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L ymph, Ak Rar Féﬁ’s‘%% ?seﬁ'f‘c?}‘{h%'ealfl{rjﬁ gPoﬁé’ érﬁ‘ént (R'a %%‘5 fio*dde%é)en} A and

pancreas secre erre the ogi cal
sanpl e ¢t 8l.,1084 rand HOpaTh@llMl fof égahcmlle@amw@ (Mmtalﬁ abb%Qé)ﬂheEhef Slm‘fﬁblélt}p@nd ent
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bl ood sanpl e ‘can he obtained froma subject” and the bl ood sanpl.e can. be

separ atdegussito Butherpase! ?)b%%kq@vv@w}&fm@ﬁava FRITPREREVE PFAORYHAREYSIS £ r om

whi ch Uﬁﬁla@h@ﬂiﬁh oD patp mdieabhf adrteds (Geriis peSt, 200Df RBeétng., add1)i Need

with Alc%nvmcmg of suitable data for any of the aforementioned biomarkers are available so far.

30  Contrary to the analysis of amyloid 8 in CSF, the results achieved up to now with respect to
suitable AP biomarkers in plasma are not reliable or clear. In some studies a correlation
between a decreased ratio of AB(1-42) / AP (1-40) in plasma and an enhanced conversion of
cognitive normal persons to MCI or Alzheimer patients, respectively, was found (Graft-
Radford et al., 2007; van Oijen et al., 2006; Sundelof et al., 2008). Other studies however

35  detected that a reduction of the AP(1-42) plasma level is more likely a marker for the
conversion from MCI to AD (Song et al., 2007) and is not suitable as a marker for
neurodegenerative purposes, which are encountered with Alzheimer's disease (Pesaresi et al.,

2006). Most of the studies however do not show a difference in AP plasma levels between



25 disease, at risk of developing Al zheiner's di sease and/or being at risk
of or having any other kind of denentia. In particular, it is a subject
suspect edwof2otiznsdiag M | d Cognitive | npairment (MIl) andPom/Hreémgeions t he
early stages of Al zheiner's disease. 30 The present nethod has several
advant ages over the nmethods known in the art, i.e. the nethod of the
present invention can be used to det e Al zheiner's disease at an earl y
stage and to differentiate between Al zhei ner's di sease and ot her types of

dement ihdalthy eatlols shagRsice wiis epsRdexeihepieyt didhade RFREMRES| @nal., QUO3;

i bl I t isMld i i t | It i
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present invention are suitable for a differential diagnosis 0 eimer's
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above 5, descrjbed, syhjects, i.n i ghly. reproduci nner. The high

oot oddiohh A 510 AL Rh sl el R E AF. Aok M BRR ey i Rebuting,
usilfig abatlpdamsta APQ-40)flEerlentocapinbl EomabedfesMi(H ca\ID (Blaskd ct al., 2008;
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pr esentyrddimebitilyE CdMmarkcky (BI8Iret BE efopry.ed enbodi ment, the biol ogi cal sanple
is plasna. The above-nenti oned "Al3 target peptide" enconpasses
Al13(1-40) and A13(1-42) including all 15functional equivalents thereof . A
spesi f iBP2p20di2emd WEL00R0 hebh60 didedse viestiaaieo dytetthpegifie selilenigthivaPtpeptides] S

that the bio efnt1.o b S i.s altered in rl tages of Al zheper's
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i nvent icaptuttaangibgiosubut fanoti donipsispas shibbiecprezipisttionstope A13 20 peptides, in
particular A13(1-40), in a reliable nmanner, and, it al so becane clear for
the first time that in fact A13(1-40) is particularly suitable for the
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early marker for the opset _of ﬁ rl% stage Al zhei ner! s. di seaﬁjgl, bgcause it's
o as e YL Ao SC94Rare AL RN AR RPHE® Pifamsnil ol SigieT 1§ ST R 280 GPERhse
and i s tleseesdcalt yuthagtvoties.per sons categorized with mld cognitive
inpairnment. Only with the present invention is it possible to show that

hi gh pl asma concentrations of A13(1-40) were associated with a positive

cl i ni cdlendé.atheosiis aotlem nhed rfer 'as biginwelase whith 3s reliddatandrlgads te eclear | i er
bebkef - &iidthgi1iRy bOtheddatiyt diakt FOALh3derdOdistRe RRbedas WeliaR! &rfRLk&od 8F AD

1%,
as the attenpts to show a correl atjon ended V\/ltlt”gl statistically
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achi eved,by using the present, i nventiye 0 ch e st oye
bi vl e f0dCp AFE T8 g SEahia 9P iRa Tiiped KF Pritnaispetisfr SRS a it fRTy:
bi val ent acdpblerandsjsir doteirsinedtiadi ofesdiddyiotarkeant i body nol ecul es, or nore than
twgoanti body nol ecul es, recognising at least two different epitopes of the
Al3 peptides. Thus, it has been shown that a significant increase of
A13( 1- 4Bywavsr, spcleamophasy esnccialy wid prwy Afgis arbiomarkey Hepxisamaly difSeds to
Accor dic@blih, Bedlu§s & g%fﬁél@ﬁj ety hidi8pRIbid. eAftcubwRtIFkAd ek 8 d&eRbdr € VO
2011/ 033046PCT/ EP2010/ 063664 . . : : e
assay systems and methods achieve only a very unsatisfactory analytical sensitivity and
encounter great problems with the very complex interactions between analytes and matrix, i.e.
35 plasma. This explains the very contradictory results in the multiple studies described above.
It has further led to the belief in the scientific community that the level of specific AP

peptides in plasma is not suitable as a biomarker for AD.



9 anti bodies are each specific for a different epitope of the Al3 pepti de,
in particular the AL3(1- 40) peptide. The i nmuneprecipitation step is
advant agewoofio33@ever al reasons: It reduces matrix eff @CTEP2@0/063564 i t
elimnates inpurities, which are normally conprised in each biol ogi cal
sanpl e, thereby meking the nethods of the present invention nore sensitive.
Further, the imuneprecipitation st epq eads to the preconcentration of the
Al3 peptl des, which results in an increased affinity of the subsequently
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a 35 single antigenic site. Furthernore, in contrast to "polycl onal
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addption to their specificity, the nonoclonal antibodies can frequently be
advant 2\9eous irig]Ft hat they are W0 2011/ 033046PCT/ EP2010/ 063664 10 d with
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first described by Kohler et al., Nature, 256:495 (1975 or may be made by
gener alnllfiﬁs%émlenW@lﬁﬁ- reconbi nant DNA met hods. The "nonocl onal anti bodi es”
may al so be isolated from phage anti body |ibraries using the techni ques
descrl din @%ki %I al ., Nature, 352:624-628 (1991) and Marks et al.,
J. UBgRry 01725 18R 7 (1991), for exanple. 10 The nonocl onal
ant i bodileso‘the:rt aifrths pecsefii makhtyoni mcdah@bel hipnendiog anticthodi fos the detection of
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f r agmemigsafis s yahlvdci-EbigiA es, so long as they exhibit the desired
bi %ogi cal activity. "Humani zed" fornms of non-human (e.g., nurine)
ntibodi es are chimeric inmunogl obulins, 20 innmunogl obulin chains or
f r agment pepledeodre (gwecdteadrdm th&ay |l FHdiprecirgabpideior (AR Merftart sgeeabindi ng
subseq (o] roma
A e S A o e e i Tt S i
i mmunogl obul i ns (reC| pi ent antibody) in V\:hl ch residues froma
conplenentarity-determ ning region (CDR) of the recipient are replaced by
residues froma CDR of a non-hunan species 25 (donor antibody) such as
nouse, rat or rabbit having the desired specificity, affinity, and
capacity. In sone instances, Fv framework region (FR) residues of the human




30 These nodifications are nmade to further refine and optim ze anti body
performance. In general, the humani zed anti body will conprise substantially
al | of atwbeaso3sne, and typically two, variabl e donmai n®CTiEr2e¥iociseal | or
substantially all of the CDR regions correspond to those of a non-human

i mmunogl obulin and all or substantially all of the FR regions are those 35
of a human i mmunogl obul i n sequence. The humani zed anti body optinmally al so
will conprise at least a portion of an i mrunogl obulin constant region (Fc),
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al ., 21: 52 -525 é égp 332: 323- 329
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puppfied (1) to greater than 95% by wei ght of 25 antlbody as determ ned by
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however, |so|ated anti bod y wll be prepare | east one purlflcatlon
st ep. A@“U§EEHW@P%|n t he expressions "cell" ceII line," and "cel
culture" are used |nterchangeably and all such desi gnati ons include

pr ogen ansf nts" Ntr nsf r med i ncl ude
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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 disecase and other types of dementia in early stages of
disease development and progression. One possible early stage is Mild Cognitive Impairment
35 (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 dementia in said

carly stages. This especially applies for patients afflicted with MCI.



WO 2011/ 033046PCT/ EP2010/ 063664 12 function or biological activity as
screened for in the originally transfornmed cell are included. Were

di stinct wezngrasi4ens are intended, this will be clear PComPRH®/063B6L ext .
The terns "pol ypeptide", "peptide", and "protein”, as used herein, are

i nterchangeabl e and are 5 defined to nean a bi onol ecul e conposed of am no
acids linked by a peptide bond. The térns "a", "an" and "the" as used
herein are defined to nean "one or nore" and include the plural unless the
context is inappropriate. 10"Anyloid 13, AI3 or /13-anyloid" is an art

recognlzed term,and refers to anyloid 13 proteins and ptides d 13
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with a detectable nmoiety (direct sandwich WO 2011/ 033046PCT/ EP2010/ 063664
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diagnosis of Alzheimer's disease. This is contrary to the earlier belief in the prior art that
30  AB(1-40) is not a suitable marker for AD as the attempts to show a correlation ended with

statistically insignificant data and without establishing any statistically significant correlation.

These surprising results of the present invention were achieved by using the present inventive
method, which employs the novel bivalent capture system for the initial immuneprecipitation
35  step. This bivalent capture system is defined by two antibody molecules, or more than two
antibody molecules, recognising at least two different epitopes of the AP peptides. Thus, it
has been shown that a significant increase of AB(1-40) is an early event in the progression of

Alzheimer's disease. According to a preferred embodiment, the at least two different capture



(B) Schematic of bivalent capture system (shaded: 4G anti body, grey: x-40
anti body, bl ack: anti-npouse antibody conjugated to magneti c bead). Figure
2: 15 DerWoabiilssi4s Mean val ues (Mean SD) of the resul PeTaEP2@bas®64 i cati on
differences in AD patients and heal thy subjects by DenfTect Scale. Figure 3:
M ni-Mental -State Test, Mean values (Mean SD) of the results of
classification di fferences 20 in AD pé’[l ents and heal thy subjects by
Mni-Mental -State Test. Figure 4: C ock-Drawi ng Test, Mean val ues (Mean

SD) of ahﬁ@od’l@seh‘b tegctoépecifst hideirt@repitopd 6F RCES elfnd%anpdmanaISthamb(meal t hy
subj ect ? %/ ﬁlock Drawi ng Test. 25 Figure 5: Pl ot of A13(1-40)

concent éP Rige the score of Denmlect (A) and MVBE (B), respectively.
Figure 6: 30Relative plasma A13(1-40) level, nornmalized to internal plasna
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cont actegdbadiesiyhigh Aind|te adargetdB aptidsr ent capture antibodies in an
i rrrrunepr ecipitation step. The resulting conplex is | sol ated, dest ructed

and, y the captured Al3 peptides are a Al3 specific
ELI S tg%fyatﬁslﬁ yappikg thadics baie R petied G & Bk @w iyl 8 Context blag
mensi onkd paeteinvaitiohehigh dMfinitpmdabhodh esfidior withea Ky vdlad oﬁapt7M@r sdtep,
shoul d b ect.ed R, have different spe |t| s_for $ere

opi topdl BROpRERRT AR Het Pab SRt R b G bl et HBRAEI SRS  ces
the fol'fMw ng steps:

The term "antibody" is used in the broadest sense and specifically covers intact monoclonal

20  antibodies, polyclonal antibodies, multispecific antibodies (e.g. bispecific antibodies) formed
from at least two intact antibodies, and antibody fragments as long as they exhibit the desired
biological activity. The antibody may be an IgM, IgG (e.g. 1gG1, 1gG2, 1gG3 or IgG4), IgD,
IgA or IgE, for example. Preferably however, the antibody is not an IgM antibody. The
“desired biological activity” is binding to an AP peptide.

25
"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.

30

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 antibodies are highly specific, being directed against a
35 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 be advantageous in that they are



i) Contacting a biological sanple with at | east two different capture

anti bodies in an 25i muneprecipitation step. After contacting the
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anti bodi es, an inmmune conplex will form between the at |east two different
capture antlbodles and the Al3 peptides. This step does not act for
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sanpl esmpstichCBR @l fesmewvcshsgiuescest he A13 target peptide concentrations,
sugj as the A13(1-40) or the Al3(1-42) concentrations, of the biological
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35  of a human immunoglobulin sequence. The humanized antibody optimally also will comprise

at least a portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. For further details, see Jones et al., Nature, 321:522-525 (1986), Reichmann

et al, Nature. 332:323-329 (1988): and Presta, Curr. Op. Struct. Biel., 2:593-596 (1992). The



the normalization of the Al13 target peptide concentrations, such as the
Al13(1-40) or the A13(1- 42) concentrations, of the biological sanples to

t he concewonrativisso46f t he respective Al3 target 10pepti deCuatreswiosssds i n t he
| TS sanple(s), resulting in a relative Al3 target peptide |evel of each

bi ol ogi cal sanple. As result, the conparison of the relative Al3 target
peptide level in the biol ogi cal sanpl e deternined in different neasurenent
cycles (tinme point, antibody lot, ELISAlot) is nore 15reliable than the
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present invention are not limted to plasma sanples. If other body fluids
(cerebrospinal fluid, urine, Iynph, saliva, sudor, pleura fluid, synovial
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phar maci: PEuPd S RRE Hkpind Ll kel DETRRERp L 8P Rin pFIL OB SO T
( Covaneedferred @mbglhme@ﬁe the]_at@b@d)gmﬂd)@)purlﬁed (1) to greater than 95% by welght of
25  antibody as determined by the Lowry method, and most preferably more than 99% by weight,
(2) to a degree sufficient to obtain at least 15 residues of N-terminal or internal amino acid
sequence by use of a spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under
reducing or nonreducing conditions using Coomassie blue or, preferably, silver stain. Isolated
antibody includes the antibody in situ within recombinant cells since at least one component
30  of the antibody's natural environment will not be present. Ordinarily, however, isolated

antibody will be prepared by at least one purification step.

As used herein, the expressions "cell", "cell line,” and "cell culture”" are used interchangeably
and all such designations include progeny. Thus, the words "transformants" and "transformed
35  cells" include the primary subject cell and culture derived therefrom without regard for the
number of transfers. It is also understood that all progeny may not be precisely identical in

DNA content, due to deliberate or inadvertent mutations. Mutant progeny that have the same



20.1, Epitope: 1-10 (Covance, Santa Cruz Biotechnol ogy) 20Rabbit Anti-A13
Pol ycl onal Anti body, Epitope: 1-14 (Abcam ABl1O, Epitope: 1-16

(Chem corwOpstiaao4e part of MIIipore) 82El, Epitope: 1PCE/EPRBON6IBADL- 42,
Epi tope: 1-11 NAB228, Epitope: 1-11 (Covance,

Sigma- Al drich, Cell Signaling, Santa Cruz 25Bi ot echnol ogy,

Zymed/ | nvi trogen) DE2, Epitope: 1-16 (I%Zhem con/Upstate - part of MIIlipore)
DE2B4, Epitope: 1-17 (Novus Biologicals, Abcam Accurate, AbD Serotec)

?Ello E@ﬁdﬁ@aw blolagljcélfalcg asCﬁt\f@eﬁh%@ ,foranqmoﬁlgﬁalrll &)égﬁ&la%t d c%glo a{r@ﬁlﬁh;dégze

an r mgc al s e netics npany

Epi t ope % g% ﬁB %ﬁ@&%mﬁﬂﬁreéﬂ ]tgg’bléb%c%lﬁé 9.1 C0nEs; t ope 5-16 (Abcam
Santa Cruz B| ot echnol ogy) Chl cken Ant i - Human A13 Pol ycI onal

Ant i bo t, m e
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Phap mad'dmtyileid s ABIOpREnEIdId; isEmi aropeogriZed24rnd B8] refigys topeyloid/B prbt{iComahce)

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 associated with the amyloid pathologies including, but not limited to, AB1-38,
15 AB1-40, AB1-42.
"Functional equivalents" encompass all those mutants or variants of AB(1-40) and /or AB(1-
42) 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
20  equivalent of AB(1-40) or AB(1-42) are mutants or variants thereof and have been shown to
accumulate in Alzheimer's disease. The functional equivalents have no more than 30,
preferably 20, more preferably 10, particularly preferably 5 and most preferred 2, or only 1
mutation(s) compared to AB(1-40) and/or AB(1-42). Functional equivalents also encompass
mutated variants, which comprise by way of example all AP peptides starting with amino
25  acids Asp-Ala-Glu and ending with Gly-Val-Val and Val-Ile Ala, respectively.

Particularly useful AB(1-40) and APB(1-42) equivalents in the present context are those
described by Irie et al., 2005, namely the Tottori, Flemish, Dutch, Italian, Arctic and lowa
mutations of AB. Functional equivalents also encompass AP peptides derived from amyloid

30  precursor protein bearing mutations next to the - or y-secretase cleavage site like the
Swedish, Austrian, French, German, Florida, London, Indiana and Australian variations (Irie
et al., 2005).

“Sandwich ELISAs” usually involve the use of two antibodies, each capable of binding to a
35  different immunogenic portion, or epitope, of the protein to be detected. In a sandwich assay,
the test sample analyte is bound by a first 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



Rabbit Anti-A13 Pol ycl onal Anti body, Epitope: 22-35 (Abcam &2-10; Epitope:
31-40 (The Genetics Conpany) Rabbit Anti-Al13, aa 32-40

Pol ycl onavoAntidseddy ( GenScri pt Cor poration) 15EP1876Y, PEpirtErp@n/053640 ( Novus
Bi ol ogi cal s) &-11, Epitope: 33-42 (The Cenetics Conpany) 16Cl1l, Epitope:
33-42 (Santa Cruz Blotechnology) 21F12, Epitope: 34-42 (Elan

Phar maceutical s, | nnogenetics) 1A10, Il_%l tope: 35-40 (I1BL) 20D 17 Coat
anti-Al3 anti body, Epi tope: C-termnal (Santa Cruz Biotechnol ogy)

Part i cukakb)yoPmal Qferlﬁéhsaf&il 8% aﬁ@rlmhﬂgo IHBM[}ﬁ'@ﬂitﬂ%ldplth@tt is Qb e witR 6

(El an), e |.B nce cti.cs
Companyift A%'g%(%?lgﬁﬁ ih ﬂ%@} iy (xe B preleBblE gAML o
Conpanyapsay IPMOELIBL hssaBAR %zhﬁ.’cﬂ(c’ﬁa&&ﬂ&b&tecﬂﬂbk&nﬁk@ 1é bh bhiypor. e), 12F4
(MlIlipore), 21F12 (Elan). Particularly preferred antibody pairs for the

i mmuneprecipitation are: 4G and 11A5-B10, 3D6 and 4G3, 6E10 and 4@, 82El
and> 4GBrifd@seriptionsd thetBigusesd 21F12, 3D6 and 21F12, 6E10 and 21F12, BAN50
and 433, 3D6 and 11A5-B10, 3D6 and 30 1A10, 3D6 and BA27, 6E10 and

11A5- B1Q, 6E10 and 1A10, 6E10 and BA27, 4&8 and 11A5-B10, 4&8 and 1A10, 4G8
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t r emendd®¥i®~*hi gher capture efficiency (see figure 1). The secondary
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ant i boé)a?%nq %dﬁg ﬁﬁyplékﬂ%Ct?B\éﬁtemb 8&1%? After incubation of the conplex with
the magnetic beads in step iii), the beads nay be washed wi th washi ng

buf fer g £xanpl es of the present invention). Washing buffers, which
contain l0detergents or other additives preventi n unspecific bi ndi ng, can

be usedMmgMangglstae digst, Mpgn vriugs (YIagn €&t die ool afchaspigicpigy @f@re@ﬁ@s
20  in AD patients and healthy subjects by Mini-Mental-State Test.

Figure 4:
Clock-Drawing Test, Mean values (Mean £ SD) of the results of classification differences in
AD patients and healthy subjects by Clock-Drawing Test.
25
Figure 5:
Plot of AB(1-40) concentration vs. the score of DemTect (A) and MMSE (B), respectively.

Figure 6:

30  Relative plasma AB(1-40) level, normalized to internal plasma standard (ITS), mean values
and SEM.



D-PBS containing 10 ng/m Cyclophilin 18 (Cyp 18) and 0.05 % Tween-20, PBS
+ 0.05 % Tween-20, 15- TBS + 0.05 % Tween-20, PBS + 1 % (wv) BSA + 0.05 %
Tween- 20,WOEB8/083W6% (W v) BSA + 0.05 % Tween-20, and PCempeoiilob3sée Bl ocker
(with Tween-20). 20 After elution of the inmune conplex fromthe beads in
step iv), the solution is diluted in dilution buffer. Any dilution buffers,
whi ch can prevent unspecific interact ihn with surfaces and the i mobilized
first ELI SA anti body can be used for this step. Non-limting exanples for

di | uti gpqheddesrs are: ElIA buffer (dilution buffer of the IBL 1-40 (N)
ELISA Kit), 25- PBS + 1 % (wvVv) BSA + 0.05 % Tween-20, TBS + 1 % (w v) BSA
+ 0.05 % Tween-20, and Pierce ELISA Blocker (with Tween-20). 1. 11SA-Kits
t hat arAf) BARESEQ udNGLilhy full length Af3(1-40) are conmercially avail abl e,

30 Suitghl A Kits: f € thfiGati f - ' ep et hods of
the preés ﬁ%la%l@éﬁ@f‘§§'§}ségé%$gé§méd:}qugng]l'%ggﬁ?SGl?%]yﬁ%%u&W'%f “(1BL,
JP27 71 Hla-GApAsp1VagflyrraraisnELysSAlyki ta-le-HoiGly dgenYlet- Vialhly- Bl V ol Walblée-a

(Anyl 0ig313), aa 1-40 ELISA Kit (Wako Chemicals USA, Inc.); Anyloid Beta
1-40 ELI SA Kit (The Genetics Conpany). 35 ELISA-Kits that are able to

quantify full length Af_3(1-42) are also commercially available, Suitable
ELI SA- KA -40QSEQND Mary:i fication of Af3(1-42) in the methods of the

present, in i are for, ex LArnyl gi d=P (1-42) (... N) A (1 BL,
S e Rt [ e L L S e R e T

( AfDI oiAda-(@)-AspaV - G13- el BA-1Kist GlyWa kel |aADe Xl §-1/c0 3304 8 BIST Y EGROY O UBI3664 20
Chem cals USA, Inc.), Anyloid Beta 1-40 ELISA Kit (The Genetics Conpany),

| NNOTEST013- AMYLQ D(1-42) (lnnogenetics). The inventive nmethod is not

li mi t edataileddesesiptipn af thednventipint i oned conmercially available 5 ELISA-Kits

for AL3md gf(&@en@fnv@tﬂtﬁﬁﬂﬁrﬂ%hes NefREQUEr b §888tionamd WetdimbratiSAS £ AR pdpuilibs

| engt h A13(1-.4Q) or A13(1-42) may be available in the prior art or may be
devel op IOAQ/gvf@ﬂe@a@m% 3&6&?@%@%@ chgrgctgrred dn Flaﬂuanfrlgﬂgf%f HPPIe ApeQiitacaah - 42
sandw cvithEkl 1&As tebdlfferahtsaphec endiadassad ibyndnkpreoipitacdds sep. tThe rgyudsent
invention and should typically ¢ ris sui tab ai.r,of capture.and

ot oct iRty BOTHGE SRR ant, SOTRCHR ResbbRa! o RSpdeel or PRMIRE RN
A13( 1- 4 sproded/IdBAAR B araldly) thmdA B kieecict Bl ibiAmy s semdivia-EAtISAni no acid 40 or
42, respectively. Such a full length A13(1-40) sandw ch ELI SA may conpri se
a first immobilized anti body recaogni.zing specifically the Cterm nus of

A13( 1- 49) mgpfépngd sbevhcht| leasb twel apEbadies fon thwm%dgﬁpr%%/é@ﬁi Sppld bpedeatedal |y
t hegcorpigt Ead&‘dﬁﬂér@ﬁt@?éciﬁ&iti@é—ﬁ(rliﬂ‘ﬂ&ént chRopesfoflthe ABpeptiticAL3(1-42) sandwi ch

ELI SA may conprise a first imobilized anti body recogni zi ng specifically
the C-term nus of Al13(1-42) and a second | abel ed detection anti body

r ecogniThemgetsqubef the pasény itveaticoophetises Mt foflowimgstapk: A13(1-42). 20 A full

| engt h A13(1-40) sandw ch ELI SA may al so conprise a first inmobilized

ant i body re(;ogni zing specifically the conplete N-term nus of A13(1-40) and
a second | abeCentactrget biodrgicahsibplgywitle gblgastAimegliEprsoi eaptak|aptibediesOnt &y ni nus
of »A13(1- 40)immun§3rgé{ katlgn@th A13(1-42) sandwi ch ELI SA may al so conprise a
first imobilized anti body 25recogni zing specifically the conplete

N-term nus of Al3(1-42) and a second | abel ed detection anti body recogni zi ng
speci fi cal | fida@okiat @igmhe Uso16ficAlsatnblcd?lth the aforementioned at least two different

capture antibodies, an immune complex will form between the at least two different
capture antibodies and the AP peptides. This step does not act for specific isolation of
30 full length AB(1-40) and/or AB(1-42), rather than capturing and separating all A

species, especially ending at position 40 and/or position 42.

i1) This complex is then detected by secondary antibodies. Suitably, the secondary
antibodies are immobilized on magnetic beads. Together with the magnetic beads the
35 immune complex can be easily separated from the body fluid (plasma/serum CSF etc.)

using the magnetic separator.



Sui tabl e A13(1-40/42) N-term nal specific antibodies for use in the nethods
of the present invention are for exanple 3D6 (Elan), WO-2 (The Cenetics
Conpany) ,w02el1/038Bk) , BAN-50 30 (Takeda). Nunerous furt ReT/ER2B0D63664 42)
N-term nal specific antibodies nmay be available in the prior art or nmay be
devel oped by the skilled artisan. Al these A13(1-40/42) N-term nal
specific anti bodies are al so enconpas%%d by the nethods of the present

i nvention. Suitable A13(1-40) Ctermnal specific antibodies are for

exanpl e &- 19 (hoanfaanet édispld iCMnanom ADREO Julkdbllyi pigy elutiod Atéd (4 BL) ;
BA27 (Takeda); EP%SE6Y &E% us EI | 0 |cals%. ﬁ?nerous furtPer.AlS&ﬁ-%%ﬁ
C-termnal SpHERIMRGd b¥nin g]i“%st Fraotff’ag% AT aliCe THURGH EOPPISr Maft B Hay be
devel oped byomhsasiagisDI% dMethancd @0.5 A formvesdd Alr3i(hlat409m Cemperatunal Thepbe) fi C

ant i bodi es t f e t. pnvent jon. WO
2011/ 033046801 EIB R IR B e i 3 1) Rop e eul 3 Ebiots

ant Pbodi es aveee fsolatadxzomthe Wplogral sphwlGerrarclcescddorm dimyYcads @rhe lption. por e) ;
Anti- Human A13(38-42) Rabbit 1gG (IBL); 21F12 (Elan); BCO5 (Takeda); 16Cill
(Santa Cruz Biotechnol ogy), Nunmerous. further A13(1-42) Ctermnal 5

speci fic antVhblg edlearsy welaéeiigw%anﬂpéldw%@ prandries i’ ppubsagugd stdy éPbped
by the skil leegmprctiys@asandMith EDESE tb&l%?édﬁ@éllﬁdét%&ﬁgimmleﬁg@lemﬁti-@O)iélid/&Odi es
are al so enggggagfed by the nethods of the present invention. According to
a preferred odi'ment, the detection antibodies are |abelled. 10 For

di dfnostic applications, the detection antibody will typically be |abelled
with a detectable noiety. Nunerous | abels are available which can be

gener al| rrouped i.nto the follow ng categories,,1b(a) Radi oi sot opges, such
2s"S5e n i HBER diBuidiGeldl, Ol RAEERORHTT00 bRl S RRIS AP B

radi oi s0419p&, uﬁéreglawaot&cgaifma ol nRasureMeRUEYRRL oFdr of @8R! eriod of

| mmunol ogy, Volunes 1 and 2, Gitigen et al., Ed., Wley-Interscience. New
Yor k, Mevraloveks mypgonthy. 19w jo thiy cxigednd Ememaripddanddes fiffersnt dagpswemedasur ed

cndra SR ek BRET o CHELS PR B ERESI ARG R SO R I BIRBRL e
and it sn@sirenahi syees ansydur vitls s aiginprobpbiligo etityit-siy varidiohexesy deedr ar e

avai l abl e.. The fluorescent |abels can he conjugated to the antibody using
the t eCRIMGHEDSF-8clydgdthe iMmHeRFRCIPBRER™ 85P ée-ign{’?%ﬁiﬂw%ﬁt @S@??ené UQyP Q¥F]8f‘r
exanpl . u i-ficed L 0g: i . (&) i ous
eneyne S AR O R A ISR St L PR LISAA DR
chemni cad thtdkemadria@sayofaridiomshtienagem tco b sA f atgcnbeplid sadetbenined s tled
using various techni ques. For exanple, the enzyne nmay catal yze a col oy
chafge bitlogical sainies way iRt oa coxpa l%h%{gfﬁ%ahes%g%%mkyﬁaem exlgsyand

Al ternafiyg! X1stétﬂﬁca§nat7r%§§i§u 1Rl $RSudtT the ?ﬁg%;]& tiaés,.%?wich includes all

chem | um nescence o strate. Techni ques uantifyling a change in
f | uor edeangiealavaen pdessartaib ed imsod enultiHpeti ot amdyuandhs cefferestilpsdr xttecbeAdmes

el ectronj.cally excited.by a chem cal reaction and may then emt |ight which
can bepﬁBQE%Wéﬁm?ﬁbYﬁ ) t%ﬁ@ﬁi?%ﬂ?%%ﬂ%?éﬁ@'for exanpl e) or donates energy

to a fluorescent acceptor. Exanples of enzymatic |abels include |uciferases
(e.g, firefly luciferase and bacterial luciferase; U S. 35 Patent No,
4, 237, A®6yvoidl weidf mtdrrassay, Bardhtiopsirogie hakazheesubindm dilifercet nehyudengenase,

, id 5. .h i sh id HRPO),, al ka] i .
phospst BEk DA e S Je P 25 G Ay REAE U RS bAE e 1B %8 ases
(e.g., agd p&&s@lpﬁé@ma i ?lf@%@ﬁd@&ﬁ‘ a@XhtEis Bstardiag Gints1@ SRrch af MasmhRdtehdard

dehydr ogenase), heterocyclic oxidases (such as uricase and WO
2011/ 038 eramppponEiyd psma standard — sample (ITS), which should be obtained from a

well defined control subject, which is preferably a healthy subject. The concentration of the
30 AP target peptides, such as AB(1-40) or AP(1-42), is constant in each ITS sample. Therefore,
variations of the AP target peptide concentrations in ITS samples, which are found in different

measurement cycles, reflect the inter-assay variability.



22 xant hi ne oxi dase), | actoperoxi dase, m croperoxi dase, and the |ike.

Techni ques for conjugating enzynmes to anti bodies are described in

O Sul | i vawmoen11ai33q46 Vet hods for the Preparation of EnzynmeCAFPROI06¥3664

Conj ugates for use in Enzynme | mmunoassay, in Methods in Enzym (ed Langone
& H. Van Vunakis), Academ c Press, New York, 73: 147-166 (1981). 5 Exanples
of enzyne-substrate conbi nati ons |nclé@e for exanpl e: (OHor ser adi sh

peroxi dase (HRPO wi th hydrogen peroxidase as a substrate, wherein the

hydr oge’rccg@h@(wd@s@f@mdohm@siuaeldwé tlpfr p@m@ omve@émg omrqrmphémlsemeled g ne

(OPD) 3,55 -tet be, I T
kel i RS B o BB o Crar S oS B oo ek e aAB kst b o
substr affo 1@ﬂ%aﬁfplés ) sBhlas gﬁllsﬁ‘lﬁts%bﬂt@stﬁe =y t&g@?};éptfﬁb chn&nﬁ@ﬁ&ﬁos&ﬁ@s ¢he
substrate % -ni t rophenyl - B- Dgal act osi dase) or the fluorogenic

substr aﬁﬁilvﬂﬂm hlw AfHEHE) t@rcymtr&l@q;;af&mlmgl%wé sampleNanenousalored ée the

bs nbi nat | to,th t
Ca) norcharnlbEbr a8l Femait o Brhs Pelide Rt oS mnbty! fablBe 6o
sequencaelafihe ABangercpalié RRcl of chiteRstdabldri ned by a RT-PCR system
(I'mperacer TM Chinera Biotech). 20 Sonetinmes, the |label is indirectly

conj ugdp édrehbrcicriasecrabadimenty theTnetheds of| theiprgsent smyeniipn comparisgssriarther &Y i ous

t echni t n X gat ed

w th bty forai AT SOt ool SHATL Buahl RuBNi R R F20) e AT, ove

can be 4epopriigatreibng dfhthabvidogicaleamyleseo ver@aceiadbh o f Itiiendspeeebe%iw@by to

avidin and thus, the | abel can be 25 conjugated with the antibody in this

i ndPr ederideirasrmingd igthelTiS nple(sh r%ﬁemng\;% aFﬁaﬁlYf‘eféP t%ﬁ,n@@a@q Iswelsf cogle

Iabel Ld1h 1E£l%afﬁﬁf§'. body, the antibody is conjugated with a small hapten
|go one of the different types of |abels nentioned above is

conj ugat ed wth an anti -hapten ant i body (e g. anti-digoxin antibody). Thus,

i ndirect conjugati on of th ant e achi ved 30 The
e Dot a0k R o Palian s JRBH A GE BRI e o RRR

met hod,dec&YinRSin GTRRhI ﬁlbé(s%r&h&g'd}gle%s(ﬁﬂﬁéspmgﬂ raﬁﬁBocP}nﬂ)t' POig A1) m@m ch
assays, and i mmuneprecipitation assays. | a, Monoclonal Anti bod| es

MadGal refablethmihgrespapponafihe 58 noORGZPY ésBStafglehlaeptld@_QfWI)S 35 Conpet i t| ve
bi ndi ng assays rely on the ability of a | abeled standard to conpete with
t he test sarrpl e analyte for binding with a [imted anount of antibody. The

amount ﬁ%%fpgfyfﬁwa hﬁ%&o‘d?%% tt?eagpesgnt b Vé%ﬁrﬁ e ¥edIRPRCR-RB%: 4. the

am)unt stan eCcoITes

2011/ O%M@m@tlrmEmam@me@@efm@B ohrxfi(bdd) esd/oT A H(acd2)i mastepratareblprifar dle t he
amount gfcstafcastaphaioybecomes bound, the antibodies generally are

| nsol ubi I'i zed before or "after the conpetition, so that the standard and

yte that are bound to the anti bodi es nay conveni entl¥ be separated from
the st éfﬁ@an@h@dwfath@pms@ltvmv@ﬁon arfaiat lummﬁmdﬂasylmnptl%e %ﬁhﬁy@dy fyfidg he

Al13(1- centgyation in man..al l_foll 0 [ can d:
ol ood, (P GREN: ha Fs BrodGl Rl bR RRES bt A cRlegR T,
f1 uid, t&at M, dlile,fpantdas agtgiorpsallbedised ﬁlaﬁhe frﬂemddls obtﬁe@res@amwaa'@nsﬁegeet ion.
fluids have to be taken from a well defined control subject, preferably a healthy subject, as it
25  was demonstrated herein for plasma samples. These fluids have then to be used as internal

standard.

Thus, an internal standard sample according to the present invention is preferably selected
from a plasma sample, cerebrospinal fluid sample , urine sample, lymph sample, saliva
30 sample, sudor sample , pleura fluid sample, synovial fluid sample, aqueous fluid sample, tear
fluid sample, bile sample, pancreas secretion sample. Most preferably, the internal standard

sample is a plasma sample.



10 The novel nethod was established by the present inventors using bl ood
sanpl es (see the exanples of the present invention). The present nethod is
however mwoO 20n/d38046onstrued to be limted to bl ood sanplPe€3/EPTH®/068bhod can
al so be enpl oyed using CSF, brain extract and urine sanples, as well as al
ot her human body fluids, e.g. the above nentioned in the sanme manner.
Particularly preferred are plasm sanﬁ?es. 15 For i munohi stochem stry
anal yses, the tissue sanple may be fresh or frozen or may be enbedded in
par af f iSwitablgl, thic yedthadstad qge pressné ingniigearsuehdatsd,fwhareihithg subgactsethangt éhe The
met hod of the.present .invention is in,step jv) not limted to sapdw ch
1 sa 4800 o Bt Mgl SMAEN oS ok PrdRsleted Theteh b ot Bisn bt
enconpagsRdc@nsatindydidaber Samt begdsciérontionianiy fieC ptifeical usifg Abdvtiaet
peptide, in particular A13(1-40), after the imruneprecipitation step.

Sui t ablpsydhenisbirstostsr suches ddamt ok, MatiiNentel Stateolest dagh-Broxiiag iﬂeaf@)A,ngh:

251. Ampl oi = r 1. SBL Q. -Bi : 1Rcl pl e
s Bashtn HRTRAS I Ahs SRR Scler b IPRET e, CONEABRY wbHBE N
and FomnsduespsiRgsdoact & cshangymatcdaBafiar), Gognidtar (NeardbokavisdhCogainidvSchuELl SA
the A13(1-40). is bound by two antibodies: the antiEodief are hfre, however,
not boldmHRUaN: uNFERBSYRENS dngseni NP De ddthevigrakBriiofasy ingdiahciRE  bodi es
are |la it ATRO : h r.e: ht
Foget hor By R e i g LS RSBt he
donor fAldorimptroPisdase) AfineaantdaNewnpsyshalpginslf Bastse CouicH JerETot Depresacic ept or
fl ygrophor, whj i)l .be excited as . a ult., T lLuor escence of the
nod e SR (GS Y. Guitie Bibierion R SSBSH ryhe B d MALESSERE: at ed wi th

t he ambunt of FRET and thus, the anount of A13(1-40) in solution. 35
Simlarly, based on a conparable principle, the A phascreenTM Assay from
Li | Iy dansible angskeldiefor MulntunppreripAstsay wdyst wosldWd suitable in the present context
2011/ 0 P 0 4 11 - : i e from
cever al naR PGl et G ARs e pR el loR s AP RIS Rl MR PR A
sui t ablcga@Rlgipl e for use in the methods of the present invention is the

| NV&> Bl A pl asma A3, Epitdfe: i8S $BMn Phan@enedalss Mogdifttissyassay is a wel |

st andar di zed nU|tkﬁ§ﬁg&F%§r bezg@based i munoassay for the sinultaneous
quantification ofit - PBIORC di/l 0i d forms AL3(1-42) and A13(1-40) or

Al3( X-42) and Al304; Bpitopen 148 @orancesi ng xMAPO t echnol ogy (XMAP is a

regi stered trade . m rp. ). This assay systemis able to
quantify up to 1ggﬁ§ﬂﬁ%€b§ﬂ;§§§%%%¥gg in parallel. The basis of this nethod
are smal | spheri €all, Ppitgrst Y110l (Comanciechanss ComiBiewchiademydpher es or beads. In
anahogy to ELI SApapgh WesitLs ggﬁu%ﬁﬁalwﬁ%dge@ﬂ%o e[Mg (’Bcdin)sO! | d phase for

t he bi ochem cal detection. ese beads are color-coded, so that 100

different bead cldb9eEriens: hd odChemisgniEmede - pribpiMPERRFCE| ass has one
speci fic anti bodg2te. Kpitopgai-ne{IBAY3( 1-40)) immobilized on the m crosphere
surface. If the A%ﬁi%84g .con?qﬁtration i ncreases nore peptide nol ecul es
will be bound byPfRE“e&BEORS 't'Hi s class. The detection of the binding of
the anal yte i s c&ABZR, Gpitofixy 1al IS€oomdcaBizimaAdldith, A0 Siphalingd$antakireh i s

| abel ed wi th another fl uorescenc 15t jght. The 15 sanple
isla andl ed conparable to FACS ang?ggggwﬁ éZ#?%QgESﬁggég are singul arized

by hydrodynani ¢ 32u$phigpaaddl ch Ak Uigstatas pert pakkldpeis ect i on system

whi ch can make apuqyt EbitGRE 197 Novh BIASEs, Hoche AYERER, AbDXBsie@Nce and
identify the boun t he specific_col or of the bead. Thus, it

d analyte b t]on
is possible to dépé&ﬂﬁﬂ p?h%¥z6ﬁ8@ﬁ{¥%?W3nsﬁﬁwﬁﬁ‘kFE)e anal ytes in one
sanpl e. 50 ﬁ. Quaobbf Egiadpc OB 7q¥ laiePSGr i aticaldyet ry Fordq?antification Ff
Al13(1-40) also t DI - TOE ect.r tr S use Si nronsen et al.
200 (2)). " udiorE SRR a0 LRGN Ges “uei ng
i munepr eci pi t at i143, Bpitofdd-DI Atgptc@bmass spectronetry. 15N | abel ed st andard

Al3 peptides arepgﬁgglﬁgﬁpﬁgﬁé§ﬁ§tion. (Gel fanova et al., 2007). 4. Western

Bl ot anal ysi s ) )
310-03, Epitope 5-16 (Abcam, Santa Cruz Biotechnology)

Chicken Anti-Human A Polyclonal Antibody, Epitope 12-28 (Abcam)
35 Chicken Anti-Human A Polyclonal Antibody, Epitope 25-35 (Abcam)
Rabbit Anti-Human A Polyclonal Antibody, Epitope: N-terminal (ABR)



2D- CGel el ectrophoresis coupled with Western Bl ot analysis may be a suitable
nmet hod 30to quantify Al13 peptides (Sergeant et al., 2003; Casas et al.,
2004) . Diwigrosita3so4kits As a matter of conveni ence, the aoTiHrodi®s3cef t he
present invention can be provided in a kit, i.e., a packaged conbi nation of
reagents in predeterm ned amounts with instructions for 35 performng the
di agnosti c assay. Wiere the anti body i€ |abelled with an enzyne, the kit
wi |l include substrates and cofactors required by the enzyne (e.g. a

?:Jbstrath e p; eC:Jr RAbLMANGTHRH QY ABPDca R E6S A@agﬂm?mpgore ﬁr
uorophore). In iti.on, ather itives ncl uded such as
stabilizers, bufflzgg’ 1%12:}?0@’? ik |®@Elog?ﬁ$%9taﬁ¥9??%°hﬁ?}f’ggr) and the |ike.
The WD 2011/ 0330469 Hpitap2000/60BDEMcc2 Sante Cati Betahoelogy) of the vari ous
reagents nmay be Lee i del Vi f jons in solution of
t he reagents whi gﬁé§u1§%¥&£§?i¥w€°b§%?ﬁ’%g§t% (?hzeggdg%%@{)llrogﬂy of the assay.
Par i cul arly, theAbddgntpitepy Ihel6pr ovi ded as dry powders, usual ly
| yophi |'i zed, i nclgphio@1exsidyceni-ss Wib&h- Qfridihyssol ution will provide a
reagent sol ution having ,tﬁedﬂgppro, \r@g e coﬂce)ntr tion,. 5 The_diagnostic kit
of the inventi onRiagblééﬁad:iea%-ﬁwé&lgmngPelrycmél e iEWtOd}?dI%IﬁQZ]g@gis of
anyl oi d- associ apeD1di Bgrpes] SPH(Sandliuz Bisteclipo®iggh abl y Al zhei nmer’ s
di sease. Uses 10 %’ggE( rrtet h‘oﬂ5 %@he ﬁresentt. invention makes it possible for
the first time tGoAtROPTag M PP MATS S8 i des, in particul ar
A1301-40), or a pabeilbh&lpitepuilédldent thereof, in a reliable manner. In
particul ar, the Qﬁﬁsﬁﬂﬁoﬂ nyenlie &vi des Al3(1-40) as a plasnma bi omarker,
or adi }/?erén{)]‘l’ag%

which is suitable 10 ' di agnosi s of Al zheiner's disease, in
particul ar in th&aphif AptishBBelyclopak Aetitgidy ebpitope1 2FA2(AP@HY, in one

enbodi ment, the igWeENtHABpE:S 1HT @Rt ebnbestdinpteg) of nethod for the
detection of an Al3 targel peptide for the diaghosis aof zhei.ner's

di sease, prefera blfﬁé‘%'lﬁ’ aé%én %ﬂlyﬁp%%&!bgg%&?%%fﬁgﬁ odligikease, in
pansi cul ar in t h&pesrdy, Biivgesx-00 NohesBisloarels) Preferably, the early stage
of Azheiner's di is Ml iLtive.inmpalroment. 20ln a further

enbodi nent, the ?%zﬁtﬁpgﬂp?éqa‘ﬁ?@@?té}c?n?%cst 6 ide) of the A13 target peptides
for the di agnosi 46011, Alptept B4 (SdnteGme Biotpelabagabl y t he differenti al

di agnosi s of Al zBeREE SoHl- gra@eﬁ_ ElddPRALISHEAE T -early stages of the
di sease. Prefer aEFy, ’t];ﬁe0 %?I y stage o Aéze%elbrrge’r'lgbég??écge is Mld

Cogni tive inpairAénP. Epns: part® (lBHar, it is preferred that the Al3 target

peppi de, whi ch shaly Gaet anseap hatibdliyaBpiasics CabrnthaNShe ICrez Bici@ai6log))s
detected and quantified with a method according to the present invention.
In a preferred enbodi nent, the Al3 target peptide is Al3(1-40) or a

functi dasaicubglyl padfentdd A6tibdudeseddr Thee ipmeagntcipitatont axen 3136 f(Hidnhe BANSTr i bed

b h | ;oW | j d
o CREeRh R R, S SR O e Tchie?  CRARRIY 803E0CF | °
by the EAMPAd @dgrancldbésieCoranesti 2-1BETIR Sreptteos Gimpdny).i hadht(IBp, BA27
VBbSTi iskns IVREIORRMNIRAL M OARGHRRET, ERR0104063664 26

Particularly preferred antibody pairs for the immuneprecipitation are:

4G8 and 11A5-B10, 3D6 and 4GS8, 6E10 and 4G8, 82E1 and 4G8, 4G8 and 12F4, 4G8 and

21F12, 3D6 and 21F12, 6E10 and 21F12, BAN50 and 4GS, 3D6 and 11A5-B10, 3D6 and
30 1A10, 3D6 and BA27, 6E10 and 11A5-B10, 6E10 and 1A10, 6E10 and BA27, 4G8 and

11A5-B10, 4G8 and 1A10, 4G8 and BA27, 4G8 and 12F4, 4G8 and 21F12.

Apart from the above designated antibodies all other amyloid beta specific antibodies
(monoclonal and polyclonal), which are suitable for immuneprecipitation can be used for the
35 present inventive method (further suitable antibodies can e.g. be taken from
www.alzforum.org). Decisive for good capture efficiency and thus constituting a key element
of the present invention is the use of two, three or more different antibodies with different

epitopes. The use of more than one antibody type for immuneprecipitation of AP peptides
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35 i ndividual judgnent, I's sinple enough to have a high |evel of
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Typi caﬁg{ﬂlﬁlﬁf—aﬂgﬁg SIIISE%E'at e Exam nation Max
- EIA buffer (dilution buffer of the IBL 1-40 (N) ELISA Kit),
25 - PBS+ 1% (w/v) BSA + 0.05 % Tween-20,
- TBS+ 1% (w/v) BSA+0.05 % Tween-20, and

- Pierce ELISA Blocker (with Tween-20).

ELISA-Kiis that are able to guantify full length AB(31-40} are commercially available.

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

35  ELISA-Kits that are able o gquantify full fength AB(1-42) are also commaercially avalabic.
Suttable ELISA-Kits for the guandification of AR(1-42) v the methods of the present
mvention are for example: Amyloid-B (1-423 (N) ELISA (IBL, JP27712% AP [1-42] Human
ELISA Kit {Invitregen), Human Amyloid beta (Amyloid-$), aa 1-42 ELISA Kit (Wako



Points a) Can you tell ne todays (date)/(rnonth)/(year)? INnhioh day is it
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VWhat is twe20tassidy)! (ntntty)? What (buil ding) are we POTERAN10/063664

what Appor | .. Ishoul dl | ket ot estyour (nanme three comon objects: "ball, oar
Can you repeat the words Isaid? (1 point per word) (repeat up to 6 t.rials
until .all three are renenbered) a)2&ron1100 keep subtracting 7 and give

each answer, Stop after 5 answers, (93-86-79-72-65) Alternatively b) Spel
t he worthemf¥uld diiSRackig! dsmyloRl LBRa W40 Wiak averie (The GdH@rsWobahpahydsked

you to L.er? | |s test if ail of these objects wire not
r emenbéﬁg%)Flt&i-%%[e@{> ﬁé%ﬁ?ﬁﬁ@'ﬁ@ﬁ%ﬁ?netlcgm the following objects (show a
wat ch) and (show a pencil): Repeat the following: no ifs, ands or buts"
(show car r.wita: N | S,;:3ent what
g says%ﬁ?@?%ﬁfgg G B ey AL N B SR 8RS B i
Také t HIdSpdpits farmHAeAQ)efrtARGr42)i YhmpravaderthdrepolwicB EldSHal for fidhdengthace it
on the A 295 or Ap(Bh21RA$HUGhIIPe in the prior art or may be developed by the skilled
artisan. All these full length AB1-40 or AB1-42 sandwich ELISAs shall also be encompassed
by the methods of the present invention and should typically comprise a suitable pair of
capture and detection antibodies, which are specific for the complete N-terminus of AB(1-40)

10 and/or AB(1-42)and the C-terminus ending at amino acid 40 or 42, respectively.

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

15
A full length AB(1-42) sandwich ELISA may comprise a first immobilized antibody
recognizing specifically the C-terminus of AP(1-42) and a second labeled detection antibody
recognizing specifically the complete N-terminus of AP(1-42).

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

antibody recognizing specifically the C-terminus of AB(1-40).

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

Suitable AB(1-40/42) N-terminal specific antibodies for use in the methods of the present
invention are for example 3D6 (Elan), WO-2 (The Genetics Company), 82E1 (IBL), BAN-50
30 (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 encompassed by the methods of the present invention.

Suitable AB(1-40) C-terminal specific antibodies are for example G2-10 (The Genetics
35 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 these AB(1-40) C-terminal

specific antibodies are also encompassed by the methods of the present invention.



you copy this drawi ng pl ease? 28 Table 2: Typical Cdock-drawing test 1.
Perfect 2. Mnor visuospatial errors Exanples - MIdly inpaired spacing of
times - Dvews1d3s®s outside cime - Turns page whil e w PCITER201006868 SO
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spacing , 3. Inaccurate representation of 10 after ii when visuosptial
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hand points to 10 - Witesi after 11' - Unable to nmake any denotation of

time 4, Moderate vi suospatial di sogani zati on of times such 1 that
accur ate.deno f ter.11 is ipoi bi el oor
S R B, e B Vit oo B SIL B - LR TS 20r,
12 to Impbby); 13F4 e¥idllipord);ghti-IHafrban Af@RsE) Rabbit idie (IBLJr 201 2¢BLan),eBCOS5
el OCk\M(i’&eda); 16C11 (Santa Cruz Biotechnology). Numerous further AB(1-42) C-terminal
5  specific antibodies may be available in the prior art or may be developed by the skilled
artisan. All these AP(1-42) C-terminal specific antibodies are also encompassed by the

methods of the present invention.

According to a preferred embodiment, the detection antibodies are labelled.

10
For diagnostic applications, the detection antibody will typically be labelled with a detectable
moiety. Numerous labels are available which can be generally grouped into the following

categories:

15 (a) Radioisotopes, such as 338, 14¢, 1251, 3H, and 1311. The antibody can be labeled with the
radioisotope using the techniques described in Current Protocols in Immunology, Volumes 1
and 2, Giitigen et al., Ed., Wiley-Interscience. New York, New York. Pubs., (1991) for

example and radioactivity can be measured using scintillation counting.

20 (b)  Fluorescent labels such as rare earth chelates (europium chelates) or 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.

25
(c)  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 color change in a substrate, which can be
measured spectrophotometrically. Alternatively, the enzyme may alter the fluorescence or

30  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. Examples of
enzymatic labels include luciferases (e.g, firefly luciferase and bacterial luciferase; U.S.

35 Patent No, 4,737,456), luciferin, 2,3-dihydrophthalazinediones, malate dehydrogenase,
urease, peroxidase such as horseradish peroxidase (HRPO), alkaline phosphatase. 0-
galactosidase, glucoamylase, lysozyme, saccharide oxidases (e.g., glucose oxidase, galactose

oxidase, and glucose-6-phosphate dehydrogenase), heterocyclic oxidases (such as uricase and
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20
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
25  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.

30
The antibodies of the present invention may be employed in any known assay method, such as
competitive binding assays, direct and indirect sandwich assays, and immuneprecipitation
assays. Zola, Monoclonal Antibodies A Manual of Techniques, pp.147-158 (CRC Press. Inc.,
1987).

35

Competitive binding assays rely on the ability of a labeled standard to compete with the test
sample analyte for binding with a limited amount of antibody. The amount of A peptide in

the test sample is inversely proportional to the amount of standard that becomes bound to the
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3125 1. Amyloid B1-40 HTRF® Assay (CisBio Bioassays):

The 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 are here, however, not bound on a
surface, the interaction occurs in solution. Both antibodies are labeled with a fluorophor.
30  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 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.
35
Similarly, based on a comparable principle, the Alphascreen™ Assay from Lilly can be used.

2. Multiplex Assay Systems




Quantification of the eluted anyloid fi peptides The determ nation of the
pepti de concentration was perfornmed using the IBL 1-40(N) ELISA Kit (IBL,
JP27714) .wb 2bng3emd of the above descri bed Al13(1-40) ELPEAVERRI1006I56+
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Al 31-40 can be used. The diluted sanples were applied to the ELI SA plate
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AB(1-40) antﬁ)o% , W gﬁ?fs gbeled with another fluorescence dye, emitting green light. The
15 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 the bead. Thus, it is possible to determine the concentration of multiple

analytes in one sample.

20
3. Quantification by mass spectrometry
- For quantification of AB(1-40) also the SELDI-TOF mass spectrometry was used
(Simonsen et al., 2007 (2)).
- Quantitative analysis of AP peptides using immuneprecipitation and MALDI-TOF
25 mass spectrometry. °N labeled standard AP peptides are used for calibration.
(Gelfanova et al., 2007).
4. Western Blot analysis
2D-Gel electrophoresis coupled with Western Blot analysis may be a suitable method
30 to quantify AP peptides (Sergeant et al., 2003; Casas et al., 2004).

Diagnostic Kits

As a matter of convenience, the antibodies of the present invention can be provided in a kit,

1.e., a packaged combination of reagents in predetermined amounts with instructions for
35  performing the diagnostic assay. Where the antibody is labelled with an enzyme, the kit will

include substrates and 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
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20  In a further embodiment, the invention is directed to the use of the AP target peptides for the
diagnosis of Alzheimer’s diseases, preferably the differential diagnosis of Alzheimer's
disease, in particular in the early stages of the disecase. Preferably, the carly stage of

Azheimer’s disease is Mild Cognitive impairment.

25  In particular, it is preferred that the 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.

In a preferred embodiment, the AP target peptide is AB(1-40) or a functional equivalent
30  thereof.

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.
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Examples of the invention

1. Materials and Methods




10 subcl assified into three groups. Goup | contains subjects with an age
of 18 to 30, Goup Il those with an age from31 to 45 and G oup |11

subj ect s wot2bh11z2033@ge from 46 to 65. The denographi ¢ chaPaTiEPRI196IHS4 ar e
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15 Age at baseline (nean SDEV), 25. 8202.9 38.4 4.7 54 6.9 79.13 7.09
Hei ght, cm (nean SDEV) 175.5 11.6 175.1 7.2 167.5 10.9 168.4 10.34

Wi ght 1. KBat(ci®asnd hSBREM) controls

Patients with a clinical diagnosis of AD and healthy controls were recruited. In a prestudy

examination the neuropsychological functions of all participants of the study were tested by

several psychometric tests (DemTect, Mini-Mental-State Test, Clock-drawing test)

DemTect Test

The DemTect scale is a brief screening test for dementia comprising five short subtests (10-

word list repetition, number transcoding, semantic word fluency task, backward digit span,

delayed word list recall) (Kessler ef al., 2000). The raw scores are transformed to give age-
10 and education-independent scores, 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 questionnaire
15  test that is used to assess cognition. 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.

20  The MMSE includes simple questions and problems in a number of areas: the 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 a drawing of two pentagons (see table
1). 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

25  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.

Clock-Drawing Test

30  Scoring of the clocks was based on a modification of the scale used by Shulmann ez al., 1986.
All circles were predrawn and the instruction to the subjects was to “set the time 10 after 117
The scoring system (see table 2) ranges in scores from 1 to 6 with higher scores reflecting a
greater number of errors and more impairment. This scoring system is empirically derived and
modified on the basis of clinical practice. Of necessity, it leaves considerable room for

35  individual judgment, but it is simple enough to have a high level of inter-rater 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
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1.2 Blood samples

1.2.1 Test samples

After prestudy examination the study started 2 weeks later with blood withdrawal from all
participants.
All blood samples for the determination of AD biomarkers were collected into three
polypropylene tubes, respectively:

1. containing potassium-EDTA (Sarstedt Monovette, 02.1066.001) for EDTA plasma

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 an inserted
forearm vein indwelling cannula. Blood was collected according to the selected time schedule
(as described in chapter 1.1 above). It was centrifuged with 1550 g (3000 rpm) for 10 min at
4°C to provide plasma. Plasma or serum of each separate sample 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 withdrawal.

1.2.2 Samples to establish an internal EDTA plasma standard — control (ITS)

A blood sample (45 ml) was taken from a well defined control person by venous puncture or
by repeated withdrawal out of an inserted forearm vein indwelling cannula into five
polypropylene tubes containing potassium-EDTA (Sarstedt Monovette, 02.1066.001) for
EDTA plasma. All five tubes were centrifuged with 1550 g (3000 rpm) for 10 min at 4°C to
provide plasma. Plasma was transferred to 2 ml polypropylene tubes (Eppendorf,
0030120.094) to 1 ml aliquots. The aliquots of this internal plasma standard were stored at -
80°C. The sample was centrifuged within one hour after blood withdrawal. The control
plasma was labeled as “Internal EDTA plasma standard — control” (ITS). If other body fluids
(cerebrospinal fluid, urine, lymph, saliva, sudor, pleura fluid, synovial fluid, aqueous fluid,
tear fluid, bile, pancreas secretion) shall be used in the methods of the present invention, these
fluids have to be taken from a well defined control person, as it was demonstrated herein for

plasma samples.

1.3 Laboratory methods

1.3.1 Test samples




Nr. 14 424.75 Nr. 32 237.59 Nr. 17 320.36 Nr. 12 287.10 Nr. 16 347.81 Nr.
36 239.33 Nr. 18 331.72 Nr. 19 317.78 Nr. 20 403.27 Nr. 37 326.98 Nr. 25
297. 93 NrwoO2011288488 Nr. 22 262. 96 PCT/EP2010/063664
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Immuneprecipitation
EDTA plasma samples (containing 4 ml plasma) (whereby the invention is not limited to
EDTA plasma; e.g. heparin plasma, or serum can also be used) were thawed and aliquoted a 1
ml in 2 ml polypropylene tubes (Eppendorf, 0030120.094). One pill of protease inhibitor
5  (Roche, Complete mini Protease inhibitor cocktail, 11836153001) was dissolved in 1 ml D-
PBS (Invitrogen, 14190-094). 25 ul 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 remaining tubes of plasma samples were spiked with 10 ul of 10 % Tween-20.
To each tube 2.5 ug anti-amyloid P (17-24) antibody 4GS (Millipore, MAB1561), 2.5 ug anti-
10 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.

All plasma tubes were incubated overnight at 4°C in an overhead shaker. For immobilization
of the amyloid B-antibody complex 100 pul anti-mouse magnetic beads (Invitrogen, 112-02D)
15  were used for each 1 ml plasma sample. Instead of these special anti-mouse antibodies
conjugated on magnetic beads all other anti-mouse antibodies or anti-host antibodies (host:
origin of primary antibodies listed above) can be used. These antibodies can be immobilized
on several matrices (column matrices and bead matrices) via different conjugation strategies,
non-limiting examples being Biotin-Streptavidin interaction, tosyl-activated surface, epoxy-
20  activated surface, amine-surface, or a carboxylic surface. Before use 100 ul beads were
transferred from the original bottle into a 2 ml tube and washed 3 times with 1 ml PBS. After
washing the beads were re-suspended in 200 ul PBS. The plasma tubes were shortly (30 sec)
centrifuged with 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.

25
- On the next day the tubes were put into a magnetic separator to allow the beads to be
drawn to the tube wall. After about one minute the supernatant was carefully removed
and the beads were washed twice with 500 ul D-PBS containing 10 mg/ml
Cyclophilin 18 and 0.05 % Tween-20.
30

Elution of captured amyloid 3
After the last washing step the solution was drawn out, the tubes were taken from the
magnetic separator and 100 ul 50 % (v/v) methanol / 0,5 % (v/v) formic acid were added to
cach tube and the beads were re-suspended by slight shaking. All tubes were incubated for 1
35  hour at room temperature. Afterwards the tubes were again placed in the magnetic separator
and 40 pl from each tube were mixed with 440 ul EIA buffer (dilution buffer of the IBL 1-40
(N) ELISA Kit). The pH of the diluted sample was adjusted with 16 ul 400 mM Na,HPO,,
400 mM KH,PO4 pH 8.0 to the pH of the EIA buffer.



Nr. 40 330.16 Nr. 28 250.21 Nr. 23 426.33 Nr. 26 463.03 Nr. 41 280.66 Nr.
29 268.31 Nr. 24 356.83 Nr. 30 423.09 Nr. 42 359.67 Nr. 31 349.74 Nr. 33
277.00 NrwOo20114320464 Nr. 44 319. 90 PCT/EP2010/063664
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Quantification of the eluted amyloid f peptides
The determination of the peptide concentration was performed using the IBL 1-40(N) ELISA
Kit (IBL, JP27714).

Instead of the above described AB(1-40) ELISA all other commercially available ELISA Kkits,
which are able to detect full length AB1-40 can be used.

The diluted samples were applied to the ELISA plate (100 ul per Well, repeat determination).
10 The ELISA standard were taken from the Kit, dissolved and diluted according to the
manufacturer’s instruction protocol. After application of all samples and concentration
standards the ELISA plate was incubated for 18 h at 4°C. On the next day the ELISA was

developed according to the manufacturer’s instruction protocol.

15  After stopping the colorimetric reaction the absorbance in each well was determined at 450

nm corrected by absorbance at 550 nm using a plate reader (TECAN Sunrise).

The determination of the standard curve was carried out by plotting the corrected absorbance
at 450 nm versus the corresponding standard peptide concentration. The curve was fitted with

20  the four-parameter equation (Equation. 1) using Origin 7.0 (Microcal).

Al— A2
Equation 1I: y=——142

14 9
[ ]
0

y represents the measured absorbance and X the corresponding concentration, Al-lower
asymptote, A2-upper asymptote.

25
The calculation of the AB(1-40) concentrations on ELISA of each sample occurred based on

the according absorbance value using Equation. 2.

Al-y
y—A2

Equation 2: X=Xy P

30 To determine the concentration in the plasma sample the calculated concentration was
corrected by the EIA buffer dilution (including pH adjustment), factor 12.4, and the
concentration effect (1 ml to 100 ul) of the immuneprecipitation by factor 0.1. The

determined plasma APB(1-40) concentrations were denoted in pg/ml.



Nr. 38 245.71  Nr. 45 391.88 Mean 385.10 Mean 301.95 Mean 294. 72
Mean 318.61 SEM 17.27 SEM 13.91 SEM 11. 88
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Statistical analysis
The correlation of the plasma concentration of AB(1-40) with the existence of a positive

clinical diagnosis of Alzheimer’s disease was examined using the Student’s t-test.

1.3.2 Internal EDTA plasma standard — control (ITS) samples

Immuneprecipitation
The immunoprecipitation of the ITS sample was in general performed according to the same

method as used for the test samples described above.

10 The ITS sample (containing 1 ml EDTA plasma) (heparin plasma, serum also possible) and
the test samples were thawed at the same time. One pill of protease inhibitor (Roche,
Complete mini Protease inhibitor cocktail, 11836153001) was solved in 1 ml D-PBS
(Invitrogen, 14190-094). 25 ul of the protease inhibitor solution was added to 1 ml ITS
sample. According to the method and handling of the test samples, the ITS plasma sample

15 was spiked with 10 ul of 10 % Tween-20, 2.5 ug anti-amyloid B (17-24) antibody 4GS
(Millipore, MAB1561), 2.5 ng anti-amyloid B (x-42) antibody 12F4 (Millipore, 05-831) and
2.5 ug anti-amyloid B (x-40) antibody 11A5-B10 (Millipore, 05-799).

All following steps were performed according to the same method as used for the test samples
described above.

20
Elution of captured Amyloid B
The ITS sample was treated according to the same method as used for the test samples

described above.

25  Quantification of the eluted amyloid f peptides

The quantification of the eluted amvloid B peptides in the ITS sample was performed

according to the same method as used for the test samples described above.

Statistical analysis

30  Within one measurement the AB(1-40) concentration of the ITS sample and the test plasma
samples were determined together on one ELISA plate. Thereafter, the determined plasma
AP(1-40) concentrations of the test samples were normalized to the determined concentration

of the ITS sample according to Equation 3:
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subclassified into three groups. Group I contains subjects with an age of 18 to 30, Group Il

those with an age from 31 to 45 and Group III subjects with an age from 46 to 65. The

demographic characteristics are shown in Table 3.

Table 3 Demographic Characteristics
Healthy controls AD patients
Group 1 (18-30) | Group II (31-45) | Group III (46-65)
No. 10 10 10 15
Age at baseline |[25.8 £2.9 38.4+4.7 54+69 79.13 £7.09
(mean £ SDEV),
Height, cm 1755+ 11.6 175.1+7.2 167.5+10.9 168.4 +=10.34
(mean £ SDEV)
Weight, kg 7133 +£11.8 71.36 £13.5 75.81 £13.3 72.00 £12.31
(mean £ SDEV)
Sex (% women) |50 50 50 40

2.2 Psychometric tests

For evaluation of the neuropsychological functions all participants have performed the

DemTect, Mini-Mental-State Test and Clock-Drawing test, as described above. These tests

have been made in prestudy, as well as 3 months, 6 months, 9 months and 12 months after

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 2.

that No. 20
whi ch
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There are clear differences between the three groups of healthy subjects compared with the
patients. In particular, it can be seen that the mean score of AD patients is less than half the
mean score of the healthy controls. The patient’s mean has not changed over time and is thus

given only once in figure 2.

Mini-Mental-State Test

In the MMS 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
10  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 3. The same

healthy controls and AD patients participated in this test.

There are clear differences between the three groups of healthy subjects compared with the

15  patients, which are shown in Figure 3 in a similar fashion as in Figure 2.

Clock-Drawing Test

The scoring system of the Clock Drawing Test ranges in scores from 1 to 6 with higher scores

reflecting a greater number of errors and more impairment. This scoring system is empirically
20  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 inter-rater

reliability. Again, the same group of healthy controls and AD patients participated as in the

two tests above.

25  The present study lends itself to the analysis of the following 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.
30
The test results are shown in Figure 4.
There are clear differences between the three groups of healthy subjects compared with the
patients. The results are depicted in Figure 4 in a similar fashion of for Figures 2 and 3.
35

2.3 Plasma AB(1-40) concentration, not normalized

The AB(1-40) concentration was determined in EDTA plasma of the TO + 9 months series, as

described above. Further samples of the TO+9 series were used to optimize and establish the
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new immuneprecipitation method. Overall, the final optimized method was tested with 10 AD
samples and 26 control samples. The determined plasma AB(1-40) concentrations are shown
in Table 4.
Table 4 Plasma Ap(1-40) concentrations of all analyzed samples (T0+9 months series)

The mean concentration values and the standard error of mean for all four groups

were calculated. The Student’s t-test has compared the AD group with each single

control group.

AD Group Control Group 18-30 Control Group 31-45 Control Group 46-65
AB(1-40) (pg/ml) | Subject | AB(1-40) (pg/ml) | Subject | AB(1-40) (pg/ml) ] Subject | AB(1-40) (pg/ml)
366.86 Nr. 09 320.46 Nr. 13 291.76 Nr. 02 337.81
364.57 Nr. 27 302.80 Nr. 15 296.74 Nr. 08 257.64
424.75 Nr. 32 237.59 Nr. 17 320.36 Nr. 12 287.10
347.81 Nr. 36 239.33 Nr. 18 331.72 Nr. 19 317.78
403.27 Nr. 37 326.98 Nr. 25 297.93 Nr. 21 288.38
262.96 Nr. 40 330.16 Nr. 28 250.21 Nr. 23 426.33
463.03 Nr. 41 280.66 Nr. 29 268.31 Nr. 24 356.83
423.09 Nr. 42 359.67 Nr. 31 349.74 Nr. 33 277.00

402.74 Nr. 44 319.90 Nr. 38 245.71

Nr. 45 391.88

Mean 385.10 Mean

SEM 17.27 SEM
T-test AD Group vs. Control Group

Subiject
Nr. 10
Nr. 11
Nr. 14
Nr. 16
Nr. 20
Nr. 22
Nr. 26
Nr. 30
Nr. 39

318.61
19.27
0.02059

301.95 Mean
13.91 SEM
0.00180

294.72 Mean
11.88 SEM
0.00058

For all control groups, a significant difference between the healthy volunteers and the AD
group was obtained. Upon closer review of the individual concentrations within one group
two subjects were eye-catching. The AD subject Nr. 22 shows an AB(1-40) concentration,
which is typically for healthy controls. It does not fit into the AD group. If the individual
results of the prestudy psychometric tests (see Figures 2 — 4 and table 4 below) are compared,
it becomes evident that subject No. 22 has the highest score of all those analyzed participants
by far, which were categorized into the AD group. The DemTect score is in the range of
‘appropriate for age’ and the MMSE score is on the upper limit of the range for MCI subjects.
In contrast, the control subject No. 23 shows a, AB(1-40) concentration typically for the AD
group. The prestudy psychometric tests (see Figures 2 — 4 and table 5 below) offer, that No.
23 has the lowest score of all those analyzed participants by far, which were categorized into
control groups. It is evident that the increased plasma AP(1-40) level is the first indication for
the onset of Alzheimer’s disease.

Table 5 Psychometric tests (prestudy) of all analyzed subjects

27 18
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DemTect [ Mini-Mental-State | Clock-Drawing
AD group

Nr. 10 1 12 6
Nr. 11 5 18 5
Nr. 14 6 22 4
Nr. 16 1 11 5
Nr. 20 10 19 2
Nr. 22 16 26 2
Nr. 26 8 25 6
Nr. 30 0 0 6
Nr. 39 4 21 5
Nr. 45 9 25 1

Control group 18-30
Nr. 09 16 30 1
Nr. 27 18 30 1
Nr. 32 18 30 1
Nr. 36 18 30 1
Nr. 37 17 30 1
Nr. 40 18 30 1
Nr. 41 18 30 1
Nr. 42 18 29 1
Nr. 44 18 30 1

Control Group 31-45
Nr. 13 17 29 1
Nr. 15 18 29 1
Nr. 17 18 29 1
Nr. 18 18 28 1
Nr. 25 17 30 1
Nr. 28 18 30 1
Nr. 29 18 30 1
Nr. 31 18 30 1
Nr. 38 18 30 1

Control Group 46-65
Nr. 02 17 29 1
Nr. 08 18 30 1
Nr. 12 18 30 1
Nr. 19 18 28 1
Nr. 21 18 29 1
Nr. 23 14 28 2
Nr. 24 16 29 1
Nr. 33 17 29 1

42 18 29 1 Nr. 44 18 30 1

PCT/EP2010/063664

Based on the findings of the psychometric tests and plasma analysis it cannot be assumed that

AD subject No. 22 is correctly categorized. In the case of control subject No. 23 a possible

carly stage of the Alzheimer’s Disease is conceivable. Therefore, the data were statistically

analyzed including or excluding these two subjects (Table 6 below).
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Table 6: Statistical analysis of analyzed AD subjects vs. controls (Groups I-III together)
AD Group (all All controls (all AD Group All Controls
analyzed samples) | analyzed samples) | (except No. 22) | (except No. 23)
Mean 385.10 pg/ml 304.57 pg/ml 398.67 pg/ml 299.70 pg/ml
Median 397.31 pg/ml 300.36 pg/ml 402.74 pg/ml 297.93 pg/ml
SDEV 54.61 43.54 35.85 36.50
SEM 17.27 8.54 11.94 7.30
T-Test p = 5.14E-05 p = 6.09E-08

To enable an early clinical diagnosis, preferably at a stage where further symptoms are not yet
available, it is important that the biomarker to be used is altered already in early stages of
Alzheimer, for example during Mild Cognitive Impairment (MCI). This is particularly
important if early onset therapy is necessary to prolong life and life’s quality for an

individual.

To determine whether the AB(1-40) level would be suitable as an early onset marker for AD
the association of plasma concentration of AB(1-40) with the DemTect and MMSE score

(Figure 5) has been evaluated in further experiments.

As expected from the results of the present inventor’s studies above, the lowest AB(1-40)
concentrations were observed in control subjects corresponding with a high DemTect and
MMSE score, respectively. The highest concentrations were observed in persons which are
categorized with mild cognitive impairment. A further decline of the scores, indicating
moderate or severe dementia, shows also a decrease of plasma AB(1-40) level which is
located between effectively normal and MCI. This finding indicates that a significantly
increased level of plasma AB(1-40) is an initial and early marker for the onset of early stages
of Alzheimer, at which point in time no or only a minor decline of cognitive functions is

observable

2.4 Plasma AB(1-40) concentration, normalized after inclusion of the ITS samples

The comparison of relative AP(1-40) concentration was performed in a second series of
measurements (TO + 6 months) of EDTA plasma samples. In a first step, test samples from
control subjects and AD patients were analyzed together on one ELISA plate. The determined

plasma AB(1-40) levels were normalized to the mean value of all samples from the control

30

1
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subjects, which were analyzed within this measurement cycle. The normalization of the AP

levels was performed according to equation 4:

) Plasma AB(1-40) concentration in AD test sample
Equation 4:  relative Ap(1-40) level =

Meanplasma AP (1-40) concentration in control samples

Overall 10 control and 10 AD samples were analyzed in two different measurement cycles.

The relative AB(1-40) concentrations are shown in table 7.

Table 7: Relative plasma AP(1-40) concentration of 20 analyzed samples (T0+6 month
series)

AD group Control group
Subject | relative AB(1-40) level | Subject | relative AB(1-40) level
Nr. 11 1.22 Nr. 6 1.16
Nr. 14 1.27 Nr. 7 1.09
Nr. 16 1.11 Nr. 8 0.84
Nr. 20 1.72 Nr. 9 1.02
Nr. 22 0.92 Nr. 12 0.90
Nr. 26 1.44 Nr. 13 1.05
Nr. 30 1.55 Nr. 15 0.93
Nr. 39 1.47 Nr. 17 0.95
Nr. 43 1.13 Nr. 18 1.01
Nr. 45 1.36 Nr. 19 1.05
Mean 1.32 Mean 1.00
T-Test AD group vs. Control group 9.3e-4

As shown in table 7, the use of an internal standard within every measurement cycle improves
the reliability and enables a better comparison between the values for the AP peptide levels
determined in different measurement cycles. However, in blinded studies, it is not possible to
differentiate between AD and control samples. Therefore the use of an internal plasma
standard (ITS), which is co-analyzed in every measurement cycle is the only way to compare

AP peptide values from different measurements cycles.

Accordingly, the plasma AB(1-40) levels of the T0+6 months samples was analyzed in
presence of the ITS. All values were normalized to the AP(1-40) concentration of the ITS.
The result is shown in Figure 6. As shown in Figure 6, the mean value of the relative AB(1-

40) level is 1.31 for all analyzed AD samples and 0.94 for all analyzed samples from healthy
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good consistency concerning the increase of the plasma AB(1-40) level by about 32 % in AD
patients compared to healthy controls. These data indicate, that the use of an internal plasma
standard analyzed together with unknown plasma samples within every measurement cycle
5 increases the reliability and comparability of the determined AP(1-40) levels, which were

determined in different measurement cycles.

3. Discussion
The present inventors could show that high plasma concentrations of AB(1-40) were
10  associated with a positive clinical diagnosis of Alzheimer’s Disease. Although ecarlier studies
(van Oijen et al., 2006; Mayeux et al., 2003; Mehta et al., 2000,) made attempts to show this
correlation, the statistical significance was not convincing which lead to the belief that AB(1-
40) would not be suitable as marker for AD, both as no statistically significant correlation
could be established and in view of the lack of a suitable method for determination. In the
15  present studies, the AP(1-40) concentrations were directly determined by a double-antibody
determination method. In the Rotterdam study (van Oijen et al., 2006), the mean
concentration value of all samples was 192.0 pg/ml. Mayeux and co-workers found 153.6
pg/ml in AD at baseline and 133.3 pg/ml in non-demented elderly, Mehta and co-workers
obtained 272 pg/ml and 219 pg/ml in patients with sporadic AD and in healthy controls,
20 respectively. In the present study, the inventors obtained mean plasma AB(1-40)
concentrations of 385 pg/ml (AD patients) and 304 pg/ml (healthy controls), respectively. The
increase of detected plasma AB(1-40) is the result of the use of the novel bivalent capture
system. As explained above in detail in this system one AP peptide molecule is bound by two
antibody molecules recognizing two different epitopes. The first (capture) antibody interacts
25  with amino acids 17-24 of AP (1-40). The second capture antibody binds to the C-terminus of
APB(1-40). Both antibodies were immobilized in a preferred embodiment by one anti-mouse
antibody on magnetic beads. Without the wish to be bound to this hypothesis it is assumed
that a cooperative binding between the two capture antibodies and the AP peptides in human
plasma can be achieved. This binding, which has proven to be particularly strong and specific,
30 provides for the capturing of all AB(1-40) peptide molecules from a given sample, for
example plasma and further ensures the removal of other plasma proteins which would
disturb the quantification via ELISA. Significant differences between AD patients and
controls became evident with the present study wherein AB(1-40) peptide molecules of a
given sample can be detected in a quantitative manner.
35
In conventional methods for the prediction of Alzheimer’s disease, the AB(1-42) level is

determined preferably in CSF or plasma. This level is decreased in AD patients, because of
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clevated aggregation of the AP peptides in the brain. It is surprising that the AP(1-40)
concentration is — on the contrary - increased. Kim and co-workers have found a strong anti-
amyloidogenic effect of AB(1-40) in vivo (Kim et al., 2007). They could show that increasing
APB(1-40) levels in the brain of Tg2576 or BRI-AB42A mice protected against amyloid

5 pathology. Moreover, the magnitude of this effect was quite unexpected: an approximately
twofold increase of AB(1-40) levels in the forebrain of the BRI-AB40/Tg2576 mice had a
lifelong inhibitory effect on AP deposition ranging from about 80 % reduction at 11 months to
about 50 % at 20 months, compared with the AP deposition in Tg2576 littermates. Several
other studies have supported this finding (Deng et al., 2006; Mucke et al., 2000, McGowan et

10 el, 2005). It is imaginable that the increase of AB(1-40) level in plasma or CSF of AD
patients is caused by a increased production in the brain as a consequence of elevated

aggregation propensity of AP peptides to inhibit this unintended reaction.

The correlation of the plasma AB(1-40) concentration with the neuropsychological tests
15  demonstrated herein, which became possible only by application of the new method of the
present invention has shown that the significant increase of AB(1-40) level is an early event in
the progression of Alzheimer’s disease. Thereby, the level of plasma AB(1-40) can now be

used as a marker for diagnosis of the onset of Alzheimer’s disease.

20  The use of an internal plasma standard (ITS) analyzed together with unknown plasma samples
within every measurement cycle as demonstrated herein further increases the reliability and
comparability of the determined AB(1-40) levels, which were determined in different

measurement cycles.
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54 Clainms 1. A nethod for the detection of an Al3 target peptide in a

bi ol ogi cal sanple, conprising the follow ng steps: 5i) contacting a

bi ol ogi cavo=anpi3so4si t h at | east two di fferent capture amrCiriardiiese3ocss )
detection of the resulting i mune conplex, iii) destruction of the immune
conpl ex, and, iv) quantifying the captured Al3 peptides. 102. The net hod
according to claiml1, wherein said nethod is perfornmed in the presence of
an internal standard sanple. 3. The néthod according to claim1 or 2,
wherein said internal standard sanple is selected froma plasnma sanpl e,
cerebr @gpim@! fluid sanmple , urine sanple, |ynph 15sanple, saliva sanple ,
sudor sanple , pleura fluid sanple, synovial fluid sanple, aqueous fluid
sanple, tear fluid sanple, bile sanple, pancreas secretion sanple. 4. The
met hod actorAliehdddonthy dettetion ofhiaARRarket gepdide Wheb®ildiGdkssmplel @nmgising

st andard saq@%ﬁ is.an_internal standard plasma sample (ITS). 20 5. The

nmet hod accor &0?8“%%$“one of clains 1 to 4, wherein the nmethod conprises
as fPurther st epcottectimgrantadiogmal ampdf withet jad8 twadg&trepepptuceantibndient r at i ons,

such as the A%@QﬁmﬁﬂanFﬂkqgmﬁ iﬁméﬁkcggﬁ&gptrations, of a biol ogi cal

sanple to the concentration o e respectivé Al3 target peptide determnned
in the inter nall deshivgaeomokthppnaunosereplgrtdandg in a rel ative Al3 target

pepti de IeveIng‘@ﬁﬁbﬂﬁgﬂkQﬁbﬁ@&h&ggahﬁm&G. The met hod according to any one
of claims 1 to 5, wherein the A13 target peptide is A13(1-40) including

functional equivalents thereof 307. The nethod according to any one of
claons 1 2.0 The mdtesceadeotdig BlcBaiinal, geterqie pdid decth@l idpSfdrndd)in dic [BECInEEONO 1

i ncluding f i.on equi ts thereof 8. The nmethod according to any one
of clains 1%?31%%1%*‘? %I%de%?dnyaﬂrlégA13 target peptide i s AL3(1-42) incl uding

functional equivalents thereof 35 WD 2011/033046PCT/ EP2010/ 063664 55 10.
The nethog aggokdinpg éce?f'amg gﬁf%laﬁfl t e Drer&dnngif ik s%é{ﬁgzliﬁ' Andpi€is

bi ol ogi cal sanmple |s sel ecte romthe group consisting o ood, "serum
urine, cereBelssipil fEam A plagme comple, spredrespind) HHHd sampla auringeapple plysinhy)
flukd, synovhmbld, lsslivh sdn@sie , khddrdbaniplé epRandiipRINGIHEAS, a6l Fan sakdpleThe

et hod acCOrdL B0 L A e SRS SR BhTens WISE RN R, B 0f 001 el

4. The method according to any one of claims 1 to 3, wherein said internal standard

sample is an internal standard plasma sample (ITS).
20

5. The method according to any one of claims 1 to 4, wherein the method comprises as
further step the normalization of the AP target peptide concentrations, such as the
APB(1-40) or the AB(1-42) concentrations, of a biological sample to the concentration
of the respective AP target peptide determined in the internal standard sample,

25 resulting in a relative AP target peptide level of each biological sample.

6. The method according to any one of claims 1 to 5, wherein the A target peptide is
AB(1-40) including functional equivalents thereof.

30 7. The method according to any one of claims 1 to 6, wherein the A target peptide is
APB(1-40) of SEQ ID NO: 1 including functional equivalents thereof.

8. The method according to any one of claims 1 to 5, wherein the AP} target peptide is
AB(1-42) including functional equivalents thereof.
35
9. The method according to any one of claims 1 to 5 or 8, wherein the Af3 target peptide
is AB(1-42) of SEQ ID NO: 2 including functional equivalents thereof.



1012. The method according to any one of the preceding clains, wherein the
at least two different capture antibodies are each specific for a different
epi t ope owOt2hH/083@6t ar get pepti de. 13 The net ho#CaEPeridionsy6s o any
one of the preceding clains, wherein the capture 15anti bodi es are sel ected
fromthe group consisting of 3D6, Epitope:1-5, pAb-EL16, Epitope: 1-7, 2H4,
Epi tope: 1-8, 1E11, Epitope: 1-8, 2020.1, Epitope: 1-10, Rabbit Anti-Al13
Pol ycl onal Antibody, Epitope: 1-14 (Ab¢an), AB1O, Epitope: 1-16, 82E1,
Epi tope: 1-16, pAbl-42, Epitope: 1-11, 25NAB228, Epitope: 1-11, DE2,
Epi t ope: 1-16, DE2B4, Epitope: 1-17, 6E10, Epitope: 1-17, 10D5, Epitope:
3-7, 30WO-2, FEpitope: 4-10Q, 1A3, Epitope 5-9, pAb-EL21, Epitope.5-11,
310- 03, Eb‘%tyb%n@ﬂﬂﬁi, aceATRGH A PIS-Bil PRIcs i glatBhar hearin tﬁeﬁ’wlogﬁ?k ope
(1ib 28 n'§ AbcammpB5hictdsaid Rovhi thHLgm@:l ip fd;&idlﬂﬁgwﬂ slo@d, seninh,badhe, cE;&'bfdspﬁﬁaQF- 35
cam, Rabpi. i -Human Al3 Pol ycl onal . Antibody, Epit . N-term.na
(ABR . Rabb IR St D on R R GBS Eup B LRS! iR
2013/ 033046 RaT pER2OBGLO6E3BG64 56 12C3, Epitope 10-16, 16C9, Epitope 10- 16,
19B8, Epitope 9-10, pAb-EL26, Epitope: 11-26, 5BAMDO.1, Epitope: 13-28,
Rabbit Anti-beta-Anyloid (pan) Pol yclonal Antibody, Epitope: 15-30 (MBL),
22D12, Epit-ople meghophaccogbng fhansope ofiheprecqdme glamms, vEpreingae bigogigal
10433, Epit ep@pleliypRdmaRabbit Anti-Al3 Polyclonal Antibody, Epitope: 22-35
(Abeam &x-10; Epi?ope: 31- 40,

10 12. The method according to any one of the preceding claims, wherein the at least two

different capture antibodies are each specific for a different epitope on the AP target

peptide.

13. The method according to any one of the preceding claims, wherein the capture
15 antibodies are selected from the group consisting of
3D6, Epitope:1-5,
pADb-EL16, Epitope: 1-7,
2H4, Epitope: 1-8,
1E11, Epitope: 1-8,
20 20.1, Epitope: 1-10,
Rabbit Anti-AP Polyclonal Antibody, Epitope: 1-14 (Abcam),
ABI10, Epitope: 1-16,
82E1, Epitope: 1-16,
pAb1-42, Epitope: 1-11,
25 NAB228, Epitope: 1-11,
DE2, Epitope: 1-16,
DE2B4, Epitope: 1-17,
6E10, Epitope: 1-17,
10D5, Epitope: 3-7,
30 WO-2, Epitope: 4-10,
1A3, Epitope 5-9,
pAb-EL21, Epitope 5-11,
310-03, Epitope 5-16,
Chicken Anti-Human A Polyclonal Antibody, Epitope 12-28 (Abcam),
35 Chicken Anti-Human A Polyclonal Antibody, Epitope 25-35 (Abcam),
Rabbit Anti-Human A Polyclonal Antibody, Epitope: N-terminal (ABR),
Rabbit Anti-Human A Polyclonal Antibody (Anaspec),



Rabbit Anti-Al3, aa 32-40 Pol ycl onal Antibody (GenScript Corporation),
EP1876Y, Epitope: x-40, 15&2-11, Epitope: 33-42, 16Cl1l, Epitope: 33-42,
21F12, Epwoapa/o33ehed2, 1A10, Epitope: 35-40, and D 17 Goat/Exnelo/$3b84
anti body, Epitope: Ctermnal. 20 14. The method according to any one of
the preceding clainms, wherein the capture antibodies are selected fromthe
group consi sting of 3D6 BAN5O, 82El, 6E10, WO 2, 266, BAMDO.1, 4G8, &X-10,
1A10, BA27, 11A5-B10, 12F4, and 21F12562515. The net hod accor di ng to any
one of the preceding clains, wherein the follow ng anti body pairs are used
as capture anti bqgcgsEplfb lgnlqlg 11A5- B10, 3D6 and 4G8, 6E10 and 4G3, 30 82El1
and 4&8, 4&8 and éég nd 21F12, 3D6 and 21F12, 6E10 and 21F12,
35BAN50 and 4GB, ! %MEPPH 59810, 3D6 and 1A10, WO
2011/ 033046PCT/ EFP2B8 ¥ f63p6641(67 3D6 and BA27, 6E10 and 11A5-B10, 6E10 and
1A10, 6E10 and B J%—Ji)%’% a%nd‘JI}@%- B10, 4G8 and 1A10, 4&8 and BA27, 4&3 and
12F4, and 4G8 an§"21iF12» “PMOPS 117,

5 BAMO90.1, Epitope: 13-28,

Rabbit Anti-beta-Amyloid (pan) Polyclonal Antibody, Epitope: 15-30 (MBL),
22D12, Epitope: 18-21,
266, Epitope: 16-24,
pAb-EL17; Epitope: 15-24,
10 4G8, Epitope: 17-24,
Rabbit Anti-AB Polyclonal Antibody, Epitope: 22-35 (Abcam)
G2-10; Epitope: 31-40,
Rabbit Anti-Ap, aa 32-40 Polyclonal Antibody (GenScript Corporation),
EP1876Y, Epitope: x-40,
15 G2-11, Epitope: 33-42,
16C11, Epitope: 33-42,
21F12, Epitope: 34-42,
1A10, Epitope: 35-40, and
D-17 Goat anti-Ap antibody, Epitope: C-terminal.
20
14. The method according to any one of the preceding claims, wherein the capture
antibodies are selected from the group consisting of 3D6, BANS50, 82E1, 6E10, WO-2,
266, BAM90.1, 4G8, G2-10, 1A10, BA27, 11A5-B10, 12F4, and 21F12.

25 15. The method according to any one of the preceding claims, wherein the following
antibody pairs are used as capture antibodies:
4G8 and 11A5-B10,
3D6 and 4GS,
6E10 and 4GS,

30 82F1 and 4GS,
4G8 and 12F4,
4G8 and 21F12,
3D6 and 21F12,
6E10 and 21F12,

35 BANS50 and 4GS,
3D6 and 11A5-B10,
3D6 and 1A10,



10 16. The nethod according to any one of the preceding clains, wherein the
detection of the conplex is carried out by using secondary anti bodi es,
speci fi cawbyorigmsissng Wi th each capture anti body. 1517. PChEPrEDI063H64
according to any one of the preceding clains, wherein the secondary

anti bodi es are anti-nouse anti bodies or anti-rabbit antibodies. 18. The
nmet hod according to claim 16 or 17, wherein the secondary antibodies are

| abel l ed. 20 19. The net hod accordlng 5{o any one of the preceding clains,
wherein the secondary anti bodies are inmobilized on nagnetic beads. 20.
The net hod qqﬁgﬁgugggﬁo any one of the preceding clainms, wherein the
magneti ¢ beads arr the i nmune conpl ex are separated fromthe

bi ol ogi cal % P@ &%ﬁ% % magneti c separator. 21. The nmethod accordi ng
to any one @ElbhﬁdpA@OEdlng clains, wherein the destruction of the imune
complex is 93§§°r"ﬁ%d n the presence of 50 % (v/v) Methanol / 0.5 % 30(v/v)
formc acid % thod according to any one of the preceding clains,
whebei n t he 4t adtlddSiBiune conplex is quantified. WO

2011/ 033046RckK FRZ04Q/ 063664 58 sandwi ch ELI SA, Anyloid 131-40 HTRF(r)
Assay, Al phascreenTM Assay, Miltiplex Assay Systens, mass spectronetry and
Vst ern Bl ot EradyBAZ7, 24. The method according to any one of the
precedi ng clsgigwmmd Wrargign the captured Al3 5peptides are quantified by a
sandwi ch ELI?@ ngéﬁgigtlflcatlon means. 25. The method according to claim
24, wherein Ch ch ELI SA conprises a first antibody, which is
spadific for the conplete N-term nus of Al3(1-40); and a detection

ant i body, Ciof QL h i 0 of
A13( 1- 40) IM&%%étﬁqcﬁgc%gf‘dtl% a% 0&1 gf %e pff\ééyd{] g clalgg V\%g% tﬁ%{l cet%(sfl aog

ELI SA conpr icemwlex if icarsicd amt bboel}ag swmndhrm asltlbpélcs,fsmemmatll}t mcfmgmltbteech
N-term nus offil3{liddy)  and a detection antibody, which is specific for

t he C—ternlnus ending at amno acid 42 of A13(1-42). 1527. The net hod
according to claim 24, wherein the sandwi ch ELI SA conprises a first

antigbody, 1WiilgMnméthos lae@cbrahpg ﬂcood’nyt(h% &th@rpmdwﬁlgoélaﬁﬂ@(vdheél&h theQebondary

det ection ant ete N-term nus startlng
with Asp- A|£HE?HP%%“%T§ Tuﬁ%ﬁa °d§§°r$ﬁb“%@§ﬁﬁﬁﬁgﬁ%brd|ng to claim24,
wherein the sandwi ch ELI SA conprises a first 20anti body, which is specific

for the f ) n et
speci fi CCI hrgg@g(a ﬂcAgy 13({lﬂ\rlg ?érc }ﬁuﬁlugk ? gr t ?f%{e% tﬁé]g\s&%% ra?’ g@ﬁﬁ&p%? are

Al13( 1-42). igmﬂmhe nethod according to any one of clalns 25 to 28, wherein
thegfirst antibody is inmmobilized. 25 30. The nethod according to any one

of clains 25 to 28, wherein the detection antibody is |abele
19. The method according to any one of the preced%ng c les wherein tﬂe secondary

antibodies are immobilized on magnetic beads.

20. The method according to any one of the preceding claims, wherein the magnetic beads
25 carrying the immune complex are separated from the biological sample using a

magnetic separator.

21. The method according to any one of the preceding claims, wherein the destruction of
the immune complex is performed in the presence of 50 % (v/v) Methanol / 0.5 %

30 (v/v) formic acid.

22. The method according to any one of the preceding claims, wherein the detected

immune complex is quantified.

35 23. The method according to any one of the preceding claims, wherein the captured A

peptides are quantified by a quantification means selected from the group consisting of



31. The nethod according to claim?24 wherein an ELISA-Kit for the
quantification of 30Aft40 is used. 32. The nethod according to claim
31, wher ew020h1@3BI46SA-Kit is sel ected fromthe group comSITaPR0MY/ 065664
Anyloid-f3 (1-40) (N) ELISA (IBL, JP27714); Al13 [1-40] Human ELI SA

Kit (Invitrogen); Human Anyloid beta (Anyloid-b), aa 1-40 ELISA Kit (Wako
35Chemi cals USA, Inc.); and Anyloid Beta 1-40 ELISA Kit (The Genetics
Conmpany). WD 2011/ 033046PCT/ EP2010/ 088664 59 33. The nethod according to
claim 24, wherein an EUSA-Kit for the quantification of Af3(1-42) is used,

34. The et QQ&dﬁ%ﬁ‘ELCI:SRQAtn’QyIGidaFm@%TI@P@r&ésﬁy})&&yhﬁé—dr&%“x&ss&ys M%ltﬁﬁé;@d
fromthe group 5 consisting Ayl oid- 1%“%-42%@0 ELBA (IBI" JP27712); ,A{3
[1-42] Hunar S8 SREs ashincerageiny andtrais Rt 8Pyt a (Anyl oi d- (3), aa
1-42 ELISA Kit (Wako Chemicals USA, Inc.), Anyloid Beta 1-40 ELISA Kit (The
Genetics an NNOTESTQ13- AMYL 1-42).. (1 nnogenetics),. 1035 . T,

ret hod acCbrar bl ARprame oty M oF Bt gt JPRES \ikiThne (R0Rer AE o

t he5Sneur odegepedeatara/quadii§edbye a odndvheh ELHj et guanhfitataomenetonor s of t he

bi ol ogi cal sanples is characterized in one or nore psychonetric tests,

36. The nethod according to any one of the t[i_?;éecedi_n clains, wherein said
psychonet 23-dhegnetbed aggaadigaite tlam 24.0marpa the smebyiclrdddSAnampmiashedlrsst at e

Test, O ock-qR¥isyMynghi@sk &M@f&%@ cBnpr&eN-tdesihus SANEARI0)Casthh %l%t%&bioddsl:" o
e o

BEHAVE- AD, CERAD ,. S.and the The.7 M nute Screen, :

The ot hou FORORe BiPs theoi oo Hit Caiosminyps gating éhtmHe aatdc”o%%%(lf@;-any one
of 120t he preceding clains for the diagnosis of Al zheiners' s disease.

38. The u C i | aim r . di £ f Nt | i\a i S, of

A zhel mer 26 9 o858 deldRaihl o Fuih p 8" AQRCS SEIRDLD 31 AISNG Hps o,

t he di agnosiastibddyearhiiah istspealic &fr the zompletsr N-toBeingeaisaB(1-42); and a detectiine use

accordi ng tcanﬁt@dmhﬁx i9%pfid OF tHherdhadR kM Af arMAodacEp%ftAg@ﬂz%.hei s

| mpai r nent . ninvitro nethod for "the diagnosis o
di sease, wherein the nethod for 30the detection of an Al3 target peptide

acger di ng27. aheMetBf@ abdorinditdtcldint 24, 36hdrsinpedandwich ELISAZomsiesefa falt AL3

t t tide f he di i.s of hei mer'.s, di . . 43, Th
v acchr i el BoPHORS fiafe CHelP it Dbl D6l AR aET b dstectipn uihdy: o
di sease. 35 whifh RGpddiHE RO ABPGHERR NLOA DGRB8ty with Asp-Ala-Glu of AB(1-40).

28. The method according to claim 24, wherein the sandwich ELISA comprises a first
20 antibody, which is specific for the C-terminus of AB(1-42); and a detection antibody,
which is specific for the complete N-terminus starting with Asp-Ala-Glu of AB(1-42).

29. The method according to any one of claims 25 to 28, wherein the first antibody is
immobilized.
25
30. The method according to any one of claims 25 to 28, wherein the detection antibody is
labeled.

31. The method according to claim 24, wherein an ELISA-Kit for the quantification of
30 AB(1-40) 18 used.

32. The method according to claira 31, wherein the ELISA-Kit is selected from the group
consisting of Amyloid-f (1-40) (N) ELISA (IBL, JP27714); AP [1-40] Human ELISA
Kit (Invitrogen); Human Amyloid beta (Amyloid-b), aa 1-40 ELISA Kit (Wako

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



45. The use according to claim43 or 44 for the diagnosis of MId Cognitive
| npai r ment . 46. The use according to any one of clains 37 to 45,
wher ei n twe 20d3s@6get peptide is 5A13(1- 40) i ncl udi ngPCumPRI10/063664
equi val ents t hereof.

59

a2
2

3. The method according 1o claim 24, wherein an ELISA-Ku for the quantification of
AR1-42} is used.

34. The method aceording to claim 33, wherein the ELISA-KGt 15 selected fromn the group

5 consisting Awyviowd-B (3-42) (N} ELISA (JBL, IP27712); AR [1-427 Human ELISA

Kit {Imvitrogen}, Human Amyloid beta (Amyloid-f), aa 1-42 ELISA Kit (Wako

Chemicals USA, Inc.), Amyloid Beta 1-40 ELISA Kit (The Genetics Company),
INNOTEST® B-AMYLOID(1-42) (Innogenetics).

10

Lo
Lh

. The method according o any onc of the preceding claims, wherein the state of the
neurcdegenerative discase of the subjocts that are donors of the binlogical saraplies i

characterized 1o one oy wore psychoroeiric tosts,

36. The method according to any one of the preceding claims, wherein said psychometric
15 teats are selected from the DemTect Test, Mini-Mental-State Test, Clock-Drawing
Test, ADAS-Cog, Blessed Test, CANTAB, Cognistat, NPI, BEHAVE-AD, CERAD,

CSDD, GDS and the The 7 Minute Screen.

37. Use of the method for the detection of an AP target peptide according to any one of

20 the preceding claims for the diagnosis of Alzheimers’ s disease.

38. The use according to claim 37 for the differential diagnosis of Alzheimer’s disease.

39. The use according to claim 37 or 38 for the diagnosis of early stages of Alzheimer’

25 disease.

40. The use according to claims 38 or 39 for the diagnosis of Mild Cognitive Impairment.

41. An in vitro method for the diagnosis of Alzheimer’s disease, wherein the method for

30 the detection of an AP target peptide according to any one of claims 1 to 36 is used.

42. Use of an AP target peptide for the diagnosis of Alzheimer’s disease,.

43. The use according to claim 42 for the differential diagnosis of Alzheimer’s disease.
35
44. The use according to claim 40 or 41 for the diagnosis of carly stages of Alzheimer’

disease.



5

WO 2011/033046 PCT/EP2010/063664

60

45. The use according to claim 43 or 44 for the diagnosis of Mild Cognitive Impairment.

46. The use according to any one of claims 37 to 45, wherein the AP target peptide is
AB(1- 40) including functional equivalents thereof.



