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Different forms of medullary thyroid cancer 

Elisei R 2008 Best Pract Res Clin Endocrinol Metab 22: 941–953 

5th-6th decade of life 

within 3rd decade of life 

EFE 2013 

Familial MTC: genetics and risk stratification 
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Familial MTC: genetics and risk stratification 

RET (REarranged during Transfection) protooncogene 

Long arm of chromosome 10 
(10q11.2) 

•  familial medullary thyroid cancer (FMTC) 
•  pheochromocytoma  
•  parathyroid hyperplasia/adenomas 

multiple endocrine neoplasia type 2 (MEN 2) 

susceptibility gene for 
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RET  transmembrane receptor 

extracellular domain 

transmembrane domain 

tyrosine kinase domain 

EFE 2013 

Familial MTC: genetics and risk stratification 
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In the presence of GDNF the receptor complex is activated  

autofosforilation 
 signal transduction pathway activation 

Familial MTC: genetics and risk stratification 
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constitutive supraphysiological 
activation of the RET receptor 

tyrosine kinase 

RET mutations 

cell hyperstimulation 

parathyroid chief cells 

thyroid C cells 
adrenal medullary cells 

Familial MTC: genetics and risk stratification 
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‘Gain-of-function’ mutations 

cysteine-rich extracellular domains  

Machens et al. 2009 J Intern Med 266: 114 

ligand-independent dimerization and 
cross-phosphorylation of mutant RET 
receptor proteins 

loss of a cysteine residue 
irrespective of the amino acid 
substituting for cysteine  

addition of one more 
cysteine residue in 
codons 533, 606 or 631 

High transforming ability 

Familial MTC: genetics and risk stratification 
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‘Gain-of-function’ mutations 

Very high  
transforming ability 

intracellular tyrosine kinase domain 
codons 768, 790, 791, 804 and 891 

facilitate the access of 
ATP to its binding site 

intracellular catalytic core  
codon 918 

preferential binding of 
intracellular substrate 

EFE 2013 

Familial MTC: genetics and risk stratification 

Mutations in the intracellular kinase domain cause 
RET autophosphorylation, independently of 

dimerization and of the ligand 
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GENOTYPE-PHENOTYPE CORRELATION 

EFE 2013 

Familial MTC: genetics and risk stratification 

Mutations in codons  
609, 611, 618, 620 (exon 10) 
co-segregate with  
Hirshprung Disease and  
MEN2 syndromes  

Mulligan et al. 1994 Hum Mol Genetics 3:2163 
Mulligan et al. 1994 Nat Genetics 6: 70 
Romeo et al. 1998 J  Int Med 243: 515 
Sijmons et al. 1998 Gut 43: 542 
Nishikawa et al. 2003 Eur J Hum Genetics 11:364 
Pasini et al. 2002 Surgery 131: 373 
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J Clin Res Pediatr En docrinol 2013;5(Suppl 1):70-78 EFE 2013 

RET mutations 

Familial MTC: genetics and risk stratification 
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Machens et al Eur J Endocrinol 2013;168: 307–314 

Familial MTC: genetics and risk stratification 
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J Clin Res Pediatr En docrinol 2013;5(Suppl 1):70-78 

Risk associated to RET mutations 

Familial MTC: genetics and risk stratification 
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Machens et al. 2009 J Intern Med 266: 114 

Cost-effective identification of affected family members 
Gilchrist et al. Clin Genet 2004; 66: 349–53 

legal and ethical importance 
indicating the need for prophylactic 
thyroidectomy 

gold standard of care 
Rosenthal et al  Thyroid 2005; 15: 140–5 EFE 2013 

Familial MTC: genetics and risk stratification 
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Hereditary MTC Prospective family screening 

Elisei et al. 2007 J Clin Endocrinol Metab 92:4725-9 
Castellone et al. 2008 Endocrinol Metab Clin North Am  37:363-74, viii 

Germline RET mutations 

95% of MEN2A kindreds 

88% of FMTC kindreds 

>95% of MEN 2B kindreds (codon 918) 

Hirshprung disease 
Lichen amyloidosis 

EFE 2013 

Familial MTC: genetics and risk stratification 
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Hereditary MTC 

6-7% of “sporadic” MTC carry a germline RET mutation 

RET genetic testing should be encouraged 
in all newly diagnosed MTC patients 

Wohllk et al. 1996 J Clin Endocrinol Metab 81: 3740-3745 Elisei et al. 2007 J Clin Endocrinol Metab 92:4725-9 

The National Comprehensive Cancer Network 
Clinical Practice Guidelines in Oncology 

2009 

biochemical screening 
for MEN2 

hyperparathyroidims pheochromocytoma 
EFE 2013 

Familial MTC: genetics and risk stratification 
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How is genetic analysis performed? 

1.  Patient referral for MTC or family history of MTC 
2.  History – evaluate family history  
3.  Clinical examination 
4.  Informed consent signature 
5.  Blood withdrawal (no fasting needed) 
6.  Sample sent to the Lab 

EFE 2013 

Familial MTC: genetics and risk stratification 
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GENOMIC DNA  
DIRECT SEQUENCING 

amplificazione del DNA 

purification 

DNA 
isolation 

Sequencing reaction 

denaturation 
Capillary electrophoresis 

purification 

EFE 2013 

Familial MTC: genetics and risk stratification 
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Electropherogram analysis 
 by a Technician 
 by the Physician in charge 

DIAGNOSIS 

Comparison with the normal sequence 
  any SNP? 

EFE 2013 

Familial MTC: genetics and risk stratification 
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Genetic screening in proband and in  
first degree relatives is fundamental 

High likelihood of developing MTC 
during lifespan 

follow up 
consider prophylactic thyroidectomy 

EFE 2013 

Familial MTC: genetics and risk stratification 
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Sporadic MTC 

40-50% of sporadic MTC display somatic RET mutations 
Romei et al. 1996 J Clin Endocrinol Metab 81:1619–1622   Zedenius et al. 1995 J Clin Endocrinol Metab 80:3088–3090 
Schilling et al. 2001 Int J Cancer 95:62–66    Zedenius et al. 1998 Cancer Detect Prev 22:544–548 

Somatic RET mutations correlate with  
•  presence of lymph node metastases at 

diagnosis 
•  worse outcome 
•  disease persistence after surgery 
•  lower survival rate  

Elisei et al. 2008 J Clin Endocrinol Metab 93:682-7 

bad prognostic factor 

EFE 2013 

Familial MTC: genetics and risk stratification 
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RET mutation analysis is a fundamental step in 
the diagnostic work-up in  

medullary thyroid carcinoma patients 

EFE 2013 

Familial MTC: genetics and risk stratification 
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Ettore degli Uberti 

THANK YOU! 


