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Abstract

Mu.upie endocrine neoplasia type 2A (MEN 2A) is an autosomal dominant disorder charac-
terized by medullary thyroid carcinoma, pheochromocytoma and primary hyperparathyroidism. The
first tumor is usually a medullary thyroid carcinoma. MEN 2A is caused by mutations in the RET
proto-oncogene. The detection of mutations in the gene has important diagnostic and therapeutic
impacts. Genetic testing of at-risk family members allows one to identify individuals carrying the mutant
alleles with very high specificity and sensitivity. Subsequently, total thyroidectomy, recommended at 5
years of age, can be performed in a prophylactic attempt.

The authors performed a molecular analysis to identify a mutation in a Thai woman with MEN
2A. She was found to be heterozygous for 1900T>C (C634R). The patient had tvo daughters who were
not found to carry the mutation.

The newly available genetic test for patients with MEN 2A in Thailand makes possible accurate
DNA-based diagnosis of their at-risk family members before development of the disease, which has
important therapeutic impacts for them.
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Multiple endocrine neoplasia (MEN) is a
hereditary cancer syndrome characterized by the
occurrence of tumors involving two or more endo-
crine glands within a single patient. Two major forms
of MEN are recognized and referred to as type 1
(MENT1) and type 2 (MEN2A and MEN2B)(1). MEN
2A is an autosomal dominant disorder characterized
by medullary thyroid carcinoma, pheochromocytoma
and primary hyperparathyroidism (OMIM no. 171400).
Patients have been reported worldwide including Asia
(2-4) and Thailand(3,6), Germ-line mutations of the
RET proto-oncogene have been identified as the
underlying cause of the disorder(7). The gene was
mapped to chromosome 10g11.2, has 21 exons, and
encodes a receptor tyrosine kinase that is expressed
in derivatives of neural crest cells. A molecular diag-
nosis of patients with MEN 2A makes DNA testing
of at -risk family members available. It, unlike bio-
chemical tests, permits the unambiguous identifica-
tion of MEN 2A gene carriers(8). The identification
of a mutation has important implications for clinical
management, including lifesaving prophylactic treat-
ment. The authors performed a molecular genetic test
to identify a mutation in RET in a Thai woman with
MEN 2A. This is the first published genetic analysis
of MEN 2A in Thailand.

MATERIAL AND METHOD
Case report

A 42-year-old Thai woman was referred
to the King Chulalongkorn Memorial Hospital for
management of congestive heart failure, uncontrolled
hypertension, severe hyperglycemia and bilateral
adrenal masses. Details of the patient was previously
published(3). In summary, she was found to have
bilateral pheochromocytoma, (Fig. 3) primary hyper-
parathyroidism and medullary thyroid carcinoma. She
underwent bilateral adrenalectomy and subsequently,
total thyroidectomy and parathyroidectomy. Her 24-
hour urinary metanephrines post-operatively returned
to normal range. Her blood pressure and giucose level
have been under control with minimal medications.
She has two daughters, aged 13 and 6 years.

Mutation analysis

After informed consent was obtained, DNA
was extracted from the patient and her two daugthers
by a standard method. RET exon 11 was polymerase
chain reaction (PCR) amplified using 4 pl of gDNA,
1XPCR buffer (Promega, Wisconsin, USA), 1.5 mM
MgCl5, 200 uM dNTPs, 0.25 uM of each primer, and
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0.4 U Taq DNA polymerase in a total volume of 20
ul. The primer sequences were 5’- GCCATGAGGC
AGAGCATA-3’ (RET11F) and 5 TGGGGAGGCCA
GGGGATCTT-3’ (RET11R), yielding a 384-bp pro-
duct. An initial denaturation step of 94°C for 5 min
was followed by 40 PCR cycles, each with a denatu-
ration step of 94°C for 45 s, an annealing of 60°C for
45 5, and an extension of 72°C for 45 s. Ampiification
cycles were followed by an elongation step of i
for 10 min.

PCR products were cloned using pGEM®-T
Easy Vector System I (Promega, Wisconsin, USA),
according to the manufacturer’s recommendations.
The PCR products and two plasmid inserts were then
sent for sequencing at the National Science and Tech-
nology Deveiopment Agency, Bangkok, Thailand.

The mutation was confirmed by cleavage of
the PCR product with Hha I restriction endonuclease
(New England BioLabs, Beverly, MA, USA). Twelve
ul of PCR product was incubated with the enzyme for
16 h at 37°C.

RESULTS

A heternzygous T>C transition at nucleotide
1900 was identified in RET exon 11 of the patient from
direct sequencing of the PCR product. One of the

v

GACGARG CTGCGCCGCACG G

Fig. 1.  The sense sequence electropherograms of the
plasmid insert of the proband. The arrow
head indicates the substitution of a C for the

normal T.
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Fig. 2.

Restriction enzyme detection of the C634R mutation in MEN 2A. Lanes 1 and 11 represents a marker

(M). Lane 2 serves as a negative control (-ve). Lanes 3 and 4 were of a normal control (C); lanes 5 and 6
the proband’s elder daughter (D1); lanes 7 and 8 the proband; lanes 9 and 10 the proband’s younger
daughter (D2). Lanes 3, 5, 7, and 9 were PCR products without adding restriction enzymes (N) and
only the undigested 384 bp bands were presented. Lanes 4, 6, 8, and 10 were PCR products mixed with
restriction endonuclease enzyme Hha I (E). The new smaller band in lane 8 demonstrates that the pro-

band is heterozygous for the 1900T>C mutation.

131} MIBG shows abnormal accumulation
of tracer at both adrenal glands, more on the
right side (thin arrows).

Fig. 3A.

clones showed the mutated sequence (Fig. 1), while
the other was normal (data not shown). Restriction
enzyme digestion of the patient and her two daughters
revealed the pattern of mutation only in the proband
(Fig. 2). The mutation is expected to result in sub-
sequent substitution of an arginine for the normal
cysteine at codon 634 (C634R).

Fig. 3B. -MRI demonstrates well-marginated mixed
solid and partly cystic bilateral adrenal
masses measuring 10 x 5x 5.5cm and 6 x 4 x
3 cm right and left adrenal respectively (thick
arrows).

DISCUSSION

The presented patient had medullary thyroid
carcinoma, pheochromocytoma and primary hyper-
parathyroidism, which are typical manifestations of
MEN 2A. She was previously described but not
molecularly characterized(3). No mutation analysis
was performed either in the other reported Thai patient



Vol. 86 Suppl 2

with MEN 2A(6),

MEN 2A is transmitted in an autosomal
dominant manner with virtually 100 per cent pene-
trance (9). The first tumor is usually medullary thyroid
carcinoma, which may occur very early inlife(10), Its
only potentially curative treatment is surgical removal
of all thyroid tissue, a goal not commonly achieved
in patients with clinically manifest carcinoma. The
detection of mutations in the RET gene has important
diagnostic and therapeutic impacts. Genetic testing
of family members at risk allows one to identify indi-
viduals carrying mutant alleles with very high specifi-
city and sensitivity(11), Subsequently, total thyroidec-
tomy can be performed in a prophylactic attempt.
Currently, the procedure is recommended at 5 years
of age(12,13), Individuals who carry the mutation are
also subjected to clinical and laboratory surveillance
for pheochromocytoma and primary hyperparathy-
roidism.

The authors developed a DNA test to iden-
tify a mutation in a Thai woman with MEN 2A. She
was found to be heterozygous for 1900T>C {C634R).
The C634R mutation is one of the most frequent
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changes found in patients with MEN 2A(14) It is a
gain-of function mutation(13). In addition, it is asso-
ciated with the earliest development of the thyroid
carcinoma compared to mutations at codons 618,
620, and 804(16). The presented patient has two
daughters. If either of them carried the mutation, total
thyroidectomy would have been recommended. Fortu-
nately, only normal sequence was found after their
blood samples were tested for the mutation.

In summary, the authors developed a genetic
test for patients with MEN 2A in Thailand, making
accurate DNA-based diagnosis of their at-risk family
members possible before development of the disease.
Identification of individuals carrying mutant alleles
has an important therapeutic impact.
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mInmevugeila C634R Tuiud RET lundgalnediudlu Multiple endocrine
neoplasia type 2A

a3y gunsledsu, wu?,
Ay Augitang mute, 23Fna  lvAaadng, wu**

Multiple endocrine neoplasia type 2A (MEN 2A) whilsaimevaswurAuasauvusalalen fanvus
#AQYAD medullary thyroid carcinoma, pheochromocytoma Waz primary hyperparathyroidism lasuzSeriinfiin
Funau sinulu medullary thyroid carcinoma TsAilasnmInaevwugluiud RET mIanamsnaewugivssloen
nilumumsitsdouazmiinm IBmnanannioleidsdogiimanmewuglanmauni Fefwunfimanaeug
anlasuuusininannaslnsasaopniemuanauang 5 1 tioUpeiumsdin medullary thyroid carcinoma

AnzgIslaNaMIBMmIAnsINmMInmenugiughevddnenevieidy MEN 2A uaswumisihe
fimsnauWugyin heterozygous 1900T>C (C634R) Tasymsameanaasgihelasimananewugaina

maRRnNMIATIINMINAeWuguIud RET @miugias MEN 2A Tudsaindlng ylwaunsaleisms
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