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was related with the elimination of the transactivating
activity and primary cortisol resistance, still presenting
intact ligand binding capacity. DNA binding capacity was
decreased. It also presented a negative effect on the
transcriptional activity. It is probable that the p.Arg477Cys
mutation, located in the same aminoacid, behaves the same
way as p.Arg477His, affecting the transactivating activity
and/or DNA binding capacity.

Patient 2 carried the p.His588Leufs*5
(c.1762_1763insTTAC) mutation, in exon 6, in the ligand
binding domain (LBD) of GR. This frameshift mutation
determines a substitution of four amino acid residues at
codons 588-591 and a premature stop codon at position
592, thus leading to a truncated protein. The alteration is
located at the second charge clamp of the steroid binding
domain, and point mutations in this region have been
described to reduce activation mediated by the LBD.? In
this case, lack of the C-terminal domain of the protein
is expected to alter some functions of the LBD. Another
similar truncated protein already described was predicted
to have a dominant negative activity by impairing wild-type
GR nuclear translocation. Similar features may be expected
from the p.His588Leufs*5 mutation.

In summary, in this article we report two novel patho-
genic mutations in the glucocorticoid receptor gene in two
unrelated patients with GCCR. The studied patients presen-
ted an ACTH-dependent hypercortisolism with no symptoms,
except hirsutism and, more recently, anxiety and chro-
nic fatigue in Patient 2. Other causes of ACTH-dependent
hypercortisolism were ruled out and the persistence in
time of elevated cortisol and ACTH levels without any
other clinical symptom drove us to the diagnosis of
GCCR.

Generalized glucocorticoid resistance can have a varia-
ble clinical presentation, ranging from absence of symptoms
to the presence of clinical features due to an excess of
mineralocorticoids and/or adrenal androgens.”* Severity
of the disease cannot be inferred from the type of mutation
in the NR3C1 gene, as there is not a clear phenotype-
genotype relationship, with clinical symptoms varying even
among patients and relatives with the same disease-
causing mutation.’ Therefore, GCCR may be suspected when
hypercortisolism is present and there is no other asso-
ciated clinical feature. Molecular analysis of the NR3C1
gene is recommended in order to confirm the diagnosis

and provide a better genetic counseling to the affected
families.
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Medullary thyroid carcinoma as
manifestation of the loss of
heterozygosity in a patient with
MEN1

@ CrossMark

Carcinoma medular de tiroides como
manifestacion de la pérdida de
heterozigosidad en un paciente con MEN1

Multiple endocrine neoplasia type 1 (MEN1) is a rare inhe-
rited disease characterized by hyperplastic and neoplastic

disorders mainly affecting parathyroids, anterior pituitary
and gastroenteropancreatic endocrine tissues.! In most
subjects with MEN1 phenotype a heterozygous germline
mutation in the MENT gene is identified. In addition, soma-
tic mutations and large deletions of the MENT locus and
its surrounding regions in chromosome 11, known as loss of
heterozygosity (LOH), are found in MEN1 associated tumors.?
We hereby present a MEN1 patient who developed a thy-
roid neuroendocrine carcinoma, and analyze the potential
involvement of MEN1 gene in the development of this tumor.

A 44 year-old Caucasian woman with MEN1 familial back-
ground was identified as a carrier of the mutation c.549G>A
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(p.Trp183*) in exon 3 of MEN1 gene in 2008. Previously,
two MEN1 related disorders had been identified: a prolactin
secreting pituitary microadenoma responsive to cabergoline
had been diagnosed in 1996, and primary hyperparathyroi-
dism in 2002, with resection of a right lower parathyroid
adenoma. Hyperparathyroidism recurred in 2008. After the
molecular diagnosis of MEN1 was established, abdominal
computed tomography and magnetic nuclear resonance ima-
ging detected 2 small, 1cm-diameter pancreatic lesions
located in body and tail regions of the gland; a cytologic
specimen obtained by echoendoscopy confirmed a low grade
neuroendocrine neoplasia. There was no evidence of liver
metastases.

Neck ultrasound performed prior to surgery for hyper-
parathyroidism recurrence identified multiple nodules in
the left thyroid lobe. Fine needle aspiration biopsy of a
20mm poorly delimited hypoechoic nodule and of a 16 mm
left cervical lymph node led to a cytologic diagnosis of a
neuroendocrine carcinoma, with positive chromogranin stai-
ning. Both lesions had increased octreoscan uptake. Blood
calcitonin was normal, while progastrin-releasing peptide
was elevated. The patient underwent total thyroidectomy,
subtotal parathyroidectomy and left lateral neck node dis-
section. She signed informed consent for genetic analysis.

The histological study of the left thyroid lobe showed a
tumor composed of sheets, nests and trabecula of polygonal
cells, separated by thin fibrovascular stroma, with moderate
cytoplasm and clear large nuclei with prominent nucleoli.
Immunohistochemical staining of tumor cells was positive
for chromogranin A, synaptophysin and CD56, confirming its
neuroendocrine origin; it was also focally positive for cal-
citonin. TTF1 and thyroglobulin were negative. Ki6é7 was
15%. Staining for Congo red did not identify stromal depo-
sits of amyloid. On the right thyroid lobe, two microscopic
papillary thyroid carcinoma foci were identified. Metasta-
tic neuroendocrine carcinoma was identified in one out of
seven lymph nodes. The parathyroidectomy specimen was
consistent with an adenoma.

MEN1 gene mutation had been previously identified as
described, and MEN2 gene was now investigated. Genomic
DNA was extracted from peripheral leukocytes by standard
procedures QIAmp DNA. Protooncogen RET was studied by
standardized PCR protocol in which coding regions of exons
8, 10, 11, 13, 14, 15 and 16 were amplified. PCR products
were sequenced by BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, Foster City, CA) and purification
with Millipore system (96 well plates Multiscreen PCRu96 &
Montage seq%6), followed by analysis with ABI Prism Genetic
Analyzer 3130.xl (Applied Biosystems). No germline muta-
tions were identified.

To detect LOH for MEN1 gene we amplified exon 3, where
the patient’s mutation was located, from tumor DNA isola-
ted from paraffin-embedded thyroid-tumor tissue. A couple
of exon 3 internal primers 5GTGTGGCCTTTGCTGTGGTTG3'
and 5ACTGTCTGGCCCCTGCGGTCC3 were used in order to
improve the efficiency of the PCR (short amplification). LOH
involving chromosome 11q13 was demonstrated (mutation
was found in hemizygosis) (Fig. 1). Exons 10, 11 and 16 of
RET gene were also studied on DNA from tumor tissue, with
no evidence of somatic RET mutations.

We report the concurrence of a MEN1 syndrome
and a neuroendocrine thyroid neoplasm compatible with

TCATGCCTGGGTAGTGTTTGG

1 ‘“ f‘ |
|‘ m 1‘ “ | I‘ ||

Germline DNA
(heterozygous)

||| I|| | \ ([l
| || ‘
AL
Tumor DNA
(hemizygous)

Figure 1  Genetic analysis of the tumor specimen with loss of
heterozygosity and mutation was found in hemizygosis.

medullary thyroid carcinoma (MTC); to our knowledge, this
association has been previously described just once.?

This association poses various possible explanations: the
thyroid tumor could be a metastasis of her neuroendocrine
pancreatic tumor, a MTC of either sporadic nature or due
to an inherited RET gene mutation, or finally a thyroid neo-
plasia related with her MEN1 mutation. The first option is
unlikely, as she presented neither local growth nor liver
metastasis, as is expected in the progression of pancreatic
neuroendocrine tumors. Although MEN1 and MEN2 coexis-
tence is highly improbable, we excluded MEN2, as in any
young patient with MTC. Sporadic MTC cannot be ruled
out, though it presented atypical characteristics such as
normal serum calcitonin and scarce calcitonin tumor stai-
ning. The last option, an atypical medullary/neuroendocrine
carcinoma of the thyroid as a manifestation of her MEN1
status, seems the most feasible in view of the genetic fin-
dings, shared by all the neoplasia developed in the MEN1
context. More than 90% of tumors from MEN1 patients exhi-
bit LOH on 11q13, an evidence of MEN1 gene activity as
a tumor-suppressor gene, consistent with Knudson’s two-
hit hypothesis. This second hit may occur by LOH or other
mechanisms including intragenic deletions and point muta-
tions. On the other hand, LOH in the MEN1 locus has also
been observed in 5-50% of sporadic endocrine tumors.*

In conclusion, we have identified a rare association of
MEN1 and MTC, with LOH in the thyroid tumor involving
chromosome 11q13 that had not been reported previously.
As the complete inactivation of the MEN1 gene and sub-
sequent absence of normal menin expression characterize
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MEN1 associated tumors, this finding relates her thyroid neo-
plasia to the MEN1 scope.
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