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nmet hod, the subsequent ELISA is not constricted é/z)r ecovery and/ or

| i near i48geNgE]fbe demapiiae giadrdeisheFipeeh et idlyv et n%ﬁ\??enoatet[ﬁ/ov?‘@i@%
i agnOSi g TBE 159! 208, ChirRARSGHOBE et AT NELSAR bl Abbgarsids gnd can

be used for reliable and clear prediction o hei mer® s di sease. SUMVARY
OF THE 20Q6ENTAGN A& cloiodéoryia cﬁf‘ea|‘i’$l$,stthaspetﬁtnttﬁ| naw ibicreatkern shhelde bes

i d ; £ a0, di . . )

G sor a8, od v DEARRL DR SRR MyhpBRLLSIRREPR R R ch

?Xb@{I sepucﬁges«ampimg)rt adiohigteenicicht wbe folinad bwaragptow@unhia alnal?yspaepil de
eta or

a.bi 2011/ 064225PCT/ EP2010/ 068069 |l e
from a trugatehBERIN G asae AaPTARKe f0Tt ARG SOREtod tRBnMRsr REBs
foll Owléﬁrsb%’«fen (t@) det ar Btdhage artfdract (FaRFest At i 9006 Caadson learget Al3
peptide in bi ol ogi cal sanpl &; 5(b)di saggregating the target A13 peptide

from st?é)@7((a))

20 Plasma Biomarkers
Besides the frequently used plasma biomarkers, i.e. the AB peptides, further
inflammatory plasma markers are used for the early diagnosis of dementia
(Ravaglia et al., 2007; Engelhart et al., 2004) in particular for Alzheimer's (Motta
et al., 2007). All of these are still under discussion. Further possible biomarkers

25 were also found via comparative proteomic analysis of plasma from AD patients
and healthy controls (German et al., 2007; Ray et al., 2007). The future will
show whether these biomolecules are indeed specific for Alzheimer's disease and
are suitable as biomarkers. There is no convincing or suitable data which would
show either specificity or suitability of any of the biomarkers discussed above.

30
Contrary to the analysis of amyloid B in CSF, the results until now with respect to
suitable AB biomarkers in plasma are not reliable or clear. In some studies a

correlation between a decreased ratio of Ap (1-42)/ AB (1-40) in plasma and an



(c) determning a second concentration (cd) of the disaggregated Al3
peptide; and (d) determning the ratio of cd / ca, wherein the val ue of

t he secomoconaemt2sati on (cd) is divided by the val ue ofPCrhP2610/0648069
concentration ca; 1lOwherein a ratio of cd / ca, which is lower than 1.5 is
I ndicative of a positive diagnosis for_ a neurodegenerative disorder.
According to a second aspect of the i fvention there is provi ded a net hod of
determning the oligoneric state of a target anyloid 13 peptide (Abeta or
A13) i endansed glonyession Angaanitive clereehpersess thdMEobr Aheimsy eprientga)

det i Nj i ' t 1 3 ti :

b1 of oo B e« Mas BREH([SBRAPRY B A L F0EET HEh OBBR: KE S 0095,
(a); _(Su)n_dda(hdfeemiahj 2908) seOtet stadasnhoatiendetaettedfthbhe didiagignegfatred Al3
CheC Bedini- 237 pidshaSuslis moannd e ferfeviadei e oa N M AR T of
congentsahyoBt G, MBT¢idhRid abtsWtawid 4s %amalﬁkb@ﬁoirﬁwéd?o@ég%ﬁer%ftivje is

i ndi cative of the presence of oligoneric Al3. 25 DEFIN TIONS " Qi goneric”
as usedPUBPEEHWNGTE pse efcauNiarRd ailith ivBlaeimgr safipsagasicet ab gOFL) deMashoner

units. o’%’% ; Uy 3 rS el ILRIS, Ak rd t S.
The term gﬁs@@é‘%&?t | or%a(il égﬁgﬁs&tdgmt%hgﬁ%rrggggslﬁo%é ﬁ;\;@?t@ggmgg&g I goneric
f orns dfeakOypapttrae ara petientesr withf sporadaf AlkOepeet's {Eukudto et al., 2003;

2OLY 0G4220CCH 2040 06600 0 41 a0, iEast Uy € L hafgn bing o the
| nvent i1@w6; giuabtictielt Yetn@anz0en) . afdonié isyudvet algo KRowed that the level of
Ap in plasma does not correlate with the level as encountered in the brain (Fagan
et al., 2006; Freeman et al., 2007) nor does it correlate with the level
encountered in CSF (Mehta et al., 2001; Vanderstichele et al., 2000). In a
recent study, a correlation was detected for AB (1-40) and AB (1-42) between
15 CSF and plasma, but only in healthy controls. This correlation could not be
detected in MCI and AD which is explained by destroying the balance between
CSF and plasma AP due to Ap deposits in the brain (Giedraitis et al., 2007).
Generally, it is assumed that plasma AB (1-42) level is not a reliable biomarker
for MCI or AD (Blasko et al., 2008; Mehta et al., 2000; Brettschneider et al.,
20 2005), whereas a decrease of the ratio plasma Ap (1-38) / Ap (1-40) is
considered a biomarker for vascular dementia and comes close to the
predictability of CSF markers (Bibl et al., 2007).

Until now, AB oligomers were disregarded as biomarkers for Alzheimer, however,
25 they are supposed to play a decisive role in initiating the neurodegenerative
process (Walsh & Selkoe, 2007). In several studies, the neurotoxic effect was
shown for Ap dimers with 8 kDa to the point of protofibrils with over 100 kDa
(Lambert et al., 1998; Walsh et al, 2002; Keayed et al., 2004; Cleary et al.,
2005). Furthermore, such AB oligomers were found in human liquor (Pitschke et
30 al., 1998; Santos et al., 2007; Klyubin et al., 2008). Besides their neurotoxicity,
oligomers have also an influence on the determination of the Ap concentration in
human samples. The oligomerization leads to masking of the C-terminal epitopes
of AB peptides (Roher et al., 2000) yielding to underestimated Ap levels detected



val ue of 10-7M or better, such as a KD value of 10-8M or better or even
nore 5Sparticularly, a KD value of 10-9Mto 10-12M The term "anti body" is
used i n tWe 2briomdzst sense and specifically covers i nt aPCTrra@olocsvad

ant i bodi es, polyclonal antibodies, multispecific antibodies (e.g.

bi specific antibodies) formed fromat |east two intact antibodies, and
antibody 10 fragments as |ong as they exhibit the desired biol ogical
activity. The antibody nay be an IgM 19gG (e.g. 1gGl, I1g&, 1g& or 1gHA),
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gener algrgblehe f@mém@tndéﬂenmﬁnmum oﬁ/a're Apl®ncegtrationf hbh@ventlanstfaamffbmly

Exanpl es of antibody fragnents include Fab, Fab nd

ragne s WIMUOHTEE, (o) AAPeERarhe adt1By hoPleMEss HAt AF« [<Ysbott i
ant BbOQJlllgén'féHz%QFénf irPTBigRGIRAWarhpREMEMS .d28 pR&chesdn héF@ﬂpCs'u‘PBﬁklnf;
antib as used herein refers to an anti body obtained froma population
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single determ nant. on the anti In addition to their specificity, the

monocl JiEY &atesstnes tan Aﬁ%éqgénpilﬁore@rtr@twvamwm§ F SEmapIehdY ar e
h
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as bei mmbndenaﬁrfatommg sabditions aking boModéienlisllpoed byiWestérn Blot

2011/ oaraptrrensydo olsat iR a ARe Lot hhalh BBV b8P e ¥ ror
exaspl ehastdenarenechoisaliesnt i bodi es to be used in accordance wth the

present invention ma be de by th bri doma nethod first described by
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known reCO”’%‘hB@\WaI@B‘%Wﬁ%rﬂ@P‘%nd?E%aniﬁer F@I@Qﬁh?ﬂf’é‘nd@”ﬁd BdEps’ gamy al so be

i sol ated from phage anti body libraries using The techniques descrl bed in
C ackson 8t Tale. ,CORzRarison 332%2@@28”@'1&19@.')15 gedenmired etial ELISA amgl viagi ol .

222: 581- 597 W&&%H Iétol oeéf‘gég?vee The nonocl onal anti bodi es herein

specifically imc imeric dantibodies 1o (imunoglobulins) in which a
porbi on of the heavy and/or Ilght chain is identical with or honol ogous to

correspon uences in anti derived froma cul ar. speci es or
ol oo bthER S et "aioneR s et st dpar ein i of Al RioPBiE S rger
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in antibodi es derived from anot her species or belonging to anot her 15
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in which residues froma conplenentarity-determning region (CDR) of the
reci pi SENSEVEYr 8pHagBEPWILEF ediicdticRMODIAE aWDRIRE VerMofoMBHn R8s Fe@NY donor

between analytes and matrix, i.e. plasma. Usually, ELISA or ELISA-type systems
30 (Multiplex) are used for quantification of AB, and recently also AB oligomers, in
plasma. The specification of such detections systems is usually only
unsatisfactorily analyzed or are completely disregarded. For example a critical

item like the recovery rate is not analyzed or is not mentioned in the



25 anti body) such as nouse, rat or rabbit having the desired specificity,
affinity, and capacity. In sone instances, Fv franmework region (FR)
resi dues wb 20h@eimzsan i mmunogl obul i n are repl aced by coPCEgPNdi0sRY69
non- human resi dues. Furthernore, humani zed anti bodi es may conprise residues
whi ch are found neither in the recipient antibody nor in the inported CDR
or framework 30 sequences. WO 2011/ 064225PCT/ EP2010/ 068069 12 of at | east
one, and typically two, variable domains, in which all or substantially all
of t he PODRCalgHnd heoiecesgnbteds hiewesyesfdegisivn farugining araenarjEtsh pidtureand
all or | al |y | _of,. regql e : n
rmunogl aare i Bstkud or e HEE GRS lEp R RS hptyeen
conpri sheattudéssstcan dsd iresult Sfrom ahei diffteregteduhi thesensbast r agfuwmhédc) ,
typically that of a human i bulin. Fpr further details, see Jones et
™ © Rioetes has3eteBBRC oot ELIRG: S mHPEX SYSteRinite. a3 TS
(1988) ‘than@nes&tBionS\deterrihedJor 4hk.- arfil esdnzplé%'a@ﬁ)dlé%%z ﬁeEEﬁ‘d on

e
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(1994). i =Xy |l antibody fragnents wth two
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f orised dllowsaidetavinhinatibe ob ngligomeatiarAp, dienpians cafaranotphes mahavthaadhigheat e
two anti gen-bindjng sites. Diabodies are described nore fully in I—PI | i nger
et al.fl¢ @EFY-I\EEP. PrgsEat @dﬁf‘“@@APs%:%%ﬁ@M '(Q_@9§7¢a%%\%‘e”its6| dtfed”
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internal am no acid sequence by use of a spinning cup sequenator, or (3) to
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SUMMARY OF THE INVENTION
According to a first aspect of the invention there is provided a method of
30 diagnosing or monitoring a neurodegenerative disorder, such as Alzheimer’s
disease and Mild Cognitive Impairment, which comprises determining the

oligomeric state of a target amyloid B peptide (Abeta or AB) in a biological



i nt erchangeably and all such designations include progeny. Thus, the words
"transformants” and "transforned cells" include the primary subject cel
and 15 cwbtoredresi ved t herefrom wi t hout regard for theCmmPRen/065069
transfers. It is also understood that all progeny nmay not be precisely
identical in DNA content, due to deliberate or inadvertent nutations.

Mut ant progeny that have the sane fun&ion or bi ol ogi cal activity as
screened for in the originally transfornmed cell are included. Were

di sti nsamiasi fijaat idokestasebient epler@cterines Vi Ithabesaid enethifodogpirisEgct ext .
The te&gmm;#llﬁgggtide", "peptide", and "protein", as used herein, are

i nt erchangeable and are defined to nean a bi onol ecul e conposed of am no
aci ds |inkedaby aetephirdaghofidst 2bnddrecrdBongcylaof d' aargeandp "pdpideatn wsed
herein are defined to nean "one or nore" and include the plural unless the
context is iYABBIGHPAEPE: " Anyloid 0, AL3 or 13-amyloid” is an in the art

recggni zed tgym mgﬁgggﬁngqhg(@a |y BepiddPFngistsp aad peptides, anyloid
13 precursor ﬁrot ein (APP), as well as nodifications, fragments and any
functional dgli valedarRiningrasecond geacentratian (ey emedibammregateddither ein
i s neant any,f ; produced by proteolytic cl eavage of APP but
especially %bﬁgg@%%ggnents which are involved in or WO
2011/ 064225 E &OMOGIBQ6h el datas d Ay , wihdneinhehamal e cgides

/ REY/ ERZAE6M h fadqat ed, wihdneinheh e obf pduteheéaice

including, but not Jimted tp,. A - 38),. of | D NO. 3. A13 (1-40) of
SEo 1D NG SonsfiatraiaR(sis) ety fis Ve orihe rhk FabeaTiuttidh Evne. pr esent
i nvent ivemereihragaent 6f ef /aay whidhlid'lower eldn angligsiiddidathde BERL pgsigivarhi ch
conprise a core anyloid 13 fragment A13(3-38) of SEQ ID NO. 13, More

sui t abldjlagrRRsis R phepeREeIsNarpleve ASOEAE i nvention are all anyloid 13

pepti des, which conprise the core anyloid 13 fragnent A13(11-38) of SEQ ID
NO. 19. Such Al13 fragnents, which conprise the am no acid sequence of

A13( 11-/88prdifig SEQal Bedind Bgpectr of ithepaventiah atheag 36xpyovidedgmemtiodwaf ch

neur oddieaan gy e bUBPAP 858 L e aPYRL by 8D pEBIRE VARRET P AR5 11 ve

| maai r neeibgicahesipie Mich sothrisasdhasoliowingtstgps: sel ected from 1, 2, 3, 4,
5 6, 7, 8, 9, 10 and 11; Preferably, x is an in}eger selected from1, 2, 3
and 11. I\/bréa?)refd@ltﬁ'ﬂpwnﬁ 3 zlrgt_ congentratlon C,) of a“target AR peptide in a

biological sample;
(b) disaggregating the target Ap peptide from step (a);
(c) determining a second concentration (cq) of the disaggregated A
20 peptide; and
(d) determining the ratio of ¢q / ¢a, wherein the value of the second
concentration (cq) is divided by the value of the first concentration c,;
wherein a ratio of ¢4 / c3, which is in excess of 1, is indicative of the presence of
oligomeric Ap.
25
DEFINITIONS
“Oligomeric” as used herein refers to a limited number of aggregated AB peptide
monomer units. Examples of such oligomers include dimers, trimers and
tetramers. The term “disaggregation” refers to the process of converting
30 oligomeric forms of AB peptide to monomeric forms of AB peptide.

"Capture antibody" in the sense of the present application is intended to

encompass those antibodies which bind to a target Ap peptide.



Even nore preferably, x is 11. y is defined as an integer selected from 38,
39, 40, 41, 42 and 43. Preferably, y is 38, 40 or 42, such as 40 or 42.
Mor e prefwoabliye432sis 40. Even nore preferably, y is 38PCHEPR@EbbI0e80exanpl es
for A13(x-y) fragnents are Al13(1-38) A13(1-39) A13(1-40) A13(1-41)
Al13(1-42) A13(1-43) A13(2-38) (SEQID NO 3), (SEQID NO 4), (SEQID NO
2), (SEQIDNO. 5) (SEQID NO 1) (SE&PIDNO 6) (SEQID NO. 7), WO

2011/ 064225PCT/ EP2010/ 068069 15 A13(2-39) A13(2-40) A13(2-41) Al3(2-42)
5 Ap (2-43) Al13 (3-38) A13 (3-39) A13(3-40) A13(3-41) 10 Ap (3-42) A13

haa( 11 SHHeE e apike dvttiet i R hardd Al Pedvad Winf S Hiiafityeg
L B et e ol 1800 1
(NO oovaly e’s@é '7'%0 Fheiter, gpeh |g &d.goy@ﬁe 5 wﬁ)cho.Egtiéy OR8¢ 68999 D NO

24) g %ﬁrﬁgg‘gpwogqt egngbvcglmm\q elru:@wpass all those nutants or variants of
Al3 (x-y) wh %t naturally occur in the patient group which has been

selected to undergo the nethod for detection or nethod for diagnhosis as

descri hed, fe?ﬁ'?rghtr? o&f’,, Fsihﬁscﬁ]%‘?ﬂé BrB?&é@t’ %’éhseNQﬁ(? S?%EEICQ acrok/ rs intact

"function equi val en e present context nean unctlonal
equi valreomodbna@1 Jar(tibodiesar q)qmtlammls aJTtibmileantmuIZFsptahléiceca‘ntmmd|eh!av(ea been
shown to_acg

zZhei i sease. f.unct.i onal ents have
oo e gntbadieRdoBaetcig ' RS Five nface Saieddes, St ARISRYT . Y
2, 10" Grdgyméneditatibag () trcea;r@ahﬁﬁlt tige tdeeireastpiorddivel Adtdvit V\% Yhel@#ﬂtbdta/-
Functional equival ents al so enconpass _nutated vari ants, i ch conprise by

way of r@%\énbﬁﬁ EnllgMag Gdft9- dé%Gét 4862nd 963 AT d9IGHD ARSI P Al G, for

example. Suitably however, the antibody is not an IgM antibody. The “desired
biological activity” is binding to a target Ap peptide.

15  "Antibody fragments" comprise a portion of an intact antibody, generally the
antigen binding or variable region of the intact antibody. Examples of antibody
fragments include Fab, Fab', F(ab")2, and Fv fragments: diabodies; single-chain
antibody molecules; and multispecific antibodies formed from antibody
fragments.

20
The term "monoclonal antibody" as used herein refers to an antibody obtained
from a population of substantially homogeneous antibodies, i.e. the individual
antibodies comprising the population are identical except for possible naturally
occurring mutations that may be present in minor amounts. Monoclonal

25 antibodies are highly specific, being directed against a single antigenic site.
Furthermore, in contrast to "polyclonal antibody" preparations which typically
include different antibodies directed against different determinants (epitopes),
each monoclonal antibody is directed against a single determinant on the
antigen. In addition to their specificity, the monoclonal antibodies can frequently

30 be advantageous in that they are synthesized by the hybridoma culture,
uncontaminated by other immunoglobulins. The "monoclonal" indicates the
character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of



30G u and ending with dy-Val-Val and Val-1le Ala, respectively. W
2011/ 064225PCT/ EP2010/ 068069 16 2005, nanmely the Tottori, Flem sh, Dutch,
Italian, wocebieaard | owa mutations of Al3. Functional e®UIrERRE063089 SO
enconpass A8 peptides derived fromanyloid precursor protein bearing

mut ati ons next to the 0- or y-secretase cleavage site such as the Swedi sh,
Austrian, French, German, Florida, Loh#8on, Indiana and 5Australian
variations (lrie etal., 2005). "Mddified Anyloid 0, A0 or 13-anyl oid"
enconpabs aantiladynbyiariycnaitinsaramerbed obier gxamplacihe puwiadard amibaskées
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glutam ne or glutamate residues to pyroglutamate. Suitable exa
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Sccor dithg tshiies desbatn o IagHON 8t e NABIGmAR: 624 FLAEPAEE AT SEQ
1D Nosuditd 4.3 WHICBIGHL 13 8kl Disdy 9ot TP cigle at the N-term nus.

wher ei n sai € NNtermndl glutanate residue is nodified to pyroglutamate.
Even useful are nodifications at aspartate residues, such as the conversion
of asparte to isoaspartate.. Suitabl e exampl es according.to the present
Cnvent % areneRRnahy pafbodisS &P R Ry, BiRBLE HhigRye" esBlifRick.

t h@oasganhtradriodl el thesinaihizhi H@odtdEl op@Re tHe@y dndyd/|ight Ehalreicidikveiched to

i soasparate. Futher suitable exanples are the anyloid 13 peptides of SEQ ID

Nos. 7 Wit 17, NG @IFHS e GEFRIPCACNG SSAHEBCER AP oSt desvedi BR™s 3 s
conver tRghitQal SPRERA' &t %%d@{i)r?éi‘é@ra pertit @Bl SRR 88s8f dhRIAEY ok 13

peptides of SEQ I'D Nos. _ 8, wherein the aspartate residue at am no
aci d pdbetreomipdes of3benvwined isodestieslpaitht er hogideweh teldosmesponding |y
| nvol Ve, Lig,use of i Al LBRdLESoRachoaARABLEO! o BdLRGIOLR dlidher ont
i mrunogeni'c portion, Oor €pitopg, of the protein To be deteécted. Tn a

sandw antisslyclasbertsediclasssewanasyfragnseritswfsunh anfibodies, 30 langi dsody

which is i i.] [,zed aon solid support, and thereafter a second anti body
bi nds ttﬁe\'%ggﬁ)d%hﬁ ?S'f‘?fi‘?'é?%'ﬁ?ﬁ@&g‘ﬂtyrnsol ubl e three-part conplex. The
second anti body may itself be labeled with a detectable noiety (direct

sandw ch assays) or nay be neasured using an antj-imunogl obulin antibody
that isHWERRIREd] o415 FET/MEP2 DY 0168360 1 TMHERBR) e@NtPediCs QR eERiaMric

ety (indi ; _ ) . ‘
sandw (IBEhESEbuRTEWFRB3RBYIN cRRnTBE FRldme M uRito R 0RuPERE. 1 ¢ 4
enzgne.Fab',BRlaBR 2DERSCRI 4P Ta rdiy «€DF biTtdin ¢- ISGORER e agaraf dntilRidied )ewhich contain

| munopreci pitati on System i roves capture efficien
% mlnﬁnafasequen e denveém'rom a norp—liwuman |mmunog(i

$bulin. For the most
part, humanized antibodies are human immunoglobulins (recipient antibody) in
which residues from a complementarity-determining region (CDR) of the
recipient are replaced by residues from a CDR of a non-human species (donor
25 antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and
capacity. In some instances, Fv framework region (FR) residues of the human
immunoglobulin  are replaced by corresponding non-human residues.
Furthermore, humanized antibodies may comprise residues which are found
neither in the recipient antibody nor in the imported CDR or framework

30 sequences.

These modifications are made to further refine and optimize antibody

performance. In general, the humanized antibody will comprise substantially all



(A) Recovery of Al13 1-40 from Cypl8 solution and human Pl asma by usage of
different antibody conbinations io(B)Schematic of bivalent capture system
(shaded: wQ2oamsiizedy, grey: x-40 anti body, black: anti PooPecianssobody
conjugated to nagnetic bead). Figure 2: Determi nation of the oligoneric
state of Al 3 peptides derived from human plasma 15The rati o of
concentration determ ned after di saggi%gat lon to the concentration

determ ned wi thout disaggregation reflects the oligoneric state of Al3

(1- 40/ #2)at Iepgupee 3anddnPEetly Tosy, variadadoradingsin Moish abpr sfbstartialesul ts

o SL758 LGRLERR BldbRl RB55RgbAy R ABRE DBy AR AL BRSPS P
Scal e. o gursebétarfdlaﬂiy dNeof ahe StRtregibest are tvesenof @l hesanVeramurfsiglomdlirt he
resul tsspgtﬁglcgs ﬁgﬁtgr%n EH‘: gognce%@%}liy ?|§35@%$ﬁ$gggé@h | t h subj ect S
(G oup 0 a

M nis- MyFt gh- @ﬁiﬁ@hJ@ﬁibuI'Fh%kfr@st%nﬂ@%l@ﬂ(&‘@)n&y_ﬁﬁéélIB tH\@LanVa?UH{ﬂﬁaHVE&n

SD) of the results of classification fferences in Al 30patients and

heal t hymsowpe@lpsulit: dep furthe: siptgilar see Gangs Ef : a/31 NESUGRan2l : B2 | | ;
46-65 Y9358) RUEH08ks Qo MWacles! 33V0 200 g%@gﬁp%@agweéﬁﬂgm

Fi gure n val ues of i goneric state est of group vs
group *Stractt sel,, 2)5(933596*(’1’9929115!3@ hupxanifed abtiboduriecludesai @mmatuzed?t ate
of AP ( reflection of o all oligoneric unt in
pl asna aﬁéﬁp&?dl_éﬁsﬁﬁéé&ﬁﬁ e NONIGERA &{ﬁﬁe ant%oo% is derlve rom an

10 antibody produced by |mmunizing macaque monkeys with the antigen of interest

or a “camelized” antibody.

"Single-chain Fv" or "sFv" antibody fragments comprise the V4 and V|, domains of
an antibody, wherein these domains are present in a single polypeptide chain.

15 Generally, the Fv polypeptide further comprises a polypeptide linker between the
Vy and V. domains which enables the sFv to form the desired structure for
antigen binding. For a review of sFv see Pluckthun in The Pharmacology of
Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., Springer-Verlag,
New York, pp. 269-315 (1994).

20
The term "diabodies" refers to small antibody fragments with two antigen-
binding sites, which fragments comprise a heavy-chain variable domain (Vy)
connected to a light-chain variable domain (Vp) in the same polypeptide chain
(V4 = Vp). By using a linker that is too short to allow pairing between the two

25 domains on the same chain, the domains are forced to pair with the
complementary domains of another chain and create two antigen-binding sites.
Diabodies are described more fully in Hollinger et al., Proc. Natl. Acad. Sol. USA,
90:6444-6448 (1993).

30 An "isolated" antibody is one which has been identified and separated and/or
recovered from a component of its natural environment. Contaminant
components of its natural environment are materials which would interfere with

diagnostic or therapeutic uses for the antibody, and may include enzymes,



According to a first aspect of the invention there is provided a nethod of
10 diagnosing or nonitoring a neurodegenerative disorder, such as

Al zhei merwe 2digeaxé and M1 d Cognitive |npairnent, whicRCEEPRIINDESRVC
determning the oligoneric state of a target anyloid 13 peptide (Abeta or
Al3) in a biological sanple froma test subject, characterized in that said
nmet hod conprises the foll ow ng steps:1§5(a)deternining a first
concentration (ca) of a target Al3 peptide in a biological sanple; (b)

di saggregatdneg, tamel wangetPratEnaegaiisder frampseginqeerus $eyteset by muitichie a

second ORGSRIAAL! Bk CfIbod) Wb aANGY 29745 4rAIRRERN i B heignt of

20(d) déat ermning -t ue 0 ¢¢oRd
concentaraibiody zﬁ$d)ater$n|demtd,edhé)y_owr@' wekhied 0dnd eodt psitticutentyemorat them ca;
di cative

bost t1 0% ByiRt s ) 1 Redrdscomiainatve BPERR dit leaBt e reat ST Lkt ed

her €i n tgehAl sjrng&emaea@nﬁé 'ééideséd’l?éncbh? aké @erespiAnwigat e 9équdratvRSor
signi ficant lé ecreased in Al zheiner's di sease patients when conpar ‘ed with
Q

cont r ol(3palic ERfOgenedyePyr 8DSrRAGE| HpaakMEEUSnEt Br dTonaled ughip@ fondittose a
reliabl Cﬁ“té&nﬁé‘és.é’rtﬁgé%r‘ %.PJblf' NGB, ‘i’%as?éc?apﬁb%le_\v ﬁerLFOQES/ tHed) of

1.0 indi es that there afe no goners 1 n the sa rati os of
cd / cantibody B0situawitbmn mécomhnr(aa)wtrmnlsemnca ayr MISErorwmanTpcxmfenblofgmfers or
nor e co ctness 0 ceSS|b|I| es e

Tl o STRBBHRES BpflraP ph SRRk A e 6 Bty Do B oA SRERY, i b
1.Qoanqlanl|.b'@)jy Wllade preparalibyt Sileadt 4nelpiiicatibArstdp 3, | over than 1.2, |ower
than 1.1 or |lower than 1.05 have been WD 2011/ 064225PCT/ EP2010/ 068069 19
found to be indicative of a positive diagnosis for a neurodegenerative

di sor deys | 3Eghé&eir) BleieNBressishseage, "'c@llalﬂ% hedn LR dRdleOfark Nsed

invention there is provided a nmethod of di agnosi ng or nonitoring a
neur oderg@ﬁehmgeﬁ@lmw chdlr su@mcﬂeswa&lomemmdes pfogeaye ahdsMthe Qordd ti ve

| mpai r (o40) In 1 NI, pe I tate. of t et
anyl oi (rjmg pe tﬂ(}e C(rat g'%%rsg(%ﬁ‘%ﬂ&ng b'bglﬁggl crqﬁor%gr{r}%ff S?Jtrbg?n&acgclasaﬁ{cp
subjsectcultuharc’mlvedl thfedeﬁrom hﬂilthcﬁ.airégaedi Iﬁ@tdtm@nrpmtseasoﬂ tranbfdrb ovitt ig atdoeps:
10(a) det er m ni a first concentrat tar t| de,in a
b ol g rtrdersmeAtd il Brog e v, Aot B prectsel ifhntked i R B Penm e,
(a); (@6)déaieand mrn&a@vé%ﬂﬁ%@m r apuedht( ﬁﬁagéﬁy thar tasadeHegahrd Al3
pepti de; and

function or biological activity as screened for in the originally transformed cell are

included. Where distinct designations are intended, this will be clear from the

20 context.

The terms "polypeptide", "peptide", and "protein", as used herein, are
interchangeable and are defined to mean a biomolecule composed of amino acids
linked by a peptide bond.

25
The terms "a", "an" and "the" as used herein are defined to mean "one or more"

and include the plural unless the context is inappropriate.

"Amyloid B, AB or B-amyloid" is an in the art recognized term and refers to
30 amyloid B proteins and peptides, amyloid B precursor protein (APP), as well as
modifications, fragments and any functional equivalents thereof. In particular, by
amyloid B as used herein is meant any fragment produced by proteolytic

cleavage of APP but especially those fragments which are involved in or



15(d) addi ng up the values of cd and ca, wherein the value of the sumof cd
and ca, which is lower than 3.0, is indicative of a positive diagnosis for
a neur odeyeoneriawiazé di sorder. A sum of cd and ca, whi chPC3/HPeakecgohan 2. 9,
| ower than 2.8, lower than 2.7, lower 20 than 2.6, |lower than 2.5, | ower
than 2.4 or lower than 2.3 have been found to be indicative of a positive
di agnosi s for a neurodegenerative di sbfder, such as Al zheimer's disease. In
nearly all studies, the concentration of target Al3 peptides in steps (a)
and ( c)asssciaged adtrethe [eay|pid paHbibgiesENFisAirg shehpotbndtant fagAbi(1a3&apt ure

A3 pogt e NG hofB U GRAPRERIOING 2 hEhd i Ao R SRR R -

aggregati on propensity of the peptl des they tend to formoligoners,
protoflbrllstothe nt of fibrils. in such an aggregate the Al
monorer8 tHELANtEHE P@HFaBR%if%'P}ﬁe@%@e r%ﬂEBEﬁJEEEE‘YﬂW th g‘fe all R

cansbe Bbﬁé'ﬁﬁd@é/ \T\/HR:hd&irﬂﬁh's@Qa adtld BRdYoidue fiyraeft ABAB- 38 NEF BBELIOINGEP! tope
i naccessibility. The detected Al3 concentration for oligomers is |ower than
for nmordgirelgre wt@mmpa theaaH tresenefetke PirgsgeRidinvientiev are alhaprdsith fand

2011/ OZ%%?EETW Eéﬁb%@'ﬁﬁ’gg@%@@% rﬂifo‘f‘@%ﬂ%re %?@n&ﬁ 23 )Z\gfang %g Dupo'n t he

amount 1. SMdhghprétag nagrttst ich conmparstarteesamlrrwacmeleiey]uehbe odripunt-38) 4f
aggreg of re precisely the bur e C be det er m ned by
conpar iaSIS'%i’IBfNPNg (ﬂ%@ tRaJF'CHL? é%f/ggr ﬁ“ @E@ Sopeen EBWQrEO and
t hgocongeniibteoin élfshgjedﬂ'a%a&%ﬁﬁ@c?] UeHteOdf $Rlel éﬁé?@ﬂpé%ﬁ;%r)det“ Osuch
nmononers. The principle he method is shown in Figure 2. In one

enmbodi msmizheiReerd disggre gatdi Mild Siogpitiue IropatiMeids t he use of an alkali. In
a further enbodi ment, the alkali used for disaggregation in step (b) is
sodi um 10 hydroxi de, such as 500nM sodi um hydr oxi de. The advant age of

usi ng avhexekal i and particularly a strong alkali such as sodi um hydroxi de
is that nore efficient disaggregation is achieved. For exanple, a higher
proportion of nononers are obtained, with no observable quantities of
dinmers, tri merssd@frné@'farsaémrﬁtegb5|§él@¢t%deﬂﬂ‘bﬁﬂl1mnt3 4he, di yaggregad iz st ep
(b) addltlo??lly conprises the use

7

Preferably, x is an integer selected from 1, 2, 3 and 11.
More preferably, x is 1.
Even more preferably, x is 11.

20
y is defined as an integer selected from 38, 39, 40, 41, 42 and 43.
Preferably, y is 38, 40 or 42, such as 40 or 42.
More preferably, y is 40.
Even more preferably, y is 38.
25

Suitable examples for AB (x-y) fragments are
Ap (1-38) (SEQ ID NO. 3),
AB (1-39) (SEQ ID NO. 4),
AB (1-40)  (SEQ ID NO. 2),
30 AB (1-41)  (SEQ ID NO. 5)
AB (1-42) (SEQ ID NO. 1)
AB (1-43) (SEQ ID NO. 6)
AB (2-38)  (SEQ ID NO. 7),



of a suitable solvent, such as nethanol, e.g. 50% (v/v) nmethanol. In one
enbodi nent, the di saggregation step (b) conprises an incubation step. In a
further ewbadivesmi2s t he i ncubation step conprises i ncub&Cirar2@&n/06896m

20t enperature for at least 2 mnutes. In a yet further enbodi nent, the

i ncubation step conprises incubation at roomtenperature for at |east 10
m nutes. Al3 peptides are |iberated f£®m t he anyl oi d precursor protein
(APP) after a sequential cleavage by the enzynmes 13-and y-secretase. The
y-secret ase Al @avdage (SEQ HIMNQ.B),n the generation of primarily A13 (1-40)

and Al3 (1-%@@3«3@2 d?%E?)ng ﬂécbgendi ng promnently at position 38 or 43,
I their ‘G 1N’

whi ch differ rmni” and exhibit different potencies of
aggregati onAff(bai) f ¢SERXIDNGMTD)peur otoxicity. Al so, 13-secretase release

can generate djfferent N-term ni__and al so subsequent nodifications by
pepti dases frﬁo{%ﬁﬁgr é§§§3n& '\IIQasUI%vi ng in prom nent species 30 such as Al3

pepti des st%Btdgzn_g?,?t t(ggQOfﬁil\k:%_O{@ e.g. 2, 3, 4 and also 11, while the
glu

speci es staring at’positions fmate 3 and 11 can be transformed into
pyr ogl ut amatAg, (3-88dler i(BFQ H2NO.pEPL | des especi al |y hydrophobi c and prone to

fast aggregat| chi LLLin 2004; Piccini et al., 2005; Schilling et
al, 2006; 3&5%%&%6455%}:‘@%@/ 068069 21 Schlenzig et al, 2009). Such
C and N-terap mhoyarigetsi®hNoAlis)can serve as functional equival ents of

Al3 (1-40) and A13 (1-42) peptides. The present invention thus provides a
nmet hod for tAe(Zéder mi(RER BANS: e 50ligoneric states of the Al3 (x-y)

pepgi des, \M)%r .ﬁ?z?;f a?%eEhagjoﬁcﬁ(sjle er ei nbef ore defi ned. Thus, according

t o one enbodi e ¢ribed nmethod, the oligoneric state of a
target Al3 pdpit3-d8)to (BEQUE &Init)d is selected fromthe 10group consisting

RO 2. af 3 RACTTTPERESER RN By (1S 22 (sEQ 1D NG 1) LV ESERID
AB (11-39) (SEQ ID NO. 20),
Ap (11-40) (SEQ ID NO. 21),
15 A (11-41) (SEQ ID NO. 22),
Ap (11-42) (SEQ ID NO. 23), and
Ap (11-43) (SEQ ID NO. 24).

20 "Functional equivalents" encompass all those mutants or variants of AB (x-y)
which might naturally occur in the patient group which has been selected to
undergo the method for detection or method for diagnosis as described according
to the present invention. More particularly, "functional equivalent" in the present
context means that the functional equivalent of AB (x-y) are mutants or variants

25 thereof and have been shown to accumulate in Alzheimer's disease. The
functional equivalents have no more than 30, such as 20, e.g. 10, particularly 5
and most particularly 2, or only 1 mutation(s) compared to the respective AB (x-
y) peptide. Functional equivalents also encompass mutated variants, which
comprise by way of example all AR peptides starting with amino acids Asp-Ala-

30 Glu and ending with Gly-Val-Val and Val-Ile Ala, respectively.

Particularly useful equivalents in the present context are those of Ap (1-40) (SEQ
ID NO. 2) and AB (1-42) (SEQ ID NO. 1), which are those described by Irie et al.,



Af3 (1-43)(SEQ ID NO 6) Af3 (2-38)(SEQ ID NO. 7), Af3 (2-39)(SEQ ID NO

8), Af3 (2-40)(SEQ ID NO. 9), 20A13 (2-41)(SEQ ID NO. 10), Al13 (2-42)(SEQ

| D NO. 110 201B642543) (SEQ | D NO. 12), A13 (3-38) (SEQ | PCR®P218)6304d 3
(3-39)(SEQ ID NO. 14), 25A13 (3-40)(SEQ ID NO. 15), Af3 (3-41)(SEQ ID NO.
16), Af3 (3-42)(SEQ ID NO. 17), Af3 (3-43)(SEQ ID NO. 18), Al13 (11-38) (SEQ
ID NO. 19), 30 A13 (11-39) (SEQ ID N& 20), A13 (11-40) (SEQ ID NO 21),
Al3 (11-41) (SEQ ID NO. 22), A13 (11-42) (SEQ ID NO 23), and WD

2011/ 04025 PFGMER2UE0T 06806 Flerpishy, Pytch, AR|iahsAOCtio and, [y mukatipns of

parti cylar i ; i 9o | t f r A

ot et At FATRESTA oy 8ReS PARBTCL P b Desdiddt Fty Ea T B Rt

ol i gomgrecusioatproodineb dairge n UthBiopepiextetot thdg- cd;et\eGEembtase Alsavayediie (SEQ
::)([a)pl\liodél'“eca oy r?e %ar tdlcul %\rustGrrl]gr?dl t[[aenncth éeremgkl gPorrr‘F Losr% cgne, IOrIdigng%rn%et Al3

5 Australian variations (Irie et al., 2005).

"Modified Amyloid B, AB or B-amyloid" encompasses all modifications at various
amino acid positions in the amyloid B proteins and peptides, amyloid B precursor
protein (APP), fragments and functional equivalents thereof. Useful in the
10 present context are modifications at the N- and/or C-terminal amino acids of said
amyloid B proteins and peptides, amyloid B precursor protein (APP), fragments
and functional equivalents. Particularly useful are modifications at glutamine and
glutamate residues, such as the cyclization of N-terminal glutamine or glutamate
residues to pyroglutamate. Suitable examples according to the present invention
15 are the amyloid B peptides of SEQ ID Nos. 13 to 24, which start with a glutamate
residue at the N-terminus, wherein said the N-terminal glutamate residue is
modified to pyroglutamate. Even useful are modifications at aspartate residues,
such as the conversion of asparte to isoaspartate. Suitable examples according
to the present invention are the amyloid B peptides of SEQ ID Nos. 1 to 6,
20 wherein the aspartate residues at amino acid positions 1 and/or 7 are converted
to isoasparate. Futher suitable examples are the amyloid B peptides of SEQ ID
Nos. 7 to 12, wherein the aspartate residue at amino acid position 6 is converted
to isoasparate. Moreover, suitable examples are the amyloid B peptides of SEQ
ID Nos. 13 to 18, wherein the aspartate residue at amino acid position 5 is
25 converted to isoasparate.

“Sandwich ELISAs” usually involve the use of two antibodies, each capable of
binding to a different immunogenic portion, or epitope, of the protein to be
detected. In a sandwich assay, the test sample analyte is bound by a first
30 antibody which is immobilized on a solid support, and thereafter a second
antibody binds to the analyte, thus forming an insoluble three-part complex. The
second antibody may itself be labeled with a detectable moiety (direct sandwich

assays) or may be measured using an anti-immunoglobulin antibody that is



10 detected is A13 (1-40) (SEQ ID No: 2) and A13 (1-42) (SEQ ID No: 1). The
data presented herein denonstrates the suitability of summati on of the Al3
(1-40) amsiOoAdB/0612242) peptides wherein it has been showrCTh®Ro90nsoas i on of
both oligoneric states inproves the significance of the diagnosis. 15In a
particul ar enbodi nent, the oligoneric state of a target Al3 peptide to be
detected is at | east one Al3 peptide $élected fromthe SEQ ID NOs: 13 to
24, which start with a glutamate residue at the N-term nus. In a

parti cudbkelednisdi ansletectahte onoigbméindirest seaduiicta asaayet FAT3e@PPiedeon® be

o oSy REole o o SRS it a0 REPHIFLSS5e YRR (e,

| D No: mi®iety &b&m eazyoet. her particul ar enbodi nent, the oligoneric state of a
target Al3 peptide to be detected is at | east one Al3 peptide selected from
SEQ I D NGs: 13 to 24, wherein the glutamate residue at the N-term nus of

these BRLIEFOESCRIPTIOREOF PHEWIGURES™Mte. 30In a further particul ar
enbodi nent, the oligoneric state of a target Al3 peptide to be detected is

at | eadtigyre A:3 Bbmlept Janeunrepregpitation pSysiem {(imRFovRser eaptyne
aspart e k&séyiues at anmino acid positions 1 and/or 7 are converted to

I soaspar at e. 2011/ 064225PCT/ EP2010/ 068069 23 Even particularly, the

ol i gon€A) c Rexbrenf ohABar-¢gétfrad3Cyrps isdritionm dred Hetet Bdsnw by Usegstofone Al3

pepti de selected from SEO 1D Nos,. 7 to 12, wherein the aspartate residue at
am no acid r%fi-rt-ngrqng'bpggccgm 'P?Bﬂ%o i soasparate. 5 Even particularly, the

ol iigongB)C Hcabmarfc of baral@it édptupeplystiant@hbgedeerd adtibsdat gr@ask-4me Al3
pepti de selected fromSEQ ID Nos. 13 to 18, wherein the aspartate residue
at ani no acid@tipegdyt PEeks angi-mwwseranitady ¢degaiEdaioemagoetic\werd) be

appreci ated that the nethod of determ ning the oligoneric state of Al3
constitutes a further aspect of the invention related to a novel and

i nvent illguse sy Datesmination ofcthe odidamerricistate of Apoeptidessderiyieda

neur od ' ' er such as Al zheiner's di sease. Thus, according to
a seco?ggﬁgbg&gﬁfﬂﬁﬁ{#inventi on there is provided a nethod of determ ning

E) _halsol !mrmatiocofisumv\cﬁ_n@tfatmnl&ét@rgﬂ’nediaﬁtleﬁididsab@re@alﬁcbrdm (Adbebacartrétld) in a
. . t . t. : t
fRE I TG UL ORI

(b) disaggregating the target Al3 peptide fromstep (a); 20(c)determ ning a
second concentration (cd) of the disaggregated Al3
Figure 3: DemTect Test
Mean values (Mean * SD) of the results of classification differences in AD
20 patients and healthy subjects (Group I: 18-30 years; Group II: 31-45 years;

Group III: 46-65 years) by DemTect Scale.

Figure 4: Mini-Mental-State Test

Mean values (Mean * SD) of the results of classification differences in AD
25 patients and healthy subjects (Group I: 18-30 years; Group II: 31-45 years;

Group III: 46-65 years) by Mini-Mental-State Test.

Figure 5: Clock-Drawing Test

Mean values (Mean * SD) of the results of classification differences in AD
30 patients and healthy subjects (Group I: 18-30 years; Group II: 31-45 years;

Group III: 46-65 years) by Clock-Drawing Test.



peptide; and (d)determining the ratio of cd / ca, wherein the value of the
second concentration (cd) is divided by the value of the first
concent r avpaniigsi22dherein a ratio of cd / ca, which is POTEPCESH6IIHI 1, i S
i ndi cative of the presence of 25oligoneric Al3. In one enbodi ment, the

di saggregation step (b) conprises the use of an alkali as herei nbefore
defined. 30 In one embodi nent, the nmet®od of determini ng the first and
second concentration of a target AO peptide in steps (a) and (c) conprise:
i) contFigured:aMean values om%igcvnnirtmsmtel, datest ab AP fgroumvsc Gonirel

ant i bocHnr%%p WO 2011/ 064225PCT/ EP2010/ 068069 24 ii) detection of the
resul ti™ng 1"mune conplex, iii) destruction of the i nmune conpl ex, and, iv)
quant i f y¥ Mgtdéstepedpd Ly EH* ALBeghpepkiodeédl 51 n one enbodi nent, the quantifying
step (iv) conprises analysis in an Al3 specific ELISA. In a further

enbodi ment, the Al13 specific ELISA is a sandw ch-ELI SA. In one enbodi nent,
steps (Agupreé¥:(Oligbpiérie dtate of mq&yao? AR (20424 AsSFFedtiéndf SA. This
enbodi ment provi des the advantage of allow ng conparability between the
first ueradceligomerieamaunsin RIBsEded in steps (a) and (c). 10 In one
enbodi nent, the biological sanple is selected fromthe group consisting of
bl ood, serum wurine, cerebrospinal fluid (CSF), plasma, |ynph, saliva,
sweat , PEEAIBEDIDESGRIPTION OF THE EINVIENFIONui d, bil e and pancreas
secretion, ln a further enbodi nent, the biolggical sanple is pl . 45 The
o1 ol ogrSaprdianre L HSh e Goehi fodhs Neath e "ion PEORERACP MR rgte <o
a pers@naghosingdor Mdrieodh§.a haupedédend@itivead Bopadr,s 8uph eas axiziveineditai ned
froma subject and the bl ood sanple can be separated into serum and plasm
by conW$RasenaANdheY i dSOITHEY es IR RAETMENE o WNRD c ROPREISSS 0165 ERINIRGAINEI% i s
obt ai neg?th Erie URBEEloch Bdr AT AV AL skt (NALEESH TR | & BRASGIcaRt

ri sk of devel opi ng Al zhei ner's di'sease and/or belng at risk of or having
any ot Is@mpenifont ad&esinsiect, ncipniacterigesr jn ithat said sueihest comypisesethenf
havi nggylé\gingosgcgééj ve Inpairnment (MCl) and/or being in the early stages of
Al zheiner's di's e. 25 The present nethod has several advantages over the
metibods knowm)i n deterraidingia €irst bencatithadoonf(cihef @ eseydt Apveapitide ican be
used to detect Al zEei mer's disease at an early stage and to differentiate
bet ween Al zf¥PIREICAESENOEse and ot her types of dementia in early stages of

di sease devebopneiidagyidgplingtRE TaYet Ap peptide from step (a);
(c) determining a second concentration (cq) of the disaggregated A
peptide; and
20 (d) determining the ratio of ¢4 / ¢,, wherein the value of the second
concentration (cq) is divided by the value of the first concentration c,;
wherein a ratio of ¢4 / C5, which is lower than 1.5 is indicative of a positive

diagnosis for a neurodegenerative disorder.

25 The data presented herein surprisingly demonstrate that the oligomeric state of
ApB was significantly decreased in Alzheimer’s disease patients when compared
with control patients. Therefore, the oligomeric state of AR appears to be a
reliable and clear prediction of Alzheimer’s disease. A ratio (c¢q / ¢c3) of 1.0
indicates that there are no oligomers in the sample. Higher ratios of ¢4 / ¢, (i.e.

30 ratios of > 1.0) reflect a greater amount of oligomers or more compactness of
oligomers (less accessibility of epitopes) in the sample. Ratios of ¢4 / ca, which
are lower than 1.5 (i.e. a ratio between 1.0 and 1.5), such as lower than 1.4,

lower than 1.3, lower than 1.2, lower than 1.1 or lower than 1.05 have been



30 One possible early stage is MId Cognitive Inpairment (MZl). It is

i npossible with the nethods currently known in the art to nake a clear and
reliabl e woagnasixsof early stages of Al zhei ner's di sea®eTaPA)10i068069
particular, it is inpossible to differentiate between the onset of

Al zhei mer' s di sease and other fornms of WD 2011/ 064225PCT/ EP2010/ 068069 25
denentia in said early stages. This e%%ecially applies for patients
afflicted with MCI. In contrast, the nmethods provided by the present

i nvent ifeundrte Bejiincibatve @f a positiyief di@gensisaford agnoedegesferatiyaedlisendes,

di seas p j : present invention provides a nethod, wherein

t he oI?HShSPVﬁEé%@&%%%FBFQS%Et Al3 peptides can be detected in biol ogical
sanpl es obtai ned fromany of the above descri bed subjects in a highly

duci bl The hi gh ducihilit f.th hod f th t
| oent lananctBenes0ba il ey At tBR MRART ot iR s it Bevedat f SISHIP B oo i n

10 &n idﬂégm@din%mnﬁo@itmwiéaﬁé&@d%@@ﬁeﬁa%t\@pdﬁﬁrhemhisgbhiésimlzrﬁléi'm@*s to
t he process subsequently used in step (c). In one enbodi nent, these at
| east tdigeagef fagydenlil¢ apPaPEiventiMRRIMaeNhr eviich e €pBIPSESdidRf@mBiNin@ ptheopes

of the Eepti nbadi i Ne 1 1

pl as madﬁ%é fec9§ %t{%egﬁe%?% é;tdgaﬁlr@la?gr Bg?mp%p(:%ég @lnﬁr)rpg.’ssazgrfgiéglc%g- y)
as her sanfp@éofrenderf tesrdsulyespechdnactgnizsol emthehisaid hadthoa loenmpréesesothe by

t he prgsint. i nvtent_ion, is that 20 the biomarker to be used is altered in
early P %'ngﬁ CRPzhei mer' s disease, e. g. during mld cognitive inpairnent.

Thaoi nvent or(g) of datesdMingny et 66N daveasbaVE, X bata ithrdet RPSSEYi€e 10 a
determ ne the oligoneric state of target Al3 peptides, in a reliable
manner, and Pi?lPgkiRE8am@idine clear for the first tinme that in fact the

oligoneric s(]gz)gt e OqgaggérggéﬁﬁgkhéQa,%FLAé[pHggﬁaé/f@% 5@@5 gaf:or the diagnosis of

early onset Al zhel dr sease. net hod of determning the first and
second concé€n) r atdedarminiagt asgeonAk®neeptiateon fcot epshe ajisagaregeied Ap

specifically conprises the follow ng steps: WO

2011/ 064225&&?@%2@:[@/ 068069 26 After contacting the biological sanmple with
t hasaf or emer{di) onedidaig Lpask vanseslof teardic, capbrdia thotvdhosoe she som ohune
conplex will form bet _efl]r t he St | east two different c_a_;\)/tur_e ant i bodi es and
the target AB%DEptWHEs ISTAVErShap HBedS HeticaldYe 062 Bpeitive; ¢iapResiat eI of

full length RBrodeyanetaBieidisdrdepul d be 51, rather than capturing and
separating all AB species, especially ending at position 38, 40 and/or 42.

ii) This conplex is then detected by secondary antibodies. Suitably, the
seconday ¥%|%”6 Poﬂ{oﬁ‘ﬁ A Gich TORANLY 75 9 TBAREHHSn 5?@9%\/\&%9%}1@?5 Y8k& 1 othe
magnet i ¢~ beads the I'trune conpl éx can be easi'y“séparated 1 romthe
20 than 2.6, lower than 2.5, lower than 2.4 or lower than 2.3 have been found to be
indicative of a positive diagnosis for a neurodegenerative disorder, such as

Alzheimer’s disease.

In nearly all studies, the concentration of target AB peptides in steps (a) and (¢)
25 was determined by sandwich ELISA systems consisting of a capture and a
detection antibody. Compared with the size of an antibody (150 kDa), APB
peptides (4.5 kDa) as monomers are very small. Because of the aggregation
propensity of the peptides they tend to form oligomers, protofibrils to the point
of fibrils. Within such an aggregate the AB monomers are tightly packed with the
30 consequence that not all monomers can be bound by the detection antibody due
to sterical hindrance or epitope inaccessibility. The detected AB concentration for
oligomers is lower than for monomers. This would lead to underestimated A
levels in plasma and CSF, respectively. The discrepancy between measured and



body fluid (plasma/serum CSF etc.) using the magnetic separator. iii) The
I mmune conplex is eluted fromthe beads. Suitably, the elution step is

per f or redwbyoimmwsutzat i ng t he beads carrying the i mune c@®cHIEPR01006806D a
solution conprising 50 % Methanol / 0.5 %formc acid for 1h at room
tenperature. Thereby, all internolecular interactions are destructed and
all AB peptide nol ecul es, which were ?90l ated from the biol ogi cal sanpl e,
are released fromthe beads in the solution. 20iv) The rel eased, isolated
AB peptaciealcbhceetr@iin is dedendeatsupsedhem mouas, off oligerans @ndgyheir

sandwi a i i e f I h - . rejn full
| ength gﬁ;{;‘é&@e&?nﬁ?i&;&gbﬁ%ﬁ%ﬁ}o@fﬁ §Q§Py¥%r§ﬁ§@g§:§ ?@ﬁzé)';% éﬁ%'&%ﬁ(@%) .
25Possithirdeamipitopds esarf be datarmopdeby gotgidrzon ofhinehcommendr-dbiensdéeteatdde i n
the present context, are the followi ng, although th resent invention is
not_ deli ek 45814586 LGOI FI% aRg 115 AXSRHIEEEN 3P BSPEaREIatian el an
Phag nacgidontatss cohipregaalbl eohopierd:Like 8Eﬁ1di|9llé?c3)f ihd meH¥ iFphbampein 1-8
(Covance) 1El11, Epitope: 1-8 (Covance) 20.1, Epitope: 1-10 (Covance, Santa
Cruz BiftddWénhol ogy) Rabbit Anti-AB Pol yclonal Antibody, Epitope: 1-14
(Abcam) WD 2011/ 064225PCT/ EP2010/ 068069 27 AB10O, Epitope: 1-16
(Chem con/ Upstate - part of MIIlipore) 82El, Epitope: 1-16 (I1BL) pAb 1-42,
Epi t opén dhelémiABRABNt, Epiet paggregatio( Goepibe cosipyises Ahdrisehof adeblkali.
Signal i.n Santa 5 Cruz Bjotechnol.o d/1nvitrogen), DE2. | Epitope: 1-16
Cchem dBih 2Ry emooieRtrinE ARAL ey BESRS ool b to)\ Vel
Bi abogitsairexiddbcah AC500aiN soAhPnIerdrogie. GEHD adEphtaereof dsihg &riagast
Covance, Sigma-Aldri chg ) ) S o
and particularly a strong alkali such as sodium hydroxide is that more efficient
disaggregation is achieved. For example, a higher proportion of monomers are

obtained, with no observable quantities of dimers, trimers or tetramers.

15 In one embodiment, the disaggregation step (b) additionally comprises the use
of a suitable solvent, such as methanol, e.g. 50% (v/v) methanol.

In one embodiment, the disaggregation step (b) comprises an incubation step. In
a further embodiment, the incubation step comprises incubation at room
20 temperature for at least 2 minutes. In a yet further embodiment, the incubation

step comprises incubation at room temperature for at least 10 minutes.

AB peptides are liberated from the amyloid precursor protein (APP) after a
sequential cleavage by the enzymes B-and y-secretase. The y-secretase cleavage
25 results in the generation of primarily Ap (1-40) and A (1-42) peptides but also
ending prominently at position 38 or 43, which differ in their C-termini and
exhibit different potencies of aggregation, fibril formation and neurotoxicity. Also,
B-secretase release can generate different N-termini and also subsequent
modifications by peptidases and other enzymes resulting in prominent species
30 such as AP peptides starting at the positions e.g. 2, 3, 4 and also 11, while the
species staring at positions glutamate 3 and 11 can be transformed into
pyroglutamate, rendering these peptides especially hydrophobic and prone to
fast aggregation (Schilling et al, 2004; Piccini et al., 2005; Schilling et al, 2006;



1010D5, Epitope: 3-7 (Elan Pharnmaceuticals) WO 2, Epitope: 4-10 (The
Cenetics Conpany) 1A3, Epitope 5-9 (Abbiotec) pAb-EL21, Epitope 5-11

310- 03, BpdRopees2236 ( Abcam Santa Cruz Bi ot echnol ogy) PETHPekiencshne i - Hurman
A8 Pol ycl onal Anti body, Epitope 12-28 (Abcan) Chicken Anti-Hunman A8

Pol ycl onal Anti body, Epitope 25-35 (Abcam Rabbit Anti-Human A8 Pol ycl onal
Anti body, Epitope: N-terminal (ABR) RAbbit Anti-Human A8 Pol ycl onal

Ant i body (Anaspec) 12C3, Epitope 10-16 (Abbiotec, Santa Cruz Bi ot echnol ogy)
2016C9,5SdRisnzigect164, 1800AbbbutlcC- Stk N-CeumirBilotadants of BB (IBSErEpiasope

Eoi  opd SPGB, 4 P15 0 AR -REFREb e, P Lol Ayt or 0 (pan)

Pol ycl onal Anti body, Epitope: 15-30 (MBL) 2522D12, Epitope: 18-21 (Santa

Cruz Bi,ot echnol og 266, itope: 16-24 (Ela har maceut i cal -EL17;
ot 1 opder 1SSl IveRlooBRLs FrovE R, aIBPd RS i ARt RGBT O o
Ant Bbocb\(igoﬁfﬁ)érﬁ@ﬁﬁéteg%fgtﬁe(ﬂe@gﬁl@ dd; whketdinReandly 4 bIMerErmRirb s
Conpany) Rabbit Anti-A8, aa 32-40 Polyclonal Antibody (GenScript
Cor por &efioRyl. EP1876Y, Epitope: x-40 (Novus Biol ogicals) G2-11, Epitope:
33-42 (The Cenetics Conmpany) WO 2011/064225PCT/ EP2010/ 068069 28 16C11,
Epi tope: 33-42 (Santa Cruz Bi ot echnol ogy)

Thus, according to one embodiment of the above-described method, the

oligomeric state of a target Ap peptide to be determined is selected from the

10  group consisting of:

AB (1-38)  (SEQ ID NO. 3),
A (1-39)  (SEQ ID NO. 4),
Ap (1-40)  (SEQ ID NO. 2),
AB (1-41)  (SEQ ID NO. 5)
15 AB (1-42)  (SEQ ID NO. 1)
AB (1-43)  (SEQ ID NO. 6)
AB (2-38)  (SEQ ID NO. 7),
A (2-39)  (SEQ ID NO. 8),
AB (2-40)  (SEQ ID NO. 9),
20 A (2-41)  (SEQ ID NO. 10),
AB (2-42)  (SEQ ID NO. 11),
AB (2-43)  (SEQ ID NO. 12),
A (3-38)  (SEQ ID NO. 13),
A (3-39) (SEQ ID NO. 14),
25 AB (3-40)  (SEQ ID NO. 15),
AB (3-41)  (SEQ ID NO. 16),
AB (3-42)  (SEQ ID NO. 17),
AB (3-43)  (SEQ ID NO. 18),
A (11-38) (SEQ ID NO. 19),
30 AB (11-39) (SEQ ID NO. 20),
Ap (11-40) (SEQ ID NO. 21),
A (11-41) (SEQ ID NO. 22),
Ap (11-42) (SEQ ID NO. 23), and



21F12, Epitope: 34-42 (Elan Pharmaceutical s, |Innogenetics) 1A10, Epitope:
35-40 (I1BL) D- 17 Goat anti-AB anti body, Epitope: C-term nal
(Santa Crwio 26Biwwirshnol ogy) Particul ar anti bodi es for tIRET/EP2010/068069

i rmunopreci pitation are: 3D6 (Elan), BAN5O (Takeda), 82El1 (1BL), 6E10
(Covance), WO-2 (The Cenetics Conpany 266( El an), BAMB0O.1 (Sigma), 4G3
(Covance), &X-10 (The Genetics Corrpané?, 101A10 (IBL), BA27 (Takeda),
11A5-B10 (M 111 poreg, 12F4 (M I lipore), 21F12 (El an). Exanples for A3N3pE
speci fi c antABddi-é3) al6EQ H2 N®wr24)d u Abet a anti bodi es A13 5-5-6 (Deposit
No. DSM ACC 2923), Ar3 6-1-6 (Deposit No. DSM ACC 2924) 15Ap 17-4-3
(Deposit No. DSM ACC 2925) and Al13 24-2-3 (Deposit No. DSM ACC 2926), which
are dedera padticoldP@rhbBBA0B8NO588D31iGonTertd etete, offouseget Rp qiepritielgo Ale

Pyro-d u, Abeta antj ba Lane 2-48 (nonocl onal, nouse); Synaptic Systens
20Pyr 0- t%“ﬂﬂé?%% 'ﬁﬂié%Eépﬁ% YOF ddal , rabbit); Synaptic Systems Pyro-Qu
Abeta anti body clone 8El1 (nonocl onal, nouse); Anawa Pyro-d u Abeta anti body
cl one 8El1 (nonocl onal, nouse); Biotrend Anti-Human Anyl oi dp (N3pE) Rabbit

| gG ( pdhyz|rATaicularaembodimentt, pre joligpomemc ABteepiEa taEIgt ABURRPLIGRGIFAIe
(rmonocl €)1 l.es for AB isoAsp 1 specific antibiodies
are -G%gn tlegﬂg'#@n(1A§b?gg§§pl%iﬁ§gtlﬁbody (polyclonal, rabbit); disclosed in
Saido TC, et al., Neurosci Lett. (1996) 13; 215(3):173-6. 30 Particul ar

anti bo airs for the inmmunoprecipitation are: 4G3 an A5-B10, 3D6 and
2Ce. oilof Baetiael apBoRENGCHTS ARaORIRIASHAE olcs tare AR PR ES ke
21132, fedbcring 1240 AN AGB) adBARQY-ADASEIAD RS BNArhAdSta 306
and BA27, 6E1O0 a/‘?cnﬁldI_fllAS)‘-sg@‘l\%,Q 6E10 %)d 1_A1(F,il(| )Aés-lﬁi B

presented herein demonstrates the suitability of summation of the Ap (1-40) and

Ap (1-42) peptides wherein it has been shown that summation of both oligomeric

states improves the significance of the diagnosis.

15 In a particular embodiment, the oligomeric state of a target Ap peptide to be
detected is at least one AB peptide selected from the SEQ ID NOs: 13 to 24,

which start with a glutamate residue at the N-terminus.

In a particular embodiment, the oligomeric state of a target Ap peptide to be
20 detected is AB (3-38) (SEQ ID No: 13).

In a particular embodiment, the oligomeric state of a target Ap peptide to be
detected is Ap (11-38) (SEQ ID No: 19).

25 In a further particular embodiment, the oligomeric state of a target Ap peptide to
be detected is at least one AP peptide selected from SEQ ID NOs: 13 to 24,
wherein the glutamate residue at the N-terminus of these peptides is cyclized to
pyroglutamate.

30 In a further particular embodiment, the oligomeric state of a target Ap peptide to
be detected is at least one Ap peptide selected from SEQ ID Nos. 1 to 6, wherein
the aspartate residues at amino acid positions 1 and/or 7 are converted to
isoasparate.



WD 2011/ 064225PCT/ EP2010/ 068069 29 6E10 and BA27, 4G&8 and 11A5-810, 4G8 and
1A10, 438 and BA27, 4@&8 and 12F4, 4&8 and 21F12. Exanpl es for Af 3N3pE

speci fi c wotnhodiers are: 5- the Pyro-d u Abeta anti bodi @sTAP2015/068069
(Deposit No. DSM ACC 2923), Af3 6-1-6 (Deposit No. DSM ACC 2924) Af3 17-4-3
(Deposit No. DSM ACC 2925) and Af3 24-2-3 (Deposit No. DSM ACC 2926), which
are described in PCT/ EP2009/ 058803 (n®docl onal, nouse), Probiodrug AG
10Pyro-Ad u Abeta anti body cl one 2-48 (nonocl onal, nouse); Synaptic Systens
Pyro-d u Abeta anti body (polyclonal, rabbit); Synaptic Systens Pyro-Gu

ol one guEn el g HERIdBReRE BhRte o Ve AT ARBISSRT b e S
Rabbi t |¢égsE ¢melagcpeptide selated fronh BEGVID Noblufeio A23 wiigpin( 8l hsplattate | gG

Fab (rmonocl onal, nouse); |BL Exanples for Al3 isoAsp 1 specific
anti bi ¢87idye at aamtﬂo-ﬁﬂﬁaﬂ?%ﬂ%“%é&ﬁ%@“ﬁﬂt@Bﬁ%ﬁﬁp(aﬁﬁﬁpeyc|onal, rabbit); Saido

et gl., 1996). 20 Apart fromthe above designated anti bodies all other
anyl oi d beta specific antibodies (nonoclonal and pol%él onal ), which are

sui t ablRvencpantigatbprtbei gigoan eve staie Wed ta@etiAB PaRtied he &g defieckad is at

det er m i r i i

o, ) SPE ) Perbid! EBLeed b SRR WA P S 3B, FufrehCul@ SEParell
two, thesidueratremmaodaditi grasitiorahtis hodveteditbhischdpaeatent epit opes. The use of
nore than one antibody type for inmunoprecipitation of Al3 peptides offers
cooperative and surprisingly synergistic binding effects (avidity), which

final | yit alill pesapreaiche @ YfatetHe RIFERNGW 85 ¥tdrnGiRfTg BRDbNGemefitiseateneyAf see
Figure 1). 30 The secondary antibodies in step 1i) are specific against the

host ar@_loﬂﬁ‘éwe’é)@pfé‘_”é’ferﬂﬁ@e@bﬁf m%_iramti@aoneé%te}ﬂs@iww@l 3¢ Jhepatlveant i bodi es
g(r)‘i1?8?&3%@@flﬁ%%@%ﬁ%@%‘ﬁ%@%@ﬁﬁﬂeﬁr&b@ié dizghbbRAres neuMdegenerative
disorder such as Alzheimer’s disease. Thus, according to a second aspect of the
invention there is provided a method of determining the oligomeric state of a
15 target amyloid B peptide (Abeta or AB) in a biological sample which comprises
the following steps:
(a) determining a first concentration (c,) of a target Ap peptide in a
biological sample;
(b) disaggregating the target Ap peptide from step (a);
20 (c) determining a second concentration (cq) of the disaggregated Ap
peptide; and
(d) determining the ratio of ¢4 / ¢4, wherein the value of the second
concentration (cq) is divided by the value of the first concentration c,;
wherein a ratio of ¢4 / C5, which is in excess of 1, is indicative of the presence of
25 oligomeric Ap.

In one embodiment, the disaggregation step (b) comprises the use of an alkali as
hereinbefore defined.

30 In one embodiment, the method of determining the first and second
concentration of a target Ap peptide in steps (a) and (¢) comprise:
i) contacting a biological sample with at least two different capture
antibodies,



After incubation of the conplex with the magnetic beads in step iii), the
beads may be washed with washing buffer (see exanples of the present

i nventi oriwO 20agieirazg buffers, which contain detergents oPCotEPRI10AGI6E i VeS
preventing unspecific binding, can be used for this step. Non-limting
exanpl es of washing Sbuffers are: D PBS containing 10 ng/m Cyclophilin 18
(Cyp 18) and 0.05 % 20, PBS + 0.05 % Tween-20, 10TBS + 0.05 %
Tween-20, PBS + 1 % (wv) BSA + 0.05 % Tween-20, TBS + 1 % (w'v) BSA + 0.05
% Tween- 20, anit) dxet@c'd@nmltsﬁrss@(@ingrin’(muna CPWeIAx20) . Tween- 15After

el ution of the. step iv), the solution is
diluted in di ||“§I onﬂﬁcﬁ? f%ﬁny diy {'I on%b?g?f er{rhs whi ch can prevent
unspeci fic intie amenufylmgttheajapttatefelsA[atp@ptlheSJ mobi | i zed first ELISA

anti body can be used for this step. Non-limting exanples for dilution
buffers are: EIA buffer (dilution buffer of the IBL 1-40 (N) ELISA Kit),

20- 5PB o
205703y oo BEA, QoSS G coTpht o) S8 100

abl e t FL4GAndnf/further pEHAHMEDS, (cflemsw@ﬂ@cﬁ%f\dsaa 5@”@\5'%&1%@
Sui t abl g, ELLBdieht ! Qfeéé“f‘ao)%'ﬁa“(%'b%%'c%'fh&f%@@? iggut %) )égs@%fc S of

t he pr esent I nventi oh™ar
JP27718LISALTT 13- @bl oidimeem tE f SAJKBtthiel radvianoag) of mmmn@n;zomparamtuw

(Anyl 0i d- 13 a.l-40 LSAKt 0..Che asUS | ngc.\) | oi d Beta
10 iR (AR et dnfiseread Ebpbe oo Shidiad g btens & apdByre 't o
quapotify full length AL3 (1-42) are al so commerci aI |y avail able. Suitable
ELI SA—Klts for the quantification of A13 (1-42) in the nmethods of  the
pr esent Inj opfe MR imcats bre @J&i%‘lcél Sﬂm'%ﬂ%S@_l@C%@ fl@ﬁ" (tNI)2 FOMRACQNSELING WO
2011/ 0642464 T6ERAA 1O REBRBRebrospinal fluid (CSF), plasma, lymph, saliva, sweat,

pleural fluid, synovial fluid, tear fluid, bile and pancreas secretion. In a further
embodiment, the biological sample is plasma.
15
The biological sample can be obtained from a patient in a manner well-known to
a person skilled in the art. In particular, a blood sample can be obtained from a
subject and the blood sample can be separated into serum and plasma by
conventional methods. The subject, from which the biological sample is obtained
20 is suspected of being afflicted with Alzheimer's disease, at risk of developing
Alzheimer's disease and/or being at risk of or having any other kind of dementia.

In particular, it is a subject suspected of having Mild Cognitive Impairment (MCI)
and/or being in the early stages of Alzheimer's disease.
25
The present method has several advantages over the methods known in the art,
i.e. the method of the present invention can be used to detect Alzheimer's
disease at an early stage and to differentiate between Alzheimer's disease and
other types of dementia in early stages of disease development and progression.
30 One possible early stage is Mild Cognitive Impairment (MCI). It is impossible with
the methods currently known in the art to make a clear and reliable diagnosis of
early stages of Alzheimer's disease and, in particular, it is impossible to
differentiate between the onset of Alzheimer's disease and other forms of



31 31)27712); A13 [1-42] Human ELISA Kit (lnvitrogen), Human Anyloid beta
(Anyl oi d-13), aa 1-42 ELISA Kit (Wako Chem cals USA, Inc.), Anyloid Beta

1- 40 ELI SmOKDt1/069128 Cenetics Conpany), | NNOTESTC) 13- ARKIT@EPRD10D68IRI
(I'nnogenetics). 5 The concentration determning nethod is not limted to

t he exenplary aforenentioned comercially available ELISA-Kits for Al3
(1-40) or A13 (1-42). Nunerous furthef>sandwi ch ELI SAs for full | ength Al1l3
(1-40) or Al13 (1-42) may be available in the prior art or may be devel oped
by t he dsknéntérl imseic garly Mtegesiesknis @spegially angilies 08 pptigots @ffced with
sandw ELI SAs shall al so be enconpassed by the concentration determ ning
nmet hod and shoul d typically conprise a suitable pair of capture and
detection anti bodies, which are specific for the conplete N-term nus of Al3
(1-40) _and/ or Al 1-42)and the C termnus endjng at.amno acjd 4Q or 42,
Fespettivatifads tacmeRods ProGHGE HoW L3S ArorByt SAVeEh o601 SIS Tebbr | e
a fir styiffaFeRidl idfch @ oP Athhdipeegndigéawe . S e platti€dbt YtHehgrdsehe inddhtforpf Al3
(1-40) and a second | abel ed detection anti body recogni zing specifically the
conpl etPFoNLdasr aimethas, whergin-the) oligomgric stafg targey AB4pgptedasdepe HPEELI SA
may co . . . S . ST Ly

Ot er mioate B n BibBlicalSaRlcl b BULARY PRAK 40401 B BEC @R sHieh
recogniiziangigpecepradldiyietmancenpTiee didh trepmduciilify #f 8hé hnetodsAoff thd

| ength Al13 (.1-40) .sandwi ch ELI SA may al.so conprise a first i biJ.i zed

ant + bod SsettoBNPBEE S HEERY P YRH A B Ra AR o sPcnb s TR 44 D) and
a seconsh (rabel pAnielceptd it Basly (smogu)z\ivnmhsn@ei@leﬁti@aﬂ ty th@grocésy m nus
of A13 (1-40). WD 2011/064225PCT/ EP2010/ 068069 32 second | abel ed det ection
ant i bodYbEeBeYM Yz Uagd dpeXeri(Cal 11 oM emkdimeants thgseaaslqast s, difgrent) e
Al3 (1- a! i f ¢ ! } I tration 5
detern‘icgj?ﬁg%)naeﬁ% Igél’g gﬁﬂgﬁgn%cfg%ﬁ?%gﬁg‘%@%@?gﬁggn@%c&?Corrpany),
82E1 (IBL), BAN-50 (Takeda). Numerous further A13 (1-40/42) N-term nal

speci fi t] i W avail Le 1,0 jor art or may be devel oped
by the ngoﬁr% %%%gldﬁﬁggﬁ.thg\le?'gkoﬁéésaigﬂﬁgdlgié- E%ﬁﬁ% N-term nal specific
antibodi es are al so envi saged for the concentration determ ning nmethod. 10
Suitable Al13 (1-40) C-termnal specifig¢ antibodies are for exanple G2-10
(The GIME:? %Jw&fétm%d ARBEES RERtide’ sHicempagaed AP éty;? agperemhaies,) -
EP1876Y<fiNequs Bi ol ogi cal s). Nunerous further A13 (1-40) C-term nal

specific anti bodies nmay be available in the prior art or may be devel oped
by the skilled artisan. Al 15these Al13 (1-40) C-term nal specific

he _ . f : spe |
aui 1 o LSRG A RBRrE WP Ge " & b T egnE Yy She BrebeieliiVeltin, TR, |
(The Gthetbiomatkapaoye uddFis blveéd poeefly shates dfukianeidS( S ist)seRabdi t | gG

IBL); 20.21F1 El an); . BCOb (Takeda).; 16C11 (Santa Cruz Biotechnol o :
et o687 TG RIS BB TRy HORANVEGES o BrarituBURRL s VBETRVE | abl
i n the tpgt & isapdssPbleNBY d Beerdgiviel redlifymiehie stské loedapgéd Agrpephidest ese Al3
(1-42) C-termnal specific antibodies are envisaged for the concentration

det er nirgligRlenBranegr, 2nacdbralsh e mm<leambrt Hreatlirst HEngethadt iNnofe@nthoodi es
are | abglBtheric state of Ap (x-y) is particularly suitable for the diagnosis of early onset

25 Alzheimer's disease.

The method of determining the first and second concentration of a target Ag

peptide in steps (a) and (c¢) specifically comprises the following steps:

30 i) Contacting a biological sample with at least two different capture

antibodies in an immunoprecipitation step.



For diagnostic applications, the detection antibody wll typically be

| abeled with a detectable noiety. Nunerous |abels are avail able which can
be gener avbyogrwuréd into the foll ow ng categories: 30 fay/HRadins862 opes,
such as 35S, 1251, 3H, and 1311 The anti body can be | abeled with the

radi oi sotope using the techni ques described in Current Protocols in

| mmunol ogy, Volunmes 1 and 2, QGutigen é6 al., Ed., WI ey-l nterscience. New
WO 2011/ 064225PCT/ EP2010/ 068069 33 York, New York. Pubs., (1991) for
exanpl e and Afteti epatacting yhe aivlogicakesaupladwiri the aferementianed @t deastittiveg.
(b) Fl uorescg I uch.as..rare earth . [ | ates) or
5 fl uoresce%ﬁ?%rﬁg@%t%ﬁ@r%\}éﬁ@é% S? ﬁ%ﬁ%%@éﬁﬁ&?t@ﬁgg&ﬁvﬁw&g&t%(?a%gsyl ,
Li ssam ne, pystaerydiffierentoabtiex astiBediesrandttae kaiglee ARTheptidasordss etdp

| abel b jugated to th tib i ng,_ the, techni di scl.qsed i
Corrent Pr ot eIt oo Sl 2 ol Tt e theleor s pebe |
quasptified ysirBether tﬂwlahOédﬁfaﬁﬁF-anﬂepsep(acr)ati}o(grahpms s@@éhé@f?egy@csém;abﬂdlr@bﬁﬂs are

avai | abl e. The _enzgme ener al catal yses a chem cal alteration of the
chr onogeni c POSHHIY 384

NEHoE4A- be neasured using various techni ques. For
exanpl e, the enzynme may catal yze a col our change in a substrate, which can
be measured spectrophotonetrically. 15 Alternatively, the enzynme may alter
t he fl uor esdi¢ndes aronepleni isuthaemesletanted dfy tskeosddryt aatibodi€ec thiitgibds fror

Chem | um nosBftodnab bR Er BRI EeRlEah chrBul 8. 0y Sethmmin

reaoti on andh&myadec Baads th@ihnwWieclo®debeanmpasasig depara@dafrom the
chem [ um noneter, for exanple) or donates energy to a fluorescent acceptor.
20Exanpl es @pdér&v%{?la@m 58rem; (el ke ) IUSHG B1S8RINEECHEPRIFEf {1 y | uci f er ase
and bacterial luciferase; U S. Patent No, 4,737,456), luciferin, 2, 3-

di hydr opht hal azi nedi ones, nal ate dehydrogenase, urease, peroxidase such as
hor ser adi sh iipefaxirdasang ¢RPOJEX igl dutdchophtyphaads cSuitelyul e ekitivase,

| | har i de ' . ' .
Gal actone  SEer RGN I GRELb M ¥ B8R ding S ORI SRR By i o
oxildases ( swcdolalgon rcoogstsiagdOox@nMethnn i @lask) forhdc bajpkeforXitdas eoom

m cr oper oxi dase, and the |ike. Techni ques for conjugatin nz s to

ANt bodi o SrEssSrphoReTdr ORI Plo g e AT o Grotr e Bgar at i on
of Enzyne- Aglii Apd¥pGasindgieterRs! hitt feld ié%?éﬁé&lﬁrbﬁﬁh@@@ﬁ%cal'%nﬁ{ﬂbmds n
Enzym (ed Langone & H Van Vunakis), 30 Academ c Press, w York, 73:

147-166 ( 1981§ releransfesn dhe digagsdn $hesoMi®.conbi nat i ons i ncl ude, for
exanple: WD 2011/ 064225PCT/ EP2010/ 068069 34

20 iv) The released, isolated AR peptide will be quantified in a subsequent
step, for example by a sandwich ELISA that specifically detects full length
AB (x-y), wherein full length AB (x-y) in this step most suitably means AB
(1-40) and AB (1-42).

25 Possible antibodies for immunoprecipitation, which would be suitable in the
present context, are the following, although the present invention is not
delimited to those specific working examples:

3D6, Epitope:1-5 (Elan Pharmaceuticals, Innogenetics)
pAb-EL16, Epitope: 1-7

30 2H4, Epitope: 1-8 (Covance)
1E11, Epitope: 1-8 (Covance)
20.1, Epitope: 1-10 (Covance, Santa Cruz Biotechnology)
Rabbit Anti-AB Polyclonal Antibody, Epitope: 1-14 (Abcam)



(1) Horseradi sh peroxidase (HRPO) wi th hydrogen peroxi dase as a substrate,
wherei n the hydrogen peroxi dase oxi di zes a dye precursor (e.g.

ort hophenwbena/ditesi ne (OPD) or 3,3',5,5 -tetranet hyl be@QZiE®2016/068069
hydrochl oride (TMB)); 5(ii)alkaline phosphatase (AP) withpara-N trophenyl
phosphat e as chronogeni c substrate; and (iii)13-D gal actosi dase (13-D Gal)
with a chronogenic substrate (e.g. p- 2R t rophenyl - 13- D- gal act osi dase) or
the fluorogenic substrate 4- methylunbelliferyl-13-D- gal actosi dase. 10
Nuner ous ot HéF1Gbrinjtapes ubd br@hemicabi Uratrths parecMilipensie to those skilled
in the art. A i | abel for a detection antibody is a short
nucl eot i de sé{:ﬁﬁ)ﬁ% HTE% (?:)%Ecent ration is then determ ned by a RT-PCR
system (| npeprA&:cEMZVlEpﬁl:npmer]&lBl otech). Sonetimes, the label is indirectly

conj ugat ed e_anti body. . The skilled artisgn w b re o varlous
cony ugated Y4l e Nt body y U SKLLL S AEL L8NG bR e oF ¥
congugatrgd Wwth biotin and any of the three broad categories of Iabel S

menti oned above can be conj%%at ed with avidin, or vice versa. Biotin binds
sel ecti vel y Biotespnglogyadymed/dnvitipgendbel can be conjugated with the

antibody ing g L : jyeve i ndirect

conj ugati on o%rﬂ tslipe&faerbef hlgoﬁmﬁgg%/, ‘b?k%of;mﬂ’lgg%) is conjugated with
a smal | haptER2R4. l‘gmtanegobﬁlﬂ)(N@&JsamldlamcealszbmdAttwmﬂ,t AbResrobéc)l abel s
mentioned a 0 an ant i.- hapt anti body (e.g.

ant i - di goxi %%\zﬁ?m% ?)é ﬁZE@' rh‘?a"é%”cc‘?o Efg'gﬁ'c 5 the label with the

antipbody caqolu;es , Eiopee B- 7T(rmmphahﬂdt@$u¢m§)d in the present invention may
be enpl oyed in an%:) known 30 assay nethod, such as conpetitive binding

assays, di r d$9-anEPiteRfr &0 %Tah?dﬁﬁeﬁt'%t%grﬁwar’é{ﬁd i nrunopr eci pi tation

assays. Zol gp3 th;,(%lp@r@_lg Qm Q@Qges A Manual of Techni ques, pp.147-158 (CRC
Press. Inc., 19 WO 2011/ 064225PCT/ EP2010/ 068069 35 Conpetitive binding

assays rel ypé‘tb Ehél,alféﬁﬂtm%ﬁoﬂa | abel ed standard to conpete with the test
sanpl e anal 3{,}1% {)%;Epfégﬁé S%glé“(chgm 'ﬂn&gﬁrag%f&ec%lo%ﬁ :)body. The anount of

Al3 peptide™n I*e”T's I'nversely  propor to the anount of
st andard thmhucb@mm—l-mmnad AR Polyel ardl iAnithioely, Epitopadid-RBgiadedrt)er m ni ng

the 5 anount of standard th becones bound, the ant]j [ enerally are
i nsol ubi | i Z@fjh %W@t %?U@Pf‘e‘?é PR E‘H}?ié’ﬂ% gbf %ngpﬁ;tﬁgge(%gﬂﬁard and

anal yte t hatrabhs Rﬁuﬂ%ﬁﬂ@ntAI?Pa%ld?ﬁﬂlA@ﬁm%@){/ EE&&SE@' Nntérmh§| gy ated from
the standard and anal yte which remai n unbound or the anal ysis of the

A13 (1-40) EawbdnntatiwnanAhBekelonal Asibory (AGRFBSFINg body fluids can be
gfggr aPl 19?3;1&@} %ﬁ?t@?%: :%T%H@Oi{?ga%nﬁ Btldetégpﬁ?logg I \l;?I es:ﬁgt pancr eas
see@petion. 16C9, Epltope 10-16 (Abblotec Santa Cruz Biotechnology)
19B8, Epitope 9-10 (Abbiotec, Santa Cruz Biotechnology)
pAb-EL26, Epitope: 11-26
BAM90.1, Epitope: 13-28 (Sigma-Aldrich)
Rabbit Anti-beta-Amyloid (pan) Polyclonal Antibody, Epitope: 15-30 (MBL)
25 22D12, Epitope: 18-21 (Santa Cruz Biotechnology)
266, Epitope: 16-24 (Elan Pharmaceuticals)
pAb-EL17; Epitope: 15-24
4G8, Epitope: 17-24 (Covance)
Rabbit Anti-Ap Polyclonal Antibody, Epitope: 22-35 (Abcam)
30 G2-10; Epitope: 31-40 (The Genetics Company)
Rabbit Anti-AB, aa 32-40 Polyclonal Antibody (GenScript Corporation)
EP1876Y, Epitope: x-40 (Novus Biologicals)
G2-11, Epitope: 33-42 (The Genetics Company)



The novel nethod was established by the present inventors using bl ood
sanples 15 (see the exanples of the present invention). The present nethod
i s howevewonotvase22be construed to be limted to bl ood saepEPs010/hb8®6ret hod
can al so be enpl oyed using CSF, brain extract and urine sanples, as well as
all other human body fluids, e.g. the_above nentioned in the sanme manner.
Particul ar sanples include plasm sanﬁses. 20 For i mmunohi stochem stry

anal yses, the tissue sanple may be fresh or frozen or may be enbedded in
par af fi n and6Giiedniiopk: #3pfa{opnta Crez SinfkchArolPgyjmal in, for exanple. 25It

Wil be apprgehated,that sal though ahe sanduich Bt hsusiem compri ses one

particul ar embo rmni ng concéntra ifonin steps (a) and
(c) of the ilMi@ntEpitopeoBPea0cdBIicent rati on det erm ni ng nmet hods may be used.

Sui tabl e alternative nethaqds_for rm t he ncentr t|on of Al13 are:
301 Ay of O3 1 GBI TRAAB 9N FH QB o B HReiSy &5 e AINGT 4SSN pl o
i's based on plgtetRRdlog \MEI ch is a conbination of Tine- Resolved Fl uorescence

and Forster Resonance Energy Transfer. Simlar to the usual sandvvi ch ELI SA
the A13 (1-40) is bound by two anti bodi es; the anti bodi es

2011/ 064285CT! ERRBANLO6B5%3 Al ASb e dHNRYE' es”"%D‘%";@“’?@a Ao

the interaction occurs in solution. are |
f 1 uor offfiekedatherB2Hles@Bt)vo GELDr (Phvarscedr e WD-Quglithe oGenaies b@ompany),

{1 vor ot Elpmr s 5 ToBgReY, 88 (FovPre 6P SREERE ciogiE L8R AYs
f1 uor oplraro, (181 CBARY|(ITaked &) Cli A5 BASD @illipduée],. 1 e Millipyres CEIEE Oflahhe

acceptor fluorophor is neasured. The nmeasuring signal is correlated with
t he amount of FRET and thus, the anount of AB (1-40) in solution.

Siml arli'xlémﬁ]%%’r QBN@ E%%rf%bél%lwdlég:b% ., the Al phascreenTM Assay from
Lilly 10can be used B tiplex Assay Systems Miltiplex Assay Systens

ar edaval ltﬁbl fe f lrtrw@ meG&J AB@WB@@@M@? ApABG-8r @ epslt m?ﬁmgMamch:br ]g)afllhy

used in e fie e net hods 0 e
present inventi ﬂ%@ Wﬁeéla]N ﬁ%n@é@{égr#@ssay (I'nnogenetics).
Thiis assay AB 13 -4vd (DemcamtjbiodDEMAm P9PE)y aneétAdr 24 ead- (Depaditi MouDSBssay f or
(1- 20) or “Ara( 2CE7E18 ), VIREh FPs alesPHEB LERET G0 HeBRO SRR SN e
is a regl ster edn’!qtﬁ@énﬁmbl@ﬁﬂruguhﬁnex Corp ). 20

Pyro-Glu Abeta antibody clone 2-48 (monoclonal, mouse); Synaptic
Systems
20 - Pyro-Glu Abeta antibody (polyclonal, rabbit); Synaptic Systems
- Pyro-Glu Abeta antibody clone 8E1 (monoclonal, mouse); Anawa
- Pyro-Glu Abeta antibody clone 8E1 (monoclonal, mouse); Biotrend
- Anti-Human AmyloidB (N3pE) Rabbit IgG (polyclonal, rabbit); IBL
- Anti- Human AB N3pE (8E1) Mouse IgG Fab (monoclonal, mouse); IBL

25
Examples for AB isoAsp 1 specific antibiodies are :
- anti-human AB isoAsp 1 antibody (polyclonal, rabbit); disclosed in Saido
TC, et al., Neurosci Lett. (1996) 13; 215(3):173-6.
30

Particular antibody pairs for the immunoprecipitation are:

4G8 and 11A5-B10, 3D6 and 4G8, 6E10 and 4G8, 82E1 and 4G8, 4G8 and 12F4,
4G8 and 21F12, 3D6 and 21F12, 6E10 and 21F12, BAN50 and 4G8, 3D6 and
11A5-B10, 3D6 and 1A10, 3D6 and BA27, 6E10 and 11A5-B10, 6E10 and 1A10,



This assay systemis able to quantify up to 100 different analytes in
parallel. The basis of this nethod are snmall spherical polystyrol

parti cl eswocalllmwee25i cr ospheres or beads. |In anal ogy to BCT@R@aednsst ern

Bl ot these beads serve as a solid phase for the biochem cal detection.
These beads are col our-coded, so that_100 25 different bead cl asses can be
di stingui shed. Every bead cl ass has 0A2 specific anti body (e.g. against AB
(1-40)) inmmobilized on the mcrosphere surface. If the AB (1-40)
concentoEdl andi BB22ad68 aodel LAPtBlde #o8ecnd dALN; 14GHarnsb BAR 7hyAGharskads

of thi a ction of the binding of the analyte is carried out
PR LU EE

by a second an 40) anti body, which is | abeled with another
fluorescence dye, 30 emtting green light. The sanple is handl ed

conparable to EA alysis,. The m crospheres are singularized by

hydr od%m@eﬁ%ﬁgpﬂgpgrﬁ?eﬁﬁﬁ W&Pcﬁ? PHser - based detection system which
can_make a quantfi i IS of, the | Wor e and

CdeRti Ty the boul et gt RBstd FRtERNEs A S o paaRosts 7 G ACE

2011/ 064225PCT/ EF223)0/A068066 (Prnasé WeadSMTAGE,2924)i s possi bl e to determi ne

the concent k@t 7oA PFpabdit Rbe paMiaticesob 8 9RE Aqaaﬁ‘@zes BedddtMoS bERL T on by
mass spect ronet ré‘%ﬁs For quantification of” AB (1-40) also the SELDI - TOF nass

spectrometry wa R 5)5i Wi RR @ne stegrribed i PUT R 20Q9 98808t (Menedandisi s of
AB peptides usi ApuseyUPRIDi€SiUR Agti on and MALDI - TOF nmass spectronetry. 15N
| abgl ed sta B i : f i L QR n cal .,
2000) - 10 4 Wpeator 4 Rfe; SHRLPUE, KRR B e Ry PR RV Th
West ern Bl otSyskerhgsi s nay be a suitable nmethod to quantify AB peptides

(Sergeant et Ll X e I 0 DI i i As a matter of
conveni ence,Pyt%ueGlgn@[?%gﬁcﬁgo%zjge@oﬁ\ﬁd?%é’ %%?1'93 %Oprs%}ec p¥4e§§éﬁst i nvention can
be provi ded RymrodGlkiAbeth. antibalypeoka@Ed @noboclabalpmaolisa)edgamas i n
predeterm ned anmpunts with instructiaons for perform ng.the diagnostic
Pesay. Thus PYae bR oD ¢ Hee Shdoerenefiohal oe: HORLTERGr e | s

prayi ded a Inrti-Heimah @aﬁlﬂéid@g(r@smupz%g_@g@r@blmrcwﬁmﬁm 18uch as

Al zhei mer's di sease which conprises a suifable alkali and instructions to
use sai d ki tAnth Rewandah &SPl (8F1DHdowse Fafd & addimereripralenmouse); dBle

enbodi ment, the kit additionally conprises at |least two different capture
anti bodi es as defined herein. Were the antibody is | abeled with an enzyne,
t he ki tExanhples fict AfescAldps I rspeelicantibi@fiesof act ors required by the enzyne

(e.g. a substrate pregcurso ich provides the detectable chr e or
ot ophor eytTek AUt R GSPASR hen toRdY, (PUBE Y HRPH He aide €L aln 1950)
stabpilizers, buffers (e.g. a block buffer or lysis buffer) and the Iike.

The rel ative anobunts of the various reagents may be varied widely to WO
2011/ 06¥WEI5FEIMESDE 18P 068065 BBateHo@NEHEOHGS abne1frr aiMeid PRt oIRAGIHN of

the reageplodiddhi CindHBsAgH! a%hg Opé&%léﬁaﬁ)be g\ﬁﬂéﬁti ey Quitdbfe as$ay -
Particularly, the reagents may be provided’as dry powders, usually
| yophi liimnednopneclpitditiog «xoi pieemsedwin clineorcodicesibtion odetgrminingovingeh e

reagent 5oh 4t LaRaBRVARh & RBR'EB" hA' &GRSR LA Hforum.org). Decisive
25 for good capture efficiency is the use of two, three or more different antibodies
with different epitopes. The use of more than one antibody type for
immunoprecipitation of AR peptides offers cooperative and surprisingly
synergistic binding effects (avidity), which finally allows to achieve a
tremendously higher capture efficiency (see Figure 1).
30
The secondary antibodies in step ii) are specific against the host antibody type of
the capture antibodies. Suitable secondary antibodies are anti-mouse antibodies

and anti-rabbit antibodies.



5 The diagnostic kit of the invention is especially useful for the
detecti on and di agnosi s of neurodegenerative di sorders, such as

anyl oi d- a80ao0ilAersdi seases and conditions, e.g. Al zhei mer/ER2diodesse. 10
Uses The net hod of the present invention makes it possible for the first
time to detect and quantify oligoneric target Al3 peptides, in particular
A13 (1-40), Al13 (1-42), A13 (3-38) andPor A13 (11-38), or a functional
equi val ent thereof, in a reliable nmanner. In particular, the present

i nvent iAdterpingubatien gifi @@n@@melexlwimtm@)'namesiqbeeqS 4:2)step\1'® (t3163|89‘-ad;ﬁ1d/ or

Al3 (1%5’&)9@%@%&&% QHW kB[JffeM'sgg é)(':anﬁﬂ)’l'etsagiJ ggz? r{v%rn?l

di agnosi's S Mer 'S Arses I'n parti‘cu ages f t he
di seaséVadhingefouffers nwhite erdumalunnm&tergér&m v e them a@dlﬁveecpeek/etrmrtg"le use
of the net hoﬂ gt? f det erm ni n he ol i georrel&l c st te of anyl oi PeJ)ti de
for théMBP&EHGST'E6NI: Aﬂai‘h ?ﬁéﬁe % esSEeP-shien '5‘%‘ RS P& Wé‘l shin

di agnoy grepk afbzheiner's disease, in particular in the early stages of the
di sease. Suitably, the early stage of Al zheinmer's disease is MId Cognitive
i npai rment. 25In a further embodinent, the invention is directed to the use
of the ol i gy e 1 d hei

di seases, sucthgC@ﬁEeaq@hgfieg Eﬁ Fql agr?ggr!qgsoq‘a%]g Z;Sarrﬁ Ogé%llge-ggéeﬁ
particul ar i20,t he early stages of the disease. Suitably, the early stage of

Al zhei ner' s |t|ve|rrpa|rrrent 30l n particular, the

ol i goneric Kg§§a§§[§% iﬂweﬁa ich shall be used for diagnosis of

Al z2bei mer! s THSS¢a8®5 ¥sTAekaci®@d and quantified with a nethod according to
the present invention. WD 2011/ 064225PCT/ EP2010/ 068069 39 In a furt her
embodi ment , RBRetAl Fot(4yeBHept?-8e YosTWE8N13Qy), as hereinbefore defined,

or a functi o] +efluh Ql/eNBINEr €05 ol hReBRIJPG R the invention also has
industrial applicability to nonitoring the 5 effi cacy of a given treatnent
of a neuroddtigneerEtlbASBIdirkerr (with Teasm-26).Al zhei mer' s di sease. Thus,
according to a further aspect of the invention there is provided a nethod
of nonitoring efficacy of a therapy in a subject having, suspected of
hausng Aftar elltibei ofgti édirapres edmiptex & omethedegriseinatiepeiv)j sloe defuticgueh as
Al zhei di s r|S|n term the oligoneric s of .

0t ar o QiU 15 8T950nCBiToe (RBeHLU G AfTss WaRNnEa niveRt  Hrspecit

bi ol ogiig@irasdsw vatH rsQFﬂa@eE%’ﬁd shdlieehobilifed fieste FDBIA FRBibody h@arbbel egical
sanple will be taken on two or nore occasions froma test subject. In a

f ur t hefoeBB dtaRnONtiRRitiRGt exdnBledifer dHatiPy bediess dse@s 15 conparing the

| evel of th I |9?HFE(:' e pti de (Abeta or Al3)
present in gflglﬂo [ cadllﬁg%lalgeﬁf({}a?(%ﬁ]te?ﬂi WN%E%S]%CK@ZQ ons froma test
sulzpect. 1n RE:‘rfe+eh1%c(mmlB,SAt el .08t hotwaddiz0,onal | y conpri ses conparing the

| evel of th ric e & I0| 13 peptide (Abeta or Al3)
present in j f;a}g?l ¥§\tﬁ + (ig% (Poatg{fae'a ddl n one or nore sanpl e(s)
t aken from mer@élgj_;[sntm@@[kerp(rw.@m_Tme@@zmancerren_t of therapy, and/or one or
nore sanples taken fromsaid subject at an earlier stage of therapy. In one

enbodi ment, the nethod additionally conprises conparing the |evel of the

%:go(ﬁll_'tl%srg% ’hat drel 8baCto WA RLiEy F31IPeRigtAeA R ADCYD) Areothmdricthigne or

25 available. Suitable ELISA-Kits for the quantification of AB (1-40) in the methods
of the present invention are for example: Amyloid-B (1-40) (N) ELISA (IBL,
JP27714); AB [1-40] Human ELISA Kit (Invitrogen); Human Amyloid beta
(Amyloid-B), aa 1-40 ELISA Kit (Wako Chemicals USA, Inc.); Amyloid Beta 1-40
ELISA Kit (The Genetics Company).

30
ELISA-Kits that are able to quantify full length AB (1-42) are also commercially
available. Suitable ELISA-Kits for the quantification of AB (1-42) in the methods

of the present invention are for example: Amyloid-B (1-42) (N) ELISA (IBL,



25The present invention is further described by the foll ow ng exanples,
whi ch shoul d however by no neans be construed to limt the invention in any
way; the wowventiéar2sis defined in its scope only by the eCairroasesdne! osed
herewi t h. EXAMPLES OF THE | NVENTI ON 301. Materials and Methods 1.1
Patients and healthy controls Patients with a clinical diagnosis of AD and
heal thy controls were recruited throuéﬁ a CRO (GALMED GtbH). In a prestudy
exam nation the WD 2011/064225PCT/ EP2010/ 068069 40 neur opsychol ogi cal
functi IR 7af1 2);| ABdrit-Aeil pawmaroELiha Kitudypwiepgengst BMan sevgtad beta
psycho LG tests_ (;Deylt [y |- S S rawng,tgst). 5
berrectradfic-ffcSad R ion M VB R B LR s PR bR &5
conpri UG A iKie (Fhog IGenubtiest SoiPamp) d INND TESIe®i t Bon AMMIDED (1-42)
transcaodi ng, semaptic word fluency task, backward digit span, del ayed word
diiFeneess

list r ler et al., 2000). The raw scores are transforned to give
ages and educati on-i ndependent scores, 10classified as 'suspected denentia'
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Such a full length AB (1-40) sandwich ELISA may comprise a first immobilized
antibody recognizing specifically the C-terminus of AB (1-40) and a second
labeled detection antibody recognizing specifically the complete N-terminus of AB

(1-40).

20
A full length AB (1-42) sandwich ELISA may comprise a first immobilized
antibody recognizing specifically the C-terminus of AB (1-42) and a second
labeled detection antibody recognizing specifically the complete N-terminus of AB
(1-42).

25
A full length AB (1-40) sandwich ELISA may also comprise a first immobilized
antibody recognizing specifically the complete N-terminus of AR (1-40) and a
second labeled detection antibody recognizing specifically the C-terminus of A
(1-40).

30

A full length AB (1-42) sandwich ELISA may also comprise a first immobilized
antibody recognizing specifically the complete N-terminus of AB (1-42) and a
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Section Questions Max Points Score 1) Orientation a) Can you tell ne

t oday' s (weteloemxeat h) / (year)? Waich day is it today? CaaTyEraomwmbioesre which
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(1-42).

Suitable AB (1-40/42) N-terminal specific antibodies for use in the concentration
5 determining method are for example 3D6 (Elan), WO-2 (The Genetics Company),
82E1 (IBL), BAN-50 (Takeda). Numerous further AB (1-40/42) N-terminal
specific antibodies may be available in the prior art or may be developed by the
skilled artisan. All these AB (1-40/42) N-terminal specific antibodies are also
envisaged for the concentration determining method.
10
Suitable AB (1-40) C-terminal specific antibodies are for example G2-10 (The
Genetics Company); 11A5-B10 (Millipore); 1A10 (IBL); BA27 (Takeda); EP1876Y
(Novus Biologicals). Numerous further AB (1-40) C-terminal specific antibodies
may be available in the prior art or may be developed by the skilled artisan. All
15 these AB (1-40) C-terminal specific antibodies are also envisaged for the

concentration determining method.

Suitable AB (1-42) C-terminal specific antibodies are for example G2-11 (The
Genetics Company); 12F4 (Millipore); Anti- Human AB(38-42) Rabbit IgG (IBL);
20 21F12 (Elan); BCO5 (Takeda); 16C11 (Santa Cruz Biotechnology). Numerous
further AB (1-42) C-terminal specific antibodies may be available in the prior art
or may be developed by the skilled artisan. All these AB (1-42) C-terminal
specific antibodies are envisaged for the concentration determining method.

25 According to one embodiment, the detection antibodies are labeled.

For diagnostic applications, the detection antibody will typically be labeled with a
detectable moiety. Numerous labels are available which can be generally
grouped into the following categories:

30
(a) Radioisotopes, such as *°S, *C, ?°I, 3H, and '3!1. The antibody can be labeled
with the radioisotope using the techniques described in Current Protocols in

Immunology, Volumes 1 and 2, Gutigen et al., Ed., Wiley-Interscience. New



3 3) Attention and Cal culation a) From 100 keep subtracting 7 and give
each answer. Stop after 5 answers. (93-86-79-72-65) Alternatively: b) Spell
t he wor d wodanidisszackwards. (D LR O W) 5 4) Recall Wrat/Breois/o6869 t hr ee
words | asked you to say earlier? (skip this test if all of these objects
were not renmenbered during the registration test) 3 5) Language Nam ng
Repeati ng Nane the foll ow ng objects @%how a watch) and (show a pencil) 2

Repeat the following: "No ifs, ands or buts" 1
York, New York. Pubs., (1991) for example and radioactivity can be measured

using scintillation counting.

(b) Fluorescent labels such as rare earth chelates (europium chelates) or
5 fluorescein and its derivatives, rhodamine and its derivatives, dansyl, Lissamine,
phycoerythrin and Texas Red are available. The fluorescent labels can be
conjugated to the antibody using the techniques disclosed in Current Protocols in
Immunology, supra for example. Fluorescence can be quantified using a
fluorimeter.
10
(o) Various enzyme-substrate labels are available. The enzyme generally
catalyses a chemical alteration of the chromogenic substrate which can be
measured using various techniques. For example, the enzyme may catalyze a
colour change in a substrate, which can be measured spectrophotometrically.
15 Alternatively, the enzyme may alter the fluorescence or chemiluminescence of
the substrate. Techniques for quantifying a change in fluorescence are described
above. The chemiluminescent substrate becomes electronically excited by a
chemical reaction and may then emit light which can be measured (using a
chemiluminometer, for example) or donates energy to a fluorescent acceptor.
20 Examples of enzymatic labels include luciferases (e.g, firefly luciferase and
bacterial luciferase; U.S. Patent No, 4,737,456), luciferin, 2,3-
dihydrophthalazinediones, malate dehydrogenase, urease, peroxidase such as
horseradish peroxidase (HRPO), alkaline phosphatase. O-galactosidase,
glucoamylase, lysozyme, saccharide oxidases (e.g., glucose oxidase, galactose
25 oxidase, and glucose-6-phosphate dehydrogenase), heterocyclic oxidases (such
as uricase and xanthine oxidase), lactoperoxidase, microperoxidase, and the like.
Techniques for conjugating enzymes to antibodies are described in O'Sullivan et
al., Methods for the Preparation of Enzyme-Antibody Conjugates for use in
Enzyme Immunoassay, in Methods in Enzym. (ed Langone & H. Van Vunakis),
30 Academic Press, New York, 73: 147-166 (1981).

Examples of enzyme-substrate combinations include, for example:



6) Reading Witing (show card or wite: "C ose your Eyes") Read this

sentence and do what is says 1 Now can you wite a short sentence for

me?

1 7) Thrwe etizage226onmmand (present paper) Take this papecTiEr2g00680beft (or
right) hand, fold it in half, and place it on the floor 3 8) Construction

W I

10

15

20

25

30

you copy this drawi ng pl ease? Ii%tl4 1 Total score 30

) Horseradish peroxidase (HRPO) with hydrogen peroxidase as a substrate,
wherein the hydrogen peroxidase oxidizes a dye precursor (e.g.
orthophenylene diamine (OPD) or 3,3'5,5'-tetramethyl benzidine
hydrochloride (TMB));

(i)  alkaline phosphatase (AP) with para-Nitrophenyl phosphate as
chromogenic substrate; and

(iii) B-D-galactosidase (B-D-Gal) with a chromogenic substrate (e.g. p-
nitrophenyl-B-D-galactosidase) or the fluorogenic substrate 4-
methylumbellifery1-B-D-galactosidase.

Numerous other enzyme-substrate combinations are available to those skilled in
the art.

(d) Another possible label for a detection antibody is a short nucleotide
sequence. The concentration is then determined by a RT-PCR system
(Imperacer™, Chimera Biotech).

Sometimes, the label is indirectly conjugated with the antibody. The skilled
artisan will be aware of various techniques for achieving this. For example, the
antibody can be conjugated with biotin and any of the three broad categories of
labels mentioned above can be conjugated with avidin, or vice versa. Biotin binds
selectively to avidin and thus, the label can be conjugated with the antibody in
this indirect manner. Alternatively, to achieve indirect conjugation of the label
with the antibody, the antibody is conjugated with a small hapten (e.g. digoxin)
and one of the different types of labels mentioned above is conjugated with an
anti-hapten antibody (e.g. anti-digoxin antibody). Thus, indirect conjugation of
the label with the antibody can be achieved.

The antibodies used in the present invention may be employed in any known
assay method, such as competitive binding assays, direct and indirect sandwich
assays, and immunoprecipitation assays. Zola, Monoclonal Antibodies A Manual
of Techniques, pp.147-158 (CRC Press. Inc., 1987).
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10  For the analysis of the AB (1-40) concentration in human all of the following body
fluids can be used: blood, cerebrospinal fluid (CSF), urine, lymph, saliva, sweat,

pleural fluid, synovial fluid, aqueous fluid, tear fluid, bile and pancreas secretion.

The novel method was established by the present inventors using blood samples
15 (see the examples of the present invention). The present method is however not
to be construed to be limited to blood samples. The method can also be
employed using CSF, brain extract and urine samples, as well as all other human
body fluids, e.g. the above mentioned in the same manner. Particular samples
include plasma samples.
20
For immunohistochemistry analyses, the tissue sample may be fresh or frozen or
may be embedded in paraffin and fixed with a preservative such as formalin, for

example.

25 It will be appreciated that although the sandwich ELISA system comprises one
particular embodiment for determining AR concentration in steps (a) and (c) of
the invention, other concentration determining methods may be used.

Suitable alternative methods for determining the concentration of AB are:

30 1. Amyloid B 1-40 HTRF® Assay (CisBio Bioassays):

This assay principle is based on TR-FRET, which is a combination of Time-

Resolved Fluorescence and Forster Resonance Energy Transfer. Similar to the
usual sandwich ELISA the AB (1-40) is bound by two antibodies; the antibodies
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are here, however, not bound on a surface, the interaction occurs in solution.
Both antibodies are labeled with a fluorophor. When these two fluorophors are
brought together by a biomolecular interaction a portion of energy captured by
the donor fluorophor during excitation is transferred via FRET to an acceptor

5 fluorophor, which will be excited as a result. The fluorescence of the acceptor
fluorophor is measured. The measuring signal is correlated with the amount of
FRET and thus, the amount of AB (1-40) in solution.

Similarly, based on a comparable principle, the Alphascreen™ Assay from Lilly

10 can be used.

2. Multiplex Assay Systems

Multiplex Assay Systems are available from several manufacturers and are well
known and broadly used in the field. A suitable example for use in the methods
15 of the present invention is the INNO-BIA plasma AB forms assay (Innogenetics).
This assay is a well standardized multiparameter bead-based immunoassay for
the simultaneous quantification of human B-amyloid forms AB (1-42) and AB (1-
40) or AB(X-42) and AB(X-40) in plasma using xMAP® technology (xMAP is a
registered trademark of Luminex Corp.).
20
This assay system is able to quantify up to 100 different analytes in parallel. The
basis of this method are small spherical polystyrol particles, called microspheres
or beads. In analogy to ELISA and Western Blot these beads serve as a solid
phase for the biochemical detection. These beads are colour-coded, so that 100
25 different bead classes can be distinguished. Every bead class has one specific
antibody (e.g. against AB (1-40)) immobilized on the microsphere surface. If the
AB (1-40) concentration increases more peptide molecules will be bound by the
beads of this class. The detection of the binding of the analyte is carried out by a
second anti-AB (1-40) antibody, which is labeled with another fluorescence dye,
30 emitting green light. The sample is handled comparable to FACS analysis. The
microspheres are singularized by hydrodynamic focusing and analyzed by laser-
based detection system, which can make a quantification on the basis of the
green fluorescence and identify the bound analyte by the specific coloration of
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the bead. Thus, it is possible to determine the concentration of multiple analytes

in one sample.

3. Quantification by mass spectrometry

5 - For quantification of AB (1-40) also the SELDI-TOF mass spectrometry was
used (Simonsen et al., 2007 (2)).
- Quantitative analysis of AB peptides using immunoprecipitation and
MALDI-TOF mass spectrometry. >N labeled standard AP peptides are used
for calibration. (Gelfanova et al., 2007).

10
4. Western Blot analysis
2D-Gel electrophoresis coupled with Western Blot analysis may be a
suitable method to quantify AR peptides (Sergeant et al., 2003; Casas et
al., 2004).
15
Diagnostic Kits
As a matter of convenience, the antibodies used in the method of the present
invention can be provided in a kit, i.e., a packaged combination of reagents in
predetermined amounts with instructions for performing the diagnostic assay.
20
Thus, according to a further aspect of the invention there is provided a kit for
diagnosing a neurodegenerative disorder, such as Alzheimer’s disease which
comprises a suitable alkali and instructions to use said kit in accordance with the
methods defined herein.
25

In one embodiment, the kit additionally comprises at least two different capture
antibodies as defined herein.

Where the antibody is labeled with an enzyme, the kit will include substrates and
30 cofactors required by the enzyme (e.g. a substrate precursor which provides the
detectable chromophore or fluorophore). In addition, other additives may be
included such as stabilizers, buffers (e.g. a block buffer or lysis buffer) and the

like. The relative amounts of the various reagents may be varied widely to
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provide for concentrations in solution of the reagents which substantially
optimize the sensitivity of the assay. Particularly, the reagents may be provided
as dry powders, usually lyophilized, including excipients which on dissolution will

provide a reagent solution having the appropriate concentration.

5
The diagnostic kit of the invention is especially useful for the detection and
diagnosis of neurodegenerative disorders, such as amyloid-associated diseases
and conditions, e.g. Alzheimer’s disease.

10 Uses

The method of the present invention makes it possible for the first time to detect
and quantify oligomeric target AB peptides, in particular Ap (1-40), Ap (1-42),
Ap (3-38) and/or AB (11-38), or a functional equivalent thereof, in a reliable
manner. In particular, the present invention provides oligomeric Ap (1-40), AB

15 (1-42), AP (3-38) and/or Ap (11-38) as a plasma biomarker, which is suitable
for a differential diagnosis of Alzheimer's disease, in particular in the early stages
of the disease.

Therefore, in one embodiment, the invention is directed to the use of the method

20 of determining the oligomeric state of amyloid B peptide for the diagnosis of
Alzheimer’s disease, such as the differential diagnosis of Alzheimer's disease, in
particular in the early stages of the disease. Suitably, the early stage of
Alzheimer’s disease is Mild Cognitive impairment.

25 In a further embodiment, the invention is directed to the use of the oligomeric Ap
target peptides for the diagnosis of Alzheimer’s diseases, such as the differential
diagnosis of Alzheimer's disease, in particular in the early stages of the disease.

Suitably, the early stage of Alzheimer’s disease is Mild Cognitive impairment.

30 In particular, the oligomeric Ap target peptide, which shall be used for diagnosis
of Alzheimer's disease, is detected and quantified with a method according to the

present invention.
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In a further embodiment, the AB target peptide is AR (x-y), as hereinbefore

defined, or a functional equivalent thereof.

The method of the invention also has industrial applicability to monitoring the
5 efficacy of a given treatment of a neurodegenerative disorder, such as
Alzheimer’s disease. Thus, according to a further aspect of the invention there is
provided a method of monitoring efficacy of a therapy in a subject having,
suspected of having, or of being predisposed to, a neurodegenerative disorder,
such as Alzheimer’s disease, comprising determining the oligomeric state of a
10 target amyloid B peptide (Abeta or AB) as defined herein in a biological sample

from a test subject.

In one embodiment, the biological sample will be taken on two or more occasions
from a test subject. In a further embodiment, the method additionally comprises
15 comparing the level of the oligomeric state of a target amyloid B peptide (Abeta
or AB) present in biological samples taken on two or more occasions from a test
subject. In one embodiment, the method additionally comprises comparing the
level of the oligomeric state of a target amyloid B peptide (Abeta or AB) present
in a test sample with the amount present in one or more sample(s) taken from
20 said subject prior to commencement of therapy, and/or one or more samples
taken from said subject at an earlier stage of therapy. In one embodiment, the
method additionally comprises comparing the level of the oligomeric state of a

target amyloid B peptide (Abeta or AB) with one or more controls.

25 The present invention is further described by the following examples, which
should however by no means be construed to limit the invention in any way; the

invention is defined in its scope only by the claims as enclosed herewith.

EXAMPLES OF THE INVENTION
30 1. Materials and Methods

1.1 Patients and healthy controls

Patients with a clinical diagnosis of AD and healthy controls were recruited
through a CRO (GALMED GmbH). In a prestudy examination the
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40

neuropsychological functions of all participants of the study were tested by
several psychometric tests (DemTect, Mini-Mental-State Test, Clock-drawing
test).

5 DemTect Test

The DemTect scale is a brief screening for dementia comprising five short
subtests (10-word list repetition, number transcoding, semantic word fluency
task, backward digit span, delayed word list recall) (Kessler et al., 2000). The
raw scores are transformed to give age- and education-independent scores,
10 classified as ‘suspected dementia’ (score < 8), 'mild cognitive impairment’ (score

9 - 12), and ‘appropriate for age’ (score 13 - 18).

MMSE
The Mini-Mental State Examination (MMSE) or Folstein test is a brief 30-point

15 questionnaire test that is used to assess cognition (see Table 1). It is commonly
used in medicine to screen for dementia. In the time span of about 10 minutes it
samples various functions including arithmetic, memory and orientation. It was
introduced by Folstein et al., 1975, and is widely used with small modifications.
The MMSE includes simple questions and problems in a number of areas: the

20 time and place of the test, repeating lists of words arithmetic, language use and
comprehension, and basic motor skills. For example, one question asks to copy
drawing of two pentagons (see next table). Any score over 27 (out of 30) is
effectively normal. Below this, 20 -26 indicates mild dementia; 10 -19 moderate
dementia, and below 10 severe dementia. The normal value is also corrected for

25 degree of schooling and age. Low to very low scores correlate closely with the
presence of dementia, although other mental disorders can also lead to abnormal
findings on MMST testing.
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and stored agai n at -80C, except onetube each sanpl e.
t ubes Westeoi UBE, vartchtneo rpllatleﬂsllm Petweeedeterigation qmtbacqlpqmdeamn@ pg

anti-a M1 Iipore, MAB1561 2.5
anti - a%%tg'%rﬂj ﬁe %%glﬁl%gaﬁ?%%%%f% E MIITi Bor e, 05-831) ), and 2. ggpg
anti-anyloid 13 (x-40) antibody 11A5-B10 (M| 1lipore, 05-799) were added.
O her [ t i es. f [ nopreci,pj tat| on.are efin
ner of nbgearaesnd a8fis8Reohdhe' ey SRbdRy PhBrke Tuft Yyt lood iBre el o
speci f frorardli ﬁmdicqfar{csmooe} @naly@’ndwpblanlirftewél ofVhingbntiisealb phktadip&ntisor
imnoga %&%&é onc e sedf r this nmetho (bi e al so .
wany. al 9P e BBt 7 dhR crvs GO LG P 81 (oh & TIRles, BNl wo,
three ghenRi@y Wds @ﬂsmk/earﬁy bedeasicyiddm@itté€ oethe “ABtekammer Sachsen-
2011/ 064225PCT/ EP2010/ 068069 46

Anhalt”. All patients (or their nearest relatives) and controls gave informed

consent to participate in the study.

SUBSTITUTE SHEET (RULE 26)



epi topes. The usage of nore than one antibody type for inmunoprecipitation
of A8 peptides offer cooperative binding effects (avidity), which yield

t remendowwbyotivoghs capture efficiency (see Figure 1). PCAEP2@bMassvey t ubes
wer e incubated overnight at 4C in an overhead shaker. For inmobilization of
the anyl oid 13-anti body conplex, 100 pl anti-npbuse nmagnetic beads
(I'nvitrogen, 112-02D) were used for a3l m plasma sanple. Beside these
speci al anti-nouse anti bodi es conjugated on magnetic beads all other
anti-nouse anti bodies or anti-host antibodies (host: origin of primary

anti qu-Iagﬁa Qodd&tg,cgvﬁp%ggt can be used. These anti bodi es can be

i mmobilized on severa trices (colum matrices and bead matrices) via

di f f et @nPedestj ugati on strategies, e.g. Biot|in- StrtaV| din interaction,
tosyl Jactivated surface, epoxy-activated surfage, ‘amye-sur rbaxylic

surface. Before usage, 100 pl beads were pi pe ted\/f/f’ rony{ he gy nal
bottle into a 2 nmMl tube and washed 3-tines PB shi ng
t he beads were resuspended in 200 pl PBS. The I,gsrmj bes ril{f uged

for 30sec at 2000 x g. The supernatants werle trarsferred int 4 t ubgs
cont aiLning the anti-nmouse magnetic heads. The tubes were incubated

over ni éhManviﬁgOFPﬁtEheWérhead shaker. 20 On the next day the tubes wer e

pl aced i fxemalesagnetic separator to allowt t ube

wal | . | Af t erMildhoiripaived spacing of tides super nat ant ) p Ved and t he

beads | wer e Dvawh diches wutsevdircle 500 pl D- PBS don{ai n\pg. ‘ | iflin

18 and O- 09 uviis Jageewhil2Gritidg Cumbersveasthaing buf f i i rgents

or ot her acddine nupsbeps epmar upsjideidewreci fi ¢ bi|ndi st ep.

Exanpl_es- f dirawaghiineg ($pdkesits odert. spafiB$ + O. W

Tween+{ 30 IndeicerateereptdsBataBbro ok HY affesi 1t whBneen-

di saggr egstuospatiaforgaization s perdcDoshbds offyt &

sol ut i| on sy ddviawshsout , the tubes were take or

and 100 (v/v) Methanol / 0.5 W (V

2011/ )6422&}@?’%{ 8%9 95 0@9 47 acid were 3 eads

were resuspg &ﬁéﬂé tT'y shaking. Al t our
netic

at room t e b%ttﬂrnﬁ“ake n&%re%{aﬁén Bﬂﬁné ubes . ! it
separ ‘WU' é teVlsl:f?s "3& ?{ ?{I’) ftl é' c v . urter
ghal

(diluti ELISA Kit). The pH of the
di | ut bd SUGRPacAcRIrate c°é‘cwa| erl!s Bl 400 m Na2HPO4, 400 M KH2PO4 pH
8.0. FrolfRISE®E- sanpl es the concentrations |wit i
det er m né¥amp@r di saggregation 50 pl eluatq fr
i n new tubddodenatelyipoedspacinig 20 pl 50 % (v/ V)
every |t ube.Oiteenuimizaggr egat i on was perf or ngd
t enper at ur dergeveeatinar-depetds giclé poeantingss ati agokégat i'off t ube vvere( xed with
440 pl| El Apasft2io 1Gdil#utGeda buffer of the I[BL 14014 '
pH of |t he dighitleftireyarspl epumeers daalymiseunterwi tth 10 pl 0.85 % (v/ V) H3PO4.| From
t hese| sanpldeskwise concentration after di saggregation were determ ned.
Besi de the Dyseirhia -Bunable @ivirtie nembeysf f er frjom manufacturer IBL all ot Her

dil ution 1=%seddtely which can prevent unspedific interaction with surfdces

and Cdﬁt $euere level of disorganization as described in 4.

Qi'n eac
bt hanol’* _

6. No reasonable representation of a clock
Exclude severe depression or other psychotic
states.

Examples

- No attempt at all
- No semblance of a clock at all
- Writes a word or name

d"’)‘
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anti bodi es, can be used for this step. Exanples for dilution buffers are:
PBS + 1 % (wv) BSA + 0.05 % Tween-20 - TBS + 1 % (wv) BSA + 0.05 %
Tween- 20 wWoentd6EL2E SA Bl ocker (with Tween-20) 20 Quanti PCratrzan/06f062 he
eluted anvl oid 13 peptides The determ nation of the peptide concentration
(wth and without disaggregation, respectively) was perfornmed using the |IBL
1-40(N) ELISA Kit (1BL, JP27714) and #8L 1-42(N) ELISA Kit (IBL, JP27712).
25 Beside this special Al13 1-40 ELISA all other commercially avail abl e,

whi ch dr.2 Bloo@é semples ect full length A13 1-40 can be used. Exanples for

commer ¢d_al - Kids: a,d- I I d
ot a (A 1B Vo e, BB WA Ut g 224 cBBehy3fg i NGHRNS A b

| nvi t r agerfolakwindChenlydaliss d3A, bé nsed T ndo danedriebsoSmimpafivid, Wdine, Iyn?ph,
2011/ 064225PCT/ EP2010/ 068069 48 Sel f de AB 1-40_ELIl SA coqprjse, of a pair
of captd 'é(aaﬁéf"eoaetvé%'{e%% %Hai B¥AYY U AR P fHE ¥ei Hﬁ@re%‘u‘r%laé‘tde
N-t er mMpaser&ds &&rétidh. and the Ctermnus ending at amno acid 40. 5

Possi ble N-term nal specific antibodies are: 3D6 (El an Pharnaceuti cal s)
WO 2 (The Genetics Conpany) 1-40(N) detection antibody (1BL)

The novel method was established with blood samples and can be further used

for CSF, brain extract and urine samples, followed by all other human body

fluids.
10
Blood samples for the determination of AD biomarkers were collected into three
polypropylene tubes:
1. containing potassium-EDTA (Sarstedt Monovette, 02.1066.001) for EDTA
plasma
15 2. containing Li-heparine (Sartstedt Monovette, 02.1065.001) for heparine
plasma

3. blank (Sarstedt Monovette, 02.1063.001) for serum

All samples were collected by venous puncture or by repeated withdrawal out of
20 an inserted forearm vein indwelling cannula. Blood was collected according to the
time schedule (as described in section 1.1 above). It was centrifuged at 1550 g
(3000 rpm) for 10 min at 4°C to provide plasma. Plasma or serum was pipetted
off, filled in one 5 ml polypropylene cryo-tube (Carl-Roth, E295.1) and stored
frozen at -80°C. Samples were centrifuged within one hour after blood
25 withdrawal. The appropriate labelling of the plasma or serum tubes according to

the study protocol was duty of the CRO.

1.3 Laboratory methods

Beside wild type AB 1-40 mutated variants can also be quantified by this method.

30 The mutated variants comprise all amyloid beta peptides starting with amino
acids Asp-Ala-Glu and ending with Gly-Val-Val. Mutated AB 1-40 examples:
Tottori, Flemish, Dutch, Italian, Arctic, Iowa (Irie et al., 2005)



10BANSO (Takeda Chem cals Industries) Possible Ctermnal specific

anti bodies: &-10 (The Genetics Conpany) 11A5-B10 (M IIlipore) 151A10 (IBL)
Rabbit AwO-2bat®@m425y| oi d, aa 32-40 Pol ycl onal Anti body @EGEEBLE10{063069

Cor poration) EP1876Y, Epitope: x-40 (Novus Biol ogicals) 20Such a self nade
full length AB 1-40 sandw ch ELI SA can conprise a first inmmobilized
antibody recogni zing specifically the 4% term nus of AB 1-40 and a second

| abel ed detection anti body recogni zing specifically the conplete N-term nus
of AB TH£0ABA-fQlassk¥rmgnhbeBIsp- used fardelineh famils Alzheianerts dsepseswhicht i r st

I nrmobi | § 1.Z] Ifi I 0, e n of AB
25 1- 40 T Qo SuF A8 AL AL 0 3B LR b R S18 Vet e Ty
the G tF@lHtrwmgsfa)ﬁlluéBAlzthDmer’bicﬁséaqeeemmaaslaréoalsasdw:ablfe ﬂEtItBA assay

particyl arl.y envi sage Besi de c|a 1-42 ELI ot her
Borme: SN aOHPT A o TeRR c R NabIS Gt P e dOGIATA AGTHETRNABNE 85 can
be gseq;/ ,Bowwl es for comercially ELI SA- KItS. Human Abeta, aa 1-40 ELI SA
Kitlnvit rogen WO 2011/ 064225PCT/ EP2010/ 068069 49 Human Anyl oid beta

( Ayl oi d- b) Wako Chemicals USA, Inc. (aa 1-42 ELISA Kit) Anyloid Beta 1-42

oS RS T AR LA T8 A rte S b gL ool R e
of a pdihe Ufutea@cﬂ uvraelamtd admnpns«a @il amtyll biodyetarhieptidas estspieg fwith fasnintche
(igrrpl el C|c|\|',£\ rﬂlgﬁu en ng WI n(ii/atl qu glé[ Ei\/lutar’égg A%]?iﬂe%m%@sno acid 40.
10  Tottori, Flemish, Dutch, Italian, Arctic, Iowa (Irie et al., 2005)
The AB 1-42 assay can be also used for other familial Alzheimer’s disease, which
offer mutations outside the AB 1-42 sequence producing the wild type AB 1-42.
Following familial Alzheimer’s disease examples are also suitable for the assay:
Swedish, Austrian, French, German, Florida, London, Indiana, Australian (Irie et
15 al., 2005)

Immunoprecipitation

EDTA plasma samples (containing 4 ml plasma) (heparin plasma, serum also
possible) were thawed and aliquoted at 1 ml in 2 ml polypropylene tubes
20 (Eppendorf, 0030120.094). One pill of protease inhibitor (Roche, Complete mini
Protease inhibitor cocktail, 11836153001) was dissolved in 1 ml D-PBS
(Invitrogen, 14190-094). 25 pl of the protease inhibitor solution was added to 1
ml EDTA plasma. All aliquots were frozen and stored again at —-80°C, except one
tube of each sample. These plasma tubes were spiked with 10 ul of 10 % Tween-
25 20. To each tube 2.5 pg anti-amyloid B (17-24) antibody 4G8 (Millipore,
MAB1561), 2.5 pg anti-amyloid B (x-42) antibody 12F4 (Millipore, 05-831) and
2.5 pg anti-amyloid B (x-40) antibody 11A5-B10 (Millipore, 05-799) were added.

Other possible antibodies for immunoprecipitation are as defined hereinbefore.
30 Beside these listed antibodies all other amyloid beta specific antibodies
(monoclonal and polyclonal), which are suitable for immunoprecipitation can be
used for this method (see also www.alzforum.org). Decisive for good capture

efficiency is usage of two, three or more different antibodies with different



Possible N-term nal specific antibodies are: 3D6 (El an Pharnmaceuti cal s)
WO 2 (The Cenetics Conpany) 1-40(N) detection antibody (IBL) 15BAN50
(Takeda Ghermtales225ndustri es) Possible Cterm nal speci PCE/ER2A10I0GRIGES :
&-11 (The Genetics Conpany) 16Cl1 (Santa Cruz Bi otechnol ogy) 2021F12 (El an
Phar maceuti cal s, Innogenetics) BCOb (Takeda Chemi cals Industries) Such a
self made full length AB 1-42 sandw cfi®ELI SA can conprise a first

i mmobi |i zed anti body recogni zing specifically the CGterm nus of AB 1-42 and
a 25 sepiivgesabbeeadbaget ecmare thani orlpntieedyyeerfgr dpwainoprgcipitatipa of

conpl et ] . - AL ul . - | I an
al so céb‘%p%étgagg ?ﬁ?gggf)@%%%w#g'gﬁl%F!@é@;é@%’@nMﬁiéaﬁ%@\é\qrg&ca O?épﬁe
conpl ethégert eaptuneieffafiedy (seé2Figark 4).second | abel ed detection anti body
recogni zing specifically the Ctermnus of AB 1-42, this type of AB 1-42

sandwi ch ELISA is particularly 30envisaged. WO
2013/ 0GR BRRGT EHBEI Gl &eBRlbatedierhigke at! 4amihhen Kviern&id spbked pod

di luted according to the manufacture instruction Brot ocol . After _
appl i cafinapbifratign of dhgl B YIHd FcaRtibAtY Lonuplexst ARBa RNtHBoEse SpagIeie was

i ncubat - t - t f 1 day, e, d
accor dib%%d%gl?ﬁgrdgﬁaeﬁdflglc% Bg)gpsvv(?rr?s ér%dg):\?rg% 1pﬁgtpé%:%ﬁ?%ni@teér ss'?(gépl)g{]%%et he
col ori rpecia argaot © ose tamdi xdodies baomge giahe @ aoh nnved h etva o edetsea i atberaantds50 nm

corrected by absorbance at,.550 nm usi a, plate reader (.TECAN Sunri,se). 10
The derSP KPR IO GO iTeant aer e Bp AR Fo ol GRe BRI e HECHIT he
cornbectigte @RHVRINEEN dle 458d NMheeESaistib HEI 0t d ® IRONEIED isizaadea depepsl de
concentration. The curve was fitted with the faqur-paraneter equation (Equ.

1) usi AGaErIFgs r(@.'@”'m\/l”&@‘b"é%ﬁ% ang bﬂaﬁlZ”‘E’IfﬁiC@ vig giffepgnt conjugation
strategies, e.g. Biotin-Streptavidin interaction, tosyl-activated surface, epoxy-
activated surface, amine-surface, carboxylic surface. Before usage, 100 ul beads
were pipetted off from the original bottle into a 2 ml tube and washed 3-times

15 with 1 ml PBS. After washing the beads were resuspended in 200 pl PBS. The
plasma tubes were centrifuged for 30sec at 2000 x g. The supernatants were
transferred into the tubes containing the anti-mouse magnetic beads. The tubes

were incubated overnight at 4°C in an overhead shaker.

20 On the next day the tubes were placed into a magnetic separator to allow the
bead to be drawn to the tube wall. After about one minute the supernatant was
carefully removed and the beads were washed twice with 500 pl D-PBS

containing 10 mg/ml Cyclophilin 18 and 0.05 % Tween-20.

25 Other washing buffers, which contain detergents or other additives preventing
unspecific binding can be used for this step. Examples for washing buffers are:
- PBS + 0.05 % Tween-20
- TBS + 0.05 % Tween-20
- Pierce ELISA Blocker (with Tween-20)
30
Elution and disaggregation of captured Amyloid §

After the last wash step, the solution was drawn out, the tubes were taken from
the magnetic separator and 100 pl 50 % (v/v) Methanol / 0.5 % (v/v) formic



Xx \ 0/ 15 wherein y represents the neasured absorbance and x represents
t he correspondi ng concentration The cal cul ati on of the A8 (1-40) and A8
(1-42) comoentwmsizéns on ELI SA of each sanpl e was conpl eCekrb@smBen t he
accordi ng absorbance val ue using Equ. 2. 20Equ. 2x = xo0o c Al -y y- A2 To
determ ne the concentration in the plasm sanple, determ ned w thout

di saggregation, the cal cul ated concenffati on was corrected by the El A
buffer dilution (including pH adjust mantz) factor 12.4, and the

concentacit iwereefidded ta edcht sua@cng )thef beaes iwn@nasmuﬁﬂqmidtedt bwnslightiyact or

0. 1. T%hgﬁ P?ubé‘ﬁvﬁé C%’EﬁBﬁEe{oaﬁabroT hdt B8 BLAS TA-BRMRLLe, ﬁ&‘e?w%}cﬁke‘ja A

wth di sagg concentratiron was correcte
buf f er tdeluwbleemérmelgam piaqed adihs tneghetic fseptaoatotZar% 40t bleethdtatfromn by

ot of Gach TupZavire. ikl s ABRCH B4 BRFSY Y Rtioh butseSh 6 tht T 3"R0f2

I mmnoqmg%mshakﬂt PNTHY Bhaéfe fHie @llétedTB&n%%seW@‘é'%@Jtﬁgtéé rWlth\d@ ul 400 mM
2011/ 064225PCT/ EP2010/ 068069 51 A8 (1-4 concentrations (with and

wi t houtNa#HERsgrdAtMdh, K e @H Bl y fromy Eh‘?j@léﬁé'dp €8 Py APNCERIrabions on
oot e AL SlegfERlon Asteiaeena) SRRl S LR o
concenteraahi tub€ wie teotrta rdife gyt syateivon)b8s ad (11ixéd) wettnaenur &0i &n (¢ Wt h
di sag9npaRLh3N) sbo M NECH ForrQNESMIEE 1L GihE GRS AR S R8d For
10 10 min at room temperature. Afterwards 40 ul from each disaggregation tube
were mixed with 440 pl EIA buffer (dilution buffer of the IBL 1-40/42 (N) ELISA
Kit). The pH of the diluted samples were adjusted with 10 pl 0.85 % (v/v) H3PO,.
From these samples the concentration after disaggregation were determined.
Beside the special ELISA dilution buffer from manufacturer IBL all other dilution
15 buffer, which can prevent unspecific interaction with surfaces and capture
antibodies, can be used for this step. Examples for dilution buffers are:
- PBS + 1 % (w/v) BSA + 0.05 % Tween-20
- TBS + 1 % (w/v) BSA + 0.05 % Tween-20
- Pierce ELISA Blocker (with Tween-20)

20
Quantification of the eluted amyloid B peptides
The determination of the peptide concentration (with and without disaggregation,
respectively) was performed using the IBL 1-40(N) ELISA Kit (IBL, JP27714) and
IBL 1-42(N) ELISA Kit (IBL, JP27712).

25
Beside this special AR 1-40 ELISA all other commercially available, which are able
to detect full length AR 1-40 can be used.
Examples for commercially ELISA-Kits:

30 Human Abeta, aa 1-40 ELISA Kit Invitrogen

Human Amyloid beta (Amyloid-b), Wako Chemicals USA, Inc.
(aa 1-40 ELISA Kit)
Amyloid Beta 1-40 ELISA Kit The Genetics Company



10 Fromthese data the ratio values for: Aigoneric state A8 (1-40) = A8
1-40 (wth disaggregation) / A8 1-40 (w thout disaggregation)

A i gomer iwoxaiwe4A8 (1-42) = A8 1-42 (wth di saggregat i @Qx/EP2048/048049

(w thout 15di saggregation) were cal cul at ed. The associ ation of plasm
oligoneric state of A8 (1-40) and A8 (1-42) was exam ned with the existence
of a positive clinical diagnosis of Shei mer' s di sease 20usi ng the
Student's t-Test. 2. Results 2.1 Denographic Characteristics 25 Overall 45
persons have participated in the study, 30 healthy controls and 15 AD

patien Y I ble | u . ’ I
er sonSulb P AEREC B B sBulle=r g aair be §Bufs AR abOBRY e ee
gr oups,whichugrel spamifii@ifors tleeg eoofpléte Note&OninGsonfAR | 1-#0oan 3 thieoC4ermivduss oup
11 from46 30to 65. T g denogr aphi ¢ characteristics are shown in Table 3.
WO 201%@@95@@?%@?&? P068069 52 Tabl e 3Denographic Characteristics

Heakt hy controls AD patients Goup | (18-30) Goup Il (31-45)

Possible N-terminal specific antibodies are:
3D6 (Elan Pharmaceuticals)
WO-2 (The Genetics Company)
1-40(N) detection antibody (IBL)
10 BAN50 (Takeda Chemicals Industries)

Possible C-terminal specific antibodies:
G2-10 (The Genetics Company)
11A5-B10 (Millipore)
15 1A10 (IBL)
Rabbit Anti-beta-Amyloid, aa 32-40 Polyclonal Antibody (GenScript
Corporation)
EP1876Y, Epitope: x-40 (Novus Biologicals)

20 Such a self made full length AR 1-40 sandwich ELISA can comprise a first
immobilized antibody recognizing specifically the C-terminus of AR 1-40 and a
second labeled detection antibody recognizing specifically the complete N-
terminus of AB 1-40. A full length AR 1-40 sandwich ELISA can also comprise a
first immobilized antibody recognizing specifically the complete N-terminus of A3

25 1-40 and a second labeled detection antibody recognizing specifically the C-
terminus of AB 1-40, this type of AB 1-40 sandwich ELISA is particularly

envisaged.

Beside this special AR 1-42 ELISA all other commercially available, which are able
30 to detect full length AB 1-42 can be used.

Examples for commercially ELISA-Kits:
Human Abeta, aa 1-40 ELISA Kit Invitrogen



Goup Il (46-65) No. 10 10 10 15 Age at baseline (nean SDEV), 25.8 2.9
38.4 4.7 54 6.9 79.13 7.09 Height, cm (mean SDEV) 175.5 11.6 175.1
7.2 167.5v0201196488. 4 10.34 Wi ght, kg (nean SDEV) 71P83/EP210868089 36
13.5 75.81 13.3 72.00 12.31

49
Human Amyloid beta (Amyloid-b), Wako Chemicals USA, Inc.
(aa 1-42 ELISA Kit)
Amyloid Beta 1-42 ELISA Kit The Genetics Company
beta-Amyloid 1-42 ELISA Kit (SIGNET) Covance
5 INNOTEST® B- AMYLOID (1-42) Innogenetics

Self made AB 1-40 ELISA comprise of a pair of capture and detection antibody,
which are specific for the complete N-terminus of AB 1-42 and the C-terminus

ending at amino acid 40.

10
Possible N-terminal specific antibodies are:
3D6 (Elan Pharmaceuticals)
WO-2 (The Genetics Company)
1-40(N) detection antibody (IBL)
15 BAN50 (Takeda Chemicals Industries)

Possible C-terminal specific antibodies:
G2-11 (The Genetics Company)
16C11 (Santa Cruz Biotechnology)
20 21F12 (Elan Pharmaceuticals, Innogenetics)
BCO5 (Takeda Chemicals Industries)

Such a self made full length AB 1-42 sandwich ELISA can comprise a first
immobilized antibody recognizing specifically the C-terminus of AR 1-42 and a
25 second labeled detection antibody recognizing specifically the complete N-
terminus of AB 1-42. A full length AR 1-42 sandwich ELISA can also comprise a
first immobilized antibody recognizing specifically the complete N-terminus of A3
1-42 and a second labeled detection antibody recognizing specifically the C-
terminus of AB 1-42, this type of AB 1-42 sandwich ELISA is particularly

30 envisaged.

The diluted samples (with and without disaggregation, respectively) were applied
to the ELISA plate (100 pl per well, repeat determination). The ELISA standard



Sex (% wonen) 50 50 50 40 2.2 Psychonetric tests 5For evaluation of the
neur opsychol ogi cal functions all participants have perforned the Denfect,

M ni - MentwiD-28t1ate22Fest and Cl ock-Drawi ng test. These te®C3/Hrave/obsden nade
in prestudy, 3 nonth, 6 nonth, 9 nonth and 12 nonth after the start of the
study. 10 Denfect Test The raw scores are transfornmed to give age- and
educati on-i ndependent scores, cl assi fPRd as 'suspected denentia' (score 8),
"mld cognitive inpairnment' (score 9 - 12), and 'appropriate for age'
(scor e Wge- talgn frome thes ity eggsaleed aandaldilutediacsoeging steoihe i marUtagtere3. The
resul t - Fi . th | ear i ffer

bt weenn tFaC o BEOGedl i He8r Spbiafich 8 ol aab & Apth EhicsFistione T PAER
WO 2011he6A23BRTatERZZ1ICO6806D f&31 8nat ¥RGt ain- Siafdloldsy duy, theoElSever 27
(out of 30) is effectively nornal. low this, 20 -26 indicates mld

toment M85 eV a6edaaeriiad s ERT AN TR TBE bEtstoBvERkORent  a. The

norgal value is also corrected for degree of schooling and age. Low to very
low 5 scores correlate closely with the presence of denentia, although

ot her rékRralstepRIBEdERe elarianelsicl saactan abeorahsorbantcd s eaph MSHt Mas i ng.

The t e%‘etéﬁﬁtﬂﬁhsa@%o%ﬂﬂ%&ﬁ@ggp% ?Pélorbgﬁ%eragcz%é $irh r%’gﬁ(_f l-9Yfz8e 4eader

denonstrate at there are c erences tween t hree groups of
heal t h{TEGBNeStBrigmnpared with the patients. 10 O ock-Draw ng Test The
scoring systemranges in scores from1l to 6 with higher scores reflecting a

10 The determination of the standard curve was completed by plotting of the
corrected absorbance at 450 nm versus the corresponding standard peptide
concentration. The curve was fitted with the four-parameter equation (Equ. 1)
using Origin 7.0 (Microcal).

Al— A2
Equ. 1 y=—,t42

F I
0

15 wherein y represents the measured absorbance and x represents the

corresponding concentration

The calculation of the AB (1-40) and AP (1-42) concentrations on ELISA of each

sample was completed based on the according absorbance value using Equ. 2.

20 Equ. 2 x=x Al-y
. =X, P
qu 0 v — A2

To determine the concentration in the plasma sample, determined without

disaggregation, the calculated concentration was corrected by the EIA buffer
dilution (including pH adjustment), factor 12.4, and the concentration effect (1
ml to 100 pl) of the immunoprecipitation by factor 0.1. To determine the
25 concentration in the plasma sample, determined with disaggregation, the
calculated concentration was corrected by the EIA buffer dilution (including pH
adjustment), factor 12.25, the dilution by adding 20 upl 50 % (v/v) Methanol /
500 mM NaOH to the eluted sample, factor 1.4, and the concentration effect (1
ml to 100 pl) of the immunoprecipitation by factor 0.1. The determined plasma



greater nunber of errors and nore inpairnment. This scoring systemis
enpirically derived and nodified on the basis of clinical practice. O
necessi t yWoi2b11lskreaves consi derabl e scope for indivi dualPCjrosgomotgochut it
is sinmple enough to have a high level of interrater reliability. Qur study
|l ends itself to the analysis of the three major conponents. These include
cross-sectional conparisons of the cl 8tk- dr awi ng test wwth other 20

measures of cognitive function; a |longitudinal description of the
cl ock- d¥failng0{43} coneentramensdvdth ke d withtousndihd og RGaeh HBRPECLYEt) on on
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were calculated.

The association of plasma oligomeric state of AB (1-40) and AB (1-42) was

examined with the existence of a positive clinical diagnosis of Alzheimer’s disease
20 using the Student’s t-Test.

2. Results

2.1 Demographic Characteristics

25
Overall 45 persons have participated in the study, 30 healthy controls and 15 AD
patients. To observe possible influences of age on plasma A, control persons
were selected over a wide range of age and subclassified into three groups,
Group I contains age of 18 to 30, Group II from 31 to 45 and Group III from 46
30 to 65. The demographic characteristics are shown in Table 3.
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Table 3 Demographic Characteristics
Healthy controls AD patients
Group 1 Group II Group III
(18-30) (31-45) (46-65)
No. 10 10 10 15
Age at 25.8+2.9 38.4+4.7 54 +6.9 79.13 +7.09
baseline
(mean +
SDEV),
Height, cm 175.5+11.6 175.1+7.2 167.5+10.9 168.4 + 10.34
(mean +
SDEV)
Weight, kg 71.33+11.8 71.36 +13.5 75.81 +13.3 72.00 +12.31
(mean +
SDEV)
Sex (% 50 50 50 40
women)

10

15

2.2 Psychometric tests

For evaluation of the neuropsychological functions all participants have

performed the DemTect, Mini-Mental-State Test and Clock-Drawing test. These

tests have been made in prestudy, 3 month, 6 month, 9 month and 12 month

after the start of the study.

DemTect Test

The raw scores are transformed to give age- and education-independent scores,

classified as ‘suspected dementia’ (score < 8), ‘mild cognitive impairment’ (score

9 - 12), and ‘appropriate for age’ (score 13 - 18). The test results for all visits

are shown in Figure 3. The results from Figure 3 demonstrate that there are clear

differences between the three groups of healthy subjects compared with the

patients.




1.259 1.075 Ni. 09 1.176 N . 13 1.532 1.281 Ni. 02 1.297 1.229 N . 11
1.060 0.846 Ni. 27 1.052 1.308 Ni. 15 1.272 1.242 N . 08 1.149

10

15

20

25

30

WO 2011/064225 PCT/EP2010/068069

53

Mini-Mental-State Test

Any score over 27 (out of 30) is effectively normal. Below this, 20 -26 indicates
mild dementia; 10 -19 moderate dementia, and below 10 severe dementia. The
normal value is also corrected for degree of schooling and age. Low to very low
scores correlate closely with the presence of dementia, although other mental
disorders can also lead to abnormal findings on MMST testing. The test results
are shown in Figure 4. The results from Figure 4 demonstrate that there are clear
differences between the three groups of healthy subjects compared with the
patients.

Clock-Drawing Test

The scoring system ranges in scores from 1 to 6 with higher scores reflecting a
greater number of errors and more impairment. This scoring system s
empirically derived and modified on the basis of clinical practice. Of necessity, it
leaves considerable scope for individual judgment, but it is simple enough to
have a high level of interrater reliability.

Our study lends itself to the analysis of the three major components. These
include cross-sectional comparisons of the clock-drawing test with other
measures of cognitive function; a longitudinal description of the clock-drawing
test over time, and the relationship between deterioration on the clock-drawing
test and the decisions to institutionalize. The test results are shown in Figure 5.
The results from Figure 5 demonstrate that there are clear differences between

the three groups of healthy subjects compared with the patients.

2.3 Plasma oligomeric state of AB (1-40) and AB (1-42)
The AB (1-40/42) concentrations (with and without disaggregation, respectively)

were determined in EDTA plasma of the TO + 9 month series. Because of two
serious adverse events, AD patient Nr. 34 and 35 were late, only 13 AD samples
were unhanded by the CRO for investigations. Further samples of TO+9 series
were used to optimize and establish the new immunoprecipitation method.
Overall, the final optimized method was tested with 11 AD samples and 26

control samples. The determined concentrations are shown in Table 4.
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Table 4

Plasma oligomeric state of Ap (1-40) and AB (1-42) (TO0+9 month series)
The mean values and the standard error of mean for all four groups were
calculated. The T-test has compared the AD group with each single control
group. The values for the oligomeric state in table 4 were calculated according

the methods of the present invention and represent the ratio ¢4 / Ca.

AD Group Control Group 18-30 Control Group 31-45 Control Group 46-65
Oligomeric state Oligomeric state Oligomeric state Oligomeric state

Subject | Abeta 1-40 | Abeta 1-42 | Subject| Abeta 1-40 | Abeta 1-42 | Subject| Abeta 1-40 [ Abeta 1-42 | Subject | Abeta 1-40 | Abeta 1-42
Nr. 10 1.259 1.075] Nr. 09 1.176 Nr. 13 1.532 1.281] Nr. 02 1.297 1.229
Nr. 11 1.060 0.846] Nr. 27 1.052 1.308] Nr. 15 1.272 1.242] Nr. 08 1.149
Nr. 14 1.065 1.220] Nr. 32 1.562 1.277] Nr. 17 1.173 1.190] Nr. 12 1.112 1.553
Nr. 16 1.090 1.276] Nr. 36 1.591 1.246] Nr. 18 1.372 1.209] Nr. 19 1.374 1.250
Nr. 20 1.086 1.055] Nr. 37 1.206 1.230] Nr. 25 1.030 1.178] Nr. 21 1.242 1.203
Nr. 22 1.251 1.084] Nr. 40 1.287 1.138] Nr. 28 1.409 1.264] Nr. 23 1.257 1.108
Nr. 26 1.152 1.154] Nr. 41 1.151 1.810] Nr. 29 1.580 1.383] Nr. 24 1.250 1.211
Nr. 30 1.114 1.055] Nr. 42 1.259 1.091] Nr. 31 1.376 1.254] Nr. 33 1.662 1.171
Nr. 39 1.233 1.037] Nr. 44 1.217 1.084] Nr. 38 1.559 1.353
Nr. 43 0.814
Nr. 45 1.166
Mean 1.148 1.062] Mean 1.278 1.273] Mean 1.367 1.262] Mean 1.293 1.246
SEM 0.024 0.046] SEM 0.061 0.082] SEM 0.061 0.023] SEM 0.060 0.054
T-Test AD Group vs. Control group 0.054 0.031 0.003 0.002 0.028 0.020

Concerning the oligomeric state of AR (1-42) for all control groups, a significant
increased value was obtained compared with the AD group. The same result was
obtained by comparison of oligomeric state of AB (1-40). Only group 18-30 has

curtly missed the significance.

The oligomeric state of AR (1-40) and AB (1-42) of all control samples against all
samples of the AD group (Figure 6) was also evaluated. The oligomeric state of
AB (1-40) and AB (1-42), respectively, were significantly decreased in AD
patients compared with healthy controls. For the oligomeric state of AR (1-40)
and AB (1-42) p-values of 0.0074 and 0.00067, respectively, were obtained.

The used method cannot determine the amount of AB (1-40) or AB (1-42) homo-
oligomers in the sample, it displays the amount of AB (1-40) and AB (1-42)
peptides within soluble aggregates compared with monomeric AB (1-40) and AB
(1-42) in the sample. Because of this fact the summation of the values for AB (1-
40) and AB (1-42) can reflect the overall amount of AB oligomers in plasma of
AD patients and healthy controls (Figure 7).
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The summation of oligomeric state values has further improved the p-value of
the T-test, although the sample quantity was less compared with single
evaluation for AB (1-40) and AB (1-42), respectively.

3. Discussion

The results presented herein show that a decrease of the oligomeric state of AR
1-40 and AP 1-42 were associated with a positive clinical diagnosis of Alzheimer’s
Disease. The summation of both oligomeric states (AB 1-40 + AB 1-42) improves
10 the significance (p=1.41e-4). Until now, there exist only a few comparable
studies in the literature. In one study they could show that the plasma level of
proto-fibrillar AB42 declined over the follow-up in those who had developed mild
AD by the second assessment (Schupf et al., 2008), what supports our data.
However, the plasma levels of protofibrillar AB42 were only detectable in 34 % of
15 all participants (1125 elderly persons). This fact constrains the usability of this
assay, which uses a monoclonal antibody (clone 13C3) generated by
immunization of mice with a fibrillar form of AB42. The characterization of the
13C3 antibody offers a good affinity to protofibrillar AB42, however also to
monomeric AB42 (Schupf et al., 2008; supporting information), which can falsify
20 the determined protofibrillar AB42 level. Therefore the usage of such assay
systems based on oligomer or protofibrillar specific antibodies is hampered, if the
detection antibody is not exclusively specific for higher molecular aggregates of
Amyloid B. In another study (Xia et al., 2009) a sandwich ELISA used the same
antibody for capture and detection for detection of oligomeric AB. Thus a
25 detection is only possible if the AB assembly contains at least two exposed copies
of the same epitope that is accessible by the identical capturing and detection
antibody (El-Agnaf et al., 2000; Howlett et al., 1999). Xia and co-workers found
an increased plasma level of oligomeric AB with a p-value < 0.05, which is
contradictory to the findings presented herein. However also in this study only in
30 30% of healthy controls and in 52 % of AD patients oligomeric AP were

detectable, which constrains the usability also of this assay.
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Both studies show the same problem, the aggregated amyloid B is not detectable
in all samples. It is possible that the issue is caused by an inefficient and not
reliable recovery rate of amyloid beta by a simple sandwich ELISA. In the
invention the bivalent capture system ensures a complete recovery of all AR
molecules from the sample, which makes the present assay more reliable.

A very recent publication offers a method that uses also a indirect quantification
of oligomeric amyloid B (Englund et al., 2009). This study analyzed CSF samples
and quantified the AB (1-42) level under denaturing and non-denaturing
conditions and calculated the AB42 oligomeric ratio CSF samples. They found an
increased ratio in samples of AD and MCI compared with healthy controls.
However, this assay is constrained by the usage of different methods for
quantification of denatured and non-denatured AB42. For non-denatured
condition the AB42 concentration is determined by a normal sandwich ELISA. As
described above, such a simple sandwich ELISA could have problems with the
recovery rate. For denatured conditions the AB42 concentration is determined by
SDS-PAGE followed by Western Blot analysis. A critical issue of this method is
the fact that AB (1-42) assemblies cannot completely disaggregate to monomer
by 2 % SDS. Our experiences show also trimer and tetramer species of AB (1-
42) in SDS-PAGE. Against this background a correct quantification of AR (1-42)
monomers is very doubtful. Furthermore this fact makes a comparison with
ELISA determined concentration and subsequent the calculation of a ratio of both

values very defective.

Until now, all published methods for quantification of amyloid B oligomers or
protofibrils exhibit critical issues, they are only constricted applicable for
analyzing human plasma and CSF, respectively. The invention overcomes these
issues and show reliable detection of AB aggregates in human plasma.

24
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| mpai rment, which conprises 5 determning the oligoneric state of a target
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pepti de; an (d) determning the ratio of cd / ca, wherein the val ue of

t he seddzheicwnseticeasd asn nepdiargstdforithed asginationvappreach. t he fir st

concentyr é&%?hé:% mﬁﬁ@g@ﬁﬁ?ggﬁf cd / ca, which is lower than 1.5, is

i ndi cative positlve or a neurodegenerative disorder.
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2. The nmethod according to claim1, wherein the disaggregation step (b)
conprises the use of an alkali. 20 3. The nethod according to claim 2,
wher ei n tWO 2811K®#I25Sused for di saggregation in step (b) PSTHBANINRIYUr oxi de,
such as 500mM sodi um hydr oxi de. 254. The net hod according to claim?2 or
claim 3, wherein the disaggregation step (b) additionally conprises the use
of a suitable solvent, such as nethanol, particularly 50% (v/v) methanol.

5. The nmet hod according to any of the pﬁfceding cl aims, wherein the

30di saggg@dgmMePn step (b) conprises anincubation step. 76 7. The method
according to claim6, wherein the disaggregation step (b) conprises an

i ncubation step at roomtenperature for at |least 10 m nutes. 8. The nethod

according to f it : i i er ej ratio aqf 5/ ca | ower
fhan 1 4% such Mefed A BRESTES 57 b Mida FIGLaPe RSBk Fs Jisotieiaef's for
a neur odegeiiehatmee’sdilisemderand Midd Cdynihietehbrd paceoedt Ny htich cloan priBes
wherein I f / (o) n_1.2, sych as | ower an 1 s

i car i Qe S Bing o Sioghfrichlle b Flrrtct raliid iRseeF kebdB i adh e 10,
The met hbiblagicat dangple dramy 20fteshesybjecte dieracledizas, invhwaei ﬁaiﬂhmétabgeg Al13
pepti de compr.ises t am nqQ acid sequence of Ap (3-38) of SEQ ID NO 13.
1511. Thgorﬁgf'ﬁ%sdﬁ‘fc@ﬁ?mr}%gk%s'any of the preceding clains, wherein the
target Al3 pe@l)i deletenpinirges file emceatratiod @g)00enceanfet A4S peplidd8h of SEQ
| D NO. 19. 1bZ The, net hpeql according to any one of the preceding clains,

wherei n t he iological samp
10 (b) disaggregating the target Ap peptide from step (a);

(c) determining a second concentration (c4) of the disaggregated Ap
peptide; and
(d) determining the ratio of ¢4 / ca, wherein the value of the second
concentration (cq) is divided by the value of the first concentration c,;

15 wherein a ratio of ¢4 / ca, which is lower than 1.5, is indicative of a positive

diagnosis for a neurodegenerative disorder.

2. The method according to claim 1, wherein the disaggregation step (b)

comprises the use of an alkali.

20
3. The method according to claim 2, wherein the alkali used for
disaggregation in step (b) is sodium hydroxide, such as 500mM sodium
hydroxide.

25 4, The method according to claim 2 or claim 3, wherein the disaggregation

step (b) additionally comprises the use of a suitable solvent, such as methanol,

particularly 50% (v/v) methanol.

5. The method according to any of the preceding claims, wherein the

30 disaggregation step (b) comprises an incubation step.

6. The method according to claim 5, wherein the disaggregation step (b)

comprises an incubation step at room temperature for at least 2 minutes.



target Al3 peptide is Ap (x-y) including functional equival ents thereof,
wherein x is 20 defined as an integer selected fromx is defined as an
i nt eger S¥PABHIEM42Pom 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 andPCT/EXAY04{P6§089 def i ned
as an integer selected from38, 39, 40, 41, 42 and 43. 13. The nethod
according to claim 10, wherein x is an integer selected from1, 252, 3 and
11, such as 1, in particular 11. 14. The nethod according to cl aim 10,
wherein y is an integer selected fror:gf%e 40 or 42, such as 40, in

'd)

par i cul o 38113045, Jhe. LAY accgy OBt eg@”&s%%rreggtlgﬁeﬁgg @

claims, wherein't eptide is se group conglstlng
of SEQ | DoIREsiseslan m@dpatlnolsm@n agrdmmtemaaatueqtnwail leastsl Q hremgtes.

77 16. The nmet hod according to any one of the preceding clains, wherein the
target Ap peptide is Ap (1-40) of SEQ ID NO 2 including functional

equi val efit s t Fer softhod BZcortireg treahyp of doe pretieding daeng, wnereof achtbms ¢l to

erei.n e i } i ncl udi ng
func}tl\?onal Ieotd’\ﬁrbﬁvthgﬁﬂt'é’ éﬁcehfgg\tdvgg Hh%g'ﬁp?r(uslm%%%aﬁqg a008£§|t'ng aclano ? 1Jéﬁe of

cl ai rs latneutd&jegeheraive diberdiear get Ap pepti de conprises Ap (1-40) of SEQ ID
NO 2 and Ap (1-42) of SEQ ID NO 1 10including functional equivalents
thereof. 19. The nethod according to any one of clains 1 to 15, wherein

t he target Aprp&apteitUed iasccselir@tcedafm @nvithereigr a)m@tuo:oﬁs& gtci, hgvaf thahQ.P NOs.

13 to 24_incl funtlon ewvletst er eof

accor di ng" (i%o §ny one ﬁ-'acpl ai %f@?é{ﬁd 9,7 WR8P' Vﬁ tcﬁ%gqoﬂsggforAp

pept ide neurApegéqéﬁ)tvefdlééE@d D NQ 13 including functional equivalents
thereof. 20 21. The nmethod according to any one of claims 1 to 15 and 19,
wherein the target AO peptide is Ap (11-38) of SEQ ID NO 19 incl uding
functi ona0. ”élq&lh\ethedtas:cbrlt&mg(mﬁ any of theZizecdding rodi el wakeeindihedtat getadyy one

f cl f
ai d 1 ar B pBpt T e B ol s B as i a6 SEQdt WAL e hod
according to any one of clalms 1 to 15, wherein the target Ap peptide is

I t t 6 | udi
Functl onkl DR VSN EAPCERTEREES =ik thear EFF0 T RE STFarereBe: @S A ami no

aci d 30ppsptideotisindrigrcdtheranfinar £ic eayeiicebftAp (13038paf 8£@.I1D NO. 19.

12. The method according to any one of the preceding claims, wherein the
target Ap peptide is A (x-y) including functional equivalents thereof, wherein x is

20 defined as an integer selected from x is defined as an integer selected from 1, 2,
3,4,5 6,7,8,9, 10 and 11 and y is defined as an integer selected from 38, 39,
40, 41, 42 and 43.

13. The method according to claim 10, wherein x is an integer selected from 1,

25 2,3 and 11, such as 1, in particular 11.

14. The method according to claim 10, wherein y is an integer selected from
38, 40 or 42, such as 40, in particular 38.

30 15. The method according to any one of the preceding claims, wherein the target
Ap peptide is selected from the group consisting of SEQ ID NOs. 1 to 24 including

functional equivalents thereof.



78 functional equivalents thereof, and wherein the aspartate residue at

am no acid position 6 is converted to isoasparate. 25. The nethod .
accor di ngvVP30Hp4BAe of clains 1 to 15, wherein the tar eT/ERZ1006§96Ht i de i s
selected fromthe group consisting of SEQ ID Nos. 13 to 18 including
functional equivalents thereof, and wherein the aspartate residue at am no
acid position 5 is converted to isoasparate. 26. The nethod according to
any one of the preceding clains, wherej,n the 10 biological sanple is

PPl e! eALh! O nGHRPaGRRS e o) &ongng?for@ 8P e SEUEinl {18fs, SRAERAPIRL 0

fluid (CSF), plasm sweat ui'd, gynovial FFuid,
tear fl utafgeblABepemtﬁieplan%ﬁ éas40ée(m‘r§EQd@ NQ7. 2 Todudiey rfodctacu"(ad)reaun@IetrmSCI aim
26, wher obf1e biological sanple is 15plasma. 28. The method according to
any of tﬁ-\e precedi ng cl ains, wherein the steps of determ ning the

concentration of a target Al 3 peptide corrprl se:

cont acti a I st t r ent ture

20ant ] bodt g, ¢ Meth68 acC MG shy ot 4Bt L d s SRS A

conpl ex, peptude is AR (1-42) of BEQ)IDINSL rlumtiudmgpfuntchenaIrﬁqmmlemmthebeﬁand,

V) quanti fying the captured AP peptides. 2529. The nethod according to
claim 28, wherein the at least two different capture antibodies are each
speci fi ci8or Ehalifetleodatcedingopeamy ohbefAmipept ited s, 3thefbi tiet taegetassor di ng

e AR SRR A RO AR S

Epi t ope: inthidinglichttio ki dqppeiledts&hereof.

19. The method according to any one of claims 1 to 15, wherein the target Ap
peptide is selected from the group consisting of SEQ ID NOs. 13 to 24 including
functional equivalents thereof.

15
20. The method according to any one of claims 1 to 15 and 19, wherein the
target AB peptide is AB (3-38) of SEQ ID NO: 13 including functional equivalents

thereof.

20 21. The method according to any one of claims 1 to 15 and 19, wherein the
target Ap peptide is A (11-38) of SEQ ID NO: 19 including functional equivalents

thereof.

22. The method according to any one of claims 19 to 21, wherein the glutamate

25  residue at the N-terminus of said target AB peptide is cyclized to pyrogiutamate.

23. The method according to any one of claims 1 to 15, wherein the target Ap
peptide is selected from the group consisting of SEQ ID Nos. 1 to 6 including
functional equivalents thereof, and wherein the aspartate residues at amino acid

30 positions 1 and/or 7 are converted to isoasparate.

24. The method according to any one of claims 1 to 15, wherein the target Ap
peptide is selected from the group consisting of SEQ ID Nos. 7 to 12 including



20.1, Epitope: 1-10, WO 2011/ 064225PCT/ EP2010/ 068069 79 Rabbit Anti-AP
Pol ycl onal Anti body, Epitope: 1-14 (Abcam, AB10, Epitope: 1-16, 82E1,
Epi t ope: WORBI1/Q6M3I- 42, Epitope: 1-11, 5NAB228, Epit opePCIEP010/05%099
Epi t ope: 1-16, DE2B4, Epitope: 1-17, 6E10, Epitope: 1-17, 10D5, Epitope:
3-7, 10\WO- 2, Epitope: 4-10, 1A3, Epitope 5-9, pAb-EL21, Epitope 5-11,
310-03, Epitope 5-16, Chicken Anti-Human Ap Pol ycl onal Anti body, Epitope
12-28 (Abcan), 15Chicken Anti - Human AP-/.iol ycl onal Anti body, Epitope 25-35

Fain

n

(Abcany, f@?&%#&in léaﬁibélé%@f\lﬁéggﬁoé%’& '»«g{l: %g%’%%gggjgé@)ag%?@Fnrogﬁﬁagpe

(ABR), Rabbit Antr-Human yclon
10- 16, 2006iCon tHsiqoopertdd-ta dsoabpBBteEpi t ope 9- 10, pAb- EL26, Epitope: 11-26,
BAMBO. 1, Epitope: 13-28, Rabbit Anti-beta-Anmyloid (pan) Polycl onal

Anti body, Epitope: 15-30 25(MBL), 22D12, Epitope: 18-21, 266, Epitope:

16- 24, pAb- Ehemelmd epeardity 2al ang@e &piiadpe:l 184 whaO&abthe tahget AAL3

Pol ycgonggpé‘@é iiéjgggctegp#rg%pﬁﬁ:e érzdu%Sccgrétl)s(‘t% ongE(BOI;D ﬁ%lst ggeco PS’L-i#C(?ﬂding
functional equivalents thereof, and wherein the aspartate residue at amino acid

position 5 is converted to isoasparate.

26. The method according to any one of the preceding claims, wherein the
10 biological sample is selected from the group consisting of blood, serum, urine,
cerebrospinal fluid (CSF), plasma, lymph, saliva, sweat, pleural fluid, synovial

fluid, tear fluid, bile and pancreas secretion.

27. The method according to claim 26, wherein the biological sample is

15 plasma.

28. The method according to any of the preceding claims, wherein the steps of
determining the concentration of a target AB peptide comprise:
i) contacting a biological sample with at least two different capture
20 antibodies,
ii) detection of the resulting immune complex,
iii) destruction of the immune complex, and,

iv) quantifying the captured AR peptides.

25 29. The method according to claim 28, wherein the at least two different
capture antibodies are each specific for a different epitope on the Ap peptide.

30. The method according to claim 28 or claim 29, wherein the capture
antibodies are selected from the group consisting of
30 3D6, Epitope:1-5,
pAb-EL16, Epitope: 1-7,
2H4, Epitope: 1-8,
1E11, Epitope: 1-8,
20.1, Epitope: 1-10,



Rabbit Anti-A p , a a 3 2-40 Pol yclonal Antibody (GenScript Corporation),
EP1876Y, Epitope: x-40, 80 (&X-11, Epitope: 33-42, 16Cl1l, Epitope: 33-42,
21F12, EpPVOSpH/ 068542 1A10, Epitope: 35-40, and 5D 17 @OAEPARO{065869
anti body, Epitope: C-termnal. pyro-d u Abeta antibodies, Probiodrug AG Ap
5-5-6, Ap 6-1-6, Ap 17-4-3, Ap 24-2-3, Pyro-d u Abeta antibody cl one 2-48
(nonocl onal , nouse); Synaptic Systens, Pyro-d u Abeta antibody (polyclonal,
rabbit); Synaptic Systenms, Pyro-Qdu Ea anti body cl one 8El1 (nonocl onal,

of

mouse); Anawa, 15Pyrg- &ﬁtﬁﬁ?ﬁf\@B% OC{y,I &g?%of»;ﬁo{ Ion rablr)riogis;e)lBL,

Bi otrend, Anti-Human
Anti- Human Ap NSpEBIQEEQItdWUQelﬂS,gG Fab (nonocl onal , m)use) | BL i SOAsp

anti body (group of 1. The method accor di ng to any one of
clainms 28 to 30, z-eErlél%%ﬁt?ﬁé %glp 'ure antibodies are selected fromthe group

consi sting of 3De6, p/BﬁlNga EBRdde: BH1D, WO 2, 266, BAMPO.1, 438, G2-10, 1A10,

BA27,511A5- B10, 1 d§2t10F12 ﬁg{fz The nmet hod according to any one of
clains 28 to 31, erel HTH p1‘EOII ng anti body pairs are used as capture

ant i bodi es: DE2, Epitope: 1-16,
DE2B4, Epitope: 1-17,
6E10, Epitope: 1-17,
10D5, Epitope: 3-7,
10 WO-2, Epitope: 4-10,
1A3, Epitope 5-9,
pAb-EL21, Epitope 5-11,
310-03, Epitope 5-16,
Chicken Anti-Human AB Polycional Antibody, Epitope 12-28 (Abcam),
15 Chicken Anti-Human AB Polyclonal Antibody, Epitope 25-35 (Abcam),
Rabbit Anti-Human AB Polyclonal Antibody, Epitope: N-terminal
(ABR),
Rabbit Anti-Human AB Polyclonal Antibody (Anaspec),
12C3, Epitope 10-16,
20 16C9, Epitope 10-16,
19B8, Epitope 9-10,
pAb-EL26, Epitope: 11-26,
BAMS0.1, Epitope: 13-28,
Rabbit Anti-beta-Amyloid (pan) Polycional Antibody, Epitope: 15-30
25 (MBL),
22D12, Epitope: 18-21,
266, Epitope: 16-24,
pAb-EL17; Epitope: 15-24,
4G8, Epitope: 17-24,
30 Rabbit Anti-AB Polyclonal Antibody, Epitope: 22-35 (Abcam)
G2-10; Epitope: 31-40,
Rabbit Anti-AB, aa 32-40 Polyclonal Antibody (GenScript
Corporation),
EP1876Y, Epitope: x-40,



438 and 11A5-B10, 3D6 and 4G8, 6E10 and 4@&8, 3082El and 4@&8, 4G8 and 12F4,
4G8 and 21F12, 3D6 and 21F12, 6E10 and 21F12, 81 BAN50 and 4G3, 3D6 and
11A5- B10,WORB11416d223A10, 3D6 and BA27, 56E10 and 11A5- B1BCTERIQOAMHOAALQ,
6E10 and BA27, 4@ and 11A5-B10, 4G8 and 1A10, 104G and BA27,
4G8 and 12F4, and 438 and 21F12. 33. The nethod according to any one of
clains 30 to 32, wherein the detection 150f the conplex is carried out by
usi ng secondary anti bodi es, specificak&y reacting with each capture

anti body. 34. Th?xﬂﬁ&b%ﬂn@&&?ﬁﬁh&? to claim33, wherein the secondary

anti bodi es are
16C11, Epitope: 33-42,

21F12, Epitope: 34-42,
1A10, Epitope: 35-40, and
5 D-17 Goat anti-AB antibody, Epitope: C-terminal.
pyro-Giu Abeta antibodies, Probiodrug AG
AB 5-5-6,
Ap 6-1-6,
AB 17-4-3,

10 AB 24-2-3,
Pyro-Glu Abeta antibody clone 2-48 (monoclonal, mouse); Synaptic

Systems,
Pyro-Glu Abeta antibody (polyclonal, rabbit); Synaptic Systems,
Pyro-Glu Abeta antibody clone 8E1 (monocional, mouse); Anawa,
15 Pyro-Glu Abeta antibody clone 8E1 (monoclonal, mouse); Biotrend,
Anti-Human Amyloid (N3pE) Rabbit IgG (polyclonal, rabbit); IBL,
Anti- Human AB N3pE (8E1l) Mouse IgG Fab (monoclonal, mouse);
IBL
isoAsp antibody (group of T. Saido)
20
31. The method according to any one of claims 28 to 30, wherein the capture
antibodies are selected from the group consisting of 3D6, BAN50, 82E1, 6E10,
WO-2, 266, BAMSO0.1, 4G8, G2-10, 1A10, BA27, 11A5-B10, 12F4, and 21F12.

25 32. The method according to any one of claims 28 to 31, wherein the following
antibody pairs are used as capture antibodies:
4G8 and 11A5-B10,
3D6 and 4GS,
6E10 and 4GS,
30 82E1 and 4GS,
4G8 and 12F4,
4G8 and 21F12,
3D6 and 21F12,
6E10 and 21F12,



anti-nouse antibodies or anti-rabbit antibodies. 20 35. The nethod
according to claim33 or 34, wherein the secondary anti bodi es are | abel ed.
36. The n¥PR8H/M®EXSrding to any one of clains 33 to 34, PARdPE18/06§969
25secondary anti bodies are i mobilized on nagnetic beads. 37. The nethod
according to claim36, wherein the magnetic beads carrying the immune

conpl ex are separated fromthe biol ogical sanple using a magnetic
separator. 30 38. The net hod accordi to any one of clainms 30 to 37,
wherein the dg%{sﬁ%tnido‘{?gf the i mune conplex is perforned in the presence
of 50 % (v/v) anol 0.5 % (v/iv) formc acid. 82 39. The nethod
accordi ng to 3an¢ amdel K85-8l18j ns 30 to 38, wherein the detected i nmune
conplex is qu%ﬂgiafnidePAlo 40. The net hod according to any one of clains 30 to
39, wherein thée captured 5 Ap peptides are quantified by a quantification
means sel ect edD6raowh BAZ7,gr oup consi sting of sandw ch ELI SA, Anyloid 13 1-40
HTRF(f) Assay h rreentM Assay, Miltiplex Assay Systens, nass
spectgr’ometry %%Qﬁ %gﬁgﬁﬁg}% anal ysi s. 41. The nethod according to
cl ai m 40, whesEithahthaAd@pt ured Al3 peptides are 10quantified by a sandw ch
ELI SA as quané%%a{?}iag_brreans. 42. The nethod according to claim41,
wherein the s ¢ I"SA conprises a first antibody, which is specific
for the conpl4G& aNdtierAs-Bus, of Ap (x-y); and a detection antibody, which is
specific ford£¢3| C—ter@' nus ending at amno acid y of 15A13 (x-y). 43. The
met hod accor di 5398 i m 42, wherein the sandwi ch ELI SA conprises a first
ant i body, whi4®8iasndgray,fic for the conplete N-term nus of Af3 (1-40) of
SEQ I D NO. 2; d %%tection anti body, which is specific for the
C-termnus en Gngtl G 3Rfno acid 40 of A13 (1-40) of SEQ ID NO. 2. 44.
The met hod ac4®s dha@iFa2¢cl ai m 42, wherein the sandwi ch ELI SA conprises a
first antibody, which is specific for the conplete N-term nus of AB (1-42)
of SEQID NO 1; and a detection antibody, which is specific for the
C-term nB3. ermliegedtiod 2edoraidgadi £hyddn®bf Aainé 3043)3 0 wiEQn tReNRtedtion 45.

The net hod according to claim42, wherein the sandw ch EL|I SA conprises a
first an‘?i%‘&a@f{mB\!ﬁ?‘gﬁ CFEF'?&E%BF Py using sqqeadery aphbories.cPeaficelly 465Ctit9 SEQ | D
NO. 2; anithaadeicaptireranaibbipody, which is specific for the conplete

N-term nus 30starting with Asp-Ala-AJu of Al13 (1-40) of SEQID NO. 2. 83

34. The method according to claim 33, wherein the secondary antibodies are
anti-mouse antibodies or anti-rabbit antibodies.
20

35. The method according to claim 33 or 34, wherein the secondary antibodies

are labeled.

36. The method according to any one of claims 33 to 34, wherein the

25 secondary antibodies are immobilized on magnetic beads.

37. The method according to claim 36, wherein the magnetic beads carrying
the immune complex are separated from the biological sample using a magnetic
separator.

30
38. The method according to any one of claims 30 to 37, wherein the
destruction of the immune complex is performed in the presence of 50 % (v/v)
Methanol / 0.5 % (v/v) formic acid.



1; and a detection antibody, which is specific for the conplete N-termnus
starting with Asp-Ala-Gu of Ap (1-42) of SEQID NO 1. 47. The net hod
accor di ngVP3OEN #3242, wherein the sandwi ch ELI SA conpr PSEEP2H Q6§06 st

anti body, which is specific for the conplete N-term nus of an AP target
pepti de selected fromthe group consisting of SEQ ID NGs. 13 to 24; and a
detection antibody, which is specific for the Cterm nus of said AP target
peptide selected fromthe group consisging of SEQ ID NGs. 13 to 24. 10 48.
The meth ac ' [ . dwi,C : ojIpri.ses a
first antglgbodf/r?é \ﬂjﬁ%gﬁa %ggésrgg{cal éjlz%n oﬁéﬁﬁg%%%rpﬁ;@e% F/grg,f‘#'ﬁ@ggofe %f%g(& 38)
of SEQ | DNOnel®mplex isaquisttéiedi on anti body, which is specific for the
C-termnus ending at amno acid 38 of Ap (3-38) of SEQ ID NO 13. 15 49.
The met hod according to claim42, wherein the sandwi ch ELI SA conprises a
first an#0bodihe wtbdd mscapawi fo @any one toi elator1dOetoe3%- veerdimtise aéptAped 11- 38)
of S I 19; d [,0 I which is specific for the

C-t erE%i nggl\@r%?a%é itk %‘r?na%g%%"g% “gﬁﬁgﬁ'ﬁg&{%%”sﬁé% 9 5oRNe §rovly so.
Met hod acwwristinggoft saramyictoELISAqiAmBYI4id B A -40 HTRIFEr Adsay |t AphbstreeriAssagf t he

24 10 oyl RERGH REiC BHARA MRS e Wbl A WSt P ooty 1

specifically detecting the pyroglutamated form of said AP target peptide
sel ected,fromt he oup consi sting.of SEQ |D. . 13 to 24 25 51. The

met hod a%i'or dr%meg”}egﬁ%(ﬁfcﬁ?{g”bq E%F%i"HBA'(iZ‘QF%r%%I%Wf@PEVﬁdt%pFP?'g?S aft i body
i s i nobglarttkd by a san8RichTHESAaishpchraigicatioh Argeang. any one of clainms 42 to
51, wherein the detection 30anti body is |abeled. WO

2011/ 064225PCT/ EP2010/ 068069 84 54. The net hod according to claim53,

wher ei n 4he EiHeSheltdd hscardinglioSAaikh 4 1f avhdrbia muaéﬁahi]gWi@ﬂEi_md@émﬁfisésl' ;10% N
of SEQ I D_.NQ. el ected fromt r consisting of: Anyloid-13 (1-40
ELI SA (18IS J‘H@’Pf’?() ;W%Aﬁ“ [512RR5] 'Cl—f&’ﬁgﬁg QIR '}"th RS BgEh X YPuRBA 3yl oi d
bet a (Angdtetidem hntibadyl,-Whicklid Spedfiid fr(thako-t&ieirue @ingidSAy atifo héidaner
Anyl oi d ka §-40 ELI SA Kit (The Genetics Conpany). 55. The nethod
accordi %4 aim 53, wherein the ELISA-Kit is an ELISA-Kit for the
guantification of AB (1-42) of SEQID N. 1 selected fromthe group 10
consi sti of . Amy'old-13 (1-42) (N) ELISA (IBL, 3P27712): Al 3 [1-42] Hunman
ELI SA Ki{ag'(l et TG0 acqqiting tﬂni}‘%"f\i% G2t r%'mpﬁoﬁaadwc,h éLléAl‘;QPZpEEFSSA Ki t
(Wako Crefirstalngibo®h, whith. i3 spéemsit edrcthBealoan diedON EbFitusi df ART(E 468 REISIEES
Conpany)., &NN&)TEST(r%lS- AIWLC]_E éll- 4§$ (I'nnogenetics). 1556. The net hod
accor di iy VG- any?ndid HRECHPR RBHPAYY c1VRIChES SPerfie Y thrrG-Eeramipraendingg®osi s of
Al zhei mesmmoticie asef AB/(1Fhe) Beshodpamoondi ng to any of claims 1 to 55 for
the diagnosis of early stages of Al zheiner' disease. 20

44. The method according to claim 42, wherein the sandwich ELISA comprises

a first antibody, which is specific for the complete N-terminus of AR (1-42) of SEQ

ID NO. 1; and a detection antibody, which is specific for the C-terminus ending at

25 amino acid 42 of AB (1-42) of SEQ ID NO. 1.

45. The method according to claim 42, wherein the sandwich ELISA comprises

a first antibody, which is specific for the C-terminus of AB (1-40) of SEQ ID NO.

2; and a detection antibody, which is specific for the complete N-terminus
30 starting with Asp-Ala-Glu of AB (1-40) of SEQ ID NO. 2.

46. The method according to claim 42, wherein the sandwich ELISA comprises
a first antibody, which is specific for the C-terminus of AB (1-42) of SEQ ID NO.



58. The nethod according to claim57 for the diagnosis of MId Cognitive

| mpai rment. 59. Use of an oligoneric Al3 peptide, such as the target Al3
pepti de ORI MeERS25in any of clains 10 to 25, for thePEIrd®AYE06306%

Al zhei ner's di sease. 60. The use according to claimb59 for the
differential diagnosis of Al zheiner's disease. 3061. The use according to
claim59 or 60 for the diagnosis of early stages of Al zheiner' disease. 85
63. A net hod of determ ning the oligo jc state of a target anyloid 13

eptide (Ab or [ Lol ogi.cal.”"s | i conprises, the follow ng
gt gps: ?a)ﬁdogtaerdr%%%&?r(\)gn %ng P?HS?, g\g{r'\%gn' r%r%%bfﬁc %(;ra)%ﬁ%fcogrg?'gfegy tt%\rf'%'nﬁépti de
i n a 5bi etasygng alitrsAsmpiAdg -Gl pf ARJagtR egfaSEQIDINE@. tar get Al3 peptide from

step (a); (c) determning a second concentration (cd) of the disaggregated
Ar3 peptide; and (d) determning the ratio of cd / c" wherein the val ue of

t he secoAd. The matbod entomirigto tlath 42 whetiethethdyaridveich HLISA ebripiiges i r st
concentration ca. wherein a rati f gd /[ c" whi iS.In exces f 1, 1s

i ndi cgti %efl'rép aPﬁBOBY'e@hC e'so?p%cl'fic')(bg%ﬁ?ec C%T@.letgd.ﬁ%ﬁém%‘fsrﬂ%aacog%? 955 to
cl ai m 65peptitss eerectdie fidins ahgr @@aip o0onSétey (ob)SE@CIf@HWO'SSeBB ttbezcu;zenﬂfa an

al kali. 65. invitro thod for the di agnosis o zhej mer' s_di sease,
Sherei p 5ecel RoRbERY (BRI e sPRTEEr She Eaiiats phedoch Bhrorn Papaas

pepti de selectedifiigntthe gradpre&bisingbBSBRAH NOs.UsBeo 240 66. A kit for _

di agnosi ng a neur odegenerative di sorder, such as Al zheiner's di sease which
conprises a suitable alkali and instructions to use said kit in accordance
W t hid he4get s metieed decwding &ylapner29fwHdrainthelsdriwibh ELISA comprises

a first antibody, which is specific for the complete N-terminus of AB (3-38) of SEQ
ID NO. 13; and a detection antibody, which is specific for the C-terminus ending
at amino acid 38 of AB (3-38) of SEQ ID NO. 13.

15 49. The method according to claim 42, wherein the sandwich ELISA comprises
a first antibody, which is specific for the complete N-terminus of AB (11-38) of
SEQ ID NO. 19; and a detection antibody, which is specific for the C-terminus
ending at amino acid 38 of AB (11-38) of SEQ ID NO. 19.

20  50. Method according to any of claims 47 to 49, wherein the N-terminus of the AB
target peptide selected from the group consisting of SEQ ID NOs. 13 to 24 is
cyclized to pyroglutamate and wherein the first antibody is specifically detecting
the pyroglutamated form of said AP target peptide selected from the group
consisting of SEQ ID NOs. 13 to 24

25
51. The method according to any one of claims 42 to 50, wherein the first

antibody is immobilized.

52. The method according to any one of claims 42 to 51, wherein the detection
30 antibody is labeled.

53. The method according to claim 42, wherein an ELISA-Kit for the

quantification of AR (x-y) is used.



2567. A nethod of monitoring efficacy of a therapy in a subject having,
suspected of having, or of being predi sposed to, a neurodegenerative

di sor der ,WOREH/422A] zhei mer' s di sease, conprising det er RCRERG0H/E3069
oligoneric state of a target anyloid p peptide (Abeta or Af3) according to
any one of claims 1 to 55 in a biological sanple froma test subject. 30
68. A nethod of diagnosing or nonitoring as defined in any one of clainms 1
to 55 or 67, WhICh conpri ses determ nli t he ollgonerlc state of a target

anyl oi d peptr %{P]oa %!c Ecﬂg\bcc%l%glﬁm h%k 'Ss&n %A%‘ﬁgéﬁ E‘gﬁzgkﬁefl ned

froma test su Jec
in cl ai mMf@8thavguehtiCioapionseSABdItpad) ng SH@IDeN@I Ze;felédmdcﬂrognﬂmé igeogpat e of

a target BLAlG of2 MEPLIAE (24b5nG' 18K B, 3BID599) ! AE°M1-99; WilnSh T e
ELISA Kit (Invitrogen); Human Amyloid beta (Amyloid-b), aa 1-40 ELISA Kit

5 (Wako Chemicals USA, Inc.); and Amyloid Beta 1-40 ELISA Kit (The Genetics
Company).

55. The method according to claim 53, wherein the ELISA-Kit is an ELISA-Kit
for the quantification of AB (1-42) of SEQ ID N. 1 selected from the group

10 consisting of: Amyloid-B (1-42) (N) ELISA (IBL, JP27712); AB [1-42] Human
ELISA Kit (Invitrogen), Human Amyloid beta (Amyloid-B), aa 1-42 ELISA Kit
(Wako Chemicals USA, Inc.), Amyloid Beta 1-40 ELISA Kit (The Genetics
Company), INNOTEST® B-AMYLOID (1-42) (Innogenetics).

15 56. The method according to any of the preceding claims, for the differential

diagnosis of Alzheimer’s disease.

57.  The method according to any of claims 1 to 55 for the diagnosis of early
stages of Alzheimer’ disease.

20
58. The method according to claim 57 for the diagnosis of Mild Cognitive

Impairment.

59. Use of an oligomeric AB peptide, such as the target AR peptide as defined
25 in any of claims 10 to 25, for the diagnosis of Alzheimer’s disease.

60. The use according to claim 59 for the differential diagnosis of Alzheimer’s

disease.

30 61. The use according to claim 59 or 60 for the diagnosis of early stages of

Alizheimer’ disease.

62. The use according to claim 61 for the diagnosis of Mild Cognitive

Impairment.
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63. A method of determining the oligomeric state of a target amyloid B peptide
(Abeta or AB) in a biological sample which comprises the following steps:
(a) determining a first concentration (c,) of a target Ap peptide in a
biological sample;
(b) disaggregating the target Ap peptide from step (a);
(c) determining a second concentration (cq) of the disaggregated Ap
peptide; and
(d) determining the ratio of ¢4 / ci, wherein the value of the second
concentration (cy) is divided by the value of the first concentration c,;
wherein a ratio of ¢4 / ca, which is in excess of 1, is indicative of the presence of

oligomeric AB.

64. The method according to claim 65, wherein the disaggregation step (b)

comprises the use of an alkali.

65. An in vitro method for the diagnosis of Alzheimer’s disease, wherein the
method of determining the oligomeric state of amyloid p peptide according to

claim 63 or claim 64 is used.

66. A kit for diagnosing a neurodegenerative disorder, such as Alzheimer’s
disease which comprises a suitable alkali and instructions to use said kit in

accordance with the methods according to any one of claims 1 to 55.

67. A method of monitoring efficacy of a therapy in a subject having,
suspected of having, or of being predisposed to, a neurodegenerative disorder,
such as Alzheimer’s disease, comprising determining the oligomeric state of a
target amyloid B peptide (Abeta or AB) according to any one of claims 1 to 55 in a

biological sample from a test subject.

68. A method of diagnosing or monitoring as defined in any one of claims 1 to
55 or 67, which comprises determining the oligomeric state of a target amyloid p
peptide in a biological sample taken on two or more occasions from a test

subject.
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69. A method of diagnosing or monitoring as defined in claim 68, which
comprises comparing the level of the oligomeric state of a target amyloid B

peptide in the biological samples taken on two or more occasions.



