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Rationale

Germline mutations in RET are found in most 
cases of MEN2a, MEN2b, and fMTC

Polymorphisms in RET (risk factors) have been 
argued to predict worse disease

Subsequent studies have produced conflicting 
results

How clinically significant are these 
polymorphisms?
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RET (re arranged during t ransfection )

Receptor tyrosine kinase

Gene has 53,283 base pairs (Entrez Nucleotide) ,

20 exons, processed length 3,345 base pairs (Nucleotide)

1130 or 1172 amino acids, 1 TM domain (UniProt )

Cysteine-rich extracellular domain (OMIM)

Activated by dimerization & binding to the GPI -
anchored complex formed by GDNF -family ligand
and GNDF-family receptor (Goldman, Recent Patents on Biotechnology, 2008)
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RET function

Involved in cell migration, especially neural crest, 
and cell cycle regulation Hirschsprungõs

Neoplasia
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RET structure

Entrez Structure; Knowles et al. JBC 2006

Phosphorylated 
Tyrosine Kinase 
Domain
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Multiple Endocrine Neoplasia

Autosomal dominant and highly penetrant

MEN2 is due to mutations in RET

ÅMEN2A pheo, hyperparathyroid and MTC

ÅMEN2B MTC, pheo, no#PTH, neuromatosis/ 
ganglioneuroma, marfinoid habitus

ÅFamilial MTC ~isolated MTC
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Multiple Endocrine Neoplasia

ÅMEN2A: usually mut in exons 10 (codons 609, 
611, 618, or 620) or 11 ( codons 630 or 634) 

ÅMEN2B Met to Thr mutation in exon 16 Ą 95% 
cases

ÅFamilial MTC:  similar genetics to MEN2a



Germline mutations in RET

Zbuk and Eng, Nature 
Reviews Cancer, 2007
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RET and MEN ðLocal Influences

Why pheo and #PTH infrequently develop in 
fMTC families is unknown ð
many fMTC and MEN2A families carry identical 
RET mutations

Because MEN2A and fMTC òbreed true,ó the 
difference in phenotype is likely due to very 
nearby genetic influences

This suggests the importance of neighboring 
nucleotides for determining phenotype

Mulligan et al., Nature Genetics, 1994
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Multiple Endocrine Neoplasia

Early diagnosis of MEN2a by screening has been 
shown to permit earlier surgical intervention and 
improved outcome Raue et al., Endocrinol Metab Clin North Am 1994

Does determination of a patientõs risk factor 
status also improve outcome?
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Risk factors ðthe third clarification:

At issue is the effect on familial cancers or 
cancer syndromes ð

For the most part.

Familial v. sporadic could be a murkier distinction 
than expected.



RET has many polymorphisms



SNPs in RET:  green synonymous, red not

352 SNPs as of 1/28/9 (SNP DB)

UCSC 

Genome 

Browser



Several polymorphisms have been 
postulated to be risk factors

Some of the most discussed in the literature:

G691S 

L769L 

S836S

S904S

As well as some intronic sequences



Population data for some RET risk factor 
polymorphisms



Polymorphism G691S ðfairly consistent 
across populations (rs1799939)

SNP 
DB



Polymorphism c.2608 -24g>a ðalso similar 
across ethnic groups (rs2472737)

SNP 
DB



Polymorphism L769L ðdistributions show 
more range across ethnicities (rs1800861)

SNP 
DB



Polymorphism S836S ðno freq. data (rs1800862)

Polymorphism S904S ðone sampled population 
shows a very different distribution (rs1800863;óRsaIó)

SNP 
DB



Closer examination of the distribution of 
S904S (Rsa1) shows great range among 
ethnicities

ALFRED

Surui

Biaka



Risk factor frequencies in various populations

Leseuer et al., J Med Genetics, 2002



Evidence for the importance of the risk 
factor polymorphisms



Elisei et al., J Clin Endocrinology Metabolism 2004

G691S is significantly different in MTC 
v. controls (Italian populations)



G691S analysis in PTC tumor samples from 
post -Chernobyl Ukraine:  

Younger patients are more likely to have the risk 
factor, suggesting it really is a risk factor

Patient age <15 y/o 15-30 y/o >30 y/o

SNP freq 0.77 0.78 0.57

Stephens et al., Thyroid, 2005



Germline RET S836S variant is 
associated with a two - to three -fold 
increased risk of sporadic MTC in the 
Spanish population

Ruiz et al., Clinical Endocrinology, 2001



Earlier onset of symptoms with risk factors:

In 35 Spanish MEN 2A families (104 subjects with 
RET oncogenic mutation, 94 unaffected), 
homozygotes for two risk factor polymorphisms 
tended to show earlier onset of symptoms.  

Robledo et al., Cancer Research 2003


