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Patients with MEN2B also have mucosal neuromas, 
intestinal ganglioneuromas and a marfanoid habitus 
with skeletal deformations and joint laxity but without 
the vascular and ophthalmologic abnormalities. They 
often do not have a family history of the disease and 
harbour a de novo mutation.

FMTC Syndrome

Familial MTC (FMTC) is the mildest variant of 
MEN2. It has been diagnosed more frequently in 
recent years (35-40% of all cases).3-5 In patients with 
FMTC, there is a strong predisposition to develop 
MTC with a very low incidence of the other clinical 
manifestations of MEN2A. The diagnosis of FMTC 
can only be considered when four or more family mem-
bers across a wide range of ages have isolated MTC. 
The clinical course of MTC in FMTC in general is 
more benign than for individuals with MEN2A and 
MEN2B and typically has a late onset or no clini-
cally manifest disease. The prognosis for FMTC is 
relatively good; however, aggressive MTC tumours 
and even death due to MTC have been reported in 
cases harbouring codon 804 mutations. A family 
history is often inadequate in establishing diagnosis 
of familial disease, a more thorough evaluation by 
genetic and biochemical screening often revealing a 
family history of MTC in patients originally thought 
to have the sporadic form of the disease.

RET proto-oncogene: structure, 
functIon and MutatIons

The RET gene has 21 exons and encodes a tyrosine 
kinase receptor that appears to transduce growth 
and differentiation signals in several developing tis-
sues including those derived from the neural crest. 
The protein consists of an extracellular part with a 
ligand-binding domain, a cadherin (Ca2+-depend-
ent cell adhesion)-like domain and a cysteine-rich 
domain close to the cell membrane. It has a single 
transmembrane domain and an intracellular part 
with two tyrosine kinase subdomains, TK1 and TK2. 
The RET protein is activated upon ligand-induced 
dimerization.6 RET is expressed in neuroendocrine 
cells such as C-cells, the precursors of MTC, and in 
pheochromocytomas. Hereditary MTC is caused by 
autosomal dominant gain-of-function mutations in 
the RET proto-oncogene.

tion. The three subtypes of MEN2 differ with respect 
to incidence, genetics, age of onset, association with 
other diseases, aggressiveness of MTC and progno-
sis.1,2

Men2a syndroMe

MEN2A syndrome is the most common form and is 
characterized by MTC in combination with pheochro-
mocytoma and/or multiple tumours of the parathyroid 
glands in a single patient, or the presence of two or 
more tumour types in multiple members of a single 
family.2 Among patients with MEN2A, the frequency 
of MTC is over 90%, of pheochromocytoma 40-50%, 
and of multiple parathyroid gland hyperplasia or a 
single adenoma 10-20%. MTC is generally the first 
manifestation of MEN2A and develops between the 
ages of 5 to 25 years. Some rare variants of MEN2A 
exist, including MEN2A associated with cutaneous 
lichen amyloidosis, and FMTC (or MEN2A) with 
Hirschsprung’s disease.

MEN2B Syndrome

MEN2B syndrome is the least common but the 
most aggressive form of MEN2 (5-10% of all cases). 
It consists of MTC, pheochromocytoma, without hy-
perparathyroidism, and visible physical stigmata like 
bumpy lips and tongue (neuromas) and a marfanoid 
habitus. Patients with MEN2B typically experience 
disease onset in the first year of life and have a more 
aggressive form of MTC with higher morbidity and 
mortality rates compared with patients with MEN2A. 

Table 1. Clinical Classification of MEN2 and occurrence of Med-
ullary Thyroid Carcinoma (MTC), associated tumours and other 
diseases

Subtype Percent(%) 
of total 
cases

MTC 
%

PHEo 
%

HPT 
%

Associated  
diseases

MEN2A 56 100 50 25 Cutaneous lichen 
amyloidosis, 

Hirschsprung’s 
disease

MEN2B 9 100 50 Ganglioneuro-
matosis, marfa-

noid habitus

FMTC 35 95 Very rare

PHEO: pheochromocytoma, HPT: hyperparathyroidism, 




