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Shortreport
AtypicalHNPCCowingto MSH6 germline

pparmentotcimiear TIUtAtiONs:analysisofalargeDutchpedigree
Genetics,Erasmus
UniversityRotterdam,
?’We?ete}r‘erla“ds AWagner, YHendriks,EJMeijers-Heijboer, W]JFde Leepw,HMorreau,RHofstra,
E]Mfilj]ers—Heijboer CTops,EBlk, AHJT ABrﬁcker-Vrlgfnds,Cvande.rMeeg",DLmdhopt, HFAV asen,
CvanderMeer MHBreuning,CJCornelisse,CvanKrimpen,MFNiermeijer, AHZwinderman,
DLindhout ]Wiinen,RFodde
MPFNiermeijer
DpartmentofHuman
andClinicalGenetics,
LeidenUniversity Abstract Hereditarynon-polyposiscolorectalcancer
MedicalCentre, Hereditarynon-polyposiscolorectalcan- (HNPCCQC)isoneofthemostcommon
g;;iff::fs::?;z’ cer(HNPCC)isthemostcommongenetic autos0maldominantco_nditionspredisposing
Netherlands susceptibilitysyndromeforcolorectal tocancer. HNPCCcarriersareatriskforthe
AWagner cancer. HNPCCismostfrequentlycaused developmentofabroadspectrumofmalig-
YHendriks bygermlinemutationsintheINAmis- nanciesincludingtumoursofthecolon,
CTops matchrepair(MMR)genes MSH2 and en(i_qmetrium,stomach,smallint(_estine,hepa—
EIIB{I}(T Brocker-Vriends  MLHI.Recently,mutationsinanother tob111alrysystem,u.reter,renalpelvls?and
MHBreuning MMRgene, MSH6 (alsoknownas GTBP), OVary. HNPCVC1scausedbygermhnemuta—
AHZwinderman havealsobeenshowntoresultinHNPCC. tionsinDNAmismatchrepair(MMR)genes, s
JWijnen Preliminarydataindicatethatthepheno- predominantly MSH2 onchromos}omeZglﬁ
R typerlatedio  MSHO muarionsmay 4 MLHT nchromosone2 namner
Departmentof dlﬁ‘erfron.ntheclasswaIHNPCCcaused ogherMNl’Rgeneslike PMSI and PMS2.*
Pathology,Leiden bydefectsin MSH2 and MLH1. R N .o

. ° " . ecently,germlinemutationsinthe MSH6
UniversityMedical Here,wedescribeanextendedDutch cnconchromosome2n 1 Swererecognisedas
Centre,The HNPCCfamilynotfulfillingthe Amster- g p SIS
Netherlands e . . afrequentcauseofatypical HNPCC,thatis,
WJFde Leeuw damct:lterlaIIandresultmgfroma MSH6 notcomplyingwiththeclinical“Amsterdam
HMorreau mutation.Overall,thepenetranceof criteria”.>?
CJCornelisse colorectalcancerappearstobesignifi- TheinvolvementofMMRgenesinHNPCC
Departmentof jc‘;;gidecreas'ed(p<0._001?amhfn;‘gth-ei isreflectedbytheoccurrenceofinstabilityof
MedicalGenetics, mutationcarriersinthisfamily simplerepetitiveDNAsequences(microsatel-
UniversityHospital whel:ncomparedwuh MSH2 and MLH1 liteinstabilityorMSI)intumoursfrom
Groningen,The carriers(32%bytheageof80 v >80%). HNPCCpatients.Accordingly,morethan
Netherlands Endometrialcancerisafrequentmani- 90%ofthecolorectaltumoursandatleast75%
RHofstra festationamongfemalecarriers(sixoutof oftheendometrialtumoursfromHNPCC
Dpartmentof 13malignanttumours).Transitionalcell patientsdisplayMSI. '*** Insporadiccolorectal
MedicalGenetics carcinomaoftheurinarytractisalso andendometrialcancer,MSlisfoundinabout
UniversityMedic;l relativelycommoninbothmaleand 15-30%oftumours. "
CentreUtrecht,The femalecarriers(10%ofthecarriers). Thefirstreportson ~ MSH6 germlinemuta-
Netherlands Moreover,themeanageofonsetofboth tionshaveindicatedthattheclinicalphenotype
DLindhout colorectalcancer( MSH6vMSH2IMLH1 = ofthea ffectedfamiliesmaydi fferfromthe
TheNetherlands S55years v 44l/4lyears)andendometrial “classical”HNPC(;causedby MSH?2 and
Foundationforthe carcinomas( MSH6vMSH2IMLH1 =55 MLH1 mutations.”” Thepenetranceofcolo-
Detectionof years v 49/48years)isdelayed.Asprevi- rectalcancerseemedtobereduced.However,
HereditaryTumours, ouslyreported,weconfirmthatthepat- endometrialcancerwaslikelytorepresenta
TheNetherlands ternofmicrosate]liteinstability,in moreimportantclinicalmanifestationamong
HFAV  asen combinationwithimmunohistochemical female MSH6 carriers. Thereportedmeanage
Departmentof analysis,canpredictthepresenceofa ofonsetofcolorectalanfiendqr_netrialcancer
Pathology,Reinierde MSHG6 germlinedefect. appea}redtobedplayedmfamlheswnh MSH6
GraafGasthuis/SSIY, Thedetailedcharacterisationofthe germlinemutations,50yearsandoldercom-
Deift, TheNetherlands clinicalphenotypeofthiskindredcontrib- par?fdt044( MSH2)and41( MLHTI)yearsof
CvanKrimpen utestotheestablishmentofgenotype- age” and53yearsandoldercomparedto4?
Correspondenceto: phenotypecorrelationsinHNPCCowing (MSH2Z)and48( MLHI Jyears,respectively.
DrFodde, tomutationsinspecificmismatchrepair Notably,MSlanalysisoftumoursfrom ~ MSH6
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mutationcarrierssuggestedareducedpen-
etranceoftheMSI-Hphenotypeandpreferen-
tialinstabilityatmononucleotiderepeats. "
Here,wereporttheclinicalandmolecular
characterisationofalargeHNPCCkindred



Atypical HNPCC
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Figurel Pedigreeof MSH 6family. C=colorectal
U=urinaryrractcancer. P=polyp. O=ovariancancer. B=breastcancer. Bt=brain
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resultingfromaframeshiftmutationinthe
MSHG6 gene.

Patients
Theproband,a50yearoldfemale,wasreferred
totheDepartmentofClinicalGenetics,
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Rotterdambyhergynaecologistin1993.At
thattime,threeofhersixsisterswere
diagnosedwithendometrialcancerat50,57,
and60yearsofage. Afourthsisterhaddevel-
opedovariancancer(endometroidadenocarci-
noma)attheageof50.Theproband’sfather
diedattheageof85withoutanysymptomsof
HNPCC.Hermotherunderwentahysterec-
tomyforleiomyomataat55andwasingood
healthat92yearsofage.

Thedi fferentialdiagnosisinthisfamily
includedHNPCC.Mutationanalysisofthe
MLH]I and MSH2 genesbyPCRandDGGE
inoneofthea ffectedsistersoftheprobanddid
notshowanypathogenicmutation.Inthe
meantime,theprobanddevelopedendometrial
cancerattheageof53,thefourthcaseof
endometrialcancerinthissibship.

Assoonas MSH6 mutationanalysisbecame
available,mutationscreeningwasperformed
andaframeshiftmutation(delTcodon594)in
exondwasidentified. " Theproband,her
affectedsisters,andmotherwerefoundto
carrythesamemutation.

Attherequestoftheproband,familymem-
berswereinformedaboutthefindingsand
wereinvitedtocontacttheDepartmentof
ClinicalGeneticsforadditionalinformation
and/ortobetestedforthepresenceofthe
mutation.

Wewerealsoabletolinkthefamilyto
anotherkindredunderinvestigationatthe
DepartmentofClinicalGeneticsattheLeiden
UniversityMedicalCentre.

Mutationanalysis

Intotal, DNAtestingforthe MSH6 mutation
wasperformedin80outofl32livingrelatives
withatleasta25%riskofbeingcarrierofthe

MSH6 mutation(figl),27males(outof63,
43%)and53females(outof69,77%).Outof
thesel32relatives, 1 1werepreviouslydiag-
nosedwithanHNPCCrelatedtumourandall
ofthemweretested. Twotesteduna ffected
relativeswereobligatecarriers.Outof75carri-
ersat50%riskand44at25 %risk,46(61%)
and21(48%)weretested,respectively(tables

land2).
Tenofthella ffectedsubjectswerecarriers
ofthefamilial MSH6 mutation. Thepatient

(IV.6)negativeforthemutationwasa55year
oldmale,diagnosedwithnumeroustubulovil-
lousadenomasattheageof53.Sincehisclini-
calpresentationwassuggestiveoffamilial
adenomatouspolyposis(FAP),thoughwitha
delayedageofonset,mutationanalysisofthe
APC genewasperformed.Thisdidnotshow
anyalteration.

The MSH6 mutationwasconfirmedinboth
unaffectedobligatecarriers.

Outofthe46testedhealthysubjectswitha
50%riskforthemutation,17(37%)were
foundtocarrythe =~ MSH6 mutation;noneof
thosewitha25 %risktestedpositive(table2).

Alll17una ffectedmutationcarriersabovethe
ageof25years(fivemalesand12females)were
offeredthegenerallyacceptedsurveillancefor
HNPCC,namelycolonoscopyeveryonetotwo
years,yearlygynaecologicalexaminationwith
vaginalultrasoundand CA125bloodtesting
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Tablel (Pre)mali, tumoursinthe ded DutchMSH6family
Agear
Patient Tumour diagnosisMSH6mutation

II.2Colorectalcancer

600bligatecarrier

III.2Transitionalcellcarcinomarightpyelum77Obligatecarrier
&transitionalcellcarcinomaleftureter79

III.4Transitionalcellcarcinoma 78+
III.6Unknown 40Nottested
III.11Endometrialcarcinoma ?Obligatecarrier

Coloncarcinoma >70
III.13Coloncarcinoma >70Nottested
III.18Coloncarcinoma 83+
III.19Astrocytoma 75Nottested
IV.4Transitionalcellcarcinomaureter 59+
IV.6Multipleadenomatouspolypsofthecolon53—
IV.8Adenoma 50+
IV.9Adenoma 48+
IV.11Tubulovillousadenoma 60+
IV.13Endometrial&rectalcarcinoma 55+
IV.14Breastcancer 51Nottested
IV.15Breast&coloncarcinoma 49+
IV.20Breastcancer >50Nottested
IV.26Endometrialcarcinoma 57+
IV.27Endometrialcarcinoma 60+
IV.30Endometroidadenocarcinomaovary 50+
IV.32Endometrialcarcinoma 53+
IV.33Endometrialcarcinoma 50+
V.8Colorectalcancer 32+
+indicatesthepresenceofthe ~ MSH6 mutation.
— indicatestheabsenceofthe ~ MSH6 mutation.
Table2Resultsofmurationanalysis

Male Female Total

Pretestrisk100%*50%25%100%*50%25 %
Tested 8311480
MSH6+ 440 813029
MSH6— 1117 0181451
Nottested01917 010652
Total 53424 84120132

*RelativeswithanHNPCCrelatedtumourandobligatecarriers.

(forfemalecarriers),andyearlyurinesediment
testingandcytology. Duringthefirstscreening
thefollowingdiagnosesweremade:atubulovil-
lousadenomawithdysplasiaintheproximal
rectumofa60yearoldmale;aninvasiveductal
adenocarcinomaofthebreastandanadenocar-
cinomaofthecolonina49yearoldfemale;a
smalltubularadenomaandendometrialhyper-
plasiaina50yearoldfemale;andanadenoma
inafemaleaged48.Oftheremaining13
carriers,fourwereundertheageof45andfour
wereabove70yearswithoutanysymptomsof
thegeneticpredisposition. However,a92year
oldfemaleunderwentahysterectomybecause
ofleiomyomataoftheuterusattheageof55.

Wagner, Hendriks, Metjers-Heijboer,etal

Thefamilyincludedfivedeadobligate
mutationcarriers,threefemalesandtwomales.
Threeofthemhadbeendiagnosedwitha
HNPCCrelatedtumour(tablel).Onemale
reachedtheageof83withouthavingdeveloped
anyHNPCCrelatedtumour.

Wewerenotabletodeterminethe MSH6
statusoffivecancerpatientsinthisfamily:one
colorectalcancer(onset>70)inafemale
patient(III.13)whose13descendantstested
negativeforthemutation;onemalewithan
astrocytoma(IIL.19)attheageof75,threeof
whosefourchildrendidnotcarrythemuta-
tion;twobreastcancerpatients(IV.14,IV.20,
onset>50);andonepatientwithcancerof
unknownoriginaroundtheageof40(I11.6).

Intotal,34mutationcarriers(29aliveand
fivedead)wereidentifiedinthispedigree,170f
whomdevelopeda(pre)malignanttumour
(tablel).Ofthecarrierswithamalignancy,
fourhadtwoprimaryHNPCCrelatedtu-
mours.UsingtheKaplan-Meyermethod,7%
ofthecarriersdevelopedcolorectalcancerby
theageof50yearsand32%bytheageof80
years(meanageofonset55years,rangingfrom
32to83years).Ofthefemalecarriers,52%
developedendometrialcancerbytheageof80
andallofthemwerediagnosedabovetheageof
50years. Threecarriershadapapillarytransi-
tionalcellcarcinomaoftheurinarytract(10%
ofthecarriers).

Microsatelliteinstability(MSI)and
immunohistochemical(IHC)analyses
WeperformedMSlanalysisand/orimmuno-
histochemistrywithantibodiesagainstMLH]1,
MSH2,andMSH6 '"* ontumoursamples
derivedfrom12subjects;infourcases,two
independenttumoursamplesweretested
(table3).

UsingthemarkersrecommendedbyBoland
etal ,'° MSlanalysisshowedvariablepatterns
(table3).However,alltumoursamplesderived
fromthe MSHG6 carriersdisplayedinstabilityof
atleastonemononucleotidemarkerwhenan
extendedsetofmarkers,includingBAT40,was
used.

Immunohistochemical THC)analysisofthe
MSHe6proteinintumoursectionsshowedno
expressioninanyofthesamplestested,with

Table3Micr I histochemicalanal oursfrom12a [fectedrelatives

Subject

1II1.2 HL4IL 1311 181V.4 IV.6IV.13 Iv.1s IV.261V.271V.30IV.32
Tumourtype UUUCCUUPRECBEEOE

Microsatellitestatus HHLNTHHLSHLSHHLHS

Mononucleotidemarkers

BAT25*

BAT26*

BAT40
Dinucleotidemarkers

D28S123*

D5S346*

D178250*
Immunohistochemistry

MLH1

MSH2

MSH6

FHANTH+——+——F+—+—
NT+-NT
+++NT+++/——++++NT+++

+t—t b=ttt

+NT-NT--NT

—+-NT+-———+———————

+NT-NT Fo—
NTNT: NT-

NTNT: N

NTNT—+--NT+-————= NT-

*=markersrecommendedbyNCIforMSIanalysis.
tions.'® L=MSIlowaccordingtoNCIrecommendations.

E=endometrialtumour.O=ovariantumour.R=rectaltumour.P=polyp.B=breasttumour.

Immunohistochemistry:+++=strongstaining,++=moderatestaining,+=weakstaining,—=nostaining.

www.jmedgenet.com

!¢ +=Unstable.—=Stable. NT=nottested/notconclusive. H=MSIhighaccordingtoNCIrecommenda-
!¢ S=MSlIstableaccordingtoNCIrecommendations.

' C=colontumour.U=urinarytracttumour.



Arypical HNPCCowingtoMSH6germlinemutations

theexceptionofIlIl.13andIV.6.PatientIIl.13
couldnotbetestedforeitherthepresenceof
thegermlinemutationorforMSI,andislikely
torepresentaphenocopy,inviewofthelate
ageofonset(coloncarcinomaat>70years)
andthefailuretodetectthe MSH6 mutation
inherl3descendants. Wewereableto
performMSIlanalysisinasingleadenoma
frompatientIV.6thatdidnotdisplay
instabilityforanyofthetestedmarkers.
MLH1andMSH2IH Canalysiswaspositive
inallsampleswiththeexceptionofthe
rectalcarcinomafromlIV.13,negativefor
MSH2.

Discussion
Geneticheterogeneityandvariablephenotypic
expressionrepresentmajorcomplicationsin
thediagnosisandclinicalmanagementof
HNPCC,oneofthemostcommoninherited
predispositionstomultiorgantumorigenesis.
Althoughthehallmarkofthisconditionisrep-
resentedbycolorectallesions,abroadrangeof
cancertypes,includingtumoursoftheen-
dometrium,stomach,smallintestine,hepato-
biliarysystem,andureter,areestablishedclini-
calexpressionsof HNPCC.Thevastmajority
of HNPCCcasesareknowntoresultfrom
germlinemutationsinthe DNAmismatch
repairgenes MSH2 and MLH1." Inthesekin-
dreds,highpenetranceandearlyonsetof
colorectalandendometrialcancerarethe
majorclinicalfeatures. Thesetofdiagnostic
criteria,AmsterdamcriterialandIl,estab-
lishedbythelnternationalCollaborative
GrouponHNPCC "' wellservethepurpose
ofselectingfamilieswithahighlikelihoodof
carrying MSH?2 and MLH]I mutations.”” More
recently,atypical HNPCCfamilies, thatis,not
complyingwiththeAmsterdamcriteria(ACI
andII)thoughclearlysuggestiveofaHNPCC-
likeinheritedcondition,havebeenreportedto
becausedbygermlinemutationsinathird
MMRgene,namely MSH6."° Preliminary
phenotypicanalysisofthesefamiliesshoweda
reducedoccurrenceofcolorectalcanceranda
prevalenceofendometrialtumours.

Here,wehavepresentedadetailedanalysis
ofanextendedDutchHNPCCpedigree
resultingfromaninactivatinggermlinemuta-
tionofthe MSH6 gene.

Theexpressionofthe MSH6 mutationin
thisfamilysuggestsareducedpenetranceanda
delayedageofonsetforcolorectalcancer.
UsingtheKaplan-Meyermethod,7%ofthe
carriersdevelopedcolorectalcancerbytheage
of50yearsand32%bytheageof80years.
Thisissignificantlyreduced(p<0.001)com-
paredto“classical’HNPCCcausedby ~ MSH?2
and MLH1 (~55%byage50and>80%byage
80)."” Admittedly,thesecalculationsarebased
onalimitednumberofcasesandmay
representanoverestimatebecausenotall
healthyeligiblerelativesweretestedforthe
MSH6 mutation.Moreover,theselectionbias
introducedwhenstudyingafamilywithsucha
strikingclinicalhistorymayalsoleadtoan
overestimationofthepenetrance. Themean
ageofonsetofthecolorectalcarcinomasinthis
familyis55years. Thisisdelayedwhen

www.jmedgenet.com
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comparedwithHNPCCfamiliescausedby
MSH?2 (44years)and MLH1 (41years)muta-
tions."”” Thisdelayedageofonsetmayalsobias
theestimatedpenetrance.Notably,theyoung-
estdiagnosedcasewasat32years,implying
thatperiodicscreeningrecommendations
shouldnotdi fferfromthoseestablishedfor
classicalHNPCCuntilmoredataareavailable.
Inthisfamily,endometrialcanceristhemost
commontumourtype(sixoutofl 3malignant
tumours)amongfemalecarriers.Allthe
endometrialcancerswerediagnosedabovethe
ageof50andtheirmeanageofonsetwas55
years,thatis,fiveto10yearslaterwhen
comparedwith“classical ’ HNPCCcausedby
mutationsin MLHI and MSH2."™*
Anotherstrikingclinicalphenotypeinthis
familyisthepapillarytransitionalcellcarci-
nomaoftheureterandrenalpelvisobservedin
threerelatives(10%ofthecarriers).Notably,
thelifetimecumulativeriskofthistumourtype
in MLH1 or MSH?2 mutationcarriersisonly
2.6%.%
Aspreviouslyreportedbyusandothers,
theMSIphenotypecausedbylossof
functionisreducedwhencomparedwith
MLH]I and MSH2,anddi ffersinitspredomi-
nanceatmononucleotideruns. Thisisin
agreementwithpreviousstudiesonyeastand
mousemodelsystems. **** Fromthispointof
view,thesetofmarkerspreviouslyrecom-
mendedbyNCIforMSlIanalysis ' maynotbe
suitablefor ~MSH6 mutationcarriersand
shouldbecomplementedwithasetof
mononucleotidemarkers.Insixofthecases
reportedhere(III.4,IV.4U,IV.13E,IV.15C,
IV.27,andIV.32)(table3),instabilitywas
observedatonlyoneortwomononucleotide
repeats(oneofwhichwasnotincludedinthe
NClpanel)leadingtoanMSI-loworstable
classification.Infiveofthesecases,JHCwas
performedandindicatedthelossof MSH6in
thetumour.Therefore,werecommendIHC
analysisinMSI-LandMSStumoursfrom
caseswithafamilyhistorysuggestiveof
HNPCC."”
WealsoshowthefeasibilityoftheIHC
approachnotonlyoncolorectaltumoursbut
alsoincarcinomaoftheendometrium,urinary
tract,andbreast. Thelatterfindingisrelevant
fortheinclusionofbreastcancerinthe
HNPCCtumourspectrum:breasttumour
samplesfromIV.15showedbothMSI-highand
anegativelHCstainingpatterninaccordance
withthepresenceofthe MSH6 germline
mutationinthisperson. Twoadditional
perimenopausalbreastcancercaseswerefound
inthepresentstudy(IV.14andIV.20).
However,asnomaterialwasavailablefrom
thesepatients,wecouldnotestablishtheir
MSH6 mutationcarrierstatus.
IHCanalysiswasalsohelpfulinthe
assessmentofthelikelyphenocopystatusrela-
tivetolII.13.Asalimitedamountofacolorec-
talcarcinomawasavailablefromthisdead
patient,welimitedouranalysistolHCand
foundnormalMSH6proteinexpression.
Moreover,allherdescendantstestednegative
forthemutation.Anotherdeadpatientfrom

7-9
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thisfamily,III.19,wasdiagnosedwithastrocy-
tomaattheageof75.Again,noarchivalmate-
rialwasavailablefromthispatient. However,
thedelayedageofonsetandthefactthatthree
ofhischildrentestednegativeforthemutation,
donotallowustodrawanyconclusiononthe
relationshipbetweenthepresenceofthebrain
tumourandthe MSH6 defect.
PatientIV.6presentedwithaclinicalpheno-
typemoresuggestiveofattenuatedpolyposis
ratherthanHNPCC.Accordingly,MSIanaly-
sisofthecolonicpolypswasnegative(MSS)
andnormalMSH 6expressionwasfoundby
IHC.Failuretodetectthe =~ MSH6 mutationin
thispatientconfirmedthattheattenuated
polyposisislikelytoresultfromanunlinked
geneticpredisposition .
Inconclusion,theclinicalfeaturesassociated
with MSH6 germlinemutationsstronglysup-
porttheinclusionofendometrialcancerand
transitionalcellcanceroftheureterandrenal
pelvisinthediagnosticcriteriaforHNPCCin
thenewAmsterdamCriteria(ACII)asformu-
latedbytheICG-HNPCC. " Inaddition,we
proposetoperformMSIincombinationwith
IHCinallAmsterdamnegativefamilieswitha
clusteringofendometrialorurinarytractcan-
cers. ThecombinedMSIandIH Canalysiswill
directsubsequentmutationanalysisfor MSH6.

WethankDrJJPMP ieters,gynaecologist,forreferringthe
familytotheDepartmentofClinicalGenetics,Rotterdam.
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