrhythmias are currently being studied and
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pertrophy as well as alterations in the properties of
cardiac ion channels, such as voltage-gated sodium
channel (19,20). To our knowledge, there have
been no reports on this cardiac abnormality in pa-
tients with MEN 1, indicating the fortuitous nature
of such association.

In summary, this report illustrates the impor-
tance of genetic testing in a case of sporadic MEN 1
to define the best therapeutic approach for HPT and
to optimize patient follow-up.

Disclosure: no potential conflict of interest relevant to this ar-
ticle was reported.
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