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A 10-Mb Paracentric Inversion of Chromosome Arm
2p Inactivates MSH2 and Is Responsible for
Hereditary Nonpolyposis Colorectal Cancer in a
North-American Kindred

Anja Wagner,"? Heleen van der Klift,' Patrick Franken,' Juul Wijnen,' Cor Breukel,' Vladimir Bezrookove,’
Ron Smits,' Yulia Kinarsky;' Alicia Barrows,' Barbara Franklin,' Jane Lynch,! Henry Lynch,' and Riccardo Fodde'*
'MGC-Department of Human and Clinical Genetics, Leiden University Medical Center, Leiden, The Netherlands

“Department of Clinical Genetics, Erasmus University, Rotterdam, The Netherlands

Department of Molecular Cell Biology, Leiden University Medical Center, Leiden, The Netherlands

“Department of Preventive Medicine and Public Health, Creighton University, Omaha, Nebraska

Genomic deletions of the MSH2 gene area frequent cause of hereditary nonpolyposis colorectal cancer (HNPCC), a common
hereditary predisposition to the development of tumors in several organs including the gastrointestinal and urinary tracts and
endometrium. The mutation spectrum at the MSH2 gene is extremely heterogeneous because it includes nonsense and
missense point mutations, small insertions and deletions leading to frameshifts, and larger genomic deletions, the latter
representing approximately 25% of the total mutation burden. Here, we report the identification and molecular character-
ization of the first paracentric inversion of the MSH2 locus known to cause HNPCC. Southern blot analysis and inverse PCR
showed that the centromeric and telomeric breakpoints of the paracentric inversion map within intron7 and toa contig |0
Mb 3’ of MSH2, respectively. Pathogenicity of the paracentric inversion was demonstrated by conversion analysis. The patient’s
lymphocytes were employed to generate somatic cell hybrids to analyze the expression of the inverted MSH2 allele in an
Msh2-deficient rodent cellular background. The inversion was shown to abolish MSH2 expression by both northern and
western analysis. This study confirms that Southern blot analysis still representsa useful and informative tool to screen for
and identify complex genomic rearrangements in HNPCC. Moreover, monoallelic expression analysis represents an attractive
approach to demonstrate pathogenicity of unusual mutations in autosomal dominant hereditary conditions.

© 2002 Wiley-Liss, Inc.

INTRODUCTION tient must bea first-degree relative of the others
and familial adenomatous polyposis (FAP) has to
be excluded (Vasen et al., 1999).

In the vast majority of HNPCC families, germ-

Hereditary nonpolyposis  colorectal cancer
(HNPCCQC) or Lynch syndrome isa common auto-
somal dominant cancer syndrome caused by germ-

line mutations in MSH2 and MSH6 on chromosome
2, MILHI on chromosome 3, and PMS2 on chromo-
some?7 (Fishel et al., 1993; Bronner et al., 1994;
Nicolaides et al., 1994; Akiyama et al., 1997; Miyaki
et al.,, 1997). These genes are responsible for DNA
mismatch repair (MMR) and are homologs of the
Escherichia coli MutS and Murl. MMR genes. Carri-
ers ofa germline mutation in one of these genes are
at increased risk of developing colorectal, endome-
trial, and ovarian cancer, transitional cell carcinoma
of the ureters and renal pelvis, gastric and small
bowel cancer, brain tumors, and sebaceous skin
cancer (Lynch, 1999). Clinically, HNPCC is de-
fined by the Amsterdam criteria: at least three cases
of pathologically verified colorectal, endometrial,
transitional cell, or small bowel cancer should be
present within two generations, one of which was
diagnosed under the age of 50. Moreover, one pa-

© 2002 Wiley-Liss, Inc.

line mutations are found in MSH2 and MLH1 (Pel-
tomaki and Vasen, 1997). These mutations are pre-
dominantly single nucleotide substitutions or small
insertions or deletions. However, larger genomic
deletions have also been recognized asa frequent
cause of HNPCC (Wijnen et al., 1998a). Here, we
describe the first HNPCC family caused by an
inversion within the short arm of chromosome 2
disrupting the MSHZ2 gene.
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inversion;C,colorectalcancer;Rec,rectalcancer;Ce,cecalcancer;E,endometrialcancer;Ov,ovarian
cancer;U,urinarytractcancer;Ki,kidneycancer;SmB,smallbowelcancer;Sk,skincancer;Cx,cervical
cancer;Abd,abdominalcancer.Theindexpatient,lll:5,isindicatedwithanarrow.

MATERIALSANDMETHODS

TheFamily

ThefamilydescribedhereinisCaucasianandis
partofthecohortofNorth-AmericanHNPCCfam-
iliescollectedbyDr.HenryLiynch. Thekindred
fullycomplywiththeclinicalAmsterdamcriteria
forHNPCC(Fig.1). Theindexpatientisa77-
year-oldmale(I11:5),whohadamalignantrectal
polypatage41,atransitionalcellcarcinomaofthe
leftkidneyat65,andasmallbowelcarcinomaat
73.Attheageof71,hewasalsodiagnosedwith
severalsebaceousadenomasandsquamouscellcar-
cinomas.Oneoftheindex’sthreedaughtersdevel-
opedanendometroidcarcinomaoftheovaryatage
41(IV:4).Hismotherwasdiagnosedwithcervical
canceranddiedofanabdominalcarcinomaat52
yearsofage(Il:5).Herbrotherhadrectalcancerat
34anddiedat36(11:4).Oneofhersistersdevel-
opedtwocolonadenocarcinomasat52and69
years,respectively,andakidneyadenocarcinoma

at65(11:2).Shediedat72yearsofage. Herson
presentedwithadenocarcinomasofthecolonatage
52and67,respectively(111:1). Furthermore,hewas
diagnosedwithtransitionalcellcarcinomaofthe
rightureterandbladderat69and73years.Atthe
ageof76,hedevelopedanadenocarcinomaofthe
cecumanddiedofcardiacdiseaseat77. Twoofhis
daughters(fromdifferentmarriages)alsopresented
withHNPCC-relatedtumors(IV:1andIV:3). There
wasnoevidenceofmiscarriagesinthisfamily.

DenaturingGradientGelElectrophoresis(DGGE)

Mutationanalysisofthe MSH2MLHI,
MSH6 geneswasperformedbyDGGEasprevi-
ouslydescribed(Wijnenetal.,1998b,1999).

and

SouthernBlotAnalysis

DNAwasextractedfromperipheralbloodlympho-
cytes.Conformingtoourpreviouslyestablishedpro-
tocol(Wijnenetal.,1998a),Southernblotanalysisof
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Figure2.Southernblotanalysisoftheindexpatientandotheraffectedandnonaffectedrelativesfrom

theHNPCCfamily. Xbal( A)and Bspl( B)digestshybridizedwiththe3aprobe(encompassing

7-12).Lanel:indexpatient(lll:5);lanes2

MSH?2 exons

—5:unaffected50%riskcarriers;laneé:affectedrelative(lll:);lane
7:normalcontrol.Mindicatesthemolecularweightmarkers. Themolecularweightofthespeci

fic MSH2

bandsisindicated. Hincll( C)digestsfromanormalcontrol(lane I)andfromindividuallll:5(lane2)were

hybridizedwiththe3aprobe.

MSHZ2 wasperformedwith Xbal, EcoR1, Hind111,and
NsilgenomicDNAdigestsfollowedbyhybridization
withthree MSH?Z2 probes:probe5,encompassingex-
ons1-7;probe3a,forexons7-12;andprobe3b,for
exons10-16(seealsoFig.2).Inaddition,digestion
withtherestrictionendonucleases Bsp 14071, Hincll,
and Bclwasperformed. Thelatterfilterswerehy-
bridizedwithseveralexon-specific MSH?Z2 probes,in-
cludingexons6to9. MILHI and MSH6 Southern
analysiswasperformedwith Xbal, Apal, Hind111,and
NsilgenomicDNAdigestsfollowedbyhybridization
withtwo MLH1 probes(encompassingexonsl—12
andexons11-19)andtwo MSH6 probes(encompass-
ingexons1—4andexons5-10)(Wijnenetal.,1998a).

CytogeneticandFluorescencelnSitu
HybridizationAnalyses

Prometaphaseandmetaphasechromosomes
wereobtainedfromEBV-transformedlymphoblas-

ticcellsaccordingtostandardprotocols(Dauwerse
etal.,1992).Karyotypingwasperformedusing
G'T'G-banding(Seabright,1971)andmulticolorflu-
orescenceinsituhybridization(MFISH).For
MFISH,the COBRA(forCOmbinedBinaryRA-
tio)labelingtechniquewithp/qarmdistinctionwas
employedaspreviouslydescribed(Tankeetal.,
1999;Wiegantetal.,2000).

InversePolymeraseChainReaction(IPCR)

IPCRwasperformedaspreviouslydescribed
(Foddeetal.,1990)(Fig.3).A5- pgsampleof
genomicDNAextractedfromlympoblastoidcells
wasdigestedwith Hincll. ThedigestedDNAwas
extractedbyphenol-chloroform,ethanol-precipi-
tated,dilutedtoaconcentrationofl pg/mlin
ligationbuffer(Fermentas,St.l.eon-Rot,Germa-
ny),andligatedovernightat16°Cwith1U/ wl
ligase(Fermentas).
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Aforwardprimer(F1)wasdesignedatthe3 end
ofexon8(5 ""AGAAACAACTTTAGATATGG-
3'),whereasthereverseprimer(R1)wasdeveloped
3’ ofthe Bec/lsiteatposition13,392withinintron?
(5'-AGACTTTGTAAAGCTACATTC-3')(Fig.
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Figure3.Cloningandcharacteriza-
tionofthe3 " (telomeric)inversion
breakpointbyinverse-PCR.  A: Thein-
verse-PCRprocedure.GenomicDNA
fromtheindexpatient(lll:5)wasdi-
gestedby Hincll.Thelatterresultinan
aberrant4.0-kbfragmentencompassing
MSH2 exon8andthe3 ' breakpointas
indicated.ThedigestedDNAwasli-
gatedasdescribedunderMaterialsand
Methods.TheligatedDNAwasem-
ployedinaPCRreactionwithprimer
setsFI/R landF2/R2,indicatedbyar-
rows.Inbothcases,onlyDNAfrom
carriersoftheparacentricinversionre-
sultedintheexpectedinverse-PCR
products.Thelatterencompassthe5
endof MSH2 intron8,theoriginal
Hincllsite,theinversionbreakpoint,
andthe3 ' endof MSH2 intron7. B:
Boththesenseandantisensestrandsof
thesequencesaroundthe3 " (telo-
meric)inversionbreakpointarede-
picted.Thealignmentshows(fromtop
tobottom)thewild-type ~ MSH2 intron
7sequence,the3 ' (telomeric)break-
pointobtainedbyinversePCR,andthe
sequenceofthecontigAC010878,lo-
cated|OMb3 ' (telomeric)to MSH2.
Theshadedboxesindicatethehomol-
ogiesamongthethreealignedse-
quences.Theorientationsofboththe
centromereandtelomererelativeto
thereportedsequencesareindicated.
Thesequenceof MSH2 intron7isde-
pictedinthereversedirectionrelative
totheothertwosequences.
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3).High-fidelityPCR(RocheMolecularDiagnos-
ticSystems,Alameda,CA)wasperformedwith
theseprimers. TheIPCRproductwasanalyzedby
agarosegelelectrophoresis.Anapproximately
2.0-kbbandwasobservedintheindex DNAbut
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notinthenormalcontrol. Thisbandwasexcised
andpurifiedusinganucleotrapkit(Machery-Na-
gel,Du'ren,Germany). Thepurifiedproductwas
clonedbyTOPO-cloning(Invitrogen,l.aJolla,
CA)andsequencedusingthesameF landR1
primers.Basedonthenewlyobtainedsequences,
newprimersweredesigned,thatis,aforward
primer(F2)inintron8(5 ""TCAAGCTATCCTC-
CGGCCTC-3")andareverseprimer(R2)inintron
7(5 '-GGATGCAGTGAACAGGGAAC-3')(Fig.
3). TheIPCRprocedurewasthenrepeatedwith
F2andR2,andthepatient-specificPCRproduct
wassequenced.
"T'hissequencealsoenabledustodevelopaddi-
tionalprimersaroundthe5 ' (centromeric)break-
point(Fig.4):aforwardprimer(F3,5 "“TGCTGA-
CATGGCCCATTCCTAC-3")withinthecontig
AC010878,andareverseprimer(R3,5 "TCCC-
AGTTTAACTCTAGCAG-3")inintron7.PCR
amplificationwiththeseprimersresultedinafrag-
mentofapproximately900bpintheindexpatient
(ITI:5)andintwootheraffectedindividuals(I11:1
andIV:4)butnotinanormalcontrol(secalsoFig.
4C). Thisfragmentwasagainexcisedandpurified
bythenucleotrapprocedureandsequencedusing
thePCRforwardandreverseprimers.

MonoallelicExpressionAnalysis

T'oallowRNAandproteinexpressionanalysisof
the MSH?2 allelecarryingtheinversion,somaticcell
hybridscontainingthewildtypeandrearranged
chromosome2pfromtheindexpatientweregen-
eratedina Msh2-deficientmurinebackground
(GMPConversionTechnologies,Waltham,MA)
(Papadopoulosetal.,1995;Yanetal.,2000).So-
maticcellhybridsweregenotypedbyCArepeat
markersaroundthe ~ MSHZ2 geneonchromosome
arm2Zpandselectedformonoallelicexpression
analysis. TotalRNAandproteinsampleswereiso-
latedfromthedifferenthybridcelllines,and
northernandwesternblotanalyseswerecarriedout
accordingtoconventionalprocedures.Probe3b
(MSH?2 exons10-16)wasemployedforthenorth-
ernanalysis,whereasarabbitpolyclonalantibody
raisedagainstaminoacids402-737ofhuman
MSH?2wasusedforthewesternanalysis(Smitset
al.,2000).

RESULTSANDDISCUSSION

SouthernAnalysis

DGGEanalysisof MSHZ2MILHI, and MSH6 did
notrevealanymutationintheindexpatient.
Therefore,Southernblotanalysiswasperformed.

MLH1 and MSH6 hybridizationsdidnotshowany
aberrantfragments.Afterhybridizationwiththe
MSH2 5" probe(encompassingexons1-7),anab-
errantbandofapproximately30kbwasseeninthe
Xbaldigest(notshown).Hybridizationwiththe
MSH?2 3aprobe(exons7-12)revealedtwoaberrant
fragmentsof29and18kb,respectively(Fig.2A).
Basedonthedecreasedintensityofthewild-type
26-kbfragmentencompassing MSH?2 exons7and
8,weassumedthatthegenomicrearrangement
involvedthissegmentofthegene.Hybridization
withexon7-andexon8-specificprobesindicated
thatthe29-kbbandcontainedexon7,whereasthe
18-kbfragmentencompassedexon8of MSH?2.
Thiswasconfirmedbydigestionwith ~ Bsp14071:in
additiontothewildtype20-kbfragmentcontain-
ingexons7and8,hybridizationwithboththe
3'a-specificandtheexon7-andexon8-specific
probesrevealedtwofragmentsof29and16kb,
encompassingexon7andexon8,respectively(Fig.
2B). Theseresultsareindicativeofacomplexre-
arrangementencompassingbothexon7andexon8
inthemutatedallele. Thenormalintensityofall
otherdigestionfragmentssuggestedthatnoother
MSH?2 exonwasinvolvedintherearrangement
(datanotshown). Thisalsoindicatedthatthe
genomicrearrangementwaslikelytobeatranslo-
cationorinversionwithabreakpointinintron7.
Theaberrantrestrictionsiteclosesttothebreak-
pointappearedtobea Hincllsiteatposition
11,738inintron7(Fig.2C). Be/ldigestionshowed
noaberrantfragmentafterhybridizationwithan
exon8-specificprobe,indicatingthatthebreak-
pointhadtomap5 " tothe Bdllsitelocatedat
position13,392withinintron7.Giventhatnoother
aberrantfragmentswerefoundafterhybridization
withanyoftheother MSH?2 probes,theother
breakpointhadtomapoutsidethe MSH?2 gene.
AdditionalSouthernblotanalysisofindividual
I111,IV4,andseveralunaffectedrelativesshowed
co-segregationoftherearrangementwiththedis-
easeinthisfamily(notshown).

CytogeneticandFISHAnNalyses

KaryotypeanalysisoftheindexpatientbyGTG-
bandingandPQ-COBRA-FISHdidnotshowei-
theranyapparenttranslocationoraninversioncon-
cerningchromosome?2. Thisindicatedthatthe
allegedgenomicrearrangementhadtobeeithera
smallinter-orintrachromosomaltranslocation,ora
paracentricinversion(datanotshown).



54 WAGNERETAL.
A cen tel
+— e
wild type
chromosome
Exon 7 Exon 8 Exon 9 AC010878
Bell Hinell Hincll
//__ﬂ | I Ly l //
L » “— o | L |
R3 R2 R1 F1 F2 F3
AC010878 ACO10878
Exon 7 Exon 9 ~ Exon8
Hincll Bell Hincll
/ I g /| | i i et //
- = - L | T | - e !
R3 F3 F2 F1 R1 R2
inversion
chromosome

5' breakpoint

3' breakpoint

B S| ATGTGTATA TATATACGTATATATG 3
wizimn7—cen ||| LTLTTL LT e
P TACACATATATATATGCATATATAC &
% evetsion SIATGTGTATA/CACATATATAGAACAG|Y
breakpoint cen"|‘|H"H“"||‘_t9l
¥ TACACATAT GTGTATATATCT TGTC|S
5 CAATGGCCTAGAGGACATAGAACAG |3
|
AC 010878 tet ||| LI EEETTIEEEEEEE] || ~cen
¥ GTTACCGGATCTCCTGTATCTTGTC |5
C V4 IVv:5 1S 11 C M

" (centromeric)
MSH2

Figure4.Cloningandcharacterizationofthe5
inversionbreakpoint. A: Schemeofthewild-typeandmutated
alleles.Onlythepartofthechromosome2regioninvolvedinthe
paracentricinversionisshown.Shadedandblackboxesindicateexons
7,8,and%ofthe MSH2 gene,respectively.Onlythe  Hinclland Bcll
restrictionsitesandthe5 " (centromeric)and3 ' (telomeric)break-
pointsaredepictedforthesakeofclarity. AC0 | 0878isthecontig
locatedIOMb3 " of MSH2. Theprimersetsemployedtoamplifyand
sequencebothbreakpoints(FI/R|,F2/R2,F3/R3)areindicatedby
arrows. B: Boththesenseandantisensestrandsofthesequences
aroundthe5 ' (centromeric)inversionbreakpointaredepicted.The

IPCR

Todiscriminateamongtheabovepossibilities,
wesetouttocharacterizetheintron7breakpoint
byIPCR(Fig.3A).BasedontheSouthernblot

alignmentshows(fromtoptobottom)thewild-type MSH2 intron7
sequence,the5 ' breakpointobtainedbyPCRwithprimersF3andR3,
andthesequenceofthecontigAC010878,located |I0Mb3 " (telomeric)
to MSH2. Theshadedboxesindicatethehomologiesamongthethree
alignedsequences.Theorientationsofboththecentromereandtelo-
mererelativetothereportedsequencesareindicated. Thesequenceof
theACO010878contigisdepictedinthereverseorientationrelativeto
theothertwosequences.  C: 5’ Breakpoint-specificPCRresultsob-
tainedwithprimersF3andR3(seeA)inaffected(IV:4,I1I:5,11l: I )and
nonaffected(IV:5)individuals.

analysis, Hinclldigestionresultsina4-kbfragment
encompassingexon8andthebreakpointofthe
genomicrearrangementwithinintron7(Fig.2C).
TheIPCRprocedureenabledustoobtainanap-
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proximately2-kbPCRproductcontainingthe5
endofintron8,the  Hincllsiteusedfordigestion
andligation,60basepairsofanunknownse-
quence,thebreakpoint,andthe3 ' endofintron7
(Fig.3B). TheIPCRproductwasnotobserved
whengenomicDNAfromahealthyindividualwas
subjectedtotheprocedure.ByuseoftheBasic
LocalAlignmentSearchT'ool(BLLAST))database
oftheNationalCenterofBiotechnologylnforma-
tion,aperfectmatchwasfoundbetweentheun-
knownsequenceandacontig(AC010878)located
10Mb3 ' of MSH2. Thelatterfindingindicated
thatthegenomicrearrangementinthiskindredis
likelytobeal0-Mbinversionofexons8to1l6of
the MSH2 gene(Fig.4A). Totestthishypothesis,
PCRprimers(F3andR3)weredesignedwithin
ACO010878andin  MSH?Z intron7,toallowamplifi-
cationandsequencingofthe5 " (centromeric)
breakpointofthe10-Mbinversion(Fig.4A). The
approximately900-bpPCRproductobtainedusing
theseprimersencompassessequencesderived
fromAC010878(inthereversedirectionrelativeto
thesequencefoundinthe3 ' telomericbreakpoint
sequence),the5 ' centromericbreakpoint,and5
intron7sequences(again,inthereverseorienta-
tionrelativetothe3 " telomericbreakpointse-
quence)(Fig.4B).Moreover,thecombinationof
theseprimersresultedinthe900-bpproductonly
whenDNAfromtheindexpatientortheothertwo
availableaffectedindividuals(IIl: 1andIV:4inFig.
Dfromtheaffectedkindredwereemployed(Fig.
4C). Thisprovedthattherearrangementinthis
familywasindeedaparacentricinversionofabout
10Mb,includingexons8tol6ofthe MSH?2 gene.
Genomicrearrangementswerepreviouslyde-
scribedin MSH?2, aswellasinothercancer-suscep-
tibilitygeneslike APCMLHI,BRCA1,TP53,NF2,
and §7K71 (vanderLuijtetal.,1995;Petrij-Bosch
etal.,1997;Jennecetal.,1998;Slebosetal.,1998;
Wijnenetal.,1998a;Pugetetal.,1999;L.egoixet
al.,2000;Chanetal.,2001). Theserearrangements
mayresultfromnonhomologousbreakageandre-
unioneventsbutalsofromhomologousrecombi-
nationbetweenrepetitivesequencesdispersed
throughoutthegenome,likeAlurepeats(Nys-
trom-Lahtietal.,1995;Mauillonetal., 1996;Sle-
bosetal.,1998).Also,genomicinversionshave
beendescribedinhemophiliaresultingfromun-
equalalignmentsbetweensmall-sequencehomol-
ogies(Lakichetal.,1993).Computeranalysis
(BLAST)ofintron7ofthe MSH?2 generevealed
manyrepetitivesequences,amongwhichwereAlu
andsimple-sequencerepeats(notshown).During
oursearchformutationsinHNPCCfamilies,we

!

identifiedfourgenomicdeletionsof ~ MSHZ witha
breakpointwithinintron7(unpublishedobserva-
tions).However,becausethedeletionbreakpoints
inthesefamilies,includingtheonestudiedhere,
appeartobelocatedatdifferentsitesalongintron
7,noactualrecombinationhotspotcanbepin-
pointed.WedidnotfindAlurepeatsatorinthe
flankingregionsofthebreakpointsoftheinversion
reportedhere.Hence,anonhomologousbreakage
andreunionrecombinationeventisthemostlikely
causeofthegenomicrearrangementobservedin
thisfamily.Notably,duringtherecombinationpro-
cess,ninebasepairswerelostfromintron?,
whereasanadditionalsevenbasepairswerefound
atthe5 ' (centromeric)breakpoint(Figs.3Band
4B). ThelatterdoesnotresultfromaPCRartifact,
giventhatsequenceanalysisofthe5 ' breakpointof
theaffectedindividualslIl:1andIV:4confirmed
thepresenceofthe9-bpdeletionandthe7-bp
insertion(datanotshown). Toelucidatetherecom-
binationmechanismunderlyingtheparacentricin-
version,wesearchedtheentireintron7and
AC010878sequencesforthepresenceofthe7-bp
insertion.Becauseofthepresenceoftwodinucle-
otiderepeatswithintheseshortsequences,several
hitswereobtainedbyBLLAS T'inbothgenomic
sequences. T'helatterdoesnotallowustoinferthe
exactrecombinationmechanismleadingtothe
presentrearrangement.

MonoallelicExpressionAnalysis

T'oconfirmthepathogenicityofthenewlychar-
acterizedgenomicrearrangement, MSH?Z2 expres-
sionwasanalyzedbynorthernandwesternblotsof
somaticcellhybridscontainingthewild-typeand
inversionchromosomes2fromtheindexpatient
(GMPConversion'T'echnologies)(Papadopouloset
al.,1995;Yanetal.,2000). Themurinecellline
employedforthisaimwas  Mskh2-deficientandwas
thereforeparticularlysuitedtoanalyzeexpression
ofthehuman MSH?Z2 genewithouttheinterference
ofthehighlyhomologousandubiquitouslyex-
pressedmousehomolog.Neither MSH2 mRNA
norMSH2proteinwasdetectableinthehybrid
containingtherearrangedchromosomearm?2p,
whereasthefull-lengthallelewasobservedinthe
hybridcontainingthewild-typeallele(Fig.5).
Hence,theparacentricchromosomearm2pinver-
sionrepresentsatruenullallelebecauseitdisrupts
the MSH?2 geneanditsexpression.

Inconclusion,wereportanovel10-Mbparacen-
tricinversionofchromosomeZ2responsiblefor
HNPCCinaNorthAmericanfamily.Inagreement
withpreviousreports(Wijnenetal.,1998a),this
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Figure5.Northernandwesternanalysisofsomaticcellhybrids
containingthewild-typeandinversionchromosome2p.Somaticcell
hybridsweregeneratedbyGMPconversiontechnologyfromanEBV-
lymphoblastoidcelllinederivedfromtheindexpatient.Individualhy-
bridswerescreenedbyCArepeatmarkers flankingthe MSH2 geneon
chromosomearm?2p,todiscriminatebetweenthosecarryingthe
wild-type(wt)andinversion(inv)allele.Oneofeachwasemployedfor
expressionanalysisbynorthern(  A)andwestern(  B)blot.Probe3b
(MSH2 exons|0 —16)wasemployedforthenorthernanalysistogether

studyconfirmsthatthe ~ MSHZ geneissusceptible
togenomicrearrangementssuchasdeletionsand
inversions.Inviewofthelatter,Southernblot
analysisstillrepresentsausefulandinformative
tooltoidentifyandcharacterizedisease-causing
complexgenomicrearrangementinHNPCCfam-
ilies,andtofacilitatepresymptomaticdiagnosis
andpatientcare.Moreover,thegenerationofso-
maticcellhybridscontainingtheallegedmutant
chromosomearm2palleleina  Msh2-deficientmu-
rinecellularbackgroundgreatlyfacilitatestheanal-
ysisofitspathogenicity.
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