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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 transfection )

Receptor tyrosine kinase

Gene has 53,283 base pairs ez nuceotie)

20 exons, processed length 3,345 base pairs  nuceoiae
1130 or 1172 amino acids, 1 TM domain wnert)
Cysteine-rich extracellular domain  ©oum

Activated by dimerization & binding to the GPI -
anchored complex formed by GDNF -family ligand
aﬂd G N D F' fam | Iy reCe ptOI’ (Goldman, Recent Patents on Biotechnology, 2008)
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RET function

Involved in cell migration, especially neural crest,
and cell cycle regulation Hi rschsprur

Neoplasia
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RET Is expressed In many tissues

chril: 1 42000000 42905000 : 4202 . ac 42840000 42845000

0.5 cM/Mb (Avg)

Affyrnetric All Exe ips - Amays iE:I By Tiis.ue Madian

c=rebellum

-
Ti
w
—

Kidney

UCSC genome browser



RET structure

Phosphorylated
4 .+ Tyrosine Kinase

Entrez Structure; Knowles et al. IBC 2006
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Multiple Endocrine Neoplasia

Autosomal dominant and highly penetrant

MENZ2 is due to mutations in  RET

AMEN2A pheo, hyperparath:’

AMEN2B MT Cpo# ;P meyromatosis/
ganglioneuroma, marfinoid habitus

AFamilial MTC ~isol ated
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Multiple Endocrine Neoplasia

AMEN2A: wmstinaiohsy0 (codons 609,
611, 618, or 620) or 11 ( codons 630 or 634)

AMEN2B MEht mutaton in exon 16 A 95%
cases

AFamilial MTC: similar ¢



Germline mutations in RET

609 Fen
618 i 620

Cysteine-rich

Cell membrane

lyresine kinase —
domain

Tyrcsine kinase —-
domain

[ MEN 2A/FMTC | IMEN 28

Nature Reviews | Cancer

Zbuk and Eng, Nature
Reviews Cancer, 2007
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RETand MEN 0 Local Influences

Why pheo and # PTH infrequently develop In
fMTC families is unknown o

many fMTC and MENZ2A families carry identical
RET mutations

Because MEN2A and fMTC obr eed tr ue,
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 MENZ2a 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 ¢
status also improve outcome?
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Risk factors 0o the third clarification:

At issue Is the effect on  familial cancers or
cancer syndromes 0

For the most part.

Familial v. sporadic could be a murkier distinction
than expected.
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SNPs in RET. green synonymous, red not
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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 RETrisk factor
polymorphisms



Polymorphism G691S d fairly consistent
across populations (si799939)

'; Reference SNP{refSNP} Cluster Report: rs1799939 - Microsoft Internet Explorer provided b

File Edit “iew Favorites Tools Help
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Address Iéﬂ hittpe f feena nchi. nim. nib . gowfSKPsnp_ref, cgitrs=1799939

Sample Ascertaimment Genotype Detail new Alleles

ss# Population il 1{'1]1‘01“: Source AA AG GIG Hwp A G
Group Sample Cut. — —

5512675603 1 204 GF 0039 0275 0686 0655 0177 0523

CATIC oy GF 0065 0194 0741 0150 0162 0338

AFE1 43 GF 0042 0838 1000 0021 0979

HIZF1 46 aF 0087 0322 0391 0479 0348 0652

PACI 48 GF 0375 0625 0273 0188 0512

5520634013 CHMT Asian 74 Iiz 0108 0392
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Polymorphism ¢.2608 -24g>a 0 also similar
across ethnic groups (rs2472737)

’3 Reference SNP(refSNP) Cluster Report: rs24 72737 - Microsoft Internet Explorer provide:

File Edit View Favorites Tools  Help

OBack -~ s i| ﬂ ; . Search 5. Favorites = g ;-i'i :‘&

Address |\g hktp: f i, nichi. nlm . ik gov  SMPfsnp_ref . cqitrs=2472737 j a Go | Links *

Sample Ascertanunent Genotype Detail Hew Alleles -

s5# Population Im]'wl[lual . Clu‘um: Source AA AG GG HWP A G
Group Sample Cnt. — —

5524542408 AFD EUR PAMNEL European 48 IG 0042 0375 0583 1000 0229 0771

AFD AFE PAMEL African American 46 LE) 0043 0261 069 0752 0174 0826

AFD CHI PAIEL Asian 43 1G 0333 0667 0343 0167 0833

3238647418 Haphlap-CET European I 0333 0617 1000 0217 0733

Hapllap-HCE Azian a0 1G 035 06322 0479 0200 0800

Hapllap-TFT Azian 38 1G 0295 0622 1000 0170 0830

Hapliap-TEI Sub-Saharan Aftican 120 IG 0233 0767 0317 0117 0883

5309077400 Hapllap-CET European 120 GF 0050 0333 0617 0217 0783

Haplidap-HCE Asian a0 GF 0022 0267 0711 015 0244

Hapliap-JET Asian an GE 0022 0244 0733 0144 0256

Hapliap-TEI Sub-Saharan Affican 120 GE 0217 0783 0108 0292

Concordant Genotype Total Sample A/A A/G G/G RefSNFP Genotype Swnmary Total Individual A/A A/G G/G
3524542408 71 2 23 46 12472737 332 g 93 220
5538647418 259 772 11T
5569077400 259 7072 180

Discordant Genotypes:

Indiviudal SubSNP(ss) Genotype Population Submitter  Submitter SampleID Subrnission
SampleID = - L Handle Population  SamplelD} Allias Batch _Iﬂ
»

& Internet




Polymorphism L769L d distributions show

more range across ethnicities  (sisooss1)
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Polymorphism S836S 0 no freq. data (sisooss2)

Polymorphism S904S o0 one sampled population
shows a very different distribution (rs1800863

: " M ' T _ ./- =d i 3
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Closer examination of the distribution of
S904S (Rsal) shows great range among
ethnicities
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Risk factor frequencies in various populations

Table 2 Description of RET polymorphisms and allale frequencies in the four control
pPop |_|| alions

Less frequent allele frequencias
Mucleatide
substitution

Exon 1.3
Exon 14

Exon 1.5

Leseuer et al., J Med Genetics, 2002



Evidence for the importance of the risk
factor polymorphisms



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

TABLE 1. Allelic frequencies of RET gene polymorphisms in
aporadic MTC patients and normal controls

Mucleotide Allelic frequency
gubstitution in copbe :

GGT—AGT 0.0249
GEI1S

CTT—CTG B 21.6 NS
L7691

AGC—AGT H.4 M=

Exon

TCC—=TCG
S9045

Elisei et al., J Clin Endocrinology Metabolism 2004



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 <15vyl/o 15-30y/o >30vy/o
SNP freq 0.77 0.78 0.57

Stephens et al., Thyroid, 2005



Germline RET S836S variant Is
assoclated with a two - to three -fold
iIncreased risk of sporadic MTC In the
Spanish population

Ruiz et al., Clinical Endocrinology, 2001



Earlier onset of symptoms with risk factors:

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

Robledo et al., Cancer Research 2003



