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2010/ 01%%@55%’5%9996 %grgga i]én s (about 10% of cohorts) remain slowly progressive, showing
only gradual decline from year to year (Grossi, D., et al . , Senile dementias, II International
25  Symposium (pp. 97-99), Paris: John Libbey Eurotext, 1988.). The pathological, chemical and
molecular bases of this heterogeneity remain undetermined. Recognition of the variability of AD
progression represents an important clinical insight, and may explain the diagnostic difficultics
presented by "atypical” cases. While in certain cases, there is a familial manifestation of the AD
disease, it appears that the majority of AD cases are non-familial, and until recently (sce below),

30  no simple biological marker for the disease had been determined.
Current methods used to diagnose AD involve analysis of cerebrospinal fluid (CSF) or brain
tissue obtained from postmortem patients. Thus, among the markers currently under

consideration are those related to the proteins, which account for the features found in Alzheimer
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nor nmal nt r ol 2010/01 PCT/ EP2009/ 059951 6 reby an
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nor mal - GRAtHOlHLDHYALPOSI e | Hﬂi‘l\ﬁ@ﬁa@rtraﬁ)&tcﬂ@b O Mehitive decline in patients with
dementia of the Alzheimer type, J. Clin. Exp. Neuropsychology 14:575-592, 1992.) Using
AACD/MCI criteria, which look at other domains in addition to memory, the percentage with an
identifiable prodrome is likely higher. Fortunately, not all AACD/MCI individuals scem to
25  decline. It appears that a significant number of these subjects show a stable, non-progressive

memory deficit on testing.

Attempts at predicting the onset of AD, MCI or NDS, or monitoring their progression have met
with limited success. It has been discovered by the inventors of this application that an amount of
30 QC in a biological sample obtained from a subject that deviates from a reference amount in a
control person can be positively correlated to a neurological disease state. Thus, the correlation
of the presence of QC with the discase state represents a positive and more direct test for

diagnosis in a patient suffering from one of the neurodegenerative diseases described above.



According to a preferred enbodi nent of the invention, the biological
sanple is a fluid body 5sanple such as scrum plasma, urine or

cer ebr ospiwehofolowisds More preferably, thc fluid body sappl/erissinsvest

pl asma. According to a further enbodi ment of the present invention,

the amount of QC is detected either on 3he basis of the QC protein
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| i it ed dfagnosipg. OB REEPPLICEING WUWI&P@)N@WW&QC%%E&@OS“C marker.

I mmunof | uorescence, imunodi ffilsion, enzyne-linked inmunosorbent

assay (ELISA), radioi mmunoassay (MA), Western Blot, protein activity

15 assaypUMMARY CGHHETHENYENTIAGN on of the QC nRNA | evel, Northern
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(HPLC)  bid1&sical SREFIE 0BT FrdnVRkulFed sefising TFRARAIOe WD Ys d16ke)ed codfai@lid an
as their various configurations, including gas chromatograph-nmass

spect r ofBRY AIQE Mshe biolqgicsal sprame ebabed Framinamakisdisgthnsartegl subject.
(LC- Mb) AL ] -4 g LV oc )
(L e i dndibisn e O RBoap SPQY: dARSHIIRATNGE EARHAT Bk es ang nommal
sanpl e icentdds,efotred theshasy fan thendavblogmenthelta isnfts diapn@ng ADRMCI or NDS in a

[ oassay .fqormat. Thus cording to r rr di nent of the
mvEne  StEiatn ey thy R T8 HlsBe o ADAMGHBE R B B et BrvehiSh by
neur ode geAsiraiy the afloSRAFEQT n PaSimdis@aple vihgremlyharacamit dinl@! diadostic
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significant elevation in the amount of QC relative to control samples is reasonably predictive that

the patient has AD, NDS or MCI. A normal amount of QC as determined by an amount of QC
characteristic of a control QC sample isolated from a normal age-matched population indicates

that the patient does not have a neurodegenerative disease, such as AD, MCI or NDS. A positive

20 indication of a ncurodegenerative disease based on an elevated or reduced amount of QC in a
biological sample relative to a normal control is generally considered together with other factors

in making a definitive determination of a particular disease. Therefore, the elevated or reduced

QC levels of the subject being tested will usually be considered together with other accepted

clinical symptoms of AD, MCI or NDS-related conditions in making a determinative diagnosis

25  ofaneurodegenerative disease.

Thus, according to a first aspect of the invention, there is provided a method for diagnosing
probable Alzheimer's Disease (AD), Neurodegeneration in Down’s syndrome (NDS) or Mild
Cognitive Impairment (MCI) in a subject, the method comprising:
30 {(a) detecting the amount of glutaminyl cyclase (QC), or its isoforms, in a biological
sample obtained from said subject; and
(b) comparing the detected amount of QC in the biological sample with an amount of QC

characteristic of a normal confrol;



WO 2010/ 012828PCT/ EP2009/ 059951 7 whereby a detected anount that is
el evated or reduced relative to the normal control is a positive

i ndi cat or W ponB9degener ative di sease. According to }!‘E'l“lEﬁZOi)Hﬁst‘)BEqr
aspect of the invention, there is provided a diagnostic kit for 5

determ ni ng whether a subject is suffergng froma neurodegenerative
di sease conprising an anti body that binds to QC and an establi shed

st andar qyibel@inadlRld RioulCothiaraghi8 'ticibéitalRhmpleNOfRiRe oCABLERkal control is a
Reagents and i nstructions for carrying out the assays may al so be

i ncl udedosiSMORTicBRSCRAPTIIANCOF THE FI GURES 10Figure 1: Figure 1 (a)
shows the analysis of QC transcript |evels applying quantitative

RT- PCR. Total RNA from human neocortical brain sanples (Brodnmann area
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chromatography (HPLC) , mass spectrometry (MS) and gas chromatography (GC) , as well as

their various configurations, including gas chromatograph-mass spectrometry (GC-MS) , liquid

chromatography-mass spectrometry (LC-MS) and liquid-chromatography-tandem mass
20  spectrometry {LC-MS/MS) systerns.

Preferably, the amount of QC in the biological sample is detected using an antibody that binds to
QC in an immunoassay format. Thus, according to a preferred embodiment of the invention,
there is provided a method of diagnosing a neurodegencrative discase in a subject, the method
25  comprising:
(a) obtaining a biological sample from said subject ;
(b) contacting said biological sample with an antibody that binds to glutaminy! cyclase
(QC), or its isoforms ;
(c) allowing the antibody and QC to form an immune complex; and
30 (d) detecting the amount of immune complex formed as an indication of the amount of
QC in said biological sample; and

(¢) comparing the detected amount to a normal control;



Asp- Al a- d u- Phc- Arg- Hi s- Asp-Ser-G y-Tyr-d u-Val - Hi s- H s-d n- LysLeu- Va
| - Phe- Phe- Al a- 3 u- Asp-Val -G y-Ser-Asn-Lys-Ay-Ala-lle-1ledy-Leu-Mt-

Val - G y- GywoValonyashs | 1 e- Ala A13(1-40) (SEQ ID NO 7)  pcr/EP2009/059951
Asp- Al a- d u- Phc- Arg- Hi s- Asp-Scr-Ad y- Tyr-d u-Val - Hi s- Hi s-d n- LysLeu- Va

| - Phe- Phe- Al a- 3 u- Asp-Val -G y-Ser-Asn-L¥s-Ay-Ala-lle-1ledy-Leu-Mt-
Val -@y-Ady-Val-Val Al13(3-42) (SEQ ID NO 8)
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a y- Val indifatey (é“ﬁ/qearoxlq_@clstam 68380 | D NO  9)

A u- Phe- Arg- Hi s- Asp-Ser-Q y-Tyr-Qd u-Val - H s- Hi s- @ n- Lys- Lcu- Val Phe- Ph
c-Ala-d u-Asp-Val -A y-Ser-Asn-Lys-Gy-Ala-llc-1le-Ay-LeuMet-Val -Ady-
dy- VaI Mbrdﬂﬂ o 38) a({BHGRd Bphih oﬂfh)c invention there is provided a diagnostic kit for
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diswtragrion

e- Al a- Gngripg soniel- Kpagems pn doy cargng pet-the esa@synctyeabmhmwlud@ y-
Ay ABri (SEQ ID NO 12)

SHORT DESCRIPTION OF THE FIGURES

10  Figure I: Figure 1 (a) shows the analysis of QC transcript levels applying quantitative RT-PCR.
Total RNA from human neocortical brain samples (Brodmann area 22) was isolated from
normally aged and AD brains of different Braak stages as indicated. The QC transcript level was
normalized to house-keeping transcript concentration. Figure 1 (b) shows the Western-Blot
analysis for QC from the same cases and brain region as used for QC mRNA analysis. The

15  extraction of soluble protein was normalized to the tissue weight. Figure 1 (c) shows the
quantification of AP N3(pE)-42 (indicated as ABspry42) and of AB 1-42 (AB,.4.) concentrations
from the same cases and brain region applying ELISA analysis of SDS- and formic acid extracts
of human ncocortical brain samples. Note the robust increase in AR N3(pE)-42 peptide
concentrations at early AD stages compared to the much more moderate increasc in AR 1-42

20  peptides. Figure 1 (d) shows the immunohistochemical detection of total AR peptides by the
antibody 4G8 and of A N3(pE)-42 peptides in Brodmann area 22 from normally aged subjects
and different AD stages. Sparse AB plaques were detected in normal aging but these deposits
lacked AR N3(pE)-42 immunoreactivity. At all AD stages, however, the majority of AR plaques
contains AP N3(pE)-42 peptides.

25
Figure 2 shows the results of the determination of the gene expression rate of QC and CCL2 in
stimulated THP-1 cells.

Figure 3 shows the results of the determination of the specific QC activity in conditioned

30  medium of THP-1 cells.



EASNCFAI RHFENKFAVETLI CSRTVKKNI | EEN ADan (SEQ I D NGO 13)

EASNCFAI RHFENKFAVETLI CFNLFI NSQEKBY CCL2 (smal |
s-Prot:
SVQRLASYRRI TSSKCPKEAVI FKTI
VAI CEl CADPKQKWQDSMVDHLDKQTQTPKT CCL7 ( Spral | -
(SEQ I D NO 15) Swi ss-Prot:

gY&W§§E$%W§W ESRRLGBREPTY

(SEQ I D

QPDAI NAP\N/%@@‘P%%

(SEQ I D

QPDSVSI R

KWOQDFM CH

I nduci bl e cyt oki nc A2)

P13500 PCT/EP2009/039951

i nduci bl e cyt oki ne A7)
P80098

)

_ CHGBAMY INES
| DI CKTOTPKL _CCLS8 (sng[ﬁpf(l n(li:‘uci bl e cyt oki ne A8)

APX1-48) Sw ss-
IONBKI P

RW/RDSM CHLDQ FONLKP

DA §1t-AlaPG P - A re-His- Asp-Ser-Gly-Tyr-Glu-Val-His-His-GIn-Lys-
RWEBY IR Tite ORKHAM sh KA L CREG- ISEVGADIRKIE 1y- Ala-Tie-Tle-
Gly-Leu-Met-Val-Gly-Gly-Val-Val-lle-Ala

AB(1-40) Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-

(SEQIDNO: 7) Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn-Lys-Gly-Ala-Ile-Ile-
Gly-Leu-Met-Val-Gly-Gly-Val-Val

AB(3-42) Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-

(SEQ ID NO: 8)

Phc-Phe-Ala-Glu-Asp-Val-Gly-Ser- Asn-Lys-Gly-Ala-Tle-fle-Gly-Leu-
Met-Val-Gly-Gly-Val-Val-lle-Ala

AR(3-40)
(SEQ ID NO: 9)

Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-
Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser- Asn-Lys-Gly-Ala-Ile-Ile-Gly-Leu-
Met-Val-Gly-Gly-Val-Val

AR(1-38)
(SEQ ID NO: 10)

Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-
Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn-Lys-Gly-Ala-lle-lle-
Gly-Leu-Met-Val-Gly-Gly

AB(3-38)
(SEQ ID NO: 11)

Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His-His-Gln-Lys-Leu-Val-
Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser- Asn-Lys-Gly-Ala-Ile-1le-Gly-Leu-
Met-Val-Gly-Gly

APBri
(SEQ ID NO: 12)

EASNCFAIRHFENKFAVETLICSRTVKKNIIEEN

ADan
(SEQ ID NO: 13)

EASNCFAIRHFENKFAVETLICFNLFLNSQEKHY

CCL2 (small
inducible cytokine
A2) (SEQIDNO:
14)

Swiss-Prot: P13500

QPDAINAPVTCCYNFTNRKISVQRLASYRRITSSKCPKEAVIFKTI
VAKEICADPKQKWVQDSMDHLDKQTQTPKT

CCL7 (Smali-
inducible cytokine
A7) (SEQIDNO:
15)

Swiss-Prot: P80098

QPVGINTSTTCCYRFINKKIPKQRLESYRRTTSSHCPREAVIFKTK
LDKEICADPTQKWVQDFMKHLDKKTQTPKL

CCLS (small
inducible cytokine
A8) (SEQ ID NO:
16)

Swiss-Prot: P80075

QPDSVSIPITCCENVINRKIPIQRLESY TRITNIQCPKEAVIFKTKRG
KEVCADPKE RWVRDSMKHLDQIFQNLKP

CCL9/10 (Small-
inducible cytokine
A9) (SEQ ID NO:
17)

Swiss-Prot: P51670

QITHATETKEVQSSLKAQQGLEIEMFHMGFQDSSDCCLSYNSRIQ
CSRFIGYFPTSGGCTRPGIFISKRGFQVCANPSDRRVQRCIERLEQ
NSQPRTYKQ




CCL9/ 10 (Small- inducible cytokine A9) (SEQ ID NO 17) Swi ss-Prot:
P51670 Q THATETKEVQSSLI CAQQOGLEI EMFHVGFQDSSDCCLSYNSRI Q

CSRFI GYEPTSGHTH FI SKRGEQVCANPSDRRVQRC! ERLEQ NSQPRTY
2010/01282@% 5%9/ 059951 9 CCL13 (Small- inducible ??F’Ek he "R1%)
(SEQ ID NO 18) Swi ss-Prot: Q9616

QDDALNVPSTCCFTFSSKKI SLQRLKSYVI TTSRCPQKAVI FRTKL

GKElI CAD qﬁ e “\'l CHIG .v,. ‘ yirh ST .le rgamyaymms ',r'e,-:s ST T
Gy
ﬁ

\”)

SEQ | D V. R ) 5,64
(Q:| (N;)DAE' = ﬁ o LN ;D R L] V% I}Q&LﬁRKAHTLKT

KSYFETSS @KGRQ\/CAKPSGPGVQI)CM CKLKPY SI CCL16

(Smal | -i Huci bI e cytokijne A16) (SEQ ID NO 20) Sw ss-Prot: 015467
Swiss-Prot: Q99616
CCL15 (Small- QFINDAETELMMSKLPLENPVVLNSFHFAADCCTSYISQSIPCSLM

inducible cytokine |KSYFETSSECSKPGVIFLTKKGRQVCAKPSGPGVQDCMKKLKPY
Al5) (SEQ IDNO: |8I
19)

Swiss-Prot: Q16663
CCL16 QPKVPEWVNTPSTCCLKYYEKVLPRRLVVGYRKALNCHLPAIIF
(Small-inducible VTKRNREVCTNPNDDWVQEYIKDPNLPLLPTRNLSTVKIITAKNG
cytokine A16) (SEQ |QPQLLNSQ

ID NO: 20}

Swiss-Prot; 015467

Fractalkine QHHGVTKCNITCSKMTSKIPVALLIHYQQNQASCGKRAIILETRQ
(neurotactin) (SEQ |HRLFCADPKEQWVKDAMQHELDRQAAALTRNGGTFEKQIGEVKP
ID NO: 21) RTTPAAGGMDESVVLEPEATGESSSLEPTPSSQEAQRALGTSPEL

PTGVTGSSGTRLPPTPKAQDGGPVGTELFRVPPVSTAATWQSSAP
Swiss-Prot; P78423 |HQPGPSLWAEAKTSEAPSTQDPSTQASTASSPAPEENAPSEGQRVY
WGQGQSPRPENSLEREEMGPVPAHTDAFQDWGPGSMAHRVSVVP
VSSEGTPSREPVASGSWTPKAEEPTHATMDPQRLGVLITPVPDAQ
AATRRQAVGLLAFLGLLFCLGVAMFTYQSLQGCPRKMAGEMAE
GLRYIPRSCGSNSYVLVPV

CCL25 QGVFEDCCLAYHYPIGWAVLRRAWTYRIQEVSGSCNLPAAIFYL
(Small-inducible | PKRHRKVCGNPKSREVQRAMKLLDARNKVFAKLHENTQTFQA
cytokine A25) (SEQ |GPHAVKKLSSGNSKLSSSKFSNPISSSKRNVSLLISANSGL

1D NO: 22)

Swiss-Prot: 015444

DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION
The present invention provides an efficient and rapid in vitro method for diagnosing a
5  neurodegenerative disease by directly detecting an amount of QC in a biological sample obtained
from a subject and comparing the detected amount of QC with an amount of QC characteristic of
a normal control . An elevated amount of QC in the biological sample of the subject is a positive
indication of AD or MCI or NDS. Thus, as described hercin, it is demonstrated that QC is
consistently and significantly clevated in a biological sample of AD, NDS or MCI patients
10 compared to normal controls. As such, the methods for diagnosing AD, MCI or NDS of the

present invention by detecting or quantifying the amount of QC in a patient sample will greatly



QPKVPEW/NTPSTCCLKYYEKVL PRRLVVGYRKALNCHLPAI | F

VTKRNREVCTNPNDDW/QEY! KDPNLPLLPTRNLSTVKI | TAKNG QPQLLNSQ Fr act al | ci ne
(neur ot actygholewpiesdsh D NO 21) Swi ss-Prot: P78423 PCT/EP2009/059951
QHHGVTKCNI TCSI CMI'SKI PVALLI HYQQN QASCGKRAI | LETRQ

HRL FCADPKEQUWKDAMMHL DRQAAAL TRNGGTFEKQ GigVKP
RTTPAAGGVDESVVLEPEATGESSSL EPTPSSQEAQRAL GT SPEL

PTC’VTGS%@E%VEPTJD DD ERNG] EldiRYEENS TAOMMRBRAR or  patients  suffering  from  these
HQPGPSLWAEAKT SEAPSTQDPSTQASTASSPAPEENAPSEGOQRV

V\GQG@PRPENS@@REEMP&IMISHSDAFQD\AGDGSNAHVSWP

VSSEGTPSREPVASGSWI PKAEEPI HATVDPQRLGVLI TPVPDAQ
AATRRQAVALLAFLGLLFCLGVAMFTYQSL QGCPRKMAGEMAE GLRYI PRSCGSNSYVLVPV CCL25
(Smal | - iAdogiiddlg 1Bt akpraeidA 2 )mdtisd Fok Rsddkding2@hetiow sSsbRcoinay B 3df#ding from
QGVFEDCCLAYHYPI GMVLRRAWYRI SGSCNLPAAI FYL
PKRHRKV@@@M@WW@B@@M@%A@%

GPHAVI CKLSSGNSKLSSSI CFSNP1SSSI CRNVSLLI SANSG.  DESCRI PTI ON OF THE

EMBODI MENTS OF THE | NVENTI ON The present invention provides. an

ef fici erﬁlufamilnsda%ictﬁbi: rorv glutapingtpieptidd @]sfcldﬁrcagfm&b nQG BC 2.32.5) catalyzes the

neurode ener se hy..directl ete an. rmunt

b1 ol og1 ST GsRETRE PNAREEL A BT b SR RS enBmig sl ghore-
anount  gfolfde, PGht) alndammmoﬁfof%rﬁm:a a6d eid mtrmommlar exlinRlonCHIMiI ft@ninal
. An_el evat ed ampunt  of i n the biological, sanple of the subject is

a péelt|£=\11§amm%§!eq&d#0w0&btwcm wdcnhsrattpR 9§ Walks descri bed her ei n,

it is denonstrated that QCis consistently and significantly el evat ed
in a biological sanple of AD, NDS or MCl patients 10 conpared to

nor mal doRG vhs firshgsodaiechby Messardtomo the Eadex df tigrimpicahplam; Canitla papaydDs 1963

|O];1 ;hgat Es? n,tl\o/llnﬁff@n w ﬁ)? Q$/ égﬁ?gﬁt by %{Cdrb la lélla rz!ttclofrx% o%dltntg]een%ymz%ict ac?i];fitg\:was
discovered in animal pituitary (Busby, W, H. 1. et al. 1987 ./ Biol Chem 262, §532-8536; Fischer,

15 W. H. and Spiess, J. 1987 Proc Nat! Acad Sci U S A 84, 3628-3632). For the mammalian QCs,
the conversion of Gln into pGlu by QC could be shown for the precursors of TRH and GnRH
(Busby, W. H. J. et al. 1987 J Biol Chem 262, 8532-8536; Fischer, W. H. and Spiess, I. 1987

Proc Natl Acad Sci U S A 84, 3628-3632). In addition, initial localization experiments of QC
revealed a co-localization with its putative products of catalysis in the bovine tractus

20  hypothalamo-hypophysalisfurther improving the suggested function in peptide hormone
maturation (Bockers, T. M. ct al. 1995 .J Newroendocrinol 7, 445-453). In contrast, the
physiological function of the plant QC is less clear. In case of the enzyme from C. papaya, a role

in the plant defence against pathogenic microorganisms was suggested (El Moussaoui, A. et al.

2001 Cell Mol Life Sci 58, 556-570). Putative QCs from other plants were identified by sequence

25  comparisons recently (Dahl, S. W. et al. 2000 Protein Expr Purif 20, 27-36). The physiological

function of these enzymes, however, is still ambiguous.

The QCs known from plants and animals show 2 strict specificity for L-Glutamine in the N-
terminal position of the substrates and their kinetic behaviour was found to obey the Michaelis-
30  Menten equation (Pohl, T. et al. 1991 Proc Nati Acad Sci U § 4 88, 10059-10063; Consalvo, A.
P. et al. 1988 Anal Biochem 175, 131-138; Gololobov, M. Y. et al. 1996 Bio! Chem Hoppe
Seyler 377, 395-398). A comparison of the primary structures of the QCs from C. papaya and

that of the highly conserved QC from mammals, however, did not reveal any sequence
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556- 570}, RNt @17458).QCs fromother plants were identified by sequence
25conparisons recently (Dahl, S. W et al. 2000 Protein Expr Purif
20,127-36). The physiol ogical function of these enzymes, however, is

still ardhi . own.,f i mal i ct:
peci 1 TSP R RO £ B B Ak SERC TR D TopHcRy B! £lingl
subst r atgese &gda tshekety &f medchanided) avclodingwasriativa RINA gitieingt p@st- translational
M chael i s- 31 0 Menten equatjon IgPor}J, T. welt .al .. 1991 Proc, iI.Agad "
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175, 1320E88nd SRbQCOROYscd Mereth reftt ta)C iA 99 QatBieTbrnthe Metiap REy SEYY 86forms.
377, 395-398). A conparison of the primary structures of the QCs from

C. phpaya and that of the highly conserved QC from mammals, however,
did not Pli'(.efgﬁ@c{ it e ﬁfc%’feﬂg?)rcscnt invention arc human QC or its isoforms, having an amino

acid sequence selected from the group of SEQ ID NO’s: 1, 2, 3, 4 and 5.

More preferred for use in the methods of the present invention is the human QPCTL having an
25  amino acid sequence of SEQ ID NO. 2, or even preferred of SEQ ID NO: 3.

Even preferred for use in the methods of the present invention are spliceforms of human QPCTL
having an amino acid sequence of SEQ ID NO. 4 or of SEQ ID NO: 5.

30  Most preferred for use in the methods of the present invention is human QC having the amino
acid sequence of SEQ ID NO: 1.
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sel ect eq, Ifu]ﬂs%bﬁ Bén&ﬁ&%iﬁ,d G&%E i’bDong: rebént ifventtofth\eh écvated arrtl(#g[ 6fQC in

preferred use I n s of t present 1 nventlon
human QaCHblogzal sgmpls @8y @mrnlateamthl eseqisteattccb apfouSEQY lI\DteNtnnany tomegtee rand

f d of S Ev f f
the Sié?@#@%gﬁ% PN Bete AP Rt %rTon GHEpR @%&@3#153 FEUAR A tpe-40

aci d segygRrapad IgﬁEQIDNO 4 or of SEQ ID NO 5.
2010/ 012828PCT/ EP2009/ 059951 12 Thus, according to a f| rst aspect of

t helpresent invention, there is pr ovided a method for di agnosi ng

probabl e, Al zhei A Neuro eneratl n i.n_Down's
yndr ong HCRCEEoBIED) § T h 16k o HSaPieHER I CREe) Fried S o ﬂe%@d for
net hod c@ipRbsisE P@bable Alzheimer's (HycaSteldDy, NagrodBe:naiiEbMin DbwEs WyaddoRk! (N

cycl ase ((C or .an isoformthereof, in a 5biological sanple obtai ned
from sa|oa“@fﬁo?wfwealﬁu>amynf&wm hebigeh tw’em@fé@@aoramm& of QCin the

bi ol ogi cal e?ec\%é h(h@ra Uk a&ta‘g&y@*@m&é ?QgﬁtbP 28f 153‘1’0Fr9rfﬁ@1100f in a

control; r by an eleva anmount in said i ol ogi cal sanpl é
relaeive to thénwioglnellbdmplm’otﬂlnqu°rcan &uémhjm anddi cat or of AD, NDS or

M (b) further detecting the amount of AR N3pE-X,
(c) comparing the detected amount of QC and AR N3pE-X in the biological sample with
an amount of QC and AP N3pE-X characteristic of a normal control;

whereby an elevated amount of QC and AR N3pE-X in said biological sample relative to the
25  normal control is a positive indicator of AD, NDS or MCI, and

wherein X is an integer selected from 38, 40 and 42.

In a preferred embodiment, X is 42.

30  Ina further preferred embodiment, X is 40.

In a yet preferred embodiment, X is 38.



10 It has been denobnstrated by inventors of the present invention
that an el evated anmount of QC in a biological sanple may correl ate

with an el unt of N-termnally truncated and p d
anyl oi d be‘tggq%@g’gl es, such as for exanple AP N3pE-42 aﬁgf@%ﬁb&%ﬁ@&ﬁ

N3pE-40 and/or A13 N3pE-38. 15 Thus, aqgording to a further aspect of
t he present invention, there is provided a nethod for diagnosing

pr obabl %‘uﬁl&%g?@{gfﬁr&;lvﬁe - aﬁ@&?wﬁlé@]ql%fﬂ?{%%?ﬁ? ﬁ/)r[:l {dQRe Nr—'te%}‘i@bftmr{(:ﬁ%:d and

Syndr one Cognitive | npal inas

met hod gemuhitahatgd amyloid beta pepiidey bdeheotibigtivhef APONBPE-dP agtifot AR N§PE-40
cyclase (QC), .or_an_isoformthereof, in a 20biol ogical sanple

obt ai ned¥PHABINE-3] isjdstepted faggther with QC. (b)) further detecting the
anount of AP N3pE-X, (c) conparing the detected anbunt of QC and AP
N3pE- X in the biol ogical sanple with an amount of QC and AP N3pE- X

char act duitbtr wefofred aronsthddscwhereinl not only a sihgde édnn afithe Neteatigel lyammeated and

of QC and A13 N3pE-X jn,said biolqggical sanple | at.i V. 0 e

5oy VG mIed eyt Bt bRl Atk & eombprEpr ABRNSPE Ry ndy AP N3pE-40
wher ei n i i efer, f 28,:.4 g o W r
enbod mEadoF 0 NASEREmAE! SEURs (Ol in nBd, Aftholity'® GRRLAL 3ot o
a yet pmpéileiBedr pGbhoddam ntdetexted sogddher WD @N10/ 012828PCT/ EP2009/ 059951

13 Further prefened are nethods, wherein not only a single form of
the N‘termnally truncated and pyrogl utamated amyl oid beta peptides

but;a copbinapt &5 NAPENREs 42NanH: R11yALR cNSP Bl 02D, Bfat HhrB aNBP EuBBhic
is detected together wwth QC. 5Further "preferred are nethods, wherein
not onl ycid refidigg et pasitimnod it be Mkineragidngeiqhenct rofikfiitand wimdlein said glutamic acid

D S LB 02 RS B TR Oy AR R
](C:I:Telcit 2?(?%1%5&?}]%6‘ ﬁ?%ﬁé@%%ﬁ%r@ BeRIRY R UARSdaf wifd HARRR0id Dathologics
gether w C.
including, but not limited to, pGlu-AR 3-38, pGlu-AR 3-40, p-Glu-Ap 3-42.
15
It has further been demonstrated by the inventors of the present invention that an elevated
amount of QC in a biological sample may correlate with an elevated amount of a chemokine,
such as for example CCL2, CCL7, CCL8, CCL9/10, CCL13, CCL15, CCL16, CCL25 and
Fractakkine.
20
Thus, according to a further aspect of the present invention, there is provided a method for
diagnosing Alzheimer's Disease (AD), Neurodegeneration in Down’s Syndrome (NDS) or Mild
Cognitive Impairment (MCT) in a subject, the method comprising:
(a) detecting the amount of glutaminyl cyclase (QC), or an isoform thereof, in a
25 biological sample obtained from said subject; and
(b) further detecting the amount of a chemokine,
(c) comparing the detected amount of QC and the chemokine in the biological sample
with an amount of QC and the chemokine characteristic of a normal control;
whereby an elevated amount of QC and chemokine in said biological sample relative to the

30 normal control is a positive indicator of AD, NDS or MCI,

In a preferred embodiment, said chemokine is of mammalian origin. More preferably, said

chemokine is a human chemokine. Most preferably, said chemokine is human CCL2.



10" pd u- A13" or "Al5 N3pE" refers to NNtermnally truncated forns of
Al 3, that start at the glutamc acid residue at position 3 in the

am no aci dwﬁ%{bﬁﬂﬁﬁso‘c Ap, and wherein said glutame aCiPﬁTfE?ﬁ{())gfb’s%ﬁF
cyclized to forma pyroglutamc acid residue. In particular, by
pGlu- Af 3 as used herein are neant thosggfragnents which are invol ved

In or associated with the anyl oi d pat hol ogi es incl udi ng, but not
limted to, pGlu-Al3 3-38, pGlu-Al3 3-40, p-du-Al13 3-42. 15 It has
further been denonstrated by the inventors of the present invention

t hat an Tel eviartber arfontd embQiniant,aalyi off o cebresmnpbredmmethads r fol adiggnosing

wi th an gl evat ed_anou f chenoki ne, . such as, fqr ex e , .-

CL7, * g Bop R A s bl SR e st Do S5 vaiieris U0 @i MEd Cogaitive

Thus, aqaRERNBE (MCIFnfalalsb et paghatl iRlitlbNs 2 HIRSAE shiMeR¥ b eibjedther e

is provided a nethod for diagnosing Al zheiner's D sease (AD),

Neur 6degeneration in Down's Syndrome (NDS) or MId Cognitive

| mpai r : b )i o a ject 1 t ole b SLNG & acte > afflictdd®Vith :

dot ect | R Sublsh: Fefpdh & Blemehel Sl 1/ A GRTRI "l Whpocted 9 b i ih o

t her eof neimgenc2dbicalisegsccath saAP| BIG bk 2D Grdterally sS'ailbcaligfas ta a lnmkin.

(b) further detecting the anount of a chenokine, (c)

conparing the detected ampunt of QC and the chcnokine in the

bi ol ogi caye tmif@o@dcﬁlhsaﬁibllcﬂ%fé@ to?iny%ul%@%%hﬁ%ﬁm MRS including, but {rlI'C not
a

characteristic o normal control; ereby an el evated anoun

of & addnitodetoRenimhcrah blogdd plssholymphpcydesnptrebrpgtiagl fued,t wincheeliva, cpithelia,
30nor malgec (o] Sitive 1 ndi f. AD, NDS or MCI. WO
2010/ 012@5“ %%7 Eﬁﬂo@&%&g@% C%E{pp%hgﬁél)éﬁo er preferred enbodi nent,

any of the aforenentioned nethods for diagnosing Al zheiner's Di sease

AD) , ur odegeneration in, Down's to ENDS) ., or, Jd Cognitiv

| ol ¢ OB SRS Hap Bt e ABRER Ry s driesiet o bAc: M Seg blained from a
sanpl e QharAm&l Rio8CHrefecPabiN@ hti@bM 11U Chody TREET 8 fek Prodal NBAR thatite GResk:S in
afflicted with, or suspected to be afflicfed with a neurogcnerative

di séase thubimars body, inghofling bummss, linpitesk tor Hend, lymphy wrise end parplapspinad flyid (CSF)
hunman.

comprising QC. The blood sample may include a plasma sample or a serum sample, or fractions
derived from these samples. The sample can be treated prior to use, such as preparing plasma
from blood, diluting viscous fluids, and the like. Prefcrably, the plasma sample is treated with an
anti -coagulant , such as EDTA.
20
According to a preferred embodiment of the present invention, the amount of QC is detected in a
blood sample taken from the subject, more preferably a plasma sample. Thus, the present
invention preferably relates to a method as described above, comprising the steps of; obtaining a
plasma sample from said subject; detecting the amount of QC in the plasma sample; comparing
25  the detected amount of QC in the plasma sample with the amount of QC in a plasma sample
from a normal control, whereby an elevated amount of QC relative to the normal control is a
positive indication of AD, NDS or MCI. Elevated amounts of QC have been shown to correlate
with and are usefu! in aiding the diagnosis of AD, NDS and MCL

30  An "elevated amount” of QC (or an isoform thereof) means that the amount of QC detected in
the samples of the subjects is greater than the mean amount of QC characteristic of a normal
control person beyond the range of experimental error, as known in the art. Preferably, the

amount of QC detected in the samples of the subjects is 10 % greater than said mean amount of



The term "biol ogi cal sanple” refers to any source of biol ogical
material, including, but arc not 10limted to, peripheral bl ood,

pl asnma, cerebrospinal fluid, urine, saliva ' i

fibrobl ast\nggf%;g@sot her sanpl e conprising QC protein. PFﬁ&EE&&l}nggﬂ
preferred enbodi nent, the amount of (QCjiiss detected in a body fluid
sanpl e obt ai ned from a mammal , nost prefserabl y a human. The term

"body flAukd;. f f

body i n ugPaﬁécﬁ%r?{tI% _ Hlﬁlt egtl @33 E)ﬁg ]\é[gf"el perre %ﬁﬂ?f}enagmju%t 8#6C%'1n£n isoform
cer ebr oshdérest) détbue@lm( 65 mplenpf the sﬂgc@s 2’5% chdaeo brsardp neorepyefériel 3008 or

a pl asma | e or a serum sanpl e, ons derived fromthese

sanpl es. Sf%’ng%tﬁbfl@nc“é BEa ARIERP p{époqhafaafcagféc o5 A diprmel WBLP?W Most
pl asma fy.0m.B] % arflbunt' bF BZ (‘Gr%.ﬁ%b‘-forH Hie 3 1) &&@tcahﬁ thd 468n Cpxégr&ftﬁé abiokts is

t he plasrra sanple is treated with an anti -coagul ant, h as

20 Aecormsevany tirsesgrentaftenrsedl medyounevehof Q€ crharectpm@mxﬁtd npnvén:pnmi p0tshe, c.g.

anount tected in sanpl e taken fromthe subject,

nor e prgr%%&’% p%pﬁ o R fné”grfﬁ{f the present invention

preferably rel ates to a rret hod as descri bed above, conprising the

steps of . obtainin sanpl e from said subject; detectjng the
amount df "ELIMIah COR 1p|la ”g’éz.lﬁsl samplg i the ﬁgmgéy%ebfd@@écff% thersubiget, for
of QC inxhih 1&@%@&@%@&@@& iddsttong nBfRA Ok -m‘dtc%a s3] Q@é cgm.ent
froma nor control, whereby an el evated anount relative

t helfor mahmtmrttmm Ij s empaiinentyde nawhd gonton xaiﬁkomrfromm JEtich@t an earlicr time.
El evat e amun avwe been s to caorrel nd.

sef ul *iPh Ao e S et 8 AT e B P i hola BBy grom o
amount " adéqu%e ﬁ@ulahnlﬁm&)wm hdh&hﬁ&@é niRehes chhtedls thith Aonblsedry @ffﬁ@ MCI or
detected in.the sanpl es of the subj ects IS reatﬁgr t han the nea

anount ORI el BEREr PEIYY oF @RMRGS AatlasEBnREdrY éﬁ%’@hﬁlﬁéﬁ%@&tﬁ% levels of

range o (%@Xd%ﬂfeté%ﬂ{e@byearnriaféqua@éc&ﬁ%%o;&d?atfoﬂ%aﬁgfe sizd &f BERRV off A8, NDS or
anount o detected’in the sanples of the subjects is 10 % greater

t hah5sall\dchéém einilhin &g aﬂmliz@pmcaiqgggmﬂ;mg@m @E%@ﬂecu@ bzg@hagnoqed is
char act er. c of nor t | erso I\/bre
amount  &f* e é%d ?mgga 158 rgreﬁ cél}ego F L& SER 'tcﬁe eéeéfﬁp g reguctﬁﬁn in the

subj ect amoan®5f Q€ g €rt ®bjccty proRitesanpdy S dafcﬁ.‘ﬁﬁb& 08keB @n%oaparlsvn% the controls
greater t&fn Eai d mean amount of QC characteristic of a nornmal

cont r ol US&t SRS SWBEESSHY-ef er abl y, the amount of QC (or an isoform

t hereof) detected in the sanples of the subjects is 5several tines
greater than said nmean anount of QC characteristic of a nornmal

congPol Axepribrg toea irther e®bodimest ofgthe presgnt igyention.ghe popountt ¢frRE, or an isoform

oot ai nedrra Bt oA on h? oy ZRERERRl RO TPt BATR HBRe o

one nor rﬁaulfomg&mfmtched control person or fromthe patient 10 at
another tine. In an enbodinent, the normal control is taken fromthe
patient at an earlier tinme. A normal control sanple froma normal

age- Mt ofiedROpbAbCOR AL dnRfif Ok {&f%%@m@ﬂm SO M Birpfithed

sanpl e of healthy age matched controls with no hi'story ‘of AD,
NDS2bn tbbreﬂnw oheind kgroeryl thayprtoPuckxmenuis endyan@u@s frat @e:nbblwmitcmwg fmrcxarnpln by
t he control els as determ c% an ade uat £ cont rol

popul at iR et el G RO BEGrHp \DRTHE RS, " Olenzyme tnkec
1mmunosmbent assay (ELISA), radioimmunoassay (RIA), Western Blot, protein activity assay,

or, for the determination of the QC mRNA level, Northern Blot or polymerase chain reaction

(PCR) analysis, for example real-time PCR. Also useful are high performance liquid

30  chromatography (HPLC) , mass spectrometry (MS) and gas chromatography (GC) , as well as
their various configurations, including gas chromatograph-mass spectrometry (GC-MS} , liquid
chromatography-mass spectrometry (LC-MS) and liquid-chromatography-tandem mass

spectrometry (LC-MS/MS) systems, to name a few.



15 MCI. One of skill inthe art will appreciate that the sanple from
the subject to be diagnosed is assessed agai nst a normal age-natched
control aqgogn@gnﬁn§lgnlflcant el evation or reduction i p-+Rer0asmdnd

of QC in the subject's protein sanple is determ ned based on
conparison to the controls used in theigi ven assay. 20According to a
further enbodi ment of the present invention, the anount of QC, or an
isoformthereof, is detected either on the basis of the protein |evel
or the nRNA | evel of said QC or iso formthereof. The anpunt of

det ect edVhite dplentioh of Q€ ¢an bg asempEshedbhimethods klmml‘artbct art fardetpeting peptides,

acconpl ished 25 b inthe art .. ans et
o ute Thgte a9t HheRiheERan ¢BRMPy, Balnift e TR witlb e rgments
assay, ir¢osuibidiantentétndecmd thdmlw”l eiprefousil OTherefdity fieh Iderbttsh of QC includes, but
i mmunosoQr bent assay, (ELI SA) rad|0|nnunoaﬁ%ﬁ (MA), Western Blot,

pr ot ei n ipatilmited tacthgyse ftfranf'mws@ WaicHepes atbi"BHOcQ =tqaéts@@fwt° form an
| evel , Nﬂﬁﬁh@%g@l&t 29w e@pwm%gaﬁf £5iN 8ktBetir aﬁ&lfgﬁn&ﬁﬁf ABANRIE: conffiex.
exarrpl e real -t PCR Al'so usé&ful ‘are highi performance [iquid 30

chr omat Fgrtmplayly ( WPtad)e | dateetisn s rebnirasre templGNE) mu:d ogasnou;thr ariipdigs ajplainde

(&0 , as weII . 1 ei,r”vari Qus onf| urat| ons

e bt S3PERHE Lot el R AR PRt Bp R, B e e dice
spectronetry (LC-MsS) and |i quid- chrorrat ography tandem mass

spectronetry (LC- Ms/ M5) systens nane ew.

201b9 01§8918m§9b9#!2%)09%05@9591m18nwpr én@&c&%l‘f"i owcwpdwcawdb@ polyclonal or

acconpl !nﬁﬁ%@[oHM aﬁﬁ&%ﬁ&%l‘%mm»@n i@ ak! POl refieh &L IH Lo a?fd'L%é {)Jb‘iv E.

use of 1 mmmunol ogl cal detection techni ques usl ng ant | ant|
f ragnenesd Lraa@olabmmdlamm li@hm@@ry &muaﬂaé?om Spung ﬁa;hoeﬂ@bwre@ry Press, Cold

Ther ef or.e de t inclu ut -5 i

The oo SGring AaSNE 1R B Tounll Gt AETRY el B° 8, Sk Veppief M B! MBnoctonal
i sof or rr&ntmaodife@rap&nenﬁanemoﬁﬁ)lbamg;aSndA@ieHmaﬁ m@agﬁetrsmo@ncm 50:657-680,
detectina hg for ti, n of the .inmune conp Iéx Particularly suitable
det &et i OHEDe LR @nﬂedﬁrﬂg RSP Rtefper ?f?liwsogpre@qnﬁelp%leantlbodles see
| mTunot ‘I‘(rotl)ﬁé#'a‘?fﬁtl{?[llgtelﬂsﬁ@}ﬂler'(F“@l‘l@q{/ﬁl%f éC@Bﬁ@huoBe pg{?@g {)ff Hﬁlf(?'aells secreting

ELI SA, RIA and the Iike. 10Such anti bodi es may ona
monoc| oralibodystf poadisfines speabcite Wwéﬁéﬁaﬁ -497, 190Robtromahcaparaiod iy esference.

are wel evi.e 0 nd Lane

& ana (ke Epict grfe Heaid e BESEY Pbing” fhn 10 of S e TANRIRD pics
Labor at afeyofRrsisse is68be oSpmiiagrelddiidaepes.NY, 1988) and Yelton et al
(Yelton D. E. and Scharff M D. Mnoclonal Antibodies: a powerful new

toof%in biol ogy and nedicine. Ann. Rev. Bi ochem 50:657-680, 15
1981), bQlbragfe Bﬁ!hé Prbfé}'fc% Jh%o%hﬂcdt %Qﬁ@ﬂfv@ﬁﬁﬁl l?ﬁ/c £r§fc ?f}e‘ﬂ}@iﬁodf fi'a monoclonal

nmonocl onal antl b see Kohler and M1 steln

M| st ei ﬁnnbodeoﬁithmuwtlc@ﬁtaum@sh@fm wadaly c@hmswsaélmaeaulqbg: antibdgdérdyfofise in
predef | nﬁa gi%e {nftrln noags gM&#%ﬁed%S?el%ggl Jifs pfc*d%?ﬁ%iSa)cc%rgmﬁ? Yandard mg*hogshy

|ncorporact eren € an R ET ¢
i sotype, e.g., IgG or 1gA and polyclonal antibodies are of a single
|sot%pe or .a mxture of iso 20 Accordlngtoa referred

t
meHEthes thenmongriamgt ?f&hQﬁDﬁEibaﬁr is expablstq BwﬂizglgaQﬁdﬁdElfb'Hé(P form, as
ant i bodyy.jAld igUeh; @ Molfortds. &t 2R f'n?o%o@foﬁdl"‘ér@r%b& i@ AgXecquggs QC,

avail abl e, anti'bodies for use In the various i noassays SCri
her ei n, inchrditgpitpisoidons dambe vediimspid mettodfaathe guantifiod®n of QC.

Preferred are monoclonal antibodies, that specifically recognize QC but show low, or more
30  preferably, no crossreactivity with isoforms of QC. Alternatively preferred are monoclonal
antibodies that specifically recognize a particular isoform of QC but show low, or more

preferably, no crossreactivity with QC.



25Further, the nonoclonal anti-QC antibody is capable of recognizing
QCinits native form as well as any of its isoforms. Thus, any

nonocl onal that specifically recognizes QC in
i sof or s, %ggsk}g?%gsed in said method for the quantifi caﬁ%}g#ig?yﬂ&él

Preferred are nonocl onal anti bodi es, that specifically recognize QC
but show | ow, or nore 30 preferably, no crossreactivity with isoforns

of QC. ALkalidakiNRt YnRb&H& ér%dfcﬁré% Hm?lbo%d%@%m@fptaf@%ﬁxﬁrcﬁﬂ Uavailable from

specifically recogni ze a particular fsoform of ow, or
nmore pr éfbgama('lgp;pcn&tw ‘SywarkcE a«moyswmqlhcl@l antWDdy (Cat. # H00025797-B0]P) and

2010/0128 PCT/ 20 9/ -QC anti bodies are, for
exanpl e, R 1) R g%mggﬁngﬁ @3? abl e from Abnova (Tai pei

Cty, Tai vvan) e.g. a nmouse polycl onal anti body (Cat. #
H00025797- BO1P) and a rabbhit pol ycl onal anti body (Cat. #
HO00257 gy syt io)antisPG [}k @BB'PQSIYdht r awmn_c dhe rerp@preradly drerdb&wceolx%dl

comer ¢l Bk Bk (TSR elanal ARidohomtaldap) Abnova (Tal pe

Cty, Tal 481 BOlP ragnents derived from
t hese rmnocl onal anti bodr es such as Fab, F(ab)v ssFy (single chain

vari abI ) and antibo onstruc ) retai.n the.
Vo abt A SR e ST e R Moo sl S LS i, OBl Pk i, B
origi nabalbauralfﬁgxn@ﬁ@%ﬂt btBér artBBdPEke £OfsthldtsathBEIRAE 1B vhRSHIPTeSEeMN of the
i nvention. Such fragnents are comonly generated by, for instance,

enzyfrat rletﬂmdgeerpr@ﬁlgothcr hevca'ﬁtdwédh“eenw#wr%%pwpcrﬁepﬁ% be gpedoiggpethod
pr ot eas I he, a

oont oS5/ B USSPy s B B LBEh Wl by
var i ous digsgtinn Glfhhrssantmoﬂrebmth@epenﬂ rtebsin, oty potgasesalt ibevell doowi kontapgerson

SRCTE ECR N TR TG KR R T N

I mrunogh@é@utmn; £RNBHRE bf MR clkeneh, hagaiefonMitdt, Rypehitadricales coedinasd by a
of animal, e.g., nmurine, origin), and/or single chain. An antibaody

spekdfi é’alrf&le rseon@rf pyrine; %rrbrmcwta% withiachuapcopgant 6?%1@19&%?%@&& human

i nventr I Iof

in the | o og '@gr]l%gé’l'ﬁb e l{?ggoe% upo%@%&gﬁ%’%ﬁgéﬁgﬁ gruﬂ{]gférgﬁ'lm 'F!rrqgunne
| abel abtiging, ahdior sihgledbtiect i on of the anti body when it is bound to

QC. Exanples of |abels include, but are not imted to, the

foll ow ng: radioisotopes (e.g., 3H, 14C, 35s, 1251, 1311),

fluores @ﬂtr‘dntﬂba:ﬁ)jekrﬁcﬁ'ﬁ for Q- bd (& isbheslanisee in b atetHodrifdig: ﬁﬂ%@éﬁlﬂ keesion may be
| umi nesr'lzai)g | abel s, enzyrrgﬁ)i c | agqelii i(ie. ., .horseradi sh peroxi dase,

bet 42 ga {l%b)ﬁ%épprpmtq g}sa@dr rgiie %%M%%ég@yre based upon the presence
25chem ¢

abel || By R T o O g A RaY B i PElaB (¢ Exoles
by one of ldbrsldruwdaucge btkcrdnt ngtrlintited tavthe fcriberuig)rmceoaanmee (¢.awe, “CNES, h%)sdsml)

L, EEY R e 8y O, S 55 B0 I b R B
1974; angbeM K& Hekhorsedadisty Qferomd'ﬁbﬁ l%th-@al%clBlsrﬁﬁdeﬂ lu01ferasc alkaline phosphatase),
25  chemiluminescent , and biotinyl groups .
Methods for conjugating or labelling the antibodies discussed above may be readily
accomplished by one of ordinary skill in the art (see for example Inman, "Methods In
Enzymology" , Vol. 34, Affinity Techniques, Enzyme Purification: Part B, Jakoby and Wichek
(eds.), Academic Press, New York, p. 30, 1974; and Wilchek and Bayer, "The Avidin-Biotin
30 Complex in Bicanalytical Applications," Anal. Biochem. 171:1-32, 1988).

For diagnostic applications, the anti-QC antibody is either in a free state or immobilized on a

solid support, such as a tube, a bead, or any other conventional support used in the field.



30Conpl ex in Bioanal ytical Applications,”™ Anal. Biochem 171:1-32,
1988). WO 2010/ 012828PCT/ EP2009/ 059951 18 | mmbi lization is achieved
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anti-reagent conpound that interacts with a reagent is first attached

to the sobi.q 1&‘3!19899% acthi 9(1[? W%lr%tsﬂeﬁgpl'ﬁ&cq meanﬁ mclude passive

l'i gand- recep or s ere a nol ecule suc
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r adi oi mdaﬁ%m;s@y COMPICK ( E@ﬁeunctcmtm@lﬂhﬁpin@nﬂb@h{ qicthe ineysntagndis Peed for qeangifying
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St ockt oft r&eog étlgﬁéb ]gmi% O%Pf’l%i bfm ’Aéuugﬁtiig’l fy Q% 4115{3’ '210 W%ﬁ&@mcweb,
" Cur r entcedebbpiaall fuid,urivb) sativ, apttlaihalam@ﬁbroﬂxmbt@. Wl ey and Sons, New

York, N. Y., both of which 20 are incorporated herein by ref erence)
Detection may be by colornetic or radioactive nethods or any ot her

convent iAQnaliARhNRdse lsfﬂome d%&nﬁﬁh@tt&kbf Luchrhnhbé‘d}af)ihdmgdaﬁ%e%?fﬂﬁﬁédeSLng a
techni ques known in the art are describ hods i n

| mihodigsghosiigy of ipmyneassay] @nnatmyréucanm bBt gatzizmltectat@slmmmbm@yc assay
and Son k t hod

| munol 3"@%‘5%“\7\?&? ! é’%ﬁglgﬁt&%e I nc%ngél%Eft @%a% (Eya {}‘% dl%.l mzlug%aé%a%(fUA)
4, 376, 11&e, for=kimpR8 "Pr&rltﬁlpiés 837 Phchice dhEnAbnadbsig! OEV1 B Cheibtopiir & Paice and
i ncor por_at ed rein er, enc of the ner al

| mmanos. oG G LRI s, Bl Y B Ny and yiubs 7 i) (1987 in

Academ OCEfr&ﬁSProtb&ﬁs mWeXﬂéka@?B)Ohn wﬁaﬂ&i dNid, 1@ RioBiaIN. Y., both of which
| mmunol ogy” th Edition, Stites & Terr, eds. 991) Such assays for

det 28t i Bt lwrmryteﬁéwﬁmdby wéarendeh dﬁ)?té@ton @WM qq!q;@cn@)far radioactive methods or
NONCOMDEh] bintPecilhBUNARABRY AR PEGL A B LBCOREL 3R i Hliguss kpown

rrncip es an rac ice of munoassay rs
B OPr Cén drdrDay ld@Lcﬂtbcd\badMﬂh((chs)mnﬁhahkgrmmspr BieSEditley Rése knd Bhgyzzl, eds.,

LR TN €L M o i NG VT M
Benjamin, Inc., 1964; U.S. Patent Nos . 4,366,241; 4,376,110; 4,517,288; and 4,837,168, the
25  disclosures of which are incorporated herein by reference. For a review of the general
immunoassays, see also "Methods In Cell Biology", Vol. 37, Asai, ed. Academic Press, Inc. New

York (1993) ; "Basic And Clinical Immunology" 7" Edition, Stites & Terr, eds. (1991) .

Such assays for detecting QC may be a direct, indirect, competitive, or noncompetitive
30 immunoassay as described in the art {see, for example, "Principles and Practice of
Tmmunoassay” (1991) Christopher P. Price and David J. Neoman (eds), Stockton Press, New
York, N.Y.; Ausubel et al . (eds) (1987) in "Current Protocols in Molecular Biology" John Wiley



19 and Sons, New York, N. Y.; and Cellirich, M 1984. J. Cdin. Chem
Cin. Biochem 22: 895-904, incorporated herein by reference)
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| et nde o P oot RERIATHIE T e LR wlffvndl ahen Tihed wit
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a signal roduF | abel apd is. capabl e of, |nd| nggno the primry
ant L odProngrional 19 the cRnGIREFIORA QY Hothe LflosiFy éarmef ﬁrf»ebeﬁwsﬁﬁheygreafer the

ant i body, 3 fidsr bR GCYBREted, ﬁﬁ@ﬁ!whe amba#&edf dd ﬁ%@éjvaﬂ@bll&l hgtgé BRASHS Yample

anti body may be, but is not limted to, an ehzyme, suc

hor ser ad¢ s¢mprie with deeslebded @Ckal i ne phosphat ase. The kits may further
conprise other reagents for carrying out the assay such as buffers, a
solid support, solutions and 30the |like. The kit may al so contain

instr ucﬂﬁmsﬁﬁwkltmf tathyige outtthd Mdysﬁbhdhdgrﬁfsnntghﬂa)i MCE bf NOYS S sdfjeoinge also
or nore ant ﬁi%ﬁ; n di agnostjc as

20169 01 PEIISET] 1455 S GF 60O BYCPHOM 3 YE%‘ CGPEU?*PEaldF@&EﬂmCdN thagdpmindes ¢t loast
For mat i @R QhARbdYSPecifié AP XanBXRY RE/IAS, ANdAENR hMiHERPL 8RS %’3{) reagents

di stribution has been detected in mammalian brain with consi de l e
necessary for the detection of antibody-QC binding immune complexes. Generally, the kit may

include a single antibody that specifically recognizes QC, and its isoforms. On the other hand,
the kit may include a primary antibody that specifically recognizes QC, and its isoforms, as well
25 as a secondary antibody that is conjugated with a signal -producing label and is capable of
binding to the primary antibody, or at a site different from the site where the primary antibody
binds. The signal -producing label linked to the secondary antibody may be, but is not limited to,
an enzyme, such as horseradish peroxidase or alkaline phosphatase. The kits may further
comprise other reagents for carrying out the assay such as buffers, a solid support, solutions and
30 the like. The kit may also contain instructions for carrying out the method of the invention using

one or more antibodies in diagnostic assays.



5 expression in hippocanpus and cortex. In order to assess whether QC
expression in AD can be correlated wi th generation of AP N3pE-42, QC
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conpared to normal aging. Mreover, significant concentrations of AP
N3pE- 42 paek frpd @RSt §EE RrviaiPlgee from AD patients 10 in contrast to
non- denment ed |n§| v]ifgua s supporting a role of QC in generation of AP
N3pE-42 (Figure 1c). On the other hand, ELI SA anal ysi s reveal ed high
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QC nMRNA quantification and QC Western bl ot analysis Tissue sanpl es
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0 ny)
were ho i9l: ZBeRn| T2 BeAT &r6.q Years;) ARt ampimé3 Yerrenia it wgar_s.,wa ?Jls mean 77
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Western blot analysis nor to quantification of AR by ELISA. For QC mRNA detection by qRT-

PCR, only tissue samples with a PMI below 48 hours were included.



20 bl ot nmenbranes were incubated with secondary anti body conj ugated
wi th horseradi sh peroxidasc (Cell Signaling) in TBS-T containing 5 %
(wWv) dry ubsequently devel oped using the Sup i t
Pico Syste ZEI Z‘ﬂg}g’? according to the manufacturer's prg§§@gﬂ’?’Lf()§6€ﬁ
Exanpl e 2: Deternlnatlon of gene expresgion rate of QC and CCL2 in

stinul ated THP-1 cells 25 Human nonocytic |eukaem a cell line THP-1
cel l's wes A8 lith SIS ) ] ells per M nedium in
RPM - 1640 i bdi um 1640 (I nvitrogen))
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eterm nation _of th oncentration t he u crlpt M TI
Rever se C%Fﬁh%@rf’(%ﬁ kig &QR‘E?“%f %&ﬂlqtﬁemw%geﬁ??@ W5 Wl SiEaws eiliftipag of the

into C SHRIM
TS i gy e 08 S AL

t hel@onparifititiog afethhoRCRf prodectapelting icngyes ofaraepcrcrethé aotiaingie emplitras were
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agai nst Rdwergeef @fencevgsioa N0\ quan(itayivoshate. RofMealization was done agamst the two
nooxygenase/ t rypt ophan garmnooxygenase activation protei

n
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speci fi (ém%l@%é Bl s an’ibI@é)n?@'rﬁé %@i‘g h Fé’rﬁiéﬂhu%ﬁérl (1681 onfairhi61 TR 31" ris
cells were’ seeded i nt 1640

nvitrogen) Wt hout phenol red

andlfi t L7 SFEY inM bla@h Scm EDEﬁeth;‘iffVﬂIra@m%( J((J@r@dri@% glaiergol. The tissue was
stinul atted w.t.-h ere onGe aons . of. LPS

ncubat 1B 47 ¢ aR6TD sof gt Dbt 1Ptz BB gl i oFbisonic
medi um shbdke WhM&Sulﬁlﬁg lbllcmEgé:nyau;msza:std1etaffcmiglafzuth dontrif(4hnn axz@)(){)xgsfm @5 thid! udoaftamof
Concentrators 6-10 rc Novage W t NMCO re ve

Qut OF 1) 23 RO & % Ferablo DG aimerind 12@61%%0%@52%&@51 GtGyatiefioted using
prot ei n HOREEMUAR Qé&d?ftldldd@ dﬁtﬂlﬁﬂi&rﬂm&%@ﬂﬁt frdohftvRd: nddish é@f oIV Ra412Ron,

of the specific activity was realiséd by using a in-house
est @Bl i detaneplraneseraiothcutitied with sdcpadagy entdledwnoningaidguitieh@seradish peroxidase

Exanpl e (ﬂ‘ell @?gn%ﬁm)']%‘ﬂs%'}r%m%magcé by, w/¥) EIJ)’LI‘R{H? Mo Mbgeqﬁérﬁgyécvclopcd using the

SuperSignal West Pico System (Pierce} according to the manufacturer’s protocol.

Example 2: Determination of gene expression rate of QC and CCL2 in stimulated THP-1 cells
25
Human monocytic leukaemia cell line THP-1 cells were cultivated in suspension (5x10° cells per
ml medium) in RPMI-1640 (Rosewell Park Memorial Institute Medium 1640 (Invitrogen))
containing 10% FCS (=FBS, Fetal Bovine Serum (Invitrogen)) and 60 pg/ml gentamycin
(Invitrogen) at 37 °C in 5% CO; and 95% air humidified atmosphere.
30 To investigate stimulation effects of QC and CCL2 2x10° cells were seeded in 24 well plates
(Greiner) into 1 ml culture medium without FCS containing different concentrations of
lipopolysaccharides (LPS; Sigma). After 24 h incubation the medium was removed from the

cells by centrifugation (5 min 300 x g).
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r mcroplates 25 (Perkin Elner) at 30 C. QC activity was eval uated
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st ahBar d curve of 7-am no-4- nethylcounmarin under assay conditions.
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Spectrop ot ntetric assay
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derived b a previous di scon I huo y_ ( Bat
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as auxi |cb@deﬁtr@tmlﬂiﬁLP§6(mghﬁ$ KLferisitigchbafiod ﬁt@?r%{sm(ﬂ%\@ﬁéﬂs were separated
substrat e, 3 MM NADH, 14 nM a-Ketqglutari¢c acjd and 3

15gF Bt afene %h%@l&ﬁbn&’@@h Wag wefyrsd b&smﬁ&ﬁifa@aﬂ?so(ﬁﬂoo Re&btliswas UnBile™
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i n absorbance at 340 m n. The initia ocities
eval uat databyedumbef 5 phdihe @n@lgm of thy prdein detaeniritioad/i4 Bmwhﬁard scdtroddefo lowed.
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S0 ot TR A e SRR RS B etise? BRBN S p e PRSI ed g

TECAN) Wﬂﬂﬁ@fesﬂhﬁr@@ﬂl@hﬁﬁx.ﬁﬁtrﬁetI c data was eval uated using
Gagi{)t software. 24

Example 4: Determination of QC activity

Flugrometric assays
All measurements were performed with a BioAssay Reader HTS-7000Plus for microplates
25 (Perkin Elmer) at 30 °C. QC activity was evaluated fluorometrically using H-Gln-bNA. The
samples consisted of 0.2 mM fluorogenic substrate, 0.25 U pyroglutamyl aminopeptidase
(Unizyme, Horsholm, Denmark) in 0.2 M Tris/HCI, pH 8.0 containing 20 mM EDTA and an
appropriately diluted aliquot of QC in a final volume of 250 pl Excitation/emission
wavelengths were 320/410 nm. The assay reactions were initiated by addition of glutaminyl
30 cyclase. QC activity was determined from a standard curve of b-naphthylamine under assay
conditions. One unit is defined as the amount of QC catalyzing the formation of 1 umol pGlu-

bNA from H-Gln-DNA per minute under the described conditions.



CLAIM5S |I. A nmethod for diagnosing Al zheiner's Di sease (AD),

Neur odegeneration in Down's Syndrome (NDS) or MId Cognitive
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10 posi Regeiong o @ararricst olm NbECottilgine, the NAVEStas ggades foy f%rﬁelgieﬁgBMG
Al zhei e e

o MI g?%ognl o gi@‘?)r %g‘?%rﬂ}él H‘%rﬁ/%ﬁjq &e&ra 1h§g?%cgnt@‘@ﬂs of &Wg?@n{clﬂg@tratc
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(QC) I isoformthereof in a 15biol ogi sarrple obt ined fr
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bi ol ogi cal an anount of QC and AP N3pE- X characteristic
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selected from 38, 40 and 42. 3. A nethod for diagnosing Al zheiner's
seég ) Neur odegener éon in Down's Syndrone (NDS) or MId
i ‘qtr?ﬁéi?ﬁoﬁ'gﬁ‘fc‘?sﬁ@i a subject, the nmethod conprising: 25(a)

det eCt | 08 i @bsﬁm@tacﬁ'f&tyg{vh@ ARl spacelopsitorh&dsdallyOlsiri GOSN method, that
thereof; in a biol oal cal npl e obtai ned fromsaid subj ect ; and

b
furt her whstdsavechly @ ﬁatalmmevws adiserapireus eissay (PatesipaRi gt K89 J( Nzeurosm
det ect e%&ﬂ@&érgﬂ, 9&—2%?11@[}%1@ %ﬁlt&ﬂﬁ%gﬁﬂﬁoé‘aﬂd&m@ alakﬂ’ila&gén‘i?}ne.smigs consisted

of the respective QC substrate, 0.3 mM NADH, 14 mM a-Ketoglutaric acid and 30 U/ml
15  glutamate dehydrogenase in a final volume of 250 ul. Reactions were started by addition of QC

and persued by monitoring of the decrease in absorbance at 340 nm for 8-15 min.

The initial velocitics were evaluated and the enzymatic activity was determined from a standard
curve of ammonia under assay conditions. All samples were measured at 30 °C, using either the
20  SPECTRAFIluor Plus or the Sunrise (both from TECAN) reader for microplates. Kinctic data

was cvaluated using GraFit software.



with an anount of QC and the chenoki ne characteristic of a nornal
control; 30 whereby an el evated anount of QC and chenokine in said

bi ol ogi cal sanple relative to the noungl4 control is a positive

i ndi cator of AD, NDS or MCI. 25 4. Thé& nethod according to any one
the preceding clains, wherein said QCis human QC or an isoform

t hereof, having an am no acid sequence selected fromthe group

consi stGldgM$ SEQ ID NOs: 1, 2, 3,4 and 5. 5 5. The nethod according
to any one of the preceding clains, wherein said QC is human QC of
SEQID NO 1. 6. The nethod according to any of the preceding clains,

wher ei N 3ahethbil %ﬂﬁﬁ@@%mﬁ@ﬂ@hénﬂe?s DRJeHB (AT aNBBrodsdenBRtieh in Down’s Syndrome
cerebrospinal fluid.” 10 . The net hod accordlng to any of the

prec egl(N@Sd baMikl Cognitied Immmbnb (M%@m@eﬂubmweenﬁhocwmmsmg 8. The
t
of 20 i o decideriis B Fratlop anamEE PeRaQpH 8 ' idof TS, in o

i mrunofl uoresqga}z%lcal SN0 Bbtained ifin sAf suject] dnaked | mmunosor bent
assay (ELI SA i oi mmunoassay (RIA), Western blot, protein activity

assay, Nort lfer¢pnmasing tlr@@tem@wnp@mtfcﬁ (Qfamcibe bickesienl sAmBleay gy pmpRyunt of QC
(HPLC) , nass [ s chromat ography (GC), GC- M5,
LC- M5, or LG I\}%ﬁ%éen%ggéﬂ?ée mepﬁ%g’ according to any one of the
pr ecediwl@réblyain@evandiesoiht dfe)@n®ualtl bidlog¥al sampRiYelasiob of et ivemabéontios is a
detected on the basis of the oteln | evel of said QC or isoforrn

t hé&f eofPositiye inficaterof ifdey DS oF - to any of the preceding clains,
wherein the amount of QC is det ect ed using an anti body that

specifically binds to QC, or an isofonn thereof 25 11. The nethod
accor di2ng. methad yorafiagriosingrAdekxinegs Bh@hm(ADWHemiodegdneraam tmDoef’ sGEmidsome
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15 biological sample obtalned from said subject; and
(b) further detecting the amount of AP N3pE-X,
(c) comparing the detected amount of QC and AP N3pE-X in the biological sample with
an amount of QC and A N3pE-X characteristic of a normal control;
whereby an elevated amount of QC and AB N3pE-X in said biological sample relative to the
20  normal control is a positive indicator of AD, NDS or MCI, and

wherein X is an integer selected from 38, 40 and 42.

3. A method for diagnosing Alzheimer's Disease (AD), Neurodegeneration in Down’s Syndrome
(NDS) or Mild Cognitive Impairment (MCI) in a subject, the method comprising:
25 (a) detecting the amount of glutaminyl cyclase (QC), or an isoform thereof, in a
biological sample obtained from said subject; and
(b) further detecting the amount of a chemokine,
(c) comparing the detected amount of QC and the chemokine in the biological sample
with an amount of QC and the chemokine characteristic of a normal control;
30  whereby an elevated amount of QC and chemokine in said biological sample relative to the

normal control is a positive indicator of AD, NDS or MCIL



13. The method according to any one of clainms 2, and 4 to 12, wherein
Xis 42. 26 14. The method according to any one of clainms 2, and 4 to
12, wherein Xis 40. 15. The nethod accqrding to any one of clains 2,
and 4 to 12, wherein Xis 38. 516. The t hod according to any one of
clainms 2, and 4 to 12, wherein not only a single formof the
N-termnally truncated and pyrogl utamated anyl oid beta peptides but a
conbi nédt The nethotiPadBriha® aydnerthdpradeiiis 4Bims déivreinsaiNIPE-8Buman C or an

pd uABt i .and/ or uADan is.detected together, with, QC. 1017.. The

et hod 590t Hieiig e B S ARIESY S arapene foers e Dot gk sRQ 1D
is sel gabgd frem G4 2, CCL7, CCL8, CCL9/10, CCL13, CCL15, CCL16,

CCL25 and Fractal kine. 18. The nethod according to any one of clains

3 to 12, wherein said chenpkine is CCL2. 1519. A nethod of diagnosing

d t] I i bj . the. d .conprisi.ng:
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bi ol ogisga) sEplie with an antibody that binds to glutam nyl cyclase

(QQO), or its isofonns ; (c) allowing the antibody and QC to form an
i mmune conpl ex; and 20(d) detecting the anmount of inmune conpl ex

fornmed as..an_inhdicatign of the n . i.n_sai i 0l 0gi: . .
canpl o5 k8 T8 aRbP ey w0 oEPRE Pleselng i Reo Phtel S8 Ykl vample
cont r olserslipBGina, Wey @igrebralpiratfigd. anount that is el evated or

reduced relative to the normal control is a positive indicator of a
nel® odegener ative di sease.

7. The method according to any of the preceding claims, wherein said biological sample is

plasma.

8. The method according to any of the preceding claims, wherein the amount of QC is detected

15 by immunoturbidimetric assay, immunofluorescence, immunodiffusion, enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA), Western blot, protein activity assay,
Northern Blot, PCR, high performance liquid chromatography (HPLC) , mass spectrometry
(MS), gas chromatography (GC), GC-MS, LC-MS, or LC-MS/MS.

20 9. The method according to any one of the preceding claims, wherein the amount of QC, or an

isoform thereof, is detected on the basis of the protein level of said QC or isoform thereof.

10. The method according to any of the preceding claims, wherein the amount of QC is detected
using an antibody that specifically binds to QC, or an isoform thereof.

25
11. The method according to any of the preceding claims, wherein the amount of QC is detected

by measuring the enzymatic activity of QC, or an 1soform thereof.

12. The method according to any one of claims 1 to 8, wherein the amount of QC, or an isoform

30 thereof, is detected on the basis of the mRNA level of said QC or isoform thereof.

13. The method according to any one of claims 2, and 4 to 12, wherein X is 42.



25 20. The method according to claim 19, wherein the detected
amount that is elevated relative to the normal control is a positive

i ndi cator for AD. 21. The net hod cordin i i

: g to claim 19, wherein
fthe det ect _ed anount that is elevated relative to 30the normal control
is a positive indicator of MCl. 27 23. An in vitro nethod for

di agnosi ng Al zhei nmer's Di sease (AD), Neurodegenerati ' '
Syndr or ThRS¢hat advbidingogmyy oy (ef Flapas 2.rAeA tgl% ‘)"ﬁéflﬁi%g( 1461 o\évincZI
sanpl e froma subject, the nethod conprising: 5(a)detecting the
g_rmunt_of glutam nyl cyclase (Q), or an isofonn thereof, in said

ol ogy & hemﬂ+@5ccefaﬂng ) £9RBIE BRirth12, Adtdetotledwherein¥ i038.QC i n sai d
bi ol ogical sanple with an anount of QC characteristic of a normal
control; ~whereby an el evated anount of QC in said biological
sanple_ relativ

o the normal co [ iitd ek
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10 17. The method according to any one of claims 3 to 12, wherein said chemokine is selected from

CCL2, CCL7, CCL8, CCLY/10, CCL13, CCL15, CCL16, CCL25 and Fractalkine.
18. The method according to any one of claims 3 to 12, wherein said chemokine is CCL2.

15 19. A method of diagnosing a neurodegenerative disease in a subject, the method comprising:
(a) obtaining a biological sample from said subject ;

(b) contacting said biological sample with an antibody that binds to glutaminyl cyclase

(QQ), or its isoforms ;
(¢) allowing the antibody and QC to form an immune complex; and

20 (d) detecting the amount of immune compiex formed as an indication of the amount of

QC in said biological sample; and
(e) comparing the detected amount to a sample from normal control subject;

whereby a detected amount that is clevated or reduced relative to the normal control is a positive
indicator of a neurodegenerative disease.

25
90. The method according to claim 19, wherein the detected amount that is elevated relative to

the normal control is a positive indicator for AD.

21. The method according to claim 19, wherein the detected amount that is elevated relative to

30 the normal control is a positive indicator of MCI.

2. The method according to claim 19, wherein the detected amount that is elevated relative to

the normal control is a positive indicator of NDS.



(b) further detecting the anount of Ap7N3pE-X, (c) conparing the
det ect ed amount of QC and AP N3pE-X in the biological sanmple with an
anount of QC and AP N3pE- X characteristic of a normal control; 20
whereby an el evated amobunt of QC and Ap N3pE-X in said biological
sanple relative to the normal control is a positive indicator  of

NDS or Agerersabieetse (AD),GheBeicegueratinn pFown’s
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defect i ng t anoun a chenokine, 30(c) conparing the detected
amount of QC andbioh%mihemnjadﬁn@du n the biol ogical sanple with an
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havi ng an am no aci ce ected fromthe group consisting of
SEQ | Dpomrsemﬂwa?rogﬁgqﬁg Nﬁ?]lﬁ The in vitro nethod according to

any one of clainms 23 to 26, wherein said QCis human QC of SEQ I D NO

|. 10 28. The in vitro nethod, accordin ér{& t®a ih@own’s
27, wherein isaitdo bietloddor dlagaesing 415 lgll%fgﬁﬁﬁ? %lggﬁn)dﬁhglﬁ‘dr? *

subject, the
cerebr ()ssyﬂhr”o%'le {I\ngé) or Mild Cognitive Impairment (MCI) in a biological sample from a subj

method comprising:

15 (a) detecting the amount of glutaminyl cyclase (QC), or an isoform thereof, in said

biological sample; and
(b) further detecting the amount of AR N3pE-X, |
(c) comparing the detected amount of QC and AP N3pE-X in the biological sample with

an amount of QC and AP N3pE-X characteristic of a normal control;

20  whereby an elevated amount of QC and AP N3pE-X in said biological sample relative to the

normal control is a positive indicator of AD, NDS or MCI, and

wherein X is an integer selected from 38, 40 and 42.

25. An in vitro method for diagnosing Alzheimer's Disease (AD), Neurodegeneration in Down’s

25  Syndrome (NDS) or Mild Cognitive Impairment (MCDm a biological sample of a subject, the

method comprising:

(a) detecting the amount of giutaminyl cyclase (QC), or an isoform thereof, in said

biological sample; and

(b) further detecting the amount of a chemokine,

30 {c) comparing the detected amount of QC and the chemokine in the biological sample

with an amount of QC and the chemokine characteristic of a normal control;



29. The in vitro nmethod according to any of the clainms 23 to 28,
wherein said biological sanple 15is plasma. 30. The in vitro nethod
according to any of the clains 23 to 28 wherein the anount of QC is
detected by i mmunoturbidinetric assay, imunofl uorescence,

i mmunodi f f usi on, enzyne-1inked i mmunosorbent assay (ELI SA),

di oi Rl West bl ot i SAVRT :
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LC M5/ In vitro nmethod according to any one of the clains
23 to 30, wherein the amount of QC, or an isoformthereof, is

det ect n the basi,s of the protein_|evel i IS f: a1p ; an
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specifical Iy binds to QC or an isoformthereof 33. The in

vi tro BEOQNBUNEXgds @i hdt and Jany of the clains 23 to 30, wherein the
anount of QC is 30detected by neasuring the enzymatic activity of CC,

or an isofonn thereof 29 35. The in vitro nmethod according to

any one7 ofh&ChaiilFe nedhoPdidorng @ 3¢, onstudickiins XB so 2@, wherein 8@, Q€hehuman QC

vitro nmethod according to any one of clains 24, and 26 to 34, wherein

Xi s 400fBEQIDN@71. The in vitro method according to any one of clains

241 and 26 to 34, wherein Xis 38. 38. The in vitro nethod according

to %ny one of clainms 24, and 26 to 34, wherein not only a single form

of theal T F Mabnyethddinratdine anshypylthe klaims@} 2 Brmhatia spidthiological sample

peptides but a 10 conbi nati on of .NBpE-42 and/ or Ap N3pE-40 and/or

AP N3pE S8umnplpsna, peng ABEeRRsniai! -uADan is detected together with

QC. 39. The in vitro nmethod according to any one of clainms 25 to 34,

wherein the chenokine is selected fromCCL2, CCL7, CCL8, CCL9/10,

CCL13, 26CIA&in @b fcth@Ch@Brding td-amcotihk ichdmg 83 10193, Whrseinsaid; hiplggical sample

met hod _according to any one of clains 25 to 34, wherein the chenokine

i slgoLasplasma. 47 An 112 vitro method of diagnosing a

neur odegener ati ve disease in a biological sanple froma 20 subject,

t he net hod conpri si ng: . ) .
30. The in vitro method according to any of the claims 23 to 29, wherein the amount of QC i1s

detected by immunoturbidimetric assay, immunofluorescence, immunodiffusion, enzyme-linked
immunosorbent assay (ELISA), radiocimmunoassay (RIA), Western blot, protein activity assay,

20  Northern Blot, PCR, high performance liquid chromatography (HPLC) , mass spectrometry
(MS) , gas chromatography (GC), GC-MS, LC-MS, or LC-MS/MS.

31. The in vitro method according to any one of the claims 23 to 30, wherein the amount of QC,

or an isoform thereof, is detected on the basis of the protein level of said QC or isoform thereof.
25

32. The in vitro method according to any of the claims 23 to 31, wherein the amount of QC is

detected using an antibody that specifically binds to QC, or an isoform thereof.

33. The in vitro method according to any of the claims 23 to 30, wherein the amount of QC is

30  detected by measuring the enzymatic activity of QC, or an isoform thereof.

34. The in vitro method according to any one of claims 23 to 30, wherein the amount of QC, or

an isoform thereof, is detected on the basis of the mRNA level of said QC or isoform thereof.



(a) contacting said biological sanple with an anti body that binds to
gl utam nyl cyclase (QC), or an isoformt hereof; (b) allow ng the

antibody and QC to forman imune conpl, and (c)
detecting the anmount of inmune conpl ex orned as an indication of the
amount of 25QC in said biological sanple; and (d) conparing

the detected amobunt to a sanple fromnormal control subject; whereby
a detected amount that is elevated or reduced relative to the nornal
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The invitro ne accor %ar m 41 reint etect ed
amount that is elevated relative to the normal control is a positive

|nd|cator for AD. 30 ~43. The in vitrq nethod a to.claima4l
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congrol is a positive indicator of M. 44. The in vitro nethod
according to claim4l, wherein the detected anount that is el evated
5r el at 37eThointieo nethal accorntingto any oae pdslats/24, iandl 26 &t &, vdferdidX is 385,

A nmet hod of using an antibody that binds to glutam nyl cyclase (QO
or an isoformthereof as a biol ogical narker, for diagnosing a

neur Odggeﬁfﬁé %‘i 'vifﬁ‘o e8RS SocoR AtdBINOSE 8 cldBh94,CANPYE & 5 WiRRéiaGlot @:ﬁly a
a bi ol ogi cal sanple obtained ffoma subject with said anti body to 10

det er msimglet tﬁ:mralmﬁuhtt I‘Memal}y trhecageairphd pyrophitargsted cfimdpidabgth Ipsgiides but a
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Zubj ecz,Gh}gﬂtZ% Jb?ec‘f@ltt}&ggth@irwﬂﬁ caccording to any one of clainms 45 or

rein the neurodegenerative disease is AD. 48. The nethod or
use according to any one of clainms 45 or 46, wherein the
neur Od%g?r]l,ﬁg aiit1 Iv\z{t?o %!le% f gcéo%dnlygc to a%? one of claims 25 to 34, wherein the chemokine is
selected from CCL2, CCL7, CCL8, CCL9/10, CCL13, CCL15, CCL16, CCL25 and Fractalkine
15
40. The in vitro method according to any one of claims 25 to 34, wherein the chemokine is

CCL2.

41. An in vitro method of diagnosing a neurodegenerative disease in a biological sample from a
20 subject, the method comprising:
(a) contacting said biological sample with an antibody that binds to glutaminyl cyclase
(QC), or an isoform thereof;
(b) allowing the antibody and QC to form an immune complex; and
(c) detecting the amount of immune complex formed as an indication of the amount of
25 QC 1n said biological sample; and
(d) comparing the detected amount to a sample from normal control subject;
whereby a detected amount that is elevated or reduced relative to the normal control is a positive

indicator of a neurodegenerative disease.

30  42. The in vitro method according to claim 41, wherein the detected amount that is elevated

relative to the normal control is a positive indicator for AD.



49. The nethod or use according to any one of clains 45 or 46,
wherei n the neurodegenerative di sease i s NDS

10

15

20

30

43. The in vitro method according to claim 41, wherein the detected amount that is elevated

relative to the normal control is a positive indicator of MCI.

44. The in vitro method according to claim 41, wherein the detected amount that is elevated

relative to the normal control is a positive indicator of NDS.

45. A method of using an antibody that binds to glutaminyl cyclase (QC) or an isoform thereof
as a biological marker, for diagnosing a neurodegenerative disease, said method of using
comprising contacting a biological sample obtained from a subject with said antibody to

determine the amount of QC in the sample.

46. Use of an antibody that binds to glutaminyl cyclase (QC) or an isoform thereof as a

biological marker, for diagnosing a neurodegenerative disease in a subject.

47. The method or use according to any one of claims 45 or 46, wherein the neurodegenerative

disease is AD.

43. The method or use according to any one of claims 45 or 46, wherein the neurodegenerative
disease is MCI.

49. The method or use according to any one of claims 45 or 46, wherein the neurodegenerative

disease 1s NDS.



