WO 2013/ 017561PCT/ EP2012/ 064871 1 Genetic marker for the diagnosis of
denentia with Lewy bodies The present invention relates to the field of
medi ci ne,weandiparisicul arly to neurodegenerati ve di sor dePsT/HPR012f0e37f i cal | y
relates to markers for the 5diagnosis of denentia with Lewy bodi es.
BACKGROUND ART Lewy body di seases conprise a group of disorders
characterized by the 10presence of proteﬂnaceous neur onal inclusions called
Lewy bodies (LB). dinically, tw disorders can be distinguished: Parkinson
di sease (PD)GaRsticioapdrifar el dlagiSydis BPEERBNEWRIN | W¢bBARSPD | S the nost
conmon progressive novenent disorder in the efderly, DLB is the second nost
frequent cause of dementia after Al zheiner disease (AD). \Wile w despread
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i nt ense bnvealagnedis ohdémsntia wathl lezivy badiest accounts for 10-15% 200f
autopsi ed cases. Main DLB synptons include fluctuating cognitive

i mpai rment, recurrent visual hallucinations and Parkinsonism but

never t hel es BAGKRRABNEVARTappi ng synptoms |ead to a frequent m sdi agnosis
of DLB. Since AD and DLB patlents may differ in terms of response to
madicationg .S|s is inmportant to i
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consarti um poREERESE F-$Bes ARt EPalEs Havtits) Tl The cont ext
of LB pat holreggonskh® ieditation leadstrageosis, i3 imppetaratdohpgyetdoeutanyein i s t he
sensitivity i correct diagnosis of DLB. Accordingly, a recent
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report confir m sdi agnosi s of DLB increases with increasing AD
associ at ed pat hol ogy, but even so, only around 52% of patients had received
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and attention than patients with only AD or mixed AD/LB pathology.

Moreover, DLB patients exhibit a slower decline of recognition memory but

have more psychiatric symptoms than patients with AD, where this kind of

symptomathology is observed at later disease stages. Finally, the presence of

35 visual hallucinations in early-stage dementia has been shown to be most
specific for DLB. It is noteworthy to mention that although a high specificity
(ranging from 90 to 99% in different studies) of clinical diagnosis is achieved,




strengthening the way nerve cells to respond to it. Mreover, neuroleptic
drugs are used to dimnish psychotic synptons nornmally present during the
di sease wWORes/01Gw1t he contrary, for treating DLB the uPeTaP201205487EPL i CS
may cause adverse reaction in about 50% of DLB patients and may cause
death. 25 Thus, the ability to differentially diagnose between AD and DLB
wll be a major advantage not only for t he i ndi vi dual patient being
treated, but also with respect to the econonmic strains of public health
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di agnosi s because of the difficulties to obtain a patient brain biopsy.
But yryl chol i nesterase (BChE) is a gl ycoprotein enzyne synthesized in the
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Chem co-Bi ol ogi cal Interactions 2008, vol. 175, pp._ 30135-7). The presence
of nut ati on TABE91he abiEkole differentetydipanese ehuaed AL aad iR Wilhb&ienor of
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Consortium on DLB International Workshop", J. Alzheimer's Dis. 2006, vol. 9,
pp. 417-23), but as explained above, it leads to misdiagnosis of DLB. Image



10Many studi es have investigated a possi bl e associ ati on bet ween BChE gene,
specially the BChE K variant, and AD. Co-occurrence of the epsilon 4 allele
of the apsbDi2pmypnaisei n E gene (ApoE4), the mmj or known g@Q@tEPeo1iosd87f act or
for AD, and BChE gene variants have been discussed to influence AD

pat hol ogy. Some reports show an increased risk for ADin subjects with a
conbi nati on of 15BChE wild type and ApoEzr genotype. Ot hers found that the
conbi nati on of BChE K and the ApoE4 increased the risk for AD. The
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posi ti og 9341:;)' _giEQ ID NO 26). Positions of the pol ynorphisns in BChE
nucl eot i 8e seﬂ ‘ce are given from 30 the nucl eoti de sequence of NCB!
Accessi on Nunber NG 009031 which corresponds to the pronoter and the gene.
Thi s sequen i : l; i b 3687,
Th0p, 545" T BReBEL E A AEaSe il Ao OoRE Y FRFR K kA

in honor of Werner Kalow. The K-variant is associated with a DNA transition

from guanine to adenine at nucleotide 1615 in the mRNA corresponding to
35  position 68974 in the DNA sequence (NCBI Accession Number NG_009031),
which causes an amino acid change from alanine 539 to threonine.



35 sites, reference is nade also to the SEQ ID NO 1, which corresponds to
the sequence from nucleotide 1 to nucleotide 5040 of the conpl ete sequence
of BChE awoNEBYo175&1possi bl e nunbering of the nucl eoti deCITmPeiR2ies7Uused 6
takes the transcription start as position 1 and consequently, the

nucl eoti des upstreamthis position as negati ve positions. Transcription
start position 1 corresponds to position®5001 in NG 0090031. The
correspondence between the nunbering used in this description and the
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Fﬁ_si tion 68Gé?nétﬁbr7,t(2ﬁ121fhh eQitlhéth_l@@@ﬂﬂﬁ the BONH Kdemliaas isSeQpoRsidig foE?.onBEEi ng
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nunberi ng (e EOPERBY, daid eratein indesrosindatas innilbatisats thas cawy at he
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exanpl es bel ow, no specific association has been found between each of the

four pol ynorphisnms in BChE gene i ndependently eval uated and DLB; but
jsu][ pri siingl Manyeteligohgveinybstgatet m possible atssootialdgibeevegeBITHEgene, _
i nformation r. pect [ ti rovides: an in
Vitro met nodesinyie G Karglaly, ERAEEStoluleia AR rloR A e s
bi ol ogi cal shew@pelipewiein fupere (APeEd), enmaigrenewn genétisl tigiwiastpr for
pol ynor phi s i ! ( : HG Site
B posi £ on Re S BCHELENE LR e et ARSI TR agR A RRLf
t he pol ynor pHRrEe sepQtashewan inereassdisk{oskB insukigcta wWithirecopbinadippiafc site
gtB 9925! n'ts%n Ef@HE Wil t§§@a:qa A&Eﬁgegggggggtmbymwﬁaq tioé ggg@ﬁnaargégfil (E))nNO

in ssi gn Nunher. (i .e. ition . in i
20y 35 W0 SRS RoASEFPORPERIRASAoR ok IAB AL PRTESHP) ¥ agnosed
sanpl es obt ajogediverdeulid@3n AD has b&60 sbomtnritolbesinfijected byAtheaBOidIl t, two
rel evant ge b S GOPL At { : . Of i.G markers
is the genot Cge onbi na%@h%h%ﬁ@ﬁﬁaaﬁ'ﬁ'It'%%gggggpﬁt%@g@ﬂggglpcﬁ%éﬁspeci fic
genot ypes ofB&hle Kovaanigsheithsr egdskafiacirdiorieoprogssssion pwrkerdor 8ss cont ai n
an adenpbpe at this position), 4206 (one allele contains an adenine and the
ot her a guanjne 4443 (both all ontain a c and 68974 (at

Censt ong oflMaosyle AsSarER0n SHBSTE Kb iRy aed 554 ot et 1 on o
thi s genotypgugieabSmgidéton et al.darersiediaied eeat. s'Bigyyisholifasteridd iy emt i al
A A e i ks
1818) reported an increased frequency of homozygous BChE K carriers in
25  DLB compared to controls. A recent study found increased BChE K and
ApoE4 frequencies in DLB patients compared to PDD patients (R. Lane et al.,
“‘BuChE-K and APOE epsilon4 allele frequencies in Lewy body dementias,
and influence of genotype and hyperhomocysteinemia on cognitive decline”,
Mov. Disord. 2009, vol. 24, pp. 392-400). Based on the hypothesis that a
30 higher percentage of DLB than PDD subjects have additional AD-type
pathology, and additional AD type pathology leads to more rapid cognitive
decline, the authors concluded that this genotype may be important in
dementia onset and progression in LBD. However, a recent study shows that
there is not a significant association between the BChE K variant and the
35 demented DLB phenotype (cf. W. Maetzler et al., “No differences of
butyrylcholinesterase protein activity and allele frequency in Lewy body
diseases” Neurobiol. Dis. 2009, vol. 35, pp. 296-301).



I n anot her enbodi nent, the invention relates to a genetic marker which is a
15genot ype conbi nation, AAAAC+KW |t is constituted by the specific

genot ypeswof20t3ta 7ol ynor phi c sites at position 3687 (borhTalPR@R®s48¢DNt ai n
adenine at this position), 4206 (both alleles contain adenine at this
position), 4443 (at | east one of the two_alleles contains a cytosine at
this position), and 68974 (one allele coAtains an adeni ne and the ot her
guani ne). The 20determ nation of this genotype conbination in denmented
patients serves as differential diagnostic marker providing the cIinicaI
di agnosis of _DLB, but it y also serve as early diagnostic rker for
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more than SQ%tMgu&tﬁw@atfrcenmszmmwldnswseadver se reaction to this kind of
treatnent causing death in many cases. The nethod of the invention is of
i nportance because it WD 2013/017561PCT/ EP2012/ 064871 8 will enable the
medi cal commihgireare doapmieptsidetectatetofdhe @msnthat mtgrd fefind apwsbeciatignf r om
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phy5|olog|c enlca caus ermnin inthis
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In th|s2gescr|pt|on a given nucleotide in one allele" neans that t he

subject is ero tefor t hat nucl eotide in that and "jn both
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of aIIe S r 0 nosome. |In

accordange 3/% Sﬁwﬁo%ﬁdﬁgét ?I?:d #gtgﬁ rg%ftﬁﬁ/%é/ Ih»%%@rlﬁnve rfaﬁlﬂ’%t he
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denmentia andfgrpydition 8386 kD IMiNGDves)cl i ni cal -fam |ial eval uation would be
di agnosed by a genetic test determ ning the pol ynorphi sns of the BChE gene

descri bed above. In the case of detecting the DLB specific genotypes, no
addi ti onal tRsdittorey oft theadolywhbtphisme éeBEth B nudéeatiieosequusoeearel givéd Bomrhe

i rect 3anRLLCALIANR'cHRIRLY Bt B B1RBRERH NGHL R @B0at e’ money 10

corresponds to the promoter and the gene. This sequence was published on
31 January 2010.

The polymorphic sites 3687, 4206, 4443 are in the promoter region. For these
35 sites, reference is made also to the SEQ ID NO: 1, which corresponds to the

sequence from nucleotide 1 to nucleotide 5040 of the complete sequence of

BChE at NCBI. A possible numbering of the nucleotides sometimes used



WO 2013/ 017561PCT/ EP2012/ 064871 9 The method of the invention is useful in
the foll owi ng suspected diagnosis: probable AD vs possible DLB; possible AD
vs probabwe 2D3Bi17essi bl e AD vs possi bl e DLB; probabl e ROTHEP2@ro0]1 € DLB;
probabl e AD vs possi ble AD;, possible DLB; and probable DLB. Physicians

di agnose possi ble AD based on 5a full patient interview, covering personal
and fam |y nedical history, conbined w th the outcone of any neur ol ogi cal ,
psychiatric, and lab tests conducted. Doctors are likely to expect AD when

patient comphRrédthelrads@HpAioH&aRBE8PRRRINCN aRl BREBGYeBA K hD8leofB@Es When
they are unabls&t i.nd ot her condition that could explain.the nmenory

of an |.d
| oss. Doct or4P elafnBES@@%éRi%%d“efgﬂt'Vei%F@é‘ﬁs ENSCTIREOR SETERQSIHAN dr

thot hyr OLdiwfrnesn_egdg!t@gbsiabn@@mﬂl de N@TLWDOM.%Emresgbp_demcabdi\md ons
that may Dbe ntributing tp. the | oss. ne A dnability to uncover any
cont 11 but or yhE v NelShad PR AR BbprRag et g Wol€nbi o

Pr obabl e5AD hiegei: next step beyond possible Al zheiner's and neans that a
doctor is "relatively certain"” that a 15patient has the di sease.

Advant ageous| t he met hod of the invention allows a diagnosis of DLB

wi t hout the GroupsReNITN® AddIHEs by aggressive methods |ike a biopsy;

and in this KeRB@E cHfrasPoridsSOUR-795@ obi opsy. The nethod of the invention,
20bei ng a ge jc test, is perfaorned on any biol ogical sanple renoved from
t he subj ect ,8§44£Fecq>rtre$goq$ptpié%§g§ to any cell type of the body. . In
particuliar, blood, epithelial cells, and any other possible source of cell
resent i nvend BAVABEBRE SR SRS iRdR B ME b GrodBn BT o7 he T
genot ype i s N@rp02eB butheoseginrefrom positio 6864 4 te 20820 of N& GA%dtine group
consi sting gl aéa%%ﬁleqbfm@: E@Rré‘kihﬁ'tﬁi%%gfoﬂ'éISM‘é’Hh%&‘f‘écﬁ% 5Qte

multiplex allele spe c prinmer extension, a mcroarray-based nmethod, and
dynami ¢ al | EPBURYEESS.iSO SRISENdPRRY i tBR PosHion 6RG74 idhacorrielgigni®t , it is
Zla{ ried t19ut lé@qu_@hb%@gé@ﬁ@%fé%@oaﬁipﬁﬁwww@qm N?!: bewEHistholpabasHisans t
ernatively, indi a anplification reacti e carri ou
for Caml 1 11 oepates [ 8 criancerdimipe i o & o BB b B be e o
t he K vari antariahhel popgsitomsesocisadinrtbaditeraturé RaRhis polyherpiisn isi 165y used
met hod for t 51 QM LE ' : ' ' PCR can be a
real -tinme P(ﬁfe t\?)héegg@érr]érﬁt%eeﬁggbgétnﬁﬁrﬁ\ﬂeﬁ@g@g@ﬂ%ﬁ&%ﬁ%%g%ﬂ'germt eApr esence of
the target gesoeppesvhieh apdifies foribe anatare BGHE prateis, withoufihegignm. WO
2013/ 012361 RelHigR9012/ 064871 10 The anplification of the target

pol ynor phi sns can” be perforned by prinmer-specific PCR multiplex followed by
detection by polyacryl am de el ectrophoresis, by analysis wth a genetic

gggl yzeri _ OrAéDMeébtlgfeidthI?é ie&ér(;t{t‘%lés??él@ﬂgﬁgfsipécﬁrccﬁmciafibhlﬁﬁasfbéetﬁfowndyar i gus
reactions,can be perf.or 0 . a e gel electr oresis, by
sequenci ng, DHWBEM AT o IS U Py PATREIRY ] BChP g ngBeBtoelR) " spec 11
probes may tevailuatedianddRidB;j butssumpusioglyy thesel@idgnerptiisras imnombindtiengenot ype
can be E%rf%ﬁ?g@&fiﬂﬂf@#ﬁa@?ﬂrbﬁ%.Pr' mer Extension (ASPE). This is a

sequence sp enzymati c reaction technol ogy that can be used to assay
multiple SNPs in a single tube. The ASPE nethod invol ves two phases, an

enzymatic reRsdor@iRghhah £4pkef 51 thesSniéwidrap@eidedaaPlyngo nddthewes: g a
capture on sQlid m Cl[ ﬁgglher e surf %t%g%_f qr. det ect.i on.%aiSTakl nPr advant age of
the sol uti ofig9RRRS RT HLE CMPising dElReAiniggdn A hiBlpgicel GaRipk PaLR | ed
m cr ospher esubfediethesghotype dethecbllowingeywlyraordhasras in Bbitysylcholinesterase
30 (BChE) gene: the polymorphic site at position 3687 in NCBI Accession
Number NG_009031 (i.e. SEQ ID NO: 1), the polymorphic site at position
4206 in SEQ ID NO: 1, the polymorphic site at position 4443 in SEQ ID NO:
1, and the polymorphic site at position 68974 in NCBI Accession Number
NG_009031 (i.e. position 934 in SEQ ID NO: 26).
35
As it is shown in the examples below, post mortem samples of AD (n=26),
pure DLB (n=12), common DLB (n=24) and controls (n=23) were analyzed, as



is done with the help of an appropriate capture sequence attached to the
all el e specific oligonucleotide. 200ptionally, detection may be carried out
by DNA biwohlopgiimeer oarrays nmade with oligonucl eoti des #€poEPRe1IeH643y1 any
mechani sm by DNA bi ochi ps nmade, with oligonucl eotides synthesized in situ
by photolithography or any other mechanism A mcroarray-based nethod that
allow nul ti plex SNP genotyping in total Kuman genom ¢ DNA wit hout the need
for target anplification or 25conplexity reduction can also be used for the
genot ypi ng Gfelt &8 cRtBEIPEYABSEN s &HDIes Obtaindd Féh BADSHS Y60 BSntrol

met hodol ogy r% urres no erlzyrres Fnd relies on tge_ hi.gh sen |t|£ﬁby of the
gol d nanoparfYPEES frHBESSUISHR|EigyAY IROYRIC IPRBPRT RS SeHUBC: al

ol i gonucl eoti de hybridizations to the target by allele-specific

o1 gonucl cotois of S TolleFe i W emRuR refDiRBRLARRCKE S  or ma

is sinple, reapsttuied bydhespe@itic genatypes aftise paiyradrphictsitelsat positionsl ex SNP

Fili t ' poi fcare’ : : Laat i h
Dot ype_cartdal (ooBP allieS chR an dadiyie R BiCpoliRoR] AP0BYAR diEld e

(DASH), whi CIPNRIpS @8cening ang ke sthiesra guariughfdd 3skpthyalrles oAgin 4 some
| abor at or i esoytddife ) @hE G3RFAL (P RARE bR IPHe Bfo PSIEs icONtA ahidden(ynani c)

t ki f _allele- if di ff in t ) )
015 019561 P00 SHEFIBRYEA} s OorPDRESCoBPINBAN dEASTENIEY BALEYS SSESeve
this, amool iggodiffetestial diagpoetie markén providiydp thedclirdchltdiadgitsis af DeB BNA a

necessary c t sent i I } . e target DNA
conpri ses oﬁﬂgggga&nsaeqé?%g ?@@ééog%@'é&sﬂc Tﬁf%gw’?ﬂ%gg "gﬁ%@%g%s%%&g surface, and
a single probdvidalgsed that is 5conplenentary to one of the target alleles.
Thi s assay concept was shown to be very precise (>99.9% accurate). In a
second aspect, the present invention provides a kit for carrying out the
met hod as ddfigneihefssvodigenthe dnpntivaselaies ime Oenetin snarker Wbty igiehi ng 10
t he g_en@_syp@@btﬁﬁeem%mbmmbﬁ,hmnﬁom@mﬁs@@ﬁft_.itutea BRtHd spedfic _tge Ki It
conprises prlners i are ca e, of genera i cons, said anplicons
conbri o1 ng. GABOLESRL bR o AN Sidd FRoSd SERB P AR B NsED | b Mo
1, and the pmepnime phihispasitipo)s i4R06r(beBYaltdled B&RAQIN Bdéitine 26 thibtposition),
particularly, i i L Bzl - i i

exanpl es (Taﬁ%’ t%%sq?h% ‘ﬁﬁ@g’&‘ﬁ%? ﬁélrrgrg_gc?n#%ﬂér\gac ?sjlﬁ%g%@g?ég@gﬁ g?andg; whi ch
can be separ@9%d (opedliete egntaisi an adgniseancrtbpraihesgyaning).dhgarti cul ar

enbodi MRt , diEmihbti6PBPHIS éné{?@@%?@oiﬁﬁﬁdh’sinfd%méﬁtrel’dyF'bdt%n@gé&*ves as, |
anplification bréaﬁrlrrer-s i f PCR nul t rinmers. ar elled with

) , e i , I plex, Pri e | abel |
i 1Terent. f IQGPBHB SEONRPIGAr o5 PTOKBINGER 3 1iehEIasOgiS $HRLE ot il | cons
gener at ed. They kiso sBrow iadeshriyydibGieogticanarker fsvBDBii®Bsg@ptdreatised in a
routine cli niﬁ.al 2§§racti ce to identify patients that suffer from DLB, thus
differentiatl 'ﬁ'dé’é'i patients fromother patients that suffer fromAD. Wth
the kit of the invention the clinicians wll be able to apply nore

i ndi vi dyal i [ sk ; f = fering
from DLBS 300 ARAGOUSH, 3R §% HiceR hBRooShe) FODER 4t AR-ERGSaaRET T ",
defi ned abowxanples.the ragtagdditke siveptign attpwsite @diffareatialiy defecklherdd-to a

ot of et | oo L b TEEOARE, WHICIPOTIRNEE Wl o FEBROEed s D ie 0y " 1"

bol ymor phi srRereantagRef ahiEntsadiftieidt it HgaOSE Mo QDG Frantog. Wbtaseies
patient suf ftee sofrectidigBostic ADm the bdgimuiagidiltiee tizsegbw eThdspacificitiafos

treat rre%. the disease is of 96.8%. This represents a first specific marker for DLB.

Until now, the available tools in the state of the art did not allow the specific
identification of DLB in the clinical practice. In this way, when the subject was
diagnosed of AD, he was submitted to therapy with neuroleptics, which is the
35 most adequate treatment for psychotic symptoms in AD but more than 50% of
DLB patients exhibit an adverse reaction to this kind of treatment causing
death in many cases. The method of the invention is of importance because it



WD 2013/ 017561PCT/ EP2012/ 064871 12 BChE overexpression is expected in DLB
and therefore a usual treatnent is the adm nistration of cholinesterase

i nhi bi t orwo 2bm/q@ateients with el evated BChE | evel s, thi sPCTERRMMRMO648% | | be
successful. On the contrary, patients carrying 5 genotype conbi nation
AAAGCCK+ or AAAAC- FKWwi || not respond to this treatnent. Throughout the
description and cl ains the word conprls@ and variations of the word, such
as "conprising", are not intended to exclude other technical 10features,

addi tives, GRRAABH the rﬁéd%b?&?mmﬁ‘m ttb%'bﬁ| AL étre%ﬂﬁéﬁttt%%‘heﬁ@
features of tl%fe '”Ve”t'ﬂ% L % n% arent hhose ed in the art
upon exam naty gHNG A LR WOt the i ﬁcﬁﬂ‘ |Bgorr%qr ePRYy E?%?Tece of the
invention. Rpdlyieg tms methdsdaopt‘r@ménmmvemégrmstmwmc&y forDEBIi®| e

ol Low ng 1888 zrareesael o BRAIEELREuIn RS B8NS, SRAmRRtwH: on. and
are not bnt erededeptichwill berreédugpdof the present invention. BRI EF DESCRI PTI ON

OF THE DRAW NGS 20FI G 1. shows BChE expression levels in frontal cortex of
DLB sanpl es._Expression | evel s near 1, are simlar to expression

| evel s in cdiri@rgose, %%m@mmgthﬁénww@%mmflﬁﬁym@g DLB

brains carr ypamntslmutmmngﬁt i tdRbVe afddfihedappad WPpatentaitbad on
AAAAC- FKW shé)l aﬁ? E expression levels in the frontal cortex.
Al'l DLB brai'igU t'n@ 'F‘IC@H nei t her genotype conbi nati on AAAGCCK+ nor

genot ypeocomnbi nati on AAAAC- FKW over express BChE in the frontal cortex.

EXAMPLES 30 ] S ort with
their clini cé;\? %@P%stlgropa%h'ﬁ 'F rfﬁe trtrh 03|t$?\%e$ées%a%cir§§?§rﬁ@ (éf;at he

Uni versity ofiseaece @mlnmuby)ite@uumardﬁlgesxéyﬂwtprr@nand hendBdlyingi t ge
Institute of %%I@bé’r%/m%é% %(gj( (Brai nNet 35Europe) according to the

est abl i shed r | ocal IcC commttees. They corresponded to 24
brains with conm)n Lewy body di sease (cLBD) (age at death: 79.9, age range

from641t0 d‘e@@rmhmun el oneﬂ i 195 Hesctiptid?it s igamt iddAtifying the
2013/ 017561P /EP2 12/ 648 ?f w th pure denentia with Lewy bod| es (pDLB)

(age at deatMCleR4! E'na?g%'v?glﬁ)é’é " om 60 to 80; fenmle:male ratio 1:2), to 26
AD br ai ns (age at death: 78.1, age range from6l to 95; female:male ratio

1:1.1) and k 6, » o 83
f emal )e mal e%ﬁat@gorbter hp%rﬁ" %ai\le C‘?%%%I%%%geeégeﬁ# n@gggéﬁﬁ%\igéﬁg@&
AD br ai ns prf@@rmzygomosﬂs@tmt@iﬁptlseaalth%ttgm‘@ nd “Br beith 2lledesr whichi is a

stagi ng,h0 rh&ARtEI s thhf uAbbtide.brain. It is used by neuropathol ogi sts
to eval uate density of anylolid plaques and neurofibrillary tangles. AD

stages followi ng Braak and Braak, 1-VI: 10neurofibrillary tangles; A-C
anyl oi d pl amdlﬁgnowmetm@nqbﬁnhemtm |ﬁ©IUde§|@I@t‘eiﬁﬂnhg the aak and Br aak

stage |11, three t BraakadBr e lV a 19re i ni ng..sanpl es
Do Srages v RO TR HiSiERge ST ap iR, hitt 38 de St OB BoPhiSER
det ect ed andnilinkegadiselquddnphewitABaick palyswrphismseshicke veowd geet the\Waeneas

net ther ;60 RorfiaRbf oh SIS &&ng%;gacgggge.n&ﬁmt ehombn-BhtioRDLB 23

wel | as cLB es’ prese rres rel at ed
changes fol |a§§pﬁ@tlenﬁ§ullelie§aat twA Qﬁfmgtedﬁﬁl @ﬁﬂn@%ﬁaﬂa” Il HiQ:&iﬂﬂn? di agnosed
sanpl es 20 Blpesosgmel es were obtained from 223 AD patients (age: 71.1; age
range from49 to 86 years; fenmale:male ratio 1:1.6) diagnosed in the

Depart ment of Neurol ogy of our Hospital Germans Trias i Pujol, follow ng

NI NCDS- ADRDANn aicdofdBivick Wit tHeedibgnodfiv @etterd ofStBeqgesemtioh@ttiotottie ol subj ect s

(age: 6%08; analysis of DLB would be as follows: a patient with suspected onset of
dementia and/or with a non-definitive clinical-familial evaluation would be
diagnosed by a genetic test determining the polymorphisms of the BChE gene
described above. In the case of detecting the DLB specific genotypes, no
additional tests or trial will be needed to diagnose correctly DLB. The direct

35 application of genotyping represents an important save of money in the daily
clinical practice.



25age range from46 to 91 years; female:male ratio 1:1.5). In an additional
experinment, a sanple of 160 age-matched control subjects (age: 68.8; age
range frowD2613%w@7%1 years; female:male ratio 1:1.5) wasPCaEPa012i876t udy
was carried out after authorization of the Ethical Commtee 30fromthe
Hospital and obtaining a signed informed consent. DNA extraction DNA from
frozen brain sanples was extracted by thé use of the TR Reagent

35fol | owi ng manufacturer's instructions. TRI Reagent sol ution comnbi nes

ngnfLeaggnggﬁmrg& ?it”'ﬂrhgg%ﬁl@é}ﬁkﬁm |bsms%ﬂﬂf?ﬁ@rﬁ$ﬁ§|bw§i‘suébém?%gﬁbt nTosis‘3 used
Sl o VOIS NS RORE R BLE DOTIPR AR i PRI0AS[5k O PPt BREAD e

det er m nat i Qossfole DLB; Yretvable KT o8 prabatse DLUBYbrepatpleesD we i ssiois Ad),at 4 C
based o’ DNASSE R g o8I 08, PRV F RS it s TS AP A B BB
Si nce t he BGhitllpradient mtetsvmwletrm/erihg peosenal tamdefdmily rapgicekhistorgl y 5000 bp,
o e | AR RS R BT, PRk b [k, spRaUERERg anal vot s
fragment sp&RnidHgtec: cﬁfaguaredihelyﬁe@ype@t "b@MfﬂfPrbﬁaUqu@PmFP'ﬁ'nP@i@ (priners
pos o R
Table 1) a 6BY ¥PefFy Wi?ﬂ?ar&ﬁlu € ?B‘nt eﬁ%mpa/ Si VPEIPrs: %5was

obt ai nedo Pdsbkiegddr diserdars Bueh fisEpresdiomer bfpdthy@idisomtnauradgitall mv

DR pol yor S Gt By ShBRERT Hny. Rl ES 1ER bRk BhyiptallB b ™™
programs wi tlhssiaheemory. Aenpabibity (e exicoyesdyConiribPOR] ilkeds é@ads fodhePCRs 2
and 3 vere Cdféi‘értrﬁuhblh@ﬁtrbéfﬁaﬁ’uscp!&és%lef PFoB%‘EJ%A@% é”ﬁeﬁtyé%éS% Peﬁd PCRs 2 20

and 3. Table 1: Priners use pronot er. sequencl ng prinmer name

pri ner sequé?f-tsé'tﬂ%Ng@'meSE@nQWR@‘%m&MUNSTCa¢%W enGiatacT SEQ 1D
NO 2 B@Eprmmﬁm@a@éﬁg@GAGAAAGC SEQ I D NO 3 BCh Epron2 UA

Advantageously, the method of the invention allows a diagnosis of DLB
without the need of obtaining samples by aggressive methods like a biopsy;
and in this case a brain tissue microbiopsy. The method of the invention,

20  being a genetic test, is performed on any biological sample removed from the
subject, since it is applicable to any cell type of the body. . In particular,
blood, epithelial cells, and any other possible source of cell samples known in
the art, may be used as sample within the method of the present invention.

25 In another embodiment, the determination of the genotype is carried out by
one of the techniques selected from the group consisting of primer-specific
PCR multiplex followed by detection, multiplex allele specific primer
extension, a microarray-based method, and dynamic allele-specific
hybridization. In a particular embodiment, it is carried out by primer-specific

30 PCR multiplex followed by detection. Alternatively, individual PCR
amplification reactions may be carried out for amplification of the different
polymorphic sites and the genotype of the K variant.

The polymerase chain reaction (PCR) is the most widely used method for the

35 invitro amplification of nucleic acids. The PCR can be a real-time PCR,
wherein the detection by labeled probes of the presence of the target
genotypes is almost instantaneous to the amplification.



TCTCTTGGAAGCAGITGACAT SEQ I D NO 4 BCh EpronSé CCATTATAGCTTCAATCTGIGC SEQ

| D NO 5 BChEpronm2UB AGATACATATCAGAGACATCCATT SEQ I D NGO 6 BChEpron2L
GAAGAGATGRCREBOATBCC SEQ I D NO 7 25 PCR products wer e PpuiiPR@d/om87t he use
of the ExoSap-IT kit (CGE Healthcare). Sequencing reactions were carried out
wi th BigDye (BigDyeTM Term nator vs 1.1 cl e Sequencing Kit, Perkin
Elmer), 10 pnol/pl of the respective primer and 3.5 pl of the purified PCR
product. After cycle sequencing and DNA WD 2013/ 017561PCT/ EP2012/ 064871 15
precipitation, the sequences vvere obt ai ned on the ABlI PRI SMIM3100 (Perkin

El mer) . Anal sis o 0 hi sns Four new pol rmrphl sns
wer e found |met%’é‘p[:5§'?ﬁ?l;{”é%th% r(g,e,t EP E’@Fﬂ? %ﬁ‘é’h@ep? PEBed Y as wel |
as the well s}gef@tm FPCRaﬁulatptexﬁolwwedmldetectt%fG b dc Blariiieng " PR
mut at i on- spegj ac
Feacti on w e qreTRsiseBY, aoypi 0 A GerfehE 2B ory DR WEB” om o
each dNTP (ngén)probeermllterotatumlyhvarfousH%CRrreeetlmsombe(pemolrmeﬁ) 1 uni t
EcoTaq DNA ans of
35 cycl es Wb é‘gﬁtgie‘a@‘eﬁ@ﬁp&%@?ﬁ’?@s% o) SFMonch8 e I RIRAHE “Bone:
and of 57 CWii SPRCIGGRED Raglesa)ly Grescdic riopes Mawabe dnmebilisegddnd ed out .
The obt ai negnhReFarfdagnment s were 15separated on high resol uti on agarose
gels. The A-allele of the BChE A3687G pol ynor phi sm was represented by a 153

bp and the Gallele by a 133 bp fragnent. The K-allele was represented by a
149 bp fipagrideterraimadtibhefhd denespemandsppadomaedbl dlleld Spatifib®rifsrar i ant

pol ynor phi s - al | b A I rphi sm
was of 124 b@xt%%s@n iﬁgﬁ%@o %38 Pﬁéee%éeglaggﬁ%cﬂge%fgg?tggc?égﬁg]rﬂ%cﬁﬁﬁlogge case
of the 04443hrato¢ﬂrybempadémassansemmmleahb%ma singhting. (ibeaASBE methbdagnent
and the C aljhgdiged %@gﬁé@eé’%ﬁ érﬁ"ﬂ/ﬁ?&‘ﬂtc regﬂﬁbﬁ’th?at JRiémhes Weethrer BChE
promot er genotypin Pri mer

genotype followed by a capture on SO|Id mlcrosphere surface for detection.

15 Taking advantage of the solution phase kinetics, this technique allows
sequence labeled microspheres to be used for detecting new templates. This
is done with the help of an appropriate capture sequence attached to the

allele specific oligonucleotide.

20  Optionally, detection may be carried out by DNA biochips/microarrays made
with oligonucleotides deposited by any mechanism, by DNA biochips made,
with oligonucleotides synthesized in situ by photolithography or any other
mechanism. A microarray-based method that allow multiplex SNP genotyping
in total human genomic DNA without the need for target amplification or

25  complexity reduction can also be used for the genotyping of the BChE
polymorphisms. This direct SNP genotyping methodology requires no
enzymes and relies on the high sensitivity of the gold nanoparticle probes.
Specificity is derived from two sequential oligonucleotide hybridizations to the
target by allele-specific surface-immobilized capture probes and gene-

30  specific oligonucleotide-functionalized gold nanoparticle probes. The assay
format is simple, rapid and robust pointing to its suitability for multiplex SNP
profiling at the ‘point of care’.

Furthermore, determination of the genotype can be performed by dynamic
35 allele-specific hybridization (DASH), which represents the basis for

throughput SNP genotyping in some laboratories. The core reaction principal

of DASH is real-time (dynamic) tracking of allele-specific differences in the



primer sequence (5 - 3'") SEQ ID NO A3687G BChE- 1314U
TCTTGAACTCCCAGACTGAAGCA SEQ I D NO 8 BChE-1314G TACACAAAAGGTACAGAATACAC
SEQ | D NOWO02013B0h61 1314A TTATGTAATAACAAGT TAGT TACACAAAAGPGTARAGAAIRCAT SEQ

I D NO 10 A4206G BChE- 795U AAGTGCTCCACCTGCAAATATTA SEQ ID NO 11 BChE- 795G
TAATCTTCTGTAAGTGATAGCC SEQ I D NO 12 BChE- 795A
TTCTCAATGCAATATATTCTTAATCTTCTGT AAGTGATAGCT SEQ I D NO 13 C4443T BChE- 558L
TGTCTCTGATATGTATCTCCTT SEQ I D NO 14 BChE-558C5 TCTTGACCAGAAAATTGTGGC

10

15

20

25

30

35

process of DNA denaturation. To achieve this, an oligonucleotide probe is
first hybridized to the target DNA, a necessary component of essentially all
genotyping methods. The target DNA comprises one strand of a PCR product
immobilized onto a solid surface, and a single probe is used that is
complementary to one of the target alleles. This assay concept was shown to
be very precise (>99.9% accurate).

In a second aspect, the present invention provides a kit for carrying out the
method as defined above, which comprises adequate means for determining
the genotype of the polymorphisms in BChE gene.

In particular, the kit comprises primers which are capable of generating
amplicons, said amplicons comprising the polymorphisms at positions 3687,
4206 and 4443 of SEQ ID NO: 1, and the polymorphism at position 934 of
SEQ ID NO: 26. More particularly, the primers consist of SEQ ID NO: 8-19, as
described in examples (Table 2). Using these primers, four amplicons are
obtained which can be separated by size by capillary electrophoresis.

In a particular embodiment, the kit comprises adequate means for carrying
out amplification by primer-specific PCR multiplex. Primers are labelled with
different fluorophores which allow the identification of the four amplicons
generated.

The kit provided by the present invention can be used in a routine clinical
practice to identify patients that suffer from DLB, thus differentiating said
patients from other patients that suffer from AD. With the kit of the invention
the clinicians will be able to apply more individualized and risk-adapted
treatment strategies to patients suffering from DLB.

In another aspect, the invention relates to the use of a kit as defined above,
for the diagnosis of DLB.

The invention also refers to a method of determining whether a subject will
respond to treatment with neuroleptics, by analyzing the genotype of the
above mentioned polymorphisms in BChE gene. As the method allows
determining whether a patient suffers from DLB or AD, is it possible to give
the adequate treatment.
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Throughout the description and claims the word “comprise” and variations of
the word, such as "comprising", are not intended to exclude other technical

10 features, additives, components, or steps. Additional objects, advantages and
features of the invention will become apparent to those skilled in the art upon
examination of the description or may be learned by practice of the invention.
Furthermore, the present invention covers all possible combinations of
particular and preferred embodiments described herein. The following

15 examples and drawings are provided by way of illustration, and are not
intended to be limiting of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

20  FIG. 1. shows BChE expression levels in frontal cortex of DLB samples.
Expression levels (EL) near 1, are similar to expression levels in controls as
observed for the genotype combination AAAGCCK+. DLB brains carrying the
KW genotype, as part of the genotype combination AAAAC+KW, show even
lower BChE expression levels in the frontal cortex. All DLB brains that carried

25  neither genotype combination AAAGCCK+ nor genotype combination
AAAAC+KW overexpress BChE in the frontal cortex.

EXAMPLES

30 Post-mortem samples

Post-mortem frontal cortex samples with their clinical and neuropathological
diagnosis were facilitated by the University of Barcelona Neurological Tissue
Bank and the Bellvitge Institute of Neuropathology Brain Bank (BrainNet

35  Europe) according to the established rules of the local ethic committees. They
corresponded to 24 brains with common Lewy body disease (cLBD) (age at
death: 79.9, age range from 64 to 90; female : male ratio 1.5:1), to 12 brains
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24 0.38 0. chere%BoRdQ(%o %Pé‘a% and Braak stage lll, three to Braak and Braak stage IV

and the 19 remaining samples to stages V and VI. In pDLB brains Braak and
Braak stages O to Il were detected and in control samples AD related changes
were absent. Whereas neither AD nor control brain showed PD-associated

15 pathology, all pDLB as well as cLBD samples presented stages 5 and 6
corresponding to PD- related changes following classification of Braak and
Braak.

Clinically diagnosed samples

20
Blood samples were obtained from 223 AD patients (age: 71.1; age range
from 49 to 86 years; female:male ratio 1:1.6) diagnosed in the Department of
Neurology of our Hospital Germans Trias i Pujol, following NINCDS-ADRDA
and DSM-IV criteria. Moreover, 59 age-matched control subjects (age: 68.8;
25 age range from 46 to 91 years; female:male ratio 1:1.5).

In an additional experiment, a sample of 160 age-matched control subjects

(age: 68.8; age range from 46 to 91 years; female:male ratio 1:1.5) was

taken. The study was carried out after authorization of the Ethical Commitee
30 from the Hospital and obtaining a signed informed consent.

DNA extraction

DNA from frozen brain samples was extracted by the use of the TRI Reagent
35 following manufacturer’s instructions. TRI Reagent solution combines phenol

and guanidine thiocyanate in a monophasic solution and it is used for the

consecutive extraction of RNA, DNA and proteins from the same sample.
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10 PCR1 (primers BChEprom1UA and BChEprom1L; Table 1) yielded an 838 bp
fragment spanning from position -1869 to position -1031. In PCR2 (primers
BChEprom2UA and BChEpromS6; Table 1) a 837 bp fragment spanning from
position -1152 to -315 and in PCR3 (primers BChEprom2UB and
BChEprom2L; Table 1) a 688 bp fragment from position -473 to position +231

15 was obtained. PCR reactions with a final volume of 15 pl contained 1.7 mM
MgCI2, 200 uM of each dNTP (Ecogen), 2 pmol of each primer, 1 unit EcoTaq
DNA polymerase (Ecogen) and approximately 300 ng of DNA. Standard PCR
programs with annealing temperatures of 58 °C for PCR1 and 60 °C for PCRs
2 and 3 were constituted by 30 cycles for PCR1 and 35 cycles for PCRs 2

20 and

3.

Table 1: Primers used for BChE promoter sequencing

primer name primer sequence (5->3’) SEQ ID NO

BChEprom1UA TGATAGGCTGACCGTATGCT SEQ ID NO: 2
BChEprom1L ACCTCATCAGATGAGAAAGC SEQ ID NO: 3
BChEprom2UA TCTCTTGGAAGCAGTTGACAT SEQ ID NO: 4
BChEpromS6 CCATTATAGCTTCAATCTGTGC SEQ ID NO: 5
BChEprom2UB AGATACATATCAGAGACATCCATT |SEQID NO:6
BChEprom2L GAAGAGATCACTCTCATCCC SEQID NO: 7

25
PCR products were purifed by the use of the ExoSap-IT kit (GE Healthcare).
Sequencing reactions were carried out with BigDye (BigDyeTM Terminator vs
1.1 Cycle Sequencing Kit, Perkin Elmer), 10 pmol/ul of the respective primer
and 3.5 pl of the purified PCR product. After cycle sequencing and DNA
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en | a posiciQ 87 I hism KWin exond4), were studied by
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AAAACCKW O Gstddidd 3isirf¥YatadOsgedffic-PCR (MS-PCR): A3687G, A4206G, C4443T

and BChE-K. Each PCR reaction with a final volume of 15 ul contained 1.7

10 mM MgCl2, 200 uM of each dNTP (Ecogen), 2 pmol of each of the three
primers (Table 2), 1 unit EcoTag DNA polymerase (Ecogen) and 300 ng of
DNA. Standard PCR programs of 35 cycles with annealing temperatures of 62
°C in the case of A3687G, BChE-K and of 57 °C in the case of A4206G,
C4443T amplification were carried out. The obtained PCR fragments were

15 separated on high resolution agarose gels. The A-allele of the BChE A3687G
polymorphism was represented by a 153 bp and the G-allele by a 133 bp
fragment. The K-allele was represented by a 149 bp fragment and the
wildtype corresponding allele from the K-variant polymorphism, by a 169 bp
band. A-allele of the BChE A4206G polymorphism was of 124 bp of length

20  and the G-allele of 104 bp. Finally, in the case of the C4443T polymorphism,
the T-allele corresponded to a 145 bp fragment and the C-allele to a 125 bp
fragment.

Table 2: Primers used for BChE promoter genotyping

25

Polymorp’ |Primer name  |primer sequence (5-> 3)) SEQ ID NO

A3687G BChE-1314U |TCTTGAACTCCCAGACTGAAGCA SEQ ID NO: 8
BChE-1314G |TACACAAAAGGTACAGAATACAC SEQID NO: 9
BChE-1314A  |ioraCaGANInGay CTTAGTTACACAAMAG |5Eq 1D NO: 10

A4206G BChE-795U AAGTGCTCCACCTGCAAATATTA SEQ ID NO: 11
BChE-795G  |TAATCTTCTGTAAGTGATAGCC SEQID NO: 12
Bche-795a |LICTCAATGCARTATATICTTAATCTTCTGT lop 1o\ 45

C4443T BChE-558L TGTCTCTGATATGTATCTCCTT SEQ ID NO: 14

SEQ ID NO:

BChE-558CS |TCTTGACCAGAAAATTGTGGC 15




0 4 AAAATCWNVO O 0 2 WO 2013/017561PCT/ EP2012/ 064871 19 5 AAAATCKK 0 1 0 O
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WO 2013/017561 PCT/EP2012/064871
16
TATTCATTTTATTTTTCCTGTCTTGACCAGA
BchE-K BchE-4U CTGTACTGTGTAGTTAGAGAAATTGGC SEQ ID NO: 17
BchE-K ATGGAATCCTGCTTTCCACTCCCATTCCGT |SEQ ID NO: 18

ATCATGTAATTGTTCCAGCGTAGGAATCCT
BchE-W SEQ ID NO: 19
GCTTTCCACTCCCATTCTCC

Polymorp': polymorphism name

Statistical analyses

Correspondence analysis (CORRESPONDENCE, Version 1.1, Data Theory
Scaling System Group (DTSS), Faculty of Social and Behavioral Sciences,
Leiden University, The Netherlands) permitted obtaining the correspondence
table in the case of the neuropathologically diagnosed patient group. The

10  distribution of the genotype combinations for both patient groups
(neuropathologically and clinically diagnosed) was calculated by the SSPS
version 11.0.

Match of clinical and neuropathological diagnosis

15
The match between both clinical and neuropathological diagnoses was first
analyzed in the samples obtained from the Neurological Tissue Bank.
Whereas 100% of AD patients coincided in their clinical and
neuropathological diagnoses and 42% of pDLB patients received the

20  diagnosis of DLB, only 17% of cDLB patients received the clinical diagnosis
of DLB. Instead, 62% of them had been diagnosed as AD and 21%
corresponded to other dementia related disorders. This observation fully
correlates with the lack of diagnostic criteria for cDLB.

25  Results

Characterization and disease association of the BChE K-variant

The BChE K-variant consist of a single nucleotide substitution from g to a at

30 position 68974, where the g-allele is named W (wild type) and the a-allele K
(mutated). An interesting finding of this analysis was the overrepresentation
of K-allele carrying genotypes in cLBD but also in pDLD and AD when
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WO 2013/017561 PCT/EP2012/064871
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compared to controls (0.62 in cLBD, 0.42 in pDLB and 0.38 in AD vs. 0.13 in
controls, p<0.001, p=0.090 and p=0.058, respectively). The further genotypic
analysis revealed that the KW genotype presented similar frequencies in AD
and controls, was slightly elevated in pDLB, but about one third of cLBD
5 samples were KW-genotype carriers (Table 3). Whereas neither the H- nor

the Jvariants were present in the studied samples, A-variant carrying
genotypes were found at very low frequencies in the different diseases (0.04
cLBD, 0.08 in pDLB and 0.04 in AD vs 0 in controls; p=1, p=0,34 and p=1,
respectively).

10
Table 3: Allele and genotype distribution of the BChE K-variant polymorphism

Table 3: Allele and genotype distribution of the BChE K-variant polymorphism

Genotype frequencies

Disease n' wWw KW KK p°
cLBD 24 0.38 0.29 0.33 0.003
pDLB 12 0.58 0.17 0.25 0.145
AD 26 0.62 0.08 0.30 0.047
C 23 0.87 0.09 0.04

'n: sample number; °p: Exact test p value for genotypic comparisons between

15 each disease and controls.

Characterization and disease association of BChE promoter polymorphisms

The three BChE promoter polymorphisms were single nucleotide changes: at
20  position 3687, where A was changed by G; A was substituted by G at position
4206 and C to T at position 4443.

To ascertain if the polymorphisms showed a disease-specific association,
allelic and genotypic frequencies for the promoter polymorphisms were

25 determined in neuropathologically diagnosed brain samples including cLBD,
pDLB, AD and controls. First, the polymorphisms were analyzed
independently and then, the existence of genotype combination was also
tested.
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The study of the A3687G polymorphism revealed an approximately three-fold
increase of the AA genotype in AD when compared to cLBD, pDLB and
controls (0.54 in AD vs. 0.21 in cLBD, p= 0.152; 0.16 in pDLB, p=0.298 and
0.13 in controls, p<0.001). In contrast G-allele carrying genotypes
corresponding to the A4206G polymorphism were accumulated in cLBD,
pDLB, as well as AD in comparison with controls (0.33 in cLBD, 0.17 in pDLB
and 0.23 in AD vs. 0.04 in controls, p=0.023, p=0.262 and p=0.105,
respectively). Although the accumulation of G-allele carrying genotypes was
not disease specific, this accumulation seems to be of certain importance
since G-allele carrying genotypes were almost absent in controls. The CC-
genotype corresponding to the C4443T polymorphism was present at a very
low frequency in pDLB when compared with cLBD as well as controls.
Conversely, the frequency of the TC-genotype was elevated almost two fold
in both pDLB and cLBD in comparison with AD and it was also significantly
higher than in controls.

Analysis of genotype combinations

Correspondence analysis

Genotype combinations (GenComb) resulting from three BChE promoter
polymorphisms: (1) 1314AA at position 3687 (polymorphism: A3687G), (2)
795AG at position 4206 (polymorphism: A4206G), (3) 558CC at position 4443
(polymorphism: C4443T), and BChE-K (KW or KK en la posicion 68974
(common polymorphism KW in exon4), were studied by correspondence
analysis. The representation of the results in a correspondence table (Table
4) allowed the easy detection of disease-specific genotype combinations.

Table 4: Correspondence table of BChE genotype combinations in a
neuropathological sample including three disease and a control group.

AD pDLB cDLB Controls
1 AAAACCKK 2 0 0 0
2 |AAAACCKW 0 0 1 1
3 |AAAACCWW |0 1 0 0
4 |AAAATCWW |0 0 0 2
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5 |AAAATCKK
6 |AAAATCWW
7 |AAAATTKK
8 |AAAATTWW

9 |AAAGCCKK
10 |AAAGCCKW
11 |AAAGTTKK
12 | AGAACCKK
13 |AGAACCWW
14 | AGAATCKK
15 | AGAATCKW
16 | AGAATCWW
17 | AGAATTKW
18 |AGAATTWW
19 |AGAGTCKK
20 |AGAGTCKW
21 | GGAACCWW
22 |GGAATCWW
23 | GGAATTKW
24 | GGAATTWW
25 | GGAGCCKW
26 |GGAGTCKK
27 |GGAGTTWW
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Common genotype combinations

The first, overall analysis revealed the presence of 27 different GenComb

5 (Table 3). Since most of them (59%) were present in one or two samples only,
their frequency was very low (0.01 and 0.02). Both most frequent GenComb
(N° 18 and 24), represented 32.9% of the whole sample and were present at
similar frequencies in all groups.

10  Disease-specific genotype combinations
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5  When combining genotype combinations 9 and 10 and defining them as the
common GenComb AAAGCCKH+, this GenComb was the most frequent (0.17)
disease-specific GenComb found in LBD.
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diagnosis had been established in 2005, it can be expected that between 20

and 40% of these AD patients should be misdiagnosed DLB patients.

10  Correspondence analysis

The distribution of the resulting GenComb is shown in a correspondence
table (Table 5). Taking into account that the GenComb was constituted by 4
polymorphisms, it was very surprisingly to find only 25 different GenComb in

15 that sample constituted by 383 individuals (Table 5). 63.6% of all detected
GenComb coincided in both samples.

Table 5 Correspondence table of BChE genotype combinations in a clinical
sample including an Alzheimer disease and a control group.
20
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WO 2013/017561 PCT/EP2012/064871
22
17 |AGAATCWW 24 20
18 | AGAATTKW 2 1
19 |AGAATTWW 32 25
20 |AGAGTCKW 19 8
21 AGAGTCWW 0 1
22 |AGAGTTKW 1 0
23 |AGAGTTWW 1 0
24 | GGAATTKW 2 4
25 |GGAATTWW 76 49
223 161

Common genotype combinations

Three of the four most frequent GenComb were the same in both samples:

5 combination 25 (24 in Table 4) with a frequency of 0.33 vs. 0.16 in the post-
mortem sample, combination 19 (18 in Table 4) with a frequency of 0.15 vs.
0.16 in the post-mortem sample, 17 (16 in Table 4) with a frequency of 0.11
vs. 0.11 in the post-mortem sample and combination 16 (15 in Table 4) with a
frequency of 0.13 vs. 0.03 in the post-mortem sample (Table 5).

10

Disease-specific genotype combinations

When analyzing the distribution of the GenComb detected as DLB- and AD-
specific in the post-mortem sample, GenComb AAAATTWW was detected in

15 only 2% of AD patients, but also in 3.1% of control individuals (Table 5).
These frequencies indicated that AAAATTWW is not suitable to be
considered as a disease marker.

GenComb AAAGCCK+ was found in with a frequency of 0.05 in the AD and of
20  0.02 in the control group (Table 5).

Taking into account that the AD patients had been clinically diagnosed about
8 years ago, much before the establishment of the new guidelines for DLB
diagnosis, the clinical histories of the 11 patients carrying the GenComb

25  AAAGCCK+ were revised. All 11 presented at least one of the symptoms
compatible with DLB, corroborating AAAGCCK+ as a possible DLB marker.
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When furthermore taking into account that 20-40% of the AD patient group
could be misdiagnosed DLB patients, the disease-specific frequency of
AAAGCCKH+ increases and would range between 15-30%. The specificity of
AAAGCCK+ was of 98.1% and the sensitivity between 15 and 30%.

Genotype combination dependent on relative BChE expression

To detect possible specific features for DLB-AAAGCCK+-carriers, BChE
expression levels in frontal cortices of 22 DLB samples in comparison with 13
AD and 12 control samples were determined.

RNA isolation and reverse transcription

TRI -Reagent (MRC, Cincinnati, USA) was used for RNA isolation according
to the manufacturer's protocol. Briefly, 100 mg tissue samples were
homogenized in a 1.5 ml tube with a sterile piston in 1.0 ml of TRI-Reagent.
Homogenates were incubated 5 min at room temperature and then
centrifuged at 12,000 g for 10 min at 4 °C to pellet insoluble material and
highmolecular- weight DNA. After phase separation, RNA was precipitated
with isopropanol and resuspended in an appropriate volume of DEPC-treated
water. RNA quantity was determined spectrophotometrically at A260, RNA
purity was ascertained from optical density ratio at 260 nm and 280 nm. RNA
integrity was ascertained by the use of the Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, USA). Only samples with RIN values higher than
6 were stored at -80 °C until use.

First-strand cDNA synthesis was carried out using Ready-to-goTM You-Prime
First-Strand Beads (Amersham Pharmacia Biotech, Uppsala, Sweden). Two
mg of RNA were incubated with random hexamers and the First-Strand Beads
at 37 °C during 1 hour. The resulting cDNA was either immediately used for
PCR or stored at -20 °C until use.

Real time PCR

The relative expression of BChE mRNA was determined using a Rotor-Gene
6000 (Corbett Life Science, Sydney, Australia). A QuantiTect SYBR Green
PCR Kit (QiaGen, Hilden, Germany) was used to minimize the primer-dimer
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AAAATTVWV WasCAIBCIBAEGGAATCCTGCTTT, SEQ ID NO: 21) and 1 ml of cDNA. To study
relative BChE amounts, two housekeeping genes were also analyzed,
5 betaactin (primers: beta-actin U2 TCTACAATGAGCTGCGTGTG, SEQ ID
NO: 22, and beta-actin L3 TAGATGGGCACAGTGTGGGT, SEQ ID NO: 23)
and betaglucuronidase (GUS; primers: GUS-U1
ATGTGGTTGGAGAGCTCATT, SEQ ID NO: 24 and GUS-L2
TGTCTCTGCCGAGTGAAGAT, SEQ ID NO: 25) (M. Barrachina et al.,
10 "TagMan PCR assay in the control of RNA normalization in human post-
mortem brain tissue", Neurochem Int 2006, vol. 49, pp. 276-84).

After a 15-minutes-denaturation step, followed by 30 seconds of annealing at
56 °C for all BChE, GUS and beta-actin, end fluorescence data were acquired

15 during a standard 72 °C extension. A final melting analysis was run for all
products to determine the specific amplification. Relative expression data
were achieved by the deltadelta Ct method based on the assumption of
similar PCR efficiencies to analyze relative gene expression (T.D. Schmittgen
et al., "Analyzing real-time PCR data by the comparative C(T) method", Nat

20  Protoc 2008, vol. 3, pp 1101-8). Therefore, different primer pairs of each gene
and isoform were tested to obtain fragments with a length between 100 and
150 base pairs that become amplified with similar efficiencies. Since PCR
efficiencies can vary in each run, a standard curve was included in each and
not only in the initial run. Only runs with similar efficiencies together with a

25  correct standard curve (R>0.99 and R*2>0.99) were suitable for further
analyses. Standard curves were generated by amplifying the same serially
diluted cDNA control sample. All assays were performed twice and
independently to assure their reproducibility and minimize possible errors,
including additionally a negative control in each run

30
Results

Main relative expression analysis revealed a slight, but not significant
increase of BChE expression in DLB: 1.53 (1.13 - 2.07), but not in AD: 1.26
35 (1.17 —1.36), when compared to controls. Especially DLB cases showed a
wide range of variance estimates. When analyzing BChE expression in
dependence on GenComb, it was found that DLB-AAAGCCK+-carriers (n=3)
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actually DLB patients. The specificity of AAAAC+77KW would be of 98.7%
30 and its sensitivity between 15 and 30%.

If then combining both GenComb, the testing of BChE genotype combinations
AAAGCCK+ and AAAAC+KW would allow the detection of 30-60% of DLB
cases, with a specificity of 96.8%.
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pol ynor phi cﬂ?fgogﬁypgg@%ﬁfoﬁwwggg%%%}l t he pol ynor phi c site at
position 4443 in SEQ ID NO 1, and 10the pol ynorphic site at position 68974
| NGB! Acces st imbhiBeeacdiing8 Haitd 1 Suhren LHGeO%br%ﬁ?pé f5:SEQ | D NO. 26).

2. The method according to c ,.whereint enotype is: adenine for
both al | el eRdgNigpigrinoyh aeles at POsHIOA i me for one allel e and a guanine

for theiet hein abdrehe fét omeaildleemdi2@Banipitiostiteother ahdehtaldstlorsa 206,

iti 4443 d f I t iti 8974, bei t hi
Genot ype | ndbiese S ot & e S I06 es”and di sti ngui shing {rom
Al zhei ner diseadenin@lor Gne Fhelerattposdioncd’Y7di,ng to claim 1, wherein the
genotype 1 S el B1ERkREH PRlpfRa bt BbfiRnth WEFL&IFBodRETance adeni ne for

both alleles a
distinguishing from Alzheimer disease.

20
3. The method according to claim 1, wherein the genotype is:
an adenine for both alleles at position 3687,
an adenine for both alleles at position 4206,
cytosine for one allele at position 4443, and

25 an adenine for one allele and a guanine for the other allele at position 68974;
being this genotype indicative of dementia with Lewy bodies and
distinguishing from Alzheimer disease.

4. The method according to any of the claims 1-3, wherein the determination
30 of the genotype is carried out by one of the techniques selected from the
group consisting of individual PCR amplification reactions, primer-specific
PCR multiplex followed by detection, multiplex allele specific primer
extension, a microarray-based method, and dynamic allele-specific
hybridization.
35
5. The method according to claim 4, wherein the determination is carried out
by amplification by primer-specific PCR multiplex followed by detection.



cytosine for one allele at position 4443, and 25an adenine for one allele
and a guanine for the other allele at position 68974; being this genotype
i ndi cati weoab1damesmti a wi th Lewy bodi es and di sti ngui shipa@/Ere@niofdszhei mer
di sease. 4. The nethod according to any of the clainms 1-3, wherein the
determ nati on 300f the genotype is carried out by one of the techniques
sel ected fromthe group consisting of i rfdi vi dual ~ PCR anplification
reactions, prinmer-specific PCR nultiplex followed by detection, nultiplex
allele specific prinmer extension, a mcroarray-based nethod, and dynam c

al l el e-specifi [ di I.Q: - 6 P2 8 6.
The et hod é::%%gg% %g{c{‘ﬁz'oé@cfdé@%_gé%@@%ﬁ&ﬂ%@ﬁ%ﬁ%{%(%E{t@ﬁ%%%@ﬁe@f&%@b %ut by
hybri di sati hotSR Bé/t@l”} ?Q:e(ﬂ %B'&be@l The net hod according to claim®6
wherein the specific probes are immobilised in a mcroarray. 8 The nethod
accor di n§ t o -die Bethaseacgasding tocloimp ahsreintthe speeifisgreles geempl e is a

bl ood sanpl émmabiliged MemiepAvdyaccording to any of the clains 1-7, wherein
t he bi ol ogical sanple is an epithelial cell sanple. 10. A kit for
carrying out_the nmethod as defined in any of the clains 1-9, which
15conpr i ses AdEGUREHAACROTEIND A&y GHHthe Klp MR - GenBelRya the biolrgical

pol ynor phi srgample BChblgehsamplel. The kit according to claim8, which
conpriSﬁﬁ prinmers which are capabl e of generating anplicons, said anplicons
conprising the pol ynorphi snms at 20positions 3687, 4206 and 4443 of SEQ I D
NO 1, and thdheahgthmdoddcondiag tp @siytafdine edmef1-BEGhe@iMDe BBlogidd. The kit
according t I , ol ot imers consist of SEQID NO 8-19. 25
13. The Kki t%ggﬁc@lrag% %é etp‘(f)l’ﬂgﬂé doélJl ét%ﬁneﬂél ainms 10-12, wherein the prinmers are

| abel l ed with fluorophores and the kit conprises reagents for performng a

pri mer - specifg. o\ kERrBarhiny 8%t thdGhéthodses @éfiredkintarifofdREidashsl Noafmic® the
clains 10-13, for the di a?n05| s of gementl.a \mth Le b(}gﬂ% es.
15 = comprises adequate means for determining the genot‘;%e of the

polymorphisms in BChE gene.

11. The kit according to claim 8, which comprises primers which are capable
of generating amplicons, said amplicons comprising the polymorphisms at

20  positions 3687, 4206 and 4443 of SEQ ID NO: 1, and the polymorphism at
position 934 of SEQ ID NO: 26.

12. The kit according to claim 11, wherein the primers consist of SEQ ID NO:
8-19.

25
13. The kit according to any of the claims 10-12, wherein the primers are
labelled with fluorophores and the kit comprises reagents for performing a
primer-specific PCR mutliplex.

30 14. Use of a kit as defined in any of the claims 10-13, for the diagnosis of
dementia with Lewy bodies.



