WO 03/ 084993 PCT/ EPO3/ 50097 NOVEL ANTAGONI STS OF MCP PROTEI NS FI ELD OF THE
| NVENTI ON The present invention is directed to novel antagonists of MCP

pr ot ei ns,wernd/084993 parti cul ar of human MCP-1, whi ch have beenm/rpesisat ed by
appropriately mnmutageni sing MCP proteins. BACKGROUND OF THE | NVENTI ON
Chenoki nes are snmall secreted pro-inflammuatory proteins, which nediate
directional mgration of |eukocytes fromthe blood to the site of injury.
Dependi ng on the position of the conserved cysteines characterizing this

famly of proteins h C [ f am ivided structurally in C
C-C, GCGX-Cand C NQ&@MQ%MS?SMéﬁaggﬁﬂgsponds a series of
menbrane receptors (Baggiolini Met al., 1997; Fernandez EJ and Lolis E,
2002) . Usual 'y chenokines are produced at the site of injury and cause

| eukocyte migration and activation a a fundanmental role in

i nfl anmat ory, i mune, hoikf? F'EHE Eﬁ (&Jenic processes. These

nol ecul es, therefore, offer the pOSSIbI|It for therapeutic intervention
in di seadhe Paesentineripn s disagted Mw&kge@somﬁtwér“{'?mraﬁe'w andi bi ti ng
speci fic chenokines and their receptors at the scope to preventing the
excebaftigdar efdiumamMaP - hrvhicht havabeesygeserateqd Ry eppregriatelyayuiagenising v  2001;
Loetscher P and Clark-Lewis |, 2001; Godessart N and Kunkel SL, 2001).
Monob\dRepiotRindat t ract ant protein 1 (fromnow on, MCP-1) is a nmenber of the
CC chenokine famly al so known under various nanmes such as CCL2, Snall

| nduci bl e Cytokine A2 (SCYA2), Monocyte Chenotactic And Activating Factor

(MCAF), Monocyte Secretory Protein Je, Mnocyte Chenotactic Factor, and
HC11. This WO 03/ 0849BACKGR@UND GHJbHE INVENTION

Chemokines are small secreted pro-inflammatory proteins, which mediate
directional migration of leukocytes from the blood to the site of injury. Depending on the
position of the conserved cysteines characterizing this family of proteins, the
chemokine family can be divided structurally in C, C-C, C-X-C and C-X5-C chemokines,
to which corresponds a series of membrane receptors (Baggiolini M et al., 1997;
Fernandez EJ and Lolis E, 2002). Usually chemokines are produced at the site of injury
and cause leukocyte migration and activation, playing a fundamental role in
inflammatory, immune, homeostatic and angiogenic processes. These molecules,
therefore, offer the possibility for therapeutic intervention in diseases associated to
such processes, in particular by inhibiting specific chemokines and their receptors at
the scope to preventing the excessive recruitment and activation of leukocytes
(Baggiolini M, 2001; Loetscher P and Clark-Lewis I, 2001; Godessart N and Kunkel SL,
2001).

Monocyte chemoattractant protein 1 (from now on, MCP-1) is a member of the
CC chemokine family also known under various names such as CCL2, Small Inducible
Cytokine A2 (SCYA2), Monocyte Chemotactic And Activating Factor (MCAF),

Monocyte Secretory Protein Je, Monocyte Chemotactic Factor, and HC11. This



chenoki ne i s capable of pronoting the recruitnent of nonocytes and
basophils in response to injury and infection signals in various
i nfl ammatwoy3dssenses, different types of tunors, cardi aecaldrogis@bt, Al DS,
and tuberculosis (Gu Let al., 1999). Structurally and functionally
honol ogous proteins have been idenijfied and called MCP-2 (CCL7), MCP-3
(CCL8), MCP-4 (CCL13), and Eotaxin (CCL1l1). This subfamly of CGC
chenokines is significantly distinct fromother C C chenokines, such as
RANTES or M P-1al pha/ heta, and probably coevol ved from n pr ogem tor
sequéirieo '%@Cﬁa%eé ArOMPNG thec ERsreiment 8§ eMoReGYtASHENG %a W{mdm ar
(but also for CCR1, CCR3, and CCR5). Therefore, nmany of the i nmunol ogi cal
and TasPPASAR YTy aRsbinfegtiop %@naiﬁt"ag/@ﬁp@% mﬂamatw ?lé%af@ﬁ diffesentc. ¢
chenoki nes are common f ughes AL and Yeager 1999; Berhkout TA et al.
1997types 8t Moy cardiate) @%béﬂ%s and tmbgfﬁulospr(&ysk etal.e{999). 1996). The
physi ol ogl cal activities associated with MCP-1 have been ext ensi vely
st udi ed Shyctheadly andfundtianallydemolegaugaretelns daye Reen idenifigd srseallsd whi ch
denonstrate that MCP-1 controls recruitnment of nonocytes and of other cell
t ypeMCPa2 (E6bYL MCP BJLCLEK M <) (GGH 19 randi Batexin (k! 1)| hiip gHbRRIYYY and
aut oi mune di seases, as well as the expression of cytokines related to T
hel pef Or63pmm%nexmﬁargrﬁicgetaséisstmﬁtafroapp&@r Cithphe@@kipgs Mepchl agr e vascul ar
di sorders (restenosis after coronary intervention, arteriosclerosis,
at heRADTIEST o5iMIP-13lpihatbéta, asd rmnbe)blmﬂ@ewmmnéIaa@@amangmrég@w@gu S (| keda
Y et al., 2002; Egashira Ket al., 2002; Gu L et al., 2000; Salcedo R et

, SeQEoce. tmﬁylhavg aJsimilaraeceptongsageybiBdingan partioger CRR2 (bdtﬂSCprret al., 199
5). Since MCP-1 targeting is considered as a possible therapeutic approach
f or CE&RAeGLR3I auh £6R5)dThérefosat mapy @f the invioendloginalagpshinfarmaieny¥ been
described in the |literature, obtaining nore or less inportant inhibitory
ef f eagoristicMERantagorikliceattivifiest dfothesg €al ciemokines ese commoon HUghe9A8) . Exanpl es
of MCP-1 antagonists are an N WO 03/084993 PCT/ EP03/ 50097

and Yeager M, 1999; Berhkout TA et al., 1997; Luster AD and Rothenberg ME, 1997,

Proost P et al., 1996).

The physiological activities associated with MCP -1 have been extensively studied
by means of transgenic animals and other animal models, which demonstrate that
MCP-1 controls recruitment of monocytes and of other cell types (astrocytes, for
example) in many infectious, inflammatory and autoimmune diseases, as well as the
expression of cytokines related to T helper responses. Other diseases that appear
induced by MCP-1 are vascular disorders (restenosis after coronary intervention,
arteriosclerosis, atherosclerosis, ischemia, stroke) and cancer-related angiogenesis
(lkeda Y et al., 2002; Egashira K et al., 2002; Gu L et al., 2000; Salcedo R et al., 2000;
Gosling J et al, 1999; Lu B et al, 1998; Rutledge BJ et al., 1995).

Since MCP-1 targeting is considered as a possible therapeutic approach for
several diseases, different types of MCP-1 antagonists have been described in the
literature, obtaining more or less important inhibitory effect on MCP -1-induced

pathological activities (Dawson J, 2003). Examples of MCP-1 antagonists are an N-



-3 termnal deletion nmutant of MCP-1, natural or synthetic, mssing the
N-termnal amno acids 2 to 10 (Egashira K et al., 2000; Zhang Y and

Rol I'i ns B¥P 0308693 McQui bban GA et al., 2002), anti-MCP-1praoreros/soal

anti bodi es (A uebor MN et al., 1998; Eghtesad M et al., 2001), RNA
aptaners (Rhodes A et al., 2001),_{eptides designed on sequences internal
to MCP-1 (Reckless J and Grainger DJ, 1999 ), MCP-1 antagoni sts peptide
mmcs (Kaji Met al., 2001), antisense oligonucleotides (W 94/09128),

small nolecules (Mrzadegan T et al., 2000) ol ymer-nodj fied MCP-1 (WO
02/ olromingl de'ﬁtloﬂxmuéﬁntd%%@ﬂ Tefalra s Sé’mhéit%rm'é '“SM‘%{“ -igminab@Bio Beck CG et

al., 2001 ). Structurally, MCP proteins %Resent a Nterm nal Ioop and three
R- shaeigs 240 0| @gashlfg/Ke@t@é £e09; Zhapg YrenacRellipgBdal9 %ndﬂ%%m?a GAM et al .
1996; Lubkowski J, et al., 1997 ; Blaszczyk J et al 2000). The

i t ephelu2808), @W‘tﬁ&PﬁafﬁW%@?bP@%bO&feSs(ﬂW@PUW elcali VPP§: EghtesadeM (cong JH
and Cark-Lew s |, 1995; Zhang et al., 1996; Beall CJ et al., 1996; Steitz
SA eetall, 20010 GWVA eptamess (Rf1odes Poetal., RRRHe PeRtides desigrpd on Begeenceset BT et

al . 2001) in which MCP-1 nmutants have reduced activity and/or affinity

f or trh@rnale%?el]dc&1 dRecijesred apdn@raingepiidt di9A8 ) NMEE-bastaoensts prAdidgy
expressing N -termnal truncations (as in many other chenokines), or

si nghemigat éfdjioMs edt ak.egPdllesardisese phigomgleotides 1(WVO 194/09128), small3p, 37, 38,
and 39 (follow ng the nunbering of mature human MCP-1 Similar results
hav e msdesnlesbiMiizadeigdrol €toal axd0A0), Melverer vRodified SIGd (WG W@)ﬁ).@fermki nes
interact with proteoglycans (PGs) and gl ycosam noglycans (GAGs) a feature
commuinaltdecomregeptord (Adéxamdei Hy et all, 2008, BedkeeGletsl. (400 er | euki ns, growt h
factors). Proteoglycans are negatively charged proteins that are

post - t r aBgLieturatipaCP proteifist prederiya N ernzoklilcapoandothred fesieatsi avedaigican si de
chains at serine residues. Clusters of basic residues (mainly Arginines
and bysi gas)x atl the\C-parafireil ead t(danddl dhvaet alvi 1996 GAGskowswh, ah at @Ml y ar e
characterized by the disaccharide repeats such as heparin, chondroitin
sul f @laazcdyRpaenal. 20004t Ehe teratmiegoddéd atamy exachplgsabfustomteeactivily. PGs and

studies (Gong JH and Clark-Lewis |, 1995; Zhang et al., 1996; Beall CJ et al., 1996;
Steitz SA et al.,, 1998; Gu L et al,, 1999; Hemmerich S et al., 1999; Seet BT et al.,
2001) in which MCP-1 mutants have reduced activity and/or affinity for the receptor or
other binding proteins have been obtained by expressing N -terminal truncations (as in
many other chemokines), or single mutations at residues 3, 8, 10, 13, 15, 18, 19, 24,
28, 30, 37, 38, and 39 (following the numbering of mature human MCP-1). Similar
results have been obtained for Eotaxin (Mayer MR and Stone MJ, 2001).

Chemokines interact with proteoglycans (PGs) and glycosaminoglycans (GAGS)
a feature common to many cell-signaling soluble molecules (interleukins, growth
factors). Proteoglycans are negatively charged proteins that are post-translationally
modified by the addition of glycosaminoglycan side chains at serine residues. Clusters
of basic residues (mainly Arginines and Lysines) allow proteins to interact with GAGs,
which commonly are characterized by the disaccharide repeats such as heparin,

chondroitin sulfate, heparan sulfate, dermatan sulfate, and hyaluronic acid). PGs and



WO 03/ 084993 PCT/ EP03/ 50097 -4 GAGs can be present on nenbrane surfaces as
wel | as sol uble nol ecul es, probably at the scope to protect this nolecul e
from protwologes®9s n the extracel lul ar environnent. It ha®CygPa3/aiosD
proposed that GAGs may hel p the correct presentation of cell signaling

mol ecul es to their specific receptpr and, eventually, also the nodul ation
of target cell activation. In the case of chenokines, the concentration
into imMmobilized gradients at the site of inflammation and, consequently,
the interaction with cell receptors and their activation state seemto be
nmoduCAGSEambe Hesery @ mwabreaesurfmesuaﬂ\@?'b%ﬁ sAwPIgMaiecaRss ProkABlY@be f or mati on
of these gradients have been clearly denonstrated for many chenoki nes,

i ncl thei srgPetPPIcteptthisumplagule o projgalysis i theraxiracellplas cavistnmentt Ithas been
suggested that the nodul ation of such interactions nmay represent a

t her hpebeercalsappernsed that GAEs araydieln thedsasess presepfatiennet gellgionaling) . | 1997;
Kuschert Get al., 1999; A S et al., 2001; Patel D et al., 2001; WO

02/ 2ewmylem9miseaer@jc. re;aepley 8nd, eveatuslly, @seiihg mpédaticpremeiatr@etaqeu functi onal
effects of GAG/ MCP -1 interactions have been poorly studied. It is known
t hat agiagtiors dn tine dasenpbchemeokinasi thet goncanigatipnodtecimneebilized rpdiants @tr et ed from
endothelial cells (Douglas Ms et al., 1997). It has been also reported

t hat trewditetdf tinftamimatesn any icnesesgieatiyd the intaraction @it o@llt ieceptansi angsthein  t he
Ctermnal of MCP-1, prevents GAG binding without affecting receptor

bi ndactiyati@astate seéamh taike madutatechion thetspecific (GAG  The( idtendatian avithyGAGet al ,

1998), but there is no disclosure in the prior art of which may be ot her
GAG bnadhegfoshaten of tM3R- pradierds Wieive hbéen vieady ddrestratedaforbmaopnsequent to
their elimnation. Even though extensive studies have been perfornmed on
sone clidmonikesdwsluding MCRdt neeseing thet ladine i affintyt herefore hie hbadiesnof t he
sequence honol ogy, which residues have to be nodified with non

- consaggeatedy ¢hat sthbsmotiulatiom oft suchnipégracteh& tmapdiepgseand theragewitf ect s can
be obtained, since there is a significant structural diversity of GAG

bi ndapgrodchriani inflarhm atdre diskeasee HoogeweHAJ- et at. o h9$T; Kuschert G et al., 1999;

Ali S et al., 2001; Patel D et al., 2001; WO 02/28419; WO 99/50246).

However, the structural requirements and functional effects of GAG / MCP -1
interactions have been poorly studied. It is known that GAGs can modulate the activity
and production of MCP-1 secreted from endothelial cells (Douglas MS et al., 1997). It
has been also reported that substitution of Lysine 58 and Histidine 66 with Alanines in
the C-terminal of MCP-1, prevents GAG binding without affecting receptor binding, Ca”
influx, or chemotactic activity (Chakravarty L et al, 1998), but there is no disclosure in
the prior art of which may be other GAG binding sites of MCP-1, and which in vivo
effects can be consequent to their elimination. Even though extensive studies have
been performed on some chemokines, it is not possible to anticipate, on the basis of
the sequence homology, which residues have to be modified with non-conservative
substitutions to impair GAG binding, and which effects can be obtained, since there is a
significant structural diversity of GAG binding domains in chemokines (Lortat -Jacob H

etal., 2002).



et al., 2002). WO 03/084993 PCT/ EP03/50097 -5 SUMVARY OF THE | NVENTI ON It
has been found that a dibasic site at the N -term nal of human MCP-1

(Argi ni new018/08499%i ne 19) is responsible for the interactipon/EPh3/A0P* 1 Wi th
GAGs. The elimnation of this site by non-conservative substitutions (for
exanple, with Alanines) allows to ggenerate MCP-1 nutants having not only
have a reduced tendency to interact with GAG but a surprising in vivo,
dose-rel ated antagoni stic activities on MCP-1. Such evidence can be

exploited to use nmutants of MCP-1. _and of other MCP proteins, as
ant agoni sts of the correSSHMMARY REFHE INENTION, \hounds prepared in
accordance wth the Bresent i nvention can be used to inhibit the mgration

and act i desdeenfounddnflor gibasicsitp @b ths Ngeintiaal of hup@pt\eRB:1 ¢AgireBy provi di ng
useful therapeutic conpositions for use in the treatnent of diseases
r el afl@dLysineeXDds sespengiplefae e interagtign of Mikdywith @APStTinsreliminationas
i nfl anmati on and aut oi nmune di seases. Qther features and advantages of the
i nvent this sifg 1ty man-egnser@tive fsubstitulinnst Gon exginie dwithiAlarines) eallews gei on.
DESCRI PTION OF THE FI GURES Figure 1: (A) anmino acid sequences of human and
nmut agecermMePMCRyi grwants hayingerelr ey d@ve rdredesed teridenehéo mtenigp! with (nut at ed
amno acids are underlined). The N-term nal nethionine in MCP-1 WI* and
MCP- GART*IRA a wurprisiegoitedvel udosegemted Rntagonistic eptivitigsnopddePdadechr eat nent to
avoid any interference on the activity of the protein due to this
addi eviderde carsbeleaploi®) to pbé gniants chMERd, mad nfetiierrMEPosroteinsaas MCP- 1
(CCL2; SW SSPROT Acc. N P13500), MCP-2 (CCL7; SW SSPROT Acc. No P80075),
MCP- ant{a@hists of St SSRPREFoNtg MG P8Beins ConyoRnds pEPiaged BVEGSRROTeAcc. No

with the present invention can be used to inhibit the migration and activation of

leukocytes expressing their receptors, thereby providing useful therapeutic

compositions for use in the treatment of diseases related to excessive or uncontrolled

leukocyte migration, such as inflammation and autoimmune diseases. Other features

and advantages of the invention will be apparent from the following detailed

description.

DESCRIPTION OF THE FIGURES
Figure 1: (A) amino acid sequences of human and mutated MCP-1 proteins as
expressed and tested in the Examples (mutated amino acids are
underlined). The N-terminal methionine in MCP-1WT* and MCP-1WT*2A
was removed during purification by aminopeptidase treatment to avoid any
interference on the activity of the protein due to this addition al residue. (B)
Alignment of the mature forms of human MCP-1 (CCL2; SWISSPROT Acc.
N° P13500), MCP-2 (CCL7; SWISSPROT Acc. N° P80075), MCP-3 (CCLS;
SWISSPROT Acc. N° P80098), MCP-4 (CCL8; SWISSPROT Acc. N°

Q99616), and Eotaxin (CCL11, SWISSPROT Acc. N° P51671). The basic



@9616), and Eotaxin (CCL11l, SW SSPROT Acc. No P51671). The basic WD

03/ 084993 PCT/ EP03/50097 -6 residues identified in MCP-1 in the present
pat ent apwbiosas4sen as being involved in the binding wthprGREPI§/S®3T dues 18
and 19) and the conserved corresponding residues in the nore honol ogous
human proteins are boxed. O her lhgasic residues conserved anongst all human
MCP proteins are underlined. Figure 2: graph representing the results of

t he heparin binding assay perforned with [3H]-heparin and, as chenoki ne,

either MCP-1 WI* (Q) or. MCP- *2A  (.). Figure,3: graph representing the
resul ts of t??é'dé‘&gi'ij?’mﬁ?ﬁdpé@ﬁgg il il W%ﬁ?@b?’@k”t lﬁpﬁg‘?aﬁgna?sssg?”ger formed by
noni toring the displacenent of [(';:[2511 - MCP-1 fr&m CCR2- expr essi ng CHO
menbr anes col¥eyad thedndieg WHRIGAGH(regidues h2 ABR (1ALang the eryed o) |
MCP- 1W* (0), or MCP-1W*2A (). Figure 4: r%ra h regresenti n,g the results of
t he transwel FOTERPRBEIAN SSikbsayNpler e dho %'Pg‘&'sﬂq Manc BIAteINg /€ as
chenot acti ¢ agent, reconbi nant human MCP-1 (0‘?, MCP-1 WI*, (0) or MCP-1
W= 2A (). Fi boed. ©Otheybasic msidvgs icoinsgved anmangsl 2lk hgman MCB ¥ ¢teiBReal cel | s
recrui tment assay, performed in mce using MCP-1 WI* and/or MCP-1 WI*2A.
The concent @YNEREINGE. MCP- 1 WI'* 2A showi ng a statistically significant
inhibition activity on the nunber of cells recruited by MCP-1W™* are
i ndi E@ueai2;i nokapk regfiesmting the resultsiof thecheparig ifsting assan merPrBed Wehr esul t s of
t he del ayed E‘;\%nt act hypersensitivity assay. Mce were treated with 0.5
nmg/ kg MCP- 1 Wrik-bepqrin ang, & Fmﬁm@ﬁﬂ%lﬁthengpOWT (R ceMER I WIS2fleasured in
ternms of ear(s)vvel i ng vol une each day
o).
Figure 3: graph representing the results of the equilibrium competition receptor
binding assay performed by monitoring the displacement of [ '*°I]-MCP-1
from CCR2-expressing CHO membranes consequent to the addition, as
chemokine, of \(MCP-1 (00), MCP-1WT* (O), or MCP-1WT*2A (®).
Figure 4. graph representing the results of the transwell chemotaxis assay performed
using THP-1 cells and, as chemotactic agent, recombinant human MCP -1
(), MCP-1WT*, (O) or MCP-1WT*2A (®).
Figure 5. graph summarizing the results of the peritoneal cells recruitment assay,
performed in mice wusing MCP-1WT* and/or MCP-1WT*2A. The
concentrations of MCP-1WT*2A showing a statistically significant inhibition
activity on the number of cells recruited by MCP-1WT* are indicated in the
graph with *.
Figure 6: graph summarizing the results of the delayed contact hypersensitivity
assay. Mice were treated with 0.5 mg/kg MCP-1WT*2A (W) or with vehicle

only (O). The effect is measured in terms of ear swelling volume each day

during treatment.



during treatnment. WO 03/084993 PCT/ EP0O3/50097 -7 Figure 7: graph

summari zing the effects on body weight of mce receiving bleomycin for

i nduci ng wong/0849b3 osi s. The average wei ght of control m c@ci/®ros/so09Tonpared
with the average weight of treated mce receiving as well an
intraperitoneal adm nistration of_0.25 ng/kg MCP-1W*2A (0) or PBS only
(0). The indicated weight is an average wei ght val ue for each group of
mce. Figure 8: graph conparing the fibrosis levels in untreated and

bl eonycin-treated mce, which were additionally treated W|th PBS only, or
wi t hFigHre Tint SERRBSUMSTRSRINGAAR eP e o4 Posly weiglt of 5‘¥ﬁ§1f€?&f' VISPRIEOMRIEIB A, Fi brosi s
| evel s were neasured either spectroscopically (top) or histologically
(bottom as falciBewgingdunc fibisisExkIfp PErage:; wgét of cghsplhmiSpbdiifg t he
clinical score neasured in Experinental Autoi nmune Encephal onyelitis (EAE)
ani mal nodel somparad euitinvthen avesade Hrsiat@f digatad mige regeiingyPanYetbaBe of MOP-1
W*2A (Group 2), or 10 mcrograns/ nouse of MCP-1 WI*2A (G oup 3). Figure
10: graph corwgperﬁgneai@dmlmﬁratlan %@@é’“%ﬁé\ﬂl@@cﬂw*%ﬁ)ﬁé’rﬁfﬁ ﬁﬂ'Mced
arthritis (CA animal nodels treated with PBS onl)f/ or 1 m crogram nouse
of MCP- 1 WItQA THE indicetert weightshar Giprage niweightevalud iRt eash @reup 9fi sol at ed
fromtrachea of animal nodels treated and challenged with PBS only (G oup
1), treated Wieh PBS and challenged with oval bumin (Goup 2), or treated
with 10 mcrogranf nouse of MCP-1 WI*2A and chal | enged with oval bum n

(G obijgures§:.. graph comparing the fibrosis levels in untreated and leomycin -treated

mice, which were additionally treated with PBS only, or with an
intraperitoneal administration of 0.25 mg/kg MCP-1WT*2A. Fibrosis levels
were measured either spectroscopically (top) or histologically (bottom) as
described in the Examples.

Figure 9: graph comparing the clinical score measured in Experimental Autoimmune
Encephalomyelitis (EAE) animal models treated with PBS only (Group 1), 1
microgram/mouse of MCP-1WT*2A (Group 2), or 10 micrograms/mouse of
MCP-1WT*2A (Group 3).

Figure 10: graph comparing the clinical score measured in collagen induced arthritis
(CIA) animal models treated with PBS only, or 1 microgram/mouse of MCP-
TWT*2A.

Figure 11: graph comparing the amount of cells isolated from trachea of animal
models treated and challenged with PBS only (Group 1), treated with PBS
and challenged with ovalbumin (Group 2), or treated with 10
microgram/mouse of MCP-1WT*2A and challenged with ovalbumin (Group

3).



WO 03/ 084993 PCT/ EP03/ 50097 -8 DETAI LED DESCRI PTI ON OF THE | NVENTI ON In
view of the literature nentioned above, there is no indication that a
speci fic woilbmgises site in the N-term nus of human MCP-1 deCirmPs3/so0@AG
binding site, and that the non-conservative substitution of the residues
inthis site leads to nol ecul es hayving antagonistic activity on MCP-1.
Mor eover, given the conservation of this dibasic site anongst known MCP
proteins, as well as of other residues which are basic and / or known to

be involved in GAG bindin it can_be inferred thﬂ t he antagoni sts of MCP
protei ns can be obt QEﬂ'édL%‘? DRESCRIBTIN QR THE INVENTIQNt i ons in the residues

correspondi ng to the ones functionally characterized in human MCP-1. The
mai n obj drviewroftthe liggratesmmentioeerd pbeve, sherg ipngvindieatin et arfiegiiisi sts of MCP
proteins consisting of nutants of MCP proteins in which the follow ng
conbidibgsicarite infthe Nelermines of humeerMa@P ohdefines sepdéhbieding itemaAd tRature MOP- 1,
are substituted to Alanine, dycine, Serine, Threonine, Proline, Aspartic
aci dtheregraeensenativessubsititonafithe ressiuesiinithimsitedeads torolgadles bavipy 18 and/ or
19, together with 58; c) 18 and/or 19, together with 66; d) 18 and/or 19,
t ogeghtagonistichadBitnion MEP-&) Moeoxear/aiMenithe qopgervakan of this dikesieisittore of the
follow ng: 24, 44, 49, 75. The present patent application provides
sur paimongst knowni ME Paprateins, astwell daphiothebresidussd whieth age hesielanddcdnmbi nant
MCP-1 mutant in which Arginine 18 and Lysine 19 were substituted with
Al anknean tavhe dhvolvedan (246G ikinding, iesampe infefed that tndntagenistaof MelScri bed
above. These results, conbined with the know edge on the sequence and the
st r uptaieies ofarmt her oblagtedy hyormereadeMaiver substitbionsigigedbe tasitueshi s di basi c
site can
corresponding to the ones functionally characterized in human MCP -1.
The main object of the present invention is to provide novel antagonists of MCP
proteins consisting of mutants of MCP proteins in which the following combinations of
residues, numbered on the sequence of human mature MCP-1, are substituted to
Alanine, Glycine, Serine, Threonine, Proline, Aspartic acid, Asparagine, Glutamic acid,
or Glutamine:
a) 18 and 19;
b) 18 and/or 19, together with 58;
¢) 18 and/or 19, together with 66;
d) 18 and/or 19, together with 58 and 66;
e) 18 and/or 19, together with one or more of the following: 24, 44, 49, 75.
The present patent application provides surprising in vivo and in vitro data
obtained with a novel recombinant MCP-1 mutant in which Arginine 18 and Lysine 19
were substituted with Alanines, which is a particular example of the combinations
described above. These results, combined with the knowledge on the sequence and

the structure of other highly conserved MCP proteins suggests that this dibasic site can



WO 03/ 084993 PCT/ EPO3/ 50097 -9 play not only a general role in MCP
proteins biological activity, but also can be nodified accordingly in
t hese honwbagos®pr ot ei ns to obtai n antagoni st nol ecul es. PCHEPO&SI087
resi dues which have to be nutated in a non -conservative manner in MCP
proteins to obtain nolecul es having antagoni stic properties are essentially
both residues in positions 18 and 19, at |east one of the basic residues
in position 18 and 19 conbined with at | east one of the residues already
knovvn to be involved in GAG  binding, such as 58 and 66 (Chakravarty L et

, Plag gl only a agnerabede indWeP proteins %\%@@al el dbrdLIsaraRgs Pdeds and 19
conbl ned with at |east one of the other basic residues which are conserved
i n ap¢candingl inthese hemeloggug proteins)te; obluin ARAGPNIMEIECHPS., 1997). The ani no
acid replacing the basic residue is preferably a non- poI ar, small am no
aci d | i k&he kaginiragidees whighihaue to e HLtaed in? AN LONaeValive MBRRYSPRI at e,
provi ded that they have a charge and di nension which poorly interfere with
t he MGRiptalgies ¢ obltain molsculep haMig antagansticquerertiesrare %ﬁséni'ﬂéd?%t ible with
GAG bi nding, for exanple Serine, Threonine, Proline, Aspartic acid,
As paresifluee in @siticnsi 18 ans 18, ableasy eneefithe basih eesigussdn P@f%t'QfBT&la'@ﬂ)ﬁ%Ct of the
present invention is to provide nmutants of MCP proteins which contain a
conbtorabined vdth ehieastivae i afrtbe desidvesd alieanye knawid tawbecinvelved iy GAnt agoni st s
of MCP proteins. The term "antagoni st of MCP proteins” nmeans any nol ecul e,
whi chindiogs sech ashB andrits {Chakraviagy doetr @s pi998), iy atdeast ene of the basic h,
natural | y-occurring (wld-type) MCP protein. MCP-1 antagonists known in
t he easiduenvimbogiiomddianidcta camiingdhwitheat daast eneof theeotperclasin resisivescat i on, t he
term MCP proteins include human MCP-1, human MCP-2, human MCP- 3, human
MCP- whichrede homeenvelebin sl innm@ahiMCP pidtgins (ficdhd Bl; 8gereut Miietalt, d997 hd he
correspondi ng SW SSPROT accessi on nunbers), as well as any other protein
havi agirat adie: eeptlaciiifsheprasfoenesidlg isSpEferably anmore pplak fseraiEnying @gtddike

Alanine or Glycine, but other amino acids are appropriate, provided that they have a
charge and dimension which poorly interfere with the structure of the protein and, at the
same time, are incompatible with GAG binding, for example Serine, Threonine, Proline,
Aspartic acid, Asparagine, Glutamic acid, or Glutamine.

Therefore the main object of the present invention is to provide mutants of MCP
proteins which contain a combination of the mutations defined above, and which act as
antagonists of MCP proteins.

The term “antagonist of MCP proteins” means any molecule, which acts as
antagonist to the corresponding mature full-length, naturally-occurring (wild-type) MCP
protein. MCP-1 antagonists known in the art involves modifications

In the sense of the present application, the term MCP proteins include human
MCP-1, human MCP-2, human MCP-3, human MCP-4, and human Eotaxin (fig. 1B;
the legend indicates the corresponding SWISSPROT accession numbers), as well as
any other protein having at least 70%, preferably 80%, and more preferably 90% of

homology with human mature MCP-1, MCP-2, MCP-3, MCP-4, or Eotaxin and



honol ogy wi th human mature MCP-1, MCP-2, MCP-3, MCP-4, or Eotaxin and WO
03/ 084993 PCT/ EP03/ 50097 -10 containing a basic, positively charged am no
acid (Argwoioes49bysine, or Histidine) in all the positiomsTiEPensi0dT ed
above. Further objects of the present invention are antagonists of MCP
proteins selected from a) activgymutants of the above defined mutants of
MCP proteins in which one or nore am no acid residues have been added,
del eted, or substituted without interfering with the antagonistic
activity; b) peptide mnetics designed on the sequence and/or the structure
of penteipingta Eé@c.d@oswpb'ica@sga@famlap;ac@ (Asaininge bysinpe £ dtistising iiiad conpri si ng
the am no acid sequence of (a) or (b), and an am no acid sequence
bel othgi pagiticos ideplitaceabpveéequence ot her than the correspondi ng MCP protein;
d) active fractions, precursors, salts, or derivatives of (a), (b), or (c).
The ant afurihertabiecty ofjbe prasentnventienane antegoristsiof MR pwieins sglectestenpl i fi ed
in the present patent application using MCP-1 WI*2A as MCP-1 ant agoni st
can frem: mai nt ai ned, or even potentiated, in the active mutants. This
category of nolecules includes natural or artificial analogs of said
sequencea) vactiee giutardhef the ahoveedefmedonutentd of MEER piptainsh dvehiskeanezntded,
del eted, or substituted, provided they display the sane biol ogical
activity chaorecareinbzsit iasidube harve beat added ndeletad aor sdstitatesbwighaut hi gher
| evel s, as determ ned by nmeans known in the art and disclosed in the
Exanpl es behtevierigpwitte kergritagonéstic @ptiatly) e substituti ons should be directed to
resi dues not involved in GAG binding, |ike the substitution of Methionine
64 with Bn geptileumimeticshdesighed tére thex asplarse ( BORod WE* 2uct®EQdfD NO 3) to
i nprove purification without altering

polypeptides or peptides of (a);

c) polypeptides or peptides comprising the amino acid sequence of (a) or (b),
and an amino acid sequence belonging to a protein sequence other than the
corresponding MCP protein;

d) active fractions, precursors, salts, or derivatives of (a), (b), or (c).

The antagonistic properties of MCP mutants defined above, and exempilified in
the present patent application using MCP-1WT*2A as MCP-1 antagonist, can be
maintained, or even potentiated, in the active mutants. This category of molecules
includes natural or artificial analogs of said sequence, wh erein one or more amino acid
residues have been added, deleted, or substituted, provided they display the same
biological activity characterized in the present invention at comparable or higher levels,
as determined by means known in the art and dis closed in the Examples below.

For example, acceptable substitutions should be directed to residues not involved
in GAG binding, like the substitution of Methionine 64 with an Isoleucine shown in the
examples (MCP-1WT*2A; SEQ ID NO: 3) to improve purification without altering
essential properties of human MCP-1. Another object of the present invention is

therefore an MCP-1 antagonists having the sequence corresponding to MCP-1WT*2A



essential properties of human MCP-1. Anot her object of the present
invention is therefore an MCP-1 antagoni sts havi ng the sequence

cor r espornsiong/o849MCP- IW* 2A WO 03/ 084993 PCT/ EP03/ 50097 PLI/EP(EE@T D NO.
3). Alternatively, the MCP-1 antagonists, in addition to the substitutions
directed to the residues involved4§0 GAG binding, may mss 2 to 10
N-termnal amno acids, as in the known N-term nal deletion nutants of
MCP-1 (Egashira K et al., 2000; Zhang Y and Rollins BJ, 1995; MQi bban GA

et al.., 2002),_ possibly obtainj i mproved. an oni sfic properties.

Nat ufSFQ A3 g@-é\“@rqaﬂ%’/@}‘r 8 Md:l'g'gkﬁ'?tgggrﬂi%tﬁdi“nﬁé@g’&tf@ﬁ&%@&tg Spr ot ei ns
identified in humans or in other organisns, |ike npuse MCP-1 ré_SW SSPROT
Acc. dirgrtedipthedpsidugs invplved to GAG SEEIng: ey isadetd HaPrietmieal?Biher ed by
known chem cal synthesis and/or by site-directed nutagenesis techniques,

or afAg¢ddtasap the kg NeterRingLeeletinn yiepts ofdYebr1 (Rgaseiwe prehaldé0P:finite set
of substantially correspondin nut ated or shortened peptides or

pol ygBang (Yeém%%@'Hn%aﬁ\’: bE9%0 MGQIPRAN 53184 Rl afP2) + P8R PRI or di nary
skill in the art using the teachings presented in the prior art and in the
Exanfinrrevest antagonisticqupperies-ent application. In accordance with the present
invention, preferred changes in these active nutants are comonly known as
" conser vBiglwal" angogss gree intefidesh theutrersponding seavenses ohMEhasteingesi dues.
Conservative am no acid substitutions are those with am no acids having
suf f identified ip himMans:r i ledhar aganisap dikeinaeusel MCH- 4 ¢PVWIDSPREdehage N'he
structure and the biological function of the nolecule. It is clear that

i nsePlPHAE. Adtificikll andlogs ase ntanded peptsiesnareraresb bye knewre ¢hemigal above
defined sequences without altering their function, particularly if the

i nsepyntoesis @andderl oy sitesdicrated i mvigpenresis fteohnigHaso Qicpdy, oteery knowRder ten,
and preferably under three, and do not renove or displace am no acids which
ar e taghhigue suitalye tthereplinehicty padvidsoaf thiriteasetodl efbstantialbit eprirespondingept i de.
mutated or shortened peptides or polypeptides which can be routinely obtained and
tested by one of ordinary skill in the art using the teachings presented in the prior art
and in the Examples of the present patent application .
In accordance with the present invention, preferred changes in these active
mutants are commonly known as "conservative" or “safe” substitutions, and involve
non-basic residues. Conservative amino acid substitutions are those with amino acids
having sufficiently similar chemical properties, in order to preserve the structure and
the biological function of the molecule. It is clear that insertions and deletions of amino
acids may also be made in the above defin'ed sequences without altering their function,
particularly if the insertions or deletions only involve a few amino acids, e.g., under ten,
and preferably under three, and do not remove or displace amino acids which are
critical to the functional conformation of a protein or a peptide.
The literature provide many models on which the selection of conservative amino

acids substitutions can be performed on the basis of statistical and physico-chemical

studies on the sequence and/or the structure of natural protein (Rogov SI and



The literature provide many nodel s on which the selection of conservative
am no acids substitutions can be perfornmed on the basis of statistical and
physi co- cWermos4993 st udi es on t he sequence and/ or the struecarErodfoopat ur al
protein (Rogov SI and WO 03/084993 PCT/ EP03/ 50097 -12 Nekrasov AN, 2001).
Protein design experinents have shgwn that the use of specific subsets of
am no aci ds can produce fol dable and active proteins, helping in the
classification of amno acid "synonynous"” substitutions which can be nore
easily acconmpbdated in protein structure, and which can be used to detect
f unciNelizgpv Ahd 2087) eetgindesihemsgeatrdhnadysr shovgsthetiiepisg afrRresifial . | 2000) .
The synonynmous am no acid groups and nore preferred synonynous groups are
t hoseuksets Rk @mino Bgise can piedyceefoldablen @ad pradive crrgtelis . shalripg tint 8ns nade on
the basis of these teachings, as well as active nutants wherein one or
nor eclgssificatiae afsamivread | FYRRYEQUST Sdlprlitidions avlick BBAgRE Mee @Asilkct s of the
present invention, that is, novel nutants of MCP proteins having poor GAG
bi ndaerpnpnenaied irepraiein dvchigR mnsk waichcanie yseshta detectciynetiongbaad ng MCP
protein, conparable to the ones of the initially selected nutants, or even
i mpr etveciurat hpmelogbland paalogs dVerpiwsldt isb@d, a‘DQfBr%B@iﬁveommﬁJ@u?m@Oar e
i ntended to conprehend nolecules with changes to the sequence of the
nmut aacid gofupyEPdmeedireferrged sy rerdmabs geoupatare hoge dabtieddinfl@ble It he basi ¢
characteristics disclosed in the present patent application, particularly
i nsof ar Astivet mutabtd proguesst by suabptihitions maslecamiherhasts. ofShede tgachingpounds may
result fromconventional nutagenesis technique of the encoding DNA from
conbas ated @is #ctivee otutaritd giheteimone hemioesy aninof acidscweliergliniiited ey addesk (such as
DNA shuffling, phage display/selection), or from conputer-aided design
st udieess ampbof$tothed objgctst dfethgapiedeanti wreton, tthat ide sioveldmatantsy iof IMGP as
described in the prior art and in the Exanples bel ow.

proteins having poor GAG binding properties and antagonistic activity on the

corresponding MCP protein, comparable to the ones of the initially selected mutants, or
even improved if possible.

The above described alternative compounds are intended to comprehend
molecules with changes to the sequence of the mutants of MCP proteins defined above
which do not affect the basic characteristics disclosed in the present patent application,
particularly insofar as its ability as antagonists is concerned. Similar compounds may
result from conventional mutagenesis technique of the encoding DNA, from
combinatorial technologies at the level of encoding DNA sequence (such as DNA
shuffling, phage display/selection), or from computer-aided design studies, followed by
the validation for the desired activities as described in the prior art and in the Examples
below.

Specific antagonists can be obtained in the form of peptide mimetics (also called
peptidomimetics) of the MCP mutants above defined, in which the nature of peptide or
polypeptide has been chemically modified at the level of amino acid side chains, of

amino acid chirality, and/or of the peptide backbone. These alterations are intended to



Speci fic antagoni sts can be obtained in the formof peptide mnetics (al so
called peptidomnetics) of the MCP nutants above defined, in which the

nat ure ofwpepnsdes or pol ypepti de has been cheni cal | y nodipCirapozsoovhe | evel
of amino acid side chains, of amno acid chirality, and/or of the peptide
backbone. These alterations are ingended to WO 03/084993 PCT/ EPO3/ 50097
-13 provide MCP antagonists having simlar or inproved therapeutic,

di agnostic and/or pharnacokinetic properties. For exanple, when the
peptide is susceptible to cleavage by peptidases fol | ow n ection into
t he ByjdecMGFs ag aﬁpﬂﬁqse"r‘ﬂv'ﬁgaﬂ”a@érﬁérim%‘?veﬂ tBSrarpFPE‘hl%l?g'ipsg%r?@F’%qrve pepti de
bond with a non-cl eavabl e peptide mnetic can provide a peptide nore stable
and Pharsnacapeticrrepetiess a therapeutic. Similarly, the replacement of an L
-amino acid residue is a standard way of rendering the p Tptl de | ess

sensi t i vEOE examrie. aepdhe peatite isisHasariblede sleavagh lPYaPeRt@aéfP Yekewing onpounds

ot her than peptides. Al so useful are amno -termnal Dbl OCkI ng groups such
as t ineatioh dxtpdhe BaRiget is gceoplem, raplarementfiapd rtickigrin seysitivepesiide  suberyl ,
adi pyl, azelayl, dansyl, benzyloxycarbonyl, flu orenyl methoxycarbonyl,

met hbmychwdhamon ci@awabb@mtlgglmlmm h@mw@@r@mepﬂdﬁdﬂqmtaﬁbﬁ and thgphenyl . Many
other nodifications providing increased potency, prolonged activity,

easi msse usgfulasa thecpeutiny Simiarty, the feptacemericnfial Lf -antineacid éesm\@mm n the art
(WD 02/10195; Villain Met al., 2001). Preferred alternative, "synonynous"
gr ouptanfiard way 106 rerdiedng ithe: peptiste feas sepsilivie to pratealysis ancefinaigeorgef i ned i n
Table I1. The techniques for the synthesis and the devel opnent of peptide
m nesingler tasorgawid Icoaponnds pHsri then meptitdés shisarusefud|dre kataing -teimindle ar t
(Sawyer TK, 1997; Hruby VJ and Bal se PM 2000; Col ebi owski A et al.,

2001 plockiagigraspsneuadhoas t-bytyldxycarbpngoagriylathayly sweeiaylumdthexybursingti ds i nt o
proteins, using both in vitro and in vivo translation systens, to probe
and/ subérgipr @dipyphr azelayl, stdansylur benaytbxiycarbomnybn fu erenylgethoxycarbonyl,

methoxyazelayl, methoxyadipyl, methoxysuberyl, and 2,4,-dinitrophenyl. Many other
modifications providing increased potency, prolonged activity, easiness of purification,
and/or increased half-life are known in the art (WO 02/10195; Villain M et al., 2001).
Preferred alternative, “synonymous” groups for amino acids included in peptide
mimetics are those defined in Table II.

The techniques for the synthesis and the development of peptide mimetics, as
well as non-peptide mimetics, are well known in the art (Sawyer TK, 1997; Hruby VJ
and Balse PM, 2000; Golebiowski A et al, 2001). Various methodology for
incorporating unnatural amino acids into proteins, using both /n vitro and in vivo
translation systems, to probe and/or improve protein structure and function are also
disclosed in the literature (Dougherty DA, 2000). MCP-1 antagonists peptide mimics
are known in the literature, without being highly homologous to MCP -1 (Kaji M et al.,
2001).

The present patent application discloses as MCP antagonists polypeptides or

peptides comprising the amino acid sequence as defined above and an amino acid



disclosed in the literature (Dougherty DA, 2000). MCP-1 antagoni sts peptide
mmcs are known in the literature, w thout being highly honol ogous to MCP
-1 (Kaji WoeB/osd993 2001). The present patent applicati onprdraPhesmws? as MCP
ant agoni sts pol ypepti des or peptides conprising the am no acid sequence as
defined above and an amino acid Wp,03/ 084993 PCT/ EP03/ 50097 -14 sequence
bel onging to a protein sequence other than the correspondi ng MCP protein.
Thi s heterol ogous | atter sequence shoul d provide additional properties

wi thout inpairing significatively the antagonistic activity, or proving
GAG BeaHENaE belopgiapitp @sprotei agfiense gthes than tB%&PE‘PW"}SrMBErWP’@@- are an
easier purification procedure, a longer lasting half-life in body fluids,
or eXbisabeterelpggus| ri seauenae sheulds pravider addtignat e etiies Wibeutcul ar

i nportance for defining a specific group of fusion or chinmeric proteins

i ncl ierairing, sighficatiyelvethgeantagenigic agtivite ort PravingiBAGHRINABRY e¥eRattiesdef i ned as
MCP antagonists in this patent application to be localized in the space
whe Esamples @fisychvaddigional msopertigsagieoan gasieppunificetien pigedyret RderIsHept i des i s
facilitated, but also where MCP proteins and their receptor naturally

i nt elasting halfdife irodady fluidseian edgaelitarsiogglizetions ahh iselatiereteatwegerfrat e t he
pol ypeptide or peptide of (c) are the ones of extracellul ar domai ns of
menbpartieulbo impontanseefon, defininauAcsepeasifigl gioupoefs f usion rasgehimerignireteimsr i zat i on
domai ns, extracellular proteins, signal peptide-containing proteins,
expoinclwsiednial theombavanidefinipot giness it ahews Hoe cvoletulesedefined ms MEP t hese
sequences to be fused to the nutant of MCP protein is functional to

spec ahfagonists imfhis paténtagpticatiohsto bedecadired inghe spales whe rehedteoniyuahere pr ot ei ns
can be produced by generating nucleic acid segnents encodi ng them using
commthe {etadibh andepyiifiration g thesshpeptides, isafadilitateshi g also mdpere iINGBI e vect or

of viral or plasmd origin which are used to nodify a Prokaryotic or

Euk apyateing ahd #teircetdptorusturglleipiesactal or non-

Additional protein sequences which can be used to generate the polypeptide or
peptide of (c) are the ones of extracellular domains of membrane-bound protein,
immunoglobulin constant region, multimerization domains, extracellular proteins, signal
peptide-containing proteins, export signal-containing proteins. The choice of one or
more of these sequences to be fused to the mutant of MCP protein is functional to
specific use of said agent. As a general procedure, these fusion proteins can be
produced by generating nucleic acid segments encoding them, using common genetic
engineering techniques, and cloning in replicable vector of viral or plasmid origin which
are used to modify a Prokaryotic or Eukaryotic host cell, using episomal or non-
/homologously integrated vectors, as well as transformation-, infection-, or transfection-
based technologies. These vectors should allow the expression of the fusion protein
including the MCP antagonist in the prokaryotic or eukaryotic host cell under the control
of their own transcriptional initiation/termination regulatory sequences, which are
chosen to be constitutively active or inducible in said cell. A cell line substantially

enriched in such cells can be then isolated to provide a stable cell line.



/ honol ogously integrated vectors, as well as transformation-, infection-,
or transfection- based technol ogies. These vectors should allow the

expr essi owowB/os49e3 f usi on protein including the MCP ant ageairgatros/smobhe
prokaryotic or eukaryotic host cell under the control of their own
transcriptional initiation/termnggion regulatory sequences, which are

chosen to be constitutively active or inducible in said cell. Acell line
substantially enriched in such cells can be then isolated to provide a
stable cell line. WO 03/084993 PCT/ EP03/50097 -15 Wen the additi onal

prot ei n ¥henekheeadditionah Rratein geauesice; 18 Bethfeete of thexgaayeess of ar, export
signal, or signal-peptide containing proteins, allows the MCP antagonists
t o bextsaseldar dxpartt signalx ©F £ignal wentide gaslainingretgiaht allaws Bee MEB easily
collected and purified fromcultured cells in view of further processing
or, antagemistsitocie secreted iadhe extrageliblar sppestthg ageelcat badnergieasdY ed. The p
ol ypeptides and the peptides of the present invention can be in other

al t ecollectedearfaopurifiediiioohcdturedeelisrieview etfudberopraressindoon Akeraatielyed net hod of
use and/or production, for exanple as active fractions, precursors, salts,
der i thetdellesan bedjreglytused or admiwgiéredes. The term "active" neans that such
alternative conpounds should maintain the functional features of the MCP
mut ant s ®dhe prodypeptidesnand rive meptides ah dhes ipoedeat liyeationvsbn bepirapthg@ceutical |y
acceptabl e and useful. The term"fraction” refers to any fragnent of the
pol yplkerhatiliecforhaivhicbfcan e preferrpdancbriing éé the ddsoae methadofasetsindéri on with
rel ated nol ecul es or residues bound to it, for exanple residues of sugars
or phoes=ipbtiire $or examplpgrsegrdive fracfiortshpresuisgran ahits, defivadiops i apsjugategept i de. Such
nol ecul es can result also fromother nodifications which do not normally
al t ecomppliemes.y sequence, for exanple in vivo or in vitro chem cal
derivativization of peptides (acetylation or carboxylation), those nmade by
nmodi f yi nghéherm “active” means that such alternative compounds should maintain the

functional features of the MCP mutants of the present invention, and should be as well
pharmaceutically acceptable and useful.

The term "fraction” refers to any fragment of the polypeptidic chain of the
compound itself, alone or in combination with related molecules or residues bound to it,
for example residues of sugars or phosphates, or aggregates of the original
polypeptide or peptide. Such molecules can result also from ot her modifications which
do not normally alter primary sequence, for example in vivo or in vitro chemical
derivativization of peptides (acetylation or carboxylation), those made by modifying the
pattern of phosphorylation (introduction of phosphotyrosine, phosphoserine, or
phosphothreonine residues) or glycosylation (by exposing the peptide to enzymes
which affect glycosylation e.g., mammalian glycosylating or deglycosylating enzymes)
of a peptide during its synthesis and processing or in further processing steps.

The "precursors" are compounds which can be converted into the compounds of
present invention by metabolic and enzymatic processing prior or after the

administration to the cells or to the body.



pattern of phosphorylation (introduction of phosphotyrosine, p
hosphoseri ne, or phosphot hreoni ne residues) or glycosylation (by exposing
t he peptiwe wos®arynes which affect glycosylation e.g., mamme3/s0097
gl ycosyl ating or deglycosylating enzynes) of a peptide during its
synthesis and processing or in furgher processing steps. The "precursors”
are conpounds which can be converted into the conpounds of present
i nvention by metabolic and enzymatic processing prior or after the
adm nistration to the cells or to the body. WO 03/084993 PCT/ EP03/ 50097
-16 The TBeiArMsapitss herpin eafersite paihsaits ohearh oxd BrauPsang e BE\AIdEPBLPs and to
acid addition salts of am no groups of the peptides, polypeptides, or
anal egits efiamisporoups of te pertisient Polyrepiines & anagps theseofaolthemissant gr oup may
be formed by nmeans known in the art and include inorganic salts, for
exanfsiventiaso Galitmof @asarboxyl gaeHroMEkhe foeped bydpegnsknaw) tsthe ghandhe | ke,
and salts with organic bases as those fornmed, for exanple, wth am nes,
suchinghiderineroarin GBSy faeexamplBnsetiunar Calgidmp @mmenidn| Bimieor gpeéalthe and t he
i ke. Acid addition salts include, for exanple, salts with mneral acids
suchang thef like, erdispitewith ioyaanizbasssias theselfasmed fof gkamplgcwith agmessalts with
organi ¢ acids such as, for exanple, acetic acid or oxalic acid. Any of
suchsuct Bs tdetbanelaminge asgibisea0rt iyainey piperidingr pracaingi and the likeheAgikpt i des and
pol ypeptides of the invention or their anal ogs. The term "derivatives" as
her ebdditier daltefrmiusiet dordexamplei salts with ohingsal anidsppeginpedforf x@mplthe
functional groups present on the lateral chains of the amno acid noieties
or bydrobome Acidror Gutferigrianidl agd salis wilb cogatii gcide skalvaa, festaxeaple, Such
derivatives include for exanple esters or aliphatic am des of the carboxyl
- gr oapeticaanitl dF eyt adidr Anwof sesh sHits shpeld hane sobgjantighy sinilaDagivty tderi vat i ves
of free hydroxyl-groups and are forned with acyl-groups as for exanple
al catteypeptides andyodlypppdides of thedfuenticonf thgiiesslogs. conpl exes of the MCP
ant agoni sts of the present invention

The term "derivatives" as herein used refers to derivatives which can be prepared

from the functional groups present on the lateral chains of the amino acid moieties or
on the N-/ or C-terminal groups according to known methods. Such derivatives include
for example esters or aliphatic amides of the carboxyl -groups and N-acyl derivatives of
free amino groups or O-acyl derivatives of free hydroxyl-groups and are formed with
acyl-groups as for example alcanoyl - or aroyl-groups.

Useful conjugates or complexes of the MCP antagonists of the present invention
can be generated, using molecules and methods known in the art of the interaction with
receptor or other proteins (radioactive or fluorescent labels, biotin), therapeutic efficacy
(cytotoxic agents), or improving the agents in terms of drug delivery efficacy, such as
polyethylene glycol and other natural or synthetic polymers (Pillai O and Panchagnula
R, 2001).

The compounds of the invention may be prepared by any well known procedure
in the art, including recombinant DNA-related technologies described above, and

chemical synthesis technologies.



can be generated, using nolecules and nethods known in the art of the
interaction with receptor or other proteins (radioactive or fluorescent

| abel s, bwoto3n¥4993 her apeutic efficacy (cytotoxic agents) PCarEPOSRI0OVi ng t he
agents in terns of drug delivery efficacy, such as polyethylene glycol and
other natural or synthetic polynmers_(Pillai 0 and Panchagnula R, 2001).
The conpounds of the invention may be prepared by any well known procedure
in the art, including reconbi nant DNA-rel at ed t echnol ogi es descri bed above,
and chem cal synthesis technol ogies. WO 03/084993 PCT/ EPQ3/ 50097 -17

Anot her OBpiBet obfect RE the,nueption ake dhe RNDNROIRTHIRT GPERTHBIIPE ING t he DNA

sequences coding for the MCP nutants of the invention, including nucleot
i de SSWEHERT 2PN Ioraite AICY Mtandanel theyleyensen.ddncusting fusleotidBst anti al | y
the same” includes all other nucleic acid sequences that, by virtue of the
degefRguebgensubsfantigi¥nibie; sanpe ddlucigalide crguenens sykstantiphy, thgvsaeeaci d
sequences. The invention also includes expression vectors which conprise
t he Hiskides Baather nyelgiccagid Seaventss othak YW irtHe Af dhe \degereracyuffl tae pr ocess of
preparation of MCP antagonists of the invention, through the culture in
appr gpnétigtcededlsueedeforihg giensunino acidsegpensesd cells, and col l ecting the
expressed protein. The DNA sequence coding for the proteins of the
i nvent i omheinvebtion alseinciugles rerpraspigatvedtornwbich camprisdthe goxsmNAs, Once
formed, the expression vector is introduced into a suitable host cell,
whi chostheelisekpnefomead mitd sealt gegtols @odya girdcasseot @seraralionppbMGm .
Expression of any of the reconmbinant proteins of the invention as nentioned
her eantagamistseofehé énvestion, rtheaulh the culturedh [app(aprigte guiase sediengksaid or
manmal i an cells) or prokaryotic cells, using the appropriate expression
vect rassforingd cals hardl datieetingi the expressed protein.be enpl oyed.
The DNA sequence coding for the proteins of the invention can be inserted and
ligated into a suitable plasmid. Once formed, the expression vector is introduced into a
suitable host cell, which then expresses the vector(s) to yield the desired protein.
Expression of any of the recombinant proteins of the invention as mentioned
herein can be effected in eukaryotic cells (e.g. yeasts, insect or mammalian cells) or
prokaryotic cells, using the appropriate expression vectors. Any method known in the
art can be employed.
For example the DNA molecules coding for the proteins obtained by any of the
above methods are inserted into appropriately constructed expression vectors by
techniques well known in the art. Double stranded cDNA is linked to plasmid vectors by
homopolymeric tailing or by restriction linking involving the use of synthetic DNA linkers
or blunt-ended ligation techniques: DNA ligases are used to ligate the DNA molecules,
and undesirable joining is avoided by treatment with alkalin e phosphatase.
In order to be capable of expressing the desired protein, an expression vector
should also comprise specific nucleotide sequences containing transcriptional and

translational regulatory information linked to the DNA coding the desired protein in such



For exanpl e the DNA nol ecul es coding for the proteins obtained by any of
the above nethods are inserted into appropriately constructed expression
vect ors bwyo osegtms ques well known in the art. Doubl e stramdedroibtdor s
| inked to plasm d vectors by honopolyneric tailing or by restriction
| inking involving the use of synthgtic DNA |linkers or blunt-ended |igation
techniques: DNA |igases are used to | igate the DNA nol ecul es, and
undesirable joining is avoided by treatnment with al kaline phosphat ase. In
order to be capable of expressing the desired protein, an expression vector
shou@ avay| %Sdomﬁwt ig8Be SXRIEF$IPR and @r%mlmofstea L&’é‘ﬁé@s Fiegiip grdar iy the
transcriptional and translational ulatory information linked to the DNA
codi agne ke bgekanssabed, oit anysh henp@s;@ﬁed/\%yoasmngtge reRopnizeble BORNA - 18 a way
as to permt gene expression and production of the protein. First in order
for pelgmeasetor whigl ther paiWeermeR BINAp @Nfhifyts m@atsisé'afetﬂ@éﬁ%pﬂ% Prasads-er
recogni zabl e by RNA polynerase, to which the pol ymerase binds and thus
i ni t Theresareha variety s rsugh ipsempiesst s yse, Witieh avosk with difgreet ¢ffisiengi@eh pronoters
in use, which work with different efficiencies (strong and weak
pr on(ﬂtr@ns)andmakmmtycsr).i c hosts, different transcriptional and
transl ational regulatory sequences may be enpl oyed, dependi ng on the
nat ure ofot heukengtic Thelp, rdifferbet teamscipdignglo@ndy tiapslatienal ceegulatargh as
adenovirus, bovine papilloma virus, Siman virus or the |like, where the
r egusequengesinayabs emmpoyesis slepandiog wint theanasaret ofc theahogfeddewnahbkras a  hi gh
| evel of expression. Exanples are the TK pronoter of the Herpes virus, the
SV40denraad| fornp voahsicercest $ushyasaastengeiius, feviee paphana virustSimianrvos or i pt i onal
initiation regulatory signals nay be selected which allow for repression
and thetlikeawhene, the cegutaiory sxgnatssare s socdted mathgeparticutargene whictuhag @d. The DNA
nol ecul e conprising the nucl eoti de sequence coding for the protein of the
i nvehighdevel sf exmessiad Bxatnplasereding SK, promoieng f theeHepes alsly, thé Géa
transcri ptional and

early promoter, the yeast gal4 gene promoter, etc. Transcriptional initiation regulatory

signals may be selected which allow for repression and activation, so that expression
of the genes can be modulated.

The DNA molecule comprising the nucleotide sequence coding for the protein of
the invention is inserted into vector(s), having the operably linked transcriptional and
translational regulatory signals, which is capable of integrating the desired gene
sequences into the host cell.

The cells that have been stably transformed by the introduced DNA can be
selected by also introducing one or more markers allowing for selection of host cells
containing the expression vector. The marker may also provide for phototrophy to an
auxotropic host, biocide resistance, e.g. antibiotics, or heavy metals such as copper, or
the like. The selectable marker gene can either be directly linked to the DNA gene
sequences to be expressed, or introduced into the same cell by co-transfection.

Additional elements of the vectors may also be useful for obtaining an optimal

production of proteins of the invention, in particular for selecting a particular cell



transl ational regulatory signals, which is capable of integrating the
desired gene sequences into the host cell. The cells that have been stably
t ransf or nwo obps49be i nt roduced DNA can be selected by al secrriPossiwei ng one
or nore markers allowi ng for selection of host cells containing the
expression vector. The narker may.glso provide for phototrophy to an
auxotropi c host, biocide resistance, e.g. antibiotics, or heavy netals such
as copper, or the like. The sel ectable marker gene can either be directly
i nked to the DNA gene sequences to be expressed, or introduced into the
samecepiningyplassid g i pevactanthe/ersetwithwhich reciRigscells. thakcondeindhe may al so
be useful for obtaining an optimal production of proteins of the
i nvewedtonmay he pegagnizer andfsglectasl fean thagedegpient ealisayhichede neigapting4993
PCT/ EPO3/ 50097 -19 containing plasmd or viral vector: the ease with which
r eci theevactarethesnunabbritof oniesi of the wectorwhish araydesied svadgarticoler &eat: sel ect ed
fromthose recipient cells which do not contain the vector; the nunber of
copi esd afhethes it scdenirate tohberabledtss ishatilel they veelor ibetwean hesttcells ®fid whet her
it is desirable to be able to "shuttle" the vector between host cells of
di f f different spemigses. Once the vector(s) or DNA sequence containing the
construct (s) has been prepared for expression the DNA construct(s) may be
i nt r oduc©dce rthe \atta(sHrapPN eeqlerse caitainibg theycofstracksir hag yeeh suit abl e
means: transformation, transfection, conjugation, protoplast fusion,
el ecprepamdaior erpressibe itlenDINAC sprieditue(Prreay petiatroduced ditoexrt appropniiadé nj ect i on,
etc. Host cells nmay be either prokaryotic or eukaryotic. Preferred are
eukahygstt icell hystay oé. @. vareynedfi antabie |rsearsuctiarsdormatam,, transfeeljgn, nouse, and
Chi nese Hanste r Ovary (CHO cells, because they provide
post ebmjagetioat pabtadlastddsibn,celédtmpsration pecaitiemnphasphateupresipitationl didéetg correct
folding or glycosylation at correct sites. Al so yeast cells

microinjection, etc.

Host cells may be either prokaryotic or eukaryotic. Preferred are eukaryotic hosts,
e.g. mammalian cells, such as human, monkey, mouse, and Chinese Hamste r Ovary
(CHO) cells, because they provide post-translational modifications to protein
molecules, including correct folding or glycosylation at correct sites. Also yeast cells
can carry out post-translational peptide modifications including glycosylation. A number
of recombinant DNA strategies exist which utilize strong promoter sequences and high
copy number of plasmids that can be utilized for production of the desired proteins in
yeast. Yeast recognizes leader sequences on cloned mammalian gene products and
secretes peptides bearing leader sequences (i.e., pre-peptides).

After the introduction of the vector(s), the host cells are grown in a selective
medium, which selects for the growth of vector-containing cells. Expression of the
cloned gene sequence(s) results in the production of the desired proteins.

These objects of the invention can be achieved by combining the disclosure
provided by the present patent application on antagonists of MCP proteins, with the

knowledge of common molecular biology techniques. Many reviews (Makrides SC,



can carry out post-translational peptide nodifications including
gl ycosyl ation. A nunber of reconbinant DNA strategies exist which utilize
strong prwowmB®s49skquences and high copy nunber of plasn asTiEPat/Swan be
utilized for production of the desired proteins in yeast. Yeast recogni zes
| eader sequences on cl oned mammal han gene products a nd secretes peptides
bearing | eader sequences (i.e., pre-peptides). After the introduction of
the vector(s), the host cells are grown in a selective nedium which
selects for the gromh of vector-containing cells. Expression of the
cl ondWYerrd hoglerreyidgs teachings ¢m home oG BN PrefUGe EPBRINEY pr ot ei ns.
These objects of the invention can be achi eved by conbining the disclosure
pr ovpP@RinDysing yeptoessant Pipkanistic ap FLkaneliohos el isigh as semeditieRP pr ot ei ns,
with the know edge of conmon nol ecul ar biol ogy techniques. Many reviews
( MakthedesiestA Rygstos) Aseroach” paplisedys0dord UniversitydapssanBNAceIREINgr ovi des
t eachi ngs on how to clone and produce reconbi nant proteins using vectors
and Prixeressien SystemslKOHotDNA Kdening 41 Memmalien Systesesre 1996; I'B®tein  t he
series "A Practical Approach” published by Oxford University Press ("DNA
C onExgression"E4p9% SBiatein Bysfieation Teclyugues”.BNIR1LI oni ng 4: Manmmal i an Systens”,
1996; "Protein Expression”, 1999; "Protein Purification Techni ques",
2001). Ek=ampbples off chemeiodlcsyinthgist tasbhglogies rate| sl ephaseesythesis phdse
synthesis and liquid phase synthesis. As a solid phase synthesis, for
exanfduyd phaee ayntresisciAb ac solide phagedisynthesis,t fos e3ampleri thesawinot Redpept i de to
be synthetized is bound to a support which is insoluble in organic
sol veortespoadidg liy thel € demings ofethepeplidentodfe syndtatizedh &s baymd towhsupgort am no
acids with their am no groups and side chain functional groups protected
wi t hwhispriepnsagtde pn argartié gelvgntoupsd doyealteomale mepetitioneofbgactiomsi aner der from
the CGtermnus to the N-term nus, and one where the am no acids bound to
t he whsiein amint hacige otithc theire agrimu @rodpst lhed aside ochaiiro dpsctiohalt beoupept | des ar e
rel eased, the peptide

protected with appropriate protective groups are condensed one by one in order from

the C-terminus to the N-terminus, and one where the amino acids bound to the resin or
the protective group of the amino groups of the peptides are released, the peptide
chain is thus extended in this manner. Solid phase synthesis methods are largely
classified by the tBoc method and the Fmoc method, depending on the type of
protective group used. Typically used protective groups include tBoc (t-
butoxycarbonyl), Cl-Z (2-chlorobenzyloxycarbonyl), Br-Z (2-bromobenzyloxycarbonyl),
Bzl (benzyl), Fmoc (9-fluorenylmethoxycarbonyl), Mbh (4,4’ -dimethoxydibenzhydryl),
Mtr  (4-methoxy-2,3,6-trimethylbenzenesulphonyl), Trt (trityl), Tos (tosyl), Z
(benzyloxycarbonyl) and CI2-Bzl (2,6-dichlorobenzyl) for the amino groups; NO2
(nitro) and Pmc (2,2,5,7,8-pentamethylchromane-6-sulphonyl) for the guanidino
groups); and tBu (t-butyl) for the hydroxyl groups). After synthesis of the de sired
peptide, it is subjected to the de-protection reaction and cut out from the solid support.

Such peptide cutting reaction may be carried with hydrogen fluoride or tri-



chain is thus extended in this manner. Solid phase synthesis nethods are

| argely classified by the tBoc nethod and the Fnoc net hod, dependi ng on
the type wb 03ps0dEcti ve group used. Typically used protecPCTEPS/OPE

i nclude tBoc (t- butoxycarbonyl), Cl-Z (2-chlorobenzyl oxycarbonyl), Br-Z
(2-bronobenzyl oxycar bonyl), Bzl _Ghenzyl), Fnoc

(9-fl uorenyl met hoxycar bonyl), Moh (4, 4'-di met hoxydi benzhydryl), Mr
(4-nethoxy-2,3,6-trimethyl benzenes ul phonyl), Trt (trityl), Tos (tosyl),
Z (benzyl oxycarbonyl) and Cl12-Bzl (2,6-dichl orobenzyle for the am no

gr oufigoromethane mutf%y agiddfoptre Boc Z‘%hqd gngevtha et K91 BFrfoneh eedadyl phony! )

for the guanidino groups); and tBu (t-butyl) for the hydrox groups) .

Af t elfoteinsyrdetic %@Pmelﬂéﬁ¢ digcloprghin th@hteracturﬁs(ngym A&t éé {he
de-protection reaction and cut out fromthe solid support. Such peptide
cutting Pedlication afdhe ratergt r sysehetict of FRFaMbEERt f'\ﬂ%r@raégwstﬁ raf the\o 03/ 084993
PCT/ EPO3/ 50097 -21 fluoronethane sulfonic acid for the Boc nethod, and

wi t hinvemidnagant ieecarigstoutdayrasy. oneai the methegs knewn for P pymesei ifs aay e di scl osed
inthe literature (Brown A et al., 1996). Purification of the natural,

synt henvieotional r egroneduiant invIPINgnt &g\‘mﬂtlgt\,s orecinitationy e shiosatearape carri ed
out by any one of the nmethods known for this purpose, i.e. any

conv elecirophuiresis, oore ther éke. nixofuther pestfiqatien im@peﬁreeéhaﬁ mnayi l@m usethrivmat ogr aphy,
el ectrophoresis, or the like. A further purification procedure that may be
usedpidferepeefarppnifyng tre puotéinyaf tpe tinuenpwroiseaffinidy chiomategrapity usings affinity
chromat ography using nonoclonal antibodies or affinity groups, which bind
t he tengelonar entidiodiesndr afinityp gradys e avhiaind bindntis targeld pooteia ged aratri x
contained within a colum. Inpure preparations containing the proteins are
passerbdubedarid irmobiizechon Bhegeprmoatax ncontdihed ewithiyo iandcotumn. hbnpLse unm by
heparin or by the specific antibody while the inpurities will pass

t hr oprEparatiohe contaipimgribe ptdieinpact pagsed $hrelight the coluom. tTive pgeteinbwyill ke change i n
pH or ionic strength. Alternatively, HPLC (H gh Performance Liquid

Chr obatirody taa ey golaran Hyeheparin or by the specific antibody while the impurities will

pass through. After washing, the protein is eluted from the gel by a change in pH or
ionic strength. Alternatively, HPLC (High Performance Liquid Chromatography) can be
used. The elution can be carried using a water-acetonitrile-based solvent commonly
employed for protein purification. The invention includes purified preparations of the
compounds of the invention’. Purified preparations, as used herein, refers to the
preparations which are at least 1%, preferably at least 5%, by dry weight of the
compounds of the invention.

Another object of the present invention is the use of MCP antagonists as above
defined as medicaments, in particular as the active ingredients in pharmaceutical
compositions (and formulated in combination with pharmaceutically acceptable
carriers, excipients, stabilizers, or diluents) for treating or preventing diseases related
to an undesirable activity of MCP proteins leading to an excessive migration and
activation of leukocytes expressing their receptors, such as autoimmune and

inflammatory diseases as well as bacterial and viral infections. Non-limitative examples



used. The elution can be carried using a water-acetonitril e-based sol vent
commonly enployed for protein purification. The invention includes
purifi ed woepas@bi ons of the conpounds of the invention. PRUrEPH3/s®97
preparations, as used herein, refers to the preparations which are at
| east 1% preferably at |east 5%_,hy dry weight of the conpounds of the
i nvention. Another object of the present invention is the use of MCP
ant agoni sts as above defined as nedicanents, in particular as the active
ingredients in pharmaceutical @ conpositions (and fornmul ated in conbination
wi t hobstehriieaages aea the fallovdng: athetis, shgymateid ardubs RAWPEONAiE NNtz er s, or
diluents) for treating or preventing diseases related to an undesirable
act | psipgasy, sEeogtuitisi FystEEudilyRyst eryiematesiss (UEnisypieMmia Clgrepis.act i vat i on
of | eukocytes expressing their receptors, such as autoi rmune and
i nfl acﬁﬂm@rwa,dipggay@@tlas giemeruipnepbidiser fapsiandung rflrosinf adendisnor
Non-limtative exanples WO 03/084993 PCT/ EPO3/ 50097 -22 of such di seases
are hyrersensiteity digeasest deimatidis, Tyreulvabynessensitivity alse qaleg dejgyed-tviei ¢
arthritis, psioriasis, osteoarthritis, system c |upus erythematosus (SLE),
syst bywersersityity sirs DTHs casthrode chinicpobstingtive tiudmonary ndisedsen€pPPPLi s,
fibrosis, lung fibrosis, allergic or hypersensitvity diseases, dermatitis,
Ty peinflemimatery s bnwet idiseage allB®).c L&rokals ddisagssl- tigpwtivey palitisermiltiplei ty or DTH,
asthma, chronic obstructive pul nonary di sease (COPD), inflammtory bowel
di seaderosisBDeptiCr shocks Hi\&dnfeetjonul transptantationol graftyversusthdspl diseasel er osi s,
septic shock, H V-infection, transplantation, graft-versus-host disease
( GVHBYHBh ceowrenetriosiss pa paeatitisathiytoiditis, ehgentiatbipathses. encephal opat hies. I n vi ew
of the literature on the subject, MCP proteins antagoni sts can be as active
i ngr edi et gewof fhediteratee b dlad swyend JCPipoeteins @ntadonists e eeag addivepr event i on
of other diseases related to an undesirable activity of MCP proteins, such
as vagcedients dn pbadeaceutiCalesineposions 6t the teatowat wr ipneventiemtof ether
arteriosclerosis, atherosclerosis, ischem a,

diseases related to an undesirable activity of MCP proteins, such as vascular disorders

(restenosis after coronary intervention, arteriosclerosis, atherosclerosis, ischemia,
stroke) or cancer.

Another object of the present invention is, therefore, the method for treating or
preventing any of the above mentioned diseases comprising the administration of an
effective amount of an MCP protein antagonist of the invention.

The pharmaceutical compositions may contain, in addition to the MCP
antagonist, suitable pharmaceutically acceptable carriers, biologically compatible
vehicles and additives which are suitable for administration to an animal (for example,
physiological saline) and eventually comprising auxiliaries (like excipients, stabilizers or
diluents) which facilitate the processing of the active co mpounds into preparations
which can be used pharmaceutically. Such compositions can be eventually combined
with another therapeutic composition acting synergically or in a coordinated manner
with the MCP mutants of the invention. For example, similar synergistic properties of

CC-chemokine antagonists have been demonstrated in combination with cyclosporin



stroke) or cancer. Another object of the present invention is, therefore,
the nmethod for treating or preventing any of the above nentioned di seases
conpri si myotohmsadsn ni stration of an effective anmount of @&CTMER3/MVOT ei n
ant agoni st of the invention. The pharmaceutical conpositions nmay contain,
in addition to the MCP antagoni stz suitable pharmaceutically acceptable
carriers, biologically conpatible vehicles and additives which are
suitable for administration to an animal (for exanple, physiological
saline) and eventually conprising auxiliaries (like excipients, stabilizers
or CueefIgF9tmnAliernatiely, ithey other EeMposities saR Peohaser eVt B GRERAARounds i nt o
preparations which can be used pharnmaceutically. Such conpositions can be
evenkoewn o be tisrapauticaliyt actine @opiest theapgpifiadiseasd Hﬁngam@hm“d!-bﬂf@
synergically or in a coordi nated manner wth the MCP nutants of the

i nvefarinaitiplEgelesisnprlable JiNF regeptessfor diesmatoippdyéisl-i es of CC- chenoki ne
ant agoni sts have been denonstrated in conbination with cycl osporin WO

03/ 084993 he@hapraduEcal CPMpostos\DaYOke BTgE)atedain arhacseptable walidoot her
conposition can be based with a conpound known to be therapeutically

act i weehtfed needst dfcthspredd bt adiinistrabiorn.ffoor exampid, dhe UBaLAbdiematedals mul ti pl e
sclerosis, soluble TNF receptors for rheumatoid arthritis). The

phar and ether qallyreersgors dugodedivenyy ad aveflldhendifierent teehraquesaansk prodblsg¢oway t o

meet the needs of the node of administration. For exanple, the use of

bi onmaletate las spexifit otdder ofpetipimistiatibnr ar digcldedd vrerdilgratage lelid B laeddi f f er ent
techni ques and nodels to validate a specific node of admnistration, are
di scPosshlich 160,200 a€letand(ULed aB 2080d). Prestwi ch GD, 2001; Celand JL et at.,
2001). An "effective anmount” refers to an anmount of the active ingredients
that i s Asufdfeciientmoontifrieéars tohan coowe ainttet dutiveewngradigntofthathis di sease,

| eading to the reduction or rem ssion of such pathology. The effective
anoustfficieht todefaehtheccoutdecandbthieeseverity of the disease, leading to the reduction

or remission of such pathology. The effective amount will depend on the route of
administration and the condition of the patient.

“Pharmaceutically acceptable” is meant to encompass any carrier, which does
not interfere with the effectiveness of the biological activity of the active ingredient and
that is not toxic to the host to which is administered. For example, for parenteral
administration, the above active ingredients may be formulated in unit dosage form for
injection in vehicles such as saline, dextrose solution, serum albumin and Ringer’s
solution.

Any accepted mode of administration can be used and determined by those
skilled in the art to establish the desired blood levels of the active ingredients. For
example, administration may be by various parenteral routes such as subcutaneous,
intravenous, intradermal, intramuscular, intraperitoneal, intranasal, transdermal, rectal,
oral, or buccal routes. Parenteral administration can be by bolus injection or by gradual
perfusion over time. Preparations for parenteral administration include sterile aqueous

or non-aqueous solutions, suspensions, and emulsions, which may contain auxiliary



adm ni stration and the condition of the patient. "Pharmaceutically
acceptabl e" is neant to enconpass any carrier, which does not interfere
wi t h t he wbfosog49veness of the biological activity of the actippes/sogr edi ent
and that is not toxic to the host to which is adm nistered. For exanple,
for parenteral admnistration, thg_above active ingredients may be
formulated in unit dosage formfor injecti on in vehicles such as saline,
dextrose sol ution, serumalbumn and Ringer' sol ution. Any accepted node
of adm ni stration can be used and deterni ned éhose skilled in the art
to e308Msi Yhexqriertssinosd i Bsdaltedad <apibe rﬁ’éeRﬁE? \RECOTAEIGe ENYiBe For
exanpl e, admnistration may be by various parenteral routes such as
subc edhnssul additian éV%ﬂ?@é@n qf the aetive reMPOHRdS aharRaPYate gl iniegheni t oneal |
i ntranasal, transdermal, rectal oral , or buccal routes. Parenteral
adni BUSRENSIONS Mayabe s@ﬂwt%ﬂu%wtawee@qpbwc@Plvsptsg%ra/&nlaes indvde ttyn over
time. Preparations for parenteral admnistration include sterile aqueous
or neits, defURXAmple Fleseme ., orssyshetis fatysacidestesniar sxamale. §psaste @hyrcont ai n
auxi liary WO 03/084993 PCT/ EP03/50097 -24 agents or_ excipients known in
t he aynthetimfatty aeidrstere cionesamplecethil wgate@rrtm%meﬁlées rUeOHS injegiioAddi ti on,
suspensi on of the active conpounds as appropriate oily injection
suspeusnensonadiatypan gatainssubstancesinareasing thepdpsasity of i sespession vehi cl es
include fatty oils, for exanple, sesane oil, or synthetic fatty acid
est eirwludeorfoex@mmme. sedicnme carboxymethybmllwése,c sorpitoly and/er glextears, for
exanpl e, ethyl oleate or triglycerides. Aqueous injection suspensions that
may Eptivadlly, thebsusprosion inrayr 2lss cagfainhsiakilizars sPhaymateuticel easpesitionsn i ncl ude,
for exanple, sodium carboxynethyl cellul ose, sorbitol, and/or dextran.
Opt i inchideysuitable solwiprsfor edministratipg by dyentiahnanst ednitain fremsaboph@.Oideeut i cal
conpositions include suitable solutions for adm nistration by injection,
and ©8meacantfpreferatiy fromOalgaut 20 toIS percertrf activetemabind fogethealitht 20 to 75
percent of active conpound together with

the excipient. Compositions which can be administered rectally include suppositories.

It is understood that the dosage administered will be dependent upon the age,
sex, health, and weight of the recipient, kind of concurrent treatment, if any, frequency
of treatment, and the nature of the effect desired. The dosage will be tailored to the
individual subject, as is understood and determinable by one of skill in the art. The total
dose required for each treatment may be administered by multiple doses or in a single
dose. The pharmaceutical composition of the present invention may be administered
alone or in conjunction with other therapeutics directed to the condition, or directed to
other symptoms of the condition. Usually a daily dosage of active ingredient is
comprised between 0.01 to 100 milligrams per kilogram of body weight. Ordinarily 1 to
40 milligrams per kilogram per day given in divided doses or in sustained release form
is effective to obtain the desired results. Second or subsequent administrations can be
performed at a dosage, which is the same, less than, or greater than the initial or

previous dose administered to the individual.



t he excipient. Conpositions which can be adm nistered rectally include
suppositories. It is understood that the dosage admnistered wll be
dependentwopass4sbe age, sex, health, and wei ght of the recirmpressqoki nd of
concurrent treatnent, if any, frequency of treatnent, and the nature of
the effect desired. The dosage wi_hk_be tailored to the individual subject,
as is understood and determ nable by one of skill in the art. The total
dose requi red for each treatnent may be adm nistered by nultiple doses or
in a si n% dose. The pharnmaceutical conposition of the present invention
may be a H?nprﬁ%'?teﬂweﬁ'l'%hé‘aérb??f‘ caseibed Wi eferensentr “f'?le?P&ﬁ@th cs
directed to the condition, or directed to other y npt ons of the condition.
Us uaPmpodimeats, Yoot georsentaeft fee desgfintian cgamArses cllihpioadieationst agén 0. 01 to
100 mlligrams per kilogramof body weight. Ordinarily 1 to 40 mlligrans
per ﬁﬁlbiﬂg—ﬁlﬁm pehic£an e, Broupht By @i lél%’éIOFHéB'E%dmthenagd‘ﬂ%éphé&eﬁ@n@ase form
is effective to obtain the desired results. Second or subsequent

adni heyanddhe areanie@rangeourprsefad thfeelaims. a dosage, which is the sane, |ess
than, or greater than the initial or previous dose adm nistered to the

i ndi vi dudhe ingentiar v8useB bpdesEriteg/BODeaNs otbe following:Exampliepvehich on has been
described with reference to the specific enbodinents, but the content of

t he dlesudd hptbeeprstingd bs saryl wayniiseiting thetpressnt imventienu FseiExariptassyill whi ch can
be brought by a person skilled in the art w thout extending beyond the
meanftefes tatie biguressspeoified heredleliwrs. The invention will now be described by
nmeans of the follow ng Exanples, which should not be construed as in any
way |imting the present invention. The Exanples will refer to the Figures
specified here bel ow. EXAVMPLES Exanple 1: in vitro characterization of the
non- heparin bindi ng MCP-1 nut aRXAMBRLES1IWI* 2A

Example 1: in vitro characterization of the non-heparin binding MCP-1 mutant

MCP-1WT*2A

Materials and methods

Expression of the MCP-1 mutants MCP-1WT* and MCP-1WT*2A.

MCP-1 mutants were generated by in vitro, PCR-based mutagenesis of the DNA
sequence coding for human MCP>-1 (hMCP-1; fig. 1; SEQ ID NO: 1), and in particular
for the mature form of human MCP-1, corresponding to the segment 24-99 of the
precursor molecule (SWISSPROT Acc. N° P13500).

It was first generated a plasmid encoding for an active mutant MCP -1 protein
called MCP-1WT*, in which a Methionine start codon is added at the N-terminal of
sequence coding for human MCP-1 (24-99) and an internal Methionine (amino aéid 87
in the precursor and 64 in the mature protein) is replaced with an Isoleucine. This
substitution avoids, when the plasmid is used for the expression in E. coli, the
formation of undesirable MCP-1 species containing Methionine Sulfoxide, without

affecting the properties typical of MCP-1 (Paavola CD et al, 1998). The resulting



Mat eri al s and net hods Expression of the MCP-1 nutants MCP-1 WI* and MCP-1
WI*2A. MCP-1 nutants were generated by in vitro, PCR-based nutagenesis of
the DNA weoegaesues codi ng for human MCP-1 (hMCP-1; fig. 1; PEE@PhESMNG 1),
and in particular for the mature form of human MCP-1, corresponding to the
segnent 24-99 of the precursor ngkecul e (SWSSPROT Acc. No P13500). It was
first generated a plasmd encoding for an active nmutant MCP-1 protein
called MCP-1W™*, in which a Methionine start codon is added at the

N-term nal of sequence codi nP for human MCP-1 (24-99) and an internal

Met hpeaHenee (eaied MGR1§VE7wap glongd apdexprassed EhE 62 Dhmakieomse ¥ @ prot ei n)
is replaced with an Isoleucine. This substitution avoids, when the plasmd
i s upk@midbaseaseoreiisr REE? plasmid (Paavelei CD ehal, 1988hat AdHotsn ¢AdRiBiNgabl e MOP- 1
speci es contai ni ng Methionine Sul foxide, without affecting the properties
t ypi Caresiduapfy. 1A REX B NOCB). et al , 1998). The resulting WO 03/ 084993

PCT/ EPO3/ 50097 -26 sequence, called MCP-1 WI*, was cl oned and expressed in
E. coli Bhempigsnig expeeseing MCPBHINYH wa dnasdfushet metagemzed by s¢eming Paavol a CD
et al, 1998) as a protein containing 77 residues (fig. 1A, SEQ 1D NO 2).
The PC&sidgmentmnesding formep-Alanies inatead lveArdining Aed Lysinaierasitieasidy cl oni ng a
PCR fragnment encoding for two Al anines instead of Arginine and Lysine in
posi ahdr2 of humandi@R-oprenunsan(piositon 18rand itSsiorthg mature ipseteind invEder9 in t he
mature protein), in order to generate the MCP-1 nutant MCP-1 WI*2A, havi ng
t he &agendrateghe MER-1pmpiahi M&F-HWT* 24 hayingsthe fsameHengtivend(furification SEQ | D NO,
3). Al constructs were obtained and controll ed by standard nol ecul ar

bi ol Gppures et MIH-d\YITE ¢fig. PCREMIDAN@NSsi s and anplification, DNA sequencing,
restriction digestion) and nmaintained in the DH5al pha strain of E. coli
during tiAd corstiunty peoxebtained and controlled by standard molecular biology

technologies (PCR mutagenesis and amplification, DNA sequencing, restriction
digestion) and maintained in the DH5alpha strain of E. coli during the cloning process.
The coding sequences were chosen in order to have an optimal codon usage for the
expression in E. coli (Kane JF, 1995).

The pET3-based plasmids encoding for MCP-1WT* and MCP-1WT*2A were then
transferred in an E. coli BL21(pLys) -derived strain called TAP302 and the resulting
strains were used the recombinant expression of the MCP-1 mutants as described
(Paavola CD et al, 1998). This protocol includes the use of aminopeptidase to remove
the N-terminal methionine, thus obtaining recombinant MCP-1 mutants having the
same length of the natural mature form (76 amino acids; fig. 1B). The identity of the

recombinant proteins was verified by mass spectrometry.

Chromatographic assays of MCP-1WT* and MCP-1WT*2A.
MCP-1WT* and MCP-1WT*2A were loaded either onto a Heparin Sepharose

column or onto a SP Sepharose cation exchange column. In both cases the column



The codi ng sequences were chosen in order to have an optimal codon usage
for the expressionin E coli (Kane JF, 1995). The pET3-based pl asm ds
encodi ng woroshgP9d W* and MCP-1 WI*2A were then transfemrcadrons@n7 E. col i
BL21(pLys) -derived strain called TAP302 and the resulting strains were
used the reconbi nant expression ohsthe MCP -1 nutants as descri bed
(Paavola CD et al, 1998). This protocol includes the use of am nopepti dase
to remove the N-term nal nethionine, thus obtaining reconbi nant MCP-1
nutants having the sane |length of the natural mature form (76 am no acids;
fi g.wgquwhhrﬁgeq aetht MM petastiH@ phasebasi(RENt-Shard Henkroteis was @lyte@d by mass
spectronetry. Chronatographic assays of MCP-1 WI* and MCP-1 WI*2A. MCP-1
Wr* it aagarigrgdientArane r@to WA Mag! s thesamgbuffers Heparin Sepharose col um or
onto a SP Sepharose cation exchange colum. In both cases the colum WO
03/ 084993 PCT/ EP03/50097 -27 was equilibrated in 10 nmM pot assi um phosphat e
(pH 7.5) and the protein was eluted wth a linear gradient fromO to 1 M
NaCl Hepanmindiagraspay ofddCPHIMET and MCRATWd "3ssay of MCP-1 W and MCP-1 WI™
2A. Serial dilutions of MCP-1 WI" nutants in Phosphate Buffer Saline (PBS)
cover i ngSerid dilutiongef MCR-1GYL"Ioutentylingnesphate BuferdSaline KPB3Dcovering

[3H] -heparin for 1 hour at 37C. Triplicates of 20 gl of each sanple were
t r antieaang=loft 02-30 GiMvedele IRBUbALEd With t1é0 nM eft[@l—l]-t(aﬂaan fierrl howr)at B71G.ed with a
nitrocullose filter. The plate was washed three times with 200 gl of PBS
usi NgriglickRe MM UNPDF bacH eamaple werearardfdradelol #dsheerPaM. Ursiitentpldtéat i on

fluid (50 1) was added to each well and radioactivity counted (1

M NUpRhERIah) InE it dORkiR a GO6ENIESe fikdt Thavplzte W28 |wWasPdd URieBINTEY With Pr ogr am
(G aphPad Software). Equilibriumconpetition receptor binding assays The

assaygp WeSfPEALEING S YR pURIR @RRvelunBBUld iBefs hEIBhescikMBiyn ( CHO)

fluid (50 pl) was added to each well and radioactivity counted (1 minute/well) in a beta

counter. Data were analysed using Prism program (GraphPad Software).

Equilibrium competition receptor binding assays

The assays were carried out on membranes from Chinese Hamster Ovary (CHO)
cells stably expressing the MCP-1 receptor (CCR2), using a Scintillation Proximity
Assay (SPA) and ['®1]-MCP-1 as tracer. The radiolabelled chemokine (specific activity
of 2200 mCi/mole) was generated from recombinant mature MCP -1 according to the
("] supplier (Amersham). Competitors were prepared by serial dilutions (range 10 -
1072 M) of the unlabelled MCP-1 mutant in the binding buffer (50 mM HEPES pH 7.2, 1
mM CaCl,, 5 mM MgCl,, 0.15 M NaCl and 0.5% BSA).

Wheat germ SPA beads (Amersham) were suspended in PBS to 50 mg/ml, and
diluted in the binding buffer to a 10 mg/ml, and the final concentration in the assay was
0.25 mg/well. Membranes expressing CCR2 were stored at —80°C and diluted in the

binding buffer to 80 png/ml. The final membrane concentration was 2 ug/well and that of

["*®1]- MCP-1 was 0.1nM. The plates were incubated at room temperature with agitation



cells stably expressing the MCP-1 receptor (CCR2), using a Scintillation
Proximty Assay (SPA) and [1251]-MCP-1 as tracer. The radiol abel |l ed
chenoki newOpegiohs c activity of 2200 nCi/nol e) was gener RCEdPHI/B0097
reconbi nant mature MCP-1 according to the [1251] supplier (Amersham.
Competitors were prepared by serigh_dilutions (range 10 -6- 10-12 M of the
unl abelled MCP-1 nmutant in the binding buffer (50 MM HEPES pH 7.2, 1 nM
CaCl2, 5 MM Md 2, 0.15 M NaCl and 0 5% BSA) V\heat germ SPA beads
(Amsrshan) were suspended in PBS to diluted in the binding
buf f fr 4 Bowsmaﬁ@ﬁﬁt&v'tym £aented rﬁhlm'eﬁtﬁé@l't) G B@ra.wum% Ragaliomas 0. 25
ng/ wel | . Menbranes expressing CCR2 were stored at -80C and diluted in the
bi ndiripcaesemplesvare agalsed gaveg Brati pPrageard (BitBacusHseiWarek i on was 2 g/ wel |
and that of [1251]- MCP-1 was 0.1 nM The plates were incubated at room
tenperature with agitati on WO 03/084993 PCT/ EP03/ 50097 -28 for 4 hours.
Radi oactivity was counted (1 mnute/well) in a beta counter. Data from
tri pResdtse sanpl es were anal ysed using Grafit program (Erithacus Software).
Results The literature shows different approaches for testi ng t he heparin
| GAG bi fitie hitpratgreopleows different pEwoachiasdogtasting theyheparil / GAGIgRdinguschert G
et al., 1999; Ali S et al. 2001; Patel D et al., 2001, Chakravarty Let
al , mwsmesmdn@aﬂa@rtc@gewewmq alwAB8a Kusgherde ef 6l bHRA%I AGrS ehal..mat ure form
of human MCP-1 (fig. 1), were expressed in E coli. The first one,
MCP- 200t Pate) i) etsalo 206 1;tGhakravady & ehahdl998XCP- 1 precursor with a nutation
known to elimnate the possibility of nethionine oxidation, wthout
i nt er f er Twg mitahtstdidOR ridimhgse sequence ésbaged ercthevnatyre fpph @hihumeh  MCP- 1
(Paavola CD et al, 1998). On the basis of the sequence of this "active"
mut aMGP-4 (§ecOnavareitexptessddCin £ o Theviist engyrMeBetVih agiviesprrdsdicbasi c site
at the Ntermnal was additionally replaced with Al anine residues.

mature human MCP -1 precursor with a mutation known to eliminate the possibility of

methionine oxidation, without interfering with the binding properties and activity typical
of MCP-1 (Paavola CD et al, 1998). On the basis of the sequence of this “active”
mutant, a second mutant, MCP-1WT*2A was expressed in which a dibasic site at the
N-terminal was additionally replaced with Alanine residues.

The effect of this latter substitution on the MCP-1 properties was first tested by
heparin chromatography. The elution profiles of the two mutants applied on this
chromatography column differ considerably, since the concentration of NaCl required to
elute MCP-1WT* was 0.54 M NaCl whilst MCP-1WT*2A was eluted at 0.24 M NaCl. A
smaller difference was measured using cation exchange chromatography on a SP
Sepharose column (0.55 M NaCl against 0.27 M NaCl).

The comparison of the elution profiles on such chromatographic media provides a
qualitative indication on the contribution of non -specific electrostatic interactions due to
basic amino acids to the heparin binding properties (Proudfoot A et al., 2001). The
difference in NaCl concentration obtained on cation exchange chromatography is

subtracted from that obtained on heparin chromatography. According to this method,



The effect of this latter substitution on the MCP-1 properties was first
tested by heparin chronmatography. The elution profiles of the two nmutants
appl i ed omotobst99xhr omat ogr aphy col unm di ffer consi der abl ycTaPoes0dhe
concentration of NaC required to elute MCP-1W™* was 0.54 M NaCd whil st
MCP- 1IW*2A was eluted at 0.24 MNagl.. A smaller difference was neasured
usi ng cation exchange chromat ography on a SP Sepharose colum (0.55 M NaC
agai nst 0.27 M NaCd ). The conparison of the elution profiles on such
chr omat ogr aphi ¢ _nmedi a provi des a ualitative indication on the
cont MhBOt thefesulting igwp de pesitives(GeR3 &bﬂ Hs easehtibran b 6ARCIYRRY that apasi ¢ ami no
acids to the heparin binding properties (Proudfoot A et al., 2001). The
di f f epegificeinterasiipn) Wity eparin i jdentifiast as hetgdorssesiateshtoethendiRadic ke onat ogr aphy
is subtracted fromthat obtained on heparin chromatography. According to
t hi s Mmwtatadin MGEB-DATR*M993 PCT/ EP03/ 50097 -29 when the resulting figure is
positive (0.02 M in this case), it can be concluded that a specific
i nt er act Actireat maaswp &f binding tp hepanin wasithes negfrrmedysiog trfiatadl beparile di basi ¢
site nutated in MCP-1 WI*2A. A direct neasure of binding to heparin was
t henapeérsegandititios iafighe r&.tGodt @préssed rMaP-amutands i(Bg. 2 PueteonHepariche E. col i
expressed MCP-1 nmutants (fig. 2). Protein-Heparin conplexes were isolated
by addinpgxehevete| igolatads byradsing the cliiltiensogetof nitrogellossuftersspypbrt s are
capable of retaining proteins efficiently, therefore allow ng the
eval sappats arefcapaiarf retéiningeproteiisoeffiientlye themefpre allovingithe € valvationpr ot ei n.
Thi s approach confirnmed that the heparin binding properties of MCP-1W*2A
wer e of agoifii afahe Irgdiclebeltedchepadnbauad te theMiptein. s approach gonfamedqui | i bri um
conpetition receptor binding assay was perforned to denonstrate the effect
of t kreatr theubeparime pinding hropkrties mf oMER-18E A WBR signifftagtly gaduaelde bi ndi ng
of the specific receptor CCR2 (fig. 3). Sanples containing radiol abel | ed
compared to MCP-1WT™,

Finally, an equilibrium competition receptor binding assay was performed to
demonstrate the effect of the reduced heparin binding properties of MCP -1WT*2A on
the binding of the specific receptor CCR2 (fig. 3). Samples containing radiolabelled
MCP-1 mixed with serial dilutions of one of the two mutants, or of MCP -1, were
incubated with membranes prepared from CHO cells stably expressing CCR2. Whilst
MCP-1WT* and MCP-1 protein showed an almost identical binding profile, the MCP -
1WT*2A mutant shows a 20 fold reduction in affinity for CCR2, since it has an IC 5o of
1.7340.6 nM, compared to 0.08+0.045 nM for the other two tested proteins, showing

that high affinity is retained in this heparin -binding defective MCP-1 mutant.

Example 2: characterization of the non-heparin binding MCP -1 mutant in models

of cell recruitment.

Materials and methods

Chemotaxis assay



MCP-1 m xed with serial dilutions of one of the two nutants, or of MCP -1,
were incubated with nenbranes prepared from CHO cells stably expressing
CCR2. Whiweto3/084393 1WI** and MCP-1 protein showed an al nost praaros/smb7 bi ndi ng
profile, the MCP- 1W*2A nutant shows a 20 fold reduction in affinity for
CCR2, since it has an IC 50 of 1343+0.6 nM conpared to 0.080.045 nM for
the other two tested proteins, shovm ng that high affinity is retained in
this heparin -binding defective MCP-1 nmutant. Exanple 2: characterization
of the non -heparin binding MCP-1 nutant in nodels of cell recruitnent.
Mat eri al §h%1ﬁ§53¥e\ﬁ’%§%"'e¢l¢§gﬁ$'a& BhUREEROWPDRYES £9 e (HfEpb 8y Bboo7 - 30
The assay was carried out using a human pro-nonocytic cell line (THP-1) in
24- wellltranswels shemoekisneitambess ¢Gostar fidted @gtht Arymfrare edzenmembranespor e si ze
menbranes (Neuroprobe). The reconbinant MCP-1 proteins were serially

di | u{Nelr¢prahee Tbé raddnbirdnt MQP M) proteiréO@ere seirialRPiiluted (fhoge obt &1@i ng 5%
inactivated fetal calf serum (FCS), 2 mM glutam ne and 25 mM HEPES (pH

7. 2) ? M)ias003406PRPMI widkunp cantaithingrs% heactivated ferslldatf serum (HGS), Thit 1 cel | s
(100 I of a cell suspension at 10 x 106 cells/m in the sane nmedium were

pl ac %%Eénﬁlné RAd 2B FENHEPES €p1§ MY DEeseaampRasubeieatadedr indhd Rwes w@tls 37 C under

5% The sanples were then renoved, transferred to a 1.5 tube, and
cent hiigtaeb-alcens?(0y woiQ&elﬁsdgpeHélsﬁ ot T2 10eL4IRNA0N aRd ééiné!\ﬁfeeluhgs uspended
in 100 mM PBS and counted in a Coulter counter (Beckman). The data were

anal %?éjngl%ééd‘ﬁh tﬁé'nﬁcéeEnIEr PHE BMAmMbSY @R RRbbared tf(yyag ﬁburs"a‘?@'?t’@%@ér gogl 1 ul ar

Recr ui Assay ul ar recruitnment was i nduced y |ntraper| t oneal

i nj egd Oﬁhé)g?\feg_@%h&wg%ﬁ/ r%mo%@ehéﬁ%fegreﬁ% 121 ¥k 1Qfi @3 dUentflugedt the

r ecorbi-nant
200x g for 5 minutes. The pelleted cells were resuspended in 100 ml PBS and counted

in a Coulter counter (Beckman). The data were analyzed using Prism program

(GraphPad Software).

Peritoneal Cellular Recruitment Assay

Cellular recruitment was induced by intraperitoneal injection of female BALB/c
mice of 8 to 12 wk of age of 10 ug of the recombinant MCP-1WT* or MCP-1WT*2A
proteins diluted in 0.2-ml sterile, lipopolysaccharide-free PBS. When the antagonistic
properties of MCP-1WT*2A were tested, the indicated amounts of the protein, diluted in
0.2 ml of the same sterile solution, were administered 30 minutes prior to the agonist
(MCP-1WT*) administration. Mice were sacrificed by aerosolized CO; 16 hours after
the administration of the agonist, and peritoneal lavage was performed with 5 ml PBS
three times. The lavages were pooled and centrifuged at 600x g for 10 minutes, and
the pelleted cells were resuspended in a final volume of 1 ml and total elicited

leukocytes were counted with a hemacytometer.

Results



proteins diluted in 0.2-m sterile, |ipopolysaccharide-free PBS. Wen the
antagonistic properties of MCP-1 WI*2A were tested, the indicated anounts
of the prwOeBng4gi luted in 0.2 m of the same steril e solPUTiEPN3/S00RT €

adm nistered 30 mnutes prior to the agonist (MCP-1W*) adm nistration.
Mce were sacrificed by aerosolizgg_ CO2 16 hours after the adm nistration
of the agonist, and peritoneal |avage was perfornmed with 5 mM PBS three
times. The | avages were pool ed and centrifuged at 600x g for 10 m nutes,
and the pelleted cells were resuspended in . a final volu of 1.mM and
total el Fell f%cd“'t"[‘%ﬁ@éwsélav\ﬁet?e@”d@ﬁﬁtf%rdchﬁ"t“ﬁerg'%H@B?’?‘Sﬁg’?gﬁer%suI ts WO
03/ 084993 PCT/ EP03/50097 -31 Cell recruitnment assays have been used for
char proteips telated o MEE-1 (Ajgekar Nl et ak.c1998; BeeessnsandPeanasr O 1881 (Aj uebor
MN et al., 1998; Reckless J and G ainger DJ, 1999; Kaji Mt al., 2001) The
r esuKelsMogStahi A3 f or MCP-1 WI*2A in a chenotaxis assay on human  monocyt es
(THP-1 cell line) correspond well with those obtained in the receptor-

bi ndi ng B8 agsuitss obtanad ifor MGRPIVET'2A jic chemotaXisn2§Sab|%® P¥MAduce a
robust response (6-fold over baseline) of THP-1 chenotaxis although

maxi menperes «THF-wasll liopks eprresprand well ithe thesar @iaingd in i rrégentele wi | d type
proteins, which induced a 9 -fold increase over baseline (Fig. 4). The
act i bintipgodssprdespribetainaExamplant alyii-3WTo2A avpsnakle tafinguge: 3 rpldstal so

eval uated using a peritoneal cellular recruitnment assay (fig. 5). Wen
MCP- flesp@nsea (fifoldvioyer ibaggtme) of rdRxd rhemotaxis glthaugl fh@fb@ﬂmna%iV%\dWﬁg def ecti ve
mut ant was unable to induce cellular recruitnent into the peritoneum at

t he dbsmevediat 1A eMagmpasgchioulsel) fomthe wikitypel pipteirs wdech isdursdsm? ifald
recruitment. Furthernore, if MCP-1W*2A is admnistered 30 minutes prior
to t nerezgmioneshasetine (Figfd) MCP- IWI*, the cel l ul ar

The activity of MCP-1WT*2A as an antagonist or agonist of MCP-1 was also
evaluated using a peritoneal cellular recruitment assay (fig. 5). When MCP-1WT* and
MCP-1WT*2A are administered, the heparin-binding defective mutant was unable to
induce cellular recruitment into the peritoneum at the dose (10 micrograms/mouse) that
MCP-1WT* causes substantial recruitment. Furthermore, if MCP-1WT*2A is
administered 30 minutes prior to the administration of MCP-1WT*, the cellular
recruitment induced by MCP-1WT* is significantly antagonized in a dose dependent
manner. Therefore, the abrogation of GAG-binding in MCP-1 produces an antagonist of

MCP-1 capable of inhibiting in vivo the cellular recruitment induced by MCP-1.

Example 3: characterization of a non-heparin binding MCP-1 mutant in animal-

based models.

Materials and methods

Delayed Contact Hypersensitivity Model



recrui tment induced by MCP-1 WI* is significantly antagonized in a dose
dependent nmanner. Therefore, the abrogation of GAG binding in MCP-1
produces wp oafseagoni st of MCP-1 capabl e of inhibiting inpPeinEpos/b@oTel | ul ar
recrui tment induced by MCP-1. Exanple 3: characterization of a non-heparin
bi nding MCP-1 nutant in animal - haged nodels. Materials and net hods Del ayed
Cont act Hypersensitivity Mdel WO 03/084993 PCT/ EP0O3/50097 -32 The nouse
ear-swel ling test to neasure contact hypersensitivity was perforned as
previously described (Garrigue JL et al., 19942. B_r,i_eflg/ m ce were

pr e- sensilDe 7eRpserhiswalling t t&ﬁ‘b?%ﬁ”%c%ai}lhyaﬁ sgnsfiyity was performed
2,4-dinitrofl uorobenzene (DN ma. Chemical Co.) solution in acetone/

ol | véscnrqu!QL@ln)ﬂe%fis'bﬁﬁéGéﬁéQPédJlastja 1994p; Peeflyayaice yyege pregensitiged 0. 294 DNFB
in the sane vehicle was applied to the right ears, and vehicle alone to the
| ef t tapigally byl anplyirg @5 t @& 0&de @a4-Hinitrafloprobapzaner ONFBii SigmarChamicalper i t oneal
admnistration of either 0.5 ng/kg (10 m crograns/ nouse) of MCP-1W* or
PBS @Guwl)ysolutiohlireacatone/ @live git Glp). toThe shavestabidomatniEne dagslatatn2hiubofer ed 1 hour
prior to the DNFB chall enge. Ear thickness was neasured with a di al

t hi chrres DNFBIgahé MhingtvelieleCuapappliednd tiearightwald, iang vehigle siohe toethed by
subtracting the pre-challenge fromthe post-challenge val ue, and by

f ur t ket e Micacidrogreatey dailp fromDayl 6tte Stveith amintraperitehéat laeimiristidtienged
contral ateral ear. Bleonycin Induced Lung Fi brosis Mdel C57BU6 fenale

M ceof erdrves ni/R® M microgramiz/rkbl@) ioh MOPAWTPES) PBS oy in the aoheal | y (day
0). One hour after the instillation of bleonycin, test animals received

l nt rgﬂﬂfpl trag gindt! theafthémekad adhiniéred Madr loriF 'to 24 DNFB. ¢halenddB&apr only 0.2
This treatnent was given daily and continued for 10 days. The body

we. gHickress me%ea@aféaamraga.aofmdmewbaage WBILBYOESEH Jeshdedriswellify day 10,
all mce were sacrified by CO 2
was estimated by subtracting the pre-challenge from the post-challenge value, and by

further subtracting any swelling detected in the vehicle -challenged contralateral ear.

Bleomycin Induced Lung Fibrosis Model

C57BL/6 female mice received bleomycin (3.75 U/kg in 25 pl PBS) intra-
tracheally (day 0). One hour after the instillation of bleomycin, test animals received
intraperitoneally either 0.25 mg/kg MCP-1WT*2A in 0.2 ml PBS or only 0.2 ml PBS.
This treatment was given daily and continued for 10 days. The body weight loss and
percentage of mortality were recorded daily. At day 10, all mice were sacrified by CO »
asphyxiation. Four lung lobes were placed at —80°C for measurement of hydroxyproline
levels as an indication of collagen deposition as well as one lobe processed for
histological determination of pulmonary fibrosis. Total lung collagen was determined by
the analysis of hydroxyproline. Briefly, lungs were homogenized in Tris-HCI (pH 7.6)
with a Tissue Tearor followed by incubation in Amberlite overnight at 115°C.
Citrate/acetate buffer, isopropanol, chloramine-T and DAB solutions were added to the

samples and left for 30 minutes at 60°C. Samples were cooled at room temperature for



asphyxi ation. Four lung | obes were placed at -80C for neasurenent of
hydr oxyproline |levels as an indication of collagen deposition as well as
one | obe womseswexl for histol ogical determ nation of pul romawry3/fdobr osi s.
Total lung collagen was determ ned by the analysis of hydroxyproline.
Briefly, lungs were honpgenized in;Tris-HC (pH 7.6) with a Tissue Tearor
foll owed by incubation in Anberlite overnight at 115C. Citrate/acetate
buffer, isopropanol, chloram ne-T and DAB sol uti ons were added to the
sanples and |left for 30 m nutes at 60C. Sanples were cooled at room
t enpdPamintiestand igados/ T 3oPEneatoERetsmeter. Pulsonay fibiReiss¥asagor ead at 560
nm on spectrophotoneter. Pulnonary fibrosis was al so determ ned
hi st detegintnel|hjstelpgitalkaley Bration of the ighy hingl lolryin Y Formalwdatiowedibyn, f ol | owed
by enbedding in paraffin, sectioning, and staining with Masson's trichrone
sol uembpeddingi ist paraffinc saectoning eandustainiag amMtm ddasspnisi tilshromes s@ldticpy .
Mor phol ogi cal eval uati on of bl eonyci n-i nduced | ung inflanmation and
fi br tstelogiasl granties mete examiged bydight migieseopy alprpsologisal evpluationsd,
cal culating the percentage of the fibrotic area. Experinental Autoinmune
Encepleahtycireihdtdes! (UBAE)jnflebuedtiore aed efilmdsie Was \weskrmoedi; usCl7 aBsE®NCr | BR
strain; 18-22 grans of weight) were inmunized at day O by injecting 0.2 m
of amquentiththiecsTodog tresthridn galchietingdte Perdebtagemf thiefibrétkD@read cr ogr ans) and
Mycobact eri um tubercul osis (500 mcrograns) in Conplete Freund s Adjuvant
(CFA; Difco Lab.) subcutaneously in the left flank. Imrediately
afterwards, pertussis toxin (500 nanograns in 400 mcroliters of a buffer
cont d&xpenmgeftabAutbinMa@e EAcephsiomyettis( (AE] Model 0. 017% Triton X-100) was
adm nistered intraperitoneally. On day 2 the aninals were given a second
i nt r aper iFeoraamicen{8eweelonldpC5T Bk /BNOABR stbint il &+22cayamaiofweightewenessi s t oxi n.
On day 7, the mce were adm nistered a second dose of MOG35-55 peptide
(200 immuniagd atrgyy 0rby@RjActing @2 ind dbf ulEmuilsior casteipingthe MOGLghpeptideank. Thi s
procedure results in disease onset at approxi mtely day 18-20, with the

(200 micrograms) and Mycobacterium tuberculosis (500 micrograms) in Complete

Freund’'s Adjuvant (CFA; Difco Lab.) subcutaneously in the left flank. Immediately
afterwards, pertussis toxin (500 nanograms in 400 microliters of a buffer containing 0.5
M NaCl, 15 mM Tris (pH 7.5), 0.017% Triton X-100) was administered intraperitoneally.
On day 2 the animals were given a second intraperitoneal injection of the same
solution containing pertussis toxin. On day 7, the mice were administered a second
dose of MOGa3s.s5 peptide (200  micrograms) in CFA injected subcutaneously in the right
flank. This procedure results in disease onset at approximately day 18-20, with the
appearance of a progressive paralysis, arising from the tail and progressively
ascending up to the forelimbs.

The treatment was started for each animal at experimental day 7 (approximately
1-3 days before the usual occurrence of the disease) and continued for 21 consecutive
days. Starting from day 7, the animals were examined individually for the presence of
paralysis by means of a clinical score as follows:

0 = no sign of disease



appearance of a progressive paralysis, arising fromthe tail and
progressively ascending up to the forelinbs. The treatnent was started for
each ani el caseaperi nental day 7 (approximately 1-3 day®cChafros/soovhe usual
occurrence of the disease) and continued for 21 consecutive days. Starting
fromday 7, the aninmals were examiped individually for the presence of
paral ysis by neans of a clinical score as follows: 0 = no sign of disease
WO 03/ 084993 PCT/ EP03/ 50097 -34 0.5 = partial tail paralysis 1 =tail
paralysis 1.5 = tail paralysis + partial unilateral hindlinb paralysis 2 =
tai | par 8i%yspartial taj H@ﬂaiYﬁE weakness or partial hindlinb paralysis 2.5 =
tail paralysis + partial hindlinmb paralysis (lowered pelvis) 3 = tail
par al ysi 4 =#ategf@lsise hindlinb paralysis 3.5 = tail paralysis + conplete
hindl i nb paralysis + incontinence 4 = tail paraIyS|s + hindlinb paralysis +
weakness 16r= [pllrmaralysipapartipbunlatgrakivndiimb pasalysis = nori bund or dead The
experiment was carried out with three groups of 10 animals each, as
i ndi cat ed =plell paralysisotipinglime weakressed paftishhipginiapatahsisposi tive control .
Goup 2 was treated daily with an intraperitoneal injection of 0.05 ng/kg
of MCP - 2.5aTtalparaysisip partiahbisdliimie pakadysisalidwered pelvigh i nt raperi t oneal
injection of 0.5 ng/kg of MCP -1 WI*2A. The MCP-1 WI*2A nutant protein was
di ssol ved = tail paeatysise+ opmpletedhndlintepareiybist ed i nto sterile PBS (200
mcroliters/nouse) to attain the required concentration. Collagen |Induced
Arthriti 8.5<tal)paraiviis +vainpletsd biedirab parajysisk+ wicdntir®Be¢ 1 strai n; 18-22 grans
of weight) were inmunized

4 = tail paralysis + hindlimb paralysis + weakness or partial paralysis of foreli mbs

5 = moribund or dead

The experiment was carried out with three groups of 10 animals each, as
indicated below. Group 1 was treated with PBS as the positive control. Group 2 was
treated daily with an intraperitoneal injection of 0.05 mg/kg of MCP-1WT*2A. Group 3
was treated daily with an intraperitoneal injection of 0.5 mg/kg of MCP -1WT*2A. The
MCP-1WT*2A mutant protein was dissolved in sterile water and then diluted into sterile

PBS (200 microliters/mouse) to attain the required concentration.

Collagen Induced Arthritis (CIA) Model

Male mice (8-12 week old; DBA/1 strain; 18-22 grams of weight) were immunized
at day 0 by intradermal injection at the base of the tail with 0.2 ml of an emuision
composed of bovine type Il collagen (100 micrograms; Morwell Diagnostics) and
Mycobacterium tuberculosis (400 micrograms) in Complete Freund’s Adjuvant (CFA,;
Difco Lab.).

Starting approximately from day 16-20, the signs of inflammation appeared,

affecting one or more limbs. The animals were graded individually for disease severity



at day O by intradermal injection at the base of the tail with 0.2 m of an
emul sion conposed of bovine type Il collagen (100 m crograns; Morwell

Di agnost iwe)3asud93 Mycobact eri um t ubercul osi s (400 m crogr CE)EPOIISUGITPI et e
Freund's Adjuvant (CFA;, Difco Lab.). Starting approxi mately from day
16-20, the signs of inflammati on_@)?peared, affecting one or nore |inbs.
The animal s were graded individually for disease severity WO 03/084993
PCT/ EPO3/ 50097 -35 by nmeans of a clinical score, based on visual clinical
score for the presence of inflammtion in the fingers of the faorepaws and
hi ndbydneansaftl ac Blifiid sgorss Basef o visyak clipicalj trere ffofithe Reesencs of from 1 to
5 fingers/toes with signs of inflammtion 1 = from6 to 10 fingers/toes
wi t hindagmation in thelfiagerstaf §1e forepaws and hindipaws and conrgerdas tlewsii t h si gns of
inflammation 2 = from.16 to 20 fingers/toes with signs of inflanmmtion Two
groups (RA=o1g5gmptd§easgvi ng a total clinical score >0.5 were daily treated
for 7 consecutive days with intraperitoneal injections of PBS (control
group) oP.5i fremd. 9% finggraiges witsns winflam mationt he ani mal s were sacrificed
24 hours after the last treatnent. Oval bumi n induced |ung inflanmmation
(OvA) nodel frare Ado 40 fihgersfteesiwitneigkssofdnftammalian ¢ strain). Mce were
sensitized by an intraperitoneal injection of 10 gg oval bum n (Si gna)
preci pi t atedifrom 12 tag Sdingedsitbemwitingignoef inarpwati@erva) in a total vol une of
200 pl. The al um ni um hydroxi de 2%/ oval bum n sol uti on was prepared by

m xi ng 28 Ffronvalthadfinggraftegsmwilh sigmoflinflaaroation um hydr oxi de in 725 gl
LPS-free 0.9% NaC and precipitated 3-4 hours at 4C. Fifteen days after
sensi ti zawog@noupsi (0 1@ maca) hasingch tatall clfical Isevrged.$ werg daijystrapdted fari ce

7 consecutive days with intraperitoneal injections of PBS (control group) or with 0.05
mg/kg of MCP-1WT*2A. All the animals were sacrificed 24 hours after the last

treatment.

Ovalbumin induced lung inflammation (OVA) model

Female mice (8-10 weeks old; Balb/c strain). Mice were sensitized by an
intraperitoneal injection of 10 pg ovalbumin (Sigma) precipitated in 2 mg aluminium
hydroxide 2% (Serva) in a total volume of 200 pl. The aluminium hydroxide 2% /
ovalbumin solution was prepared by mixing 25 ul ovalbumin (2mg/ml), 250 pl
aluminium hydroxide in 725 pl LPS-free 0.9% NaCl and precipitated 3-4 hours at 4°C.
Fifteen days after sensitization, mice were treated and challenged in groups of 6 mice
as follows:

Group 1: challenged with LPS-free 0.9% NaCl and treated with PBS (baseline)

Group 2: challenged with ovalbumin and treated with PBS (negative control)

Group 3: challenged with ovalbumin and treated with 0.5 mg/kg MCP -1WT*2A

PBS or MCP-1WT*2A were administered by intraperitoneal injection (200

microliters) 30 minutes before each challenge on five consecutive days. Mice were



as follows: Goup 1: challenged with LPS-free 0.9% NaCl and treated with
PBS (baseline) Goup 2: challenged with oval bum n and treated with PBS
(negati vewoosnsebd G oup 3: challenged with oval bumi n an#ctmeat/sdowi th 0.5
ng/ kg MCP -1 WI*2A PBS or MCP-1 WI*2A were admi ni stered by intraperitoneal
injection (200 mcroliters) 30 m.gytes before each challenge on five
consecutive days. Mce were WO 03/084993 PCT/ EP03/50097 -36 chall enged
intranasally, with ovalbumn (15 mcrogranms of precipitated oval bum n
resusped in 50 mcroliters LPS-free 0.9% NaCl) under inhal ed anaesthesia
wi t hchallepged, infranasaly, with, GuaIBURES ( 1% HBIFTOgFRIBS %f&rsc'ﬁ)é@téd KRBy 5 | et hal
intraperitoneal injection of 300 | 14% Urethane (v:v) in 0.9% NaC . The
t r acfasasRees in rS0rmieroliteese LBE -freq fnet Noel t indardnhalad 2nasstresiaj withsi on was
made to insert a catheter of 0.75 mllinmeters dianmeter into the trachea.
The befiwane Abd2t hewsinesprhallenge.t Micg weeckilled bysadethal iniaperHongdl was
attached to 1-m syringe. Lungs were filled in situ with 0.4 mllililter
PBS. infdctionl of\880 wi 14fdrdrathane gwivt inedd.9%ridaClaf be traghes was trivavag free ®f r enove
cells and collected in a plastic tube on ice. This procedure was repeated
4 ti owmeative ttissue;ebhd s seE@EiNBCEITR WMasomade dtof msenteactatietemaf 0% e conbi ned
on ice to give a final volune of approximately 1.4 m. Cell counting was
per f oilliraeterss diagneterhintoathet toaatiear Thesicagnala waasf tidddindplace with aopiecdefcel |
suspension into Trypan blue. Results The in vivo properties of MCP-1 have
beensgther #réad iane dvas attashedatot 1 ahlesyringe. Lyagst werd éliecbin sibkiwmith e of
transgenic mce (Lu B et al., 1998, Rutledge BJ et al., 1995). MCP-1W*2A
wer enilligter PBSt Eldidoyaswkhdrgwn srenothe durigsedfte mperetlesm fsagh toresmovierdellamat i on and
di seases to confirmthe results on the antagonistic activity of this MCP-1
hepaahd chlicrtbdig agrdsticttueeormiseahis phdceidoedvassiepgatetel tirmes srahidalcettel |
recruitnent

suspensions recovered from each animal were combined on ice to give a final volume

of approximately 1.4 ml. Cell counting was performed using a hemacytometer using a

2-fold dilution of the cell suspension into Trypan blue.

Results

The in vivo properties of MCP-1 have been characterized in many articles, in
particular by making use of transgenic mice (Lu B et al.,, 1998; Rutledge BJ et al.,
1995). MCP-1WT*2A were then tested by making use of animal models for human
inflammation and diseases to confirm the results on the antagonistic activity of this
MCP-1 heparin-binding defective mutant obtained using the peritoneal cell recruitment
model.

Delayed contact hypersensitivity is an animal model in which a hapten-specific
skin inflammation mediated by T cells is measured by ear swelling. Enhanced contact
hypersensitivity has been shown in transgenic mice that constitutively produce high
levels of MCP-1 in the sera (Mizumoto N et al., 2001). The ear skin of normal mice was

challenged by making use of the contact sensitizer 2,4 -dinitrofluorobenzene (DNFB) as



nodel . Del ayed contact hypersensitivity is an animal nodel in which a

hapt en-specific skin inflanmmtion nediated by T cells is neasured by ear
swel |'i ng.wBnbaswesl contact hypersensitivity has been shoraTiEPot/s@asgeni c
m ce that constitutively produce high Ilevels of MCP-1 in the sera
(Mzunoto N et at., 2001). The ear,skin of normal mce was challenged by
maki ng use of the contact sensitizer 2,4-din itrofiuorobenzene (DNFB) as WO
03/ 084993 PCT/ EP03/50097 -37 hapten. The consequent swelling was
significantly lower in mce treated with an intraperitoneal adm nistration
of Maigpten. Ve ogonssaugnt| swelling wae signcantly dRWeT dmdaicqy feptedits) anwhen
conpared to the effect observed in mce treated with vehicle alone,

t hr oinylapetitoneal adndaistiation efdVICBA 1\ eA (Sprtingrat the diper of ekaligngemiths Wi 2A
were tested in a lung inflammtion / fibrosis nodel, since it is known

t hat DINEB).1 whar ieoewareth to thea gBectdelgsesiedi Bnmice ieatad iy vehicle salone,

i nfl ammatory processes (Hogaboam CM et al., 1999). Intratracheal

i nst tHrbughouhtheftragtraenhperiad (figmd)ce results in lung infl ammation and
fibrosis within 7 to 10 days respectively, with a marked accunul ati on of
col | agenThe propertiésunf) MGR-1METRAawere testsiddinda dvnrc dflagtmatioinghfibrosiaen ES et

al ., 2001). Weight was recorded throughout the 10 days after the exposure
t o bhedel sincei ihisnkrown: thebMEP -1 induges praceliagen drpeasitiomtnr pyleoharyreral

adm ni strati on of MCP-1W*2A or only with PBS, and further conpared to a
cont skih ifflaoupatogtprocesses (Hagabbaml @drefal.n1998% it is clearly evident
starting fromday 2, PBS-treated control mce |ose a significantly higher
anount ointralveciddl icsiifptioredf bleoMyBIN1MITMRZAR teselts ad lumgcieflamivgtiory )andLung
fibrosis and inflamuation was evaluated after sacrificing the animls at
day {fiBrosisiwithirt Wdo dO dbgs ezspectivelyoddth al marked dosomlatioabf bblEegey o thel ncr eases

| ung hydroxyproline synthesis proportionally to collagen synthesis and
fibrasigs 4dVhedtiess Biktapid décreaskdoD weidhhgChpnlricS ygprad) i2061). elvelght was

recorded throughout the 10 days after the exposure to bleomycin in mice treated 1 hour
later with an intraperitoneal administration of MCP-1WT*2A or only with PBS, and
further compared to a control group not treated with bleomycin. As it is clearly evident
starting from day 2, PBS-treated control mice lose a significantly higher amount of
weight compared to MCP-1WT*2A treated mice (Fig. 7). Lung fibrosis and inflammation
was evaluated after sacrificing the animals at day 10 using two different methods. It is
known that bleomycin increases lung hydroxyproline synthesis proportionally to
collagen synthesis and fibrosis (Madtes DK et al., 1999). The hydroxyproline level s
measured in mice treated with PBS only were significantly higher than the levels
measured in the group receiving an intraperitoneal administration of MCP -1WT*2A.
Indeed, the levels in this latter group were comparable to non -bleomycin treated mice.
Another semi -quantitative histological assessment confirmed the significant reduction
in total levels of fibrosis in the MCP-1WT*2A treated group versus control (Fig. 8).
Antibodies against MCP-1 and transgenic mice lacking a functional MCP-1 gene

demonstrated the crucial role of MCP-1 for macrophage recruitment and inflammation



measured in mce treated with PBS only were significantly higher than the
|l evel s neasured in the group receiving an intraperitoneal adm nistration
of MCP - Iw@m3a$4993 | ndeed, the levels in this |atter groupPegmPosswparabl e
to non -bleonmycin treated m ce. Another sem -quantitative histol ogical
assessnent confirnmed the significagt reduction in total levels of fibrosis
in the MCP-1 WI*2A treated group versus control (Fig. 8). Antibodies
agai nst MCP-1 and transgenic mce |acking a functional MCP-1 gene
denonstrated the crucial role of MCP-1 for macrophage recruitnment and
i nf | {meeNteh VEvoay osvstes petPdiaigd/ siopogxamig, j 9 c'é%??ﬁ\f"uﬁéf‘%ﬁ?g system
associ ated, for exanple, to Herpesvirus -Induced Ence haI elitis (HSM
and Ejap%whalmnwtls mwmmm@wnmwwm Bngaphglomyetitis )n8E nodel for
multiple sclerosis (Nakajima Het al., 2001; Huang DR et aI 2001). The
i Ahinal Macshics rlksts sclerosNaKaIMaZH &bR. 400 BSag DRCLakiA004) stor e of
EAE aninmal nodel at both the tested doses (fi é'y As di scussed above,
MCP- The sasiministrationoffMEP o Y&hT2A @ws&qrablsrnmp@w@ggm chrycairscongopt BAT* 2A agai nst
this MCP-1 activity were tested in the Collagen-Induced Arthritis (CA)
nmodeknindl sipdehattldotis thedested posesi(fign®)2A consi derably i nproved the clinical
score of the treated mce (fig. 10). Lung allergic inflammtion and
br onchi alAshdigeiseed pbaes, WGEst hapHRptremgfibrograicaeftest.i e awaneriesi & achi eved
by the accunul ation and activation of different |eukocyte subsets in the
| ung MGR-0VKIEQA aghinMIRisIMEY - reethvity afere tastasoiditee Collageri-ideeed Artrdisi cal | y BHR
and inflammtion (Gonzalo JA et al., 1998). In the oval bum n-induced [ ung
i nf | sovatmiasiel (AAN thisdeise, MCP-1VWIRI22 sopsidarably dmpiqyed fthe glittical sperevenent , in
terms of reduced cell recruitnment (fig.11). Gven that the dibasic site
mut abétheitreatdtomierdiigpl1€s of the present invention, together with the other
resi dues known to be involved in MCP-1 binding to GAG such

Lung allergic inflammation and bronchial hyperresponsiveness (BHR) that

characterize asthma is achieved by the accumulation and activation of different
leukocyte subsets in the lung. Blockage of MCP-1 by means of antibodies diminishes
drastically BHR and inflammation (Gonzalo JA et al., 1998). In th e ovalbumin-induced
lung inflammation (OVA) model, MCP-1WT*2A provided significant improvement, in
terms of reduced cell recruitment (fig.11).

Given that the dibasic site mutated in the examples of the present invention,
together with the other residues known to be involved in MCP-1 binding to GAG such
as Histidine 66 and Lysine 58 (Chakravarty L et al., 1999), is conserved in all MCPs
(fig. 1B), other MCPs-based mutants having antagonistic activities can be designed on
the basis of the findings of this patent application.

In particular, MCP antagonists can be double mutants of human mature MCP -1
(SEQ ID NO: 4), MCP-2 (SEQ ID NO: 5), MCP-3 (SEQ ID NO: 6), MCP-4 (SEQ ID NO:
7), or Eotaxin (SEQ ID NO: 8) in the positions 18 and 19, 18 and 58 (or 66), 19 and 58
(or 66), as well as triple mutants in the positions 18, 19 and 58 (or 66; the numbering

corresponds the one given for human mature MCP-1). Other residues that can be



as Histidine 66 and Lysine 58 (Chakravarty L et al., 1999), is conserved in
all MCPs (fig. 1B), other MCPs-based nutants having antagonistic
activiti esomans49es desi gned on the basis of the findings eCTmEPIZSAT ent
application. In particular, MCP antagonists can be double nutants of human
mature MCP-1 (SEQ ID NO 4), IVCI?—3§_(SEQ ID NGO 5), MCP-3 (SEQ ID NG 6),
MCP-4 (SEQ ID NO 7), or Eotaxin (SEQID NGO 8) in the positions 18 and
19, 18 and 58 (or 66), 19 and 58 (or 66), as well as triple mutants in the
positions 18, 19 and 58 (or 66; the nunbering corresponds the one given
for mutatRd eddiipealiydp the onesyimdpsitiers dBandt 1tadrectin Akenigsinresisivess
PCT/ EPO3/ 50097 -39 nutated additionally to the ones in positions 18 and 19
ar e idestifiaches highlyiconperved ineall himan MGR pepteiss iegHkes édntedPedSifig.al | human
MCP proteins (residues 24, 44, 49, 75; fig. 1 B). The properties of these
al tedBrti ve nol ecul es can be tested by any of the nethods above descri bed,
as well as by nmaking use of other validating approaches known in the art.
Many ot héhe wreperties [oé ntbkse @temlative: dneleeiemicani s tested diybamaef thexpr essi on,
in vitro assays, transgenic aninmals) are extensively reviewed in literature
(" Chewethadsealiavet desotilged, asbwelbds byrmaking siae f agies| wagatingl appreachesiunana
Press, 2000; "Chenokine Receptors”, Methods in Enzynol ogy vol. 288,
Acadendven fin g¢bs ,arfl ddany oter 08efi8 4AFemdRDE-ERIed 3edwplogiesO(rFamtEnantAni no Aci d
Synonynous Group Mdre Preferred Synonynous G oups Ala @y, Thr, Pro, Al a,
Ser Ekpressbm iArvfradsssaysykansgenic aimalsHage extgnsively reviéwed isliterature Asn, Asp,
G n Asn, Gn

(“Chemokine Protocols”, Methods in Molecular Biology vol. 138, Humana Press, 2000;

“Chemokine Receptors”, Methods in Enzymology vol. 288, Academic Press, 1997).



Asp G u, Asn, Asp, Gn Asp, Au Cys Ser, Thr, Cs Cs Gn A u, Asn, Asp,
Gn Asn, Gn du du, Asn, Asp, Gn Asp, Gu dy Ala, Thr, Pro, Ser, Qy
Ay, A awouplls3Llys, Gn, Arg, Hs Arg, Lys, H s |ie PhecTirre3/sidat , Leu,
Met Ile, Val, Leu, Met Leu Phe, Ile, Val, Leu, Met Ile, Val, Leu, Met Lys
Asn, Lys, Gn, Arg, Hys Arg, Lys, 4gi,s Met Phe, Ile, Val, Leu, Mt lle,
Val, Leu, Met Phe Trp, Phe, Tyr Tyr, Phe Pro Ay, Ala, Ser, Thr, Pro Pro
Ser Ay, Ala, Ser, Thr, Pro Thr, Ser Thr dy, Ala, Ser, Thr, Pro Thr, Ser
Trp Trp, Phe, Tyr Trp Tyr Tr p, Phe Tyr Phe, Tyr Val Met, Phe, Ile, Leu, Val
Met, Ile, Val, Leu WD 03/084993T P03/ 50097 -41 TABLE Il Am no Acid
Synonynous Gr_ou Ala DAla, Gy, Aib, BAa Acp, |-Cs, DCQys g D Arg,
Lys, mmy\@ Agidnp- sxvgonmmwﬁrwg VeMore Péefe[;edmnonmmqqseGrqg,ns D- Om Asn
D- Asp—As DA ﬁ—p—grﬁ—u—lﬁ-ﬂ', —ASp DFASp, DAST, AsT, | G u,
DGl GIﬁrill‘a Da & Gly, Pro, Ala; Se @%ﬁlé

Arg Asn, Lys, GIn, Arg, His Arg, Lys, His

Asn Glu, Asn, Asp, GIn Asn, GIn

Asp Glu, Asn, Asp, GIn Asp, Glu

Cys Ser, Thr, Cys Cys

Gin Glu, Asn, Asp, GIn Asn, GIn

Glu Glu, Asn, Asp, GIn Asp, Glu

Gly Ala, Thr, Pro, Ser, Gly Gly, Ala

His Asn, Lys, GIn, Arg, His Arg, Lys, His

lle Phe, lle, Val, Leu, Met lle, Val, Leu, Met

Leu Phe, lle, Val, Leu, Met lle, Val, Leu, Met

Lys Asn, Lys, GIn, Arg, His Arg, Lys, His

Met Phe, lle, Val, Leu, Met lle, Val, Leu, Met

Phe Trp, Phe, Tyr Tyr, Phe

" Pro | Gly, Ala, Ser, Thr, Pro Po S

Ser Gly, Ala, Ser, Thr, Pro Thr, Ser

Thr Gly, Ala, Ser, Thr, Pro Thr, Ser

Trp Trp, Phe, Tyr Trp

Tyr Trp, Phe, Tyr Phe, Tyr

Val Met, Phe, lle, Leu, Val Met, lle, Val, Leu




Cys D-Cys, S--Me--Cys, Met, D-Met, Thr, DDThr Gn DGAn, Asn, D-Asn, Qu,
DDA u, Asp, DAsp du D-du, D Asp, Asp, Asn, DDAsn, Gn, DAn dy Ala,
D-Ala, Prwpodosves Aib, .beta.-Ala, Acp Ile D 1le, Val, Drealgpodsimgy AdaG
Leu, D-Leu, Met, D-Met Leu D Leu, Val, D Vai, AdaA, AdaG Leu, D Leu, Met,
D-Met Lys D-Lys, Arg, D-Arg, homoyfrg, D-honmo-Arg, Met, D-Met, Ile, D-lle,
On, DOn Mt DDMet, S--Me--Cys, Ile, Dlle, Leu, D Leu, Val, D Val Phe
D Phe, Tyr, D-Thr, L-Dopa, H's, D-H's, Trp, D Trp, Trans-3,4, or
5- phenyi proii ne, AdaA, AdaG Clﬁ& 4, or 5-phenylproline, Bpa, D Bpa Pro
D-Pro, L-1-thioazolidine-4-carb ?‘-Fd acid, D-or L-1-oxazolidi ne-4-
car b'ox)(rrhﬁoi‘i:id] er D-Ser,” Thr, 'SyhBhym%hB(Grbﬂb vet, D-vet,” Vet (O,
D Met (O D-Cys Thr D-Thr~ Ser, D Ser, also- Thr Met , D-Met, Met(O,
DI\/Et(O) Ataal D DvAla, GSWAD $y$la s |- QVSPIE)eCYEL Dopa, H s, D-H s| Val D-Val,
Leu, Bte | | e, B Al e . £ EP03/ 50097
- 42 REFE bL%“ﬁo%V%vﬁ 'é¥392t'5!° %a ?%’h ﬁ@cyféﬂ??ﬁﬁg 326, 1998.
Al exander JM et aile,,OmeDI-lell: 343- 356, 2002. Al Set al., BiochemJ, 358:
137145 RO D Asn, Asp, D-Asp, Glu, D-Glu, Gin, D-GIn
Asp D-Asp, D-Asn, Asn, Glu, D-Glu, Gin, D-GIn
Cys D-Cys, S--Me--Cys, Met, D-Met, Thr, D-Thr
Gin D-GIn, Asn, D-Asn, Glu, D-Glu, Asp, D-Asp
Glu D-Glu, D-Asp, Asp, Asn, D-Asn, Gin, D-GIn
Gly Ala, D-Ala, Pro, D-Pro, Aib, .beta.-Ala, Acp
lle D-lle, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, D-Met
Leu D-Leu, Val, D-Val, AdaA, AdaG, Leu, D-Leu, Met, D-Met
Lys D-Lys, Arg, D-Arg, homo-Arg, D-homo-Arg, Met, D-Met, lle, D-lle,
Orn, D-Om
Met D-Met, S--Me--Cys, lle, D-lle, Leu, D-Leu, Val, D-Val
Phe D-Phe, Tyr, D-Thr, L-Dopa, His, D-His, Trp, D-Trp, Trans-3,4, or
5-phenylproline, AdaA, AdaG, cis-3,4, or 5-phenylproline, Bpa, D-
Bpa
Pro D-Pro, L-I-thioazolidine-4-carboxylic acid, D-or L-1-oxazolidine-4-
carboxylic acid
Ser D-Ser, Thr, D-Thr, allo-Thr, Met, D-Met, Met(O), D-Met(O), L-Cys,
D-Cys
Thr D-Thr, Ser, D-Ser, allo-Thr, Met,D-Met, Met(O), D-Met(O), Val, D-
Val
Tyr D-Tyr, Phe, D-Phe, L-Dopa, His, D-His
Val D-Val, Leu, D-Leu, lle, D-lle, Met, D-Met, AdaA, AdaG
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acid, Asparagine, Qutamc acid, or utam ne: a) 18 and 19; b) 18 and/or
19, together with 58; «¢) 18 and/or 19, together with 66; d) 18 and/or 19,
t oget her wtood89and 66; e) 18 and/or 19, together w th omrermrosrmwgr of the
followi ng: 24, 44, 49, 75. 2. The antagonist of claim1 wherein residues 18
and 19 are substituted with Al anine433. The ant agonist of claim1 or 2
wherein the MCP proteins are humangy&ips human MCP-2, human MCP-3, human
MCP- 4, or human Eotaxin. 4. The antagonist of claiml1l or 2 wherein the MCP
proteins are proteins having at |east 70% of honol ogy with hunman nature
MCP- 1, MCP-2, MCP-3, MCP-4, or Eotaxin. 5. Antagonist of MCP proteins

sel ected from WD 03/084993 PCT/ EP03/50097 - 46 a}l\f ‘BI ve nmutants of the
antadonl s/B@a@pnw@%m%mtajﬂs(@paﬁwﬁngmrmlﬁn&9 é\ RIRI&IRS gnwhich g e

am no acid residues have been added, deleted, or substituted w thout
i nter f er i fojowirighcorbirativagwfiresiduceachumbeyed bh the seiqdence of hucsardestgreed on
the sequence and/or the structure of polypeptides or peptides of (a); c)

pol ypept i gep-qr aF@Bthﬁﬁté@WrAlérﬁmg Oicingl Berinel ThresmRBCPréline Aspirti€ b) .
and an am no aci d sequence bel ongi ng to a protein sequence other than the

correspon recursors, salts, or
derivati v Q%)ae I[]@nq%z %ﬁ& cyreq‘LdéWant agonl st of cI aim5, wherein

t he pol ype)p'%|8de or peptl de of (a) has the

b) 18 and/or 19, together with 58;
¢) 18 and/or 19, together with 66;
d) 18 and/or 19, together with 58 and 66;

e) 18 and/or 19, together with one or more of the following: 24, 44, 49, 75.

2.  The antagonist of claim 1 wherein residues 18 and 19 are substituted with

Alanine.

3. The antagonist of claim 1 or 2 wherein the MCP proteins are human MCP -1,

human MCP-2, human MCP-3, human MCP-4, or human Eotaxin.
4, The antagonist of claim 1 or 2 wherein the MCP proteins are proteins having at
least 70% of homology with human mature MCP-1, MCP-2, MCP-3, MCP-4, or

Eotaxin.

5.  Antagonist of MCP proteins selected from:



sequence corresponding to SEQID NO 3. 7. The MCP antagonists of claimb5,
wherein the pol ypeptide or peptide of (c) conprises the amno acid
sequence welongivng to one or nore of these protein sequerCEFEP03/50097
extracel lul ar domai ns of nenbrane-boupd protein, imunoglobulin constant
region, nultimerization domains, extracellular proteins, signal peptide-

cont ai ni ng) PEtRleE hiiant®xePHe 5hw;9®hist9r¢tfgvcmﬁrmémebm§|airﬁs frome M5, in
ant agoni sts of claimfromb5 or 7, wherein sald antagonist is in the form

of active conjug ﬁ&ﬂgl M th : éitboﬁg%[% AnpRASt joactjve
| abel s, bi oﬁm?% ?ﬁ%og)gscen ?QB@(AI’ sfgc@yf%'gg%e’égent S, "ar ug elcﬁ@gk&a’laéfent S.
9. DNA nol ecyl es conprising the DNA sequences cqding for the MCP

ant agoni st sSY t't%tﬁémﬁhﬁwtdﬁﬁequrwgwlth'ﬁ%aaﬁ%%m E:I%‘g't"ft)ﬂe sequences
substantially the sane. WD 03/084993 PCT/ EPO3/ 50097 -47 10. Expression

vect ors dynpeptidergntimetioslA designedl ean ofhec| sequedice land/piosthecestrgcture  of
transfornmed with vectors of claim10. 12. Process of preparation of MCP

ant agoni st sp@lpepEdds of peplided 6f &); conprising culturing the transforned
cells of claim1l and collecting the expressed proteins. 13. Purified

reparatign j SL.S Ll f

gnt ggoni S sa%lgbe |%§%ra1%3md%§. C%BE%@@WS W‘%n cg%gﬁﬁﬁggcgﬁcqggi%)rom 1
to 8 as active ingredients in ha ceutical conpositions f t he

P oot ot NG A BT el Sefue s boRDGHIG i o 1 oba b ceq B e thgt fian the

m gration and activation. 16. The use of claim 15 wherein the disease is an

i nf | ammat or gorgespening MCPauotdinimune di sease or an infection. 17. Use of
the MCP antagonists of clainms from1l to 8 as active ingredients in

phar maceuw)i getivecfrastisiid, ippesurkors, ishits t sredérenivesrof fagyeNtor¢e). of vascul ar

6. The MCP antagonist of claim 5, wherein the polypeptide or peptide of (a) has the

sequence corresponding to SEQ ID NO: 3.

7. The MCP antagonists of claim 5, wherein the polypeptide or peptide of (c)
comprises the amino acid sequence belonging to one or more of these protein
sequences: extracellular domains of membrane-bound protein, immunoglobulin
constant region, multimerization domains, extracellular proteins, signal peptide -

containing proteins, export signal-containing proteins.

8.  The MCP antagonists of claim from § or 7, wherein said antagonist is in the form
of active conjugate or complex with a molecule chosen amongst radioactive

labels, biotin, fluorescent labels, cytotoxic agents, drug delivery agents.

9.  DNA molecules comprising the DNA sequences coding for the MCP antagonists

of claims from 1 to 7, including nucleotide sequences substantially the same.



di sorders or cancer. 18. Pharmaceutical conposition containing a MCP
antagoni st of clains froml to 8 as active ingredient. W 03/084993

PCT/ EPO3/W009/08499318 19. Met hod for the treatnent or prevemrCT®PogFoodi seases
rel ated to excessive | eukocyte mgration and activation, conprising the
adm ni stration of an effective anounj; of an MCP antagoni st of clains from
1to 8. 20 The nmethod of claim 19 wherein the disease is an inflammatory

di sease, aut oi mmune di sease or an infection. 21 I\/Et hod for the

t t i Si h
e B B VATBE R BRI o, o LS, e,
1 to 8.

11. Host cells transformed with vectors of claim 10.

12. Process of preparation of MCP antagonists of claims from 1 to 8, comprising

culturing the transformed cells of claim 11 and collecting the expressed proteins.
13. Purified preparations of MCP antagonists of claims from 1 to 8.
14. Use of MCP antagorjists as medicaments.
15. Use of the MCP antagonists of claims from 1 to 8 as active ingredients in
pharmaceutical compositions for the treatment or prevention of diseases related

to excessive leukocyte migration and activation.

16. The use of claim 15 wherein the disease is an inflammatory disease, an

autoimmune disease or an infection.

17. Use of the MCP antagonists of claims from 1 to 8 as active ingredients in
pharmaceutical compositions for the treatment or prevention of vascular

disorders or cancer.

18. Pharmaceutical composition containing a MCP antagonist of claims from 1 to 8

as active ingredient.



19.

20.

21.

WO 03/084993 PCT/EP03/50097

-48 -

Method for the treatment or prevention of diseases related to excessive leukocyte
migration and activation, comprising the administration of an effective amount of

an MCP antagonist of claims from 1 to 8.

The method of claim 19 wherein the disease is an inflammatory disease, an

autoimmune disease or an infection.

Method for the treatment or prevention of vascular disorders or cancer,
comprising the administration of an effective amount of an MCP antagonist of

claims from 1 to 8.



