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MULTIPLE ENDOCRINE NEOPL ASIA T YPE 2 

The term multiple endocrine neoplasia (MEN) encompasses several syndromes, each with its 

own characteristic pattern, involving tumors of endocrine glands, such as the pituitary, thyroid, 

parathyroid, adrenals, testis, and ovaries. MEN type 2 usually causes medullary thyroid cancer, 

which originates from the C cells that produce the hormone calcitonin. This hormone normally 

reduces calcium levels in the blood, opposing the action of the parathyroid hormone. Among the 

major symptoms of medullary thyroid cancer are diarrhea and flushing (skin-reddening) epi-

sodes, presumably caused by the overproduction of calcitonin. Familial medullary thyroid cancer 

is caused by mutations in the RET proto-oncogene on chromosome 10. This gene codes for a 

receptor tyrosine kinase protein which is involved in the regulation of cell growth and develop-

ment. Some mutations in the RET gene result in an overactive RET protein (see above figure) that 

likely triggers cells to grow and divide abnormally, leading to the formation of thyroid tumors. 

Such activating mutations of the RET mutations of the RET proto-oncogene are also responsible 

for the development of parathyroid tumors and medullary tumors of the adrenal glands. Interest-

ingly, mutations that inactivate the RET protein (see above picture) cause together with other 

genes an entirely different condition called Hirschsprung disease, which affects the nerves inner-

vating the colon.

MEN2 is an autosomal dominant inherited disease, meaning that any child of an affected parent 

has a 50% chance of inheriting a mutated copy of the RET proto-oncogene. Genetic testing makes 

it possible to identify children who carry the 

mutated gene; surgical removal of the thyroid 

in these children will be curative if the entire 

thyroid gland is removed at an early age, 

before a tumor has developed and spread. 

Surgery is also needed if any other endocrine 

gland becomes involved. 

BREAST CANCER

Only an estimated 10% of all breast cancer 

cases can be attributed to inherited genetic 

predispositions, primarily associated with 

mutations of the BRCA1 gene on chromo-

some 17 or the BRCA2 gene on chromosome 

13. Both of these genes encode proteins classified as tumor suppressors, meaning that they 

help prevent cells from growing and dividing too rapidly or in an uncontrolled way. Inherited 

breast cancer typically strikes earlier in life than its non-inherited counterpart and is more likely to 

involve both breasts. Furthermore, women with BRCA1 or BRCA2 mutations have a 60-80% life-

time chance of developing the disease and are at much greater risk of developing other types of 

malignant cancers, including ovarian and pancreatic. Members of families with a high incidence 

of early-onset breast cancer may have their DNA tested to determine whether they have inherited 

a BRCA1 or 2 mutation; if so, they may choose to be screened for breast cancer more frequently 

or even to undergo a prophylactic mastectomy—surgical removal of the breasts prior to the de-

tection of a tumor—which reduces the risk of breast cancer by 90%. 

In about 25% of breast cancer patients, expression of the HER2 (human epidermal growth 

factor receptor 2) gene on chromosome 17 is is strongly increased due to an unusual amplifica-

tion of the HER2 gene itself on the DNA level. A monoclonal antibody called Herceptin has been 

found very effective in counteracting the effects of the resulting increased amounts of HER2 pro-

tein in the cell membrane and thereby impeding cancer growth. Detection of the amplified HER2 

gene in breast cancer patients by fluorescence in situ hybridization mandates treatment with Her-

ceptin antibody. Although mutations in the BRCA1, BRCA2, and HER2 genes are currently the 

most well understood causes of breast cancer, more than ten additional genes have been linked 

to opportunities for improved management of breast cancer and patient survival rates.

Three dimensional ribbon model of RET proteinMutations that  inactivate the RET protein
do not cause a disease by themselves but
cause Hirschsprung disease together with
mutations in other genes. The mutant amino 
acid is indicated by its one letter code and its 
position within the protein. Each patient only 
carries one of the many mutations indicated.

Mutations that up-regulate the RET protein always
cause Multiple Endocrine Neoplasia Type 2 and are
responsible for  its dominant  pattern of inheritance. 
The mutant amino acid is indicated by its one letter code 
and its position within the protein. Each patient 
only carries one of the many mutations indicated.
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