Multiple endocrine neoplasia type 2 and RET oncogene    
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Case Report

王X倫,      ,39 y/o F, was relative well in the past, denied Phx/Fhx of hypertension, she suffered from headache, sweating, palpitation off and on 2-3 months prior to admission. Bilateral adrenal tumors with elevation of urine VMA level and positive MIBG scintigraphy was noted at 慈濟大林醫院 and referred to GU for surgical treatment under the impression of bilateral pheochromocytoma.
90/11/01 Abd MRI: presence of well -defined nodular lesion in bilateral adrenal

regions. (Rt 4cm, Lt 3cm in diameter) 

90/11/07 Sella MRI: negative

        Thyroid echogram: a hypoechoic lesion, 3.8 x 1.7 cm, in right lobe of thyroid gland, with possible microcalcification; a 0. 7 cm similar lesion, in left lobe.  

90/11/07 Bilateral subtotal adrenalectomy laparoscopically

90/11/13 cortisol am 4.1 ug/dL; pm 4.7 ug/dL; ACTH 16.1 pg/mL

        aldosterone 74.1 pg/mL; PRA 7.0 ng/mL/hr

calcitonin 199 pg/mL (<100); Ca/P normal 

90/12/18 cortisol am 16.8 ug/dL; pm 4.9 ug/dL; ACTH 54.6 pg/mL

90/12/13 Patho(慈濟): Frozen section, right thyroidctomy, medullary carcinoma    

91/01/30 calcitonin 39.2 pg/mL; T4 2.9 ug/dL, TSH 72.723 uIU/dL

91/02/25 thyroglobulin: 0.65 ng/mL (0.5-55)

Family members hesitated to take the genetic screening which currently available  

- Multiple endocrine neoplasias are a group of disorders characterized by neoplastic proliferation affects tissues derived from neural ectoderm. 3 autosmal dominat, but genetically distinct MEN disorders are MEN1 (Wermer's syndrome) MEN2A (Sipple syndrome) and MEN 2B (formerly MEN III)

＊MEN1, also referred to as "multiple endocrine adenomatosis" (MEA), was initially described in 1903 by Erdheim. In 1954, Werner discussed the autosomal dominant mode of inheritance for MEN1. In MEN1, most tumors affect the parathyroids (95%), endocrine pancreas (40%) anterior pituitary (30%), adrenal glands, as well as neuroendocrine carcinoid tumours.

· Mapping of MEN1 to chromosone 11 was established by demonstrating linkage to the PYGM locus at 11q13, caused by mutaions in menin gene. (10 exon and 610 amino acids) The MEN1 gene appears to be a tumor suppressor gene (TSG), because loss of heterozygosity (LOH) can be demonstrated in 50-60% of neoplastic parathyroid and/or pancreatic tissue from MEN1 cases. 

· Currently, molecular testing via linkage analysis is available for those families in which the diagnosis of MEN1 has been established. The 5th International Workshop on MEN has recommended a panel of Southern blot and PCR-based markers, which for most families allows for predictive analysis with accuracies of greater than 99%.  Correlation of genotype/phenotype ? 

＊MEN2, an autosomal dominant hereditary cancer syndrome occurs in 1 of 3 well-defined phenotypes, all characterized by the presence of MTC. 

· MEN 2A (most common MEN2), MTC (medullary thyroid carcinoma) occurs in association with pheochromocytoma (50%) and less commonly with hyperparathyroidism (15-30%).

· Familial MTC (FMTC), MTC occurs alone. 

· MEN 2B (5% of MEN2), the most aggressive MEN2 subtype with a median age of onset 10 yrs earlier than seen in MEN2A, the features of MEN 2A occur with the addition of mucosal neuromas, a marfanoid habitus, corneal neuromas, and ganglioneuromatosis of GI tract, Hyperparathyroidism is uncommon in MEN 2B. 

· Rarely, may co-occur with Hirschsprung's disease (lack of innervation of variable lengths of the gut, 1/5000 neonates, share the same RET mutation with MEN2)

Genetics of MEN2 

- Inherited in an autosomal dominant fashion, unlike other cancer syndromes, which are associated with inactivation of tumor suppressor genes, each of MEN2 subtypes arises as a result of activating mutation of the RET (REarranged during Transfection) proto-oncogen,

- In 1988, linkage analysis was used to map MEN2A to the centromeric region of chromosome 10. FMTC and MEN 2B were subsequently mapped to this same region. -The RET proto-oncogene, located at the pericentromeric region of chromosome 10 at 10q11.2, encodes a tyrosine kinase-like cell surface receptor and, when activated, behaves like a dominant oncogene.

- RET encodes a receptor tyrosine kinase expressed primarily in neural crest and urogenital precursor cells. It is a developmentally important gene, required for renal organogenesis and enteric nervous system neurogenesis.

- RET: extracellular / transmembrance / cytoplasmic domains. 

- The extracellular sequences include regions with the cadherin family of cell adhesion molecules and a large cysteine rich region. The intracellular tyrosine kinase domain functions in phosphorylation of key tyrosine residues involved in interaction with downstream targets and activation of signaling pathways. 

- Under normal condition, the RET receptor is activated through a multi-component complex involving members of 2 distinct groups of proteins: a soluble ligand of the glial cell line derived neruotrophic factor (GDNF) family, and a cell surface found co-receptor of the GDNF family receptors a (GFRa) protein family. 

- The GDNF proteins are members of the TGF-b subfamily and have been shown to act as potent neuronal survial factors. 4 members of this family have been identified to date, including GDNE, neurturin (NTN), persephin (PSP), and artemin (ART).

- In 1993, Nature.1993:363(6428):458-60, missense mutations of the RET proto- oncogene in 20 of 23 apparently distinct MEN 2A families were identified, but not in 23 normal controls. All mutations occurred within codons specifying cysteine residues in the transition point between the RET protein extracellular and transmembrane domains.

-Germline point mutations in RET were identified that segregated with the disease phenotype in MEN 2 and FMTC families. About 98% of MEN 2A and 88% of FMTC families have germline missense point mutations in the cysteine codons of the extracellular and transmembrane domains of the RET receptor molecule (encoded by exons 10 and 11). 

- A single missense mutation in the intracellular tyrosine kinase domain, in codon 918 in exon 16, occurs in 95% of patients with MEN 2B. 

- Single base pair substitutions in on of 5 codons, 609,611,618,620 (exon 10) or 634 (exon 11), was found in >98% of MEN 2A families. In each case, these changes result in replacement of a critical cysteine residue by any of several amino acids. 

- Approximately 87% of MEN 2A mutation affect codon 634, a cysteine to arginine chage (C634R) found in more than 50% of cases  

- Rarely, duplication/insertion mutations in exon 11 have been observe in MEN 2A, resulting in the insertion of 3 or 4 amino acids within the cysteine rich domain. 

- Unlike MEN 2A, FMTC mutations are relatively evenly distributed among codons 618,620 and 634.  

- There are strong correlations of MEN 2 disease phenotype and specific RET sequence changes. The genotype/phenotype associations in MEN 2 reflect differences in behavior and function among the mutant RET isoforms. 

- RET mutations in sporadic tumors: > 75% of MTC cases have no associated family history. However, large population studies shown 3-7% of these cases represent occult or de novo MEN 2 cases gremlin RET mutation. Approximately 23 to 70% of true sporadic MTC have been shown to harbor somatically occurring RET mutations.

- RET downstream signalling 

Dimerisation of RET receptor, adaptor proteins containing SH2 domains recognize amino acid sequences surrounding these phosphorylated residues and target these sites specifically. Interactions identified to date includie GRB7 and 10, RAS-MAP kinase cascade, activation of phospho-inositol 3(PI3) kinase…

Clinical Screening As Compared With DNA Analysis In Families With MEN 2A      NEJM 1994;331(13):828-835

Methods: Starting in 1975, 300 subjects in 4 large families with MEN-2A were screened for expression of the disease, using measurements of plasma calcitonin after stimulation with pentagastrin or calcium and urinary excretion of catecholamines and catecholamine metabolites. Testing for carrier status by DNA analysis, including linkage analysis, and by analysis of mutations in the RET gene. 

Results: Of 80 MEN2A gene carriers (in 61 of whom carrier status was proved by DNA analysis), 66 had abnormal plasma calcitonin values and medullary thyroid carcinoma. 14 young carriers had normal results of plasma calcitonin tests. In 8 of these 14, thyroidectomy revealed small foci of medullary thyroid carcinoma; the remaining 6 have not yet been operated on. Of the other 220 family members, 68 were found by DNA analysis not to carry the MEN2A gene. None of these 68 subjects had medullary thyroid carcinoma or pheochromocytoma; 6 had elevated plasma calcitonin concentrations and underwent thyroidectomy but had only C-cell hyperplasia. 

Conclusions: Unlike biochemical tests, DNA analysis permits the unambiguous identification of MEN 2A gene carriers.

	

	


Discussion:
- DNA analysis for the detection of mutations in the RET gene was a highly reliable method for the identification of subjects with MEN-2A. There have been no false positive results so far. This fact indicates a very high specificity and suggests that therapeutic decisions can be based on the results of DNA analysis, even in asymptomatic family members with negative biochemical tests for C-cell hyperplasia. - The sensitivity of DNA analysis also appears high. There were no false negative test results (i.e., proved medullary thyroid carcinomas or other manifestations of MEN-2A without MEN2A-specific RET mutations). 

- These results make the test very useful as a means of excluding the possibility of genetic susceptibility to the development of the MEN-2A syndrome and therefore of assuring unaffected family members that further screening with biochemical or imaging tests can safely be abandoned. 

- The use of DNA analysis reveals the limitations of the plasma calcitonin stimulation test. DNA analysis can identify patients who have medullary thyroid carcinoma but who do not have positive stimulation-test results. 

- Because of the high penetrance of medullary thyroid carcinoma in families with MEN-2A, it could be argued that total thyroidectomy at a very young age is indicated. However, the risk of complications of surgery (i.e., recurrent nerve paralysis and hypoparathyroidism) in young children in these families is probably not counterbalanced by the gain that accrues from the prevention of MTC. 

- In general it still seems justified to postpone surgery until the results of the stimulation test become positive or until the age of 12 to 13 years. 

- As compared with biochemical testing, DNA analysis is a superior method of identifying subjects at risk for the components of the MEN-2A syndrome. 

- The identification of gene carriers by this means should allow earlier identification of subjects at risk. Conversely, the identification of persons in affected families who are not gene carriers will spare them the need for periodic screening and the anxiety that attends the knowledge that they are at risk. 
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下列有關多發性內分泌腫瘤 (MEN)之敘述何者為誤？ (八十九年度內專)
A. MENⅠ第一型基因突變在染色體11q13
B. MENⅠ基因 encode 之蛋白為 menin 具有腫瘤抑制作用
C. MENⅡ基因突變在10q11.2是c-ret proto-oncogene
D. MEN ⅡA基因突變在細胞外受體部分以codon 6 突變最多
E. MEN ⅡB基因突變在細胞內tyrosine kinase 部份以 codon 918突變最多，一般預後較好
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