to elevated levels of porphyrin metabolites rather
than a direct effect on peripheral nerve function.

In conclusion, our study has provided novel
insights into the pathophysiology of acute lead
neuropathy. The data suggest that lead intoxica-
tion may result in acute axonal depolarization, pos-
sibly due to impairment of the energy-dependent
axonal Na'/K' pump. It has also been demon-
strated that early diagnosis and institution of chela-
tion treatment may result in clinical and neuro-
physiological improvement.

This study was supported by a Career Development Award from the
National Health and Medical Research Council of Australia (568680
to AK.) and by an Australian Postgraduate Award (to S.P.).
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ABSTRACT: Introduction: Multiple endocrine neoplasia type 2
(MEN 2) is an uncommon autosomal dominant cancer syn-
drome which can be associated with nerve conduction abnor-
malities. Methods: A 14-year-old boy with a family history of
consanguinity developed progressive gait clumsiness, pes
cavus, hypotonia, and mucosal tumors of the lips and tongue
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since the age of 3 years. At age 11 years, he was diagnosed
with an hereditary motor neuropathy (Charcot-Marie-Tooth syn-
drome). Results: Physical examination revealed a Marfanoid
habitus, mucocutaneous verrucous tumors, thyroid nodules, and
cervical adenopathy. Genetic testing demonstrated the p.M918T
mutation in the RET gene, and blood tests showed elevated
levels of calcitonin. Conclusions: Clinical suspicion in MEN2 is
crucial for early diagnosis and subsequent therapy. Mucosal
neuroma and a Marfanoid habitus are especially useful. Other
neurologic manifestations should not disguise the endocrine dis-
order, because early diagnosis and treatment of medullary thy-
roid carcinoma determines the prognosis.
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Multiple endocrine neoplasia type 2 (MEN 2)
is an uncommon autosomal dominant cancer syn-
drome (estimated prevalence 1/30,000), with
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complete penetrance but variable expressivity.'
There are 3 distinct clinical subtypes - MEN 2A,
familial medullary thyroid carcinoma (FMTC), and
MEN 2B. The major components are medullary
thyroid carcinoma (MTC), pheochromocytoma,
and primary hyperparathyroidism.> The MEN 2
syndrome is caused by germline mutations in the
RET proto-oncogene.

The most aggressive variant is subtype 2B, which
is characterized by developmental alterations such as
multiple mucocutaneous neurofibromas, ganglio-
neuromatosis of the gastrointestinal tract, muscle
and skeletal abnormalities, and ophthalmic altera-
tions.” MEN 2B patients develop a more aggressive
form of MTC, with high morbidity and mortality
rates. Approximately 95% of MEN 2B patients have
the p.M918T RET mutation, and more than 50% of
the cases are a de novo germline mutation."* Due to
the poor prognosis of MTC in MEN 2B, diagnosis
must not be delayed. Certain clinical manifestations,
especially mucosal neuroma, should alert the clini-
cian to the diagnosis, even though the association of
other neurologic manifestations may disguise the en-
docrine disorder. This occurred in the unusual
patient that we describe.

CASE REPORT

A 14-year-old boy with a family history of consan-
guinity (parents were second cousins) was referred
to our hospital with the suspicion of Berardinelli-
Seip syndrome (congenital generalized lipodystrophy),
which was ruled out in the initial clinical exam.

Since the age of 3 years, he had developed pro-
gressive clumsiness of gait, pes cavus, muscle hypoto-
nia and frequent falls, together with bumpy lips, mu-
cosal tumors of the tongue, hypertelorism, and
mandibular divergence. At age 11 years, he was diag-
nosed with a sensory-motor hereditary neuropathy
(Charcot-Marie-Tooth, CMT syndrome) based on the
following clinical findings: fibular atrophy, pes cavus,
hammer toes, Achilles tendon retraction (Fig. 1A),
foot extensor weakness, and mild decrease of distal
vibratory sense. Electroneuromyographic examina-
tion (ENMG) showed a neurogenic pattern in the
extensor digitorum brevis muscle and low CMAP
amplitudes in the fibular nerves, with normal motor
and sensory nerve conduction velocities. Because his
mother had pes cavus (Fig. 1B), the diagnoses of
CMT2 and CMTX were entertained, however, her
ENMG was normal. Molecular genetic screening for
the following CMT genes disclosed no mutations in
the patient: LMNA, GJBI, BSCL2, HSPBI, HSPB2,
MPZ, and MFN2. He grew tall rather quickly with lit-
tle body weight gain and began puberty when he was
12. He improved his gait with rehabilitation techni-
ques. A few months before being referred to our
hospital he had noticed the appearance of several
neck tumors.

962 Axonal Neuropathy and MEN2b

FIGURE 1. (A) Photograph of the patient’s feet showing pes
cavus, tendon retraction and hammer toes. (B) Photograph of
the patient’s mother’s foot showing pes cavus.

In addition to the neurological findings, physi-
cal examination revealed a Marfanoid body habi-
tus, scoliosis, hypertelorism, low-set ears, thick and
prominent lips, macroglosia and several verrucous
tumors on the tips and borders of the tongue,
which were attributed to repeated trauma (Fig. 2).
Neck palpation allowed the identification of a
2-cm thyroid nodule and multiple small painful
adenopathies. Pubertal development was Tanner
stage III, with 12 ml testes. His weight was 43 kg,
height was 179.5 cm, body mass index (BMI) was
18.3 kg/m?, body fat was 10.2% (4.3 kg) (evaluated
by DEXA), blood pressure was 101/60 mmHg, and
heart rate was 55 bpm. Because clinical data suggested
the possibility of MEN 2B, the RET proto-oncogene
was tested, and the patient was found to be heterozy-
gous for the NM_020975.4:c.2753T>C (p.Met918Thr)
mutation, which was absent in both parents.

Blood tests revealed the following: calcium 10.3
mg/dl, phosphorus 4.8 mg/dl, TSH 2.59 ulU/ml,
T4L 9.34 pg/ml. Urine catecholamines and
metanephrines were negative. He had high levels
of carcinoembryonic antigen (15.4 ng/ml [0.1-
10]) and calcitonin (2408 pg/ml [0-20]). Levels
of chromogranin-A (12.5 nmol/ml [<100]) and
PTHi (31 pg/ml) were normal.

Neck ultrasonography showed a 4-cm mass in
the inferior margin of the left thyroid lobule, sug-
gesting a primary thyroid neoplasm. Multiple
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FIGURE 2. (A) Whole-body photograph showing the patient’s Marfanoid body habitus, with long and thin limbs and joint hyperlaxity.
(B) Hypertelorism, low-set ears, thick and prominent lips, and mandibular divergence. (C) Macroglosia and several verrucous tumors

on the tips and borders of the tongue.

cervical adenopathy was also identified. Total body
computerized axial tomography showed the
thyroid nodules and adenopathy, but it ruled out
other neoplasic localizations.

Based on the features described, we diagnosed
the patient with MEN 2B. The presence of MTC
with cervical lymphadenopathy was strongly sus-
pected, so after ruling out concomitant pheochro-
mocytoma, the patient underwent total thyroidec-
tomy with bilateral neck dissection.” The pathology
of the surgical specimens revealed multifocal MTC
with lymphovascular invasion and background C-
cell hyperplasia (stage IVa). On post-thyroidectomy
follow-up 3 months later, the patient had normal
calcium and PTH levels and no vocal cord dysfunc-
tion. However, although follow-up imaging did not
reveal residual disease, calcitonin levels remained
elevated at over 150 pg/mL, suggesting the possi-
bility of a less favorable prognosis.

DISCUSSION

The MEN 2B syndrome accounts for approximately
5% of all cases of MEN 27 and is characterized by
the onset of the MTC at an earlier age, pheochro-
mocytomas in 40-50% of patients, and develop-
mental abnormalities, including mucosal, skin,
muscle, skeletal, and ophthalmic, conferring a dis-
tinctive phenotype. It is caused by germline muta-
tions in the RET proto-oncogene, which encodes a
tyrosine kinase receptor necessary for growth
differentiation signals in tissues derived from the
neural crest. Most cases of MEN 2B are due to the
p-Met918Thr mutation in exon 16,1 which was
found in our patient. This mutation is associated

Axonal Neuropathy and MEN2b

with a high risk of aggressive MTC occurring at a
younger age, early lymphadenopathy and
development of mucocutaneous neuromas.™’

Physical examination played a crucial role in
our patient. A Marfanoid habitus, neurofibromas
and neck tumors raised the suspicion of MEN 2B
syndrome. These phenotypic abnormalities, which
usually develop at birth or around ages 1 to 2
years, are early diagnostic clues.'”'" Although fibu-
lar atrophy is a frequent finding in MEN 2B, few
cases have been reported with thorough ENMG ex-
amination, and there have been no extensive stud-
ies on the associated neuropathy. We believe that
in this patient the attention drawn by the neuro-
muscular symptoms since his preschool age, to-
gether with the fact that his mother had pes cavus,
led to extensive studies to rule out a form of CMT
while underscoring other features such as feeding
difficulties, early constipation, lack of tearing, and
developmental abnormalities.

No mutations were identified in 5 CMT genes in
this patient. Numerous genes have been associated
with hereditary polyneuropathy,12 and investigation
of additional ones is still ongoing. We cannot rule
out that another as yet unidentified mutation could
be responsible for the polyneuropathy in this
patient, and thus that both entities, MEN 2B and
CMT, coexist; the presence of consanguinity in the
patient’s family history may favor this hypothesis.

However, because neurophysiologic signs of
neuropathy were ruled out in the mother, and
there was no other family history of neuromuscular
disorders, we believe that the neuropathy in this
case is more likely part of the MEN 2B syndrome.
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Fibular atrophy, scoliosis, pes cavus, and axonal
neuropathy have been reported within the pheno-
typic spectrum caused by RET mutations, due to
alterations in mesodermal development."® Nerve
conduction abnormalities have been described in
MEN 2B patients,'* probably as a result of the vari-
able genotypic expressivity. Involvement of the au-
tonomic nervous system as well as somatic motor
and sensory neurons has been recognized, possibly
due to the presence of neuromas either macro-
scopically visible or not."* Pathologic involvement
of the posterior columns of the spinal cord, which
has been described in postmortem examination,'*
may explain the sensory manifestations.

In summary, this case emphasizes the need to
carefully look for the cardinal features of MEN 2B
in cases with early-onset peripheral axonal neurop-
athy, even if there is no family history of endocrine
tumors. MEN 2B is characterized by an aggressive
form of MTC, and early thyroidectomy is essential.
This patient had the most common p.Met918Thr
mutation and, as in over 50% of the cases,'® the
mutation arose de novo. Genetic confirmation of
MEN 2B is crucial for subsequent therapy and
follow-up, as well as for genetic counseling.

We thank the patient’s parents for providing authorization for the
publication of the disguised photographs and the genetic informa-
tion. This study was partially supported by a grant from the Consel-
leria de Innovacion, Xunta de Galicia (07CSA017228PR) and the
Instituto de Salud Carlos III and European Regional Development
Fund, FEDER (P1081449). The authors declare that no competing
financial interests exist.
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ABSTRACT: Introduction: Information related to the long-term
follow-up of neuropathy in patients with familial amyloid poly-
neuropathy after liver transplantation is still scarce. Methods:
We describe the neuropathic features of 3 patients with the
transthyretin Val30Met mutation. Each patient underwent liver
transplantation at an early stage of neuropathy, as indicated by
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the absence of motor dysfunction and relative preservation of my-
elinated fibers in sural nerve biopsy specimens. Results: Although
the patient with late-onset disease (at age 60 years) presented
with the least amount of amyloid deposition, he had neuropathic
progression after liver transplantation. An older early-onset (at age
40 years) patient reported a slight exacerbation of both somatic
and autonomic neuropathic symptoms 10 years after transplanta-
tion. However, the younger early-onset (at age 28 years) patient
did not exhibit characteristics suggestive of neuropathy 7 years af-
ter transplantation. Conclusion: Aging may determine the progres-
sion of neuropathy after liver transplantation.

Muscle Nerve 46: 964—-970, 2012

Familial amyloid polyneuropathy (FAP) is an
hereditary amyloidosis that is typically caused by a
mutation in transthyretin (77R).'™* Initially, FAP
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