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DI SEASES BY DETERM NI NG PYROGLUTAMATE- MODI FI ED MCP-1 AND SCREENI NG METHODS
FOR | NHI BydQRE/©0k36L UTAM NYLCYCLASE FlI ELD OF THE | NVENTIpONEPb@ 1jos3se$1t i on
relates to a nethod to nonitor treatnent of an inflammtory 5 disease or
an inflammatory associ ated di sease with the use of the ratio of N-term nal
pyr ogl uizen®ise ofodiabied MvVCHrLaMoBrE NbpREs Bt GimErCOII®E BV E@ILUOAMAE - MTRF1ED

within a biol gei-GaAns 3RERIRS 1vETRORITREK efvHaRErckYI §RLUGARRSL BiciAsROVel
met hod to determ ne the proportion of N-term nal pyroglutamte nodified

MCP-1 in relation to the total concentration of MCP-1 in biological
sanples. The 10 invention also provides a diagnostic kit and a nmethod for

SCr eeniFIELD QRTHE INVENWIOoNEe (QC) i nhi bi tor or measuring the
ef fecti_veness of a gl utam nyl F}%Cl ase i nhi bitor. BACKGROUND OF THE

| NVENTITOR ¥B(EeI00t selaFes &9t 8kimeseod C%W'F@sfre@rt@eﬁlto@felaﬁs'Qfﬁ’éf‘”'@tt??yact
andls acldigdiis® b MORKARARGHAEESINANANGISbAs® \iith AnbUBSAR R rdif Br L

i nfl anmat 1 on. Chenoki nes are divid |nto our | 1es categorized by the
appear é:amalrm‘l wrpgrutaﬁaatedvgﬂél&cbl\’k@sﬂomé@P(lcN,lp(E(I topat-comegntration of

CC Chaepit IRl GHIGR| BFelBlakes o RRTEL RE S i Bl caheLPRaILI 2Ll Y,
to be ankmodetoed:hetermnae lnlump%p@{tuoehl @f‘el&stermmptylrogmtél(ﬁealtamodlﬁedmp 1

Rol | 2005
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protein-1, CCL2) is a nmenber of the CC-famly of chem)klnes I'n this

fam | y,CY’ﬁﬁéeZ(Q stiehipeer r@rarn@%aswmgt llee efferdivieaers Misaagletamind ewtclase each
ot her ggjgg g}hpr oteins). As with many ot her CC chenoki nes, the MCP-1 gene
is loc ronosone 17 in humans. The cell surface receptors that bind
I\/CP 1 are CCR2 and CCR5. 30 Four different human MCPs have been di scover ed:

and MCP- 4 (CCL13). The MCPs nmay be
con5| d %Rﬁhﬁ) MEN@%emkl nes. All MCPs display a
preger Qﬂfé?n{)ﬁérctl@t YN (FRBRIIGESS) b‘étreSBPd’{éemsf ftﬁé?”&&?atﬂ"ahﬁeéétuvate

expression [evels and chenbtactic potentia Lui ni ,
2011/ 10aue8RtIs Epd 1 arosdeeght to play a fundamental roIe in mflammatlon

Chemokines are divided into four families categorized by the appearance of N-
terminal cysteine residues (C-; CC-; CXC- and CX3C-chemokines). CC-
chemokines (alias B-chemokines) attract preferentially monocytes to sites of

20 inflammation. Monocyte infiltration is considered to be a key event in a number
of disease conditions (Gerard, C. and Rollins, B. J. (2001) Nat. Immunol 2, 108-
115; Bhatia, M., et al., (2005) Pancreatology. 5, 132-144; Kitamoto, S.,
Egashira, K., and Takeshita, A. (2003) J Pharmacol Sci. 91, 192-196).

25  MCP-1 (monocyte chemotactic protein-1, CCL2) is a member of the CC-family of
chemokines. In this family, the 2 cysteines nearest to the amino terminus are
adjacent to each other (thus C-C proteins). As with many other CC chemokines,
the MCP-1 gene is located on chromosome 17 in humans. The cell surface
receptors that bind MCP-1 are CCR2 and CCR5.

30
Four different human MCPs have been discovered: MCP-1 (CCL2), MCP-2 (CCLS8),
MCP-3 (CCL7) and MCP-4 (CCL13). The MCPs may be considered as a sub-family
of the CC chemokines. All MCPs display a preference for attracting monocytes but
show differences in their expression levels and chemotactic potential (Luini, W.,



etal ., (1994) Cytokine 6, 28-31; Uguccioni, M, etal., (1995) Eur J | nmunol
25, 64-68) Berkhout, et al., (1997)1E3C. In the followng, the amno acid
sequence WO 2numam3dCP- 1 i s indicated: Human MCP-1 ( CCL2PCT/EP2011/052398

(Uni Prot KB/ Swi ss-Prot P13500) Protein (Signal Sequence in bold: 23 aa;
Mature MCP-1: 76 aa) SEQ ID NO 1

VKVSAALLCLLLI AATFI PQGLAQPDAI NAPVTCCYNPTNRKI SVQRLASYRRI TSSKCP

KEAVI FKTI VAKEI CADPKQKW/QDSVDHLDKQTQTPKT Consistent with it being a nenber
of the eEndlPRE) 1 tokinel §,, 28437 IUgiiesiardeN . 18t ghoWh99%) Eleddatvraet 2and
acti vat&_gg %gutj \éllt o 8y %Enanorml ar concentrations. Elevated MCP-1
expr essi on een teét 8 ?1 a variety of pathologic conditions that

i nvol ve m)nocyt e accumul ati on and activation, including a nunber of

infla ry. and. non-i nfl ammatory di sease state | i ke.r toid

arthr 1 angneoRaMise B Gan D SUf meaUeaHo8 by MeET Aye i IEHRer sensi ¢ vi ty
reagtions. A nunmber of studies have underlined in particular the crucial
role of MCP-1 for the devel opnent of atherosclerosis (Gu, L., et al.

(1998) HMMQ_-A(WQZMWIMKB@WI% ProgP13500) 1999) 3 Cin. |nvest
103, 773-778); rheumatoid arthritis 25 (Gong, J. H, et al., (1997) 3 Exp.
Med 186, 131-137; (Ogata, H., et al., (1997) 3 Pathol. 182, 106-114);

pancr edrptdis (CBTe iSequihce @ bald:, 23 BGQMatAne N&Phy?Go&aa)Gast roi ntest. Liver
Physi ol 288, Gl1259- G1265); Al zhei mer’ s di sease (gl?(gal '&Ig’ et al .

(2005) Am 3 Pathol. 166, 1475-1485): |lung fibr sHma ., et al.
(2004) Am 3 Physiol Lung CeII Mol . Physi ol 286 L1038 L1044); renal
fibrosis 30 (Wada (2004). 3 Am rol. 15, 940-94
graft MFM&‘\MQ%M/&TFEQ%%’D IN%CWE@‘%&%\(%LA%R%%S
Bi ol . %’sA\ﬂ#ﬁ@x\m@E’ﬁCAmgkw\@msMd\%@qﬁ@@bhal so play a role in gestOS' s
(Kat abuchi, H., (2003) Med Electron Mcrosc. 36, 253-262),
contribute to pathol ogi es associated with hyperinsulinem a and obesity,

b011/ 16 Ehs bRy WDl PehESe TREHsRYor, e ERenokRe, g famity, JCPiL s beeny.
I\S/ICM tU.sﬁlo;e\fnlcm ch26foattiact asna aaig\;a:trei?ggon;%,ttes im w/mrawwmazurgmm@ua(mta
Vb 5050NE4a89a0s. FRYAESA MR bearrreamon JiasDegh Jeteckrd in 2 ogaIcty o "

Nat | . %%i‘ﬁolo@i-‘d cdﬁo@tlé’ném@wa]t‘lqa@ol?/e Jﬁaﬂo@}temaccdrﬁ\d%’d‘&ﬁ?hﬁﬁh %%Q'f}at|8|54 63)
and Al DS (Park, 1. Wan ? F., and G oopman, J. (2001)
including a number of inflammatory and non- mﬂammatory disease States, like

and

rheumatoid arthritis, atherosclerosis, asthma, obesity and delayed
20  hypersensitivity reactions.

A number of studies have underlined in particular the crucial role of MCP-1 for
the development of atherosclerosis (Gu, L., et al., (1998) Mol. Cell 2, 275-281;
Gosling, J., et al., (1999) J Clin. Invest 103, 773-778); rheumatoid arthritis
25 (Gong, J. H., et al., (1997) J Exp. Med 186, 131-137; Ogata, H., et al., (1997) ]
Pathol. 182, 106-114); pancreatitis (Bhatia, M., et al., (2005) Am. ] Physiol
Gastrointest. Liver Physiol 288, G1259-G1265); Alzheimer’s disease (Yamamoto,
M., et al., (2005) Am. ] Pathol. 166, 1475-1485); lung fibrosis (Inoshima, I., et
al., (2004) Am. J Physiol Lung Cell Mol. Physiol 286, L1038-L1044); renal fibrosis
30 (Wada, T., et al., (2004) J Am. Soc. Nephrol. 15, 940-948), and graft rejection
(Saiura, A., et al., (2004) Arterioscler. Thromb. Vasc. Biol. 24, 1886-1890).
Furthermore, MCP-1 might also play a role in gestosis (Katabuchi, H., et al.,
(2003) Med Electron Microsc. 36, 253-262), contribute to pathologies associated
with hyperinsulinemia and obesity, including type II diabetes (Sartipy, P. and



Bl ood 97, 352-358; Coll, B., etal., (2006) Cytokine 34, 51-55). The
mature formof MCP-1 is post-translationally nodified by glutam nyl cycl ase
(QQ) to pwexesisioas3N-t er mi nal pyroglutanyl (pGlu) resideeT(EPe@oss2398. et

al . 10(1996) J Leukocyte Biol. 59, 67-74). dutam nyl cyclase (QC, EC
2.3.2.5) catalyzes the intranol ecul ar cyclization of N term nal gl utam nyl
residues into pyroglutamc acid (5- 0X0- proline, pGlu, pE) under |iberation

of ammoni a and the intranol ecul ar cyclization of N-terminal 15 gl utanyl
r esi dudoskuntasf, B8 oA InProcadiatl. uheistk JdibEraA 5000720t AL, (@i 3 EREISINA H.

and Spi ], 8 cad L, U 84 -32 | v,
My, daoRr .'f*(twéﬁﬂ%vreéﬁmérgiﬁbﬁ r'o‘g%/s". (gb@,) %Oﬁﬁco\?&hgzﬁ?# EFetog

pd u mdi $i, attd/ Q200689 Expre NdedROR2n 6r@sé 34 pmeurgpatist phit GwiiteaF. A20et
degradat,i o i nopept i dases, .whi ,S .0 i i mpor t apce, Singe

Chommor a1 085 Ao BRRMASS acinli & aoblr A RoudBrrt il L vshrotire, o
et gl. ,1()(45}923.&)—6@2%’Hd mBﬂPa?R; 149 58 andy b Fi Carmd C#b@Pﬁ?éd,Oﬁ ©r(2001) .
degradati on of the MCP-1 termnus (residues 1 to 9) leads to a dramatic
decr eadBoed INo3520858 uketli Bn,etadlt, )Nokingt 34,1 5bid%ds to its receptor
(CCR2) (Proost, P., et al., 25 (1998), J Immunol 160, 4034-4041; Zhang, Y.
J., etal., 1994, J Biol. Chem 269, 15918-15924; Masure, S., et al., 1995, J
| nt er f dhenm@puick foren REMCRY, is0p6st9GANsIFEioMBHY chediSed yt ghitamiloog@iase

031 40) CORIPES TN plo RURE! YO BrTER RoRl) Eenidieariest Lol T

condi t i(2P96) dawekopynBioAsb usE-7af). an anti-MCP-1 strategy required a potent
tool for diagnostic, prognostic, and target nodul ati on bi omarker use. WO

2011/ 101433PCT/ EP2011/ 052398 4 As nenti oned above, conpelling evidence

poi nt's @@l @yOhsMABCL E’@z.@.é.hﬁi éﬁiéi_ﬁegit%%%aﬁ%cdléﬁi cl¥aBonagFdy-Hy man,
B.T. (1999) 3 'Neurovirol. 5, 32- 41). The presence of MCP-1 In senile
pl aquedeeminal nglutotriw eresidirasginta, pyreglu@snige acidal 5Srexer priiage spGiU, t ) CNS,

has be S@r\V Ln_ praj i.ent. feri . | shi z . K,
A A e R A e e S S e e
nondcy tgbstamng mastiuesl ingo \piytdfglAtMﬁﬁi 8ei8 yrdardiber§t8n of whitee$ Fisbhkronkivie.
secretion jn vitro a, L., et al., 996) 3 | n 57, 1213- 1218;

oo epditkSPiESk S GO Pros ) AS St Ui Srbdr 0P332 bR ToRn Y-, et

i nt r acey epranpnh ichC Bigdhdnilf BRipRYs0Bo#8368-7A2) into murine hi ppocanpus 10
significantly increases MCP-1 in vivo. Mreover, A8 deposits attract and
activate mcroglial cells and force themto produce inflamuatory nedi ators

such a - i i N r d i g ;
chomot St B e o R A e e et D Bs dfhinal,
aceDvatdagradatoghi ly ad mon phagdtds ose, A ipbpis dép i selii g ddaarceanpinida ed

acti Vatcih%rr}ﬂc;tggggﬁa%teﬁ]c'y 8P9|C}Pg(f’is lflﬁé:diaéezaog%)itslﬁ— elrilrn(ljr%]sem/arh rBam%%, J:.)’,Bgf 340) .
al., (1999) Chem Immunol 72, 42-56). Artificial elongation or degradation of the
MCP-1 N-terminus (residues 1 to 9) leads to a dramatic decrease or loss of
function, although MCP-1 still binds to its receptor (CCR2) (Proost, P., et al.,

25  (1998), J Immunol 160, 4034-4041; Zhang, Y. J., et al., 1994, ] Biol. Chem 269,
15918-15924; Masure, S., et al., 1995, J Interferon Cytokine Res. 15, 955-963;
Hemmerich, S., et al., (1999) Biochemistry 38, 13013-13025, Gong and Clark-

Lewis (1995) J. Exp. Med. 181, 631-40).

30 Due to the prominent role of MCP-1 in a number of disease conditions,
development and use of an anti-MCP-1 strategy required a potent tool for
diagnostic, prognostic, and target modulation biomarker use.



Exam nati on of chenoki ne expression in the 3xTg nouse nodel for AD reveal ed
t hat neuronal inflamuation precedes plaque formation and MCP-1 is

upr egul atwo 2by/@mi43act or of 11. Furthernore, the upregul acrer2afi/ok43p8 1 seens
to correlate 20 with the occurrence of first intracellular A8 deposits
(3anelsins, MC, et al., (2005) 3 Neuroinflammation. 2, 23).

Cr oss- breed| ng of the Tg2575 nouse model for ADwith a I\/CP 1

over - expressi ng nouse nodel has shown an increased mcroglia accunul ation
ar ound ASB rdeptisned ahdvehatompelinacevidangei Mointas tac @omeihi efd MGPah in

et or PR dideedt BT U AL BEEIMES 4 ToTRe R RE Y, 8y 207
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sergm %hfﬂé@l’h'geﬁf‘éﬁw mot(hsmk@nﬂ e&ré/y myicBiatry~Clin ENedlosci (20063 5-
Neur obi ol . Agin 1763-1768) 01 101433PCT/ EP2011/ 052398 5 deat hs

annual |1y°>8 rSérrau%@@@o@fsmpnaﬁ\smrﬁr}cbmlémbaawh Araylojsl-Bs2rpteipTAR) induerfen t he
bst f 0 t t d
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Verm (VBBrshseBey VEBRRL R itusin kAR 0508 drtheidide b e Gpus

pat b entsigiifitdnthh Imure§sd OMAP- 681 NS, MolrEo@er, B Hepositd atwactsand taetivate

angi opl asty. Additionally, restenosis is a significant problemi nd\h)atl ents

under gd\"ﬁéo%llﬁhf@H%@é‘dv@rﬁe BYPAS graguce mHammBekuNi @ﬁﬁ@@%&w® 88 d1&R1 on
appear s tyonicAVR!tUen R @ a F&&d BREK 86 thdiRoe fURthEr cﬁérﬁHEa‘f@ss%Htﬁ/%tloﬁoar{cﬁco' !

with resultant closure of the artery and/ or deposition of blood platelets
al ong ttiseudatnngege | Ahbichsise of e dendsitiopenaeiivaticd odiovegiseplsbophagmsytese

formati red_pl | 1 u ten fte i ppl asty
is a rmAepgﬁ) 85“8%@0 etg)sagn lr'ﬁﬁ/%{j \?gé'%ﬁ%i (E}Od%ﬁ, ?ogﬁgﬁ“l %h oq‘s gﬂ%f)f)
subgri tNerabchdmodbo3% 383-B408] ease from adherent platelets of cell derived
grow h factors with subsequent proliferation of intiml snooth nuscle cells
and local infiltration of inflamuatory cells contributing to vascul ar

hyper plB@indinatibnicF ¢HEPAGKIABLeXpPeENbR ih AR Ttd Y BeDRREIRS $GS ADaFEVRG|dd0se
t hronmbosis, cell proliferation, cell mgration and inflammati on each seem

to 20cdéhet nsurcenatlanﬂmm@tm@ﬁmqe@eprma@g@.formatlon and MCP-1 is upregulated
by a factor of 11. Furthermore, the upregulation of MCP-1 seems to correlate

20  with the occurrence of first intracellular AB deposits (Janelsins, M.C., et al.,
(2005) J Neuroinflammation. 2, 23). Cross-breeding of the Tg2575 mouse model
for AD with a MCP-1 over-expressing mouse model has shown an increased
microglia accumulation around AP deposits and that this accumulation was
accompanied by an increased amount of diffuse plagues compared to single-

25  transgenic Tg2576 littermates (Yamamoto, M., et al. (2005) Am. ] Pathol. 166,
1475-1485).

MCP-1 levels are increased in the CSF of AD patients and patients showing mild

cognitive impairment (MCI) (Galimberti, D., et al., (2006) Arch. Neurol. 63, 538-
30 543). Furthermore, MCP-1 shows an increased level in the serum of patients with

MCI and early AD (Clerici, F., et al., (2006) Neurobiol. Aging 27, 1763-1768).

Atherosclerotic lesions, which limit or obstruct coronary blood flow, are the major

cause of ischemic heart disease related mortality, resulting in 500,000- 600,000



In the U S., a 30-50%restenosis rate translates to 120, 000-200, 000 U. S.
patients at risk fromrestenosis. If only 80% of such patients el ect
repeat ed wogooploassy (W th the remaining 20% el ecti ng C®COERRY11A51388 V
bypass graft) and 25 this is added to the cost of coronary artery bypass
graft for the remaining 20% the total_cost for restenosis easily reaches
into billions of dollars. Thus, successful prevention of restenosis could
result not only in significant therapeutic benefit but also in significant
heal t h deatles @anlals. PSTAtaneaughtransiuginak calosary wnetdwéastal(é%:ﬂédowmenl

benett hFatTistEd AR, Ros ITARRDF sVer st SR e RS T dhe b SR o

benefit resu e a I'zing an 1 €s or
MCP- 1 r9€-‘lc5e0®@+ PEREL S vamrﬂdagmirm st 5996 (aemaitberet f/.,ard96). Anmlagbsjlmlw.ﬁon
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am no- term nal redgl on |S essentlal for receptor |Vat|0n H.

and C &fkratisnts with subgots) lesigrp.ande§0% ef wients, W%rﬁ@ﬁﬁﬁemt@' ?esﬂé’!sal
(1999) )

(1999) 150 BT kecoci 2030 nf by B Fia At spLai el Vefirican

ant agomireblem aic tpatienys undAl'gommﬁuhngoasy&ys bfypassrgnaﬁtoﬂ'heg‘nedmamm af | evel

b d h b
e cosachER DBl Fndea i RYpLE Bt el PS ey S o HERYRE | ect
t heo degeesi wutraeéslatamglms@rreqﬁ thlel ateay iadwl/of delp@ sepdi eprHlade pletaetor s
(CCL2, CCL5) by full length MCP-1 in relation to the |evel of antagonistic

ef f ect |W9\I-‘ir‘t§r AARRILY u'ﬁBQFrédOforth?of‘éYVIW qBefekthI0ed Meessel nifllevade Y

W thi n et WrdSfio @A) sa H1So ek iAgHAbuBYT ogl utamyl modi fied speci es of
full length tectable. The reason is the rapid N-term nal

degradati on of the N-term nal unnodi fied nol ecul e by the resident

ubi qU|t pep, pept S

DPPI 'V, %§69 & difion) g%tu%a%eﬁ“ﬁgﬂﬁgg‘%? §R1C|eg§ s nopepﬁ/eéggrgéal

l'i ber atfongatuba dﬁrat eummlantalcthp@rmblods With- rléte)as@rfrbheaahemtqﬂatélgﬂwfamlhe,

respectdj
erlved growth factors with subsequent proliferation of intimal smooth muscle
cells and local infiltration of inflammatory cells contributing to vascular
hyperplasia. It is important to note that multiple processes, among those
thrombosis, cell proliferation, cell migration and inflammation each seem to

20  contribute to the restenotic process.

In the U.S., a 30-50% restenosis rate translates to 120,000-200,000 U.S.
patients at risk from restenosis. If only 80% of such patients elect repeated
angioplasty (with the remaining 20% electing coronary artery bypass graft) and
25 this is added to the cost of coronary artery bypass graft for the remaining 20%,
the total cost for restenosis easily reaches into billions of dollars. Thus,
successful prevention of restenosis could result not only in significant therapeutic

benefit but also in significant health care savings.

30  Although it is not clear whether elevated MCP-1 expression is the cause or
consequence of the above diseases, therapeutic benefit resulted from the
application of MCP-1 neutralizing antibodies or MCP-1 receptor (CCR2)

antagonists in a number of animal models.



It consequently follows that the establishnment of an assay displaying the
real 25 level of active, CCR2 receptor agonistic MCP-1 nol ecul es, provides
benefit twotha/iomssovenent of di agnostic applications, PFOWEPREI10O§2398

t her apeuti ¢ approaches and devel opnent of QC inhibitors in connection with
di seases or disturbances in which MCP-1 m ght be involved. 304d utam nyl
cyclase (QC, EC 2.3.2.5) catal yzes t hé i ntranol ecul ar cyclization of N
term nal glutam ne residues into pyro%1 utam c acid (pyroglutamate, pGlu,

pE) |i Bertais agntexioitiia.imrogatd® netesthatsdgletien dfyanmeosaeids flof frore the ex of
the tr | ( I 7
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ani mal upxd|tat||hg1rt;hatWhe2(hhilhﬂ>0Eb46‘B|ﬁ%ﬂTlréﬁaﬁlﬂs/ @5a3a8al 7fof BredaptoMVackivationet  al .

1987 3 6 8 853 e W H. 1987 Proc
Nat | AERNGC T SR G RS ab4aP R dr bl eVtnhal G-t VeROUTrL: on of
€] n5| ntépatp |5119|99)@e‘%rﬁ)l}!ﬁrﬁn@@olsf@mz 5@y, t he precursors of TRH and GnRH
(Bushy, et al. 1987 Bi ol Chem 262, 8532-8536; 5 Fischer, W H.

and Spi ess . 1987 Proc Natl Acad Sci USA 84, 3628-3632). In addi t i on,

i ni tiale hmtlg v EAPESR! S ECKERLAT hefi; éaagb'?@a JHbrttdd 10
putatlve pro ctéo Yeatarysi's in bovine pitultary { rovi ng
suggestmedletulestwioim M@P-ﬂemaedeor‘rmhagnels@ycrﬁdhwmys (Bockers, T. et aI 1995
3 Neur oendocrinol 7, 445-453). In contrast, the physiol ogi cal functi on of
the plant 10 QC is less clear. In the case of the enzyne from C. papaya, a
robe i mit hexiplimgt agﬁﬁlsmragﬂbm@mm@t lﬂlﬁ)@elMGP M £ POr gaei A8 y@SabUggest ed
(El' Moussaoui, A et al. 2001 Cell Life Sci 58, 556-570 Put ative QCs
f r om othe#ngyyighing R%"r"\éeqrbé\‘ﬁﬁﬁ‘ll\@@lpﬂy @é@uWechPrﬁaW%C@ﬁ%'V? c kg (Bkhl
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of these enzynes, however, iIs stil nbi guous. known Trom pI ants
and anistiangatnpwfathe rap@trosrp@m r¢<zﬁptt9rsr &CngmLém tmse fuih Ieh@th\u\’t(é? i mal

posi ti ot b t y the
M chaelc'llgl'sfﬂ(B Q(gnﬁ]:aéqiét eﬁoﬁia%@%géﬁgé é‘f’f@ﬁwelggﬁ%%ngf I\Eﬁ@ﬁcg&g t(BJJC‘T‘?JR}EZO S
A 88, 1084810031 ntolesalego, A. P. et al. 1988 Anal Bi ochem 175, 131- 138;
Gol ol obov, M Y. et al. 1996 Bi ol Chem Hoppe Seyler 377, 395-398). A
conparison of the primary structures of the QCs from C. papaya and that of
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from brtaerzarﬁmbrma @|L¢t@hﬁh¢,zee§mtchvé|lye N-term nal glutamnyl as well as
glutamate cyclization. Mst striking is the finding that cycl ase-catal yzed

G ul-conversion is favored around pH 6.0 while G nl-conversion to
PG u- def ikRALLYEENtRF GHliGw¥i thBt @he establishment of an assay displaying the real

25  level of active, CCR2 receptor agonistic MCP-1 molecules, provides benefit to the
improvement of diagnostic applications, monitoring therapeutic approaches and
development of QC inhibitors in connection with diseases or disturbances in
which MCP-1 might be involved.

30  Glutaminyl cyclase (QC, EC 2.3.2.5) catalyzes the intramolecular cyclization of N-
terminal glutamine residues into pyroglutamic acid (pyroglutamate, pGlu, pE)
liberating ammonia. A QC was first isolated by Messer from the latex of the
tropical plant Carica papaya in 1963 (Messer, M. 1963 Nature 4874, 1299). 24

years later, a corresponding enzymatic activity was discovered in animal pituitary



WO 2011/ 101433PCT/ EP2011/ 052398 8 pH opti num of around 8.0. Since the
formati on of pGlu-Al3-rel ated peptides can be suppressed by inhibition of
reconbi nawo 2buman3®C and QC-activity from pi g pituitaryPpexteraci®s23vhe
enzyme QC is a target in drug devel opnent for the treatnment of Al zheiner's
di sease. 5 Inhibitors of QC, which also could be useful as inhibitors of QC
| soenzynes, are described in WO 2004/ 008625, WD 2004/ 098591, WD 2005/ 039548
and WO 2005/ 075436, which are incorporated herein in their entirety,
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15 ambiguous.

The QCs known from plants and animals show a strict specificity for L-glutamine
in the N-terminal position of the substrates and their kinetic behavior was found
to obey the Michaelis-Menten equation (Pohl, T. et al. 1991 Proc Natl Acad Sci U

20 S A 88, 10059-10063; Consalvo, A. P. et al. 1988 Anal Biochem 175, 131-138;
Gololobov, M. Y. et al. 1996 Biol 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
homology (Dahl, S. W. et al. 2000 Protein Expr Purif 20, 27-36). Whereas the

25 plant QCs appear to belong to a new enzyme family (Dahl, S. W. et al. 2000
Protein Expr Purif 20, 27-36), the mammalian QCs were found to have a
pronounced sequence homology to bacterial aminopeptidases (Bateman, R. C. et
al. 2001 Biochemistry 40, 11246-11250), leading to the conclusion that the QCs
from plants and animals have different evolutionary origins.

30
Recently, it was shown that recombinant human QC as well as QC-activity from
brain extracts catalyze both the N-terminal glutaminyl as well as glutamate
cyclization. Most striking is the finding that cyclase-catalyzed Glul-conversion is

favored around pH 6.0 while GInl-conversion to pGlu-derivatives occurs with a



nodified MCP-1 in a biological sanple; (b) determning a second
concentration (cd) of total MCP-1 in said biological sanple; and

5(c) det erwonongioi4se rati o of ca / cd, wherein the val ueprafi/Erb@ 1/05239%
concentration (ca) is divided by the value of the second concentration (cd)
BRI EF DESCRI PTI ON OF THE FI GURES 10 Figure 1: Sequence alignnment of mature
MCP-1 (CCL2) proteins fromdifferent ecies. Alignnent was perfornmed using
CLUSTAL W (1.83) multiple sequence alignnment algorithm provided at

ht t p: / /PMvaPEMWhbefedrosing/ 8 &F. tSiace Lok detraptiontafl pGlscjbortated axaptidegmean 15

human - . chi . ' 2 22, an;

Sumat & SYERGE GRS iocRITBARE T . 21 ekt P Pig b
eat i ng pragiague exkkR:ts, $RQ ¢MxrNOe @C toa:taCget Snfamid daviesopoent fBEQHED NO.
5, pig: Sus scroLQ I\/CP—l,,q\éEQID NO. 6, cow Bos taurus MCP-1, SEQ I D NO
7, hor SECATRRITOT ARREIMET €95€.SEQ ID NO 8, npuse: Mis nuscul us MCP-1,
SEQ20ID NO 9, rat: Rattus norvegicus MCP-1, SEQ ID NO 10. Figure 2:
Alignnent of the four human MCP's. Alignnent was perfornmed using CLUSTAL W
(1. 83) Ipbibitioss of Lgunhé@ alsogerrfitbeaugefiul tasninpititargeqf QE isoenzymes, are

oy, 1BSEH6R AEOARY AS/BARKI8L WG JobAYUAH, W HRTBR0RAE" oME 20
human MOR5Z07 &¢R6, \ASGM\SareHmypo@EQJH_Daer _Iﬂlthﬁﬁléﬂﬁlg%g{)gﬂﬂpwm%zé
Noe 1 BB R s STl RediS; sk, e, BN RN Brd T G o

I ndp catnel ghep&dinahtiseaiesneeefiifehthe degriivadand qidhtifieatisle benptdmeinall he
arrow marks the energ N-term nal gl utam ne residues form ng the

oy ogl RVARGINtADAEG afMadned: SNGMmaking grer AesayPedy i aluernatgyal Patent
2011/ 1433 RGdh 2 Bl /23688, ddb757.

The inventors have now found that measurement of the proportion of N-terminal
15 pyroglutamate modified MCP-1 in relation to the total concentration of MCP-1
within a sample provides an effective method for diagnosing or monitoring an

inflammatory disease or an inflammatory associated disease.

SUMMARY OF THE INVENTION

20 According to a first aspect of the invention, there is provided a method of
diagnosing or monitoring an inflammatory disease or an inflammatory associated
disease, which comprises determining the proportion of N-terminal
pyroglutamate modified MCP-1 in relation to the total concentration of MCP-1
within a biological sample.

25
According to a second aspect of the invention, there is provided a method of
determining the effectiveness of a glutaminyl cyclase (QC) inhibitor within a
biological sample and as a surrogate marker for glutaminyl cyclase (QC)
inhibition within a treatment by QC inhibitor application.

30

According to a third aspect of the invention, there is provided a method of
determining the proportion of N-terminal pyroglutamate modified MCP-1 in
relation to the total concentration of MCP-1 within a biological sample which

comprises the following steps:



anal yzed after O min, 15 min, 30 mn, 1h, 4h and 24 h using Ml di-TOF nass
spectronetry. Figure 4. shows the incubation of MCP-1(1-76) bearing an

N-t er m nawo 2611Rpu43gl ut anyl (5- oxo-L-Prol yl) residue w t rRCTEPoNiOsEOE hunman
DP4 for 24 h. For cyclization of N-term nal glutam ne into pyroglutanate
MCP-1 was i ncubated with reconbi nant human QC 3 h prior to assay start. The
cl eavage was analyzed after O mn, 15°“mn, 30 mn, 1h, 4h and 24 h using
Mal di - TOF mass spectronetry. 10Figure 5: illustrates cleavage of human

MCP- 1( 1- 76) (Bear idegeranining & firstatonglemteationy K ca) esfi duterpyingeyniglntamateuman
Ami nopeptid ge products were anal yzed after O
mn, 15 mn %g(ﬁl}'?eg%céﬁ n&ﬁ-gh@ﬁéﬁpl géﬁ%h@um ng Mal di - TOF mass spectrometry.
15Fi gure 6: (b)! usietatratniolgeasage ndf cdruraanrdibn 1(cl) ) tdadrvag- aninNstir m nal
pyrogl ut anyl_.(5-0xo-L-Prol 4 resi due by reconbi nant human Am nopepti dase P
for 24 h. Tl QF@BFﬁ’E"é’ﬁ%{t ormation at the N-Ternminus was acconplished by

I ncybation qt) Mldete Wl fi e eaRaBRNG Iauryartd,Q@HéHe.ﬁ» theP{hRle be thieefipssay .
The APP cl eavage was anal yzed after O mn, 15 30 min, 1h, 2h, 4h and

24 h 20usi ngonaertiratior (fasis déﬂé@tirbyn‘éteryalwucg‘&h@ Sﬁcoﬁﬂcﬁﬂﬁcﬁh‘éati@@r(édatl on
of human MCP-1(1-76) carrying an N-term nal glutam nyl residue (A) or
pyrogl utamyl (5-oxo-L-Prolyl) residue (B) in human serumfor 7 and 24 h,
respectively. For cyclization of the NNterm nal glutam ne 25 residue into

pyr ogl e - i d_w conbi nant human QC for 3 h prior
to ass%ﬁgEErPE%iaﬁﬁM:BH?ﬁﬁ%%%%ﬁs i ncubated in human serumin the
pregence of 9.6 pM DP4 Inhibitor |soleucyl-Thiazolidide (P32/98) for 24 h

(C. The cl eavage products were anal yzed after O min, 10 mn, 30 mn, 1h,
2h, 3h Fgusedl7Saquenceceignment of mamine, MEF- i (CCLZY, prakeingHram, differeand 24

h for 1- n o |\/CP 1
in con% %gtegonl}ﬁﬁpﬂ}erﬁs ragurg%r{?or#]rl aztgh%%(]‘gsﬁgl‘ngv B’&Ia@d?) %@Eﬁasée&ﬂé\%
spect r @glighment WO 2011/ 1014&3@253%5?2011/ 052398 1prdwided DP4 for 24 hat For
cyclizatjon,of N-termn |, utam ne i nto pyroglutamate smc_ubated
W oh T ek R cher e RO a8y SRt e B Turedinge
pr@QUCth%rM\@rﬁ evepal wred 10s09 1|\/H&rﬂh15pTCPmFﬁﬁ§éhz%@eMUP0F@EQ & Ney: ® ftdh: 15
mn, 30 nin, 1h, 2h, 4h and 24
Sumatran orang utan MCP-1 SEQ ID NO: 3, macac: Macaca fascicularis (Crab
eating macaque) MCP-1 SEQ ID NO: 4, doc: Canis familiaris MCP-1 SEQ ID NO:
5, pig: Sus scrofa MCP-1, SEQ ID NO: 6, cow: Bos taurus MCP-1, SEQ ID NO: 7,
horse: Equus caballus MCP-1, SEQ ID NO: 8, mouse: Mus musculus MCP-1, SEQ

20 ID NO: 9, rat: Rattus norvegicus MCP-1, SEQ ID NO: 10.

Figure 2: Alignment of the four human MCP’s. Alignment was performed using
CLUSTAL W (1.83) multiple sequence alignment algorithm provided at
http://www.ch.embnet.org/software/ClustalW.html. Sequences are: MCP-1:
25 human MCP-1(CCL2, SCYA2, MCAF, SMC-CF, GDCF-2, HC11 SEQ ID NO: 1,
MCP-2: human MCP-2 (CCL8, SCYA8, HC14), SEQ ID NO: 11; MCP-3: human
MCP-3 (CCL7, SCYA7, NC28, FIC, MARC), SEQ ID NO: 12; MCP-4: human MCP-4
(CCL13, SCYA13, NCC-1, CKb10), SEQ ID NO: 13. The N-terminal residues typed
in bold letters indicate the signal sequence which is removed in mature
30 chemokines The arrow marks the emerging N-terminal glutamine residues

forming the pyroglutamyl derivative catalyzed by glutaminyl cyclases.

Figure 3: shows the incubation of MCP-1(1-76) bearing an N-terminal glutaminyl
residue with recombinant human DP4 for 24 h. The DP4 cleavage products were



Figure 9: shows the degradation of human MCP-3(1-76) carrying an N-term nal
glutam nyl (A) or pyroglutanyl (5-oxo-L-Prolyl) residue (B) by reconbi nant
human DPAwbani11241433 For cyclization of N-term nal gl ut arCmEPR20M052398

pyrogl utamate, MCP-3 was incubated with reconbi nant human QC for 3 h prior
to assay start. 10 The DP4 cl eavage products were anal yzed using Ml di-TOF
mass spectronetry after O mn, 15 m n,1030 mn, 1h, 2h, 4h and 24 h. Figure
10: illustrates the cl eavage of human MCP-4(1-75) bearing an N-term nal

gl ut amanglyzed) ader gy migl didamjin, G9- mio- Lhpddl gnyl 2447 de@g( BpldiyTQRdoass nant
15 hu {5 Efén‘fe% 4 hours. For cyclization of N-termnal glutamne into

pyr ogl atama -4 was i ncubated with reconbi nant human QC for 3 h prior
to assay start. The DP4 cl eavage products wer e anal yzed using Ml di - TOF
mass s ctrorretry after 0 mn, 0. mn 2h, . and_4h.  20Fi u e 11:
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human N-termnal MCP-4 starting with N-term nal glutam ne(d nl-MCP-4) in
conparison to human MCP-4 with N-term nal pyroglutam c aci d(pGlul- MCP-4)
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incubation of MCP-1 with recombinant human QC for 3 h prior to the assay. The
APP cleavage was analyzed after 0 min, 15 min, 30 min, 1h, 2h, 4h and 24 h

20 using Maldi-TOF mass spectrometry.

Figure 7: shows the degradation of human MCP-1(1-76) carrying an N-terminal
glutaminyl residue (A) or pyroglutamyl (5-oxo-L-Prolyl) residue (B) in human
serum for 7 and 24 h, respectively. For cyclization of the N-terminal glutamine
25  residue into pyroglutamate, MCP-1 was incubated with recombinant human QC
for 3 h prior to assay start. In addition, GIn'-MCP-1 was incubated in human
serum in the presence of 9.6 uM DP4 Inhibitor Isoleucyl-Thiazolidide (P32/98) for
24 h (C). The cleavage products were analyzed after 0 min, 10 min, 30 min, 1h,
2h, 3h 5h and 7 h for GIn*-MCP-1, 0 min, 30 min, 1h, 2h, 3h 5h, 7 h and 24 h for
30  pGlu-MCP-1 and 0 min, 1h, 2h, 3h, 5h, 7 h and 24 h for GIn*-MCP-1 in

combination with Isoleucyl-Thiazolidide using Maldi-TOF mass spectrometry.

Figure 8: shows the degradation of human MCP-2(1-76) bearing an N-terminal
glutaminyl (A) or pyroglutamyl (5-oxo-L-Prolyl) residue (B) by recombinant



10Fi gure 14: Standard curves for the determnation of A: total hMCP-1 and
B: hMCP-1 N1pE concentrations on the basis of neasured absorption val ues at
450nn 540mon20Homw1436t h st andard curves, reconbi nant hMCPPETNPpE 1/0523d8iced i n
E. coil was used. The standard curve was cal cul ated from nmeasured
absorption data by a 4- Pararreter-Logz:iiTpc Fit: vy = (A2 +

(A1- A2)/ (1+(x/ x0)~p). 15 Figure 15: arison of the detection of hMCP-1
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Figure 10: illustrates the cleavage of human MCP-4(1-75) bearing an N-terminal
glutaminyl (A) or pyroglutamyl (5-oxo-L-Prolyl) residue (B) by recombinant
15 human DP4 for 4 hours. For cyclization of N-terminal glutamine into
pyroglutamate, MCP-4 was incubated with recombinant human QC for 3 h prior
to assay start. The DP4 cleavage products were analyzed using Maldi-TOF mass

spectrometry after 0 min, 15 min, 30 min, 1h, 2h, and 4h.

20  Figure 11: shows the chemotactic potency of human N-terminal MCP-1 starting
with N-terminal glutamine(GIn1-MCP-1) in comparison to human MCP-1 with N-
terminal pyroglutamic acid(pGlu1-MCP-1) (A), of human N-terminal MCP-2
starting with N-terminal glutamine(GIn1-MCP-2) in comparison to human MCP-2
with N-terminal pyroglutamic acid(pGlu1-MCP-2) (B), of human N-terminal MCP-

25 3 starting with N-terminal glutamine(GIn1-MCP-3) in comparison to human MCP-
3 with N-terminal pyroglutamic acid(pGlu1-MCP-3) (C) and of human N-terminal
MCP-4 starting with N-terminal glutamine(GIn1-MCP-4) in comparison to human
MCP-4 with N-terminal pyroglutamic acid(pGlul1-MCP-4) (D), towards human
THP-1 monocytes.

30
Figure 12: shows the analysis of chemotactic potency of human MCP-1 towards
human THP-1 monocytes, which was incubated with human recombinant DP4 in
the presence (GIn*-MCP-1 + QC + DP4) and absence (GIn'-MCP-1 + DP4) of QC-
mediated pGlu formation. In addition, the influence of the QC-inhibitor 1-(3-(1H-



Figure 22: Western Blot signals of A- mMCP-1 N1pE and B: total nMCP-1 in
cell culture supernatant of RAW264.7 cells after stinulation with

10Ong/ miLLR8o2nd/@mppEBi cati on of different QClI. C Concent patriEpas 1052308/CP- 1
N1pE determ ned by ELISA. Figure 23: A Amounts of total mMCP-1 and nMCP-1
N1pE in nouse peritoneal |avage fluid ﬁfter stinmulation wth thioglycollate
and application of different QCl concéftrations. B: FACS anal ysi s:
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10  Figure 14: Standard curves for the determination of A: total hMCP-1 and B:
hMCP-1 N1pE concentrations on the basis of measured absorption values at
450nm/540nm. For both standard curves, recombinant hMCP-1 N1pE produced
in E. coli was used. The standard curve was calculated from measured absorption
data by a 4-Parameter-Logistic-Fit: y = (A2 + (A1-A2)/(1+(x/x0)"p).

15
Figure 15: Comparison of the detection of hMCP-1 N1pE and hMCP-1 in the total
hMCP-1 sandwich ELISA.

Figure 16: Time dependent expression of total hnMCP-1 and hMCP-1 N1pE by
20  NHDF after stimulation with OSM and IL18.

Figure 17: Time dependent expression of A: total hnMCP-1 and B: hMCP-1 N1pE
by NHDF after stimulation with OSM + IL1B and application of QCI. C: Ratio of
hMCP-1 N1pE / hMCP-1.

25
Figure 18: A: Expression of total hMCP-1 and hMCP-1 N1pE by A549 cells after
stimulation with TNFa + IL1p and application of different QCI concentrations. B:
Ratio of hMCP-1 N1pE / hMCP-1.

30 Figure 19: Standard curves for the determination of mouse MCP-1; A: total
mMCP1 and B: mMCP-1 N1pE concentrations on the basis of measured
absorption values at 450nm/540nm. For both standard curves, recombinant

mouse MCP-1 N1pE produced in E.coli was used. The standard curve was
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calculated from measured absorption data by a 4-Parameter-Logistic-Fit: y = (A2
+ (A1-A2)/(1+(X/X0)pP).

Figure 20: Comparison of the detection of mMMCP-1 N1pE and mMCP-1 in the
total mMCP-1 sandwich ELISA.

Figure 21: A: Expression of total mMCP-1 and mMCP-1 N1pE by RAW 264.7
cells after stimulation with 10ng/ml LPS and application of different QCI
concentrations. B: Ratio of mMCP-1 N1pE / mMCP-1.

Figure 22: Western Blot signals of A: mMCP-1 N1pE and B: total mMCP-1 in cell
culture supernatant of RAW 264.7 cells after stimulation with 10ng/ml LPS and
application of different QCI. C: Concentrations of mMCP-1 N1pE determined by
ELISA.

Figure 23: A: Amounts of total mMCP-1 and mMCP-1 N1pE in mouse peritoneal
lavage fluid after stimulation with thioglycollate and application of different QCI
concentrations. B: FACS analysis: Fluorescence Events after double monocyte
staining in peritoneal lavage fluid with anti 7/4 and Ly6G antibodies.

Figure 24: Standard curves for the determination of mouse MCP-1 N1pE; A:
mMCP-1 N1pE detection by MCP-1 N1pE antibody clone 348/2C9 and B: mMCP-
1 N1pE detection by biotinylated MCP-1 N1pE antibody clone 348/2C9. For both
standard curves, recombinant mouse MCP-1 N1pE produced in E.coli was used.
The standard curve was calculated from measured absorption data by a 4-
Parameter-Logistic-Fit: y = (A2 + (A1-A2)/(1+(X/X0) " p).

Figure 25: Isothermal titration calorimetry measurement of anti-MCP-1 N1pE
antibodies (A: MCP-1 N1pE antibody 348/2C9 and B: biotinylated MCP-1 N1pE
antibody 348/2C9) to the antigen hMCP-1(1-38).

Figure 26: Measurement_of human MCP-1 and human MCP-1 N1pE in CSF and

serum samples derived from 10 healthy volunteers by ELISA.



13 human MCP-4 5 DEFI NI TI ONS "Dectection anti body” in the sense of the
present application is intended to enconpass those anti bodies which bind to
MCP-1 or wbeoiw/mesai nal pyrogl utamate nodi fied MCP-1 pepCird®201105808 t abl y
the dectection anti bodies bind to MCP-1 or the N-term nal pyroglutanate
nodi fied MCP-1 peptide with a high affinity. In the context of the present

I nvention, high affinity neans an af f i1hi ty with a KD value of 10-7M or
better, such as a KD value of 10-8M or better or even nore particularly, a
KD 15vBREEDHDESCRIPTEONOOESEQUENECE LESTING body" is used in the broadest
sense and specifically covers intact nonocl onal antibodies, polyclonal

anti bodies, nultispecific antibodies (e.g. bispecific antibodies) forned
from atTdbdest: Sequenicedistingi bodi es, and anti body 20fragnments as |ong as
they exhibit the desired biological activity. The anti body WO

2011/ 101433PCT/ EP2011/ 052398 15 may be an IgM 119G (e.g. 1gGl, 1g&x, 1gG3
or | 938equedPe NFIA [BedcBibtiohor exanple. Surtabl'y however, the antibody is
not an_lgM antibody. The "desired bhiological activity" is binding to MCP-1
or thgIN-term nal pywogdnteritle nodi fi ed MCP-1 peptide. 5 "Antibody

fragmengs*——conpris ronof —anintacts gty body,—generatty—the—antji gen
bi ndi ng or var ipabl € P;éggﬁ'%%ro??/t‘%"sn{e&]'Wé@?‘é%%m@ogy. yExgrrpl es 012, ant i body
fragmeg s include H#ongbadbalii FSQIbia)cfan arghd=vtdrameent s: di abodi es;

si ngl g-chainantibady nmplecul es; and mu Spec c—an
ant ?bo acaca fascicularis (Crab eating macaque) MC

rom

5 Canis familiaris MCP-1
6 Sus scrofa MCP-1
7 Bos taurus MCP-1
8 Equus caballus MCP-1
9 Mus musculus MCP-1
10 Rattus norvegicus MCP-1
11 human MCP-2
12 human MCP-3
13 human MCP-4
5

DEFINITIONS
"Dectection antibody" in the sense of the present application is intended to
encompass those antibodies which bind to MCP-1 or the N-terminal
pyroglutamate modified MCP-1 peptide.

10

Suitably the dectection antibodies bind to MCP-1 or the N-terminal

pyroglutamate modified MCP-1 peptide with a high affinity. In the context of the

present invention, high affinity means an affinity with a Ky value of 10’M or

better, such as a Kp value of 10®M or better or even more particularly, a Kp
15  value of 10°M to 107'%M.,

The term "antibody" is used in the broadest sense and specifically covers intact
monoclonal antibodies, polyclonal antibodies, multispecific antibodies (e.g.
bispecific antibodies) formed from at least two intact antibodies, and antibody

20 fragments as long as they exhibit the desired biological activity. The antibody



10fragnents. The term "nonocl onal anti body" as used herein refers to an
anti body obtained froma popul ati on of substantially honbgeneous

ant i bodi e’p 2011¢101438e i ndi vi dual anti bodi es conpri si ng t ireTmrpuliasizon are

i dentical except for possible naturally 15 occurring nutations that may be
present in mnor anounts. Monocl onal antibodies are highly specific, being
directed against a single antigenic site. Furthernore, in contrast to

"pol ycl onal antibody"” preparations which typically include different

ant i bodney ki eecied, dg& (e19.-didd br £a6 2ddué&rIronaigGst ) elg @ op@’)ar kalehfor
nmonocl qn ti ' ' t j i e; det 1.nant W
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cul tur«?\@ Hqﬁont am nat ed by ot her i mrunogl obulins. The "nonocl onal "

i ndi cat®sPtheer¥df-acter of the antibody as being obtained from a
substanti al | y honogeneous popul ati on of antibodies, and is not to be
construed as requirin roduction of 25 the antibody by any particul ar
met hod."AREPOdX afffpg@entsie CABIRIEECOAaPOEHN I9HdRRINtASt bantiedy i aere'@dy ddifce

th t vt ; ; c
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I i sol d f h tibady |i | i 0t he techni
Godcri BONBOAYCr HESes He  HRuRpetRal A Hsties® ridesy TMves RERHE' S
J. 100l fr&raknts. 222: 581- 597 (1991), for exanple. WO

2011/ 101433PCT/ EP2011/ 052398 16 with or honol ogous to correspondi ng
sequences in antibodies derived froma particul ar species or belonging to a

par ti cylnar t I"Bho Kl Sartib P Ch 88 ed WMErkh Forers @B ARibBHY Aistafid N(S)

is identical with or honol ogous to correspondi ng sequences in antibodies
der i vedrdmoan pomtlaéen syfesilesiaotialhe | omgd genecisanotibediess i gnttihigothdividask or

e e S e

the desire iol"ogirca mani ze

MUt b ne)o cantri-ivadinest st en s thaer @yl beumiced exltuln msind maomogh hulbnochamals or
fragnents. tgereof (su Blas F¥ Fah, %.0 Fab', F&ab'%Z.or other

ant i gefMBiRgiGsy a§%b'§'€§ eIRPESITISE BRIPY b '(H?%téa RAPERE B9l ANHPRNiFapite:
sequeneg rirhidd, fih OFa rftr &Nt UERR, dl SHEBY NQEHi k)i Pre@*é_tibh@ WREh ikally

humani zed anti bodi es are human i nmunogl obul ins (reci pi ent antibody) in

whi ch redudaedifferem antbafiesndinecehed: 3daiaskdiffeneng dedgrmomtpR)EepHioPese,
recipi ar e sjd . foi o] -ga%- egci e donor
15 aP\t %%g y)nj?%rfjc 6%95 %Bﬁ}ssgwr[ast %ﬁrﬁac&%cﬁﬁfalﬁiaggsﬁwg glgm reﬁaége@hf&cﬁ(ty,
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or framework 20sequences. ) ) )
character of the antibody as being obtained from a substantially homogeneous
population of antibodies, and is not to be construed as requiring production of
25 the antibody by any particular method. For example, the monoclonal antibodies
to be used in accordance with the present invention may be made by the
hybridoma method first described by Kohler et al., Nature, 256:495 (1975), or
may be made by generally well known recombinant DNA methods. The
"monoclonal antibodies" may also be isolated from phage antibody libraries using
30 the techniques described in Clackson et al., Nature, 352:624-628 (1991) and

Marks et al., J. Mol. Biol., 222:581-597 (1991), for example.

The monoclonal antibodies herein specifically include chimeric antibodies

(immunoglobulins) in which a portion of the heavy and/or light chain is identical



These nodifications are made to further refine and optim ze anti body
performance. In general, the humani zed anti body will conprise substantially
all of atwbeasti10o438¢, and typically two, variabl e domai ngCcTiEP208hi0si398l | OF
substantially 25 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 of
a human i mmunogl obul i n sequence. The Ilmémani zed antibody optimally also w |
conprise at |east a portion of an i munogl obulin constant region (Fc),
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anti body fragnents conprise the VH and domai ns of an anti body, “wherein
t hese dbpaiexdibik Ehgeesieed biqlogical agihdtypol ypepti de chain. Generally, the Fv
pol ypeptide further conprises a pol ypeptide |Iinker between the 5 VH and

VI _ domai ns which enables the sFy to formthe desired structure for antigen
bi ndi ndHuRoaniaed'evioemsofofs AorsbenRinucle. uyn nmurifite AhEbodies| gy dfimeric
Monocl onal Ant i senburg and Mbore e pr i Ver | ag,
New YorBMwabSioBais BmrGaag bk oy i MRS eaL eree e Efarat,

ant pbodabt,r @EE2t 6r viHdt dMyenbirgiRng sbbBeEd iehcist dFsantid dids f whbieddriain
conprise a heavy-chain variable domain (VH connected to a Light-chain
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sane chai n, domains are forced to pair wth t 15 conpl enentary
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are de i r i | r P SA,
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i dept i faneiboan)l ssepasanedsandtar rabitremingtied desivad apeormmyeafﬂ roty,i drsd
natural environnent. Contani na conponent s of (%li) nat n Hgnmant are

t
mat er i &PEAGKY-c M oM%Y MieBFeer BY rAREWoRy 16gian: trﬁ%' HB%LP( “u8ESF br the

ant i bogma@mély1BBYIih Nchrede @PF&C@GS bYOr FBARSpoAlhgO!t MIN-RUMIRI NFesiAUSsOr
non- pr ot ei naceous solutes. In suitable enbodi nents, the anti body wll be

purifi @@rzf@rmczfegr@ammmﬁaﬁngwa m»gmonmrlsqseawpﬁsow@l% aget &ufithed by
the Lowy, i s i.ght., 0 a
degree sut’P I Cl ent tggglﬁftn%ﬂttboa O£5 resi d H?b ?&Kﬁ %E\r,:%rr\a amé\lg%tlier nal

ankho segdesegpience by use of a spi nn| ng cup sequenator, or (3) to
honogenei ty by SDS- PAGE under reducing or non-reduci ng conditions using
Coomassi e blue or, suitably, silver stain. |Isolated antibody includes the

30 ant iTiedy iModificdtivhs hiaRe r eaddi RaNtruaBkl S refimee aatl | gswhizeneamaygpnent
of the antibody's natural environnment will not be present. Ordinarily

howevePerfaBlatced 1aragnssal thie hurpenzeshanrdaogy vt qo@&%ﬁ's%ﬁéb&@r"it‘[a”%eﬁ" on
step. oMRt2@3d{ LRdA3RRTPRBAO N33 MBle domains, in which all or substantially

25  all of the CDR regions correspond to those of a non-human immunoglobulin and
all or substantially all of the FR regions are those 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

30 (1986), Reichmann et al, Nature. 332:323-329 (1988): and Presta, Curr. Op.
Struct. Biel., 2:593-596 (1992). The humanized antibody includes a Primatized™
antibody wherein the antigen-binding region of the antibody is derived from an
antibody produced by immunizing macaque monkeys with the antigen of interest

or a “camelized” antibody.



18 As used herein, the expressions "cell", "cell line," and "cell culture"
are used interchangeably and all such designations include progeny. Thus,

t he wor dswotznamneigsmant s” and "transformed cel | s" i ncl u#eTiEPe01POEIBES Y

subj ect cell and culture derived therefromw thout regard for the nunber of
transfers. It is also 5 understood that all progeny may not be precisely
identical in DNA content, due to del i bérate or inadvertent nutations.

Mut ant progeny that have the sane function or biological activity as
screened for in the originally transformed cell are included. Were
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al gorithmof Smith and Wat erman, Advances in Applied Mathematics 2 (1981),
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decor | abadigscreate o berdnpiR ik Brr ALY IBE <& dis BoFoRatn A ohyISA
addi ti @p:-cdeheddqamn(1 stitution, insertion or reconbination. Such WO
2011/ 101433PCT/ EP2011/ 052398 19 a sequence conpari son can preferably al so
be carried out with the program "fasta20u66" (version 2.0u66, Septenber
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pol ypeptides, or producing 10 m ninml changes in the antigenic
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the invention, a COI’]SEI‘ vative ch ange neans an am no acl d9 SubStI té‘F?I on t hat
do2§ nantibedyeds deteraninied day thedapall reetiodi antd nyostoparticusarty sverer dwapt or .

One of ol P Weight, {2) b LNEedide Witdcidtt @PLELAI] &' RYsEY SMPEGHues 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 non-reducing conditions

using Coomassie blue or, suitably, silver stain. Isolated antibody includes the

30 antibody in situ within recombinant cells since at least one component of the
antibody's natural environment will not be present. Ordinarily, however, isolated

antibody will be prepared by at least one purification step.



15 amino acid substitutions can be nmade while maintaining a high
probability of being conformationally and antigenically neutral. Such

gui dance we 2priomigsed, for exanple in Berzofsky, (1985) Scrare®12239932-940
and Bowi e et al. (1990) Science 247: 1306-1310. Factors to be considered
that affect the probability of maintaipning conformational and antigenic
neutrality include, but are not limté¥ 20 to: (a) substitution of

hydr ophobic anmino acids is less likely to affect antigenicity because

hydr opHsbiused dnrgimesths @xm$i0n5k "chI"t ok lirssatadl i'eela q@lﬂt@rtr@" I@re Wsgderi or;
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alterations in EﬁrOt ein conformati on usin known assays, such as, but

not |i APt eelikesa &fomﬁyﬁéﬁ%ﬁtmﬂﬁ%ﬂﬁ%n ﬁﬁt%@rqw t@ab aV\ﬁS@”@( ﬁam%t al .
(1961) gé?cﬂlmP%'lolo@EaEQ& \%ﬁf’aslsﬁ VddiR defordh the ?éﬂaqfv%rawse erﬁ!‘é{lﬂ% 11

1 928-9 and throu stu I es using con mat’i on-

nonoc| omelldadt | Bidire digtsmee, d%lgnaﬁmm\s :aretlntﬂnde(dlgzaBs) Wi dn(ehelear ZPorad8hed54) |
WO 2011/ 181 33PCT/ EP2011/ 052398 20 The terns "a", "an" and "the" as used
her ei n BPEefi ned to mean "one or nmore" and include the pl ural unl ess the
coppext is i nappropri ate. Inflammatory Di seases SThe terms "inflammatory
di sease” and "inflammatory associ ated di sease" as used herein conprises:

(a) nedSdeGEmSr atnahPeRtid s esPeREIGE™ niand cAyAt&N ve EiﬁTp‘e\fF@qTeH?rQ“M:l gre
Al zhei e éh%é@aﬁ@an@%oﬂﬁg@&e&ﬁﬁ'{&% a 'Bld?ﬁ%c§b@9c5rﬁ%sed of amino acids

Fam | i al Brltlsh Denentia, Famlial Danish Denentia, nultiple 10sclerosis;
(b) chilioked byna peptide haifd.amat i ons, e.g. rheumatoid arthritis,

at heroscl erosi s, restenosis, pancreatitis; (c) fibrosis, e.g. Iung
fibrosis, liver fibrosis, renal fibrosis; (d) cancer, e.qg.

canser /"Renmolgigg e hdoivbehitvms¢quen dearidtdetermiasd blycsebhemcei identisy. If two

sequences which are to be compared with each other differ in length, sequence
identity preferably relates to the percentage of the nucleotide residues of the
shorter sequence which are identical with the nucleotide residues of the longer
sequence. Sequence identity can be determined conventionally with the use of
20  computer programs such as the Bestfit program (Wisconsin Sequence Analysis
Package, Version 8 for Unix, Genetics Computer Group, University Research
Park, 575 Science Drive Madison, WI 53711). Bestfit utilizes the local homology
algorithm of Smith and Waterman, Advances in Applied Mathematics 2 (1981),
482-489, in order to find the segment having the highest sequence identity
25 between two sequences. When using Bestfit or another sequence alignment
program to determine whether a particular sequence has, for example, 95%
identity with a reference sequence of the present invention, the parameters are
preferably adjusted so that the percentage of identity is calculated over the
entire length of the reference sequence and homology gaps of up to 5% of the
30  total number of the nucleotides in the reference sequence are permitted. When
using Bestfit, the so-called optional parameters are preferably left at their preset
("default") values. The deviations appearing in the comparison between a given
sequence and the above- described sequences of the invention may be caused

for instance by addition, deletion, substitution, insertion or recombination. Such



(e) metabolic diseases, e.g. hypertension; (f) other inflammtory di seases,
e.g. neuropathic pain, graft rejection/graft failure/graft vascul opathy,

H V i nf ecWwoans/Wi438, gestosis, tuberous sclerosis; and POfEppatlsizegi es
associated with hyperinsulinema and obesity. QC The term"QC' as used
herein conprises glutam nyl cyclase (QC) and QC-like enzynmes. QC and

QC-li ke enzynmes have identical or simtfar enzymatic activity, 25further
defined as QC activity. In this regard, QClike enzynes can fundanental |y
di ffer a seguence monepanisean sanuprefeatly osQhe Tasrieer out' @tadheviprggraas used
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As used herein, a "conservative change" refers to alterations that are
substantially conformationally or antigenically neutral, producing minimal
changes in the tertiary structure of the mutant polypeptides, or producing
10 minimal changes in the antigenic determinants of the mutant polypeptides,
respectively, as compared to the native protein. When referring to the antibodies
and antibody fragments of the invention, a conservative change means an amino
acid substitution that does not render the antibody incapable of binding to the
subject receptor. One of ordinary skill in the art will be able to predict which
15 amino acid substitutions can be made while maintaining a high probability of
being conformationally and antigenically neutral. Such guidance is provided, for
example in Berzofsky, (1985) Science 229:932-940 and Bowie et al. (1990)
Science 247: 1306-1310. Factors to be considered that affect the probability of
maintaining conformational and antigenic neutrality include, but are not limited
20  to: (a) substitution of hydrophobic amino acids is less likely to affect antigenicity
because hydrophobic residues are more likely to be located in a protein's
interior; (b) substitution of physiochemically similar, amino acids is less likely to
affect conformation because the substituted amino acid structurally mimics the
native amino acid; and (c) alteration of evolutionarily conserved sequences is
25 likely to adversely affect conformation as such conservation suggests that the
amino acid sequences may have functional importance. One of ordinary skill in
the art will be able to assess alterations in protein conformation using well-
known assays, such as, but not limited to microcomplement fixation methods
(see, e.g. Wasserman et al. (1961) J. Immunol. 87:290-295; Levine et al.
30  (1967) Meth. Enzymol. 11 :928-936) and through binding studies using
conformation-dependent monoclonal antibodies (see, e.g. Lewis et al. (1983)
Biochem. 22:948-954).



NH2QCO 5 Schene 2: Cyclization of L-honoglutamne by QC NH2 10 The term
"EC' as used herein conprises the side activity of Q and QC-|i ke enzynes
as gl ut amepeooyoisse (EC), further defined as EC acti vi PgI/EP201Tl0s23b€r m " EC
activity" as used herein is defined as intranol ecul ar cyclization of
15N-term nal glutanyl residues into pirogl utam c acid (pGlu*) by QC. See
schene 3 in this regard. WD 2011/101 $3PCT/ EP2011/ 052398 22 Schene 3:

N-term nal cyclization of uncharged gl utamyl peptides by QC (EC
The terms "a", "an" and "the" as used herein are defined to mean "one or more"

and include the plural unless the context is inappropriate.

Inflammatory Diseases
5 The terms “inflammatory disease” and “inflammatory associated disease” as used
herein comprises:
(a) neurodegenerative diseases, e.g. mild cognitive impairment (MCI),
Alzheimer's disease, neurodegeneration in Down Syndrome,
Familial British Dementia, Familial Danish Dementia, multiple
10 sclerosis;
(b)  chronic and acute inflammations, e.g. rheumatoid arthritis,
atherosclerosis, restenosis, pancreatitis;
(o) fibrosis, e.g. lung fibrosis, liver fibrosis, renal fibrosis;
(d) cancer, e.g. cancer/hemangioendothelioma proliferation, gastric
15 carcinomas;
(e) metabolic diseases, e.g. hypertension;
() other inflammatory diseases, e.g. neuropathic pain, graft
rejection/graft failure/graft vasculopathy, HIV infections/AIDS,
gestosis, tuberous sclerosis; and

20 (g) pathologies associated with hyperinsulinemia and obesity.

QC

The term "QC" as used herein comprises glutaminyl cyclase (QC) and QC-like

enzymes. QC and QC-like enzymes have identical or similar enzymatic activity,
25  further defined as QC activity. In this regard, QC-like enzymes can fundamentally

differ in their molecular structure from QC.

The term "QC activity" as used herein is defined as intramolecular cyclization of
N-terminal glutaminyl residues into pyroglutamic acid (pGlu*) or of N-terminal L-
30 homoglutaminyl or L-beta-homoglutaminyl to a cyclic pyro-homoglutamine

derivative under liberation of ammonia. See schemes 1 and 2 in this regard.



The term"QC-inhibitor” and "glutam nyl cyclase inhibitor"” is generally
known to a 15 person skilled in the art and neans enzyne inhibitors as
gener al | ywoebimedszabove, which inhibit the catal ytic actcvigpgoiofosbait am nyl
cyclase (QC) or its glutanyl cyclase (EC) activity. Potency of QC
inhibition 20Iln light of the correlation with QC inhibition, in preferred
enbodi nents, the subject nmethod and médi cal use utilize an agent with a K,
for QCinhibition of 10 pMor |less, nore preferably of 1 pMor |ess, even
nmore prSghemel i: 6ychizatipm of glutamine byoQCpM or | ess, or nost preferably
0.001 pMor less. Indeed, inhibitors with K, values in the |ower
m cronol ar, preferably the nanonolar and even nore 25 preferably the
pi conol ar range are contenpl ated. Thus, while the active agents are
descri bed herein, for convenience, as "QC inhibitors”, it will be
under stood that such nomencl atyigigeS not intended to limt the subject
matter of the invention in anfg y. 30Exanpl es of et%ltiﬂéam nyl cycl ase
i nhibitors are described in I-?tOOS/ 075436, in paor I'cdl ar exanpl es 1-141 as
shown on pp. 31-40. The synthesis of exanples 1- ‘41 is shown on pp. 40-48
of WO 2005/ 075436. Theydscl osure of WO 2005/07 6 regardi ng exanpl es
1-141, their synthesis an el se as gl utam nyl ase inhibitors is
i ncorporated herein by reference.” WO 204y, 101433PCT/ EP2011/ 052398 23
Further exanples of inhibitors of glutam n5°7l cyc e are described in WO
2008/ 055945, in particul exanpl es 1- 472 as shown . 46-155. The
synthesis of exanples 1-473 is sho . 156192, 0f WO 2008/ 055945. The
5di scl osure of WO 2008/ 055945 regardi ng exanpl es 473, their synthesis and
their use as gl utam o e inhi bi S i s incorporated herein by
reference. Further exanples of inhibit of gl utam-hyl cyclase are
descri bed in WD 2008/ 055947, in particular exanples 1-345 as shown on pp.
53-118. The 10 synthesis of exanples 1-345 is shown on pp. 119-133 of WO
2008/ 055947. The discl osure of WD 2008/ 055947 regardi ng exanpl es 1-345,
their synthesis and their use as glutam nyl cyclase inhibitors is
i ncor porated herein by reference.

Scheme 2: Cyclization of L-homoglutamine by QC
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The term “EC” as used herein comprises the side activity of QC and QC-like

enzymes as glutamate cyclase (EC), further defined as EC activity.

The term "EC activity" as used herein is defined as intramolecular cyclization of
15 N-terminal glutamyl residues into pyroglutamic acid (pGlu*) by QC. See scheme
3 in this regard.



Further exanples of inhibitors of glutam nyl cyclase are described in WO
15 2008/ 055950, in particular exanples 1-212 as shown on pp. 57-120. The
synt hesi swohoexamsBes 1-212 is shown on pp. 121-128 of WOraeo@10589%60. The
di scl osure of WD 2008/ 055950 regardi ng exanpl es 1-212, their synthesis and
their use as glutam nyl cyclase inhibi%ors is incorporated herein by
reference. 20Further exanpl es of i nhi Bftors of gl utam nyl cycl ase are
described in W2008/ 065141, in particular exanples 1-25 as shown on pp.
56-59. Sthemendhdsiterminaksyplization2sf unchpsgadglutpmyo- 67 of

W)2008/ 0 } osure of W2008/ 065141 regardi ng exanpl es 1-25,
their spyeﬁéé?sbvgﬁ&d{%%#r use as glutam nyl cyclase inhibitors is

i ncorporated herein by reference. 25 Further exanples of inhibitors of

gl utam nyl cycl ase are described in W 2008/ 110523, in particul ar exanpl es
1-27 as shown on pp. 55-59. The synthesis of exanples 1-27 is shown on pp.
59-71 of WO 2008/110523. The discl osure of WD 2008/ 110523 regardi ng
exanples 1-27, their synthesis and their use as 30gl utam nyl cycl ase

i nhibitors is inpekigor at ed her ei n Ipygptidef er ence. Fgrther exanpl es of
inhibitors of glutaninyl cyclase arle described??qfﬂND 2008/ 128981Perids
particul ar exanpNds 1-18 as shown . 62-6py The synthesis thexanples
1-18 is s ﬁn on|pp. 65-74 of, 2008/ 128981. The _dj scl osure of "“WO 4
2011/ 101433P P2@l1/ 052398 2098/ 128981 regar di ng e npl es /1- 18,
their synthesijs and t#Hept+7Use as| gl utam nyl c ase i nhi bi {'ors

i ncor por at ed herein By reference. Further—exanpl of imhibTtors ofy

gl utam nyl cycl ase dr@<el€&¥ribed in V%cﬁgéoo 8982, @qo/perticular
exanmpl es 1-44 as shown on pp. 61-67. The synthesis of exanples 1-44 is
shown on @p. -83 of WD 2008/ 128982. The di slNosue” of WO 2008/ 128982
regardi ng exa es 1-44, their synthesis and their use as gl utam nyl
cyclase inhibitors is incorporated herein by reference. 10Further exanples

of 1 nhi-kj t.or 10N GyGl cri i n

parti cﬁgrt%éﬁqaféngH%wts ébdség%%ﬁﬁﬂ%‘é&%%- @Q%%Hquygpégagﬁls%@@grépl es

1- 39/ ilgnegggmskjhegp‘n i 86t leth\?Laegg&Sf%Wi.nh;rEEto@t sl gs?ﬁaa_lb,f défined

2008 re L ex es 1-30, eir nthesi s an el se as

L ot APV Sy ebe IR S oy G Pt Y (el HaraK! oy clasPol QRleor 18
glutamyl cyclase (EC) activity.

Potency of QC inhibition

20 In light of the correlation with QC inhibition, in preferred embodiments, the
subject method and medical use utilize an agent with a K; for QC inhibition of 10
MM or less, more preferably of 1 uM or less, even more preferably of 0.1 pM or
less or 0.01 uM or less, or most preferably 0.001 uM or less. Indeed, inhibitors
with K; values in the lower micromolar, preferably the nanomolar and even more

25  preferably the picomolar range are contemplated. Thus, while the active agents
are described herein, for convenience, as "QC inhibitors", it will be understood
that such nomenclature is not intended to limit the subject matter of the

invention in any way.

30 Examples of glutaminyl cyclase inhibitors are described in WO 2005/075436, in
particular examples 1-141 as shown on pp. 31-40. The synthesis of examples 1-
141 is shown on pp. 40-48 of WO 2005/075436. The disclosure of WO
2005/075436 regarding examples 1-141, their synthesis and their use as

glutaminyl cyclase inhibitors is incorporated herein by reference.



Further exanples of inhibitors of glutam nyl cyclase are described in WO
2008/ 128984, in particular exanples 1-36 as shown on pp. 63-69. The

synt hesi swohoexamsBes 1-36 is shown on pp. 69-81 of WO 2008/P228082898 The
di scl osure of WO 2008/128984 regarding exanples 1-36, their synthesis and
their use as 20gl utam nyl cyclase inhibitors is incorporated herein by
reference. Further exanpl es of i nhi bi £ors of gl utam nyl cycl ase are
described in WO 2008/128985, in particul ar exanples 1-71 as shown on pp.
66- 76. The synthesis of exanples 1-71 is shown on pp. 76-98 of WO

their  ayntiess eaaniey 8 Hhfislord (P RTRTT OmAg2 s MbsEEPRY, BF W
i ncor pcmﬂ8¢055945u nn bpartidueare rmamplast het7 3 xasEhesvrofon nbp.bideet 550fThe
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exanples 1-7, their synthesis and their use as glutamnyl cyclase

i nhi bi ttBeE use am@br@wwlédcreéeenhlwrﬁﬁ BYcene@-ategyherein by réference.

2011/ 101433PCT/ EP2011/ 052398 25 Western Bl ot Western bl ot anal ysis, also
known as i mmuno- or protein blotting, is used to detect specific proteins
f rom a Fuetteroganswmies safhphkibitbhe of q;lutarhinydascxfdlam arev elespedety irHaWoy

Towbi n 979) ing_a nitr cel rane. 5 Th od_is
conpos 2808y 355287 it nPERID e Rk SEE U 1T R RUMIL T R ot Y4By y T de
geloel eqhtmﬁ@beeuan{mwéﬁf)us @ﬁowheorprprptemrg $3BIfENO 2088MBBY47. The
El ectrophoretic transfer (blotting) a nmenbrane. For transfer, |at er

resear esyrt PlodYfe 2P RB/0PePErt rer@&‘?ﬂr”&nééa% 1x3¢ abtheif rynEvests and
nyl on-lkhke (L@ sLgRiaRenyIWicHic8RRN; t%‘rjs @%Pﬁbr@ge@fheﬁ’élﬁl@} RfePdrRieei NS.

Third: Labeling of target ‘protein(s) with specific primary and secondary
anti bodi es. Unspecific antibody binding i s prevent ed by incubation of the

e @M rttlrPieRG s °8f UhhBioEe! of d1BtImAl, T ARTAETREr HiAu0l H )

overnight with's ockin s normal Iy corrposed or- 5%
nomns5 2008/055950, in particular examples 1- 212 as shown on pp. 57-120. The

synthesis of examples 1-212 is shown on pp. 121-128 of WO 2008/055950. The
disclosure of WO 2008/055950 regarding examples 1-212, their synthesis and

their use as glutaminyl cyclase inhibitors is incorporated herein by reference.

20  Further examples of inhibitors of glutaminyl cyclase are described in
WO02008/065141, in particular examples 1-25 as shown on pp. 56-59. The
synthesis of examples 1-25 is shown on pp. 60-67 of WO2008/065141. The
disclosure of WO2008/065141 regarding examples 1-25, their synthesis and their
use as glutaminyl cyclase inhibitors is incorporated herein by reference.

25
Further examples of inhibitors of glutaminyl cyclase are described in WO
2008/110523, in particular examples 1-27 as shown on pp. 55-59. The synthesis
of examples 1-27 is shown on pp. 59-71 of WO 2008/110523. The disclosure of
WO 2008/110523 regarding examples 1-27, their synthesis and their use as

30 glutaminyl cyclase inhibitors is incorporated herein by reference.

Further examples of inhibitors of glutaminyl cyclase are described in WO
2008/128981, in particular examples 1-18 as shown on pp. 62-65. The synthesis
of examples 1-18 is shown on pp. 65-74 of WO 2008/128981. The disclosure of



15 fat mlk in TBS-T, although sone antibodies require BSA in place of
mlk. This is normally clear in the nmanufacturers instructions for the
ant i body wonotie®i43ag. | ncubate primary anti body over ni glrCT@®P2@t/052303N
tenperature for 2 hours. Incubate nenbrane with an appropriate secondary
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2008/128984, in particular examples 1-36 as shown on pp. 63-69. The synthesis

of examples 1-36 is shown on pp. 69-81 of WO 2008/128984. The disclosure of

WO 2008/128984 regarding examples 1-36, their synthesis and their use as

20 glutaminyl cyclase inhibitors is incorporated herein by reference.

Further examples of inhibitors of glutaminyl cyclase are described in WO
2008/128985, in particular examples 1-71 as shown on pp. 66-76. The synthesis
of examples 1-71 is shown on pp. 76-98 of WO 2008/128985. The disclosure of
25 WO 2008/128985 regarding examples 1-71, their synthesis and their use as

glutaminyl cyclase inhibitors is incorporated herein by reference.

Further examples of inhibitors of glutaminyl cyclase are described in WO
2008/128986, in particular examples 1-7 as shown on pp. 65-66. The synthesis
30 of examples 1-7 is shown on pp. 66-73 of WO 2008/128986. The disclosure of
WO 2008/128986 regarding examples 1-7, their synthesis and their use as

glutaminyl cyclase inhibitors is incorporated herein by reference.



20- I mobi | i zation of capture antibody on a suitable substrate Binding of
antigen to immobilized anti body Binding of second anti body, linked to an
enzyne, twobkoundisati gen (formation of imune conpl ex) PDetRPedil®mR308 | Mune
conpl ex using appropriate enzynme substrate 25 Conpetitive ELI SA The steps
for this ELISA are: Unl abel ed anti bogé I's incubated in the presence of its
antigen. These antibody/antigen conpFexes are then added to an antigen
coated well. 30 -The plate is washed, so that unbound antibody is renoved.
(The miNestexn §datin the sanple, the |ess antibody will be able to bind to
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Second: Electrophoretic transfer (blotting) to a membrane. For transfer, later
researchers introduced different membranes, most notably the PVDF nylon-like

10 membrane, which enabled sequencing of isolated proteins.

Third: Labeling of target protein(s) with specific primary and secondary
antibodies. Unspecific antibody binding is prevented by incubation of the
membrane in blocking solution for 1 hour at room temperature or at 4°C
overnight with shaking. The blocking solution is normally composed of 5% non-

15 fat milk in TBS-T, although some antibodies require BSA in place of milk. This is
normally clear in the manufacturers instructions for the antibody for testing.
Incubate primary antibody overnight or at room temperature for 2 hours.
Incubate membrane with an appropriate secondary antibody (e.g. peroxidase
conjugated) for 1 hour at room temperature.

20 Fourth: Detection and imaging of target protein(s). There are numerous
chemiluminescence reagents available commercially (Amersham, Pierce,
Invitrogen) with each manufacturer selling a range of sensitivities of detection
levels. These typically take the form of two solutions which are combined and
then incubated immediately on the membrane for 1 - 5 minutes. Expose

25 membrane to X-ray film for 1 minute to 1 hour, depending on protein signal and
chemiluminesence method. The secondary antibody can be conjugated with
other enzymes (alkaline phosphatase) and therefore visualized with the

corresponding substrates using alternative protocols.

30 ELISA
ELISA (enzyme-linked immunosorbent assay) is one of the most widely used
quantitative tools for sensitive and reproducible analyte assays. The technique
combines the high specificity of an antibody-antigen interaction with an enzyme-

linked signal detection system.
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M CrovRLl ndwich” ELISA

A “sandwich” ELISA is a technique in which an antigen is sandwiched between

two different antibodies. The principle by which this ELISA technique operates is
as follows:
20 -Immobilization of capture antibody on a suitable substrate
-Binding of antigen to immobilized antibody
-Binding of second antibody, linked to an enzyme, to bound antigen (formation
of immune complex)
-Detection of immune complex using appropriate enzyme substrate
25
Competitive ELISA
The steps for this ELISA are:

-Unlabeled antibody is incubated in the presence of its antigen.
-These antibody/antigen complexes are then added to an antigen coated well.

30 -The plate is washed, so that unbound antibody is removed. (The more antigen
in the sample, the less antibody will be able to bind to the antigen in the well,
hence "competition.")

-The secondary antibody, specific to the primary antibody is added. This second

antibody is coupled to the enzyme.
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The technique uses a solid phase made up of an immunosorbent polystyrene rod
with 4-12 protruding ogives. The entire device is immersed in a test tube

15 containing the collected sample and the following steps (washing, incubation in
conjugate and incubation in chromogenous) are carried out by dipping the ogives
in microwells of standard microplates pre-filled with reagents.

Enzyme-linked immunosorbent spot assay

20  The Enzyme-linked immunosorbent spot (ELISPOT) assay is a common method
for monitoring immune responses in humans and animals. It allows visualization
of the secretory product of individual activated or responding cells.

A capture antibody is coated aseptically onto a PVDF-backed microplate. The
plate is blocked, usually with a serum protein that is non-reactive with any of the

25 antibodies in the assay. After this, cells of interest are plated out at varying
densities, along with antigen or mitogen, and then placed in a humidified 37°C

CO, incubator for a specified period of time.

Cytokine (or other cell product of interest) secreted by activated cells is captured
30 locally by the coated antibody on the high surface area PVDF membrane. After
washing the wells to remove cells, debris, and media components, a biotinylated
polyclonal antibody specific for the chosen analyte is added to the wells. This
antibody is reactive with a distinct epitope of the target cytokine and thus is

employed to detect the captured cytokine. Following a wash to remove any



sets can be created. Each bead is unique with a spectral signature
determ ned by a red and infrared dye m xture. The bead is filled with a
speci fi c woaen/mat33o of the two dyes. As each m crospherPeTE®eo11852388 Uuni que
signature, the xMAP detection systemcan identify to which set it bel ongs.
Therefore, multiplexing up 5to 100 tegfs in a single reaction volune is
possi bl e. Lum nex Assay The Lum nex Z%stem is a flexible analyzer based on
the principles of flow cytonmetry. The system enabl es to nultipl ex
(si nul tiabeoing| piokprkted antipody, I lm@ detectedaiyfokiseiin thepivigldizedcusipg @re
wel |, y I Y ly p ns of
up to ﬁ@ﬁf%gée%tﬁ@nﬂ y?dggétﬁ}g guﬂglélfﬁ K énvxg A':"‘:lacﬁeé)(fp:)lo i%q)é&ﬁéﬁglozﬂghtgdao
del i verpsrobudaqaaypomhlushalllmcé uldleclglehe bexg)r egsicalhy rterpaewrtispanomdudeer
profiling, .cytokine profj etc.. 15Bi 0- Pl ex assa Pl ex cytok| ne
Peoay EHBYGTS MOH Gy Sl ik 0k, Py Por COMMAD, FimdIbn 1o ey tal: fbe. | n
ti ssue GsddcirRy ﬁﬂ%s@@bé?fofﬁ L@‘né%rnugbtdﬂﬁbféh Fé derd& E‘@;bﬂur@‘t%reoﬁ'ﬁér%rwell
pl ate-formatted assa is possible to profile the level of multiple
cyt oki NERgER a@dstqq@m@lyg@spot THEGGriand PFe- of the Bio-Plex cytokine assay is
simlar to a capture 20 sandw ch i ”Mmunoassay. An anti body directed agai nst
each desired cytokine is covalently coupled to a different col or-coded
pol yst yiien€luoeaBpotThesayri g atedfitmzls ofrtheaELIGRET ssaeartd V@ bhsed sampl e
cont ai ni_n t andar.d unknown anount  of .cyt oki Aft unbound
ot ok sl RO AR BEFatE R Phy iy Sulrants b EEME Tto e gt net
di f fer entolgpes qpaq@gam@cé‘ssa% cytokine are added to the reaction. The
result is the formation of a sandw ch of anti bodi es around each cyt oki ne.
The conpl exes are detected by the addition of streptavidin-phycoerythrin
(streptEyidcytdetryphi ch has fluorescence characteristics distinct fromthe
beads. A speC| ali zed m crotl ter pl ate reader, which allows for analysis of

: . a8days in a single 30 m'crotiter wel |,
carries_o t 9. n XL ure,
t he syépe#ggﬁgfd]e Cf&égc cyto ?ﬁ%egep%&ﬁﬁ?é tSk‘r 'JeQdertcE)&t'%/arEéf‘J
aut Brratmtcratdalwlalatmdkm$ it enecssant tablook sn‘creiydmlonf memﬁmesnmtttapct&em

curves derived. froma m xture of cytoki t andar ds a kno nount WO
011/ 3 SRR TR GHSn TS Mo AT tRons urpS thecs Ot REBH bt

| Munohhgteph@atish! Yt Rf adVised @h&F thd hREigRtReas | Qtel ORaldZ bR Nta@ens
(eg. proteins) in cells of a tissue section. IHCis also wdely used in

basi ¢ rofskferemt ot draispedt triebigerstipitheti recHitiassayagystemi on of
bi omar ke arﬁ ?ﬁ’féaﬂbﬁfqec%' BhEY imnfOrR fﬁ%?%gcewtogt%'lrﬂﬁ ondi fbGr %Qﬁorﬂégics of a

bi ol ogi c I Ssue. sual 'srng an ant ant | nteractlon can
acmrrplansahesis ipnotap colindre b eodi sesafs-. thIerBMtétanmwmm‘ms]smﬁsmfate matecahgd body

i s conj h as r hat ca

col oor AR lfags RR ST af 1P e SIS IeRE 1, iR Bl ER 8 sty e

to a flacevephpievittsraped foraiesee a*htigémd@gnrnawe surface antigen protocol,
then fixed with paraformaldehyde to stabilize the cell membrane and

permeabilized with the detergent saponin to allow anti-cytokine antibodies to

25  stain intracellularly. In vitro stimulation of cells is usually required for detection
of cytokines by flow cytometry since cytokine levels are typically too low in
resting cells. Stimulation of cells with the appropriate reagent will depend on the
cell type and the experimental conditions.

30 Flow Cytometry using Multiplex Assay technology

Luminex xMAP technology

The xMAP technology uses 5.6 micron polystyrene microspheres which are
internally dyed with red and infrared fluorophores. Using different amounts of the

two dyes for different batches of microspheres, up to 100 different microsphere



10DyLi ght Fluor or Alexa Fluor. Antibodies can be classified as primary or
secondary reagents. Primary antibodies are rai sed agai nst an anti gen of

i nt erest wodoarwi4sgpi cal |y unconj ugated (unl abell ed), werCrEPI®aOsIIa8 Yy

anti bodi es are raised against primary 15 anti bodi es. Hence, secondary
ant i bodi es recogni ze i munogl obul i ns 8f a particular species and are
conjugated to either biotin or a repo Yer enzyne such as al kal i ne

phosphat ase or horseradi sh peroxi dase (HRP). Sone secondary antibodi es are
conj ug&ets can biel ereptert érchalgednt & uniqueheith rosreenird, siggpendideteronned y

pur pos e thi s _of e n ?ﬁﬁ{ﬂ’ e apout 4-
20 40 Sanfébgfabge@%%rrég{@%ew >]gtuwa1 Tﬁéq%eél’aggﬁeﬁlo d 5 ssc{e%'if J]EE?\R/Bh%tfol é)gue IS
not vettpiet bwokdgesl ifs rmrabt naibltaspiheré scarsied whmllnaqueTkmgrsdauLmenghles xiysARal |y
accorrplcf %hed t hrough the use of a mcrot

T
o e debidian £y ST s inenticla Aarbe! flod0S Mot eidnreuAees B ces

ar 95nOftHBﬂdO/téé'E@ﬂWé%%Jé'r@gcﬁol"{'\@f@hénﬁp%ﬁbﬁs’f ome. 25 The direct method is
a one-step staining ne , and involves a | abel ed antibody reacting

directly with the antigen in tissue sections. The indirect nethod

i nvoI % l ed primary antibody (first layer) which reacts with

tis ‘?_%n%ﬂeﬁéfhlség d a | abel ed secondary anti body (second |ayer) 30which
react s Thoiet HlutmeeprSwme;m ant ab8dyibld ranatyqere baped avh otine( Iplﬁ)naples of flow

| mrunopr on_invol ves using a nt i body, t hat i fic for knovvn
or ot e FVEGNBLYT a8 ol AT S e il (BT e Bs o RRGt Kne

many \#RaRéd/id @lstkgrRGH &b Rtd MR IS led) Eiraillesdmpleci@ims. Ah@Bsis of
solutions will often be in the formof a crude |ysate of a plant or ani nal

ti ssue.MeltipigxedapRIuBong REUR 6149 Biéfepsial PPakvtes d%ao‘i'”aﬁ\é’ie”ﬁﬁp?%'%
bi ol ogiveal Sg8ichNehvddETBlddER PESTRIRTHALGE. dike | MEMILIEN, AvgAsHgtib 0 2
first aspect of the invention, there is provided a nethod of di agnosi ng or
moni t ofaetgr amofilig a¢mtakmeypr@ﬂbeaﬁc<;r an inflammat ory associ at ed di sease,
whi ch conprises determning the proportion of N-term nal pyroglutamate
nodified MCP-1 in relation to the total concentration of MCP-1

15 Bio-Plex assay

The Bio-Plex cytokine assay employs a liquid suspension array for quantification
of cytokines in tissue culture supernatants or serum. Using this 96-well microtiter
plate-formatted assay, it is possible to profile the level of multiple cytokines in a
single well. The principle of the Bio-Plex cytokine assay is similar to a capture
20 sandwich immunoassay. An antibody directed against each desired cytokine is
covalently coupled to a different color-coded polystyrene bead. The conjugated
beads are allowed to react with a sample containing a known (standard) or
unknown amount of cytokines. After unbound cytokines are removed,
biotinylated detection antibodies directed against a different epitope on each
25  cytokine are added to the reaction. The result is the formation of a sandwich of
antibodies around each cytokine. The complexes are detected by the addition of
streptavidin-phycoerythrin (streptavidin-PE), which has fluorescence
characteristics distinct from the beads. A specialized microtiter plate reader,
which allows for analysis of multiplexed bead-capture immunoassays in a single
30  microtiter well, carries out quantification. By reading beads individually in the
mixture, the system can detect each cytokine separately. The Bio-Plex software
automatically calculates the concentration of cytokines from standard curves

derived from a mixture of cytokine standards of a known amount.



10w thin a biological sanple. According to a second aspect of the

i nvention, there is provided a nethod of determi ning the effectiveness of a
gl ut am nywWoceyolass3(QC) inhibitor within a biological saopiEP2@ndsmses a
surrogate marker for glutam nyl cyclase (QC) 15inhibition within a
treatnment by QC inhibitor application, The data presented herein
surprisingly denonstrate that a decredled ratio of N-ternminal pyr ogl ut amat e
nodi fied MCP-1 (MCP-1 N1pE) : total concentration of MCP-1 consequently

r esul t dmunohistochentistionbBACHf infiltrati ng nonocytes to 20 the

peritone r [ tes i ral. fe f .several
ot | amigl gt et bl I Forel R P s Broshsd °Rafapn PR (5t 1 he
MCP- 1 Ntpteins MoPedlls aff adiszsieasdationarnKer isfalso iwitlegnusddiry bdsisaasesrabr to

i nfl t i ated di b irori th t / it t
capact t4/9STSER. The GREHRNIRNE SThPERIFALEN EPDOTAISSTS 10 o RERIA Bept i de
having exppaly Hareif0%roifeRaR ipdeal idr o Hislgral A¥s\RNC VRluakSingdn 65,

i
70, 75, 80, 85, 90, 95, 96, 97, 955)?’ 99 or 100% to any of SEQ ID 1- 10.
I n one 2&Wthediynantigen frieptgiion icgnNgsgpaccomplished [iR & numbere pf avaxsdiliete t he

MCP-1 i LS MEP - € odj mep) e -1 1S
hunman I@%%W%fereﬁr&eé ?é aklﬂl'?gg?ln Itr?a%'é@@%?ﬁ?%n%e n%&ﬁ%jea%l

( MCP- 1 ptpkidase eftbat taanarcatdlifsd el v e pasd e ngi reaetione Adedrinacivelhettes n t he
N-term_nal al utam_ne resjdue has _bgen dified by glutamnyl clase (QQO)
Lo an REBARVAET 2 961 0HBH A0 AChR IR PLF 08950 ST BRE N TR epar
PELOr DyaxghtorFlobi oeléesFuwe. as described in Proost, P et al. (1996) 3
Leukocyte Biol. 59, 67-74). In one enbodi nent, said determ nation conprises
the follow ng steps: 5(a)deternmning a first concentration (ca) of

N-t er mialbgei¥EL k4K 2BBt @ W ftdd ek MoRmarl N o RicebREASA! resdRLE: Hrithary
determ ning a second concentration (cd) of total MCP-1 in~said biol ogical
sanpl e;angiedies are raised against an antigen of interest and are typically

unconjugated (unlabelled), while secondary antibodies are raised against primary
15 antibodies. Hence, secondary antibodies recognize immunoglobulins of a
particular species and are conjugated to either biotin or a reporter enzyme such
as alkaline phosphatase or horseradish peroxidase (HRP). Some secondary
antibodies are conjugated to fluorescent agents. In the procedure, depending on
the purpose and the thickness of the experimental sample, either thin (about 4-
20 40 um) slices are taken from the tissue of interest, or if the tissue is not very
thick and is penetrable it is used whole. The slicing is usually accomplished
through the use of a microtome, and slices are mounted on slides. "Free-floating
IHC" uses slices that are not mounted, these slices are normally produced using
a vibrating microtome.
25
The direct method is a one-step staining method, and involves a labeled antibody
reacting directly with the antigen in tissue sections.
The indirect method involves an unlabeled primary antibody (first layer) which
reacts with tissue antigen, and a labeled secondary antibody (second layer)
30  which reacts with the primary antibody.

Immunoprecipitation (IP)
Immunoprecipitation involves using an antibody that is specific for a known

protein to isolate that particular protein out of a solution containing many



(c) determining the ratio of ca / cd, wherein the value of the first
10concentration (ca) is divided by the value of the second concentration
(cd) Prefwoablwyioi43Be ratio of ca / cd is expressed in pecTmrri11(59398 15When
di agnosing or nmonitoring the treatnent of an inflammtory di sease or an

i nfl anmat ory associ ated di sease, in ope enbodi nent, the suitable range of
ca/ cdratiois 50% 70% 85%(i.e. al decr ease by 50% 30% 15% . Wen
determ ning the effectiveness of a QCinhibitor in the treatnent of an 20
i nfl amﬁéﬁfﬁwtdiir@éeisé bhhesnsolnticamvitl afterabedoithedarmi efeageyde tysate of a

cbod! s, oSl AL e! e CLafitid L A ! e 000 PHIA DTt -

decrea SSi ng

i nhi bi tsampvle!; kbfltblcaogmemmhgmn cell line, in one 25errbod| ment, the suitable
range of ca / cd ratio is 10% 30% and 50% (i .e. a decrease by 90% 70%
509 . A further aspect of the invention provides |igands, such as naturally

occyrr 'WRILED@ES@HIPT&!)N o THE IRVENHIOR, capabl e of specific binding
to the MCP-1 0 N1pE bionarker and MCP-1. A ligand according to the

I nvent ﬁ?ﬁofﬁi?gctﬂrﬁr if5et aspept idetharingentivvdihere # Mrayikkedt at Aateed, obr an
apt amer, e S 1pE
P! el S5 U GRRGLAPA S o AR Rl EEILA s TFN R it gt
2011/ 1@ii33eCT/ Rk 1/05AB3¢Rs33 deremoimirart | g a propbdigincalofsalMpterniingh a
capture agéllu?am%tSpn%(l:IFﬂIeg MCP-1 in relation to the total concentration of MCP-1

10  within a biological sample.

According to a second aspect of the invention, there is provided a method of

determining the effectiveness of a glutaminyl cyclase (QC) inhibitor within a

biological sample and as a surrogate marker for glutaminyl cyclase (QC)
15 inhibition within a treatment by QC inhibitor application.

The data presented herein surprisingly demonstrate that a decreased ratio of N-
terminal pyroglutamate modified MCP-1 (MCP-1 N1pE) : total concentration of
MCP-1 consequently resulted in a decreased number of infiltrating monocytes to
20 the peritoneum. Such a recruitment of monocytes is a general feature of several
inflammatory disorders. This data therefore proves the applicability of the MCP-1
N1pE / MCP-1 ratio as a biomarker for inflammatory diseases or inflammatory
associated diseases by monitoring the monocyte recruitment capacity of MCP-1.

25  References herein to “MCP-1" apply to an MCP-1 peptide having greater than
50% sequence identity (such as any one of 55, 60, 65, 70, 75, 80, 85, 90, 95,
96, 97, 98, 99 or 100%) to any of SEQ ID NOs 1-10. In one embodiment, the
MCP-1 is MCP-1 (1-76). In a further embodiment, the MCP-1 is human or mouse
MCP-1. In a yet further embodiment, the MCP-1 is human MCP-1.

30
References to “"N-terminal pyroglutamate modified MCP-1 (MCP-1 N1pE)” refer to
an MCP-1 peptide as hereinbefore defined wherein the N-terminal glutamine

residue has been modified by glutaminyl cyclase (QC) to an N-terminal



for MCP-1, ii) application of a detection antibody specific for N-term nal
pyroglutamate nodified MCP-1, 5iii)detection of the resulting imune

conpl ex, woaoiwio)43quanti fying the detected N-term nal pycogprodiansiies

nodi fied MCP-1 conpl ex. In one enbodi ment, the capture antibody is a
nmonocl onal antibody or a 10 fragnent _thereof capable of specific binding
to MCP-1. In one enbodi nent, the det edtion anti body is a nonocl onal

anti body or a fragnent thereof capable of specific binding to the MCP-1
N1pE biryiragksamimn @Glur piFeer Snbxetipreline) residdetascdesmibegt inoBogostpEcet i c

for NNtgrm e [ MCP-1 conprises an anti body as
hoscr, iy 19%,) DA AERIC 508 J’A‘E’Slication No. 15PCT/ EP2009/ 60757, t he

MCP- 1 N1pE detecting antibodi es of which are incorporated herein by
ref erence.

Vb ferably th tection i b ific f
Nt o milAdine SBGHT B B a2 EP CoMIS s O SRS SiSbody.  wher ei n
thesvari abl gapar tye@érrhftnd boivst 2066 tPat®dn %@B%fENI‘ItérbﬁFﬁél B§Po@utiabeot | de
sequence selected from SEQ I D NGs: 33, 37and4las

descri bedi nl nt er n@OdHied M&Pehin Ropilagdeal SRNeRIEPCT/ EP2009/ 60757, or an ani no

Gescr | badi nitGl or Kar ol i B oAt Ear Ttk e 3008 ab e 72i%s

Al ternatively prebietagichlsacapldi pgdt o t he present invention is a nonocl onal

anti body specific, for N-termnal pyroglutapmate npdified - wherein the
vari abl e paﬁF5 of Ckeﬁ%rrﬂ'é‘é%%&%ég\}ko 8¥ C%Zicd' \S(ﬁf%r‘ﬂa ehva?gu%oh/ﬁ% égﬁ de sequence
sefgected from SEQdi2dNGstio?h(c.P% ainitetBbpthdastid bethd Beddrider nat i onal

Pat ent 30 Application No, PCT/EP2009/60757, or an am no acid sequence

sel ected from SEGFQMSeNERtioss(Cad0 and 44 as described in International
Pat ent Application No. PCT/EP2009/60757.

Preferably, the ratio of ¢, / ¢4 is expressed in per cent (%).

15  When diagnosing or monitoring the treatment of an inflammatory disease or an
inflammatory associated disease, in one embodiment, the suitable range of ¢, /
Cq ratio is 50%, 70%, 85% (i.e. a decrease by 50%, 30%, 15%).

When determining the effectiveness of a QC inhibitor in the treatment of an

20 inflammatory disease or an inflammatory associated disease, in one
embodiment, the suitable range of ¢, / ¢4 ratio is 30%, 50% and 70% (i.e. a
decrease by 70% , 50%, 30%).

When assessing the profile of a QC inhibitor within a mammalian cell line, in one
25 embodimemt, the suitable range of ¢, / ¢4 ratio is 10% 30% and 50% (i.e. a
decrease by 90%, 70%, 50%).

A further aspect of the invention provides ligands, such as naturally occurring or
chemically synthesised compounds, capable of specific binding to the MCP-1

30 N1pE biomarker and MCP-1. A ligand according to the invention may comprise a
peptide, an antibody or a fragment thereof, or an aptamer or oligonucleotide,
capable of specific binding to the MCP-1 N1pE biomarker and MCP-1.

In one embodiment, step (a) comprises:



WO 2011/ 101433PCT/ EP2011/ 052398 34 Further preferred according to the
present invention is a nonoclonal antibody specific for N-term nal

pyr ogl ut awat2e1modi3Bi ed MCP-1, wherein the vari abl e part pofi/epb@1loszpbg¢ chai n
of said antibody has the nucl eotide sequence of SEQ ID NO 33 as descri bed
in International Patent Application Ng PCT/ EP2009/ 60757 or the 5 am no
aci d sequence of SEQ ID NO 34 as des fibed in International Patent
Application No. PCT/EP2009/ 60757, and wherein the variable part of the
heavy chai n ofi)sai dcaniattiogya higlogital saoidetwill @ cwppbuice aotibsEy SIBAN@ 35
as described in Intf%rrri%lg_clnal Pat ent Application No. PCT/EP2009/ 60757, or
the am no acid sequence of "SEQ ID NO 36 as described in International

Pat ent 10Appl iicat i cappizatiBETdfEPA662ti00 7dntibodlysspauifed forredeanowmidi ng to the
present invention is a nocl onal _gntil\&glgy specific for N-term nal

pyrogl ut amat e nodi fREGIMERTEE TRRVIEEH NG \ari abl e part of the Iight chain

of said antibofy hagréfombElfORARISCIAGR BImBRY IAND 37 15 as
described in International Patent Application No. PCT/ EP2009/ 60757 or the

anmi no aci d seqiiénced@ntdng dhRodetected didermped Phregiveamate omadifest ent

Application No. PCTK,@B_ZPQ%@Q%;?, and wherein the variable part of the
heavy chain of said antibo as the nucl eotide sequence of SEQID NO 39

as described in International Patent Application No. PCT/EP2009/ 60757, or
the 2Q am no acid,.sequence of SEQ ID NGO, 40 as descrjbed in.lnternational
bat ent oo SATHIREN pORFERaBET R CRUPOCKy & e SOOPF RSB EtG &5 4 ho
pr esentfragiient titdrebs capaprost epadifiamindindytos MEP-1i ¢n fopre &nbedimeat, the

pyrogl utanmate nodjfied MCP-1, wherein the variable part 25 of the |ight
chai n &fetegfian antionduyishasmeRacirngl epticady seigdefieemsntsiisreef epable q

descri l%%fégiﬁ'& ﬂ)le‘ﬁ{d"%iW'M(ﬁ%tl‘agﬂl;lpggeldnqé‘me?f‘_ﬂgba fBQtT{e‘?P&‘P&%%/dﬁﬂZﬁtlZ e the

am no aci d sequence of SEQ | as described in International Patent
Appl i catetectiow. aPdTPdEP20pe¢iBO75, Mri@rtiealeipyropkitematablneogified AMCRHe

heavy i 0. 0f [ ntibo C ol q f : 1 43
ne o AR 37 arEBbLTngY; BESalE DT MRS AR CRERER BroREBitbeMors
or 15 he POT/BP2009 (6045 jertbe AICBHEHQ NDpEO detéctsg destibiodést | of | whéahnasireonal
Pat ent . lication No. PCT/EP2009/60757. WD 2011/101433PCT/ EP2011/ 052398
35 In éﬁ%ﬁppr%t@fﬂg?erﬁfr‘épgfﬁ €BH®odi ment, the nonocl onal antibody specific
for NNterm nal pyroglutamate nodified MCP-1 is produced by a hybridoma cell

line selected fromthe follow ng group: 5348/ 1D4(Deposit No. DSM ACC 2905);
More preferably the detection antibody specific for N-terminal pyroglutamate

modified MCP-1 is a monoclonal antibody, wherein the variable part of the light

20 chain of said antibody has a nucleotide sequence selected from SEQ ID NOs: 33,
37 and 41 as described in International Patent Application No.
PCT/EP2009/60757, or an amino acid sequence selected from SEQ ID NOs: 34,
38 and 42 as described in International Patent Application No.
PCT/EP2009/60757.

25
Alternatively preferred according to the present invention is a monoclonal
antibody specific for N-terminal pyroglutamate modified MCP-1, wherein the
variable part of the heavy chain of said antibody has a nucleotide sequence
selected from SEQ ID NOs: 35, 39 and 43 as described in International Patent

30 Application No. PCT/EP2009/60757, or an amino acid sequence selected from
SEQ ID NOs: 36, 40 and 44 as described in International Patent Application No.
PCT/EP2009/60757.



348/ 2C9( Deposit No. DSM ACC 2906); 332/ 4B8(Deposit No. DSM ACC 2907);
332/ 4F8( Deposit No. DSM ACC 2908). 10l n an especially preferred enbodi
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Application No. PCT/EP2009/60757.

Also preferred according to the present invention is a monoclonal antibody
specific for N-terminal pyroglutamate modified MCP-1, wherein the variable part
of the light chain of said antibody has the nucleotide sequence of SEQ ID NO: 37
as described in International Patent Application No. PCT/EP2009/60757 or the
amino acid sequence of SEQ ID NO: 38 as described in International Patent
Application No. PCT/EP2009/60757, and wherein the variable part of the heavy
chain of said antibody has the nucleotide sequence of SEQ ID NO: 39 as
described in International Patent Application No. PCT/EP2009/60757, or the
amino acid sequence of SEQ ID NO: 40 as described in International Patent
Application No. PCT/EP2009/60757.

Even preferred according to the present invention is a monoclonal antibody
specific for N-terminal pyroglutamate modified MCP-1, wherein the variable part
of the light chain of said antibody has the nucleotide sequence of SEQ ID NO: 41
as described in International Patent Application No. PCT/EP2009/60757 or the
amino acid sequence of SEQ ID NO: 42 as described in International Patent
Application No. PCT/EP2009/60757, and wherein the variable part of the heavy
chain of said antibody has the nucleotide sequence of SEQ ID NO: 43 as
described in International Patent Application No. PCT/EP2009/60757, or the
amino acid sequence of SEQ ID NO: 44 as described in International Patent
Application No. PCT/EP2009/60757.

S



WO 2011/ 101433PCT/ EP2011/ 052398 36 anti body specific for N-term nal
pyroglutamate nodi fied MCP-1 can be | abel ed; possible | abels are those as
ment i onedwaloueloadsd al |l t hose known to a person skil | edpcm/EPh@ 1851390f

di agnostic uses of antibodies in particular. 5S5Further preferred according
to the present invention is a nonoclonal antibody specific for N-term nal
pyrogl utamate nodi fied MCP-1 includi né any functionally equival ent anti body
or functional parts thereof, which antibody conprises a |ight chain

vari ablle ddraiticuesnpiefeirag embadimentacing swneshowl tandibady spegifiedoy 7%

88% 899 %% 9 %, 93% ,: 9404 % - 969 9 % % 10 i tical
Lo & saqumniel RiEbllyads oY Wl iSproadiey ol% Bhpldddha ah 1
| nt er nakelaobted fifdah ¢éhé féphingagrioup: No. PCT/ EP2009/ 60757. Even preferred
according to the present invention is a nonoclonal antibody specific for

N-term nal pyroglutanmate nodified MCP-1 including any functionally 15

equival ent aaig/bpdy or fungbepsat NeaDsM taleer 29b5)whi ch anti body conprises a
heavy chain vari able domain conprising an am no acid sequence that is 85%
86% 87% 88%3/899 90% 9{DgPasitNogBuAM Ay 28663; 96% 97% 98% or 99%

i dentical t uence se ro .. 40 or 44 as descri bed
in Internat ?’o%é%ggatent Apk)ﬁg%(g Fgﬁaﬁgm%%bQ%%?W 20 Moreover, the
nonocl onal 332/#68ly speci f (RBepasit Not &SN ALIC pYOBYl ut amat e nodi fied MCP-1

i ncluding any functionally equival ent anti body or functional parts thereof,
wherein the variable part of the light chain of said anti body conprises an

anm po daish sepueang mef@eéd@ribedmE®, the MashodénalB8nabedy pasifidedern-bed
25 in International Patent Application No. PCT/EP2009/ 60757 and/ or wherein
t he vartfHBing! garogbitapten@ifieh eGP dr isaradasrd fydy B¥RPEPIEs cah IHA no

aci d seQURREE fvh Sispdchr ODdEEsItNNBsM3kecHdboryd 44 as described in
I nternational Patent Application No. PCIT/EP2009/ 60757, wherein the anti body

has been altered by introducing at | east one, at |least two, or at |east 3

or nor : i Lt ug i [ nt east - Of ces
of SEQIPRES I MathSpUBU bR Y, & GlankBB3k SBREF el MR RAHET
Pat ent pppdliutarniate niNedifi@CT™M EP008h GBe7/BUmaniisdeonid behamerigahtimsbeat isal |y
maintains its full CIuncti onality. WD 2011/101433PCT/ EP2011/ 052398 37
Pr ef er &NYMANRANERDbody specific for N-terminal pyrogl utamate nodified
MCP-1 is imobilised on a solid phase. In one enbodi nent, step (b)
conpri ses:

Further, the antibody specific for N-terminal pyroglutamate modified MCP-1 as

selected from the above-mentioned group can also be a functional variant of said
20  group.

In the context of the present invention a "functional variant" of the antibody
specific for N-terminal pyroglutamate modified MCP-1 is an antibody which
retains the binding capacities, in particular binding capacities with high affinity to
25 a MCP-1 N1pE-38 or functional variant thereof. The provision of such functional
variants is known in the art and encompasses the above-mentioned possibilities,

which were indicated under the definition of antibodies and fragments thereof.

In a preferred embodiment, the antibody specific for N-terminal pyroglutamate
30 modified MCP-1 is an antibody fragment, as defined above.

In a further preferred embodiment, the antibody specific for N-terminal
pyroglutamate modified MCP-1 is an antibody which has the complementarity-

determining regions (CDRs) of the above-defined antibodies. Preferably, the



5i)contacting a biological sanple with a capture anti body specific for
MCP-1, i1i) application of a detection antibody specific for MCP-1, iii)

det ecti orwofotinei43gsul ti ng i mmune conpl ex, and iv) quantciEre@1bEsIgapt ur ed
MCP-1 conpl ex. 10 In one enbodi nent, the capture anti body used in step i)
I's a nonocl onal antibody or a fragnmenf thereof capable of specific binding
to MCP-1. In a further enbodinent, th 6capture anti body specific for MCP-1
used in step i) is selected from 15pol yclonal antiserum goat anti - hl\/CPl- AF

(R&D Systibedy spenieafel Nsterosagl pyeddivtamatey orashfed MCRIIPCan i i wmigd

( AbcamP eSS TaRd® TR 8B, e, ABPY Gl sy nedy” %1%%%0?*2322%

Canbr i ctgdledUK)memtoflmrioarEtwmmf driEidoties scpadxlgdrSant a Cruz
Bi ot echnol ogy, Santa Cruz, 20USA); polyclonal antiserumrabbit anti rriJE
(Peprotech, Hanmburg, Germany); rabbit polyclonal to nmMCP-1 antibody ab9899

( Abgamp e | eiFerrddaccdraiphy tto FtﬂbyFSTHe@@ﬂt nﬁ@erﬂ\m 1s a%lomebbraéw7a2%dd‘§bcam
Canbri dge, :js; and rat nonocl onal MCP-1 antib i/ 'ﬁJSS sc- 74215 (Santa
1]

Cruz Blsﬁﬁé@ﬁ @lrdwesamaé PseglEamasa)modified MEP- @'H@Wgeﬁﬁbcfpﬁﬁﬁ@naHWe
captur f
pol ycl %@N%‘%@?égﬁﬁﬁgy 05? ué%?%ﬁi@f B@D\%’E@t %mbéﬁnn@tr%glss% IL-@T%;A) . 30
| n one chabodianabte dbhmldedmnpnsumgaanlamd}o :apﬁeblséquemc&r thdzPisl 8b8ed Si6fo st ep
i) co S€Sy t , Jrany) o
nmonocl W} ﬁ% /R/gg%'a 6‘%%0%[?]127% &b?%br{?' ﬁ%%%@e%ﬁ) :%)% o 99%

10 identical to a sequence selected from SEQ ID NOs: 34, 38 or 42 as described in

International Patent Application No. PCT/EP2009/60757.

Even preferred according to the present invention is a monoclonal antibody
specific for N-terminal pyroglutamate modified MCP-1 including any functionally
15 equivalent antibody or functional parts thereof, which antibody comprises a
heavy chain variable domain comprising an amino acid sequence that is 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99% identical to a sequence selected from SEQ ID NOs: 36, 40 or 44 as
described in International Patent Application No. PCT/EP2009/60757.
20
Moreover, the monoclonal antibody specific for N-terminal pyroglutamate
modified MCP-1 including any functionally equivalent antibody or functional parts
thereof, wherein the variable part of the light chain of said antibody comprises
an amino acid sequence selected from SEQ ID NOs: 34, 38 and 42 as described
25 in International Patent Application No. PCT/EP2009/60757 and/or wherein the
variable part of the heavy chain of said antibody comprises an amino acid
sequence selected from SEQ ID NOs: 36, 40 and 44 as described in International
Patent Application No. PCT/EP2009/60757, wherein the antibody has been
altered by introducing at least one, at least two, or at least 3 or more
30 conservative substitutions into at least one of the sequences of SEQ ID NOs: 34,
36, 38, 40, 42 and 44 as described in International Patent Application No.
PCT/EP2009/60757, wherein the antibody essentially maintains its full

functionality.



WO 2011/ 101433PCT/ EP2011/ 052398 38 nouse nonocl onal MCP-1 anti body sc-32819
(Santa Cruz Biotechnol ogy, Santa Cruz, USA); anti nouse MCP-1 (R&D Systens,
M nneapolwe,20NN0UB4) ; hanst er nonocl onal MCP-1 anti body panaP3@i/ ofBbeam
Canbri dge, UK); 5rat nonocl onal MCP-1 anti body ab8101 (Abcam Canbri dge,
UK); and rat nonoclonal MCP-1 anti bodg (J35): sc-74215 (Santa Cruz

Bi ot echnol ogy, Santa Cruz, USA). Tn one enbodi ment, the detection of

the conplex is carried out by using 10secondary antibodies, specifically
react i myefdrablyedbl andibedyi srecifin fayodyterminal myreghdamasatmodified MeBndig y

ant i boqlinﬁogmgelcggh:aégaﬁghggé_i bodi es or anti-rabbit anti bodies, such as

anti - nouse” an n-one enbodi nent, the secondary anti bodies are
| abel ed. For diagnostic applications, the secondary antibody will typically

be | abeiheoq_'ev\éﬁquoairqghgg%gpkm%?hﬁ}%gﬁmner ous | abel s are avail abl e whi ch

can be "general I'y “group ow ng categories: 20(a)

Radboi sot opes,i)suchcatadiing b2ATidlogdtdl santblé ifh aTdeptard abblydy apedificl abel ed
wi th the radi oi sot 3fpe M i ng t he techni ques described in Current Protocols
in | munol ogy, Vol uifés Pahd 2, auti gen et al., Ed., WIley-Interscience.

New York, New j¥or k-aﬁ’?lli’@atior(élggljbté&forﬁégﬂ”ﬂ?%&y apecifiadbometplyj ty can be

measured using scintillation counting. 2 ) Fl uorescent | abels such as

rare earth cheliat esd¢iegriopiairtherepultiag) inynuneyeeslesi Andnd its derivati ves,
AU a2, SRS e Ry e s cosryL I, Texae
usifig the techni ques disclosed in Current Protocols in
In one embodiment, the capture antibody used in step i) is a monoclonal
antibody or a fragment thereof capable of specific binding to MCP-1. In a further
embodiment, the capture antibody specific for MCP-1 used in step i) is selected
from:
15  polyclonal antiserum goat anti-hMCP1-AF (R&D Systems, Minneapolis, USA);
rabbit polyclonal to MCP-1 antibody ab18072 (Abcam, Cambridge, UK);
rabbit polyclonal to MCP-1 antibody ab9669 (Abcam, Cambridge, UK);
rabbit polyclonal to MCP-1 antibody ab18072 (Abcam, Cambridge, UK);
goat MCP-1 antibody (C-17): sc-1304 (Santa Cruz Biotechnology,Santa Cruz,
20 USA);
polyclonal antiserum rabbit anti mJE (Peprotech, Hamburg, Germany);
rabbit polyclonal to mMCP-1 antibody ab9899 (Abcam, Cambridge, UK);
rabbit polyclonal to MCP-1 antibody ab7202 (Abcam, Cambridge, UK); and
rat monoclonal MCP-1 antibody (315): sc-74215 (Santa Cruz Biotechnology,Santa
25  Cruz, USA).

In a yet further embodiment, the capture antibody specific for MCP-1 used in
step i) is selected from polyclonal antiserum goat anti-hMCP1-AF (R&D Systems,
Minneapolis, USA).

30
In one embodiment, the detection antibody specific for MCP-1 used in step ii)
comprises:
mouse anti hMCP-1 (Peprotech, Hamburg, Germany);

mouse monoclonal to MCP-1 antibody ab17715 (Abcam, Cambridge, UK);



301 nmunol ogy, supra for exanple. Fluorescence can be quantified using a
fluorimeter. WD 2011/101433PCT/ EP2011/ 052398 39 neasured using vari ous

t echni quewo 2Porioessanpl e, the enzynme nay catal yze a col orCcTaEP2013@51308 a
substrate, which can be neasured spectrophotonetrically. Alternatively, the
enzynme may alter the fluorescence or chem | um nescence of the substrate.
Techni ques for quantifying a change i 8f1 uorescence are described 5 above.
The chem | um nescent substrate becones electronically excited by a chem cal
react i cmoa$fd rﬁ@lyoqlh@ai M@P- 1| anfikodiiset3 25D KSankmSiive Biptedhnglegy,Santa
chen1| 5 for exanple) or donates energy to a fluorescent acceptor.
Exanples of enzymatic | abels include luciferases (e.g, firefly luciferase
and bacner maluskNCP-ar BR&D Iy stemBatentedNmlisd MMBUSAS6), luciferin, 2,3- 10

di hydr gpht hal azi nedi o mal af urease,. peroxi dase such as
hor vor SPaster Fondatd Weprbr B da pbas SR S AR b e BtigBE LIRS e,

gl ugoarmgt ﬂ%odld/rﬁéﬂ\&’@ﬁ’l SREIEORS bﬂglgil(ﬂﬁééﬁw (C%ngbrld@é %Qzea@d“ dase,
galactose oxi dase, and gl ucose- 6- phosphat e deh ydr ogenase het er ocyclic

oxi dasé3gt W'%'MCB&S@”H‘QW&&M&% AE A 1dacENtal (‘:Jtzo@é eshingiagy, Santa

m cr opgj 9§| gggs and the like. 15 Techni ques for conjugating enzynes to
anti bodies’ are’described in O Sullivan et al., Methods for the Preparation
of Enzyme- Antibody Conjugates for use in Enzyne Immnoassay, in Met hods in

E d L & d P 73, 147- 166
(1561) TnoBsaRATRE Bt YR oSeRREoR e MBrs PR Phr®” Fabiatbelt v Lk o
(i ) 0 Horsees aglhrghamets auiesl asredfiddR@)rewttiig e egem d@amwnd@rsteb@ds/.a substrate,

wherei n the hydrogen peroxi dase oxi dizes a dye precursor (e.g.
ort hophenyl ene diamne (OPD) or 3,3 ,5,5 -tetranet hyl benzidine

25hydr gy s érql%o@TrWE’M 'thiel ée)coﬁl:lgﬂ} bﬁﬁb@@i% Rhataer{d¥k antibodjes or anti-

wi t hpar a- Ni t r ophenyl phosphat e as chronogeni c substrate; and (i11)

8- D- galrabbissindwodig€sg-sDCleds) antithowsecanbpedjeni ¢ substrate (e.g.

pni trophenyl- 8- D-gal act osi dase) or the fluorogenic substrate 4-

30net hyl unbel i feryl- 8- D gal act osi dase. WD 2011/ 101433PCT/ EP2011/ 052398 40
15 In one embodiment, the secondary antibodies are labeled. For diagnostic

applications, the secondary antibody will typically be labeled with a detectable
moiety. Numerous labels are available which can be generally grouped into the

following categories:

20  (a) Radioisotopes, such as *°S, *C, '*°I, 3H, and '3!1. The antibody can be labeled
with the radioisotope using the techniques described in Current Protocols in
Immunology, Volumes 1 and 2, Gutigen et al., Ed., Wiley-Interscience. New
York, New York. Pubs., (1991) for example and radioactivity can be measured
using scintillation counting.

25
(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

30 Immunology, supra for example. Fluorescence can be quantified using a

fluorimeter.

(c) Various enzyme-substrate labels are available. The enzyme generally

catalyses a chemical alteration of the chromogenic substrate which can be



(d) Anot her possible |abel for a detection antibody is a short nucleotide
sequence. The concentration is then determ ned by a RT-PCR system

(I nper acew®lgh11doi4s8r a Bi ot ech). 5Soneti nes, the | abel | #Crmbe1eo5i3ys
conjugated with the detection antibody. The skilled artisan will be aware
of various techniques for achieving this. For exanple, the antibody can be
conjugated with biotin and any of the3?hree broad cat egories of |abels
menti oned above can be conjugated with avidin, or vice versa. Biotin binds
sel ect ieasured usingdi varigus téchiques Feibekaowihe bthe eMzvg ety rotalvze a he

| ect imeasured asngi % Famekagi et Ay 10
Son Doyt ERsdad 13 SibeARES i tBEDAL! HEkurdd BERIS¥RolM RS, i (1,
a smal IAIt(tjmpxaﬁmeMa.tge ehzyone n)d1aa_na?’;emme)fﬂtu_tolnﬁsadintéemteiapgltrglpersinea&cdmﬂeebfs

nt n above | s_cqnj.ugat W .an antl - napten_ antl bpo e.g. .
T L A e T i Ses Br Hdii e B oo oSS arfessited ne
ant 5body RN T 2RBHANARAINdRcHes Yt hedhb 880 Meade el tidHc MR eRitedny @Rt | on

may be enpl oyed in any known assay nethod, such as conpetitive binding
assays,chemiealt rearyionn @ndeBiays AReRv @Ritalighly svhigh dcanmpen Sprastired t @sing a
assays. : i i %@ Techn =158 (CRC
Press. Clhégl.”?unfg%g@ %t%%&g%&tﬂ?@%?bﬁ I néaéansés)rgyst%rgmlﬁg%%%@pgécﬁetg’ 5 of a
| abel edExsnapidar df tamzyorgiat dabels hinchela detifarasps e(eagal firedyf brciferasd rapdvi t h a

limted _apount aof antibody., K Ihe unt of tar ide jn.the test,sanple
5 e GrCERIA, OhePEisRa” LSt he AR Ner of Srar @5bhar bRIEHEs bo 1o
t heo antdibpdigmthimzinedibhksl maldte dehetrddenusd, haecapvuptrotidatandanctd hat
becones bound, the antj bodies ﬁenerally are insolubilized before or after

the cofREeetadsh RereNgesehe(RBRdar @laidean@NpeRnetRge. ar@ GHFESIK8SENe
anti boqﬂ@éqarmwage,nvﬁwngé,ys&%hgﬁe@r&Eiagsés_r e8¢, Ng)3doaRd8kid 288 ganRtyde
whi ch remai n unbound. 30In a further enbodi nent, "the secondary  anti bodi es
are | alpxidasg, vinth ghotoser GraiholppateodetindrogerrEy), hetenpey dichoxidases (swdie

det ect (e e i i fl 11/ P P 98 41
I n one%gn%%rreanrﬁ)g?hﬁm&%%f( E#%%St%r?p&eefg)smgrég’ (%'é%ﬂ) fé? c?)((a'gg %5 %le%gﬁ%g
quaht i flechhiguesnearcsn$ed atirice énky s ttoeagtimagies @ns iddscrigedfin EBuBifkanseich as

indirect ELlISA ,sandwich ELISA . conpetitive EL|SA reverse EL|SA, :

enzy e A nRER S9mIHb S0 EREPTAHIO e Ly T GRS O USRleST [TeXRsithy
Syst emgnzynd MHAGHD SN em Méthods! IMMEARheQeRi tadoe gand \)‘é‘?ﬁ%h@kﬁ??t
analysis. In a further enbodi nent, the captured conpl exes are quantified by

a sand/ic@demic 8resss NRvwYorki ¢at LoA-Haht981A. sui t abl e exanpl e of the

sandwi ch ELI SA net hod which may be used in accordance with the invention is
described in Exanples 5 and 11. 10
20  Examples of enzyme-substrate combinations include, for example:

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

25 hydrochloride (TMB));

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

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

30 methylumbellifery1-B-D-galactosidase.

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



I n one enbodi nent, the biological sanple is selected fromthe group

consi sting of blood, serum urine, cerebrospinal fluid (CSF), plasm,

| ynph, sawvovaiy/®wsat, pleural fluid, synovial fluid, tea&cTfdraeidjsizbg e and
pancreas secretion. In a further enbodi nent, the biol ogical sanple is
serum According to another preferred 15 enbodl ment, said sanple is a

| i quor, cerebrospinal fluid (CSF) or §9nOV| al fluid sarrpl e. The bi ol ogi cal

sanpl e can be obtained froma patient in a manner well-known to a person
skill edan tﬂhrptémer Passipke tateell for, aadertleabl@nsaﬁblb@do/ars Beshubitai wel@otidem a

subj ect o] n.be an r m a
conventl ﬂ%é’ goﬁ'ﬁéﬁkgto&ecf§ l?eg& mﬁ£&% b% bi’ol ggl@gﬁcgkarr% ep%o IS
obt ai ne(ﬂﬂlpermpe(ﬁmmané Eb'eiiem:g)af flicted with an inflanmatory di sease or an
i nfl ammat ory associ ated di sease and/or at risk of devel oping an

inflammatory di sease or an inflammtory associ ated di sease. A further

aspgct gymétidesN¥RatEBA| %Ofﬁtﬁ*escﬂ% Bh9BERE vivhithE eRERibSanNtdIVRHe 25
N1pE bi omarker or a structural/shape 'mmc thereof capable of specific

bi ndi ngkiltedarartipen body keyaawate tafe VROPLS teghRigiesmPkeachiayiaq [hisvi BRI i s
an arr ayq ﬁ%ﬂ'@r L5 %ﬂtuBoh}/Q%Hdbé’rcgﬁyaafﬁeé%ﬂ‘?%%ﬂurp%ﬂdhﬁfbﬁthJ *EﬁréeehFBa}\gcp_ 1

blosensor neans anyt detect’in resence of
N1pE bicategdees. oBGBbelserrmmnaclcebdvelg:am bteheom]mgeneal omithegvidiopor sécea

S OO o SSREELIGISLRIR o PR ol LRSEL LIRS

quapt i valth@thTeh@nNEBdsy iNlris bharreick enaah et halterMatitienn. to \é\@meve indirect
2011/ 101433PCT/ EP2011/ 052398 42 According to a third aspect of the

i nvent iICORJUEREPB qfsthey Rbieheith thet3ddbodY dEi® AREIRIORY isheoHHEgERd Vi of
N-termgpal) FPilébPeg* W %OQPQ' éh@%rhécgf Ihé rHIFf@}'éHtI %e%o%ft M diLhéntioned
concentration o -1

hi'n a bi ol ogi cal sanple conprises the
f ol | owiabgvet l@p@qnjsgay&tbmeti"mam a@t@afnteetarttmmtyn(e@t i ami-digoxinfartitoshyni nal

L cona EBRCLFITRT coRRfaaion,pr i Boll Bt ondiiiy ap bR od &g ana (o)

delermnlngthe ratlo of ca / cd, wherein the value of the first
1OConc tratj.on %ca) vi ded b the val ue of the secon concentratl on
e it

(cd). the\APPF'bB%' appt 88 FPW‘?—&? b HRVEIFAL ARAY Ree RTTRIAYRT AU 386 Kapwn
ef f ect Ia%ga@rrﬁemIstucﬁeaﬂéﬁ%u@mermaawg BSsdy3e dWeRRQIHd PRIt Nahaiwémal

pyr ogl ut amat e

assays, and immunoprecipitation assays. Zola, Monoclonal Antibodies A Manual
of Techniques, pp.147-158 (CRC Press. Inc., 1987).

20
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 target peptide in the test sample is inversely proportional to the
amount of standard that becomes bound to the antibodies. To facilitate

25 determining the amount of standard that becomes bound, the antibodies
generally are insolubilized before or after the competition, so that the standard
and analyte that are bound to the antibodies may conveniently be separated

from the standard and analyte which remain unbound.

30 In a further embodiment, the secondary antibodies are labelled with horseradish

peroxidase (HRP).

In one embodiment, the detected immune complex is quantified.



15 nodified MCP-1 in relation to the total concentration of MCP-1. In view
of the fact that that glutam nyl cyclase (QC post-translationally nodifies
MCP-1 to woesas®i4a N-term nal pyroglutam nyl residue, the/rreihos238 the
present invention therefore also finds utility as an effective screening
met hod for assessing the ability of a test agent to affect QC activity.
Thus, according to a 20further aspect™of the invention, there is provided a
met hod of screening for a glutam nyl cyclase (QC) inhibitor which conprises
t he st dpsord entlgdimanibabe mapriursshcemiplemsphee qorptified gy ROPUantifiiehtion

gl ut am Y. (fﬁéﬁ rd - _ rtd : '

pyroglu é%]%%es(ék%c?]?% e N@gl&ﬁhsrg}@%@gﬁj {b g' %nggbtgéﬁ%ﬂcgéc'gﬁ[rr a{niEE‘?iéé’Sof
MCP- 1; sg@hiiwicicubBLIS#Ay a coompetitivesanplliSAM t lreversiext ELESApMPehsymeg-IMEedl and
glutam.nyl cycl ase ( toget her .with | ut am nvl cyclase (QCL inhibitor
and delEVRTRTROERE. SPBboPeROY ofiON ( BV Y: MUk °RSsdy™ Systems;

pyr 99! whrABHEhEREEH &RestMPirhmih el diedtid . bRe WebtadrnCBIg &iHdl féis0mn 30of
MCP-1; such that a reduction in the ratio of N-termnal pyroglutamate

nodi f i ddrthepembodigieat, MEgPcaptuned copRieyes araarastified Hyep spaIWIE EHG cat i ve
of gl utam evclase Jnhibiti.on 1 R /

Accordia%gh %hgﬁﬁb? ﬁeﬁ%@ﬁéc’% %gg atbfllée/\gl)%\%l%’;ei gﬁéﬁ%ﬁ%%ﬁéﬂﬁlb%gﬁ& 59%%

gl ut amwilyith ayey dseus€iC)n iachotsanoe with dhrablentign as siesedbed gn Mxahtzleas

her ei nhef O{jf defined. According to a further aspect of the invention, there
i's prO\ﬂn&]e a method for 5 measuring the effectiveness of a gl utam nyl
cychase (QC) inhibitor which conprises incubating a glutam nyl cyclase (QQ
inhibitor with a m xture conprising MCP-1 and gl ut am nxl cyclase (QC) and

det er milRi 9F MO BISGE Fo BitIoNCRLEATRE 13elsstast Ko ENRuIPUPee SN | n
rel ati ot 1804 Neefuh ALiFRNCERIERSHRRI PLiIMEESE), BhishASRRGIN, Aaiivae shugent i on

provi des the ‘advantage of assessing the 'I ectiveness of an al ready
i dent i folewraQBuihhbyiaial, fleish terarfplié, bie rasdupahereasnsednetiomat &1 &f fudherer si on
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known to a person skilled in the art. In particular, a blood sample can be
obtained from a subject and the blood sample can be separated into serum and
plasma by conventional methods. The subject, from which the biological sample

20 is obtained is suspected of being afflicted with an inflammatory disease or an
inflammatory associated disease and/or at risk of developing an inflammatory

disease or an inflammatory associated disease.

A further aspect of the invention comprises biosensors which comprise the MCP-1
25 N1pE biomarker or a structural/shape mimic thereof capable of specific binding
to an antibody against the MCP-1 N1pE biomarker. Also provided is an array
comprising a ligand or mimic as described herein. The term “biosensor” means

anything capable of detecting the presence of the MCP-1 N1pE biomarker.

30 Biosensors according to the invention may comprise a ligand or ligands, as
described herein, capable of specific binding to the MCP-1 N1pE biomarker. Such
biosensors are useful in detecting and/or quantifying the MCP-1 N1pE biomarker

of the invention.



According to a further aspect of the invention, there is provided a kit for
20 di agnosing an inflammtory di sease or an inflammtory associ ated di sease
whi ch compoizsagioa3sapt ure anti body specific for MCP-1, acuareatioszsoant i body
specific for N-term nal pyroglutamate nodi fied MCP-1, a detection antibody
specific for MCP-1, and optionally, instructions to use said kit in
accordance with the nethods as defined?hereinbefore. 25 Were the anti body
is |labeled with an enzyne, the kit will include substrates and cofactors
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froma test subject. 10 According to a further aspect of the invention,
there is provided a nethod of diagnosing or nonitoring as defined
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invention therefore also finds utility as an effective screening method for
assessing the ability of a test agent to affect QC activity. Thus, according to a

20  further aspect of the invention, there is provided a method of screening for a
glutaminyl cyclase (QC) inhibitor which comprises the steps of:

(a) incubating a control sample comprising MCP-1 and glutaminyl
cyclase (QC) and determining the proportion of N-terminal
pyroglutamate modified MCP-1 in relation to the total concentration

25 of MCP-1;

(b) incubating a control sample with a mixture comprising MCP-1 and
glutaminyl cyclase (QC) together with a glutaminyl cyclase (QC)
inhibitor and determining the proportion of N-terminal
pyroglutamate modified MCP-1 in relation to the total concentration

30 of MCP-1;
such that a reduction in the ratio of N-terminal pyroglutamate modified MCP-1 :
total MCP-1 in step (b) relative to step (a) is indicative of glutaminyl cyclase
inhibition.



occasions. In one enbodinent, the inflammtory di sease or inflammatory
associ ated di sease is an MCP-1-rel ated di sease, e.g. atheroschlerosis,

r heurrat oiwoantiwi43ss, 25 asthma, del ayed hypersensiti viPCY/EPe@aF30S,
pancreatitis, Al zheiner's disease, hyperinsulinem a and obesity, including
Type |1 diabetes, diabetic nephropathy colitis, lung fibrosis, renal
fibrosis, gestosis, graft rejection, %uropathlc pai n, stroke, AIDS and
tunors. 30Most preferably, the inflammatory di sease or inflamuatory
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pl 0.1 Msodium acetate buffer, pH5.2 or 0.1 MBis-Tris buffer, pH 6.5 at

30C.
Diagnostic Kits
15 As a matter of convenience, the antibodies used in the method of the present
invention can be provided in a kit, i.e., a packaged combination of reagents in
predetermined amounts with instructions for performing the diagnostic assay.

According to a further aspect of the invention, there is provided a kit for

20  diagnosing an inflammatory disease or an inflammatory associated disease which
comprises a capture antibody specific for MCP-1, a detection antibody specific for
N-terminal pyroglutamate modified MCP-1, a detection antibody specific for MCP-
1, and optionally, instructions to use said kit in accordance with the methods as
defined hereinbefore.

25
Where the antibody is labeled 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
30 like. The relative amounts of the various reagents may be varied widely to

provide for concentrations in solution of the reagents which substantially
optimize the sensitivity of the assay. Particularly, the reagents may be provided
as dry powders, usually lyophilized, including excipients which on dissolution will

provide a reagent solution having the appropriate concentration.



20 Peptides were applied in 0.15 mMto 0.5 mM concentrations, and 0.2 U QC
was added. At different tinmes, sanples were renoved fromthe assay tube,
pepti des wetoaecwesd3usi ng Zi pTips (M1 1lipore) accordi ng POTIEHPR011/052398

manuf acturer's reconmendations, mxed with matrix solution (1:1 v/v) and
subsequently the mass spectra recorded, Negative controls contained either
no QC or heat 25deactivated enzyne. F8% the inhibitor studies the sanpl e
conposition was the same as descri bed above, with the exception of the
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mmnp 15 mn, 30 mn, 1h, 2h and 4h. 10N-term nal degradation by reconbi nant
human Am nopepti dase P Human reconbinant MCP-1 carrying an N-term nal
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According to a further aspect of the invention, there is provided a method of
diagnosing or monitoring as defined hereinbefore, which comprises comparing
the proportion of N-terminal pyroglutamate modified MCP-1 in relation to the
20  total concentration of MCP-1 in the biological samples taken on two or more

occasions.

In one embodiment, the inflammatory disease or inflammatory associated
disease is an MCP-1-related disease, e.g. atheroschlerosis, rheumatoid arthritis,

25 asthma, delayed hypersensitivity reactions, pancreatitis, Alzheimer's disease,
hyperinsulinemia and obesity, including Type II diabetes, diabetic nephropathy,
colitis, lung fibrosis, renal fibrosis, gestosis, graft rejection, neuropathic pain,
stroke, AIDS and tumors.

30 Most preferably, the inflammatory disease or inflammatory associated disease is
Alzheimer’s disease, or also most preferably a disease selected from
atherosclerosis, rheumatoid arthritis, restenosis and pancreatitis, diabetic

nephropathy, in particular Alzheimer’s disease or rheumatoid arthritis.



N-term nal degradation of human MCP-1 in human serum Human reconbi nant
MCP-1 carrying an N-term nal glutam nyl residue (Peprotech) was dissol ved
in 25 mMMWoI2811HCI433pH 7.6, in a concentration of 100 pgfair/EPMIR032398S

ei ther pre-incubated with reconbi nant human QC (0.006 25 ng/m ) for 3 h at
30C and subsequently incubated with hupan serumat 30 C or incubated with
human serum wi t hout addition of QC The cl eavage products were anal yzed

usi ng Mal di - TOF nass spectronetry after O min, 10 min, 30 mn, 1h, 2h, 3h
5h and Theh presentl invertipnlisafidrtberidescabedi by the, followisl Sxamples, andlicdu h
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resi due (Peprotech) was dissolved in 25 nM Tris/HC, WO
2011/ 101433PCT/ EP2011/ 052398 47 pH 7.6, in a concentration of 10 pg/m .

MCPs2 eaARIPLES OF THEMNVENAZONt h reconbi nant human QC (0. 0006 ng/m ) for
3 h at 30C and subsequently incubated with reconbi nant human DP4 (0.0012

ng/m) at 30 C or incubated with reconbi nant human DP4 (0.0012 ng/ m)

Wi t houtg 4 cl eavage products were

anal yzeﬁﬁpléwalﬁ?wa?;ﬁg é'g?rometry after O mn, 15 mn, 30 mn, 1h,
2h, 4h Maidix2d$sistedt Erser rwesodpgoraﬁamlzahormfmheﬂwpdmnseﬁny Bid cadoeenout
recorrbinant -3 _(SEQ | 12 arrying ap_N-t r t am n 0
ot oadi SOt G Vodanet ey Prd chpdili BRlsyetPBenPolims i ko &M S et
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application. 15Resulting DP4 cleavage products were analyzed using
Mal di - ToOstriaselution. For matrix solution sinapinic acid was used, prepared by solving

20 mg sinapinic acid (Sigma-Aldrich) in 1 ml acetonitrile/0.1% TFA in water (1/1,
15 v/v). Asmall volume (= 1 pl) of the matrix-analyte-mixture was transferred to a

probe tip.

For long-term testing of GIu1—cycIization, MCP-1 peptides were incubated in 100
Ml 0.1 M sodium acetate buffer, pH 5.2 or 0.1 M Bis-Tris buffer, pH 6.5 at 30°C.
20  Peptides were applied in 0.15 mM to 0.5 mM concentrations, and 0.2 U QC was
added. At different times, samples were removed from the assay tube, peptides
extracted using ZipTips (Millipore) according to the manufacturer's
recommendations, mixed with matrix solution (1:1 v/v) and subsequently the
mass spectra recorded. Negative controls contained either no QC or heat
25 deactivated enzyme. For the inhibitor studies the sample composition was the

same as described above, with the exception of the inhibitory compound added.

Example 2: Proteolytic degradation of human MCP-1(1-76) by
Dipeptidyl-peptidase 4 (DP4),, Aminopeptidase P, and by proteases

30 present in human serum

N-terminal degradation of MCP-1 by recombinant human DP4 in absence and

presence of a QC-specific inhibitor

Recombinant human MCP—1(1_76) (SEQ ID NO: 1) starting with an N-terminal

glutamine (Peprotech) was dissolved in 25 mM Tris/HCI pH 7.6 in a concentration



spectrometry after O mn, 15 mn, 30 mn, 1h, 2h, 4h and 24h. N-term nal
degradati on of human MCP-4 by DP4 Human reconbi nant MCP-4 (SEQ ID NGO 13)
carryi ng wo 2bktven4sBnal gl utam nyl 20 instead of a pyrogcuteeoyl/osmsss due
(Peprotech) was dissolved in 25 MM Tris/HC, pH 7.6, in a concentration of
10 pg/m . MCP-4 was either pre-i ncubatgd with recombinant human QC (0.0006
ng/mM) for 3 h at 30C and subsequentl§ i ncubated with reconbi nant hurman DP4
(0. 00006 rrg/m/) at 30 C or incubated with reconbi nant human DP4 (0. 00006
mg/ m ) ofi tGoud/mk i Bine QICRphIdodetiororva SRl preTi obated emthg@cgfrdziuamts were

2. an a3 CLdone oo EARRAThe BTt Rk S Brud nEUResell Wiy

¥ﬁr| aﬂtrecwhbmammd\vﬁﬁ’ﬂ DPNKP%(le\/ﬁ%/B';I) W@T@ub%&rﬁhﬂ?ﬁnaﬂmomﬁsay
e chenpt a /WA ert1or usi n r pate W t a
T B L abial aim B A DedBFpEadan BT e haRIE MR pTRBah o
congentahborgefws risel b in 108 FWeséﬁQe &ﬂpia)qﬂw 8 1003-pl HaHhigugsIs1t 0 the

upper chanber. Cells were allowed to mgrate towards the chenpattractant

for 2 wlmropv{w&rﬁﬂ ﬂUH]ﬁQBP@‘PPEPYU!UlPQB?@B%hM@rW@)”CBUbse%ﬁléhttll'_99 eE s
f t th
56021' %%@E A In %r %ngll cug;tggﬁg?%lqh%#%'%s3%@ %\?Zase ce WI

attachefrjlnt,dStlmmn%@mmlanéh At @rdvdhds, cells mgrated to the | ower chanber
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i ndex was cal cul ated by dividing cells mgrated to the stinulus fromcells
m gp at egtémninae dagemddtios wmémhbur@mmm@m iAeniRebepeyasd PN-t er mi nal
variants of human MCP-1 MCP-1 starting with glutamine 1 (GLnl- MCP-1)
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MOP- 1 \cancemtrstiorro 10esgdl. usi ng the THP-1 chenotaxi s assay (n=3).
15Chenot acti ¢ potency of human MCP-1 in absence or presence of a
QC-i nhi bitor

15 MCP-1 was incubated with 30 pg/ml Aminopeptidase P (R&D Systems) at 30 °C.

GIn'-MCP-1 was either used without pGlu-modification or was pre-incubated with
recombinant human QC (6 ug/ml) for 3 h at 30°C in order to generate pGlu.
Resulting Aminopeptidase P cleavage products were analyzed using Maldi-TOF
mass spectrometry after 0 min, 15 min, 30 min, 1h, 2h, 4h and 24 h.

20

N-terminal degradation of human MCP-1 in human serum

Human recombinant MCP-1 carrying an N-terminal glutaminyl residue
(Peprotech) was dissolved in 25 mM Tris/HCI, pH 7.6, in a concentration of 100
pg/ml. MCP-1 was either pre-incubated with recombinant human QC (0.006
25 mg/ml) for 3 h at 30°C and subsequently incubated with human serum at 30 °C
or incubated with human serum without addition of QC. The cleavage products
were analyzed using Maldi-TOF mass spectrometry after 0 min, 10 min, 30 min,
1h, 2h, 3h 5h and 7 h for GIn*-MCP-1 and 0 min, 30 min, 1h, 2h, 3h 5h, 7 h and
24 h for pGlu'-MCP-1.
30
Example 3: Degradation of human MCP-2, MCP-3 and MCP-4
N-terminal degradation of human MCP-2 by DP4

Human recombinant MCP-2 (SEQ ID NO: 11) carrying an N-terminal glutaminyl

instead of a pyroglutamyl residue (Peprotech) was dissolved in 25 mM Tris/HCI,



MCP-1 with N-term nal glutam ne (Glnl-MCP-1) (Peprotech) was incubated with
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Example 4: Chemotactic Potency of different N-terminal variants of
human MCP-1, MCP-2, MCP-3, MCP-4

30 TransWell chemotaxis assay

The chemotaxis assay was performed using 24 well TransWell plates with a pore
size of 5 ym (Corning). THP-1 cells were suspended in RPMI1640 in a
concentration of 1*10° cells / 100 pl and applied in 100 pl aliquots to the upper

chamber. Cells were allowed to migrate towards the chemoattractant for 2 h at



WO 2011/ 101433PCT/ EP2011/ 052398 50 M crowel | Peroxi dase Substrate
(1-conponent), KPL, Gaithersburg, USA) was perforned (30 m nutes incubation
at room twoperiatoi43ge i n the dark) and subsequently stoppedTpaithesmdgition
of 1,2N H2504. Absorption at 450/ 540nm was determ ned by a Tecan Sunrise

pl ate reader. 5 Exanple 6: Eval uation §f t he i nfluence of the standard
peptide cyclization state to the t ot af®hMCP-1 ELI SA In order to exclude

an influence of the cyclization state of the standard peptide to the total
hMCP- 1 3°Cs/ubsegudetlgcteltmfrom tye Lipped chad bestwergcdiseailededatrbh e dawer 0
human b AR red.. T cal rr for
pr epar Zﬁgﬁb of Pl%g]q@'t%gn EP&HE‘?Q%W&% @mgglgr?gﬁ@%gggﬁfﬁﬁéfg\%@h%ut C.
15 Exarjy°€ o r&etaseniaiiat athactodd thehbMoRribrhpEAMMCR-alds atelts nigeatield wul t ur e
supernatants of stimul ated NHDF cells b LI SA Fol | owi n n. infl apmat ory
ot mul 2¢ PRE® SRBFUAE: B FONRISAL P ESah e COUNFST TR KB HATE S oHel)

Fi broblgt ehdbEfokic iHeB%ewas Q@lc@méﬁtt%gfdi\hﬁﬁ'g’jéellsaﬁwci%%tbd a9 tMePstimitiipE,
shoul d i ncrease after application of costatin M (GSM and 20 Interl eukin
113 (| (fnary)cells Mygprtedri &%U@QQ’W%FO'@M-and | L113 stinul at ed NHDF cel |

cul ture supernatants were subjected to two ELI SA anal yses. The anmount of
hMCP-1, and the portion of hMCP-1 NLIpE were anal yzed. Quantitative

det ect i@renodtaehiCiPotemeyd of NEfertnihd pE rieda raf ddinaat MCR+1g t o t he 25 prot ocol

in Exa 5. The NH cell culture, su nat ant s re diluted i | ocki ng

bt £ or Mo statbia e §GtemiNedl {6 NAER" Pl DR daR e s o thd Wongs ma

OSM) angetbmbinavehubfard @G to yeappatec pGIWAMAP-1 her @it kiunesn eecoibesasd t er 7

days. The cell culture su&ernat ants were analyzed at different ti njg}qooi nts
r

in” or d&?P4 B0 §28RTFHE ASmeMEEpEnEeRESNtEATIANICEE 1. and OnMBP-10NFIE apd n.
WO 2011‘{910/1435'3&17@520%%@5%%88MCP—1 variants were tested using the THP-1

chemotaxis assay (n=3).

15 Chemotactic potency of human MCP-1 in absence or presence of a QC-inhibitor
MCP-1 with N-terminal glutamine (GIn'-MCP-1) (Peprotech) was incubated with
recombinant human QC and DP4 (GIn!-MCP-1 +QC +DP4), human recombinant
DP4 alone (GIn'-MCP +DP4) and with recombinant human QC in combination
with 10 pM of Q C-inhibitor 1-(3-(1H-imidazol-1-yl)propyl)-3-(3,4-

20  dimethoxyphenyl)thiourea hydrochloride and DP4 (GIn'-MCP-1 +QC +QCI
+DP4). Concentrations of 1, 5, 10, 50, 100, 500 and 1000 ng / ml of generated

MCP-1 variants were tested using chemotaxis assay (n=3).

Comparison of the chemotactic potency of variants of human MCP-1, MCP-2,

25  MCP-3 and MCP-4 possessing an N-terminal glutaminyl or pyroglutamyl residue.
Human MCP-1, MCP-2, MCP-3 and MCP-4 with an N-terminal glutamine
(Peprotech) or pyroglutamyl-residue (incubation of GIn'-MCPs with human
recombinant QC at a dilution of 1:100 for 2h at 30°C) were tested for
chemotactic potency. Concentrations of 1, 5, 10, 50, 100, 500 and 1000 ng / ml

30 of a particular MCP were tested using chemotaxis assay (n=3).




51 Exanple 8: Determnation of the hMCP-1 N1pE/ hMCP-1 ratio in Normal Human
Dermal Fi broblasts treated with G utam nyl Cyclase Inhibitor (QCl) Exanple
7 shows, wbaviihiviCB31l as wel|l as hMCP-1 NL1pE expression PsST@EPR@NOSIII8S5 i n
NHDF after an inflammatory stimulus. Since dutam nyl Cyclase (QC

catal yses the formation of N-term nal gyrogl utamat e residues, the

I nhibition of QC should result in decf®ased hMCP-1 N1pE | evel s. To prove
this, NHDF were stinmulated with OSMand IL1r3 and treated with or w thout
QCl si faampadsers bl the oheinptacticpotemey ofivariaateof human Medk i MGRYR, | L1r3 and
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i nf | uemespedtivePotideviaddelpraddchMCP- 1 N1pE | evel , the cell culture
ernatants were al rent t ont accordin tothe LI SA
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di fferent concentrations of Exanpl e shows that application QCl
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al veol ar basal epithelial cel rent
concentreaméat'rve MCPQ@Vere incébBbat@doeithhumeare retdmbireneédRbat 34 1W0t dildtamy/ ml

{0 thotee Pt 30T PHBR o asty s PR RRr Rhdas d did I sEEARa st ng°
toiphe r@phﬂqﬁla partl‘@manMe:Wwer@@mé@ usig Sarketadgl aRepoyese3).of hMCP1 and

hMCP1 N1pE in human serum 30l n order to validate the quantitative detection
of hMCP-1 and hMCP-1 N1pE in human serum Spi ke and Recovery experinents

ver e pehifAhpke 5: Extablishi 8h00bf & ||’r‘¢ﬁ’ir|-é6§§%mﬁ~idh EXPSRI B raneSxcept the
usage of FBS, 0.05% Tween, 10cYoFBS for bl ocking and dilution steps. For

val i datqu;ant;tata;pelctetgnu'on of total human MCP-1 (hMCP-1) and human MCP-
1 with an N-terminal pyroglutamate (hMCP-1 N1pE)

15 To capture human MCP-1, commercially available polyclonal antiserum goat anti-
hMCP1-AF (R&D Systems, Minneapolis, USA) as capture antibody which
specifically binds human MCP-1 was diluted in PBS to 250ng/ml and immobilized
in polystyrene 96 — well microtitre plates overnight at 4°C. Thereafter, blocking
occurred for 2 hours at room temperature with ELISA Blocker (Thermo Fisher

20  Scientific, Waltham, USA). For preparation of the standard curve recombinant
hMCP-1 was incubated with recombinant human Glutaminyl Cyclase (QC) in
order to obtain hMCP-1 N1pE. The recombinant hMCP-1 N1pE standard peptide
was serially diluted with ELISA Blocker from 1000pg/ml down to 15,63pg/ml and
added to the wells in duplicate. Two wells filled with ELISA Blocker represent the

25 standard curve value Opg/ml. After an incubation period of 2 hours at room
temperature, plates were washed at least three times with TBS-T. For detection
of hMCP-1 N1pE, the MCP-1 N1pE antibody clone 348-2C9 together with HRP-
conjugated anti mouse antibody were both diluted in blocking buffer to final
concentrations of 500ng/ml. For detection of hMCP-1, the antibody mouse anti

30 hMCP-1 (Peprotech, Hamburg, Germany) together with HRP-conjugated anti
mouse antibody were also both diluted in blocking buffer to final concentrations
of 500ng/ml. The detection antibody/conjugate solutions were incubated for 2
hours at room temperature. Following several washes with TBS-T a colour

reaction with commercially available HRP substrate TMB (SureBlue Reserve TMB



Recovery various |evels of reconbinant hMCP-1 and hMCP-1 N1pE were spi ked
in WD 2011/ 101433PCT/ EP2011/ 052398 52 human serum Recovery was cal cul at ed
by subtr awoi2og/tos3val ue neasured in the unspi ked serumpsampk@1fo52308 t he

spi ked sanpl es. Exanple 11: Establishnment of an indirect Sandw ch ELI SA for
the 5 quantitative detection of total pouse MCP-1 (mMCP-1) and nouse MCP-1
with an N-term nal pyroglutamte (n1\/C§Q1 N1pE) Exanpl es 5-10 describe the
guantitative detection of reconbinant and native human MCP-1/ MCP-1 N1pE. In
order t\icemvegly Rerakidese Suidstiaier{1-capeonente] KR, noadbesdmyt ed)SAk a5

needed { vel oped e Jficat] o] / -\1 E.

Si nce t%gch\%ﬁ%‘l @péﬁ%@%o@@@%%@ %118'[02%@ E‘?@gg%&g@t ﬁh% hlg%)kse%- 1
N1pE, tsobsequénthodyopmesl bgetiefatditiore ofst,ahl HsBogntAbsbration —ti458y654Gamdwi ch
ELI SA for the detection of mMCP1 NIpE. In order to distinguish between both
forms ofas detespiiokd by, a Aecwnpansse ®latedieagder. Sandwi ch ELI SA was devel oped
for_.the detection of total mMCP-1. 15 To capture nouse MCP-1, commercially
avai |l abl e pol yclonal antiserumrabbit anti rnJE (Peprotech, Hanburg,

Ger man\Exaan pte G: (Bvalaatidiodf theiialfluepeame 6f thelstabidadd peptideMCP- 1 was

diluted in PBS to 500ng/ and | i) in polystyrene 96 - well

m cr ot iqyﬁgzaﬁ'%rbgt%%%gg% tﬁtahbw'ilgﬁgﬁereafter, 20 bl ocking occurred
for 2 hausleftior &ide EREinALBhee WfttheEhchatRd P Gkate 6T Bes BBaridHBeeptide
Scientific, Waltham USA). For preparation of the standard curve

r econbitAdhe tAiAtmMCRhrs ELIRAuBAeLRtRFHON 9bG¥elizgduantinay Cy dizaedaesorixipant,

order t ! _W}g— N#%EE The reconbi nant mMCP-1 N1pE standard peptide
V\/aggser@g%@%ﬁ ute S\%\not ?'SA Bl ocker from 1950pg/ nl down to 19, 5pg/ ml

and 25 added to the wells in duplicate. Two wells filled with ELI SA Bl ocker

r epr esent tandard curve val ye [l . After an_incubatipn period of 2
nour s dive B ahpinl soeecprifed8 SPanile fedbEirBRatt A BL ARE, fERUSY

TBS-T. coevedBMEPRt I o DincoivyBRdLwithpdr, witheutde- 1 N1pE anti body cl one 348-2C9
toget her with HRPconjugated anti nouse anti body were both diluted in ELISA

Bl ocker to final 30 concentrations of 500ng/m . For detection of mMCP-1,

t hes antgBpARIE 7 BetdrmiRtEfoldl thd RMEEYS NIBE/bEpeanaltis in MIUSA) - Coat
polyclonal to MCP-1 (MCP-1 (M18):sc-1784 (Santa Cruz) together with

HRP- corjultireegupernatantsof sbisaylated NBRIE cells IheEbiSAase Conj ugate (R&D
Fnal " GoRE 38 onorhtee bt or 409 et dsDloh PG ag "Shihead ! IFr t
Human Normal Dermal Fibroblasts (NHDF). Hence, the amount of hMCP-1, as
well as MCP-1 N1pE, should increase after application of Oncostatin M (OSM) and
20  Interleukin 1p (IL1B) to NHDF. To prove this, OSM and IL1p stimulated NHDF cell
culture supernatants were subjected to two ELISA analyses. The amount of
hMCP-1, and the portion of hLMCP-1 N1pE were analyzed.

Quantitative detection of hMCP-1 and hMCP-1 N1pE occurred according to the
25 protocol in Example 5. The NHDF cell culture supernatants were diluted in
blocking buffer before addition to the wells. NHDF have been stimulated with
10ng/ml OSM and IL1B over 14 days, reapplication of the cytokines occurred
after 7 days. The cell culture supernatants were analyzed at different time points
in order to examine time dependency of hMCP-1 and hMCP-1 N1pE secretion.
30



250ng/ mL (200 ng/mM respectively 1 pg/m. The detection anti body/conjugate
solutions were incubated for 2 hours at roomtenperature. Foll ow ng several
washes wiwb 208307433 col our reaction with conmercial |y awvairleebéie/ 5368
substrate TMB (SureBl ue Reserve TMB M crowel | Peroxi dase Substrate
(1-conponent), KPL, 5Gaithersburg, USA) was perfornmed (30 m nutes

i ncubation at roomtenperature in t hedYar k) and subsequently stopped by the
addi tion of 1,2N H2504. Absorption at 450/ 540nm was determ ned by a Tecan
Sunr i sdExsmpée Bed@l@terminatiomrﬁheehmPﬂvalmﬁﬁwc&ltmw mn INeirmoal of t he

t and le 6
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NlpE/ rvunmmsmanm ELmBaam:birreet&d withoor Wépentd OGI simuftanepuslyt i nul at ed A549.

In order to analyse the effect of QCl on the ratio of nouse MCP-1 N1pE /

nouse MCP-1, the nmouse nmacrophage cell line RAW264.7 was stinmulated with

LPSpi n NHIBF %&bﬂﬁlﬁﬁs@ﬁwuﬂﬁt@ﬂ&ﬂﬁﬁ Wnd/AeIr@ssI, 101 ¢ @pgeditiiitdnedssef trebeed L
inhibitor QCl..  RAW264.7 were stinmulated for 24h with 10Ong/ mL LPS and

t r eat edVild OR VﬂF'TQ‘Er%QHM@SFI tne day e at-vEptdne Rppéphg;prc@qqllcgglpp@cgurred
iﬂFSLP?@%E%r%ﬂgn?g%\{grégg%%&%ﬁgﬂb%fdgghaﬁc Iogwpbnwcﬁéﬁnghgore a d| tion
to the Niglf fevedOtieaatpiceltide sGpesxataaks M@trecanawzerdvazpdlffeulmlz tireeefoints RAW
204 7 ardiy b ee SN RLRRSA M B Taccor ding o Example 6. Ror
Western Bl ot anal ysis, proteins of cell culture supernatants were WO
2011/ 10%(%335 /QEFI.)thlelr/nQ%Za%?gn 51’ the hMCP-1 N1pE/hMCP-1 ratio in a human
lung carcinoma cell line (A549) treated with different concentrations of
QCI
Example 8 shows that application of QCI reduces hMCP-1 N1pE level in NHDF. In
20 order to analyse the QCI concentration dependent reduction of hMCP-1 N1pE, the
carcinoma human alveolar basal epithelial cell line A549 was treated with

different concentrations of QCI.

A549 cells were stimulated for 24h with 10ng/ml TNFa and IL1p. Furthermore,
25 QCI was applied in different concentrations to the cells. After 24h cell culture

supernatants were analyzed according to the protocol in Example 7.

Example 10: Spike and Recovery of hMCP1 and hMCP1 N1pE in human
serum

30 In order to validate the quantitative detection of hMCP-1 and hMCP-1 N1pE in
human serum, Spike and Recovery experiments were performed.
The ELISA protocol corresponds to Example 5, except the usage of FBS, 0.05%
Tween, 10%FBS for blocking and dilution steps. For validation of Spike and

Recovery various levels of recombinant hMCP-1 and hMCP-1 N1pE were spiked in



separated by application to a SDS gel el ectrophoresis. Separated proteins
were electrically transferred to nitrocell ul ose nenbranes. Menbranes were

bl ocked fwo 20n@oinsar with TBST-M (=TBST -F 5% ski nmed nipCh)EP2d11/062308
tenperature with gentle shaking. Antibody incubation occured over night at
4C on a rocking 5platformw th the detectlon antibody for total mMCP-1 (Rat
anti nouse MCP-1, R&D Systens) dil ut ed?t o lpg/ ml in equal volunmes of TBST-M
or the detection antibody for nmMCP-1 N1pE (clone 332-4B8), respectively.
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25 level_in the peritoneum Sanples were diluted 1:5 in bl ocking buffer

bef or e VEHYiPPESE t%c?*n'le N5, sth'fr AtDodXt Was nrst JRle Shewastaklimert B) amacs
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Det erm nati on of mVICP- ratio in nouse sarrpl es
Exanpl éoeiwedemthb‘@srrtsw idnﬁammkmei \ﬁaca@m@cabl@n ndfrercééenﬂmrrn@mﬂé%l Wt i ve

mVICP- 1/0%(‘? Q#OIH%E’CPEQP%&? BPt&B?Hﬁ@Pt]{]e mMVCP-1 N1pE level in fluid nouse

sanpl es WI Sat {858 Featt Ivi y of anti nouse |gG HRP-
conpugate, bioti nyI ation of the MCP-1 N1pE anti body cl one 348-2C9 was
acconplished. WD 2011/101433PCT/ EP2011/ 052398 55 |e 17: |sother mal
T At 1on R ER RS B e et Ca e BPRIbrlyciareT ARHSCSi ARDPIE 1

(N%/DCE ?m{%?eﬁf‘,’tﬁhe H%rﬂ@w@ Ydrfiry)easotaiire - MlbddNheFicANEpSaftAsy
binds mouse I\XCP 1 was diluted in PBS to 500ng/ml and immobilized in
polystyrene 96 - well microtitre plates over 4-7 nights at 4°C. Thereafter,

20  blocking occurred for 2 hours at room temperature with ELISA Blocker (Thermo
Fisher Scientific, Waltham, USA). For preparation of the standard curve
recombinant mMCP-1 was incubated with mouse Glutaminyl Cyclase (QC) in
order to obtain mMCP-1 N1pE. The recombinant mMCP-1 N1pE standard peptide
was serially diluted with ELISA Blocker from 1950pg/ml down to 19,5pg/ml and

25 added to the wells in duplicate. Two wells filled with ELISA Blocker represent the
standard curve value Opg/ml. After an incubation period of 2 hours at room
temperature, plates were washed at least three times with TBS-T. For detection
of mMMCP-1 N1pE, the MCP-1 N1pE antibody clone 348-2C9 together with HRP-
conjugated anti mouse antibody were both diluted in ELISA Blocker to final

30 concentrations of 500ng/ml. For detection of mMCP-1, the antibody rat anti
mouse MCP-1 (R&D Systems, Minneapolis, MN USA) Goat polyclonal to MCP-1
(MCP-1 (M-18):sc-1784 (Santa Cruz) together with HRP-conjugated anti rat
antibody anti Goat IgG Peroxidase Conjugate (R&D Systems, Minneapolis, MN

USA) were also both diluted in blocking buffer to final concentrations of



and biotinylated MCP-1 N1pE anti body 348/ 2C9) to the antigen hMCP-1(1-38)
were determ ned usingVP-1TC mcrocalorineter (McroCal). Both anti body

cl ones amsotzhe/NECB31 (1-38) peptide were di al yzed agai nCTZPRO12623360 MV
NaCl, 25 nM Na2HPO4, 25 nM KH2PO4, 2 nM EDTA pH 7.4 overnight at 4Cto
ensure the 10 sane buffer conditions_and avoid background heat by
protonation events. Afterwards, the coficentrations of the antibodies and

the peptide and the respective extinction coefficient were calculated from
absor b&%®gdml 281 hmg/ Forreshectively at i gy nelx pere rdstectionvemtibodypeoningatsody
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Exanpl e 18: Measurenent _of human MCP-1 and human I\/CP 1 N1pE in 25 CSF and
serum sanpl es For the measurenment. of hMCP-1 and hMCP-1 NIpE in CSF and

ser um FxANele 12 Evajupdiomgf thetinfbienes of dbg: standardopeptidepat - ant i
vveNFF Of&gﬁ.ﬁ@ g%(ﬁ}yd%gr@'@!(m@r@? BOELZ aNg/n 30addition of 100 pl per

l'ute pl ates (Nunc) sealing of plate
and i ndixlamplenGodmnnngmat@t na(jnﬂeﬁmve rof fe anmamdyarmdﬂrdt peptideNDMCP-1
2011/ 1014 P2011/052398 f ace b ddi ti of 200 pl
bor el CEASOTOoRRrS A0y Neders 8RS DHSA-fhe ool el fES kb ksl
| ncubattoed w(l:PJrloemSAeamrrﬁpau’gbrf or ti2e huemahtat@dn @ﬂ c9é||z$daard@rn@t wpﬁzezl:le
16.5 pl PBS 52 pl hCCL2 100 rT% )t 1 1 22 % BSA 0.5 pl hQC
recombinant mouse MCP-1 e total mMCP-1 ELISA was performed.
15 The ELISA protocol corresponds to Example 6, for preparation of the standard

curves mMCP1 was incubated with or without QC.

Example 13: Determination of the mMCP-1 N1pE/mMCP-1 ratio in a LPS
stimulated Murine Macrophage Cell Line RAW 264.7 treated with
20 different concentrations of QCI
Example 9 shows that application of QCI reduces the ratio of human MCP1 N1pE/
human MCP-1 in a concentration dependent manner in stimulated A549. In order
to analyse the effect of QCI on the ratio of mouse MCP-1 N1pE / mouse MCP-1,
the mouse macrophage cell line RAW 264.7 was stimulated with LPS in the
25  absence or presence of increasing concentrations of the QC inhibitor QCI.
RAW 264.7 were stimulated for 24h with 10ng/ml LPS and treated with different
QCI concentrations. After 24h cell culture supernatants were analyzed according
to the protocol in Example 9. Cell culture supernatants were diluted 1:1000 in
blocking buffer before addition to the wells.
30
Example 14: Cross validation of mMCP-1 N1pE level in RAW 264.7 cell
culture supernatant by Western Blot analysis
Stimulation of RAW 264.7 and inhibitor application occurred according to

Example 9. For Western Blot analysis, proteins of cell culture supernatants were



-> incubation for 1h at 37C dilution of cyclized standard peptide (10

pg/ M) in PBS/10% (v/v) FBS/0.05 % 10(v/v) Tween-20 down to 10 ng/m and
finally twoR0DOopgsm , 500 pg/m, 250 pg/m ...15.6 pg/ mCT/EP2611@513098 | on oOf
serum or CSF sanples in PBS/10% (v/v) FBS/ 0.05 % (v/v) Tween-20 and
transfer into deep well plates washi ng of plate 3-tinmes with
TBS/ 0. 05% v/ v) Tween-20, renoving of wash 15buffer transfer of sanpl es and
standard peptide solution fromdeep well plate to ELISA plate, 100 pl per
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FBSE 0. Qfattbiri/with THE @B t2@i oM bEU\DRS tR8AITMER 1 tﬂarmgfrmusenwmouse-
251 gG HRP washing of plate 3-tinmes with TBS/ 0. 05% v/v) Tween-20, renoving
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and anti-rat antibody conjugated with horseradish peroxidase were used for
signal detection, following standard procedures.
10
Example 15: Determination of the mMCP-1 N1pE/mMCP-1 ratio in Mice
treated with Thioglycollate and different concentrations of QCI
Example 13 showed that application of QCI decreases the ratio of mMCP-1 N1pE
/ mMCP-1 in a mouse cell culture model. To prove this result in vivo, the ratio of
15 mMCP-1 N1pE / mMCP-1 was measured in an acute inflammatory mouse model
after application of QCI. Beyond the determination of the mMCP-1 N1pE / mMCP-
1 ratio, the effect of decreased mMCP-1 N1pE concentrations on monocyte

infiltration was investigated.

20  Thioglycollate was injected intraperitoneal in mice. Different concentrations of
QCI were applied intraperitoneal 30 minutes before thioglycollate application.
After 4h peritoneal lavage fluid was performed by flushing the peritoneum with
8ml PBS buffer. Peritoneal lavage fluids were subjected to ELISA analyses
according to the protocol in Example 11 to determine mMCP1 and mMCP1 N1pE

25 level in the peritoneum. Samples were diluted 1:5 in blocking buffer before
addition to the wells. Infiltrated monocytes were counted by FACS analysis via

double staining of 7/4 and Ly6G antigens.

Example 16: Determination of the mMCP-1 N1pE/mMCP-1 ratio in fluid
30 mouse samples

Example 11 describes the quantitative detection of recombinant and native

mMCP-1/MCP-1 N1pE. In order to analyse the mMCP-1 N1pE level in fluid mouse

samples without potential cross reactivity of anti mouse IgG-HRP- conjugate,

biotinylation of the MCP-1 N1pE antibody clone 348-2C9 was accomplished.



addition of chronogen solution (SureBlue) to plate, 100 pl per well

I ncubation of plate in the dark at RT for 30 min stopping the reaction by
addi ti on wO 260/ph433. 2 N H2504 per well WO 2011/ 101433PETHEP2Q1051D52398 57
- measuring absorbance at 450 nm/ 540 nm at TECAN Sunri se RESULTS AND

DI SCUSSION 5 To date, the neasurenent of MCP-1 |levels was achieved by a
nunber of different nmethods minly based on ELI SA assays. Therefore a
nunber of different MCP-1 anti bodi es have been devel oped for detection of
total MCP1 from bi ol ogical sources. They have been proven to be 10
functional in Western Blot, for capture and detector application in
ELISA's, for Intracellular Flow Cytonetry (I CFC), Enzyne Linked | munospot
assay (ExdrBp(@ )1 7:HsotReemalititiation zatein{etvijineashrehtgyy) of the | mune
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bi ot ect@el ipfinviated) NEB- Re¥baE antibedy, 348426k to RapERRi @M NMEP-1(£n3®)
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anti bodi es an are a tage: det ect the
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chenoki ne ti f the f nal n .d residue_or of
Che N MNPy AR K 2 s D PEL e MR BB 28, BC Jot £RT T Rrs)
of 1bhe shieid Islifesvokdonditivhsataride asioid \A@a@{gdenﬁd ofhesB Y tprd€ondtieh Oéxmﬂts ence
of hlgh concentrations of the proline specjfic exopeptidase dipeptidyl

pept i dAYEEWER4 thgpmncm@tyom%p@fmtpedae\:'@a@'@St RBJ| &he| Peptiqe and the
respective extinction coefficient were calculated from absorbance at 280 nm. For

the titration experiments, MCP-1 N1pE antibody 2C9 and MCP-1(1-38) were used
at concentrations of 1.87 uM and 29.19 uM, respectively. The binding heat was
15 recorded at 20°C by titration of 29 injections of 10 ul of MCP-1(1-38) into the
anti-MCP-1 N1pE antibody solution. The heat development of the dilution of the
MCP-1(1-38) peptide was determined by titration into the dialysis buffer using
the conditions and instrument setup. Afterwards, the data were analyzed by
means of the MicroCal ORIGIN software. The calculated binding heat was
20  corrected by the heat of the peptide dilution. The resulting curve was fitted by
the “"One Set of Sites” binding model and the stoichiometry, dissociation

constant, reaction enthalpy, reaction entropy, were calculated.

Example 18: Measurement_of human MCP-1 and human MCP-1 N1pE in
25 CSF and serum samples
For the measurement of hMCP-1 and hMCP-1 N1pE in CSF and serum samples,

the following protocol was used:

- dilution of Goat-anti hMCP-1 antibody (R&D systems) in PBS to 250 ng/ml
30 - addition of 100 pl per well of diluted antibody on Maxisorp 96-well plates
(Nunc)
- sealing of plate and incubation overnight at 4°C

- removing of antibody solution



30 term nal unnodified CCL2 within the circulation. This cytokine
deactivation by DP4-nediated N-termnal truncation is totally abolished if

t he gl ut anonyi/mwessdue i s posttransl ati onal converted tecpwmroghoszsomte. WO
2011/ 101433PCT/ EP2011/ 052398 58 Furthernore, N-term nal degradati on,

usual ly not nonitored by neans of existing MCP-1 assays causes MCP-1
species with opposite characteristics?”Residues 7-10 were essential for
receptor desensitization, but were not sufficient for function, and the

i nt eg(rj i 1y bdockirg iofl sesfate dywed ditioacfi 2 pf per WeARBDHAD% (/e tBSIQ PS5 %
ot vi 11 gV ERRE T, RalllE ot aidieatnd MBS ERESRM SerPERMBErd 2ot on,

but that alybkzatioesofistasdare paptidei nvol ved. Several truncated anal ogues,

i ncl udi ng 8-76, 3{ 7?, %ggylo- 76, desensitized MCP-1-induced Ca2+ induction,
but were not sig R active. These anal ogues were antagonists of
MCPs1 activity wit fdeL2 Q.j_)o@ms?{rﬁgtent bei ng the 9-76 anal ogue (1 CsO = 20
nM). The 9-76 specifically bound to MCP-1 receptors with a Ka of 8.3 pM
whi ch was threefdlidl 3¢ §h&SAhan MCP-1 (Kd 2.8 nM. The 9-76 anal ogue
desensiti zed theoc?al%fhg&s]ponse to MCP-1 and MCP-3, but not to other CC
chenoki nes, suggestin at it is MCP receptor specific (Gong, 3.-H and
Clark-Lewi s, |. ¢2996)Batiom forvbld.atBFZPC631-40). 15 MCP sequence al i gnnents

Genonsr aubohBHTeNafs s e i Dhdm 8 B MBI aY T Fa5 0BT ¢ ne
first 76 (gm)mwaeh @dntues 1065¢eal ahd irdne tol 1600 fpey/mINSDer pg/mal, 280 no

acid residues 20 are absolutely conserved ensuring the receptor agonistic
/ ant agom%M/c--det® B88/MA conparison of the different human MCP proteins

(Figure 2).4r ¥ drNSerft Wrr éQPesé?ﬁ?l%s'\l'nt PBEY 11§ds QbN)aﬁBQPO.b@yb/é’te(r\{g@)se of

every mature protein. Due to the different receptor specificity,

adj acent Targaemno28¢ingl resstfnidstcadeematellcoatesr ved. But the basic principle of

5 . I : . ¢ o h.
o1 cavabl SEITIS A RS o et BRATBS/ERBREMANE DviRE- 261 ol e e
pr oseol viouffestegr adat i on of human MCP-1(1-76) Wthin the circulation, MCP-1

[ tected N-t i nal, pd y- i d whjch 30 f | st
agal nat MEEEHHA SN BB 0B AP O RSR L SBLLE R B OBRE QA Bl erD 6).
As a resLisRfpI&¥e, 100 i p&r wagim ni stration, the unprotected N-termnus is

readily cl eaved %( DP4 (Figure 7). The N-termnal truncation, in turn,
| eads to Sealrg of aterprst incuRakiomaL-reoFiguperaterafer 43 Taken together, the

{Me)sg'otl-} | T{s‘?bﬁgﬁ%@%&% 1%%@@53%/@@3 UnftRT SRE-R0uLEL REESERP S RPIB GRS M Of
20 min at RT, afterwards dilution of premix in PBS/10% (v/v) FBS/0.05 % (v/v)
Tween-20 down to 500 ng/ml 348/2C9 and 1 pg/ml anti-mouse-IgG-HRP
- pre incubation of total hMCP-1 antibody (Biolegends) with anti-mouse IgG-HRP
( KPL) for 15 min at RT, afterwards dilution of premix in PBS/10% (v/v)
FBS/0.05 % (v/v) Tween-20 down to 500 ng/ml 2C9 and 1 ug/ml anti-mouse-
25 IgG-HRP
- washing of plate 3-times with TBS/0.05%(v/v) Tween-20, removing of wash
buffer
- addition of antibody solutions to plate, 100 pl per well
- sealing of plate and incubation at room temperature for 2 h
30 - washing of plate 3-times with TBS/0.05%(v/v) Tween-20, removing of wash
buffer
- addition of chromogen solution (SureBlue) to plate, 100 pl per well
- incubation of plate in the dark at RT for 30 min

- stopping the reaction by addition of 50 pl 1.2 N H2504 per well



59 protection, conferring resistance against N-term nal degradation by
post - proline cleaving enzynes, e.g. DP4 and am nopeptidase P (Figure 5).

Pr ot eol viwo 2daigoagat i on of human MCP-1(1-76) by human securmpP2en1os2388 nati on
5with a DP4-specific inhibitor For further investigations on the
proteolytic stability of human MCP-1, the data obtained by incubation of
MCP-1 with the purified proteases, vve?% substanti ated by the incubation of
human MCP-1 with human serum The incubation of human G nl-MCP-1 with human
ser um shdngasuiing\absenpanae at plicami oh40fnraras THAN Sansise10 and t he

| i beration of the first 2 amno acids (G@nlPro2). In addition, QC activity
in plasma conpetes with the N-term nal proteolysis and stabilizes MCP-1,
ending at a final ratio of approx. 60 %truncated Asp3-MCP-1 and 40 %

full-I - - I e 7A). Furthernore, the pre-incubation of
human %Q"ﬁgﬂlﬁﬁ%ﬁﬁ%@%%s to the formation of the N-term nal
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in the chosen time-franme and dilution of the serum no degradation of
pGlul- Mifferenfaseivsiervamly Prgad @N7E)ISA assgydi tion, the incubation of MCP-1
in serumin presence of 9.6 pMof the DP4- inhibitor Isoleucyl-Thiyzolidide
al so prevents the N-term nal degradation, proving, that MCP-1 is degraded
by DP4 TdwerefobP4a | hnkmbact ofvidifferiemt hMicRal sentibo d6s Fhane eoedd) .deRettpeal yori c
degr adat i on. of - 2. MCP-3 and, MCP- anal o to the N-term nal
dogr adterl oh e NERL o eidallabePHrisst y My BeHerdBrOARES Pl y
MCPe 2, fihEtichaang Westérn agai 16k cupt@fenhnaldetéatdrralmaiamn by EDPIA wASor
investigated (Figure 8 to 10). As_observed for 1 before, the N-term nal
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variants of human 3 n order to investi gate the
i nf | ueri@S@ENGHSfand eER-t er mi nal variants of MCP-1 on 5 the ability to
attract human THP-1 nonocytes, Glnl-MCP-1, pG ul-MCP-1 and the DP4 cl eavage
product Asp3-MCP-1 were tested in a chenotaxis assay in vitro. The
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11A) . lof taddM¢tP-anchemokine.

Truncation of the first N-terminal amino acid residue or of the N-terminal GIn-Pro
25 dipeptide decreases the receptor activity (CCR2) of the MCP1 chemokine by at
least two orders of magnitude.

The occurrence of high concentrations of the proline specific exopeptidase
dipeptidyl peptidase 4 (DP4, DPP4, CD26) rapidly decrease the level of N-

30 terminal unmodified CCL2 within the circulation. This cytokine deactivation by
DP4-mediated N-terminal truncation is totally abolished if the glutaminyl residue
is posttranslational converted to pyroglutamate.



10 the ability of MCP-2, MCP-3 and MCP-4 possessing an N-term nal gl utam ne

or pyroglutamate to attract human THP-1 nonocytes was investigated. In

anal ogy twoONBR/1b1438he pG u-formation at the N-term nus eCTMEBBIZ/0803d8 MCP- 3

has no influence on the potency, conpared to the respective

gl ut am neprecursors(Figure 11B and C11 However, for MCP-4 the

pG u-formation slightly 15increases t A potency of the peptide (Figure

11D). To further investigate the role of QC in stabilizing MCP-1 and its

i rpact Fomthearenaregr Nttieomingl TeRradatemncused)ly Ghet - Memitoreds biyndnganedofv t h

human | S J hyuman QC pri or

o b 05 NS SasShyS R ucl el shehiEs 4Bt S h@ﬁ%ﬁ%&%@%@%-wwes

[ rrpl y :Rq@rmleso?y.m wese @bsémmeyl fof rp€dptbr I\zlé@eﬂsutleéth@rm,t bdt byera nodsufficient

respon 5Q - ontr absence Qf?fgr%

{runcarSi Thpcupa, R chel iuaribh o BT ARerl navaiss ceq o los LHicHeneh

hi gher a"é@?rtit Q@gﬁ?ﬂidreatbﬂ%péﬁ&lﬂgl&pwog—l/ Mo rl@@d—ﬁﬂ defe@bbfd reédtopBXi MUM
[

response. In ad re-incubation of 25 -MCP-1 with and the
QC- i nhitndipe thb@t"%SlePﬂtﬁaﬁaﬂoqhai-r?ﬁlﬂp)ﬁéﬂyip A 35543“'06” for MCP 1 func ion,

di met hoxyRRePRiNL NS eraeﬂ%%%hhﬁ?{;)ﬁ;%ﬁ %re%ﬁé]tt?urﬁ’ﬁté fé?{d\’/%%‘ |ﬁﬁgd| e of

renders the peptide vu eavage, as obser
t he do§e76e9p?)6|,sendtlr0¢é6t dehe@ﬂzedVMEPﬂemdueeﬂi Gt T (llTI’d;JC(tmde‘LEdNeI@ not
pd ul- t he inhibition

Rt or et SOULE Ry 7 TaRS R S PORED O dagRn g P ST P B BRI ¢ hus,

t 010t s rhostChovéiti Baing tihe rga—srae@hatdgureh(ﬂanmecme nMe M@ - 76 Gsddificd|y )
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menber s of the I\/CP famly in human beings. Indirect Sandwi ch ELI SA for the
guanti t ve detectjon of total human MCP-1 10(hMCP-1) and human MCP-1

wi th a@ﬁhﬁ@ﬂﬁ%—@?—@&ﬂﬁamte (hMCP-1 NIpE) In order to distinguish
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pepfi dareyatsohakelyooorstest ed tamstihiegt thieatecepdtPadorkkti SA antagomstlc action. A

comparison of the different human MCP proteins (Figure 2) reveals the

occurrence of a N-terminal glutamine in the case of every mature protein. Due to

the different receptor specificity, the adjacent amino acid residues are not

conserved. But the basic principle of a QC accessible N-terminal glutamine

25 residue together with a DP4 cleavable glutamine-proline motif remains

conserved.

Investigations on the proteolytic degradation of human MCP-1(1-76)

Within the circulation, MCP-1 is protected by a N-terminal pGlu-residue, which
30 confers resistance against N-terminal cleavage by aminopeptidases, e.g. DP4
(Figure 3 to 6). As a result of QC inhibitor administration, the unprotected N-
terminus is readily cleaved by DP4 (Figure 7). The N-terminal truncation, in turn,
leads to inactivation of human MCP-1 (Figure 12 and 13) Taken together, the

results imply that the N-terminal pGlu formation represents a mechanism of



In order to exclude an influence of the cyclization state of the standard
peptide 20 to the total hMCP-1 ELI SA, we conpared the detection of

cycli zed wodonoti4sycl i zed reconbi nant hurman MCP-1 in t hecsareoia®smys (Fi gure
15). The experinment reveals no or just a marginal influence of the hMCP-1
peptide cyclization state on its detecfion in the total hMCP-1 ELI SA. This
denonstrates that the capture anti bod§ of both ELISAs as well as the
detection anti body of the 25 total hMCP-1 ELI SA does not interact with the
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15wn6t h the snebuhmmorQ@F m,lnmm U\mdusﬁltyleast in the chosen time-frame and dilution
of the serum, no degradation of pGlul-MCP-1 was observed (Figure 7B). In
addition, the incubation of MCP-1 in serum in presence of 9.6 uM of the DP4-
inhibitor Isoleucyl-Thiyzolidide also prevents the N-terminal degradation,
proving, that MCP-1 is degraded by DP4 or a DP4-like activity in human serum
20  (Figure 7C).

Proteolytic degradation of human MCP-2, MCP-3 and MCP-4

In analogy to the N-terminal degradation of human MCP-1, the susceptibility of

other human MCPs, namely MCP-2, MCP-3 and MCP-4, against N-terminal
25  truncation by DP4 was investigated (Figure 8 to 10). As observed for MCP-1

before, the N-terminal pGlu-residue protects MCP-2 (Figure 8B), MCP-3 (Figure

9B) and MCP-4 (Figure 10B) against proteolytic degradation by DP4. However,
the uncyclized variants, starting with an N-terminal glutamine are readily
truncated by DP4 as shown for GIn'-MCP-2 (Figure 8A), GIn’~-MCP-3 (Figure 9A)
30 and GIn'-MCP-4 (Figure 10A). Therefore, the N-terminal pGlu-residue stabilizes
all MCPs against truncation by aminopeptidases, such as DP4. Thus, the
presented concept, to reduce QC acitivity in vivo in order to provoke accelerated
turnover and diminished chemotaxis and receptor activation, applies for all

members of the MCP-family.



As shown in Exanple 7 (Figure 16), the ampbunts of total hMCP-1 as well as
hMCP-1 N1pE increase in a tinme dependent manner after application of

i nf | anmatwoyonymoissnes. Addition of QCl results in decreasar20vioR2388 N1pE
| evel . 20 Whereas the ratio of hMCP-1 NlIpE / hMCP-1 is about 1 in
untreated NHDF, QCI treated cells show a ratio of about 0,35. After 1-2
days of OSM -F 1L113 stinulation, hvck? 1 N1pE | evel were even bel ow t he
limt of quantitation (LOQ of the hMCP-1 N1pE ELI SA (see Figure 17).
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10  the ability of MCP-2, MCP-3 and MCP-4 possessing an N-terminal glutamine or

pyroglutamate to attract human THP-1 monocytes was investigated. In analogy

to MCP-1, the pGlu-formation at the N-terminus of MCP-2 and MCP-3 has no

influence on the potency, compared to the respective glutamine-

precursors(Figure 11B and C11). However, for MCP-4 the pGlu-formation slightly
15 increases the potency of the peptide (Figure 11D).

To further investigate the role of QC in stabilizing MCP-1 and its impact on the
migration of THP-1 monocytes, GIn'-MCP-1 was incubated with human DP4. In
parallel samples, MCP-1 was pre-incubated with human QC prior to DP4
20  application. As expected, the obtained dose-response curves imply a proteolytic
stability of pGlu!-MCP-1 reflected by a maximum response at 50 - 100 ng / ml.
In contrast, in absence of QC, GIn!-MCP-1 is truncated by DP4, which leads to a
shift of the dose-response curve to higher MCP-1 concentrations (500-1000 ng /
ml) needed to elicit the maximum response. In addition, the pre-incubation of
25  GIn'-MCP-1 with QC and the QC-inhibitor 1-(3-(1H-imidazol-1-yl)propyl)-3-(3,4-
dimethoxyphenyl)thiourea hydrochloride prevents pGlu-formation and, thus,
renders the peptide vulnerable to DP4 cleavage, as observed by the shift of the
dose-response curve to higher MCP-1 concentrations compared to pGlu*-MCP-1
(Figure 12). Therefore, the inhibition of QC leads to the N-terminal
30 destabilization of MCP-1 through degradation by DP4 and, thus, to its inactivation

with respect to the monocyte chemotactic activity.

However, since the glutaminyl-precursors are cleaved by DP4 (Figures 8A, 9A,
10A), also the potencies of the N-truncated DP4 cleavage products of MCP-2,
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MCP-3 and MCP-4 were investigated using the chemotaxis assay. For all three
variants, the truncation by 2 amino acids leads to a partial inactivation of the
chemokines (Figure 13). Therefore, the pGlu-formation at the N-Terminus of all
known MCPs not only protects against N-terminal truncation, but also protects
5 against the loss of chemotactic potency. The presented approach to alleviate the
activity of MCP-1 by suppression of N-terminal maturation therefore applies for

all members of the MCP family in human beings.

Indirect Sandwich ELISA for the gquantitative detection of total human MCP-1
10 (hMCP-1) and human MCP-1 with an N-terminal pyroglutamate (hMCP-1 N1pE)

In order to distinguish between both forms and to determine the quantitative

amounts of total hMCP-1 and hMCP-1 N1pE in biological samples, we needed to

establish two indirect Sandwich ELISAs. Figure 14 shows two characteristic

standard curves for the detection of total hMCP-1 (Figure 14A) as well as for
15 hMCP-1 N1pE (Figure 14B).

Evaluation of the influence of the standard peptide cyclization state to the total
hMCP-1 ELISA
In order to exclude an influence of the cyclization state of the standard peptide

20 to the total hMCP-1 ELISA, we compared the detection of cyclized and not
cyclized recombinant human MCP-1 in the same assay (Figure 15). The
experiment reveals no or just a marginal influence of the hMCP-1 peptide
cyclization state on its detection in the total hMCP-1 ELISA. This demonstrates
that the capture antibody of both ELISAs as well as the detection antibody of the

25  total hMCP-1 ELISA does not interact with the N-terminal amino acid of hMCP-1.
This finding is important for the validation of the hMCP-1 and hMCP-1 N1pE
ELISAs concerning their ability to determine the ratio of both peptides in samples

with varying hMCP-1 N1pE levels.

30 Determination of the hMCP-1 N1pE/hMCP-1 ratio in cell culture supernatants of
stimulated NHDF cells by ELISA
Following an inflammatory stimulus, the expression of hMCP-1 is enhanced in

Human Normal Dermal Fibroblasts (NHDF). Hence, the amount of hMCP-1, as

well as MCP-1 N1pE, should increase after application of Oncostatin M (OSM) and
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Interleukin 1B (IL1B) to NHDF. To prove this, OSM and IL1p stimulated NHDF cell
culture supernatants were subjected to two ELISA analyses. First, the amount of
hMCP-1, and second, the portion of hMCP-1 N1pE were analyzed. The obtained
data show (Figure 16), that the amount of hMCP-1 as well as hMCP-1 N1pE
5 increase in NHDF cell culture supernatant in a time dependent manner following
an inflammatory stimulus by OSM and IL1B application. The proportion of hMCP-
1 N1pE on the total hMCP-1 level ranges between 70% - 95% indicating a near

complete N-terminal pyroglutamate modification of the mature MCP-1.

10 Determination of the hMCP-1 N1pE/hMCP-1 ratio in Normal Human Dermal
Fibroblasts treated with Glutaminyl Cyclase Inhibitor (QCI)

Since Glutaminyl Cyclase (QC) catalyses the formation of N-terminal
pyroglutamate residues, the inhibition of QC should result in decreased hMCP-1
N1pE levels. To prove this, NHDF were stimulated with OSM and IL1B and treated

15  with or without QCI simultaneously.

As shown in Example 7 (Figure 16), the amounts of total hMCP-1 as well as
hMCP-1 N1pE increase in a time dependent manner after application of
inflammatory cytokines. Addition of QCI results in decreased hMCP-1 N1pE level.

20  Whereas the ratio of hMCP-1 N1pE / hMCP-1 is about 1 in untreated NHDF, QCI
treated cells show a ratio of about 0,35. After 1-2 days of OSM + IL1B
stimulation, hMCP-1 N1pE level were even below the limit of quantitation (LOQ)
of the hMCP-1 N1pE ELISA (see Figure 17).

25 Determination of the hMCP1 N1pE/hMCP1 ratio in a human lung carcinoma cell
line (A549) treated with different concentrations of QCI
The carcinoma human alveolar basal epithelial cell line A549 was treated with

different concentrations of QCI in order to analyze the QCI concentration
dependent reduction of hMCP-1 N1pE. The amount of hMCP-1 N1pE is reduced

30 by QCI in a concentration dependent manner whereas the amount of total hMCP-
1 is nearly unaffected (Figure 18). Consequently, the ratio of hMCP-1 N1pE /
hMCP-1 decreases with increasing inhibitor concentrations (Figure 18B).
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Table 2 shows the expected spike level in comparison to observed hMCP-1

concentrations.

Table 3 shows Spike and Recovery data obtained for the addition of hMCP-1

N1pE in human serum. A recovery of the spiked hMCP-1 N1pE peptides of 66%-

79,4% was found.

Table 3: Spike and Recovery of h(MCP-1 N1pE in human serum.

Expected Spike Level of | Observed Spike Level of | Observed Spike Level of
hMCP-1 N1pE [ng/ml] hMCP-1 N1pE [ng/ml] hMCP-1 N1pE in %
6 4,76 79,37
3 2,09 69,80
1,5 1,05 69,81
0,75 0,50 66,00
0,38 0,26 69,89

Table 3 shows the expected spike level in comparison to observed hMCP-1 N1pE

concentrations.
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10 necessary to develop assays for the quantification of mouse MCP-1 and mouse
MCP-1 N-1pE. Since the MCP-1 N1pE antibody clone 348-2C9 cross reacts with
mouse MCP-1 N1pE, this antibody was used for the establishment of an indirect
Sandwich ELISA for the detection of mMCP-1 N1pE. Additionally, a comparable

indirect Sandwich ELISA was developed to detect total mMCP-1 and to

t he

15 distinguish between both forms of the cytokine. Figure 19 shows two
characteristic standard curves for the detection of mMCP-1 N1pE as well as total
mMCP-1.

Evaluation of the influence of the standard peptide cyclization state on the total
20 mMMCP-1 ELISA

Figure 20 demonstrates that the mMCP-1 peptide cyclization state did not

interfere with the ELISA detection of the total mMCP-1. This ensures the

independence of both, the total mouse MCP-1 and the mouse MCP-1 N-1pE

ELISA measurements and proves the correctness of the determined mMCP-1
25 N1pE/mMCP-1 ratio.

Determination of the mMCP-1 N1pE/mMCP-1 Ratio in_a LPS Stimulated Murine
Macrophage Cell Line RAW 264.7 treated with different concentrations of QCI

In order to analyse the effect of QCI on the ratio of mouse MCP-1 N1pE / mouse
30 MCP-1, the mouse macrophage cell line RAW 264.7 was stimulated with LPS in
the absence or presence of increasing concentrations of the QC inhibitor QCI. The
amount of mMCP-1 NI1pE is reduced by QCI in a concentration dependent

manner whereas the amount of total mMCP-1 remains unaffected. Consequently,
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the Western Blot signal of mMMCP-1 N1pE is concentration dependent (Figure

22A) and correlates with the corresponding ELISA data (Figure 22C), showing
the different amounts of mMCP-1 N1pE. This experiment demonstrates the
correctness of the ELISA data using an alternative assay.

15
Measurement of the binding affinity of anti-MCP-1 N1pE antibody
348/2C9 compared to biotinylated MCP-1 N1pE antibodies clone
348/2C9
The binding of MCP-1 N1pE antibody 348/2C9 to the antigen hMCP-1(1-38)
20 yields in:
Stoichiometry: 1.83
Dissociation constant: 151 nM
Reaction enthalpy: -7.679 kcal/mol
Reaction entropy: 5.01 cal/mol-K.

25  Following the biotinylation reaction, the properties of the derivated antibody has

shifted to:

Stoichiometry: 1.41

Dissociation constant: 444 nM

Reaction enthalpy: -11.44 kcal/mol
30 Reaction entropy: -9.96 cal/mol-K

The loss of active antibody protein and decrease of affinity was compensated by
increase of the antibody concentration used for ELISA experiments (example 16).
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Determination of the mMCP-1 N1pE/mMCP-1 ratio in mice treated with

10 thioglycollate and different concentrations of QCI

To further investigate the effect of QC-inhibitor administration on the ratio of

mMCP-1 N1pE / mMCP-1 in vivo QCI was applied to thioglycollate-induced

peritonitis.

Beyond the determination of the mMCP-1 N1pE / mMCP-1 ratio, the cellular
15 composition of the peritoneal lavage fluid was determined with special emphasis

on infiltrating monocytes (MomaZ2-positive monocytes/macrophages).

The experiment results in a dose dependent reduction of the mMCP-1 N1pE /

mMCP-1 ratio after QCI application (depicted in Figure 23). Furthermore, the

relation of mMMCP-1 N1pE level and monocyte invasion into the peritoneum was
20 demonstrated (Figure 23B). A decreased mMCP-1 N1pE / mMCP-1 ratio results in

a decreased number of infiltrating monocytes to the peritoneum.

Such a recruitment of monocytes is a general feature of several inflammatory
disorders, for instance, but not limited to pancreatitis, rheumatoid arthritis,

25 atherosclerosis, and restenosis.

The experiment proves the applicability of the MCP-1 N1pE / MCP-1 ratio as
biomarker, monitoring the monocytes recruitment capacity of MCP-1.
Furthermore the measurement of the MCP-1 N1pE / MCP-1 ratio provides a
30 method for characterization the QC inhibitors’ capacity in their application in

various inflammatory disorders.



5conprises determning the proportion of N-term nal pyroglutamte nodified
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conprises the followi ng steps: 10(a)determning a first concentration (ca)
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observe treatment ore disease related effects.

10



305. The net hod according to claim4, wherein the detection antibody
specific for NNterm nal pyroglutamate nodified MCP-1 conpri ses a nonocl onal
ant i body woaducedssby a hybri doma cell |ine selected fromctrhr2diolobzes ng
group: 348/ 1D4(Deposit No. DSM ACC 2905); WD 2011/101433PCT/ EP2011/ 052398
69 348/ 2C9(Deposit No. DSM ACC 2906); 332/ 4B8(Deposit No. DSM ACC 2907);
and 332/ 4F8( Deposit No. DSM ACC 2908), 56. The nmet hod according to claimb5,
wherein the detection anti body speci fP® for N-ternminal pyr ogl ut anat e

nodi fied MCP-1 conprises a nonocl onal anti body produced by a hybri dona cell
line s&LlAXME from 348/ 2C9 (Deposit No. DSM ACC 2906). 107. The net hod
according to claim2, wherein step (b) conprises: i) contacting a

bi ol ogi cal sanple with a capture anti body specific for MCP-1, ii)
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Systens, M nneapolis, USA); . o . .
MCP-1 in relation to the total concentration of MCP-1 within a biological sample.

2. A method as defined in claim 1, wherein said determination comprises the
following steps:
10 (a) determining a first concentration (c,) of N-terminal pyroglutamate
modified MCP-1 in a biological sample;
(b) determining a second concentration (cg4) of total MCP-1 in said
biological sample; and
(a) determining the ratio of ¢, / ¢4, wherein the value of the first
15 concentration (c,) is divided by the value of the second

concentration (cq).

3. A method as defined in claim 2, wherein the ratio of ¢, / ¢q is 50%, 70% or
85%.
20
4. The method according to claim 2, wherein step (a) comprises:
i) contacting a biological sample with a capture antibody specific
for MCP-1,
i) application of a detection antibody specific for N-terminal
25 pyroglutamate modified MCP-1,
i) detection of the resulting immune complex, and
i) quantifying the captured N-terminal pyroglutamate modified

MCP-1 complex.

30 5. The method according to claim 4, wherein the detection antibody specific
for N-terminal pyroglutamate modified MCP-1 comprises a monoclonal antibody
produced by a hybridoma cell line selected from the following group:

348/1D4 (Deposit No. DSM ACC 2905);



20r abbit pol yclonal to MCP-1 anti body ab18072 (Abcam Canbridge, UK);
rabbit polyclonal to MCP-1 anti body ab9669 (Abcam Canbridge, UK); rabbit
pol ycl onavote1idoR3 anti body ab18072 (Abcam Canbri dge, PUKEP2@oas23MCP- 1
anti body (C-17): sc-1304 (Santa Cruz Biotechnol ogy, Santa Cruz, USA);

25pol ycl onal antiserumrabbit anti rnJE (Peprotech, Hanburg, GCermany);
rabbit polyclonal to nmMCP-1 anti body 9899 (Abcam Canbridge, UK); rabbit
pol yclonal to MCP-1 anti body ab7202 (Abcam Canbridge, UK); and rat

nonocl onal MCP-1 anti body gJBS) sc- 74215 (Santa Cruz Bi ot echnol ogy, Sant a
Cruz, USA). 336/2¢® 2011/ 1012eR=TNePASM AGK22886Y,0 10. The met hod

accordl ng te-6l 7, wher et[gﬁﬁl ogdyqspeci fic for MCP-1
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nonocl onal B(SZMPB 1 ant| bod{pepbdi7 Rd5 DAbALG 2928pri dge, UK); 5nouse

nmonocl onal MCP-1 anti body sc-32819 (Santa Cruz Bi ot echnol ogy, Santa Cruz,
USA); anti nouse MCP-1 (R&D Systens, M nneapolis, MN USA); hanster

monecl @al NBR-rheaindd b@durcahalawammavmer@wbhé deeectidd antidodympeeifanal
MCP- 1 anti body ab8101 ( Abcag{_rﬁ Cambr.i dge and 10rat nonocl onal MCP-1

ant i bod9" (\r&&Mingt pynedlgtamaks agified G?écﬁﬁmp&WS%m%@ma' ody
produced by a hybridoma cell line selected from 348/2C9 (Deposit No. DSM ACC

2906).

10 7. The method according to claim 2, wherein step (b) comprises:
i) contacting a biological sample with a capture antibody specific for
MCP-1,
i) application of a detection antibody specific for MCP-1,
iii) detection of the resulting immune complex, and

15 iv) quantifying the captured MCP-1 complex.

8. The method according to claim 7, wherein the capture antibody specific for
MCP-1 comprises:
polyclonal antiserum goat anti-hMCP1-AF (R&D Systems, Minneapolis, USA);

20  rabbit polyclonal to MCP-1 antibody ab18072 (Abcam, Cambridge, UK);
rabbit polyclonal to MCP-1 antibody ab9669 (Abcam, Cambridge, UK);
rabbit polyclonal to MCP-1 antibody ab18072 (Abcam, Cambridge, UK);
goat MCP-1 antibody (C-17): sc-1304 (Santa Cruz Biotechnology,Santa Cruz,
USA);

25  polyclonal antiserum rabbit anti mJE (Peprotech, Hamburg, Germany);
rabbit polyclonal to mMCP-1 antibody ab9899 (Abcam, Cambridge, UK);
rabbit polyclonal to MCP-1 antibody ab7202 (Abcam, Cambridge, UK); and
rat monoclonal MCP-1 antibody (315): sc-74215 (Santa Cruz Biotechnology,Santa
Cruz, USA).

30
9. The method according to claim 8, wherein the capture antibody specific for
MCP-1 comprises polyclonal antiserum goat anti-hMCP1-AF.



11. The method according to any one of clainms 4 to 10, wherein the
detection of the conplex is carried out by using secondary anti bodi es,

speci fi cavbyoriemeissng 15wi th each detection anti body. P2I/EP2@1/mei3hod
according to claim 11, wherein the secondary anti bodi es are anti-nouse

anti bodi es or anti-rabbit antibodies. 2013. The nethod according to claim
12, wherein the secondary anti bodies are anti-nouse antibodies. 14. The

met hod according to any one of claims’41 to 13, wherein the secondary

anti bodi es are labeled. 25 15. The nmethod according to claim 14, wherein

t he seddhdarlyeamethediiagsorting (tapdained W beareaid the réairstion anshiody s> qaHrP) .

16. Th ﬁcﬁﬁﬁﬁﬁgéﬁg to any one of clains 4 to 15, wherein the detected

30i m’ruﬁce) conﬁ ex is quantified. WD 2011/101433PCT/ EP2011/052398 71

consi stmogseantiEFINGA;1 Raprotech, miimeotg, Eidér@fanygandwi ch ELI SA, conpetitive

oyt onetPSUSERarost o AE M, o Esy pRTLAER RABE R TRRpGTSE K], O
i MBNOPHeasPirhahddenalamdPAEsimtito Bt @t-3u8d Y $68ntbCrdB BidteehABldwgYSaseor di ng

to claim17, wherein the captured conpl exes are quantified by a sandw ch
ELI SA %Uéug%)fi cation neans. 19. The use or nethod according to any one

of cl aigxg; Hﬂohge]f@GPy%%%grSyﬁs@@m%Q MihQegsdicaivgygye is selected fromthe

group consi sting of , serum urine, cerebrospinal fluid (CSF), plasnm,
| ynph, heahstea menwecienalgliedriabntibodyl abgyagvi(Abcamuiambedgef UKdid, bile and

i R o PR AL L
ef floct irge nesrmaidnal NCRABNTINbdY Y1IS3S8c{AALT (Suritat@nzvBibtichnaldzyosegteal

sanpl e and @ surrogate marker for glutam nyl cyclase (QC) inhibition
wi t hi n “dYfr nt by QC inhibitor application.

11. The method according to any one of claims 4 to 10, wherein the detection
of the complex is carried out by using secondary antibodies, specifically reacting

15  with each detection antibody.

12. The method according to claim 11, wherein the secondary antibodies are

anti-mouse antibodies or anti-rabbit antibodies.

20 13. The method according to claim 12, wherein the secondary antibodies are

anti-mouse antibodies.

14. The method according to any one of claims 11 to 13, wherein the
secondary antibodies are labeled.

25
15. The method according to claim 14, wherein the secondary antibodies are

labelled with horseradish peroxidase (HRP).

16. The method according to any one of claims 4 to 15, wherein the detected

30  immune complex is quantified.

17. The method according to any one of claims 4 to 16, wherein the captured

complexes are quantified by a quantification means selected from the group



2022. A net hod of determ ning the proportion of N-term nal pyroglutamte
nodified MCP-1 in relation to the total concentration of MCP-1 within a
bi ol ogi cavo=anmpioes3shi ch conprises the follow ng steps: eardee@nnssong a
first concentration (ca) of N-term nal pyroglutamate nodified MCP-1 in a
bi ol ogi cal sanple; 25(b)determ ning a second concentration (cd) of total
MCP-1 in said biological sanple; and %f)determ' ning the ratio of ca / cd,
wherein the value of the first concenfration (ca) is divided by the val ue
of the second concentration (cd) 30 23. A nethod of screening for a

gl ut anicaypiste| ofs ELISE) SuehPBiindir e ldSA SrpANdes EHrfeA,s@cma@eBtﬂve ELISA,

2011/ 10113 ShCh LR 1 Tyed SR ey AT bt Bt T eyl et on
of N-t éMuntiphex plyssagl Lﬁwshams rrtrdn‘fumls\m@hemustry,elmmcnoprecnmeaticm aland

concent,f,at.i on (b)incubating a control sanple with a m xture
conpri Mﬁﬂ:eﬁfb@?ﬂt %rﬁ?iyg'él utam nyl cyclase (QC) together with a gl utam nyl
cyckase (QC) inhibitor and determ ning the proportion of N-term nal

18. The method according to claim 17, wherein the captured complexes are

quantified by a sandwich ELISA as quantification means.

19. The use or method according to any one of claims 1 to 18, wherein the
10  biological sample is selected from the group consisting of blood, serum, urine,
cerebrospinal fluid (CSF), plasma, lymph, saliva, sweat, pleural fluid, synovial

fluid, tear fluid, bile and pancreas secretion.

20. The method according to claim 19, wherein the biological sample is serum.
15

21. A method of determining the effectiveness of a glutaminyl cyclase (QC)

inhibitor within a biological sample and as a surrogate marker for glutaminyl

cyclase (QC) inhibition within a treatment by QC inhibitor application.

20 22. A method of determining the proportion of N-terminal pyroglutamate
modified MCP-1 in relation to the total concentration of MCP-1 within a biological
sample which comprises the following steps:

(a) determining a first concentration (c,) of N-terminal pyroglutamate
modified MCP-1 in a biological sample;

25 (b) determining a second concentration (cg4) of total MCP-1 in said

biological sample; and

(¢) determining the ratio of ¢, / ¢4, wherein the value of the first
concentration (c,) is divided by the value of the second
concentration (cq).

30
23. A method of screening for a glutaminyl cyclase (QC) inhibitor which
comprises the steps of:

(a) incubating a control sample comprising MCP-1 and glutaminyl



pyroglutamate nodified MCP-1 in relation to the total concentration of

MCP- 1; such that a reduction in the ratio of N-term nal pyroglutanate
nodi fi ed WORef/101488t otal MCP-1 in step (b) relative to PCEEPE@E)/ 052398

i ndi cative of glutam nyl cyclase inhibition. 24. A nethod for neasuring
the effectiveness of a glutam nyl cyclase (QC) inhibitor which conprises

i ncubating a glutam nyl cyclase (QQ ighi bitor with a 15 m xture conpri sing
MCP-1 and gl utam nyl cyclase (QC and’det er mi ni ng the proportion of

N-term nal pyroglutanmate nodified MCP-1 in relation to the total
concentration of qvckase (QQkana determininaithgyrearargoRrfiNfteEn® ory di sease

o an, [ nf anmat or, 201 AS30RL A Skrdl 98P0 WHEGLYGRRP RS ST CERPLAEEART | ooy

specific for amat e nod capture anti body
specific for I\/CPcﬂf,M@Hdllnstructlons to use said kit in accordance vvlth t he

met hods acc ing t ny one of clains to 20, 2526. A .net 0 nitoring
or 11 cacy of B3t ndreiRitiy £ 2808 b eI Wy S clepuE G BT RaNTGE L 880t  bei ng
predi sposed to, gmtbﬁflhﬂr’ﬁWﬁGY(Qtﬁﬁﬁfth@fm & 1ol itarmmYy PEyel &5 QC pt ed

di sease, conprising determning the Er oportion of N-termnal pyroglutamate

nodi fi ed MCP-1 i MRt pRA d[e(gertrﬂ@lrﬂg) b PERRIEIRNI &t N8 BNAlCP- 17 according to

any one of clai ”E¥ g}l? tatBatdInddidt O@ircalin SamRich ﬂcor@{@ &téﬁé&nc%%%tﬂo%ﬁ WO
2011/101433PCT/ EP2011/ 052398 /3 pyrogl utamate nodi f MCP-1 in relation to

the total concenof MGRsi; of MCP-1 in a biol ogical sarrpl e taken on two or
nore o [ froma test. su N2 g 4.

o € o R (8¢ detdtmegohnciat HeESbr (e e YR EartadiRRRIAS Pice-1

pr apor ttotet MCPNE ﬁerstépe(lb)pwiwlgbu&armtéﬁ (disfineicadvioie df ighutrash atyil @wyctased he

t ot al con%entratl on of MCP-1 in the biological sanples taken on two or nore
occasi RPN A use, method or kit according to any one of the preceding
cl ai s, V\/nerel n 10 the inflamuatory di sease or inflamuatory associ at ed

di sease is selected from a neurodegenerative di sease, chronic and acute

i nf | amdti oy Methogsfor, meastEng e shectivenesse s gdj#tﬁ!é‘?'nb’hfcb'é'ﬁﬁﬁt@@)

di seas 0
T30, T ol WEROPBRERE WiEoeilol 3 QUBSHIE LEREE RRLTyBRRSt Mith 2 4
15 mixture comprising MCP-1 and glutaminyl cyclase (QC) and determining the
proportion of N-terminal pyroglutamate modified MCP-1 in relation to the total

concentration of MCP-1.

25. A kit for diagnosing an inflammatory disease or an inflammatory

20 associated disease which comprises a capture antibody specific for N-terminal
pyroglutamate modified MCP-1, a capture antibody specific for MCP-1, and
instructions to use said kit in accordance with the methods according to any one
of claims 1 to 20.

25 26. A method of monitoring efficacy of a therapy in a subject having,
suspected of having, or of being predisposed to, an inflammatory disease or an
inflammatory associated disease, comprising determining the proportion of N-
terminal pyroglutamate modified MCP-1 in relation to the total concentration of
MCP-1 according to any one of claims 1 to 20 in a biological sample from a test

30 subject.

27. A method of diagnosing or monitoring as defined in any one of claims 1 to

20 or 26, which comprises determining the proportion of N-terminal



di agnosi s of atheroschlerosis, rheumatoid arthritis, asthma, del ayed
hypersensitivity reactions, pancreatitis, Al zheiner's disease, |ung
fibrosis,woenal10i43Br osi s, gestosis, graft rejection, nercogEetéilos3asn,

di abeti c nephropathy, colitis, stroke, AIDS and tunors. 20 31. The use,

met hod or kit according to claim?29 or claim30 for the detection and

di agnosi s of Al zheinmer's di sease, atherosclerosis, rheumatoid arthritis,
restenosi s and pancreatitis. 2532. The’8se, method or kit accordi ng to any

of clainms 29 to 31 for the detection and di agnosis of Al zheiner's disease
or rhelvapgiviamatemedi§ed MCP-1 in relation to the total concentration of MCP-1 in

a biological sample taken on two or more occasions from a test subject.

28. A method of diagnosing or monitoring as defined in claim 27, which
5 comprises comparing the proportion of N-terminal pyroglutamate modified MCP-1
in relation to the total concentration of MCP-1 in the biological samples taken on

two or more occasions.

29. A use, method or kit according to any one of the preceding claims, wherein

10 the inflammatory disease or inflammatory associated disease is selected from a
neurodegenerative disease, chronic and acute inflammation, fibrosis, cancer,
metabolic disease, other inflammatory diseases or pathology associated with
hyperinsulinemia and obesity.

15 30. The use, method or kit according to claim 29 for the detection and
diagnosis of atheroschlerosis, rheumatoid arthritis, asthma, delayed
hypersensitivity reactions, pancreatitis, Alzheimer's disease, lung fibrosis, renal
fibrosis, gestosis, graft rejection, neuropathic pain, diabetic nephropathy, colitis,
stroke, AIDS and tumors.

20
31. The use, method or kit according to claim 29 or claim 30 for the detection
and diagnosis of Alzheimer’s disease, atherosclerosis, rheumatoid arthritis,
restenosis and pancreatitis.

25 32. The use, method or kit according to any of claims 29 to 31 for the

detection and diagnosis of Alzheimer’s disease or rheumatoid arthritis.



