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ABSTRACT

Multiplelsclerosis((MS)lis[the most[dommon/autoimmuneldemyelinating [diseaseloflthe(central
nervoussystem/(CNS).Both/genes/and/environment/contribute [to 'susceptibility/to theldisease, but
theirrolelis[aslyet poorlyinderstood.

Tenlthonozygotic((MZ)[and 14 (dizygotic (DZ) twin pairs €ither(dis Tor[concordant(for MS,
obtained from(The Finnish TwinCohort, participated [inthe [present(study. ThelaimWwas/tolevaluate
thelrole oflgenetic and [environmentalfactors/in(the @etiology0fMS(in/Finland.The [dataWwas
compared|to [the original MS (Finnish TwinCohortistudy performed by Kinnunen(and/associates(in
1988.[Themethod isedto recruit the [twins[was [the [same in [both[studies.

Thelconcordance0fMS wasassessed using probandwiselconcordancerates(and [tetrachoric
correlations forMZand IDZ [twin/pairs. ([For [€stimating the [contribution 0figenetic factorsto
susceptibility(to MS, [alpolygenic thultifactorial modelwas uised ‘and (heritabilitylestimated using
structuralléquation/models. Inlorderto lidentifylgenes/involvedin MS [pathogenesis, [the[gene
expression/profiles(inperipheralblood mononuclear(cells (PBMCs)obtained[fromMZ[discordant
pairsiwerelanalyzed By cDN A microarray/technologyldetecting thelexpression0f'8300(genes.
Expressions(ofithe(6[most oftenupregulatedgenes wereconfirmed by relativequantitative reverse
transcription/polymeric(chainireaction (QRTPCR). [Furthermoreserum/samplesfrom(17 twin/pairs
and[cerebrospinal(fluid ((CSF)[samplesfrom[6 [twin [pairs were ‘tested by PCR [specific for iuman
herpesvirus[6 (HHV6)and withireverse transcriptionPCRI(RT[PCR)[specificforénteroviruses
(EVs). Immunogloubulin((Ig) Gland M responselagainst HHV6 lin/serum/and (CSFwerelanalyzed
using[ELISA imethod.

The pairwiseconcordance for MZ twinswas[30%(and forDZ twins[14%. Thelcorresponding
probandwisedoncordance rates were46% land[25%. Thelgenetic variance (heritability) was
estimated [tobe(15.3%((95%C110.0[77.6), the[common/environmental variance[73.7% (95% (C1
14.1193.9)land the inique lénvironmental variance[11.1%(95%IC12.3(30.0).

Welfoundsix[genes [to (be up regulated by 40 % and (one gene[(G1P3) By(50 % inlthetwinswith
MS. [Thesix[most[constantlyéxpressedigeneswere(G1P3,[POU3F1, MX2,ILAPTMS, HBA2 land
HBB.
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NoHHV6DNA 0r[EVIRNA wasfoundinlany/serum/(or (CSFsamples. Eightyleightpercent(ofithe
twins (with[MSand [86% [of'the healthytwin[siblings Wwere positive [for HHV 6 [specific TgGlin
serum. [One [twinwith MSwaslalso postitive for[HHV6 specific IgM [in/serum, whereas mione [0flthe
healthy [twins Wwas TgM [positive.AIlICSFsampleswere negative for HHV 6 specific 1gGland MIgM
inbothigroups.

Basedlon/these(datalthe/doncordance 0fIMS[inDDZ twinsin [Finland Has(increased [during[the [past
twoldecades, Whereas[in[MZ twins|it[has remained(the 'same. This[observation, [together(with[the
estimated low heritability,[would[suggest[thatithe fecentlyreported increase [in MS lincidencein
Finland [dould (bemainly/dueto[eénvironmental factors. [We Wwere not/ableto[demonstrate, However,
that EV lor[HHV6linfectionsdouldhavehadsuchlalcausativerole. Thelsix genes that werewip [
regulated/at(leasttwofoldin40% [of'the twins, hay [berelated [to MS [pathogenesis, Betalinterferon
(INFIB)treatment [0r [aninknown[virus/infection.
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TIIVISTELMA

Multippeliskleroosi/(MS) on [parantumaton/tulehduksellinenkeskus hermoston(sairaus, [joka
aiheuttaalsekd Harmaanettélvalkeanlaineen/vaurioita. [Se/onlyleisin muorten(aikuisten vakava
neurologinen/sairaus. MS(taudin/puhkeamistaljalyksilllistd[taudinKulkualonvaikealennustaa. MS
taudin riskitekijét/ovat todenndkoisestilperintd [jalympéristotekijoiden muodostamiayhdistelmia.
Toistaiseksikuitenkin téllaisiatekijoitdtunnetaanhuonosti.[IMS [taudin vallitsevuus lisdéntyy

pdivintasaajaltamapojakohtillitkuttaessalja[Suomessalse onmaailman(korkeimpia.

PerintotekijoidenosuusMS [taudin puhkeamisessalon kiistattomastilosoitettu, joskin[tautilesiintyy
suvuittain[vainharvoin((10%:1la’potilaista). Ensimmaisen/asteen(sukulaisten sairastumisriskilon/n.
5%, leilidenttisten Kaksosten (2[5 %, muttalidenttisten Kaksosten [Sairastumisriskijopa30(%.
Vaikuttakinlsilté, [€ttd(MS [tautilon[polygeeninenelil0sallisena/onluseitalerilgeenejd, joiden
esiintyminen mahdollisestiimaérittda yksilon sairastumisalttiuden. Jo [pitk&ddn on tiedetty, ettd
human/leukocytelantigen[(HLA)MDRB1*15isda merkittavastiriskié [sairastuaMS [tautiin. [Tata
tyyppidlesiintyyn.(60%:1laMS [potilaistaja20 Y:llalvertailuvdestosta.

MS taudin/pahenemisvaihettaledeltié hiseinjokin tulehdus, jajo Kymmenid vuosialonlepdilty
tulehdustenlolevanyhteydessd MS [taudin puhkeamiseen. Viime[vuosinalepdilykset/ovat
kohdistuneet [erityisestiherpesviruksiin (EBV jalHHV6).[EVslovatpuolestaan/saaneet liuomiota
mahdollisestilaukaisevina tekijoind@autoimmuunitaudeille yleisesti, thuttaniiden yhteyttd MS
tautiinlon [tutkittu miukasti.

Téamén [tutkimuksen/péétavoiteolilarvioidalperintdfjalymparistotekijoiden merkitystd MStaudin

etiologiassalSuomessa, [joka/édustaa MS[taudin/suhteenKorkean vallitsevuuden(aluetta.

Tutkimukseemme [0sallistuil24 kaksosparia, joistajoko holemmillaltailtoisellalonMS [fauti.
Kaksoset kerittiin'suomalaisestakaksoskohortista. Kaikkikaksoset tutkittiinkliinisestija
keskushermoston(thagneettikuvauksella. Konkordanssiljalperiytyvyys, sekdlyksilollistenjajaettujen
ympéristotekijoidenlosuus/etiologiassalarvioitiin. [IMS [tautiinliittyvid [perintotekijoitd futkimme
kontrolloidullalkaksostutkimus/asetelmalla, johon(0sallistuilkahdeksan diskordanttia
samanmunaista(identtistd) (kaksosparia, [€li[toinen/indeksihenkild 0lilterve jaltoinen sairastiMS [
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tautia. SairaanKaksosen(geenien/ilmentymisprofiilia[(8300(geenid) Verrattiinterveen Kaksosen
geeniprofiiliin'IcDNA microarraylanalyysiakiyttdmalld. Mahdollisinalyksilollisind
ympéristoriskitekijoindmaaritimmeEVRNA:n/seerumistalja/selkdydinnesteestd. HHV6DNA
médritettiinsekd Seerumista, [soluttomastalselkdydinnesteesté éttdselkdydinnesteenvalkosoluista.
LisdksiTgGljaMvaste MHHV6:avastaanmédritettiin ELISA 'menetelméllé seké [Seerumistaetti

selkdydinnesteesta.

Tutkimuksemme[perusteellaniiden/eérimunaistenkaksostenosuus,joissaholemmat/sairastavat
MStautialsuhteessa kaikkiin/pareihin, joissalesiintyilsairastapauksia, (On/lisdéntynyt 20 vuoden
aikanalnollasta14 [%:iin[(2/14), kun(taasidenttisilldkaksosillalosuus(on[pysynyténnallaan((30(%).
Todennikoisyys/sairastua MS [fautiin, jos[indeksikaksonendn(sairastunut, 0li[46 % [identtisilldja
25[% lerimunaisillakaksosilla. MS [taudin[perinndllisyysarvio taudin/etiologiassaloli[15.3[%((95 %
Cl0.0[77.6), jaettujen ymparistotekijoidenosuus(73.7%(95 % [C114.1[93.9)jalyksilollisten
ympéristotekijoidenosuus11.1%(95%[C12.3[30.0). Emmevoineetosoittaa EVIRNA:ta/tai
HHV6[DNA:talseerumistaltailselkdydinnesteestd IMS [tautiasairastavillakaksosillataiheiddn
terveilldkaksospareillaan.(Geenienilmentymisprofiilit€rosivat identtisten MS fautialsairastavien
kaksosten[ja/terveidenkaksossisarustenvililld. [Kuuden/geenin/ilmentyminen(olilisdéntynyt
véahintiédn Kaksinkertaiseksipuolellakaksosista. Namé(geenit0livat: [(G1P3,MX2,[POU3FI,
LAPTMS, HBA2ja[HBB.

Johtopaitoksendvoidaan todeta, 6ttdlisdéintyneen MS[taudin/ilmaantuvuuden [faustalla, [Suomessa
lienee [pddasiassauuntuneet ymparistonlolosuhteet. Koskalerillja[samanmunaistenkaksosten
sairastuvuus/todenndkdisyydessilonleédelleen ero, myds perintotekijitivaikuttavat IMS [faudin
puhkeamisenlriskiin. Yksilollisilld[ymparistotekijoilla/saattaalollamiin likdidn erkitystd. Emme
voineetkuitenkaan(osoittaa, [ettd latentti HHV 6 [taiEV [fulehdus(olisiyhteydessad [MS [faudin
riskiin. [(Geeniexpressiotutkimuksemme tuloksetiosoittavat, [éttd melgeenit, joidenilmentymisessi
olilmmerkittévilero ‘terveenjaMS(tautia/sairastavanidenttisen kaksosenvalilla[((G1P3,MX2,
POU3F1,[LAPTMS, HBA2jalHBB), 0sallistuvat B [solujen erilaistumisen(sddtelyyn, thyeliinin
korjaantumiseen, ‘oxidatiiviseen(stressiin jalvirusperdisiin/tulehduksiin. TLisddntynyt(geenien
ilmentyminenméyttdi(siis(liittyvinMS [taudintulehdukselliseen/syntymekanismiin,

virustulehduksiin(jamahdollisestiMS [taudinhoitoon kdytettavadn beetainterferonilddkitykseen.
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INTRODUCTION

MSislalchroniclinflammatoryldemyelinating[disease 0flthe[CNS[characterized By inflammatory
lesionslscatteredthroughout/the (CNS ltissue. [t(isthe host[dommon meurologicaldisease[0flyoung
adults(leading|[to [disability (Compston,[2002).

Therelis(asignificant/geographicalland temporalvariation(in/the [prevalence (0f MS. [The [prevalence
declines progressivelylinpopulations living mear the €quatorandlincreases withlatitude (Kurzke
1977).In(Finland/itlislone oflthe highest/inthe world. Recently/anlincreaselinlthe incidence 0 fIMS
has/been/observed/(Sumelahti2000).The inderlying reason forl(this(is inknown, [although
environmental(factors Have (beenlproposed((Sumelahti'et(al2001).

Despite lintensiveinvestigations, the étiopathogenesis 0fIMS lisstill inknown. Interactions[among
possiblelsusceptibility[genes/andthe environment have [been [proposed to [contribute(to the
developmentlofithe disease(Prat'and[Antel2005). Thelcandidate [gene studiesin[MS have (been,
however, [Somewhatdisappointingand(so [far/only human(leukocyteantigen (HLA)DR2 has been
repeatedly confirmed|to Belstronglylassociated withthedisorder((Giovannoniland [Ebers2007).
Virallinfections[in/genetically/susceptibleindividuals/during[childhood(andlearly’ddulthood/are
believed to(disturb/the immunehomeostasis/and promotethe development (0flautoreactive(T [cells
mediating[cellular(damage (Hunter [and (Hafler2000, Wolfson2001). Recently[EBV[(Levinetlal
2003, Hollsberglet[al2005, DeLorenze2006), chlamydiapneumoniae(Cp)[(Swanborgland
WhittumHudson 2002, Swanborg/étlal2003)and HHV 6 (Knox [et[al 2000, Mooreland'Wolfson
2002, [Swanborgand[Whittum #Hudson2002,[Alvarez(Lafuente(etal 2004 [and 2006, [Clark 2004,
Hollsberglet/al2005) have (beenlinked (withMS. The [findings/are, however, [partly (controversial
and[no [dausationHas been/shown(Mooreand[Wolfson2002, Swanborgand(Whittum Hudson
2002,[Giovannoniland Ebers2007).

Alwellldesignedlandconducted twinistudy'is @ powerful means/toevaluatethe relative [contribution
of’geneticand/environmentalfactors/ih(the @etiologylofialgiven(disease (Hawkes[1997). Therefore
thelaccess(to [The [Finnish(TwinCohortlafforded us [anlexcellent[possibility[to ‘eévaluate [such
susceptibilities/to MS/inFinland. Furthermore, Wwhenlévaluating(the role[0fluniquelenvironmental
factors/in[MS(aetiology, lit[hasbeenlémphasised(that(the study/population(should be genetically(as
homogenous/aspossible (Mooreland[Wolfson2002), thus/twinscanbe[donsidered [optimal
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subjects.[Forfurther(analyses 0fluniqueeénvironmental factors welselected HHV6(and [EVs, which
bothicanbelatent/inthe[CNS[(Sawyer 2002, Alvarez(Lafuente 2004). Differenceslin/gene
expression/profiles/in/discordantMZ twinswerelanalysed by(the cDNA microarray/technique
usinglalcontrolled(co [twinmethod.
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REVIEW OF THELITERATURE

1.[Clinicallaspectsof MS

1.1.[Clinical subtypesand.courselof the disease

MSis[alchroniclautoimmune/demyelinatingdisease 0fithe (CNS, (characterised by recurrent focal
blood brain(barrier[((BBB)/damage, [perivascularlymphocyteinfiltration, patchyldegradation(of
myelin(sheathandaxonallloss. Thesymptomsand [signs[0fIMS reflect/the [anatomicallsites 0flthe
inflammatory/and/degenerative (CNS(lesions. Any/part/ofithe(CNS[dan/belinvolved, mosttypically
thelderebellum, [opticnerve, brain/stem(and(spinal cord (SC). (Common/Symptoms [aremuscle
weakness, [sensory(disturbances, [Vision/deficits, ataxia, fatigue and[cognitive impairment (Compston

2002).

Thelcourse0fIMS [varies(substantially Wwithin(individuals. Typicallythe(disease follows/a/fluctuating
course, withrelapses [and remissions((relapsing [femittingMS; [RRMS). Tn[most(oflthe[patients ‘the
diseaselcourse/changes/into/secondaryprogressive [(SPMS) overtime, themedian beingtenyears
(Confavreux/et(al1980, Eriksonlet[al2003).[About10[15% of'affected[patients havechronic
progressivediseasefroml/the onset((primary [progressive MS; PPMS). In[RRMS [the relapsesare(due
to[CNS linflammation, Wwhereas(inthe[SPMS [and PPMS [the [Ssymptoms|[are tainly(dueto lirreversible
axonalllossland thelinflammation/itselflis thinimal (Noseworthy(et al 2000, (Compston(et/al2002).
TheldourselofiMSis(illustrated/in/figure(1.
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Figure(1.[Thelcourselofimultiplesclerosis

Pre(clinical Relapsing! Secondary!
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Tolevaluatetheldisability/caused (bythe disease, the Kurtzke Expanded Disability[StatusScale
(EDSS)lismost'commonlyused (Kurzke1983), seetable(1.

Tablel.The Expanded DisabilityStatusScale (EDSS)

10.0 = Death due to MS

9.0-9.5 = Completely dependent

8.0-8.5 = Confined to bed/chair; self-care with help

7.0-7.5 = Confined to wheelchair

6.0-6.5 = Walking assistance is needed

5.0-5.5 = Increasing limitation in ability to walk

4.04.5 = Disability is moderate

3.0-3.5 = Disability is mild to moderate

2.0-2.5 = Disability is minimal

1.0~1.5 = No disability

0 = Normal neurologic exam

18

Walking Ability

] Confinedto a

wheelchair or bed

Walks with aid
(<5 yards)

Walks with assistance
(22-220 yards or more)

Walks unaided {110-220
yards or more)

Walks unaided {330-550
yards or more)

Fully ambulatory



1.2..Diagnosis of MS

DiagnosislofIMS lis[basedlonlthe/objectivelclinicalland, lifineeded, paraclinicalleévidenceof
dissemination/oflinflammatory(lesionsin[CNSlin/timeand space. Inladdition [to (CNS[magnetic
resonancelimaging (MRI)[investigation, .commonlyised [paraclinicallinvestigationsare CSFland
visual'eévokedpotential (VEP) analyses. In(CSFpleocytosis, élevated TgGlindex(andloligoclonal
IgGldan/be seen(inlapproximately[80% ofthe patients Wwith MS [(Tintore/et[al2008). Overthe years
various|diagnosticcriteria for[MS [diagnosishave beenlused (Schumacher(1965, Poser1983,
Thompson(etlal2000, McDonald 2001, Polmanletial2005). Atlfirstithe(criteriawere basedon
clinical (features/alone (Schumacher(1963), butlin[1983 [algroupofiexperts reached alconsensus/on/a
classification, whichwaswidelylacceptedbothlin[clinical trials/and [practise (Poserlet/al 1983).The
Poser|criteria'were (based [on(two [or thore [attacks affecting [at(leasttwo [separate sites Within[the
CNS, Butfor clinically/definite(disease, [also [allowed clinicallévidencelto (be replaced by laboratory
abnormalities/atthe/second (site. MRI, VEP[and [CSFexaminations/wereised to[supplement
evidence for(thediagnosis in(situations/wherelclinicalcriteriawere not met (Poseret(al 1983).

Aslalresult0fitheldemand(to(start/diseasemodifying(therapylas/garly/asipossiblelinthe disease
course, Whenit(isthostlikely(to be iseful, 'dneed formewdiagnostic(criteriawas recently
acknowledged. The main/focuslwaslto bring forwardthepoint(atwhichlit[would be possible to
make(thediagnosis/0fIMS (with sufficient(security. TThe mewMcDonald [criteriawere [developed By
anlinternational(panel(in2001.[(McDonald(etal2001). Themain/change Wwasthatspecific MRI
featuresfor/disseminationin/timeland [spacelwerelincorporated. Thus, if’d[patient has/a/single
clinicallépisode characteristic/ofldemyelination/accompanied by [signs(onlylofithe [symptomatic
lesion(onléxamination(CIS=clinicallylisolated [syndrome), the [ demonstration by[MRI0f
dissemination/in/timelandispace/allowsaldiagnosis 0fIMS (McDonald étal2001). The McDonald
criterialhavebeenrevisedin2005 [withminor(changes mainly/¢oncerningtheise 0 fltesla(T)2 [
weighted lesionsland[SClimaging[(Polmanletal2005). Recently [Swantonland [dssociates proposed (a
new MRI[criteriafor MS inWwhichew T2 (lesions[¢anbe hised[as(asignofldissemination/intime
irrespective 0flthe timing/oflbaseline scaninicontrast/to[McDonald[criteria, lin'which(the baseline
MRIhas(to belobtained at(least30[days after(the [ihitial [Symptom. [Theauthors conclude ‘thatlthe Hew
criteria aresimpler thanMcDonald criterialwith(good[specificity and dccuracy (Swanton/et(al
2007).
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1.3..MRIfindingsliniMS

Focallwhite matter(lesions(are [presentlinover90% (oflpatientswith[clinically(definite (MS
(Robertsonlet’al 1985, McDonald1989).(T1 [weighted MRIis(less/sensitive than T2 [in
distinguishingMS (lesions, (but/it feveals parenchymalldestructionwell [([Van[Waesberghe et al
1999).120030%0fchronic (T2 [lesions [arepersistently T 1 hypointensein MS, (but/this(is vVery
uncommon [forwhite matter lesions @ssociated (withmormallagingland (vascular(diseases

(Uhlenbrocket(al1989).

Anlihcrease/inthevascular permeability/in/associationWwith(inflammation/dan(belévaluated by using
gadolinium((Gd)enhancement. Wormally((Gd[is [€xcluded from(theparenchymaloflithe brainand [SC
by BBB. WhenBBB [permeabilitylislincreased, (Gd [énhancinglesionsaredetected, thus theylare
commonly/seen(during(relapses. [Lesions/danlénhanceuniformly, 0rishow [d[complete or [partial ring| |
likelenhancement. Enhancement/is the €arliest/change(detectable by MRI(intheldevelopment 0f

new [lesions/inrelapsingMS. Enhancement lastslonlaverage(4 6 Wweeks, [and o [more [than(3 months.
Gdlenhancing/lesionslare very(rarein[PPMS, in'whichonly 3% ofithe new(lesionsenhance
(Thompsonlet(al2001).

Mostloflwhite matter(lesions/are/asymptomaticland thelcorrelationwith(disabilitylis[poor((Gawnel |
Cainlet(al[1998, Nijelholtetlal 1998, Charilletlal2003). ILesions/seenin MS [are not specific and[in
times/difficulttodistinguish from(other(aetiologies, [éspecially vascular/diseases. MS [lesions most
commonly/involveldeep White matter whereas [peripheral white ‘hatterlis [affected invascular
diseases, Butmeither is specific. MS lesions(are also typically/quite(large, 0ver(3 mmlin (widthland
oval'shaped. They/arelined(along[the Vesselsland mostloftenlaccumulate [periventriculary,
infratentorially, subcorticallylor(ih(the [corpusidallosum, sites mot typical for[vascular(lesions
(Gawne Cainlet(al(1998, Nijelholt €t al[1998, [Charillet/al2003).

TheSClis[commonly/affected radiologically levenlifithe [patient/does Mot have any(spinal [Symptoms
orisigns. TheSCllesions/are mormally(less/thanone vertebral [Segmentin/lengthland [occupyonly
part/ofithediameter(of'the cord.Acute lesions can(displaysome swelling, [which(dan(lead [to focal
atrophylofithe [SC. MRI0flthe[SCis [0fThigh valuesince [the [SClis[niot [dffected bylaging[(Thorpelet
all1993).
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Various MRI criteriahave beenldeveloped(iniorderto [predict theldevelopment 0fMS after(CIS land
toldistinguishMS[lesionsfrom/dther/detiologies/and mormallaging. [(Fazekas/et(al (1988, Patylet/al
1988, Barkhofletial[1997, Tintoreletal2000). The MRI(criterialo f Barkhoflare Wwidely hised today to
demonstrate [the dissemination in/space (Barkhoflet/al[1997, McDonaldet[al2001, Polman(et(al
2005), seeltable 2. The MRl (criteria0fiBarkhoflare basedon(a/studywith[74[CIS [patients. Thirty
three [patients(developed clinicallyldefinite MS in(two [years. The hodel[presented intable 2 hadan
accuracy0f180% land[performed(betterthan/the(criterial0flPatyland[Fazekas/(Barkhofletal[1997,
Patylet(al 1988, Fazekas(etlal 1988).

Table2. MRIlevidencefor(disseminationlin/space (Barkhof'scriteria)

Threeloflthe followingare recuired:
¢ OnelorimoreGdenhancing(lesions[orminelor(more T2 hyperintence(lesions
e Onelorimorelinfratentorial(lesions
e Onelorimore/juxtacortical lesions

e Threelormoreperiventricular(lesions

Inladdition(to [focallesions brain/atrophy/starts fodevelop linthe ajority (0f'the [patients [even/from
the(verybeginninglofitheldisease and(it Seems/to havelat leastlamodest dorrelationwithdisability
(Millerletlal 2002, Fisheret(al2002). Theldecreaselinbrainvolumelinhealthysubjects is
approximately(0.1[0.3%(yearly(Xu'et[al2000, Geletal 2002) wherelasin[MS [patients it(is[0.6[1.0%
(Fox(et[al2000, (Geletal 2002, Kalkersetlal2002).

1.4.[ Treatmentof inflammationinilMS

Exacerbations/(relapses)/can(belseenbothinlRRMS[and lin/the relapsing form[of[SPMS. [Alrelapseis
commonly/defined(as/objectivelevidenceloflamew (orimarked(increase0flold[symptoms/andsigns
lasting(at(least24 hours. In[1960s [Corticotropin/given/dspulsed/intramuscular treatment (was/shown
tolshorten(the(duration ofirelapses (Miller(et/al[1961). For [twentyyears this remained(the only
treatment loption.Thelintroduction/oflintravenous((iv) highdose hethylprednisolone(in the[1980s,
offered(the benefit/oflfar(less/sideleffects/thanidorticotropine [(Dowling et(al1980). Todaylthe thost
commonlyised/dosagelofimethylprednisoloneis 5001000 mg for threelconsecutive days€itheriv
orlorally.Theleffects0fimethylprednisolonelast/onlya/few months(and [thetreatment 0 frelapses
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has[nolimpact(on(thelcourse (0flthe(disease, lit herely(shortens the fecoverylperiod[(Milligan(et/al
1987).

Thelimmunomodulatory(IM) freatment[0f MS (has [developedsubstantially [during [the [past(decade.
Large(clinical trials/havelevaluatedthelefficacylofithree INF [Bland(glatiramer acetate ((GA)lds
disease modifying/drugsin MSI((PRISMSstudy/group1998and 2001, The IFNB MultipleSclerosis
Study!Group1993alandb,[1995, Jacobs/et/al[1996, Johnsonlet(al[1995). Theylalllhave been
introducedto [clinical practiseland, more recently, matalizumab hasbeenlapproved/(Polmanlet [al
2006, Rudick(et/al2006). The efficacy o ficurrent M [treatments [in[different types[ofithe [diseaseis
welllknown. [They/allireducethe relapse rateland MRI activity, (butthe effect/on(disability[Seems/to
belmodest, [@specially/dtithe(later(stages ofithedisease (Noseworthylet(al 2000, Filippiniletal2003,
Rudickl(et(al2005).

Inladdition(to TM [freatment, [drugs [that mon[specifically[suppress [the immune rfesponse are isedin
selected cases. Themostoftenused(oflthesedrugs/is mitoxantrone, whichlhas (beenshown/to reduce
relapse(frequencyldnd MRIactivitylin[patients With[verylactive[MS [(Mauchl(et/al[1992, [Edan/et(al
1997, Hartungt(al2002). Itishould be Moted thatmitoxantronelisaltoxicagent [thatmustbe
administered With[dare [to [reducethe [possibility /o flbone marrow [Suppression, opportunistic
infections/andcardiomyoptahy.

Severalmovel IM lapproaches (are being tested inlongoing/(clinical trials. ' Twoloflthe mostpromising
agentsnow [in[phaseIll trials(are FTY20andanti{CD52[(Campath[1H or [dlemtuzumab). FTY 20
induces loming0flymphocytes [to the Tymphnodes(and trapsthem/atthis[site. [Asaldonsequencelthe
migrationoflthe lymphocytes[to the ihnflamed(drganidompartments/(is[prevented. Thedruglis[orally
administered. /Alemtuzumab/is/an(ivladministered humanized monoclonal/antibody. Phase Il trial
started 2004, butwas temporarilyldiscontinued [due [to [two[cases [0flidiopathic thrombocytopaenic
purpura, oneoflwhichwas fatal (Coles/etal2006).

Despite [oflexceptionallactivityinthe field ‘of'clinical trials today, [ds[for mow[the clinical [course of
theldisease taybealteredonly by/suppressingthelinflammation(inthe[CNS, which maylprolong
the time (before enteringthe[SPphase. Oncethediseaselis[purelyprogressiveland/therelare no
relapses, thetherapeutical possibilities/to influence the[dourse(ofithe diseaselare limited.
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2. Epidemiologyof(MS

2.11Incidencelandprevalence of MS

Incidence measures/the mumber(ofinew diagnoses/in/aldefinitelareaoverionelyear. Thelannual
incidence0fMSlin[Northern/countries/including/Finland [is[approximately(3.5[6/100[000 whereas
closelto [theléquator(theihcidencelis feported tobe113/1001000 [(Compston2002). Overrecent
decadesthelincidencelof'MS has reportedlylincreased bothlin highland low(incidenceareas
(Compston1997, Compstonland Confavreux2006). The inderlying reasonfor thisincreaselis Mot
known. It may(bein part/dueto ‘the/development ofldiagnostictools/but changesin/the

environmentalfactors Havelalso (Been proposed (Sumelahti2001).

PrevalencelofIMS [defines/the iumber 0flindividuals/inwhom/the [disease has (been(diagnosedinla
defined(geographicallarea. MS(has[anuneven/geographic(distributiontraditonallyclassified asTow,
medium/dand highprevalenceareas, duelto the(differences inlthelgeneticlandlethnic backgrounds(of
the[populationsofithe world (Kurzke1977). Ingeneralthe[prevalence [0 fIMS [gets [progressively
less(in[populations(livingniear [the[équator/and lincreases/withlatitudeinboth(the morthernland
southernhemispheres. Inladdition/therearesome variation(in[MS [prevalence Wwithin continentsand
countries/themselves: InEuropeltheprevalence(0fIMS/is higher(inlSouthern[Scandinavia, Northern
Germany, [parts0f'the [United KingdomI(northleast[Scotland,@Orkney/and[Shetlandlislands)and
partsofiItaly((Sicilyland [Sardinia) thanlinnorthern[Scandinavia, [France, Spain/and [€astern
Mediterranean/dountries (Compston[1997). Inselected (parts/of'Finland/it(is[ashighlas200/100000
(Sumelahti2001). InNorth[Americaprevalence(is higherinthe Midwest than in[the [South[(Bulman
and [Ebers(1992).[Among whiteAustralians the [prevalencelishigher [inthe[South/than(in [the orth
(Hammond [et([al[1988).MS [is[donsidered to [be rarelin/the [Far(East, the[Arabian Peninsula, [Africa,
continental[South/America’andIndial(seelfigures2and 3) (Compston[1997and Compstonland
Confavreux2006).
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Figure 2. DistributioniofimuitipiescierosisinEurope. [Figuresare prevaience/ 100000 0flthe

population

Figure(3.Distribution/ofimultiple(sclerosis/in/the world. [Figures are[prevalence/100000 (0 flthe

population
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2.2[Diseaseldoncordanceland heritability

Alltwin/studiesconducted inhigh [prevalence/dountries havedemonstrated/ahigher MS
concordancelinMZ[thanlinDZ twins. In[MS MZ[concordancelin high [prevalenceareas/is knownto
belapproximately25[30% [with[rates 013 [5% [forIDZ [pairs[(Mumford(et(al (1994, [Sadovnick et (al
1993, Willerletal2003, Hansenlet[dl2005, Kinnunen(et[dl 1988, Thorpelet/al1994). Therelis,
however, [anlobservation/from(France,dmedium/prevalence country, that/the /doncordance for MZ
twins[i§ [considerablylower(than(inthe morth((FrenchResearch(Group (ofMultipleSclerosis(1992).
Thisfinding has [recently (been (confirmed[intwo [studies leading to the[suggestion/that frequencylof
MSinltwins(dorrelates withMS [prevalencelinthe area(Ristorilet[al 2006, Tslam(et(al2006).
Therefore, it HasBeenhypothesized [that [genetic and eénvironmental factors hay contribute [in
different [proportionsandways [to MS riskin[different [populations(Ristorilet[al2006). Theiselof
theldoncordance rates/to (quantitatively/éxamine(the relative [contribution(ofigeneticand
environmentalfactors [to[variation'has mot (been/performed inlanylofitheprevious/twinlstudies(in
high[prevalence areas. However, inlalreview by [Hawkes, [the tetracholic/correlations for iabilityland
heritabilitiesfor MS have been(calculated linthe twin/studies[comprisingmorethan (30 [fwin[pairs.
Heritability(isthe [proportion(ofioveralllvariancedueto [genetic factors. The heritabilityéstimates
range[from(24% linFrancelto [86% (inCanadal(Hawkes[1997). Inlthe Ttalian/cohort, which [represents
amedium prevalence/drea, [the @uthors(report/a heritability [@stimate[0f146% (95%[C110.06[0.86), land
anlenvironmental/dontribution(0f129% ((95%[C1/0[0.6) forsharedand 23%(95%[C110.1210.39)for
unique factors/(Ristorilet(al2006).

Kinnunen/and(associates studied (11 MZ[and [10DZ twinsdbtained from the0ld [Finnish Twin
Cohortlof'same sexed(pairs Born (1957 [or(earlier. Therecruitmentprocedure for[the[twins[was/the
same(as[usedlin(ouri(study. Theprevalence 0fIMS lin/twinsWwasfound [to correspond to that (0flthe
Finnish[population(in(1979:[infemales|it Was @pproximately[60/100[000, in[males40/100[000and
in(total’50/1001000. The frequency0f'MS was significantlyhigher(inMZ than/in[DZ twins
(Kinnunenlét(al[1987). Kinnunen(and(associates/also report the [pairwise concordancelrates for MZ
andDZ[twins(ih/a'study published in[1988. SixDZand [seven MZ [twin[pairs[obtained from theold
Finnish[Twin[Cohorttinderwent clinical lévaluation(asiwelllasbrain MRI,[VEP, brain[stem(auditory
evoked[potentialland[HLADR2 [analyses. The [pairwise IMS [concordance was 29% @mong MZland
0% lamongDDZ twins. BrainMRIand evokedpotentialsobtained from/the dotwins/did mot[show
anylabnormalities/suggestive 0f MS [(Kinnunen/etal[1988).DR2was [present in[69% oflthe twins
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withMS[(sixMZland 3 IDZ)dompared to34% [0flthe healthyblood [donorsised [asalcontroligroup
(Kinnunen|gt(al[1988).

2.3.[Prevalencelof subclinical MSlin genetically susceptiblelandin

background population

Ithasbeen hypothesized/thatlindividuals/with firstidegree relativeswithMS imight have @ldondition
called MS limmunopathic [traitorsubclinical MS, [characterized By the [presencelofloligoclonalbands
in[CSF land/or(silent MSTesions(in/brain MRI. [Haghighiland(colleagues/showed that[9/47((19%)(of
asymptomatic siblings[to[MS [patients had[an/intrathecal immunological reaction with two [or ore
CSFlenrichedloligoclonal(bands (OCBs)lin[contrast/to2/501(4%)inrelated healthycontrols
(Haghighilet[al2000(and 2003).

Numerous [family/and twins studies have investigated the possibilityloflsilent MS[like (brain(lesions
in(clinicallyl@dsymtomatic [subjects withgenetic susceptibilityto MS[(McFarland [et(al (1984,
Kinnunenlet/al[1988, Witdehaaglet/al 1989, TLynchletal[1990, Tienariletial 1992, French Research
GrouplonMultiple(Sclerosis[1992, Sadovnick gtal1993, Thorpeletlal[1994, Mumford €tal[1994,
Fultonlet(al[1999,De(Stefano et(al2006). [Since brainwhite [tatter(lesions [areextremely [commonin
thelgeneral populationland their[frequency(increases(withlage, noconclusion/can/be/drawn(from(the
earlieristudies/showing [frequent [presentation of'white matterlesions/inlhealthy familyembers, but
notlusing(specific MRI(criteria[(McFarland(et(al (1984, Uitdehaag(et[al[1989).Onlylthree familyand
three twin[studieshaveladdressed/the [question(ofisilent M S in/the [genetically at [fisk [population by
using(specific MRl criteria. Broml/these studies/it[canbeconcluded that MSlike lesionsare seenlin
4[10% (oflasymptomatic subjects with a[1* [degree relative with VS [(see table 3). However, [the
resultsshould beinterpreted, in[part, withdaution, [Since [the[studies [do motreport/chronic vascular
diseases, [smoking/or(other/donditionsknown(tbincrease [the possibility [0f brain white [matter
lesions. Also, ‘the ajority(0fthe lasymptomatic[subjects [fulfillinglanyMRI[criteria were l0ver 45
yearsloflage. Furthermore,(it[should be hentioned that Kinnunen(and(associates found(nio (brain MRI
abnormalities suggestive 0fMSlin/thegroup ofll1[cotwinsobtained from/the Finnish[Twin Cohort
20lyearslago (Kinnunenletlal 1988).MS!like brainlesions have beenlalso found inexpectedly at
autopsylinneurologicallyasymptomaticsubjects withmolincreased risk for MS[(Gilbertgt(al 1983,
Engell1989). Thelprevalence 0fitheseincidental findings/équalstheprevalenceloficlinical MSlin
theWnited[States(0.1% [of'the [population)(Brinar2004).
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Table(3.Family/andtwin[studies(onMS brain(lesions uising [specific MRI[criteria

Study Numberloflsubjects Tesla Criterial | | Result
Lynchlgtial | 45(subjectsiwithMS+ 1.5 Fazekas | 2lasymptomaticlsubjects((4.4%)
1990 45(1%degree relatives 1988 over[50(fulfilled(the(criterialof
aslcontrols Fazekas. Bothiwerelover(50years
oflage
Tienarilet/al | 27[subjectswithMS+ 1.0 Paty Slasymtomatic subjects((11.1%)
1992 27Isiblings/ascontrols 1988 fulfilledthe criterialofPatyland
and onel(3.7%)loflthose fulfilledthe
Fazekas | criterialoflFazekas.[Alllthese
1988 subjectswerelover(50 yearsoflage
DeStefanolet | 152dsymptomatic(1* 1.0 Fazekas | 7[sporadicMS[relatives((4.6%),10
al’2006 degreelrelatives(of 1988 familialMS [(11.4%)and mone [of
sporadicland [88[of Barkhof | thelhealthyldontrols(fulfilled both
familial MS [+[56(healthy 1997 the [Fazekas/and Barkhoflcriteria
controls
French 84[discordant(twin/pairs[]| not Paty Ninelco twins[(10.7%) fulfilled
Reseasch reported | 1988 thelcriterialoflPaty. All'these
Group1992 subjectswerelover(45(yearsof
age.
Sadovnickleét | 33[discordant twinlpairs[ || not Fazekas | Fivelcotwins((115.6%)fulfilledthe
all1993 reported | 1988 criteria/oflFazekas. [Ages(not
reported.
Thorpeletial | 48discordant(twinlpairs | 0.15 Fazekas | Fiveldoltwins[(110.4%)fulfilled[the
1994 + 0.5 1988 criterialof/Fazekas.Allwereunder
37Mhealthyicontrols 1.5 60(years(oflage. Wone 0flthe
healthy/controls(fulfilledthe[MRI
criteria.
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3.[Pathogenesis ofimultiple(sclerosis

Viruslinfections/in/theearly(life 0figenetically [susceptiblelindividuals/seem/to [beable todistort
immune homeostasis towards/development 0 flautoreactive [T [cells, whichldan(lead, lover[time, [fo the
clinicallsymptoms[0fIMS. The mhigrationoflautoreactive T[cellsacrossthe BBB/starts [the
inflammatoryprocess0fIMS.Whenéncountering linfectious/agents, immune [responses, thatlare
cross/reactive with/myelin/proteins, [dre hounted [in/the [peripheral lymphoid[system. [Activated
antigen(specific(T[cellsland B cells[crossthe[BBB[and target/antigensexpressed by
oligodendrocytes(and meurons. Thecrossing 0flthe BBB is facilitated byladhesionmolecules,
chemokines andtheir receptors(asiwellldsicytokines. Their€xpressionlon/the surfaceof
lymphocytesland/endothelial/cellslis[regulated by (different (genetic [and [énvironmental factors. In/the
CNS, thelactivated T [cells/again interact[with the@ntigen presentingcells[(astrocyte, microglialor
macrophage). The T [¢ell receptor (TCR)(and[class Il majorhistocompatibility complex (MHC)
molecules/on/thelantigen/presenting/cells form/altrimolecular complex, whichlisimportant in(Th1
and[Th2 [celllstimulation.The Th1(CD4+) cellslreleaseprolinflammatorydytokineswhereas
Th2(CD4+)cells[releaselantilinflammatory/dytokines(and moremacrofagesare(stimulated. Th2
cellslalsoactivateB(cells whichlareresponsiblefor/thelantibodyproduction. Bothlantibody/and T[]
cellithediated myelin(injury(occur(in'demyelination. This[process(isresponsible for[theldcute
reversible symptoms 0fIMS. [Symptom recovery!lis/due to femyelination and reversal (0flthe
conduction/block. Tnadditionto [demyelination, meurodegeneration/develops over time[right from
thelonset0flthe disease. This, togetherwith [the(altered propertiesiofipersistently'demyelinated (or
degenerated/axons/is probablythe reason/for the(stable symptoms/(Pratiand[Antel 2005, Hemmer et
all2006).Seelfigure 4.
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Figure(4.Pathogenesisofimultiplesclerosis

APC=antigen[presenting/cell, TNF=tumormecrosis [factor, INF=interferon, IL=interleucine,

PC=plasmalcell, Tc=[cytotoxic(T[cell
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4. AetiologyofIMS

Despiteoflintensiveinvestigations 0flvarious/genetic andlenvironmentalfactors, [the(aetiologylof
MS remainsinknown. [Genetic [factors are known/to regulatethe [susceptibility[to MS, butof'these
factorsionly[HL A DR2 hasbeen confirmed[to belstronglyassociated with[the disorder. Inthe
epidemiologicallsurveys/the term/frequencylis used toexplain low [often(aparticular(évent has
occurred. [Thecumulative frequency, [or lifetime risk, [i§ the haximum [possibility [that[willloccur
during [thelentire lifetime[0flan/individuallat/risk. For[Europeans, lifetime risk [0f MS [is[about1:500
whereas![forthe MZ[co[twin(oflanlindividual with(MSis[ashighlas(1:3 (Compstonland Confavfreux
2006). Inlalchild oflalparentwith MS the risk is less that[5%,which/is mevertheless 20140 [times
higher thanlin/the/general population, @mphasising ‘the roleofigeneticfactors. Onlthe (other hand,
85%lofIMS patientsdo Mot have affected relatives, whichlsuggest/thatenvironmental(factors(also
influencelthe/development(ofitheldisease(Ebers/et[al[1986, Mumfordétlal[1994). Infections,
mainly(viral,[chemico[physical factors,[suchlas/sunlight/€xposureand [vitamin D [aswelllds
population[geneticshave(commonlybeenproposed (as/possible/candidatesinMS[aetiology((Ebers
2008).Forldecades!it hasbeen recognisedthat therelis alfemalepreponderance(in MS. Before 1930
thelratio(was(1:1,but(sincethen/the ratio hasbeenlincreasing and [today(stands(at/approximately(2:1
(Hader(et[al[1988, Duquettelet(al1992)According [to recent studylitlexceeds(3.2: 1 [in[Canada. Since
geneslare unlikely[to Beresponsiblefor(suchlshortlterm/change,femaletelated [environmental
factors, such(ashormonal/contraceptivesand/increased smokinghave been proposed(Ortonletal
2006).

4.1.[Environmental factors

Populationstend to [change[geographicallyland/socially.[Studiesonistablelisolated [populations/give
informationlonigenetic susceptibility, whereas studieslonimigrating populations are thought ‘o
reveal thelacquired/exogenous [factors/in/the(aetiology(of'theldisease. One ofithemost important
migration[studieson MS(demonstrating thatlindividuals(dan(dcquire(the level 0fIMS [risk 0fltheir
new (living surroundings if they(migrate beforeladolescencewas/done by Alter land/associates and
updated(byKahanaland/associates[(Alterietal[1962[and 1978, Kahana/et(al[1994). Theloriginal
studylonIsraelilimmigrantsshowedahigher(prevalence among those migrating[fromnorthern
Europelthanfrom[Asialand[Africa, butthere Wwereveryfew MS [cases/inlthe cohortwho migrated/to
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Israellbeforeladolescenceland thelchildrenbornlin(Israelhad the 'sameprevalencel0fMS
independent(ofitheparents’origin((Alter(et(al 1962 and[1978). This/implies that(racially(determined
differences(in[risk for(MS(aremodified by the €nvironmental(factors, butthey thustlact before
adulthood. However, ddoption(studies have[shownmo ihcreased risk [0fladopted [individuals
developing MS(despite lofbeing raised[from/infancywith(MS[patients, [Solit@appears [that[shared
familyleénvironment [alone[is Mot/enough [to trigger MS [(Ebers(etal 1995, [Sadovnick(etal[1996). Tn
the(study By [Ebers andlassociates/the frequencylo fMS(oflnon (biologicalparents (n=470),siblings
(n=345)landchildren(n=386)0f1238index cases Were[compared. [Thelobserved recurrencelrisks
(1:470,10:345[and[0:386 [respectively) lequalled [the lifetime [risk [for [Europeansand (Canadians
(1:500)(and wasthereforelsignificantly lower(than/thatlinthebiological relatives(oflindexdases
(1:20forfullsiblingsland [1:50 (for[parents). [Amongstthe 1201 [relativesofladoptees,onlyonehad
MS, [Solthe [prevalence was/found [to belidentical [to[the [populationprevalence (Ebers(et[al[1995).
Alsothelevidence fromhalf'siblingstudies favours(genetic factors(as[the basisfor familial
clustering(Ebersgtal 2004, Sadovnicketal 1996).Sadovnick ‘and[associates studied 939 [subjects
with[MSwhohad 1839 halflsiblings(and 1939 fullsiblings. Theageadjustedrisk [forhalflsiblings
wassignificantly lower((11.3%) than for fulllsiblings (3.5%). Therisk forhalflsiblings was the [same
for(thoserosetogether(or raisedlapart/(Sadovnickletal[1996). Therefore/it(is thought that.common
environmental(risk [factorsfor MSthostlikelyoperate onlamacro énvironmental, ratherthanla
familial micro [énvironmentallevel (Giovannoniland Ebers 2007, Ebers 2008). Evenlthoughfamilial
sharedénvironment [seems [to (be ofllittle importanceinregardto MS risk, [the month[ofBirth(data
suggest/thatthe(gestational l0r neonatal énvironment/couldhave an/éffect/onthe risk./According/to
month oflbirth(studies, [significantly more [MS patients [@re(bornin[Mayand [fewer in November
(Willer(et[al2005). Theinder tepresentation/ofitwinsinthe IMS [population(dbserved inla few
studies (Willer(etal 2003, Ristorilet'al2006) and arecent finding that/the ratelof MSinDZtwin
pairslislowerthanléxpected from/populationiprevalence(Hansen2005), has[raised a/question/about
possibleprotective factors/dgainst MS ishared by IDZ [twins. [One [0flthe [factorscould be [the [sharing
oflfoetal life with/algenotypically(differentindividual, which mightbe beneficial for the immune
system/(Hansen2005).

4.1.1.Vitamin D andsunlight.exposure

Thelassociationbetween(increasing latitudeand risk [0fIMS (has beenlobserved [for decades. Even
thoughmanyleénvironmentalfactors/change Wwith latitude, [Sunlight [@xposure [@ppears [to (be [the host

31



likelylone [to (be [connected with MS. In[Australia, ‘the lincreased[prevalence[o fIMS [was found (to
correlate withreduced [sunlightexposure, iltraviolet[((UV)Blin/particular((van/der Meilet[al2001).
Also thelimpactofibirthmonth(onMS [prevalencehasbeen/connected to thesunlight[éxposure
during [pregnancy. Theldata'shows(a[19% (decreased risk [0 fMS [for[thoseborn ihMNovember
compared(tothosebornlihMay(Willer(et'al2005). [The reduced mhaternal [éxposure tosunlight
during winter [pregnancy/is ‘thought 'to lead [to [vitamin[D;[deficiency, which[seems [to (be the
mediator0fithe immunomodulatory/éffectsofldermal UVB[(Cantornalet(al 1996, Munger (et al
2006). Vitamin/ID [may/therefore protect/againstthe development (0fIMS [and (also [influence(the
disease l0outcome. [Theleffect/oflvitamin D (could be hediated [via the dcquired [or [the [ihnate immune
system/or byla/combination 0fiboth((Munger|et'al2006).

4.1.2..Smoking

Anlincreasein[MS[symptoms [after(cigarette smoking (Emreland(de Decker1992)andalpositive
correlationbetweensmoking (before onset(0fIMS [and [the [risk (0 fithe [disease havebeen detected
(Ghadirian(et[al2001). Most/importantly(dpositive dssociation has (been foundlin/eachofthe four
prospectivestudies/that have addressed/theissue ofldigarette[smoking(asa risk factor forMS. The
relative risk [for [smokers/dompared to thosewho have never(smokedhas/been(found tobe(1.3[1.7
(VillardMackintoshland Vessey 1993, Thorogoodand Hannaford (1998, Hernanlétal2001, Hernan
etal2005).[A[positivedssociation between/smoking [and MS was(also foundin(astudy(oflthe
generalpopulation(in Norway. The relative risk [in/this study Wwas 1.8, Being [in line Wwith[the
prospectivelstudies(Riiselet(al2003). Furthermore altwo [fold lincreaselinthe risk [0flpaediatricIMS
has(been reported @amongchildren/exposed [to [parental smoking(Mikaeloffletal2007).

4.1.3.Infectiousagents

During the(first/decade 0flithe 20th century/there were mumerous(claims, which werelater[proved to
befalse, thatMS[could be transferred o variousanimals(bylinjecting them/with human(CSF. It was
notintil In[1930swhenmodernvirologywasborn,thatthe first report[showed Theiler thurine

encephalomyelitis[((TME) irus [(a meurotropic [picornavirus) to [cause[CNSdisease. [Sincethen TME
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haslserved(as/aimodel’to lexplain/infectious hechanismsiinderlying[CNS [demyelination(Stiivelet(al
2004.In[1933 Riversand/associateseéstablished ‘the autoimmune Hypothesis for MS bylinducing
demyelination/through immunization with[CNSHomogenate [inthe labsence oflanyldemonstrable
pathogen, which/ledto thediscovery(ofithe eéxperimental autoimmuneéncephalomyelitis (EAE)
modell(Rivers(etlal1933).[EAE [actslaslamodelfor MS [and has beenlused [to [studybasic
mechanisms underlying[CNS/autoimmunity(éver|since. In[1930s the first organism, Spherula
insularis, Was(linked with MS, (but rapidly/disappeared from/interest. [From[that/point(on
geographicallandseasonal variations(in/thelincidence 0 fIMS [aswell(as thigration[studies [further
raised(the [enthusiasm/for(apossiblelinfectious aetiologyofIMS [((Compston €t[al2006).[Also, an
observation/that MS [éxacerbations [are more (common after(ihfections [Supported thishypothesis
(Sibleylet(al1985), althoughmo specificvirus(orbacteriahas (been implicated [((Andersenétal[1993).

Untill[1980sthere had Been single, but Mot [confirmedfindings(on[rabies, herpessimplex Virus
(HSV)parainfluenzall,measles, cytomegalo virus ((CMV)[and coronavirus. Theseldarlier[studies
withlanecdotalfindings are [summarised by Johson[(Johnson[1994).[Atldne[pointalquestion(arose(as
towhether [patients(with MS [had[beenléxposed(to Human retroviruses (HRVs) ((Gilden2005), but
duringthelast/decadelinterest(hasshifted fromHR Vs/to[Cp, [a/gramnegative bacterium. The
original/study/showed (CpIDNAland [abs[in[the (CSF loflpatients with[MS[(Shriram(ét(al[1999).Since
thenmany/(studieshave/explored d/possiblerelationbetween(Cp and MS but monehave foundone
(TsailandGilden[2001).

4.1.3.1. Herpesviruses

Herpes virusesarelalcommon tieurotropic group l0fViruses/capable 0 f protractedlatency. [Inthe [past
decadeltwo Hhuman(herpesviruses/have beenlassociated withMS, namely HHV6(and [EBV. Theylare
oflspeciallinterest because seroconversion/to both Viruseshappens beforeladulthood, matching
epidemiologicallévidenceforthe time0fiéxposureto the disease ¢causinglagent0f MS [(Gilden
2005).

EBV, lthelcause oflinfectious mononucleosis,is[knownto (be latentin[Bldells. [All[patients with MS
arelseropositive, [compared with[8695% 0flcontrols[(Gilden2005). Brayland colleagues found abs
to[EB Muclear(ag(in[85% [of'patients withMS [compared to [13%[0f EBV [seropositive [controls (Bray
et(al1992).[Alsolaprospective(studyon62439 [femalesfound(alsignificant increaselin/serum titers
oflanti(EBV [beforethe lonset 0f MS [(abltb [EBnuclear(aglin[particular)(Ascherioetlal2002).
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Studies/on[paediatric MS (have shownan(extremely(low [risk [0f MS in'seronegative 'subjects
(Alotaibilet[al2000, Pohliet/al2006).[Compared tosubjects notlinfected lin/childhood
(seronegative), MSriskis [@approximately tentimes higherl@amonglindividuals who [experiencela
subclinical[EBV linfection/in/childhood (seropositive without hononucleosis)/and therelis[a20 [fold
increaseinlrisk[@among(individualsiwithalhistoryloficlinical mononucleosis[(Cohen(2000, Hollsberg
et(al2005, Llevinletal2003 [and 2005, DeLorenzeétal2006). Tnlameta analysislofIEBV land MS
Ascheriolreviewed [eight studies thatlincluded(altotal(0fl1005 [patients withMS [and 1060 [controls.
The summary/odds/ratio [for [patients Wwith MS [compared [to [controls was13.5(95%[C116.3(31.4)
(Ascherio[2000). In the most recentmetalanalysis By(Thackerandcolleagues/the combined relative
risklonMS [after(infectious mononucleosisfrom(14 [studies was/considerably Tower(2.3[(95%CI 1.7
3.0)[(Tahcker(etial2006). Today EBV lisithe onepathogenthatlisbelieved tolstand out/as/a
consistent/and strong risk (factor forMS.

4.1.3.1.1..HHV6

There are tiwosubtypes 0ofITHHV (6, designated [aland b. [HHV [6b/causesd[commonchildhood
infectious/disease, [éxanthema [subitum, Wwhile [HHV 6alis mot known to [cause lhuman[diseases.
Therelis,lhowever, @recent finding suggesting [HHV 6alto (be pathognomic forMS[(Alvarez ]
Lafuentelet[al2004). HHV6lis[prevalent worldwide. [Tt is fiypically(latent, but icanBecome
reactivated upon/stress/to the immunesystem[('Y oshikavaland[Asano[2000, Berardelli[1997).
HHV6Idan/dauselinflammation ofimyelin forming/(cellsland[CNS[complications/suchlas
febrilelseizures andleéncephalitis/encephalopathy. [Since the seropositivity forlanti HHV6
IgGlablapproaches100% fin(the background ipopulation (Meinl(1999), lit s [difficult[to
evaluate ‘thepossibleconnectionwith[MS [and [HHV 6 by serologicalsurveys. Increased
serumIgG abltiters/to[HHV 6 [using lenzyme [immunoassays(orihdirect immunofluorescence
assays(havebeenlinconsistentlyreportediinpatients with MS (Wilbornlet[al[1994,[Solaletal
1993, Nielsen/et(al[1997).

Because 0flthe high/seroprevalencelit hasbeen hypothesized that HHV6(could trigger MS
onlylinlindividualsiwith/alcertain/genetic[profile. A studybyMartinez/and colleagues
showed anlassociation 0fithe IMHC2TA rs4774Cwith HHV 6aPCR [positive MS [patients
compared with[HHV 6anegative [patientsandhealthy(controls. This[findinghaysuggest(that
there(is/algeneleénvironmentlinteractionbetween HHV 6alactive replicationland MHC2TA
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rs4774Clormhaybelsome(otherpolymorphismlin/tightlinkage [disequilibriumwithlit

(Martinez/etal2007).

The majorityoflevidence supporting anlassociation between HHV6land IMS [is (based [on
caselcontrolistudies, whichhavecompared(the [detection [ 0of HHV 6[in (braintissue, (CSF,
serum/or PBMCshising PCR[(seetables4 [and [5). Furthermore immunohistochemical (IHC)
analyses[oflbrainBiopsy(specimen from[patients (withorwithout MShave been [performed/in

fewstudies. In'the firstistudy[HHV 6 [antigens/(ag) were [detected lising[two honoclonallabs
tolearly[p38/p41]landate[p101]proteins. HHV6laglwasldetected/inthe mucleilof
oligodendrocytes(in[12/15(80%)0fMS [cases/dompared tonone 0f'the controls/(Challoner et
all1995).Inlanother(study THCanalysesshowed lonlythe HHV 6 glycoprotein(116/ag(in
some reactiveastrocytesland(microglialofiacute lesions/((Goodmanletal2003).

Table(4. Detectionof HHV6[inMS [and [controlbrains by[PCR

Study Sample Positive MS Positive
cases((%) controls((%)

Challoner/ét/al normal 25/321(178) 40/541(74)
1995 white matter
Sanders|ét/al active 7/221(32) 16/371(43)
1996 plaques

inactive 5/291(17)

plaques

normal 9/371(24)

white matter
Friedman/et/(al active 6/161(36) 3/221(14)
1999 plaques

normal 2/121(17)

white matter
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Table 5. Detection of HHV6[inCSF, [seraland PBMC fromMS [¢ases[and[controls by[PCR

Study CSF CSF sera sera PBMC PBMC
positive positive positive positive positiveMS positive
MSIcases controls MSIcases controls cases controls
(%) (%)

Willbornléet 3/21(14) 0/16 0/21 0/16

al1994

Martin[ét 0/20 0/20 0/20 0/20

1997al

Fillet(et(al 2/32(6) 0/21 2/32(6) 1/34(3)

1998

Goldberg/ét 0/6 0/4 1/24 0/30

al1999

Mirandolalet 0/32 0/12 0/32 0/12

al1999

Tejadal 14/30(46) 6/30(20) 22/33(66) 0/46

Simonlet(al

2002

Tomsonelét 14/38(37) 0/43 38/56(76) 43/150(29)

al2001

Alvarez[] 15/30(15) 0/46 55/103(53) 14/46

Lafuentelet (30)

al2002

HHV6=humanherpesvirus 6, CSF=cerebrospinal(fluid, PBMC=peripheral blood mononuclear(cell, MS=multiplesclerosis, [PCR=

polymericichainlreaction,
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Fromlthe vastvarietylofistudies performed, [itican [beconcluded, that/éventhough/some
connections seemstblexist between HHV 6[and M S no [causation hasbeen shown. Themain
argument today(foranlassociation between HHV 6and MS lis[based ‘on/the [presence [0flviral
DNAlih[the bloodfromMS [patients(in/the active [phaselof'the [diseaseincontrast(to MS
patients/in/thelinactive phaseor(healthy(dontrols/((Hollsberglet(al 2005, [Alvarez Lafuentelet
all2006, Bertilet[al 2002, Chapenkolet/al 2003). Whether arelapsecan(be(caused by
reactivationofllatent HHV6 0r[HHV6is[reactivated (because 0flthe relapselismot known.

4.1.3.2.[Enteroviruses

InfectionsbyEVslare commonland affectpeoplelofialldges. [Symptoms0flEV linfectionvaryfrom
nonspesific fever(and rash(to life threatening[CNS[disease. [(Sawyer(2002).[EVs(can persist(in
neuronal tissue. [Poliovirusesarethe best knownEVsishowing specificltropism/to motoneurons/in
SC. Other[EVslaremajorpathogens(ofithe [CNS [causing [heningitis/andléncephalitis (Romero
2002).

Latent 'EV RN A has[beenreported/to [be [present [in[patients (with varying@autoimmune [disorders/such
asldiabetes ellitus (Hy6ty'et(al[1995), chronic [fatigue[syndrome (Clements(1995), [chronic
myocarditis((Heim/et[al[1997) land postpolio [syndrome(Leparc[Goffart(étal[1996). Thus, these
observations(suggest!a/donnection bBetweenEV linfection/andautoimmunity. Inladdition/to
autoimmune [diseases, EV [RNA has[been(found in[CSFland [SC0fTALS [patients [raisingthe
possibilityl0flapersisting [EV linfection inthis meurological [disorder(Berger2000, Giraud et [al
2001).

Alcaselreport(studyhas/proposed(an associationbetweenlacute/disseminated [éncephalomyelitis
(ADEM)and[poliomyelitis vaccine[(Ozawalet(al2000).[Also alstudyperformed onla MDanish
historical/dohort/0flpatients(treated with [poliomyelitis (n=6423)(and [the DanishMS Registry
suggested that/polio [patients tight(beatanlincreased risk (0f MS[(Nielsen(€t[d@l2000). Onltheother
hand, o EV RNA[was found/in/autopsy brain tissues from25MS [0r (33 [dontrol [patients (Dessau et
all1997).
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4.2..Geneticlfactors

The sequenceoflthe human(genome (consists0flover(3 (billionbase(pairs/andover10millionigenetic
singlemucleotide polymorphisms(SNPs)with(afrequency/ofimore(than(1% arethought[toexist.
The majority0fithis/datalhasbeen/collected [inthe lastfew [years. The[growing linderstanding[of'the
human(genome has led [foldevelopment(ofivarious/toolswith which/to [explorethe[genome(The
international [HapMap(project2003).[Marked [éffortstoidentifylindividual genes(ihvolved[in(MS
aetiologyhavebeen, for(themost [part unsuccessfulléventhoughMS has been considered to (havela
strong[genetic/component. [After(areview by Dymentlandlassociatesuplto[95% oflinitialigene
association/findings/cannot(belreplicated (Dyment et[dal2004). This(is mostlikelybecause diseasel |
associated/genes/are(probably Operatingin/different/individuals(orin/different [populations. [A[single
genelisnotllikelyto havelalmarked effect, asit[isthought/that the .cumulativeeffect 0f'several genes
increases/anlindividual’ssusceptibility toMS. [So farlonly[HLAMDRB1*15[antigen(hasstrongly
beenlassociated with MS. Ttlis [presentinlabout[60% [0f the [patients[and lonly20% [oflthe (general
population(Rasmussenet(al2001). Recently, findings for few [genes with smaller(effects have been
replicated [in[hore [than(one [population, [Suchlasproteinkinase Clalpha[(PRKCA)[(Barton/et'al 2004,
Saarelalet(al2006), linterferonregulatoryfactorS((IRF[5)((Kristjansdottir(et/al2008), ecotropiclviral
integration/site S[(Evil5) (Hoppenbrouwers€tlal2008), TL2 [and 7 receptoralphalchain/genes
(IL2RAandIL7RA)[(Gregoryletal2007, Hafler(et[d12007).

4.2.1.'HLA [genes

MHChas[beenlassociated withMS [for (30 [years. Thegenesinvolved playlimportant [partih
regulating [thedevelopment, haturation(and [composition(of'the T[cells(aswelllas0ther
immunologicallprocesses. [The firstlassociations reported were the HLA[class(Tlantigens (A3 [and [B7
andHLA [¢lass Tl polymorphismDw2 [and IDR2 [(Dyment(ét(al2004).Thishas/beenisubtyped into [a
strongand[consistent/associationwithithe HLA MRB1*1501 MDQA1*0102DQB1*0602extended
haplotype. Innorthern European(populations, these[DRB1,MDQA1 [and DQB1 [allelesalmostalways
occur together. Because this(allelichieterogeneitylislobserved,it(has beenlsuggested that there may
belalhierarchy0f[DRBI1 [allelotypesthat(directly influenceMS [risk [fo(differentdegrees.[Also ‘there
may belanother(genetic variant(in/close[proximity, whichlis[present onlallldssociated [DRB1
haplotypes(Dyment(elial2004, (Giovannoniland Ebers2007). T cellreceptor (TCR)binds [directly
to[HLA [antigenswhenthe epitopeis[presented. [Thereforethe polymorphisms0f TCR have (been
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considered to be [potential [dandidates [for MS [susceptibility (Dyment et al 2004). Especially TCR [
genesmay [haveanléffect'onMS [pathogenesis, butlthe results have Mot beenlconclusive(Sebounlet
all1989, Hockertz(etal[1998). Thelactivation0f T ¢ells[begins withthe interaction0f TCR land
HLAl¢pitopelcomplex. [Atlthis/stagetheexpressionofidytotoxic T lymphocytelantigen (CTLA4) on
thelsurface(0fT dellslis ip [fegulated. [Thismholeculelis[able/to bind ‘theB7 ligand lonthelantigen
presenting/cell. [CTLA4 Hasthus beenlalcandidate susceptibility[genefor Variousautoimmune
diseases/including MS, but/the resultshave beeninconclusive (Dyment(et(al2004).

4.2.2.Linkage/studies: (genomicScreens

Sincelthe/dandidategenelapproachhiasnotbeenverysuccessful, numerous/genomiclscreen/studies
includingone fromFinland have [been performed (Kuokkanen(etal[1996, Ebers(et(al[1996, Haines
et(al1996,Sawcer!(et(al[1996). Wone (of'themhave been/successfulin(finding[aicandidate(gene(loci
outsideMHC [at/a/genome widelsignificantlevel. (Genomicscreenstudies [are Based [on/the [idea that
all[familieshave their susceptibility/determined by [the [Same genes. [ Thismayot, hiowever, bethe
case. Genomic screenstudies have(so faronly[provided information/about(theexclusion/ofimajor
locus/andsomeidea/ofiwhere regions/oflcommonlinterestcould be located. [Evidence [for/sharing
waslobservedlin/the(Canadian, American, UK [and (Finnish/studiesfor(chromosome [6 [Withinthe
MHClregion((6p21)(Dyment 2004, Hafler(et/al 2005, Sawcerlet(al2005), butother/candidate(gene
locihave ot Been/confirmed. A recent(study/on(730families/again(revealed alsignificant linkagelin
the MHC, (butnodther regions oflstatisticallysignificant linkagecould (belidentified. Thelauthors
state(thatmon IMHClocilofirelevance in MS [might(éscapethe [effective statistical [powerin[linkage
studies[(Sawcer/et(al2005).

4.2.3.[Gene expression studiesusing micro(array (technique

Recently, new microarray technique has [provided/apowerfultool forlinvestigating [transcriptional
changes/is MS. DDNA [thicroarrays(are(large scalelscreening/techniquesinwhich[fragments (0flprobe
DNAslare/chemically boundto the surface, and fluorescentlylabelled target DN As(or [CRNAs)
from/cellslortissues(arehybridized 'to [thearray. (Genomelwidelchanges(inlthe bloodormicroglia
(obtained [from[obductions) 0flpatientswith MS Have (beenlobserved by using/thistechniquelin
numerous (studies/(Sharpet/al 2006, Gebicke Haeter2005). Thelgenelexpression profilelanalysed
fromblood/oflpatients (withMS [has beenfound [to (be[different from[controls/and (it [seems [to
correlate with(diseaseactivity(Achiron(et/al2004a, Bomprezzilet/al2003),the medications isedto
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treat MS [(Weinstock Guttman|etal2003)[and [to [the [treatment [response[(Achiron(ét[al2004b,
Sturzebecher(etal2003). In/two[gene expression studies onMS brains therewas Very!littlel0Overlap
inresults (Locklet[al 2002, Mycko etlal2003). Onlyltwo [proteins were hip [tegulated in/both(studies:
Cyclin[1A,whichimightbelinvolved/in(differentiation/ofithe(cellslinto [phagocytes,land MEKI,
whichlis[phosphorylated through INF[Blactivated [intracellular(signalling[pathways, Wwhich(leads [to
induction/oflBlchemocine MRNA land/proteinlexpression(Gebicke Haeter2005).

5.Twinslinpopulations

Twins are two 0ffsping resulting fromthe [same [pregnancy, [€ither(ofithe [same(or(0pposite sex. [Due
tolthelimited [size(oflthe other’s hiterus, twin[pregnancies [arelesslikely(to [Garryto full term, (37
weeks/onlaverage,and therefore the infants/are(subjectto various Health consequences((Elliot 2007,
Collins2007). [There arefive[common(variations[ofitwinning. [Themost.common typelis [DZ
oppositelsex [twins, which donstitute about40% oflalltwins born. The hext[commontypes/are like
sexed[femaleDZ(and(like 'sexed Male DZ[twins. Thelother variationsare(like[sexed female MZ
twins [and ‘theleast(common/like[sexedmale MZ[twins. Males [are thore [susceptible [fo lintra uterine
death, [and(sincethis(is hore likely(for twins[than(in[singletons, [it Teads to [female [preponderance(in
twins[(Martin/et(al[1999, [Collins2007).

Ifibothltwins(ind[pair Havethe[same(disease theylare(cdonsidered [concordant,whileasingle affected
twinlis[one of'aldiscordant(pair.[1.1%[ofBirths(in[the Wworld result from/a[twinpregnancy. The
current/rate(in/the Wnited States(is 3.1 [twinbirths per[1000 women, [thus(5.8% oflchildrenBorn in
the WSIafter2001 [are [twins. It/is[estimated [that@approximately(125 million((1.9%) oflthe world’s
population(are(twinsor triplets(Collins 2007).

5.1.[Dizygotictwins

DZ,[dcommonlyknown(as/fraternal twins, 0ccurwhentwo fertilized [0vas/are implanted [in[the
uterine wallatlthe[Same ‘time. IDZ[twins[shareonly[30% [oflthe genes, thusigeneticallythey(do Mot
differ[fromregular/siblings. The rate/of DZ[twinning in[theearly part/ofithe20th centurywaslas
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highlas(3:1.[Sincethelate[1950s,DZ twinning rates/decreased intil the [1980s, when(the DZ/MZ
ratio(was/about(2:1, Buthaslincreased since(as(dresult o flinfertilitytreatments [(Kaprioland Marttila
2004,Collins 2007, Martin et (al1999).[DZ twins [are more [common for[older mothers, with
twinning(rates/doubling/in(mothers(over(35years oflage(Bortolus(etal[1999, [Collins 2007).

5.1.[Monozygoticltwins

MZ, frequently(referred as(identical/twins, 0ccurwhen(alsingleovalis fertilized [to formlonezygote,
which/then(divides/intotwo [separate[embryos. [Even/though/in[principle/theyhavelidentical DNA
(exceptfor hitochondrial DN A), ltheir [traits [and [physicallappearances/are mot (€xactly(the same.
Environmentalldonditions [bothlin/the hiterus(and throughtheir lives influence ‘theleéxpressionof
various/genes.[Also [therelisla[possibilityloflSomatic mutations after fertilizationand[on/rare
occasion/deactivation 0fIX chromosomes!/in[femaletwins. The(likelihoodoflsingle fertilization
resultingin MZ [twins[is[random/and rare. The estimated mumber 0fIMZ[twins(and [triplets/in[the
worldis[10million[(0.2%)(Collins2007).

5.3.[Twinimodels

Alwelll¢conducted twin study'isiconsidered [to [be [an(excellent heanstb [assess [the relative
contribution(ofigeneticandlenvironmental factorstola/given(disease. Therelare(three tain
approaches/toconducting a’twin/study: [A(classical[twinmethod, [a[dontrolled[co[twin[studyland
biometricallgenetic ethods. The basiclaimlin/alclassical twinmethodlisto [domparedoncordance
ratesih[MZ[and DZ twinswith [population/prevalence for(algiven(disease. When(the MZ
concordanceis[significantly higher(thanIDZconcordance,(it(ihdicates that/genetic factors(are
important/inlaetiology, whereas/équalidoncordance [rates[amongMZ and DZ[twin[pairs/suggestsan
environmentallcause. Thelrecruitment 0flthe twins/canbe based [Onpopulation(or Volunteer
ascertainment. [A [population based twin[study hastheleastbiasland islachieved Bylaccess/toa
national twinlregister, whilelavolunteerbased(study!is[d(less[systematic[tethod. Tnlaldo [twin
controlmethod onlyMZ twins[who [are(discordant for(a[diseaseare[studied. In/thisthodellthe
healthy!co [twinprovides(a/perfectlymatched (control/to [the(diseased twin. Biometrical [genetic
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methods(areised Wwhen studyingthe inderlying liability[tola'diseaseor(to [disease [dategories
assuming (thattwinSamples/are big/eénough. [Toanalysethe covariancelor(correlations(derived from
theMZand[IDZ [pairs,(genetic todels ay be fitted [to ‘the data. In[0ther Words [this method gives an
estimatelof'thelrelative contributionofigeneticland/eénvironmental factors tola/given/disease

(Hawkes(1997).
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AIMSIOFTHEISTUDY

The @ims[ofithelstudywere:

1.[Tolevaluate therelative [ontribution/oflheritabilityland [environmentalfactors tolthe [@etiologylof
MSinFinland[(StudyT)

2.[Tolinvestigatelthe possibleassociation 0fEVsand MS((studyII)
3.[Tolinvestigate thepossiblelassociation[0fIHHV 6 [and IMS [(study TIT)

4.[Tolanalysethe(differenceslin(gene [expression[profiles inMZ [twinswith MS [compared to [their
asymptomatic co twins[(StudyTV)
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SUBJECTSIANDMETHODS

1.[Recruitmentofithe twinsfromTheFinnish TwinCohort

Thelolder[Finnish[TwinCohortloflike sexed twinsincludes/allliving [Finnish twins Born/in 1957
orbefore (Kaprio2006).Inthe1990s theearliericohortloflonly(like sexed pairswastipdated/to
include(alsoloppositesex pairs in'the birthlyears 1938 to 1949, Based[onlalquestionnairesurveyland
registrylinkage [foropposite[sexpairs born 19501957 [(Kaprioland Koskenvuo[2002). Tn 2001
thereWwere 3083 MZland 11029 DZ same(sex [and[opposite sex[twinpairs/in/thecohort.

Alcomputer [fileis thaintained [on[patients treated [in [Finnish[hospitalssince [1972. The [Finnish Twin
Cohortlwaslinkedwiththe Hospital Discharge Registerusing thespecificlidentification mumber
assigned [to/éach(Finn. Itishould be moted, thatIMS [patients [that have (beenltreated lonlylatan/out
patient/clinic/and mever hospitalized, [@scape(the HospitalDischargeRegister. Thediagnosis
number [formultiple(sclerosisonlywasused. Thecollection/covered(theyears[1972[2001.ITn2001
the[total number [0fltwin[pairs Born(in[1957(0r earlier Wwith [€itheroneor Both thembers recorded (as
havingMS laccording|(to the Hospital Discharge(register Was(35. Ofithese21 [pairswere MZland (34
DZ.

National Taws/and regulations [prohibited [us from(contacting the twins[directlytherefore we
contacted(thehospitals where [the twins/had (beentreated. 'Welthenasked/theheadsoflthe
departmentsofineurology'to [provide ‘the twins With[suspected MS [withinformationdoncerning [0ur
study. Thelindex/twins [informedfurther their(co [twins.[Subjectswilling [fo [participate wereasked
tolcontact/theinvestigators.

Twentyleight twin[pairsfrom/the TwinCohort/contacted is. (Dfltheseeight [pairs/declined to
participatelinthe[study. In/two twins ‘the [diagnosis 0fIMS lappeared [to (be false [inthe Hospital
DischargeRegister and, two (had hoved abroad and four Wwere inable to [fraveldue to[Severe
disability. Thelremaining 20 pairs were[invited [to TampereUniversity (hospital(for two [consecutive
days(duringwhich thelinvestigations/wereperformed.
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Five[MZland three IDZ[twin/pairs/hadtaken/part/in/in/the(original Finnish Twin/CohortStudyof
MS20lyearslago (Kinnunen'et/al[1987, Kinnunen et(al [1988). Therecruitment hethod Wasthe
samelin/the(0riginal Finnish TwinCohort[studyland(thepresent(one.

Four(twin[pairs/Outside(the Twin/Cohort, bornafter(1957 [contacted lus after having leard 0 flour

study. They were alllincluded. ©verall 24 [pairs/(10MZland[14 DDZ) werelincluded inthe study((see
figure(5).
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Figure(S.Recruitment (0f'the twins

Questionnaires/to ( ThelOldFinnishTwin
oppositelsex [pairs Cohort/oflsame [sex[twins
born(1938(1948and 19500 born(1957(or(earlier
1957
3083 MZ
pairs

11029DZ

‘ HospitalDischargeRegister
197212001

55[twin pairs:
21MZland 43DZ

[ 28twin pairs/contactediis }

| 8 [pairsiwere
| excluded

20(pairs were
included

’/ 4 [pairs|outside [the [cohortbornafter 1957 ‘
werelihcluded

Alltogether(24pairs were
included:10MZland(141DZ
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The Zygositydetermination [0flthe [twins in[the [cohortlis (based [on[selflteported [similaritylatischool
agelandconfusionbylstrangers. Thelaccuracylofithe Zygosity diagnosis(ofitwinsinthe(dohort/was
checked/onlalsubsampleising[11 blood markers, showingalslight[probability 0 fimisclassification
(Sarnaletal1978). Thelzygositylofithe(twins/inthe (0ld [Finnish Twin[Cohort hasbeenreported
previously by Kinnunenland associates(Kinnunenletal[1987,1988).

2. [Examinationof thetwins

Thelclinicalland paraclinicallassesments were [performed [at Tampere [Wniversity(Hospital[during two
consecutivedays. The first/twin/pair(was examined inthe [falll0f1999 [and [last [at(the Spring (0 {12003.
Tolconfirmthe MSI(diagnosisland establishthe typeof MS lin[question[allsubjects Wwereéxamined
clinicallyby'thesame meurologist[(HK)/and also byla meuropsychologist. MRIbylusing/a1.5 T
MRI[unitiwasperformedion/all twins. [Anloptional [CSFsamplewas obtained from/six pairs. The
CSFlor MRIfindings[did not reveallany newMS [diagnoses. Theldiagnosis 0fIMS [wasbased lon
Poser’s/criterialof’alclinicallyldefinite MS [(Poser(1983).The levelldfldisability waslévaluated by
using the[EDSS[(Kurtzke1983). Forlthe [EDSS [evaluation, functionalSystem/scores[(FS) were
givenl(range076) forleachlofleightareas/ofineurologic functionlincluding [pyramidal, (cerebellar,
brain/stem,tental, [sensory, bowelland (bladder, [visualland(other. The EDSS Scorewasthen based
on'theselitems.(Concomitant/diseases, [smoking(and(alcohollabuselaswell as family historyofIMS
werelrecorded. Thelclinical characteristics 0flthe twinsare/shownlin[table(6, inwhich(the twins
appear(inlthe order (0flthedate(ofithe [Study(visit.

Table(6.[Clinical/characteristics[oflthe twin/pairs

TWIN AGE_ | SEX| ZYGOCITY.| TYPE.JEDSS| DISEASE | FAMILY(] IM [CONCOMITANT BMOKING [ALCOHOL

DURATION DISEASES ABUSE
(YEARS)

PAIRS

1a 54 F | MZ SP 4.0 20| neg no | NONE YES NO

1b 54 F | MZ SP 6.5 8[| neg no | NONE NO YES

2a 62| F | MZ SP 6.0 28 no no | EPILEPSY NO NO

2b 62| F | MZ SP 6.5 28 no no | HT,BREAST NO YES

CANCER

3a 56| F | DZ SP 25 201 pos no | NONE NO NO

3b 56| F | DZ NA 0 0] pos no | NONE NO NO

4a 510 F | MZ SP 15 0] pos no | NONE NO NO

b 510 F | MZ NA 0 1] pos no | SCIZOPHRENIAL] NO NO

5a 20 M [ Mz SP 6.5 22| neg no | NONE NO YES

5b 20 M [ Mz NA 0 0] neg no | NONE YES YES

6a 41| F | Dz RR 15 250 pos no | NONE NO NO
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6b M0 F Dz NA 0 0C] pos no PSORIASIS NO NO
7a 390 F Dz RR 1.0 220 neg no NONE YES NO
7b 390 F Dz NA 0 0C] neg no ASTHMA YES NO
8a 300 F Mz RR 5.0 5[] pos INFO | NONE NO NO
8b 300 F Mz NA 0 0C] pos Eo NONE NO NO
9a 540 F Dz RR 25 9] neg INFO | NONE NO NO
9b 540 M Dz NA iy} 0C] neg Eo ASTHMA YES NO
10a 540 M Dz SP 6.0 13[] neg INFO | NONE NO NO
10b 540 F Dz NA 0 0C] neg Eo HT NO NO
11a 58] M Dz PP 8.0 13[] pos no NONE NO NO
11b 580 F Dz NA 0 0C] pos no HT NO NO
12a 510 F Dz SP 3.5 170] neg no NONE NO NO
12b 510 M Dz NA 0 0C] neg no NONE NO NO
13a 450 F Mz RR 4.0 1] neg INFO | ASTHMA NO NO
13b 450 F Mz NA 0 0C] neg ﬁo MIGRAINE NO NO
14a 530 F Dz SP 4.0 12[] neg no EOSPN NO NO
14b 53] M Dz NA 0 0C] neg no PSORIASIS NO NO
15a 510 F Dz RR 4.5 3] pos INFO | NONE NO NO
15b 510 F Dz NA 0 0C] pos Eo NONE NO NO
16a 4000 M Dz PP 6.5 4[] neg no NONE NO YES
16b 400 F Dz NA 0 0C] neg no NONE YES NO
17a 520] M Mz SP 6.5 23[] neg no AF,TIA YES YES
17b 520] M Mz NA iy} 0C] neg no NONE YES NO
18a 490 F Dz RR 1.0 16[] neg no RA NO NO
18b 490 F Dz NA 0 0C] neg no ARTROSIS YES NO
19a 560 F Dz PP 25 23[] pos no NONE NO NO
19b 560 F Dz NA 0 0C] pos no ARTHROSIS, NO NO

HYPOTHYL

REOSIS
20a 510 F Dz RR 1.0 200] neg no ARTHROSIS NO NO
20b 510 F Dz NA 0 0C] neg no NONE NO NO
21a 510 F Dz SP 4.5 26| pos no ASTHMA NO NO
21b 510 F Dz RR 0 22[] pos INFBL] NONE YES NO
22a 450 F Mz SP 6.0 6C] pos INFO | SCIZOPHRENIAD] NO NO
22b 450 F Mz RR 25 1] pos ﬁo EPILEPSY, NO NO

ASTHMA
23a 66| M Mz SP 6.5 110] neg no NONE NO NO
23b 66| M Mz NA 0 0C] neg no CHD NO NO
24a 610 F Dz RR 20 17C] pos no NONE NO NO
24b 610 F Dz SP 0.5 14[] pos no SLE NO NO

F=female, M=male, MZ=monozygotic, DZ=dizygotic, RR=relapsing[temitting,[SP=secondary
progressive, PP=primary, [progressive, NA=mnot[dpplicable, pos=positive, ieg=negative,
family=more(than two [first/degree family members with MS, IM=immunomodulatory [treatment,
CHD=coronarylheart(disease, HT=hypertension, RA=rheumatoidarthritis, [EOS [PN=I¢osinophilic

pneumonia, [AF=atrialfibrillation, TIA=transientlischemic attack
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Inistudy T/all twin[pairs werelincluded(n=24)ile. @lclassical twinmethod was used. In/studies Tl
and[IIIlonlythefirst[17 twin[pairs werelincluded, because atthat[point welhad to wait[for [@pproval
from/TheNational Researchland Development/Centre[for Welfareand [Healthto [ontinue the
recruitment [0fltwins from(thecohort. Tn/study(IV (alldiscordant MZ twin[pairswere included /(7
pairsfrom(theactualstudy [population(and [one [pair fromwhomthe (blood [samples were (obtained
bymail)(ile. alcotwin/controlethod[wasised.

3.[Epidemiologicalanalyzes

MSconcordancelwaslassessed separately(for MZland DZ twin/pairs using[pairwiseland
probandwisedoncordance rates (Kaprioet[al[1992).Thetetrachoric(correlations for(MZland DDZ
twin[pairswerealso[domputed. [Forlestimating thedontribution(ofigenetic factors/tothe
susceptibility0fIMS, [dlpolygenic multifactorial odellwasised. [Thisassumes thatltherelis[a
normallydistributed latent(liabilityto[disease, to which multiplegenes[and [environmental factors
contribute.[When/althreshold[on/the latent liabilitylislexceeded, theldisease[becomesthanifest.
Because MZ [pairsishare allltheir [genes, while DZ [pairs(share50% [0fltheir[genes lidentical by
decent,(alhigher/concordance@mongMZ [pairs(islevidencelin favourofigenetic [factors/in/the
aetiologylofitheldisease(Posthuma2003).[Alternative odels/(say, withland without[genetic
effects)/canbeconstructedto test/statistically the significance0flithe MZ[DZ differenceland [provide
estimates(ofltherelative magnitudeofigeneticland eénvironmental(eéffects. Thus, structural iéquation
modelswereapplied for(éstimating[variance (components [and [to dompare[different [genetic thodels
(NealelandCardon(1992). Within/the[structural/équationtodel, the [phenotypic(variancein/the [trait
oflinterest(is[divided(intothe following:(1./genetic Variance[2.[common/énvironmental variance, due
to/theleéxposure shared by thetwinsland 3. uniquelenvironmental variance(attributed tolinfluences
that(aremotishared by [the twins. Heritability [is[the[proportionlofloverall variance[due [to [genetic

factors.

Thelgeneticlanalyses Were [performedusing Mx modelling[(Nealeletal2002).[Welassumed
complete ascertainment (as(thedaseswerelidentified through the[Hospital Discharge Register
independentlyand then/studied/clinicallyland By MRI to[ascertain(that(all MS [diagnoses were
definite.[Welentered thedatalas[d/contingencytable(and rfeconstructed the numberofhinaffected
pairs based onlthe(prevalencel(100/100[000)(0fMSin(the Finnishpopulation. Thiswasdone
becauselthe(twins were recruited from/two(sources(andthesize 0 flactual Basepopulationwas
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difficult(to estimateaccurately. (Welalso[ran/the hodel with 0ther(eéstimatesofprevalence to test [its

sensitivity.

4. Detection(of(virallgenomelandantibodiesagainst HHV6

HHV6DNA and EV RNA was/éxtracted fromla140ulvolumeloflserum/samples/obtained
from17 twin[pairs(usingthe QIAamp® [Viral RNA Mini Kit[(Qiagen, Hilden, Germany)
according(to[the hanufacturer’s/protocol. (A fter [theextraction(alllsampleswere kept[at[70°C

untillanalysed.

CSFisamples were obtained from(6 [twin[pairs/and [first ised for [EVRNA [eéxtraction. Then
the[samples were[centrifuged/for(15 minutes atroom/temperature (2000g). [Supernatant and
leukocytes Wwere [processed [Separately for[HHV6 IDNA [éxtraction.

Samplesfrom/the[patients/and theirsiblings were(analyzed [in[the[same [run./Alllanalyses
were[made Blindly fromicoded/samples.

RTPCR wascarried out(as/described[previously (Lonnrotétlal. 1999) lisinglaprimer [pair
from[the highly/conserved[5’moncoding region. PCR lampliconswere hybridized iising a
europium/(labeledlenterovirusspecificprobelin/alliquid[phaselassayonamicrotiter [plate
(Lonnrotlet(al.[1999). Controllsamples/containingalow [copy mumber 0 fviral RNAI[(70
copies persample, which(isless/thaniisually observed during/acute [EV meningitis[in[CSF)
as'welllas[RNA negativecontrolisamples werelincluded(in/all[PCR [runs. Thesamples were
tested[for thepresence[0f[PCR [inhibitors(bymonitoring the l@mplification(oflinternal control
DNA [added [tolthe[samples. Someoflthe [Samples/contained PCR linhibitors, ihdicated byld
more than[50(% [reduction(inamplification compared (to [phosphate buffered(saline((the
proportion ofisuchlsampleswas[12% [for[serum(and 25% [for[CSF), while the rest(ofithe
sampleswerenot/inhibitory/at alli(unpublished(data).

DNA [amplification/and[detection were[performed Wwiththe[Argene Hybridowell™ [Herpes
Consensus kit (Parc[TechnologiqueDeltaSud, Varilhes, France). The [primers (arelocated/in
the[DNA[polymeraselgeneland [theylallow the [sSimultaneousamplification 0flthe 6 host
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frequentlylisolated uman(Herpes viruses (EBV,HSV1,[HSV2,[CMV, varixellaZoster
(VZV)land[HHV6). Thelamplification/procedure on/the (Gene Amp 9600 [(PE Biosystems)
wasthefollowing: (6 min(at94°Clthen30sat 94°C, Imin[15sat(37°Cland [50s(at[72 for[5
cycles,30sat94°C, Imin(15s/at46°Cland (530sat[72 for[15cyclesland30sat[94°C, Imin15s
at(55°Cland[50s[at[72for20Icycles.

Afterlamplification, the @mplified productwas(assessed by hybridization/ina microtiterplateusing
biotinylatedoligonucleotide [probesspecific forlthe Virus/anddistributed in separate wells. [AlIIPCR
runslincludedthe HHV 6 positiveand Mmegative[controllsamples provided by the Kitmanufacturer.
Inladdition, megativeand positivecontrols were uised [inmucleiclacid extraction.

Six[years/dfter[PCRstudies, IgG [and IgM [class antibodies against (HHV 6, were measured [(from
stored[samples ising[alcommerciallenzyme linked immunosorbent assay (ELISA)developed by
PANBIO ™ (East Brisbane, [Australia) according fo the manufacturer's[protocol. Threeserum
samplesandone (CSFsample[werenotlavailable for/antibodylanalyses. Altogether31[serumland 11
CSFisamples were testedin[1:100 dilution for TgGland IgM. [The results [are[reported ds[positive
(presenceofldetectable TgM lantibodies) or Megativel(no [detectable IgM[antibodies)according [to[the

manufacturer'siguidelines.

5.[Genelexpression(profilelanalysis

5.1(1Isolation of total RNA for the genelanalyzes

Mononuclear(cells were separated from peripheral blood (PBMC)(in 'V ACUTAINER ® [CPT™(Cell
PreparationTubes/(BectonDickinson/and [Company, Franklin lLakes, N.J., [lUSA)[and[total RNA
was isolated By RNeasy”® Mini Kit (QIAGEN, Valencia, CA, [USA) dccording [fo ithe (tanufacturer’s
protocols. The DNA [wasremoved dccording fo BDAtlas™ Plastic Microarrays (BD Biosciences
Clontech,PaloAlto, CA, WSA)iisermhanual for[[DNase treatment/ofltotal RN A [for 10 pglaf RNA,
with the[éxceptionthat RN A [precipitation[wascarried (out0vernight(at+20°C. [The [qualityofltotal
RNA waslchecked by gellelectrophoresis/and storedat=70°C until ised.
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5.2.cDNA microarrays

Thestudywas(performed using BD Atlas™ [Plastic [Human 8K Microarrays (BD Biosciences
Clontech,PaloAlto, CA,WSA), swhich/contains/duplicate IDNA [fragments (from[more than[8 300
knownhuman/genes/(alistiofigeneslislavailableat http://www.bdbioscience.com).5 pglofitotal
RNA [wereused/for microarraylanalysesand samples/fromMZ[twin[pairswere[analyzedatthe [Same
time. Microarrayswere eéxposed/to [phosphoimagingscreenland(scanned by[StormScan840
Phosphoimager((Molecular IDynamics, [Sunnyvale,(CA, WUSA) after 57 [dayséxposure/timelat/a
resolution(0f130 pmito TmageQuant(software version(3.1[(MolecularDynamics, Sunnyvale, [CA,
USA).

5.3..Datalanalysislandinormalization

Analysis(was performed tisingthe BD[Atlasimage ™' 2.7 Betasoftware (BD BiosciencesClontech,
Palo(Alto,(CA,[WUSA)anddatalwas[globally mormalized By(the sum tmethod. Wormalized signal
intensities (were compared(to [thoselof healthy siblings. [Ratios[oflgene[expression|greater thantwo
foldwerelconsidered [significant, basedlon[a99 % confidencelinterval (Chenletlal.[1997;[Claverie et
al.[1999).Thedatalwas[further/analyzedland visualized Withthe (GeneSpring [Software Wersion(5.0
(Silicon[Genetics, [San[Carlos, (CA,USA).

5.4..Quantitativereverse(transcription polymerase.chainreaction (QRT_
PCR)

ThelcDN A microarray/datalwas/confirmed for(ltheinterferonlalphalinducibleprotein/genel(clone
IF116116)[(G1P3)bylrelativequantitative(real time RTPCR [with(LightCycler(instrument[(Roche
Diagnostics/(GmbH, Mannheim, (Germany). 1 pglofitotal RNA Was(cdonverted linto ¢ DNA with
Random(Primer (p(dN)e using [Ist[Strand [cDNA [Synthesis Kit for[RTPCRI(AMV)(Roche
Diagnostics/Corporation, Indianapolis, IN, WSA). The[primers/and hybridization probes for (QRT
PCRIwereldesignedand prepared by TIB MolBioll(Berlin, (Germany)(and[the 'sequences/are ‘the
following: forward [primer: 5’ [GAGTGCAGTGGCTATTCACAI3’,[reverseprimer: (5’ ]
GCGCATGCTTGTAATCCTACI3’,[probe(5’ [end[labeledwithlacceptor(dye ILC[Red 640:(5°[]
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AGCCTCAAGTGATCCTCCTGTCTCAI3’land probe(3’ [éndlabeled with fluorecein: (5[]
CATAGTACACTGCAGCCTCCAACTCCI3’.

ThePCRwas[performed/inal20 plitotalvolume forthetargetigene with2 plllightCyclerFastStart
DNA Master Hybridization Probes(Roche Diagnostics (GmbH), 3 M MgCl,, 0.2 uM each(probe,
0.5 uMléachlprimer(and2 pllofldDNA. The PCR [was[performed withlaldenaturation(dt(95°C [for10
min, @amplified(in40(cycles/of'denaturation(at95°C(for(10 s, annealing at 60°Cfor 15 s/and
elongation(at(72°Cfor(12s.[Thelcoolingwas [performed(at40°C(for (30 s.

Glucose(6phosphateldehydrogenase (G6PDH) wasised/as/areferencelgene. The PCR [forl(this Wwas
performed ByLightCycler=H = G6PDH [Housekeeping (Gene[Set Kit[(Roche Diagnostics(GmbH)
andwas/done at(the same ‘timeand [under (the [same [PCR [conditions(asforthe target/gene. (All
reactions [for(the target/and referencegenes were [performed/in'duplicates.[Agarose/gel
electrophoresiswasisedto verifythe PCR [products.(QRT PCR [results Wwere calculated by
LightCyclerRelative[Quantification[Software Wwith eéfficiencyldorrection(RocheIDiagnostics
GmbH).

6. Statisticallanalyses

Thelstatisticaldnalyseswereperformedising [SPSS for'Windows, version14.0.2[(SPSSInc.
Chicago, Mllinois, WSA).Pvaluesless/than'0.05 were [donsidered statistically(significant. Due(to the
skew distributions, [dontinuous(variables werelexpressed By tedians/and/quartile range. The
differencesbetween groups (were [tested (bylthe Mann Whitneytest.[Categorical [variables Wwere
tested by thePearson(chilsquared|(testior by Fisher'sleéxact [test./Associations between two
continuous(variables Wwereltested by [Spearmanncorrelation/coefficients. (Categorical variableswere

tested by thePearson(chilsquared|test.

Theldifferences/in/the [proportions ofup[land down regulated(atleast(2 [fold kip [Tor down[tegulated
genes)|genes within MS [twin[groups were compared with y [2 [testusing [statistical software [STATA
version8.0[(STATA[Corporation, TX,[USA).[Alp Valuelofllessithan(0.05 was[considered

significant.
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7. Ethicallaspects

Approvalito lusethe [Finnish[Twin[Cohortwasobtained from/the National Researchland
Development(Centre[for(Welfare and (Health. The[studylwaslapprovedby(the Ethics[Committee/of
TampereWUniversity Hospitallandallsubjectsgavealwritten, informedconsent [prior to [study/entry.
Theasymptomatic twinswerelinformed, thatlthey/could receivelthe results (0fithe [CSF, MRIland
neuropsychologicallinvestigations|ifithey(so Wished.
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RESULTS

1.[Thelrelative contribution of heritabilitylandenvironmental
factorsitothelaetiology of(MS(in[Finland(Studyl)

The pairwise[cdoncordance for MZ[twinswas30%[(3/10)andfor the DZtwins[14.3%[(2/14). The
MZ [tetrachoriccorrelationwas[0.91((95%Cl110.781.00)[andthe IDZ [correlation was(0.80(95%[CI
0.5911.00).The probandwise [concordance [rates Wwere[46.2% [for MZland 25% [for DD Z[twins. Based
onltwinthodellinglassuming alprevalencelof 100/100[000, the [genetic variance(heritability) was
found [to Be([15.3%[(95%I[C110.0[77.6), thelcommon[environmentalvariance[73.7%[(95% (C114.1[]
93.9)landthe iniqueleénvironmental variance11.1%[(95%[C12.3130.0).

Fivelpairswereconcordant(for MS. [One MZ [pairwas/diagnosed Wwithin [the [same [year, [another pair
fivelyears/apartiand/the remaining/pair, (12[yearslapart. [Concordant DZ [pairs werediagnosed three
and(12[years apart. Ageldidnotlassociate with/the/doncordance.

2. ThelassociationbetweenEVs, [ HHV6 andMS((Studies/llland
1))

NoEV RNA was[found(in/anylserum/(n=34) or[CSF (n=12)[samples0fithe MS [patientsor
their twin[pairs.

NoHHV6IDNA was found inlanyserum(n=34) [0r[CSF [supernatant/samples [(n=12)[orih
CSFlleukocytes[(n=12)lin[patients with MS[0r[theirHealthy[twin pairs.

Oflthe twinswith MS[88% [(15/17)[and [0f'the healthytwin(siblings[86%((12/14) had an1gG
responseagainstt HHV6/inserum. [One [twinlwith [MS [and none 0flthe (healthyltwins[were
HHV6ispecificIgMpositivein/serum. AllICSF[samplesiweremegative for HHV 6 IgGland
IgMlinBothgroups.
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3.[Differenceslinigeneexpressionprofiles between MZtwins
withIMSandtheirlasymptomatic/cotwins(study!lil)

Aldomparison/between/twin[pairs/showed(that’305/8300(genes were at/leasttwo [fold ip [Tor[downl[
regulated(inlatleast(1/8 twins with MS. The proportion(oflup [tegulated genes was[significantly

highercompared [to 'the proportion/ofldown(regulated/genes [(p=0.023 [for(the(difference, y[2[test).

Moreover,[38/305 [genes wereup [lor[down tegulated inat least one fourth(2/8) (0fIMS [twin [pairs.
Oflthese38genes, 15wereldown(regulated((2to 10 fold)and 25 hip [fegulated (2 to[39fold).[6/25
up [regulatedgeneswere expressed [inlatleast40(% (3/8) 0fIMS [twin[pairs, while ione 0 fithe 15

downltegulated(geneswereldetected with/thislahighfrequency (p=0.01 forthe difference/oflup [

and/down[tegulatedgenes!in y[2test).(Seeltable(7).

Table[7.[Thelsix most[constantlylexpressed (genes

Gene GeneBank Description Function Changelin
accessionmno. expression
G1P3 X02492 Interferon/induced Unknown T
protein/6.16 patients)
POU3F1L NM_002699 POU [domain, [¢lass(3, Serves|as|transcriptional T 3
transcription(factor!1 transactivator(in/the patients)
(SCIP/Oct[6) nucleus
Mx2 M30818 Myxovirus[(influenza) Possibleantiviral T
resistance(2 potential patients)
LAPTMS NM 006762 Lysosomallassociated Possiblelinvolvementih (3
multispanningmembrane  Bldelllactivation patients)
protein(5
HBA2 NM_ 000517 Hemoglobin, [@lpha2 Oxygen!transport T
patients)
HBB NM_ 000518 Hemoglobin, beta Oxygen(transport. @)
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Genelexpressionsin/twin[pairslare shown(in Figure(6(ashierarchical Clustering. [Thelexpression
level 0flG1P3 [donfirmed by QRTPCR [appeared/to be almostlidentical with(the [results 0btained By
cDNA Imicroarraylindicating thatlourmethodwasworking [properly.

Inlanlattemptto find[correlations between/clinical [parameters [such(ds [type o f MS, [EDSS, [gender,
durationsoflthe disease(0r/age, [the twins Were divided(into two [groups. The hierarchical
relationshiplamong rations 0figene [expression(0fithe 23 most[significantly (@xpressedgenes between
twins (with[MS land their(co [twins Were[dompared ising [clusteranalysis. The resultslare presented(in
figure6.These 23 [genes/werenotlable toseparate [SPMS [from RRMS land mo (marked [@ssociation
between/genelexpressions/and/other(clinicallparametersiwere detected. Thelclinical [characteristics

oflthe [twins Wwith [MS [are[shown[in[table 8 [(see(table(8).

Table(8.[Clinicallcharacteristics 0flthe MZ[twins with[MS linistudy TV

twinno. | gender | age | duration/0f[MS | typelofMS | EDSS | immunomodulatory
(years) treatment

1 F 54001 11 SP 1.5 notltreated

2 F 4801 1 RR 4.0 IFNbetalla

3 F 550019 SP 7.0 [FN(betallb

4 M 53011 23 Sp 6.5 notltreated

5 F 33005 RR 4.0 IFNbetalla

6 F 54011 3 RR 4.5 [FN(betallb

7 M 6601 11 SP 6.5 notltreated

8 M 4601 22 SP 6.5 notltreated

F=female, M=male, [SP=secondaryprogressive, RR=relapsing[remitting, TFN=interferon

59



Figure 6. Hierarchicallclustering[showingrelative gene expression/comparing [twins with MS [to

their(do [fwins. [(Genes with(at(least [two [fold ip [lor down[tegulationin[25% (oftwins[with MS [are

presented. The colourbar(dn(the [right[shows[the [colour representation/of/gene [expressions. The

greyldolourlindicates/the lack ofieéxpressionland twin” represents atwinpair. [Thecolumn/(on/the

left[showsthe [similaritybetweenlthe expression ofidifferent[genesland the columnlabove ‘the
similarityloflthe expression[profiles betweenlthe twin/pairs.
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DISCUSSION

Interactionslamong susceptibility/genesand ‘the environment are believed [to [dontribute[to 'the
developmentofIMS (Poser2006).[AWwell[conducted twin study'islanleéxcellent theans[to [assess[the
relative[contribution(oflsuchigeneticlandeénvironmental factors. Welstudied nearlyhalflofithe
Finnish(twin[pairs/bornlin[19570rearlier, €ither(dis lor (concordant forMS, lusing abiometrical
geneticmethodto €valuatethe heritability and[contribution(ofishared(and liniquelénvironmental
factorslin/thelaetiolgylofithe disease. Theltwins Werelobtained fromla/populationbasedcohort,
whichlis[donsidered [tobe [the most systematic l@pproachland [to havethe least(selection Bias. The
possibleuniqueenvironmental factors/aremainly [considered [to[be(virallinfections; (therefore we
selected/the mostpromising candidates/thatstillishowed inconclusiveresults, namely [HHV6 and
EVsifor further(analyses.(When/studyingthe fole of'specific [énvironmentalfactors/ih[the detiology
of MSitlis important [to minimize[genetic heterogeneitylofithe (patients [@nd[their [Gontrols, thus/twins
affordedus(the best/possible study [population/forthe [évaluation 0f HHV6(and [EVs/andthe risk [0f
MS.[Since MZ [twins share their [éntire genome, lindiscordant MZ[twins the reason for M S i§
entirely/duetolenvironmental factors. Such/factors/result inldifferences/in[geneléxpression profiles.
Weladdressed this/questioniising microarray techniqueland alco[twin[dontrolmethod, in[whichlthe
coltwins[providedalperfect/dontrolgroupto thediseased/subjects.

AetiologyofIMS(inFinland

Alltwin/studiesconducted ihhigh [prevalence/dountries havedemonstrated/ahigher MS
concordance(inMZthanlin[DZ twins, whichhighlights/the importance0figeneticfactors/inlthe
aetiologylofitheldisease (Mumfordlet/al[1994,[Sadovnick/et[al[1993, Willerietal 2003, Hansen/et(al
2005, Kinnunenlet[al[1988).Recent 0bservations [frommedium prevalence countries, have
demonstrated, however, thatthe/concordance for MZ twins(is[donsiderablylowerthan(inthe niorth
(FrenchResearch[Group 0fMultiple Sclerosis[1992,Ristorilet[al2006, Tslamletal2006),

suggesting [that(the [penetrance0fIMS lintwins[correlates with[MS [prevalencelinlthe area. Seetable 9
below [for(concordance ratesinpopulationbased fwin(studies.
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Table. [Twinldoncordances/aroundthe world

Study Country MZ DZ MZ pairwise DZpairwise
pairs | pairs | concordance concordance

Mumford(et/al[1994[] | theWnited 44 61 11/441(25%) 2/611(3%)
Kingdom

Sadovnickletal 19931 | Canada 26 43 8/261(30.8%) 2/431(4.7%)

Willerlet(al2003 Canada 14611 | 22411 | 37/1461(25.3%) 12/2241((5.4%)

Hansenlet[al2005 Denmark 32 132 5/321(15.6%) 2/1321(1.5%)

Kinnunenlet(al1988[] | Finland 7 6 1/71(28.6%) 0%

French/Reasearch France 17 37 1/171(5.9%) 1/371(2.7%)

Group0fIMS 1992

Ristorilet(al2006 Continental 51 14710 | 4/511(7.8%) 3/1471(2.0%)
Italy

Ristorilet(al2006 Sardinia 8 10 1/81(12.5%) 0%

Kuusistolet/allinipress | Finland 10 14 3/101(30%) 2/141(14.3%)

Pairwiseldoncordance rates/givelonly/allittle information(on/thelaetiology/0 fMS.[TheBasic

information (is that(ifithe MZ[doncordancerate [is higher than[that 0flthe IDZ [twins, [genes|are

important/in/the diseaseaetiology, whereasifithe mumbers/are(close to [@ach other, [environmental

factors/playldmore(significantrole. Theldifferencebetween MZland IDDZ [pairwise concordancelrates

inlour(study/is (clear/and [inthat[respect/in/line With[previous reports from(high prevalencelareas
(Mumfordetal 1994, [Sadovnick €t(al 1993, Willer(et(al 2003, Kinnunen(et(al[1988).

Further/information/canbelacquired by using [probandwise(concordancerates, whichinlour(study
wereéstimated to (be 46.2% [for MZ[and 25% for DDZ [twins. [The [probandwiseconcordance rate

equalsithelprobabilityofibeingdiagnosed withMS.Hansenand @ssociates reported [propandwise
concordance(rate(éstimates(0f124% [for DanishMZ [twins(and 3% [for IDZ twins[(Hansen(et @l 2005).

Ristorilandassociates€stimated/probandwiseconcordancerates in/cdontinental Ttaly (amedium
prevalencecountry) toBel14.5% [for MZland 4.0% for IDZtwins/andin[Sardinia, whichlis[d[high
prevalencelarea, [22.2% [for MZland (0% [for DZ [twins. [Thedifference betweenthe MZ[and IDZ
probandwise ratesin/0ur(studywas[smaller than(in the IDanishand Ttalian[studies, whichdould [be

interpreted Wwith[éxtreme [caution(as/showing [that[ihFinland [énvironmentalfactors[play[greater foles
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in[MS/aetiology. It/should be moted though/thatthe [small number [0ftwins[both(in(ourlandfin/the
Sardinian/studymayhavelinfluencedthe results0btained.

Tolexamine therelative dontribution/ofigeneticand/énvironmentalfactors(to [variation, weised [the
concordance [rates/quantitatively, whichhas motbeen(donelinlany(0 fithe[previous twin studies [in
high[prevalence areas. In'alreview by Hawkes, [the tetracholic/correlations(forliability(and
heritabilities for MS Have been[calculated for [twin[studies involving (more than (530 twin[pairs. The
heritabilitylestimates range [from24%/(in France to[86%/in[Canada. A prevalence0f1100/100[000 for
MS was assumed (forCanadian/and 40/100[000for the Frenchstudy(Hawkes1997).[However, the
heritabilitylestimates hay [changesomewhatiflsmaller or larger (populationprevalence rates are
usedlin/secondarylanalyses. Qurlown/analyses/indicated ‘that the modelling results are Mot very
sensitivewithrespect(tolthe [prevalencelestimate(thatlis ised. This[is Mot surprising/given[that/it
largely/dffects the size[0flthe lunaffected twin[pairs/inthe model. TnlanTtalian/studybyRistoriland
associates(theHeritabilityéstimatewas48%((95%(CI6[86%),[the/eénvironmental [contribution29%
(95%ICTI0160%) for[common(and23% (95%CI11239%)for linique €nvironmentalfactors, when
the [dontinental(ItalylandSardinialdatawas/combined. Inlour study/the heritability Was éstimated ‘o
bel15.3%1(95%[C110.0[77.6), thel[common/environmentalvariance 73.7%((95%[C114.1(93.9)/and
theluniquelenvironmentalvariance 11.1%[(95%[C112.3130.0). [Since ‘the iumber/of'concordant [pairs
inlour(study(is 'smalllandthe(extremely ' wide donfidencelintervalsloverlapped with(the donfidence
intervals(oflthe Ttalian[study, o [definite[conclusionsdanbe drawnlinregardto the low[genetic

variancelestimatelin/our(study.

Kinnunen/et/al[presented ‘the [pairwiseconcordance rates 0 flthe [Finnish twincohort two decadesago
(Kinnunenlet(al1988).Ourstudywas planned [to update(the(original results. Thetwins were
recruited/inthe[Same manner(inBoth studies, [so [results/are comparable. During[recentdecades [the
incidence0fMS(in/Finlandhas increased ((Sumelahtiletal2001). Thefactthatthe pairwise
concordanceinDZtwinpairs/has/increased from(0 to [14.3%/in[20(years whilethe[pairwise
concordancelofIMZ[twins hasremained ‘the [same suggeststhe (possibility(that/the increaselin/the MS
prevalencelinFinlandlis[more(due to alteredénvironmental than(genetic [factorséventhough/therelis
aldifference (between/the MZland theIDZdoncordance. A longer follow [uplalso [permits moreDZ
twins [tb[become [concordantifitherelis[d[shorteridelaylinlonset/inthe MZI[do [fwins 0f MS(cases [than
amongDZ[pairs.[Also,lit[isunlikely [that genes [could be responsible for thelincreaseinMS
incidenceldbserved(dverjust/alfew(decades.
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Kinnuenland (associatesfound IMS [prevalenceto be higher/dmong MZ [thanDDZ twins (Kinnunen/et
al1987).Furthermorethelinder fepresentation 0fitwins[in the MS [population(observed/inafew
studies (Willer(etal 2003, Ristorilet'al2006) and arecent [finding that/the ratelof MS[inDZtwin
pairslisllowerthanléxpected from/population/prevalence(Hansenlet(al2005), has[raised thequestion
oflpossible protective factorslagainstMS [shared By [the [twins. [The IDZ/MZ[ratio[in[ourstudywas
only1.4:1comparedto[thelestimated(2:1 [in'the [general population. [Qur results thus may support'a
recent/hypothesissuggesting thatbeinglaDZ twin may(protectagainst MS (Hansenet[al2005).[On
thelother(hand, beinglaMZ[twin/thayincrease[the risk.

Thelageloflonset0fMS imay provideldlclueforassessmentof'the impact(ofigenetic land
environmental(factorsinfluencing the[development(ofithe disorder. Bulman(and colleaguesfound
that/concordant siblings received/the diagnosis/of MS withinlalspan(ofla few(years, émphasisingthe
importanceofigenes(inMS susceptibility (Bulman(et(al2001). Inlaccordance with(these
observations, three 0f'thefive[concordant twin[pairs/inlour(series wereldiagnosed within(fivelyears,
one,linfact, Withinthe[sameyear.

Therelis(arecent reportfrom(Canadalsuggesting(thatthe [sex ratioin[MS has/changed over the [past
100lyearswithwith[lthe rate (0fIMS lin[femaleshasincreased rapidly(whileinmales it hasremained
thesame. [The ratio [prior[to[1930was reported(to (be 1:1[and [currentlyleéxceeds(3.2: 1 [(Ortonlet(al
2006). In'our[studylthefemale/male ratio 0 fltwins with[MSwas(3.8:1, whichlis[inline Wwiththe
Canadian(observation, Butlitimay alsobeinfluencedbythe greaterlikelihood lofWwomen(to
participateinresearchistudies than/men. Since/genes areunlikely o be fesponsiblefor(changeover
suchlalshorttime, énvironmental factors [arethought [to beresponsible. [Several female(related
factors/have been(suspected(as being associated with MS, [suchlas/dontraceptive pills, (butmo[single
factor/has/been(confirmed/to have suchlan/association/(Orton(et[al2006).

Viruses'andMS

Virallinfections, Waccinations, nutrition/and [otherfactors (that varywithinlindividuals(represent/so [
callediniquelénvironmentalfactors/in/theaetiology 0 fIMS.We found [the [contribution0f'these
factors/totheaetiology 0 fMSlinFinland[to belonly11.7%(95%[C112.5[30.7). Therefore, for
furtherlanalyses welselected[one oflmost promising MDNA viruses, HHV6, whichhasbeen(linked to
MSinnumerous/studies(but the resultshave remained inconclusive. Inladditionto HHV6 we
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selected(one Hypothetically linteresting RN A virus group, namelyE Vs, which[have been/donnected
with(varyinglautoimmuneldisordersotherthanMS, Butscarcelystudied in MS [(Hydtyletal (1995,
Clements[1995, Heim/etal 1997, ILeparc Goffartletlal 1996).

There [are tiwo major hypotheseslabout virusesand their[@ssociation withMS. [(One fis[that
persistent orreactivated [latent virus/infection may(cause lan/autoimmune response leading[to
injury(withinthe[CNS, [and[theother, that MS [is[anacquired [infectious disease [caused by [so
farlaninknown virus/infection((Gilden2005). Ttlis known [that [demyelination canbe
initiated by linfectionwith(variety 0fIDN Aland RN A [viruses. Thelpossible thechanisms
leading[to Wirus/induced demyelination appear(to bediverse. Thelrationale for(anlinfectious
cause [0fIMS lisbased (on/the hypothesis/thatidemyelination(danresult from/d[direct viral
infection/ofloligodendroglia, (dshappens(iniprogressive multifocalleucoencephalopathy
(PML), [or virusinfection can(initiate immunopathology(leading [to[demyelination/as
happenslin/animals/infectedwithistrains[0f TME virus,/coronaviruses/and (lentiviruses.
Basesfor(thelautoimmune theoryl(lielintheobservation that/[Some(viruses/can(cross/teact
with[MBP [and(activate an/immune responselagainstmyelin[components, whichmay(lead [to
demyelination/and/possibly[to[thedevelopment 0fMS. This/so [called molecular himicry
has/beenobserved/forléxampleinMMHV6[(FotheringhamlandJacobson[2005, Tejada[Simon
et(al2003,(Stiivelatal 2004).Alsolit[is thought[that(a Virus[induced unspecificlinflammatory
response, [inwhich/thevariousimmune mediators/damagetheloligodendroglialor(the tyelin
sheath, could Belthe hechanismleading to [development [0f M S (Stohlmanland Hinton[2001).

Inlthe [present [studylwedid motfind [ HHV6 DNA lin[serum, [dcellular [CSFdr leukocytes
separated from[the (CSF inlany/0fithe MS [patients or [their healthy(siblings, whichlis[inline
with[thelabsencelof [HHV 6 specificantibodiesin[CSF(in our(study. [Therate0f'seropositivity
for[serumMHV61gG Wwas mearly90% [inbothlourgroups, which/is[ih(line with/previous

reports.

Studiesmeasuring[HHV6[spesific IgGland IgM lantibodies(in/the ([CSF havesuggested [that
there may (belalrelationship betweenHHV 6 linfectionland IMS ‘though studies/0on/serum/have
failed(tb confirm/suchlan/association(Ongradilet/al[1999, Ablashilet[al[1998, Nielsen/et al
1997).0Onelreason [to thisthaybe the fact that/the seropositivity for(anti HHV 6 1gG
antibodiesapproaches100% in/the backgroundpopulation(Meinl1999), whichmakes it
difficult(to evaluate this[question by serologicalsurveys. It hasbeensuggested that HHV6
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might beore likely/tocause MS(onlylinselectedsubjects/despite the High/seroprevalence
inlthelgeneral population. [On theother hand it might herely belan/innocent bystander
(Enbom/(6t(al(1999) orévenlasymptom 0fIMS [rather than(a cause, [since/due [to the
breakdownloflthe BBB,[HHV6(couldsimplymigratelinto [the[CNS(Berardelli1997).The
presence 0fIHHV6/IDNA lin/serum(oflhealthylindividualsappears to below. Secchieroland
associatesfound that86% 0flexanthema [subitum/pediatric (patientswerepositive for (HHV6
DNA lih[serum, whereasonly(3% oflchronic [fatigue Syndrome [patients [and moneoflthe
healthyladult/controlsdisplayedisuchlpositivity(Secchieroet/al[1995). Recent meta analyzes
onHHV6land MS [found[PCR [studies [to bBelinconclusive (Mooreland 'Wolfson 2002,
Swanborg/and WhittumHudson 2002 Swanborg et/al2003). Is[seems, However, [that(therelis
a/donnectionbetween HHV 6(and(disease(dctivity. Today, themain/argument forlan
associationbetween HHV 6 and MS [is based [onthe [presence 0f viral IDNAlinthe (blood [from
MS [patientsinlactive [phaseoflthe [disease [in[Contrast[to IMS [patients [in [the [ihactive [phase (or
healthyldontrolsi(Hollsberglet/al 2005, Alvarez/Lafuenteet’al 2006, Bertiletal2002,
Chapenko €t[al2003).[Whether HHV 6is[ableto [cause arelapseipon[reactivation(or
become reactivatedbecauseofithelrelapselisnotknown. Ourlsampleswerelcollectedduring
clinicalland radiological remission(ofithe(disease, [and [therefore [this[studymeithersupports
nor[refutes/the 0bservations/showing(aldorrelation between the [presence 0 f HHV6IDNA lin
plasmaland(diseaseactivity (Hollsberglet[al 2005, [AlvarezILafuente €t(al 2006, Bertilet(al
2002, Chapenkoet(al2003).[Since [the twins were fromall'over[Finland land the travel
distanceswere very/long,[regrettably, (it would have been impossible toldbtain'samples

duringlanlacutelexacerbation.

Alsolthe EVRNA inSerum(0r [CSF [fromMS [patients, Or [their (healthytwin[siblings, lising(a
highlsensitive RT [PCR [assaywas megativeinlour(study. Theabsence 0f[EV [RNA [in/[Serum
and [CSF(indicates that[there(isno [persisting or latent [énterovirallinfection/in[patients with
MS. [urresultssupport/the €arlier finding 0 flabsenceloflenteroviral RN Alin/autopsy/brain
tissuesfrom M S [patients or(control patients (Dessauletal1997).

Whenlstudying/the role oflviruses/in/theaetiologyofIMS, manymethodologicallchallenges
needtobeltakenlin/donsideration. (Onemajorlissuelisthelselectionoflsubjects/and dontrols.
Thelsubjectswith[MSishould be uniformlandclearly/defined(as havingdefinite MS(and the
controls/should belexamined and lotherneurological or @autoimmune [diseases ruled iout. The
twogroups(should (beassimilaras [possible; otherwiseldifferencesfound tay bedueto
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differencesbetween casesand/controlsiother thanMS. Forlexample Some[viruses/taybe
more [prevalent(in/differentpopulations(or/at(different(ages. [Alsolin[the tajority0fithe
studies uising[CSF, [the[control'samples are(collected frompatientswith[other neurological
diseasesthan[MS, (and, for éthical feasons, mot[from(healthyvolunteers. [tlis[dlso important
tolhave[patients Wwith/arecentlonset0f'theldisease. [Foriexamplelin/studies/that have used
specimen collected [postortem, thany(years afterthe initial[diagnosis(0fIMS, fit[is
impossible/to(findévidence [for(apositive finding that(alspecific/virusactuallyhas caused
MSdecadeslago. Themethods(usedlinviral studiesshould bewellcontrolled. [Especially
studiesusing[PCR, which(is veryprone[to[contamination, [should @lways(ihclude negative
and[positive[dontrols.[Alllanalysesshouldbedone blind from/coded 'samples(Mooreland
Wolfson2002, [Gilbert2005).

Inlthe EVand the [ HH V6 studies [ourpurposewasto thinimizegenetic heterogeneityofithe
patients and(their (controls. [The use 0flthe [FinnishTwin[Cohort/allowed s to [@void ‘the
selection/bias [and loptimized[the ontroliselection. Thepresence ofdefinite IMS Wwas
confirmed Bylcareful meurological, neuropsychologicallandradiological/éxamination0flboth
affected/and healthy[twins. [Otherneurological or[immunologicaldiseasesbothlinlpatients
and[dontrolsWwererecorded. Alllanalysesiwere/doneblindlyfrom/coded/samples. We iseda
welllgstablished [commercial kit with[highSensitivity. Inlthe [EV [study, weltested the
samples, for the [presence 0fTPCR [inhibitors by thonitoring the[amplification/dflinternal
control IDNA [added [to [these[samples. The majority [0fithe[sampleswere Mot inhibitory.

The motion that IMS (mightbeinfectioushasmainly [reliedlonlassumedepidemics. The host
famousMS epidemic(studyisuggested(alpoint/sourcelepidemiclon/the [FaroeIslands acquired
overldlwidelage range (Kutrzke 2001). There has (been, hiowever, criticism 0 fithe assumed
epidemics, [pointingout(that [thelincreaseinlincidence(in/thelarea was most [likely/attributable
tolincreased facilities(to [diagnosethe(disease.[Also, the factthattajority 0fithe [patients with
MS havehighldoncentration 0flIgG, manifested [as(oligoclonal (bands, [in[the brainland (CSF,
and [that hany [¢hroniclinflammatory(CNS[disorders((subacute/chronicisclerosisng
panencephalitis(daused (by/measlesandrubellalviruses, humps meningitis 0r [PML (caused
byhuman/papovalvirus),ldreinfectious, isthoughttosupport the Hypothesisithat MSlis
caused Byalvirus. Onlthelother hand, although/therehave been vigorous attempts to[show
thatTgGlin[patients (withMSlis[directed[against(a[dertain Virus, the[results[remainnegative
(Gilden[2005). [Furthermorethe [general rules(for micro [organisms [fo [Causealdisease[do not
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supportlthehypothesisthat MSislacquired. Therules/arelthatthe lorganism mustbepresent
inleveryldaseloflithe disease, [it must belisolated [from[the host Wwith[the(diseaseand [grow(in
purelculture, [it must(be [reproduced whenapure(culture o fithe microbe(is transferred(in(to [a
healthy(susceptiblehostland the pathogen/must be rfecoverable from/theléxperimentally
infectedhost[(Stiive 2004). [Finally(it should be briefly[mentioned/that therelis @ [paper by
Hawkes/claimingthat MS/is[alsexuallytransmitted disease (Hawkes[2002). At[thetimethe
article/attracted(dlot0f'general attention, especially becauselit[suggested that[paediatricMS
islcaused byIchildlabuse. Understandably, patients WwithMS were ipsetand the hypothesis
was|quicklydiscredited.

Inlend/itlis verydifficultfolihterpretthe results fromvirus/studies lonMS, [evenlthe [positive
ones|sinceitthay be thatthe immune[system/activation/and BBB (breakdown[in[patientswith
MS makelsignsofiprior viruslinfection moreasily [detectable.

Genelexpressions/arelinfluenced(bytheenvironment

Transcriptional changes limpacttheexpression(ofithe/geneproduct. Therefore, [studying/Tgene
expression/profiles/canhelplin/gaining Better inderstanding(ofimolecular(disturbances(inMS. We
found [six/genes [thatwereldver [twofoldup [tegulated inmearlyhalflofithe MZ twins[with MS,
compared(totheir healthy(cotwins. These/genes (G1P3, MX2,[POU3F1, TLAPTMS, HBA2and
HBB)seem(to (be(related with IMS [pathogenesis, Virus infections/0r treatment (0 fIMS.

G1P3lis/transcriptionallylinduced by IFNaand (B [(Friedmanl(et(al.[1984, (Hibbert and [Foster[1999,
Kellylet[al. 1986), viruslinfections [(Clauss/etal.[1990, Wathelet €t(al. (1989, Zhuet(al. 2003)and
tumour mecrosis [factor((Chernajovsky/and [Reid1990), butlits[function/is mot known. Since three [0f
the four twins, Who [presented(significant ip(tegulation 0 fiGIP3 were treated (with IFN[[3, theip ]
regulation 0f'G1P3intheir PBMClis thostlikely/explained (by/the TFN [ [freatment. There was,
however, [0ne [twinWwho (had beentreated with IFN 3, but did notlexpress/GIP3. Onelreason/douldbe
a/possibility(oflaldevelopment ofineutralizinglantibodies (NABs)against INF [ [treatment. [Atthe
time0flthe [study knowledge0f NABswas(limited [and their heasurement Was mot routine in/general
practise. Thellack ‘ofleéxpression(thaylalso(belduetopossiblesuboptimalclinical ‘efficacy [0f INF 3
treatment. (GIP3 [expression(thay [dlsobe related [to[some inknown [Virus [infection. Mx [proteins are
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induced specifically by IFNlaland B [(Simonletal. [1991,Stachili[1990) and(also havelantiviral
activities[(Hallerlet(al.[1998).The lantiviral[potential [0r[other functions [0fithe MxB [proteinéncoded
byMX2,0nel0fithetip tegulated/geneslinlour(study, aremnot(fully inderstood, whilelhuman MxA
protein(haslawidelantiviral spectrum/(Hallerland Kochs2002) [and highlevelsoflits mRNA [have
beenldetected after(treatment with IFN[ (Bertolottolet(al.[2001). Since, ip[tegulated MX2 [was
observed/inltwo [twinstreated with TFNB, lits uip fegulationlis mostlikely/due o this treatment,
especially/sincelinthesetwo twins (GIP3 Was(also hip [fegulated. [Aninknown virus [infectionlis[also
a/possibility[for(the up(regulation. Wplregulated HBA2 and[HBB genesdetected inthree [twins with
MS [translate[proteinsthat(are[partof'd[hemoglobin holecule. Heme units [contain(iron, whichlis
involvedlinmyelinproductionbydligodendrocytes [and [participates/inlthelinitiation0fioxidative
stresslinduced [injurylin [the[CNS.[Thisprocessplays/alrole(alsolinthe pathogenesis[0fIMS [(Connor
and Menzies1996).[Alllthe twinsthat Had up [tegulated HBA2[and HBBwerefemale INF B isers.
Thelprotein((SCIP/Oct[6) translated by [POU3F1 has been(associated with[Schwann cells [in[the
process/ofiremyelination(Simlet(al.[2002). Inloligodendrocytes, the[SCIP/Oct[6can/stimulate [the
expression|0fithe papovaviral JC regulatorylgenes in[PML[(Wegner!(et(al. (1993), whichhas recently
beenlassociated With[fatalizumabltratment (Kleinschmidt DeMastersand(Tyler2005, Langer
Gouldlet/al2005). Twooflithe(three twins/that presented [significant uip[regulation 0fIPOU3F 1 (had
SPMS land hadneverbeen(treated with IFN [B. [The ip [tegulated LAPTMS [gene [detectedlin(three
twinswith[MS [is[donservedacross/evolution but/itléncodesproteinwhichhas no lomology/tolany
of’theother lysosomal(proteins[(Adralet(al. [1996). ILAPTMS, also knownlasClast6, hasbeenfound
to/behighly/expressed/in/progenitoriand precursorBlcells[(Seimiyaletlal.2003). The[protein(may
function/duringB/celllactivation/orliticouldhavelarolein/the antigen processing[inlysosomes
(Seimiyalet(al.[2003), whichmay [be oflrelevance inMS. [Two [0flthe three [twins Wwho [éxpressed
LAPTMS iweremale with[SPMS. Theyhadisevere disabilitylandhad meverbeen [freated with TFN (.

MS inMZ twins[discordant for(the disorder, [i5 [eéntirelydue [to lenvironmentalfactors. [Since
transcriptional/changes/impact the expression0fithe[gene [product, the differences/in/thegene
expression/profiles(thatweldetected [danhelplin/gaining(abetter linderstanding(ofimolecular
disturbancesinMS. [Weldo recognize [that [the differences/in/gene €xpressionprofilesinldurstudy
may!also be/dueltovariousléxogenous/factors/other thanMS, [suchlas/infections/orthe freatment
used[for(thedisease. Whenltrying[torepeatearlier (gene [findings inMS, lit [should [be moted thatthere
islvirtually moloverlap [between(genes lidentified[in(different studies. Thechallengesin[microarray
studies (arethatthere(isno [stereotypical inflammatory(reactionfor(MS(and theonset and
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progression(oflinflammatorylévents(can(last for(either(short(drlong [period[ofltime. [Furthermore
geneleéxpression(patternslanywherelintheorganism/are(subject/to ([circadian thythms. [ Therefore,

comparablelresultsdan/beobtained/onlyfrom[subjectswith/comparable histories[(Gebicke [Haerter
2005).
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CONCLUSIONS

Thelfollowing[conclusions are/drawn fromlthisistudy:

1.[Thelpairwise/concordancefor MZtwins/inFinland[is[30%(3/10)andfor the DZ twins [14.3%
(2/14).[Theprobandwise [concordance rates are46.2% [forMZland 25% [for D Ztwins. Based [on
twinhodelling assumingalprevalence(ofl100/1001000, the genetic variancel(heritability)is[15.3%
(95%IC10.0177.6),[the[common énvironmental Variance[73.7%(95%(C114.1193.9) [and [the unique
environmental variance(11.1%((95%C112.3130.0).

Compared/tolthe [pairwise concordance rate reported/ihFinland 20 [years/ago it has[increased[in[DZ
twinsfrom[0/6 [to[2/14 twin[pairs, butin MZ [twinsfemainedthe same. Though/the mumbers(are
smallland thedonfidencelintervals(ofithe heritabilityéstimatewide, Wweltakealcaucious/donclusion
thatthe known(increaselin[MSlincidencelin Finland(is [duemainly(to [dommon[(shared)
environmentalfactors. Thedifferencelin/doncordance between MZ [and IDZ [twins, however, [still

remains, [suggesting(that(genes/alsohave alsignificantrole(in/the [development [0fIMS.
2.[0urresultsdo MotIsupporttheconcept/oflanaetiological role for [Persistent [EV linfectioninMS.

3.During(alclinicalremission[0fMS [the detection 0fITHHV 6 specificantibodiesin[CSFland HHV6
DNA lin[serum, (CSF[supernatant(or[CSFleukocytes/isunlikely. [However, the resultsdo motléxclude
apossibility[0of HHV 6 reactivation/during[MS [exacerbation(or(dcute HHV 6 linfectionbeing [one [of
thetriggeringagents ih/the development0f M Slong (beforeitsclinical manifestation.

4. Therelisa/differencelinthegeneéxpression[profiles/o fIMZ[twinswith MS[and [theirdo [twins.
Thedetectedhip(tegulated lexpression0fiG1P3 [JMX2[JPOU3F1JLAPTMS[JJHBA2[Tand [HBB[!
genes/innearlylhalflofMZ twins/with MSlis related [€ither [to[the [pathogenesis(0f MS [or Various
exogenous factors/suchlas/the INF [Btreatment [or virallinfections.
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Abstract

Background: Since genetic alterations influencing susceptibility to multiple sclerosis (MS), the
most common autoimmune demyelinating disease of the central nervous system (CNS), are as yet
poorly understood, the purpose of this study was to identify genes responsible for MS by studying
monozygotic (MZ) twin pairs discordant for MS.

Methods: In order to identify genes involved in MS development, the gene expression profiles in
blood mononuclear cells obtained from eight MZ twin pairs discordant for MS were analyzed by
cDNA microarray technology detecting the expression of 8 300 genes. The twins were collected
from the Finnish Twin Cohort Study and both affected subjects and their healthy siblings underwent
neurological evaluation and cerebral and spinal magnetic resonance imaging. Gene expressions
were confirmed by relative quantitative reverse transcription PCR.

Results: It appeared that 25 genes were at least two-fold up-regulated and |5 genes down-
regulated in 25% (2/8) of twins with MS when compared to their healthy siblings. Moreover, 6/25
genes were up-regulated in 40% of MS twins and one gene, interferon alpha-inducible protein (clone
IFI-6-16) (GIP3), in 50% of them. The six most constantly expressed genes are (1) GIP3, (2) POU
domain, class 3, transcription factor |, (3) myxovirus resistance 2, (4) lysosomal-associated
multispanning membrane protein-5, (5) hemoglobin alpha 2 and (6) hemoglobin beta.

Conclusion: Over two-fold up-regulation of these six genes in almost half of MZ twins with MS
suggests their role in MS pathogenesis. Studies using MZ MS twins obtained from genetically
homogeneous population offer a unique opportunity to explore the genetic nature of MS.

Background demyelinating disease of the central nervous system
Multiple sclerosis (MS) is the most common autoimmune  (CNS) characterised by inflammatory lesions scattered
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throughout the brain tissue. According to recent data the
prevalence of MS in Finland is the highest in the world
being 100/100 000, although the figures vary in different
regions of the country [1]. The reasons for the increase in
the disease prevalence are not known, although viral
infections and other environmental factors have been sug-
gested [1].

Family and twin studies have shown that the concordance
rate of MS for monozygotic (MZ) twins is about 30% and
2 - 5% for dizygotic (DZ) twins and siblings [2-4]. In a
Finnish twin cohort of 15 815 pairs, the concordance rate
of MS was 29% in MZ twins and the concordance rate was
0% in DZ twins [5].

It is well known that genetic factors regulate susceptibility
to MS, but of these factors only HLA-DR2 has been con-
firmed to be associated with the disorder [6]. In our previ-
ous studies several susceptibility genes and their
associations have been reported [7-15]. These are the pro-
tective effect of HLA-DR1 and HLA-DR53 combination
against MS [9], decreased risk of severe MS of 1L-10-1082
AG genotype carriers [12] and high chemokine receptor 5
(CCR5) RNA expression in peripheral blood in primary
progressive MS [8]. Increased risk of MS in women has
been detected with interleukin-1 receptor antagonist (IL-
1RA) allele 2 [11], 5G5G genotype of plasminogen activa-
tor inhibitor 1 (PAI-1) gene [10] and interaction between
estrogen receptor 1 (ESR1) and HLA-DR2 [13]. Other
associations with MS in Finnish population are myelin
basic protein (MBP) short tandem repeat [15], intercellu-
lar adhesion molecule-1 (ICAM-1) AA genotype (Lys*%?/
Lys#69) [14] and preliminary evidence of two distinct MS
susceptibility genes, proximal 1s3977 and distal
D2S1271-associated genes, on 2q33 outside of cytotoxic
T-lymphocyte-associated 4 (CTLA4) gene [7]. Taken
together, these observations suggest that experimental
approach using MZ twin pairs discordant for MS obtained
from Finnish genetically relatively homogeneous popula-
tion may provide a unique opportunity to explore the
genetic nature of MS. Interestingly, one study performed
on monozygotic twins with MS reported deficient expres-
sion of the inhibitory transcription factor Sp3 in mononu-
clear blood cells [16].

Since genetic factors influencing MS susceptibility and
progression are as yet poorly understood, the purpose of
this study was to identify genes responsible for MS devel-
opment by studying MZ twin pairs discordant for MS
identified from the Finnish Twin Cohort Study and using
cDNA array technology involving the expression profiles
of 8 300 known genes.

http://www.biomedcentral.com/1471-2350/7/11

Methods

Study subjects

We studied eight MZ twin pairs discordant for MS
obtained from the Finnish Twin Cohort Study. Patients of
MS were identified by linkage to the national hospital dis-
charge registry, which covers all hospitalization in Finland
since 1972. All the twin pairs, both affected subjects and
their healthy twin siblings, underwent neurological evalu-
ation and magnetic resonance imaging (MRI) of the CNS
using 1,5 Tesla MRI unit during a clinical remission of the
disease. From the MRI protocol, axial 3 dimensional (3D)
T2 fast spin echo (FSE), T1 3D axial spoiled gradient echo
(SPGR) and FLAIR sequences were used. T2 hyperintense
plaques were analyzed from 3D T2 FSE images, T1
hypointense plaques from 3D T1 SPGR images and FLAIR
lesions from FLAIR images. All MS patients showed T1-
and T2-lesions characteristic to MS, but Gadolinium-
enhanced focal lesions were not detected. The diagnosis of
MS was based on Poser's criteria and all diagnoses were
definite [17]. The affected twins had no other diseases and
their twin siblings were all healthy. The mean age of twin
pairs was 51.1 + 9.1 (SD) years. The neurological disabil-
ity evaluated by the Expanded Disability Status Scale
(EDSS) score was 5.1 + 1.9 (mean + SD). The clinical char-
acteristics of twin pairs are shown in Table 1. Four out of
8 twins with MS were treated with interferon beta (IFN-p).
One of them had received this treatment for 1 year
(patient No2, table 1) and the remaining three patients
for two to three years. (patients No3, 5 and 6). In addition
most of MS patients had symptomatic medication. The
peripheral blood samples were collected during a clinical
remission of the disease and the analyses were performed
blind to disease status.

Isolation of total RNA

Mononuclear cells were separated from peripheral blood
(PBMC) in VACUTAINER® CPT™ Cell Preparation Tubes
(Becton Dickinson and Company, Franklin Lakes, N.J.,
USA) and total RNA were isolated by RNeasy® Mini Kit
(QIAGEN, Valencia, CA, USA) according to the manufac-
turer's protocols. The DNA was removed according to BD
Atlas™ Plastic Microarrays (BD Biosciences Clontech, Palo
Alto, CA, USA) user manual for DNase treatment of total
RNA for 10 pg of RNA, with the exception that RNA pre-
cipitation was carried out overnight at -20°C. The quality
of total RNA was checked by gel electrophoresis and
stored at -70°C until used.

cDNA microarrays

The study was performed using BD Atlas™ Plastic Human
8 K Microarrays (BD Biosciences Clontech, Palo Alto, CA,
USA), which contains duplicate DNA fragments from
more than 8 300 known human genes (a list of genes is
available at http://www.clontech.com/clontech/atlas

genelists/). 5 pg of total RNA were used for microarray
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Table I: Clinical characteristics of monozygotic twin pairs.
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Twin pair no Gender Age Duration of MS (years) Type of MS EDSS Immunomodulatory treatment

| F 54 I SP 1.5 n.t.
F 54 Healthy/0 Healthy

2 F 48 | RR 4.0 IFN-B-1a
F 48 Healthy/0 Healthy

3 F 55 9 SP 7.0 IFN-B-1b
F 55 Healthy/0 Healthy

4 M 53 23 SP 6.5 n.t.
M 53 Healthy/0 Healthy

5 F 33 5 RR 4.0 IFN-B-1a
F 33 Healthy/0 Healthy

6 F 54 3 RR 4.5 IFN-B-1b
F 54 Healthy/0 Healthy

7 M 66 Il SP 6.5 n.t
M 66 Healthy/0 Healthy

8 M 46 22 SP 6.5 n.t
M 46 Healthy/0 Healthy

F female; M male; n.t. no treatment; EDSS Expanded Disability Status Scale; IFN-§ beta-interferon

analyses and samples from MZ twin pairs were analyzed
at the same time. Microarrays were exposed to phos-
phoimaging screen and scanned by StormScan 840 Phos-
phoimager (Molecular Dynamics, Sunnyvale, CA, USA)
after 5-7 days exposure time at a resolution of 50 um to
ImageQuant software version 5.1 (Molecular Dynamics,
Sunnyvale, CA, USA). The comparison was done for all 8
discordant monozygotic twin pairs and all 8300 genes by
using widely used cDNA subtraction procedure according
to manufacturer's instructions (Clontech, Palo Alto, CA,
USA). In brief, in our array, RNA sample obtained from
healthy MZ twin (tissue No1l) was compared to corre-
sponding RNA obtained from MZ twin with MS (tissue
No2) by using cDNA subtraction method.

Data analysis and normalization

Analysis was performed using the BD Atlasimage™ 2.7
Beta software (BD Biosciences Clontech, Palo Alto, CA,
USA) and data was globally normalized by the sum
method. Normalized signal intensities were compared to
those of healthy siblings. Ratios of gene expression greater
than two-fold were considered significant, based on a
99% confidence interval [18,19]. The data was further
analyzed and visualized with the GeneSpring software
version 5.0 (Silicon Genetics, San Carlos, CA, USA) and
the detailed principles of the cluster analysis and dendro-
grams can be found from the GeneSpring GX animated
tutorial from the internet http://www.chem.agilent.com/
scripts/pds.asp?lpage=27881.

Quantitative reverse transcription polymerase chain
reaction (QRT-PCR)

The cDNA microarray data was confirmed for interferon
alpha-inducible protein gene (clone IFI-6-16) (G1P3) by
relative quantitative real-time RT-PCR with LightCycler

instrument (Roche Diagnostics GmbH, Mannheim, Ger-
many). 1 ug of total RNA was converted into cDNA with
Random Primer p(dN), using 1st Strand cDNA Synthesis
Kit for RT-PCR (AMV) (Roche Diagnostics Corporation,
Indianapolis, IN, USA). The primers and hybridization
probes for QRT-PCR were designed and prepared by TIB
MolBiol (Berlin, Germany) and the sequences are the fol-
lowing: forward primer: 5'-GAGTGCAGTGGCTAT-
TCACA-3', reverse primer: 5'-
GCGCATGCITGTAATCCTAC-3', probe 5'-end labeled
with acceptor dye LC Red 640: 5'-AGCCTCAAGTGATC-
CTCCTGTCTCA-3' and probe 3'-end labeled with fluore-
cein: 5'-CATAGTACACTGCAGCCTCCAACTCC-3".

The PCR was performed in a 20 pl total volume for target
gene with 2 pl LightCycler FastStart DNA Master Hybridi-
zation Probes (Roche Diagnostics GmbH), 3 mM MgCl,,
0.2 uM each probe, 0.5 uM each primer and 2 ul of cDNA.
The PCR was performed with a denaturation at 95°C for
10 min, amplified in 40 cycles of denaturation at 95 °C for
10 s, annealing at 60°C for 15 s and elongation at 72°C
for 12 s. The cooling was performed at 40°C for 30 s.

Glucose-6-phosphate dehydrogenase (G6PDH) was used
as a reference gene. The PCR for this was performed by
LightCycler - h - G6PDH Housekeeping Gene Set Kit
(Roche Diagnostics GmbH) and was done at the same
time and under the same PCR conditions as for the target
gene. All reactions for target and reference gene were per-
formed in duplicates. Agarose gel electrophoresis was
used to verify the PCR products. QRT-PCR results were
calculated by LightCycler Relative Quantification Soft-
ware with efficiency correction (Roche Diagnostics
GmbH).
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Statistical analyses

The significantly expressed genes in our array experiments
were defined according to the instructions given by the
c¢DNA array manufacturer (Clontech, Palo Alto, CA, USA).
cDNA subtraction ratios of gene expression greater than
two-fold were considered significant, based on a 99%
confidence interval. The differences of at least 2-fold up-
or down-regulated genes within MS twin groups were
compared with McNemar test and -2 test using statistical
software STATA version 8.0 (STATA Corporation, TX,
USA) A p-value of less than 0.05 was considered signifi-
cant.

Results

Gene expressions in MZ twin pairs discordant for MS

The numbers of significantly up- or down-regulated genes
(at least two-fold difference in expression between twin
pairs) in the PBMC of MZ pairs discordant for MS detected
by ¢cDNA microarray are shown in Table 2. Comparison
between twin pairs showed that 305/8 300 genes were at
least two-fold up- or down-regulated in at least 1/8 twins
with MS. The proportion of up-regulated genes was signif-
icantly higher compared to the proportion of down-regu-
lated genes (p = 0.023 for the difference, x-2 test).
Moreover, 38/305 genes were up- or down-regulated in at
least one fourth (2/8) of MS twin pairs (Table 2 and 3). Of
these 38 genes, 15 were down-regulated (2 to 10 fold) and
25 up-regulated (2 to 39 fold). 6/25 up-regulated genes
were expressed in at least 40% (3/8) of MS twin pairs
(Table 2), while none of the 15 down-regulated genes
were detected with this high frequency (p = 0.01 for the
difference of up- and down-regulated genes in -2 test).
One gene, interferon alpha-inducible protein (clone IFI-6-
16) (G1P3), appeared to be up-regulated in 50% (4/8) of
the MZ MS twin pairs.

The hierarchical relationship among ratios of gene expres-
sion of 23 most significantly expressed genes between
healthy sibling and otherwise identical sibling with MS
were compared with cluster analysis. These results are dis-
played as a dendrogram in Figure 1. As shown by the fig-
ure the twin pair samples are roughly divided into two
main branches, left branch including twin pairs 1-5 and
right branch including twin pairs 6-7. In order to find
clinical differences between the branches we characterized
these two groups according to the clinical criteria shown
in Table 1. From the left branch pairs 1-5 three had SP
type (3/5, 60%) and two RR type of MS and from the right
branch two of the twins had SP (2/3, 67%) and one RR
type of MS (Table 1). Thus these 23 genes were insufficient
to separate between relapsing-remitting and secondary
progressive MS. From the left branch pairs three (3/5,
60%) of the diseased siblings got IFN-B-1b treatment and
from the right branch pair one of the three siblings (1/3,
33%) received this treatment. Also the average EDSS,

http://www.biomedcentral.com/1471-2350/7/11

Table 2: Number of up- or down-regulated genes in the
discordant twins with MS compared to their healthy siblings.

Number of twin pairs

1/8* 2/8%* 3/8

Up-regulated 194 25 6
Down-regulated Il 15 0
Total no of genes with change 305 38 6

Genes with at least two-fold change are included.

The proportion of up-regulated genes was significantly higher
compared to the proportion of down-regulated genes within twin pair
groups *p = 0.023; **p = 0.0l in X-2 test.

duration of the MS and mean age of the sibling pairs
tended to be lower in the left branch subjects (mean EDSS
= 4.6, and mean duration 9.8 years, mean age 48.6 years,
respectively) than in the three subjects involved in the
right branch (mean EDSS 5.8, mean duration 12.0 years,
and mean age 55.3 years, respectively). Furthermore, four
of the total five siblings (4/5, 80%) in the left branch were
women and in the right branch two of the total tree pairs
were men (2/3, 67%).

The six most constantly expressed genes are shown in the
Table 4. They are the following: (1) G1P3, (2) POU
domain, class 3, transcription factor 1 (POU3F1), (3)
myxovirus resistance 2 (MX2), (4) lysosomal-associated
multispanning membrane protein-5 (LAPTMS5), (5)
hemoglobin alpha 2 (HBA2) and (6) hemoglobin beta
(HBB). Over two-fold up-regulation of these six genes in
40% of MZ MS twins suggests their role in MS pathogen-
esis. However, no marked associations between gene
expressions and neurological or MRI findings were
detected. The expression level of G1P3 confirmed by QRT-
PCR appeared to be almost identical with the results
obtained by cDNA microarray indicating that our method
was working properly (Figure 2).

Discussion

The present study applying modern technique and exper-
imental approach where gene expression profiles of MZ
twin pairs discordant for MS were compared to each other
revealed differential expression of 305 genes out of 8300
genes studied. Among the differentially expressed genes
the proportion of up-regulated genes was significantly
higher than that of down-regulated ones (64% vs. 36%).
This observation may reflect the balance between immu-
noactivating and immunoinhibitory factors during the
complex inflammatory cascade in MS.

It is noteworthy that up-regulated expression of six genes
was found in half of twins with MS. This observation
together with the fact that the MS twins were obtained
from genetically homogeneous Finnish population sug-
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Table 3: The most constantly expressed genes (n = 38) having at least two-fold change, up- (n = 25) or down- (n = 15) regulation,
simultaneously in 2 of 8 discordant identical twins with MS when compared to their healthy siblings.

Gene group/symbol GenBank accession no.  Description

Up (1) or down ({)
— regulation of genes

Basic transcription factors

POU3FI NM 002699 POU domain, class 3, transcription factor | T
NKX2-5 NM_004387 Cardiac-specific homeobox 0
PHOX2A NM_005169 Aristaless (drosophila) homeobox 0
Cell surface antigens

MX2 M30818 Myxovirus (influenza) resistance 2 0
LY6E NM_002346 Lymphocyte antigen 6 complex, locus E 0
NKG7 NM_005601 Natural killer cell group 7 sequence J
ITGAL NM_ 002209 Integrin, alpha L, lymphocyte function-associated antigen | (CDI |A) 3
CD4 M12807 T cell surface glycoprotein CD4 antigen (p55) 2
Growth factors, cytokines and chemokines

PPBP M54995 Pro-platelet basic protein 3
SCGF D86586 Stem cell growth factor 2
Intracellular transducers/effectors/modulators

VBPI NM_ 003372 Von Hippel-Lindau binding protein | )
STK3 NM 006281 Serine/threonine kinase 3 (STE20 homolog, yeast) Tand J
Metabolism

HBAI NM_000558 Hemoglobin, alpha | 0
HBA2 NM_000517 Hemoglobin, alpha 2 0
HBB NM_000518 Hemoglobin, beta 0
ECHI NM_001398 Enoyl Coentzyme A hydratase |, peroxisomal 0
ARSA NM_000487 Arylsulfatase A )
HPRTI V00530 Hypoxanthine phosphoribosyltransferasel 3
GAPD X01677 Glyceraldehyde-3-phosphate dehydrogenase 2
Ribosomal proteins

RPS9 Ul14971 Ribosomal protein S9 0
RPS12 NM_001016 Ribosomal protein S12 0
RPS20 NM_001023 Ribosomal protein S20 0
RPS29 NM_ 001032 Ribosomal protein S29 )
RPL3 NM_000967 Ribosomal protein L3 0
RPL9 NM_000661 Ribosomal protein L9 0
RPL39 NM_001000 Ribosomal protein L39 T
LAMRI U43901 Laminin receptor | Tand J
RPS5 NM_001009 Ribosomal protein S5 2
RPL27A NM_000990 Ribosomal protein L27a J
RPL30 NM_000989 Ribosomal protein L30 J
RPL38 NM 000999 Ribosomal protein L38 2
Others

GIP3 X02492 Interferon-induced protein (616, IFI6-16) T
LAPTMS5 NM_ 006762 Lysosomal-associated multispanning membrane protein-5 0
AMH NM_000479 Anti-Mullerian hormone 0
GPR6 NM_005284 G protein-coupled receptor 6 0
BNIP3L NM_004331 BCL2/adenovirus EIB 19 kD-interacting protein 3-like T
ACTB X00351 Actin, beta {

gests the importance of these genes in MS. To the best of
our knowledge none of the six genes has previously been
reported to be associated with MS. The sample was rela-
tively small, but not unexpected given that MS is relatively
rare, as is MZ twinning (about 0.4% of births are MZ twin
births), The Finnish Twin Cohort covers virtually all twins
alive in 1975 and born before 1958 [20], while the hospi-
tal discharge registry identified nearly all MS cases in Fin-
land.

Expression of G1P3 was up-regulated in half of our MS
twins. It is known that this gene is transcriptionally
induced by IFN-a and -f3 [21-23], virus infections [24-26]
and tumour necrosis factor [27], but its function remains
unknown. It is interesting that Ifi-6-16 peptide translated
by G1P3 has been identified as an abundant self-peptide
induced following measles virus (MV) infection [28],
which has previously been associated with MS [29-31].
Since most of our MS twins were treated with IFN-B, the
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Hierarchical clustering showing relative gene expressions comparing patients with MS to their healthy siblings. Genes with at
least two-fold up- or down-regulation in 25% of MS twins are presented. Housekeeping genes and ribosomal protein genes are
not included. The colorbar on the right shows the color representation of gene expressions. Grey color indicates the lack of
expression in cDNA microarray and twin represents twin pair. The column dendrogram on the left shows the similarity
between the expression of different genes and column dendrogram above the similarity in the gene expression profiles of
twins. The data was visualized with the GeneSpring software version 5.0 (Silicon Genetics, San Carlos, CA, USA) and the
detailed principles of the cluster analysis and dendrograms can be found from the GeneSpring GX animated tutorial from the
internet http://www.chem.agilent.com/scripts/pds.asp?lpage=27881. See also text for the interpretation of the figure.

up-regulation of G1P3 in their PBMC can most likely be
explained by the IFN-f treatment or some unknown virus
infection.

Twins with MS had up-regulated expression of POU3F1.
The protein (SCIP/Oct-6) translated by this gene has
mostly been studied in the nervous system, where it is

associated with Schwann cells in the process of remyelina-
tion [32]. In oligodendrocytes, cells producing myelin in
the CNS, the SCIP/Oct-6 can stimulate the expression of
the papovaviral JC regulatory genes in progressive multi-
focal leukoencephalopathy (PML) [33], a demyelinating
disease of the CNS. However, immune response to the JC
virus has not so far been detected in MS.

Table 4: The six most constantly expressed genes detected by cDNA microarray.

Gene symbol  GeneBank accession no.  Description Function No of twin pairs with up-
regulated gene expression
GIP3 X02492 Interferon-induced protein 6—16 Unknown 4
POU3FI NM 002699 POU domain, class 3, transcription  Serves as transcriptional 3
factor | (SCIP/Oct-6) transactivator in the nucleus
MX2 M30818 Myxovirus (influenza) resistance 2 Possible antiviral potential 3
LAPTM5 NM 006762 Lysosomal-associated multispanning  Possible involvement in B cell 3
membrane protein-5 activation
HBA2 NM_000517 Hemoglobin, alpha 2 Oxygen transport 3
HBB NM 000518 Hemoglobin, beta Oxygen transport 3
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Figure 2

GIP3 gene analyzed by QRT-PCR. Glucose-6-phosphate dehydrogenase (G6PDH) was used as a reference gene in relative
quantification. The expression of GIP3 was on average 3.6 times higher in MS twins compared to their healthy siblings, and the
results concurred with those obtained from cDNA microarray. Panel a shows the real-time QRT-PCR amplifications duplicate
in each twin pair (3 — 6) and the table (panel b) shows the comparison between the cDNA microarray results and the QRT-
PCR results. The y axis indicates fluorescence intensity and x axis PCR cycle numbers. GIP3 gene amplification begins earlier in
MS patients than in their healthy siblings, indicating higher gene expression in MS twins.
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The MX2 gene was also up-regulated in twins with MS. Mx
proteins are induced specifically by IFN-a and - [34,35]
and have antiviral activities [36]. The antiviral potential or
other functions of the MxB protein encoded by MX2 gene
are not fully understood, while human MxA protein has a
wide antiviral spectrum [37] and relatively high levels of
its mRNA have been detected after treatment with IFN-3
[38]. Since up-regulated MX2 gene was observed in MS
twins treated with IFN-B, its up-regulation may be
explained by this treatment or alternatively by unknown
virus infection.

The up-regulated LAPTMS5 gene detected in twins with MS
is conserved across evolution but it encodes protein which
has no homology to any of the other lysosomal proteins
[39].37 LAPTMS is also known as Clast6 and has been
found to be highly expressed in progenitor and precursor
B cells [40]. The protein may function during B cell activa-
tion or it could have a role in the antigen processing in lys-
osomes [40], which may be of relevance in MS.

Up-regulated HBA2 and HBB genes detected in MZ MS
twins translate proteins that are part of a hemoglobin
molecule. Heme units contain iron, which is involved in
myelin production by oligodendrocytes and participates
in the initiation of oxidative stress-induced injury in the
CNS [41]. It is noteworthy that this process plays a role
also in the pathogenesis of MS [41].

Conclusion

Taken together, in this study comparison of gene expres-
sion profiles in MZ MS twins to the corresponding profiles
of their healthy siblings showed over two-fold up-regula-
tion of six genes in almost half of twins with MS. This
observation is of importance taking into account the
restricted availability of MZ twins discordant for MS.
However, given the sample size, clinical variation among
subjects and limitations of the cross-sectional design, our
results should be regarded as descriptive and hypothesis
generating. To confirm the data MZ pairs discordant for
MS need to be studied in other populations. Currently we
are in a process of confirming our data with higher
number of patients with MS.
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