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A Rare Case of De novo C634G Germline Mutation of the
RET Proto-Oncogene in a Patient With MEN 2A
Syndrome With Aggressive Pheochromocytoma

Laurentiu M. Pop™¢, Shirley X. Yan®, Ildiko Lingvay*

Abstract

Multiple endocrine neoplasia type 2A (MEN 2A) is an autosomal
inherited disorder induced by mutations in the RET proto-onco-
gene. It is characterized by medullary thyroid carcinoma (MTC),
accompanied in half of cases by pheochromocytoma and less fre-
quently, by primary hyperparathyroidism. The aim of the study was
to investigate a clinical case of a MEN 2A syndrome consisting
of bilateral aggressive pheochromocytomas and MTC with loco-
regional lymph node invasion caused by a rare de novo germline
mutation in the RET proto-oncogene (Cys634Gly). We reported
herein a 42-year-old man presented with hypertension refractory
to various antihypertensive drug regimens administered over the
preceding 3 years. Abdominal computed tomography scan showed
a large right adrenal mass, and a smaller left adrenal nodule. Com-
prehensive biochemical analyses (24-hour urinary catecholamines
and metabolites) confirmed the diagnosis of pheochromocytoma.
123]-metaiodobenzylguanidine scintigraphy revealed uptake in the
left inferior thyroid nodule. Left thyroid ultrasound-guided fine
needle aspiration established the diagnosis of MTC. The patient
first underwent open right adrenalectomy, and 2 months later, total
thyroidectomy with central neck compartment lymph node dissec-
tion. Screening for hyperparathyroidism was negative. On follow-
up, the patient demonstrated no biochemical abnormalities, or clini-
cal complaints. Genetic testing identified a point mutation in the
RET proto-oncogene, confirming the diagnosis of MEN 2A. This
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missense mutation, located in exon 11, resulted in the replacement
of a cysteine 634 residue with glycine.

To the best of our knowledge, this is the first MEN 2A case
reported with de novo Cys634Gly RET germline mutation in North
America, and also worldwide with regard to the aggressiveness of
this genotypic variant.

Keywords: MEN 2A; RET proto-oncogene Cys634Gly mutation;
Aggressive pheochromocytoma

Introduction

Multiple endocrine neoplasia type 2 (MEN 2) is an autosomal
inherited syndrome caused by germline activating mutations
in the Rearranged during transfection (RET) proto-oncogene.
Currently, three distinct subtypes have been described based
on clinical appearance: MEN 2A, MEN 2B, and familial
medullary thyroid carcinoma (FMTC). The common endo-
crinopathy is medullary thyroid carcinoma (MTC), as all the
patients affected by the MEN 2 genetic condition develop
thyroid malignancy in their lifetime (100% penetrance).
MEN 2A, known also as Sipple syndrome, implies the
occurrence of a pheochromocytoma (20-60% penetrance;
either benign or malignant) and a primarily benign hyper-
parathyroidism (HPT) in 10-30% of cases, with very rare
malignancy reported [1, 2]. Patients with MEN 2B syndrome
do not develop parathyroid disease, but a particular pheno-
type including a marfanoid habitus, multiple mucosal gan-
glioneuromas, neurofibromas, and thickened corneal nerves
define this syndrome. FMTC is the least aggressive subtype
and is characterized only by MTC, inherited in an autoso-
mal dominant fashion with a genetic penetrance of nearly
100% [3]. MEN 2 has a prevalence of nearly 2.5 per 100,000
in the general population, with the distribution of the three
subtypes being 70-80% MEN 2A, 5% MEN 2B and 10-20%
FMTC [4]. Genetic tests for mutations have revealed a com-
plex polymorphism in codons for both extra- and intracellu-
lar domains of the protein product of the RET gene, the only
gene demonstrated to be responsible for MEN 2 develop-
ment. The most frequently affected residue is cysteine 634,
located in exon 11, which has been found to be mutated in
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Table 1. Dynamic Levels of 24-Hours Urinary Excretion of Catecholamines and Their Metabolites

Test (units) Reference range irg(;s:;?gve f_:) S;(v)&eel;?st)ive :): ;tst)[:: er:l:ge
VMA (mg/24 h) <6 347 9.7 4.1
Norepinephrine (mg/24 h) 15-100 599 103 36
Epinephrine (mg/24 h) 2-24 546 <11 4.5

Dopamine (mg/24 h) 52 -480 192 481 203
Normetanephrine (mg/24 h) 88 - 649 13,511 760 297
Metanephrine (mg/24 h) 58 -203 8,007 368 162

VMA: Vanillyimandelic acid.

87% of patients with MEN 2A syndrome [5].

We report here the diagnosis of MEN 2A syndrome in
a patient in his fifth decade of life, manifesting as bilateral
aggressive phechromocytomas and MTC with loco-regional
lymph node invasion and caused by an uncommon de novo
germline mutation in the RET proto-oncogene (Cys634Gly).

Case Report

A 42-year-old man with normal body mass index was pre-
sented in our endocrinology clinic with a history of high
blood pressure refractory to several antihypertensive regi-
mens for 3 years. He described episodes characterized by
tremors, intermittent occipital headaches and palpitations.
Random outpatient measurements of blood pressure showed
several readings with systolic blood pressure above 200
mmHg with low-normal pulse rate. The frequency of these
episodes had gradually increased over the preceding three
years, becoming daily prior to presentation. He had no other
complaints and felt normal between episodes.

There was no family history of thyroid or parathyroid
problems, nor pheochromocytoma. His father is alive and
well at age 68, and has well-controlled hypertension. His
mother is alive and well at age 65, with no known medical
problems. His paternal grandfather died at age 75 of heart
disease. He has one 40 year-old sister, who is alive and well.
He has two sons, ages 11 and 16, with no medical problems.
His past medical history consisted only of hyperlipidemia,
treated with a statin.

The refractory hypertension, along with the episodes
described above, prompted an abdominal computed tomog-
raphy (CT) scan, which revealed the presence of a large
right adrenal mass measuring 8.3 x 7.4 x 7.1 cm, and a 1.5
cm left adrenal nodule. Subsequent biochemical evaluation
of adrenal function showed elevated 24-hour urinary cate-
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cholamines and metabolites (norepinephrine 10-fold above
normal range, epinephrine 20-fold, normethanephrine and
methanephrine 20-fold, and vanillylmandelic acid (VMA)
6-fold) and were consistent with a diagnosis of pheochro-
mocytoma (Table 1). Plasma renin, serum aldosterone, de-
hydroepiandrosterone, serum and urinary corisol, urinary
dopamine, free T3, free T4 and TSH were normal.

To localize the tumor, '*I-metaiodobenzylguanidine
scintigraphy (MIBG) was performed and revealed uptake in
both adrenal glands, on the right side corresponding with the
8.3 cm adrenal mass, and on the left side corresponding with
the 1.5 cm adrenal nodule seen on the CT scan. A left infe-
rior thyroid nodule with MIBG uptake was also observed.
Thyroid ultrasound-guided fine needle aspiration of the left
thyroid showed smears composed of cellular fragments and
clusters of atypical follicular cells. The cells exhibited en-
larged, oval-shaped nuclei, prominent nucleoli, intranuclear
inclusion and nuclear pallor. The patient’s calcitonin level
was 1,174 pg/mL (reference range < 10 pg/mL). A diagno-
sis of MTC was made based on these findings, which in the
context of a diagnosed pheochromocytoma, indicated the
clinical diagnosis of MEN 2A. Subsequent genetic testing
identified the following point mutation in the RET proto-
oncogene: p.C634G (c.1900T > G), a missense mutation in
a cysteine codon encoded in exon 11 (codon 634, TGC —
GGC, Cys — Gly).

A decision was made to proceed with removal of the
larger adrenal lesion only (right adrenalectomy), in order to
minimize surgical risk and also to postpone for as long as
clinically feasible the ensuing adrenal insufficiency. After
adequate alpha-blockade with phenoxybenzamine (followed
by beta-blockade with propranolol) and preoperative salt and
fluid loading to prevent intraoperative blood pressure chang-
es, the patient underwent open right adrenalectomy. Gross
examination of the right adrenal gland showed three well
circumscribed masses grossly arising from the medulla with
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Figure 1. Light microscopy in pheochromocytomas of right adrenal gland (hematoxylin and eosin stains). A: A large
tumor nest surrounded by tumor in the “zellballen” growth pattern (magnification, x 4). B: Diffuse growth area showing
spindle-shaped tumor cells (magnification, x 20). C: Mitotic figures (black arrows) are observed in the spindly growth
area (magnification, x 40). D: Tumor cells with profound nuclear pleomorphism (magnification, x 40).

the largest mass measuring 8.0 x 8.0 x 6.0 cm (Fig. 1A). Two
other masses measure 3.6 X 2.3 x 1.5 cmand 2.0 x 1.5 x 1.2
cm. The microscopic examination revealed pheochromocy-
tomas with predominantly alveolar (zellballen) and trabecu-
lar growth pattern. The pheochromocytomas have focally
diffused growth areas and large nests (Fig. 1A). There are
areas of spindle-shaped tumor cells (Fig. 1B, C) and marked
nuclear pleomorphism (Fig. 1D). A monotonous tumor cell
population was noted in focal areas, with smaller tumor cells
and a high nuclear to cytoplasmic ratio observed. Mitotic fig-
ures were increased up to 4 per 10 high power fields (mag-
nification at X 40 with a % 10 objective lens using an Nikon
Eclipse 80i microscope) (Fig. 1C). No definitive evidence
of capsular invasion was observed but the presence of foci
of small tumor nests covered by endothelium in the large
capsular/septal vessels strongly suggested vascular invasion.
Taken together, the Pheochromocytoma of the Adrenal gland
Scaled Score (PASS) [6] was considered to be > 7. The Ki-67
proliferative index was 5% (Fig. 2) and the S100 protein was
absent in diffuse growth areas.

At 3 weeks postoperatively, the patient’s blood pressure
was 149/80 off all hypertensive medications, and urinary
metanephrines and VMA were 2-fold higher than the nor-
mal range, but with normal levels of plasma fractionated free
metanephrines (Table 1, 2). Thus, alpha-adrenergic blockade
was indicated before thyroid surgery, which was performed
two months post-adrenalectomy. The patient underwent total
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thyroidectomy, bilateral central (level VI) lymph node dis-
section, and excisional biopsy of two pre-operatively iden-
tified right lower neck nodules. Macroscopically, the right
lobe was 4.6 x 2.5 x 1.0 cm with a single firm, irregular,
yellow-tan mass localized in its inferior pole measuring 1.0
x 0.8 x 0.6 cm. The left lobe was 5.0 x 2.5 x 0.7 ¢cm, and
sectioning revealed a 2.0 x 1.4 x 1.3 cm yellow-tan mass
comprising the majority of the corresponding inferior pole.
Microscopy confirmed a well-defined lesion characterized
by proliferation of nests and cords of neoplastic spindle
to epitheloid cells situated in areas of a hyalinized stroma.
The immunostaining for calcitonin was positive. The histo-
pathological features and immunostaining pattern confirmed
multifocal, moderately differentiated MTC involving the left
lobe and inferior aspect of the right lobe. Sections made from
2 out of 5 lymph nodes localized in the central compartment
demonstrated nests of atyipical cells within a desmoplastic
stroma that also stained positive for calcitonin. Both right
lower neck nodules were calcitonin-negative, without any
pathological sign of MTC invasion. The pathologic extent of
disease (pTNM) was noted as pT1b (tumor 1 - 2 cm, limited
to thyroid), pN1A (2 out of 5 level VI lymph nodes with-
out extracapsular extension). Thyroid hormone replacement
was started the next day after surgery and thyroid function
tests remained normal at subsequent follow-ups. Three and
six months postoperatively, the calcitonin level was 17 pg/
mL (both times), and a neck sonogram performed six months
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Figure 2. Ki-67 immunohistochemical study of pheochro-
mocytoma (right adrenal gland). Ki-67 (MIB-1) proliferation
index shows increased proliferative activity (> 5%) (magni-
fication, x 40).

postoperatively showed no evidence of loco-regional recur-
rence of the MTC.

Screening for hyperparathyroidism was carried out
several times, prior to surgery as well as during subsequent
follow-ups, and was negative. At six months after right adre-
nalectomy, the abdominal CT scan demonstrated no signs of
right local recurrence. The left adrenal gland showed nodular
thickening of the limbs which appeared more rounded than
in the initial CT examination, but no significant enhance-
ment was noted. The levels of 24-Hours urinary excretion of
catecholamines and their metabolites, and plasma fraction-
ated free metanephrines were within the reference ranges
(Table 1, 2). Radiological follow-up along with biochemical
evaluation will be performed every 6 months to assess both
the progression of the left adrenal lesion, as well as surveil-
lance for regional or distant recurrence of this aggressive
pheochromocytoma.

Genetic screening of the patient’s family identified the
mutation in one of his two sons, who is 11 years old (older
than 5 years, the recommended age for prophylactic thy-
roidectomy). He had negative screening for MTC, HPT, and
pheocromocytoma and underwent prophylactic total thy-
roidectomy. The patient’s mother tested negative and testing
for the father was deemed unnecessary by his primary physi-
cian, based on the results of biochemical testing.

Discussion

The RET gene is localized on chromosome 10 and encodes
a tyrosine kinase receptor with the critical function of neu-
ral crest development and differentiation [7]. Its ligands are
members of the glial cell line-derived neurotrophic factor
family, which act mainly as growth factors. Loss of function
mutations in the RET gene cause Hirschsprung’s disease, an
abnormal development of the enteric nervous system, which
leads to colon aganglionosis. When gain of function muta-
tions occur in the RET gene, congenital and de novo malig-
nancies of the neuroendocrine system develop (MTC, MEN
2 disorders). The association of germline mutations of the
RET proto-oncogene with the MEN 2 phenotype represents
the first proven genotype-phenotype correlation within the
etiology of any inherited malignant disease [8].

The majority of hotspot codons affected within gain of
function mutations in MEN 2A were found in the cysteine
residues in exons 10 (codons 609, 611, 618 and 620) and
11 (codons 630 and 634) encoding the extracellular domain
of the RET molecule [8, 9]. Interestingly, the genotype-
phenotype correlation of RET mutations with the MEN 2A
syndrome was most significant for mutations of the cysteine
codon 634 which was also correlated with the highest preva-
lence of pheochomocytoma and HPT [8, 10]. To date there
are 6 types of mutations described in the cysteine 634 residue
in the following order of frequency: Arg, Tyr, Gly, Phe, Trp
and Ser. The most penetrant mutation, which also confers the
most aggressive phenotype, was found to be Cys634 Arg [8,
10, 11]. This feature was further supported by another study,
which showed that the patients with Cys634 Arg mutation had
more distant MTC metastases at the time of diagnosis than
those with the Cys634Tyr or Cys634Trp mutations and that
the metastases developed earlier in patients with Cys634Arg
mutations than in those affected by Cys634Tyr mutation
[12]. The very low number of identified cases of families
with the Cys634Gly mutation makes it improbable to pre-
dict the phenotypic and clinical behavior determined by this
mutation, despite the fact that one study has suggested that
this unique mutation might be associated with early MTC
development and high consecutive risk of lymph nodes dis-
semination [13]. In spite of fact that the mutations in codon
634 are, by far, the most frequent reported, there are only a

Table 2. Postoperative Levels of Plasma Fractionated Free Metanephrines

. Postoperative Postoperative
Test (units) Reference range (+ 3 weeks) (+ 25 weeks)
Metanephrines (nmol/L) <0.5 0.29 0.25
Normetanephrines (nmol/L) <0.9 0.65 0.41
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few cases with C634G mutations described in Germany [13,
14], the Netherlands [13, 15], Italy [16, 17], Romania [18],
India [19] and Iran [20, 21], but mainly among patients with
hereditary MTC or MEN2A without pheochromocytoma. In-
terestingly, a very high incidence of C634G germline muta-
tion (5 cases out of 43) was observed in Iranian patients with
hereditary MTC, indicating that the observed C634G might
represent a founder effect [22]. However, another study also
of Iranian patients with hereditary MTC published in the
same year did not report any C634G mutations, which may
be related to the different genetic background of the patients
involved in the study [21].

In the United States, a retrospective study performed
by Quayle et al on a cohort of 323 patients with MEN 2A
syndrome and known RET mutation showed that < 1% (3
out of 323 patients) harbored a C634G mutation, with no ac-
companying pheochromocytoma [23]. Although the authors
suggested an association between pheochromocytoma oc-
currence and codon 618 mutations, they concluded that there
are many limitations to their study (number of kindreds or
presence of less frequent mutations). However, their study
strongly supported that the screening for pheochromocy-
toma in MEN 2A family members should be done starting
at 10 years of age. MEN2A cases with C634G mutation and
consisting of MTC with pheochromocytoma are very rarely
presented in literature, with one case in France [24], one in
Italy [16], and two in Slovenia [25].

Our patient presented with a level 2 RET mutation,
which is considered to confer an intermediate risk for earlier
development of MTC (along with codons 611, 618, and 620)
[26]. Lack of family history of any clinical endocrinopathy
belonging to MEN 2A and the confirmed absence of mu-
tation in one parent suggest that the patient had a de novo
mutation.

The delineation between benign and malignant features
of pheochromocytoma has yet to be determined for our pa-
tient. To the best of our knowledge, no Cys634Gly mutation
was described for malignant pheochromocytomas in the con-
text of a MEN 2A syndrome. A PASS score >4 [27] and the
size of the largest tumor being > 6 [27] strongly suggest ma-
lignant biological behavior. The current guideline is to con-
sider a malignant pheochromocytoma only when metastases
are observed [6]. However, recent studies have underlined
the necessity of adding new parameters, such as increased
Ki-67 index (> 4%) and the absence of S100 protein, for a
clearer definition of malignancy [27]. A malignancy diagno-
sis based on surgical pathology findings from the primary
tumor, prior to the occurrence of clinically detectable distant
metastasis, could have a significant impact on patient coun-
seling and potentially on treatment selection. Further man-
agement of our patient’s pheochromocytoma will be depen-
dent on the progression of his left adrenal gland tumor and/or
occurrence of any local or distant metastases. If removal of
the left pheochromocytoma is warranted, an open procedure
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to preserve the cortex of the adrenal would be desirable to
avoid adrenal insufficiency.

Although the Cys634 mutations predispose to para-
thyroid disease, our patient’s calcium and iPTH level have
been within normal range. The patient will continue to be
screened periodically for HPT, and in the presence of any
sign of HPT, total parathyroidectomy with forearm autograft
will be indicated.

Earlier it was believed that a Cys634Gly mutation could
be associated with lichen planus amyloidosis, a cutaneuos
disorder characterized by amyloid deposits in the skin that
presents clinically with rashes and pruritus [28]. However,
there are studies showing the same dermatologic manifesta-
tion in patients from a family sharing the Cys634Arg muta-
tion [29]. Our patient did not show any sign of cutaneous
disease.

The recent American Thyroid Association (ATA) guide-
lines stratified all known RET mutations into one of four risk
levels (A-D) [10]. The 634 mutation is considered a high risk
ATA type C mutation and the recommendations for the fam-
ily members who genetically test positive are: prophylactic
thyroidectomy before the age 5 years; annual albumin-cor-
rected calcium or ionized serum calcium measurements (with
or without serum iPTH) beginning at the age of §; and annual
plasma free metanephrines and normetanephrines or 24-hour
urine collection for metanephrines and normetanephrines be-
ginning by age 20. However, any pre- and post-genetic test-
ing must be followed by specialized counseling [11]. Con-
sidering that the genetic testing of one of the patient’s sons,
who is 11 years old, revealed the inherited C634G mutation,
a thyroidectomy was scheduled and follow-up was planned
in accordance with above-mentioned ATA guidelines.

The low incidence of de novo mutations still makes it
difficult to establish the role of each type of RET mutation
(codon and type of aminoacid residues) in the develop-
ment and progression of MEN 2 syndromes. It is important
to mention that due to the low prevalence of MEN 2 syn-
dromes, genetic testing for RET gene mutations in the gen-
eral population is not currently performed. Moreover, it is
possible that the members of a family carrying the same RET
mutation display different levels of MEN 2 aggressiveness.
This may be due to varying levels of genetic penetrance, the
presence of genetic modifiers or even other associated medi-
cal conditions that can interfere with the accuracy of genetic
testing. Nevertheless, all patients with clinical signs of MTC
should be investigated for the hotspot mutations in the RET
gene and tested for urinary norepinephrine. However, genet-
ic screening for MEN 2 with only a clinical presentation of
pheochromocytoma (no signs of MTC) is highly debatable
due to the high number of genes involved in pheochromocy-
toma etiology (Von-Hippel Lindau, RET, succinate dehydro-
genase subunits B, C, D and neurofibromatosis type 1 genes)
[30] and the high cost of genetic testing.

This is the first published case report of a patient with a
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de novo Cys634Gly RET germline mutation in North Ameri-
ca. Moreover, the described mutation induced a very aggres-
sive phenotype, which has not been previously document-
ed in any of the worldwide reports of MEN 2A syndrome
caused by a C634G RET mutation.
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