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Case ReportCase Report

►►36 year old male married+136 year old male married+1

►►HirschesprungHirschesprung’’ss disease (HD) diagnosed at disease (HD) diagnosed at 
age 3 months in his first son.age 3 months in his first son.



RET Gene SequencingRET Gene Sequencing

►Sequence analysis of exons 5, 8-11, 13-16 
of the RET gene.

►Heterozygous for exon 13 Y791F
Tyr791Phenylalanine (TAT→TTT)

►►No previous family No previous family HxHx of HD, MEN2, MTC or of HD, MEN2, MTC or 
pheochromocytomapheochromocytoma..

►►PE: no nodules in thyroid. PE: no nodules in thyroid. NormotensiveNormotensive. . 



6 other family members are Y791F 6 other family members are Y791F 
carrierscarriers ((ages1ages1--75 years)75 years)
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Neck US in Y791F carriesNeck US in Y791F carries
►►None had palpable thyroid nodules. None had palpable thyroid nodules. 

►►n=1 had MNGn=1 had MNG

►►n=1 has a 7 mm nodule with gross n=1 has a 7 mm nodule with gross 
calcificationscalcifications--FNA: colloid nodule FNA: colloid nodule (Ca infusion(Ca infusion→→ CCH)CCH). . 

►►n=2  had several <1 cm nodules which did n=2  had several <1 cm nodules which did 
not require an FNA. not require an FNA. 



CalcitoninCalcitonin Levels and Calcium Levels and Calcium 
Stimulation Test in Y791F CarriesStimulation Test in Y791F Carries

►► Basal Basal calcitonincalcitonin levels were normal in all carriers. levels were normal in all carriers. 

►► Calcium infusion tests were preformed in 5/6 Calcium infusion tests were preformed in 5/6 
mutation carriersmutation carriers

►► n=2 had n=2 had calcitonincalcitonin levels consistent with C cell levels consistent with C cell 
hyperplasia hyperplasia (peak (peak calcitonincalcitonin 85 pg/85 pg/mLmL))

►► n=3  had a normal response; n=3  had a normal response; 

►► 4/6 had urinary 4/6 had urinary catecholaminescatecholamines performed with performed with 
normal results.normal results.



Inactivating Mutations in Inactivating Mutations in RETRET can cause HDcan cause HD

►► HD: absence of ganglion cells in the HD: absence of ganglion cells in the submucosalsubmucosal
and and myentericmyenteric plexus along the distal GIT. plexus along the distal GIT. 

►► Inactivating mutations in the Inactivating mutations in the RET RET gene may be gene may be 
found in 35found in 35--75% of HD.75% of HD.

►► These mutations may be distributed throughout he These mutations may be distributed throughout he 
coding region of coding region of RETRET..



Seri et al., Human Mutation 1997



►► Germline activating mutations in Germline activating mutations in RETRET →→
autosomal dominant inheritance of MTC.autosomal dominant inheritance of MTC.

►► Genotype/phenotype correlation between Genotype/phenotype correlation between 
mutations in the mutations in the RETRET gene and severity gene and severity 
and age of onset of MTC.and age of onset of MTC.

►► Most Most activatingactivating mutations in mutations in RETRET are in are in 
exonsexons 10 & 11.10 & 11.

Activating Mutations in Activating Mutations in RETRET cause MEN2/FMTCcause MEN2/FMTC
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HD & MTCHD & MTC
The risk of The risk of MTCMTC in patients with HD, in patients with HD, SkabaSkaba et al., et al., PediatPediat SurgSurg, , IntInt 20062006

►►CoCo--segregation of HD with MTC is rare.segregation of HD with MTC is rare.

►►Most commonly associated with mutations Most commonly associated with mutations 
in exon 10 in exon 10 codonscodons 609, 611,618 & 609, 611,618 & 620620. . 

►►Paradox: same mutation causes loss of Paradox: same mutation causes loss of 
function in the function in the myentericmyenteric neurons and gain neurons and gain 
of function in the thyroidof function in the thyroid..



Jan Willem B. de 
Groot et al, 2005



►►The precise risks of developing a MEN2AThe precise risks of developing a MEN2A--
tumor in a HD patient with a gain of tumor in a HD patient with a gain of 
function mutation is unknown. function mutation is unknown. 

►►These risks might very well be similar to These risks might very well be similar to 
the risks MEN2A and FMTC patients with the risks MEN2A and FMTC patients with 
the same the same RETRET--mutations. mutations. 

►►HD patients with such mutations should HD patients with such mutations should 
be treated similarly to MEN2A and FMTC be treated similarly to MEN2A and FMTC 
patients with such mutations. patients with such mutations. 



►►181 families with MEN181 families with MEN--2A or FMTC from 2A or FMTC from 
Germany  Germany  

►►n=8 families no mutation in n=8 families no mutation in exonsexons 10 and 10 and 
11.11.

►►n=5 mutations in exon 13, n=5 mutations in exon 13, codonscodons 790 & 790 & 
791791, , (4/5 MTC only; 1/5 MTC & pheochromocytoma).(4/5 MTC only; 1/5 MTC & pheochromocytoma).

I Berndt et 
al., JCEM 
1998



►► Age of onset of symptoms 21Age of onset of symptoms 21--64; 50% 3064; 50% 30--50.50.

►► ExonExon 13 mutations probably represent: 13 mutations probably represent: 
oo 30% of 30% of RETRET mutations in mutations in ““sporadicsporadic”” MTC MTC 
oo 10% of the mutations in MEN2A/FMTC.10% of the mutations in MEN2A/FMTC.

►► Penetrance for MTC is Penetrance for MTC is m/pm/p low. low. 

►► PenetrancePenetrance is very low for Pheochromocytoma. is very low for Pheochromocytoma. 



►► N=40 RET N=40 RET exonexon 13 13 codoncodon 790/791 mutations 790/791 mutations (n=23 & 17 ) (n=23 & 17 ) 

►► Operated in 4 specialized centers.Operated in 4 specialized centers.

►► 13 patients were 13 patients were index patientsindex patients (57.7 (57.7 ±± 11.3 years)11.3 years)

►► 27 patients were 27 patients were screening patientsscreening patients (24.4 (24.4 ±± 16.5 years). 16.5 years). 

►► Youngest patient with MTC 13.8 years, Youngest patient with MTC 13.8 years, 

►► Youngest patient with LN metastases 46.4 years.Youngest patient with LN metastases 46.4 years.

Gimm et al, Dralle; Germany, Surgery 2002



►L790F n = 7, all had MTC; 

►Y791F, n = 6, 4/6 had MTC

►Mean age did not differ between the 2 codons:
o L790F 58.0 ± 11.9
o Y791F, 57.4 ± 11.7

Index group n=13Index group n=13



► 2/13 had Pheo diagnosed before thyroid surgery, 
both Y791F carriers.

► 5/13 LN metastasis 
o L790F n=4 (4/23; 26%)
o Y791F n=1 (1/17; 6%)

►Distant metastasis 1/13 L790F 

Index groupIndex group



►L790F n = 16, 8/16 had MTC; 2/16 had CCH 

►Y791F, n = 11, 0/11 had MTC; 8/11 had 
CCH

►►LN metastases n=2 (2/16 of L790F). LN metastases n=2 (2/16 of L790F). 

Screening group n=27Screening group n=27



►► 790/791 mutations seemed to have a less 790/791 mutations seemed to have a less 
aggressive clinical course (790>791). aggressive clinical course (790>791). 

►► Biochemical cure rate: screening patients>index Biochemical cure rate: screening patients>index 
patients. patients. 

►► Risk of MTC Risk of MTC 
oo very low < 10 years very low < 10 years 
oo Low if stimulated Low if stimulated calcitonincalcitonin<90pg/ml.<90pg/ml.

►► Risk of LNM is low if basal Risk of LNM is low if basal calcitonincalcitonin<81pg/ml.  <81pg/ml.  

ConclusionsConclusions



FitzeFitze G et al. Germany, Annals of Surgery 2002G et al. Germany, Annals of Surgery 2002

►►45 patients with 45 patients with ““sporadic MTCsporadic MTC””

►►RET RET genotyping in all family members of the genotyping in all family members of the 
index patients.index patients.

►►All mutation carriers underwent subsequent All mutation carriers underwent subsequent 
prophylactic TT.prophylactic TT.



►► 5/45 index patients had 5/45 index patients had RET RET mutations (11%).mutations (11%).

►► 4/5 patients with sporadic MTC who carried 4/5 patients with sporadic MTC who carried RET RET 
mutations had mutations had exonexon 13 13 codonscodons 790 (n=3), 791(n=1) 790 (n=3), 791(n=1) 
mutations.mutations.

►► The one index patient with Y791F mutation had a The one index patient with Y791F mutation had a 
somatic M918T mutation in his tumor, this might explain somatic M918T mutation in his tumor, this might explain 
the more aggressive behavior of the low risk mutation in the more aggressive behavior of the low risk mutation in 
this patient.this patient.

►► Age of clinical MTC presentation 34Age of clinical MTC presentation 34--62 years.62 years.

►► None of the mutation carriers had biochemical evidence None of the mutation carriers had biochemical evidence 
of of PheoPheo or PHP.or PHP.



►► 4/4 asymptomatic 4/4 asymptomatic carrierescarrieres of the L790F of the L790F 
mutation had MTC or CCH.mutation had MTC or CCH.

►► 1 Y791F mutation carrier did not have MTC or 1 Y791F mutation carrier did not have MTC or 
CCH.CCH.

►► Prophylactic Prophylactic thyroidectomythyroidectomy in childhood in in childhood in 
carriers of the carriers of the Y791FY791F mutation is not mutation is not 
recommended.recommended.

►► ThyroidectomyThyroidectomy should be preformed at first should be preformed at first 
biochemical sign of MTC or by the age of 20.biochemical sign of MTC or by the age of 20.

►► Carriers of Carriers of codoncodon 790790 mutations should be mutations should be 
treated like other higher risk mutations.treated like other higher risk mutations.









Summary of previous cases Summary of previous cases 
► 62/80 described in detail.

► n=15 (24.2%) had MTC

► n=30 had CCH (48.4%)

► n=2 had PTC (3.2%) 

► n=2 had a phaeochromocytoma (3.2%)  

► n=14 did not have MTC or other abnormalities (22.6%). 

► No deaths have been reported in patients with the Y791F 
mutation.



ConclusionsConclusions
► Current series: 0% had abnormal pentagastrin

tests 

► Previously recorded cases-all clustered around 
index cases of MTC.

► May lead to a biased estimate of the likelihood of 
developing MTC.

►Questions the penetrance of the Y791F mutation 
in the development of a MTC.

►Genotype–phenotype variations ?





No biochemical evidence of hyperparathyroidism
and phaeochromocytoma was found.



Y791 kindred from BrazilY791 kindred from Brazil

►N=2 <20 years

►Stimulated CT is ↑↑ in a 5 and 8 -year-old

►Both refused surgery.



Y791F and MTCY791F and MTC--Other modifying Other modifying 
genes?genes?

► It is not clear why patients with the same RET 
mutations have such a variable course. 

► SNPs? 

► Affected and nonaffected family members were 
screened for five known RET SNPs

► SNPs: association with clinical course of MTC, in 
particular promoting an early onset of disease.



ResultsResults

► 100 unrelated healthy normal controls.

► Co- occurrence of  Y791F and the L769L

► The L769L HZ in 15 carriers; HM in 2.

►Median age at Dx
o HZ- 28·5; 
o HZ 18 years. 

► n=2 HM for L769L MTC < 20 years; bilateral MTC 
and LN involvement at Dx



ConclusionsConclusions

►Y791F mutation may be considered at risk 
in an age earlier than 20 

►L769L variant of RET may be related to the 
earlier age of onset in these patients. 

►SNP’s may help optimize an individualized 
approach in the timing and extent of 
prophylactic thyroidectomy.



Brandi et al., JCEM 2001Brandi et al., JCEM 2001

Maybe after Maybe after 
age 20.age 20.

Age 5? 10?Age 5? 10?
Biochemical Biochemical 
follow up?follow up?

Level 1Level 1-- least least 
high riskhigh risk

609,768,609,768,790790, , 
791791,804,891,804,891

Central Central 
compartment?compartment?  
After age 5After age 5

<5 years<5 yearsLevel 2Level 2-- high high 
riskrisk

611, 618, 620, 611, 618, 620, 
634634

Central Central 
compartmentcompartment

11--6 months6 monthsLevel 3Level 3--
highest riskhighest risk

883, 918, 922883, 918, 922

LN LN 
dissectiondissection

Age of TTAge of TTRisk levelRisk levelMutationMutation



2003





MachensMachens A and A and DralleDralle H, World J Surgery 2007.H, World J Surgery 2007.

MetaMeta--analysisanalysis

““The genotype/phenotype correlation with The genotype/phenotype correlation with 
some of the more rare some of the more rare RET RET mutations: 609, mutations: 609, 
611, 630, 611, 630, 790, 791790, 791, 891, 918 needs to be , 891, 918 needs to be 
verified.verified.””



RET carriers in hereditary MTCRET carriers in hereditary MTC

22ndnd --44thth

decadedecade

11stst--22ndnd

decadedecade

2.7 years2.7 years

Youngest Youngest 
age ofage of
LN  MetsLN  Mets

44thth decadedecade22ndnd--33rdrd

decadedecade
Level 1Level 1--
least high least high 
riskrisk

609,768,609,768,790, 790, 
791,791,804,891804,891

33rdrd decadedecade11--5 years5 yearsLevel 2Level 2--
high riskhigh risk

611, 618, 620, 611, 618, 620, 
634634

5 years5 years9 months9 monthsLevel 3Level 3--
highest riskhighest risk

883, 918, 922883, 918, 922

Youngest age Youngest age 
ofof
Distant  MetsDistant  Mets

Youngest Youngest 
age of MTCage of MTC

Risk levelRisk levelMutationMutation



Schaffer familySchaffer family--What now??What now??

►►One 36 year old male with solitary 7 mm One 36 year old male with solitary 7 mm 
colloid nodule and Ca infusion compatible colloid nodule and Ca infusion compatible 
with CCH.with CCH.

►►One 75 year old carrier with several small One 75 year old carrier with several small 
thyroid nodules and normal basal and thyroid nodules and normal basal and 
stimulated stimulated calcitonincalcitonin..

►►1 year old boy with HD.1 year old boy with HD.


