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such as nmultiple sclerosis (Ms). Background of the Invention 10Mel oid
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presenting cells, inflammatory DCs directly regulate the | ocal

extracel lular milieu by secr @acRgrdundi oTth@idvéndbary cytokines and reactive
oxygen intermedi ates, resulting I n progressive denyellnatlon and axon 20
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(Serbina et al., Immunity 79, 59-70, 2003) are inflammatory monocytes present in the circulation

and recruited to areas of CNS inflammation. Converting inflammatory to type II anti-
inflammatory monocytes by glatiramer acetate, a drug approved for MS, resulted in reversion of
EAE severity (Weber et al., Nature Medicine /3, 935-943, 2007), further stressing an important

25  role of these myeloid cells in regulating disease severity.

Other negative regulators of CNS infiltrating myeloid cells have previously been
identified. For example, TREM-2 expressed on both resident microglia and infiltrating myeloid
cells plays an important role in resolution of CNS inflammation by phagocytosis of myelin
debris (Piccio et al., European Journal of Immunology 37, 1290-1301, 2007; Takahashi et al.,

30 PLoS Medicine 4, €124, 2007; Takahashi et al., The Journal of Experimental Medicine 201, 647-
6572005, 2005). Similarly, IFNAR on myeloid cells down-modulates inflammatory responses in
the CNS (Prinz et al., Inmunity 28, 675-686, 2008). However, neither receptor is specific for

inflammatory bone marrow-derived monocytes homing to the CNS.

CLM-1 (MAIR-V, LMIR-3, DigR2) was identified in search for myeloid specific cell
35  surface receptors important for negative regulation of myeloid function. CLM-1 is part of the

CMRF family, a multigene cluster on human chtromosome 17 with the mouse orthologues
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nf | ory cyt oki nes and reactive oxygen species. Thus, CLM1
(? ﬁ?ﬁ‘fq (19861}1%‘?58’11?1 as a 15 nyel oi d specific negative regul ator of CNS

i nfl anmati on and denyelination I n aspect, the invention concerns
a nethod for the treatnment of a%ﬂ@éﬂ-ﬂ%ﬂ]@@&%se in a mamal i an

subj ect co i sing adm nisterd n to ai.d subject, an effective t of a
CLM 1 agoning ¢ present inve tFPnaﬁo'?a}? slfs‘ié%tm RoFe 10 b ienghcaione et %&q as a
phar maggskilve Heg@IgfBPOst tAMmh&ory hﬁcé ra%ﬁmgerih #d eNs2 bYehdstRL! Pdeadt Sase,

conprising an effective anount “of agonist In admxture wth a
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In a furthe aspect ntlon concer

t r eat ment o n on gﬁpee’% et ?ﬁré\fe 8n Sfoneeins, a me 03 for Meltrga(i’ment of a ({emyefanatmg

disease in a mammalian subject comprising administering to said subject an effective amount of
a CLM-1 agonist.
In another aspect, the invention concerns a pharmaceutical composition for the treatment
20  of'a demyelinating disease, comprising an effective amount of a CLM-1 agonist in admixture
with a pharmaceutically acceptable excipient.
In yet another aspect, the invention concerns the use of an effective amount of a CLM-1
agonist in the preparation of a medicament for the treatment of a demyelinating disease.
In a further aspect, the invention concerns a CLM-1 agonist for the treatment of a
25  demyelinating disease.
In a still further aspect, the invention concerns a method for the diagnosis of a
demyelinating disease comprising detecting a defect in the function of CLM-1.
In an additional aspect, the invention concerns a kit comprising a CLM-1 agonist and
instructions for the treatment of a demyelinating disease.
30 In all aspect, the invention specifically includes the following embodiments:
In one embodiment, the mammalian subject is a human.
In another embodiment, the demyelinating disease is a demyelinating autoimmune

disease.
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Fig. 1. CLM-1 is expressed on inflammatory dendritic cells in CNS inflammatory

lesions

(A) Increased CLM-mRNA transcripts in spinal chord at peak of disease. (B) Absence of
CLM-1 expression on CNS resident CD11b+ cells. (C) CLM-1 expression on CD11bCD11c+
20 myeloid cells (D) CLM-1 CD11c co-expressing DCs in CNS inflammatory lesions at peak
disease (thoracic, dorsal horn). (E) CLM-1 expressing DCs express iNOS and TNFa.. Values are

expressed as mean + S.D. Scale bar in (D) is 50 pum.
Fig. 2. CLM-1 is expressed on inflammatory monocytes and dendritic cells

(A) CLM-1 is expressed on Cx3cr1® CD11c¢" Ly6™ positive inflammatory monocytes,
25  but no on Cx3cr1™ conventional DC precursors (B) CLM-1 is expressed on radiation-sensitive
bone-marrow derived cells but not on irradiation-resistant CNS resident microglia. (C) CLM-1
expression of Cx3crl'® inflammatory DCs but not on Cx3cr1® microglia (D) Cx3crl and CLM-1
expression on a spinal chord section (thoracic) 14 days after immunization. Co-staining is
observed in the periphery at meninges (arrowheads) whereas Cx3crlhi macroglia (arrows) do

30  not carry CLM-1. Scale bars: B (100 um), D (50 um)
Fig. 3. Lack of CLM-1 or treatment with a CLM-1 fusion protein leads to enhanced EAE

(A) Absence of CLM-1 protein expression in bone marrow-derived DCs obtained from

CLM-1 knock out (ko) mice (left panel). Similar levels of MHC II and CD86 on DCs obtained
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Fig. 6. CLM-1 regulates autoimmune demyelination

(A) Deconvolution image of CLM-1 positive cells and MOG positive myelin in a CNS
lesion. (B) and (C): increased demyelination (indicated by the area marked with a white line in B

20 and quantified in C) in CLM-1 ko compared to wt mice.

Fig. 7. Amino acid sequences of mouse (SEQ ID NO: 1) and human (SEQ ID NO: 2)
CLM-1 polypeptides.

Supplemental Fig. 1. Strategy of targeted disruption of the mouse Clm-1 gene.

ES cells with replacement of Clm-1 exon-1 with the neomycin resistance gene were
25  generated by homologous recombination. The structures of the targeted region of the Clm-1
gene are shown. El and E2 indicate exon 1 and exon 2 of the CIm-1 gene. The locations of the

probes (5° and 3”) used to screen the ES clones by Southern blotting are shown.
Supplemental Fig. 2. CLM-1 does not influence T-cell proliferation.

(A) T cells obtained from OVA transgenic T-cells were incubated with bone marrow-
30  derived dendritic cells obtained from CLM-1 wt or ko mice in the presence of increasing
concentrations of OVA peptide (B) Mixed Lymphocyte Reaction. Bone-marrow dendritic cells

obtained from CLM-1 wt or ko mice on a Balb/c background were incubated with various ratios



of MOG reactive spinal chord T-cells obtained fromimmunized CLM1 wt and
ko mce (B) 15 Increased DC activation in CLM1 w and ko nyeloid cells
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Det ai | %&I—%%&' BE& %0\%1 &shéD%bgif‘, qﬁﬁ%,%? %,n?ﬁ}j, (P@cMﬁPhS%%i as well as

naturally occurring variants thereof. For further details and nomenclature see Clark et al., 2009,

15 supra.

A "native sequence" polypeptide is one which has the same amino acid sequence as a
polypeptide (e.g., ErbB receptor or ErbB ligand) derived from nature. Such native sequence
polypeptides can be isolated from nature or can be produced by recombinant or synthetic means.
Thus, a native sequence polypeptide can have the amino acid sequence of naturally occurring

20  human polypeptide, murine polypeptide, or polypeptide from any other mammalian species.

The term "amino acid sequence variant" refers to polypeptides having amino acid
sequences that differ to some extent from a native sequence polypeptide. Ordinarily, amino acuid
sequence variants will possess at least about 70% homology with at least one receptor binciing
domain of a native ErbB ligand or with at least one ligand binding domain of a native ErbB

25  receptor, and preferably, they will be at least about 80%, more preferably at least about 90%
homologous with such receptor or ligand binding domains. The amino acid sequence variants
possess substitutions, deletions, and/or insertions at certain positions within the amino acid

sequence of the native amino acid sequence.

"Homology" is defined as the percentage of residues in the amino acid sequence variant
30 that are identical after aligning the sequences and introducing gaps, if necessary, to achieve the
maximum percent homology. Methods and computer programs for the alignment are well

known in the art. One such computer program is "Align 2", authored by Genentech, Inc., which



The ternms "CLM 1" and "Crnrf-Li ke Mlecule-1" (also known as MAIR-V,
LMR-3, 10 DigR2 and 1 gSF13) are used interchangeably herein to refer to a
native sewoencwosasmal i an CLM 1 receptor, specifically poclusdimng4oavt hout
limtation the nmouse CLM 1 polypeptide of SEQID NO 1 (NCBI CAM21607) and
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br oade3% reguiig pipdpciign of thecantibpdy: by eny partigeler metiiodafior Bxampls, the siopetlonall

ant i bodgj : i bf ] | ' : o] | £ ntj bodi es), f or ned
T om at it b SREF . péeo AL dfe bfest (RS b oL 28 hBRone

t hey extfethodtfirstdeschitrdrbgdK dhiled 0 @i cRLupg 2561495 (1975), or Tty Heahade ByrdesthBinat
ant i body"” as use? herein refers to an anti body obtained froma popul ation

b
of 2&ubSPhed1ady (H6nbgeltbdueteniNNDL ddile=07). . Bhe "morocional gntthedies amay slsgibes
conpr i fsbmgedtﬂ&nm%@ iﬁﬁg)t%%gi;ﬁ%ieg S%hb G teERAGRE deQribRE 55 CRIcRsdhe W ANadure,

occurri ng mut at ron e pre ent
352:624-628 (1991) and Marks ez al., J. Mol. Biol., 222:581-597 (1991), for example.

The monoclonal antibodies herein specifically include "chimeric" antibodiefs“in which a

portion of the heavy and/or light chain is identical with or homologous to corresponding

25  sequences in antibodies derived from a particular species or belonging to a particular antibody
class or subclass, while the remainder of the chain(s) is identical with or homologous to
corresponding sequences in antibodies derived from another species or belonging to another
antibody class or subclass, as well as fragments of such antibodies, so long as they exhibit the
desired biological activity (U.S. Patent No. 4,816,567; and Morrison et al., Proc. Natl. Acad. Sci.

30 US4, 81:6851-6855 (1984)). Chimeric antibodies of interest herein include "primatized"
antibodies comprising variable domain antigen-binding sequences derived from a non-human

primate (e.g. Old World Monkey, Ape etc) and human constant region sequences.

"Antibody fragments" comprise a portion of an intact antibody, preferably comprising

the antigen-binding or variable region thereof. Examples of antibody fragments include Fab,



10 in mnor anounts. Mnoclonal antibodies are highly specific, being
directed against a single antigenic site. Furthernore, in contrast to

pol ycl onavoantivdosdy preparati ons which include differentcansciodi@s:2
directed against different determ nants (epitopes), each nonocl onal

ant i bodigb'i E(aby cad dty fagmenss; diakadiest dingrst antibpdigsit single-chain antibedsnmolegules;
addition to their specificity, the npnocl onal antibodi es are advant ageous
in t hatd Ainspecitip antiindiesdermedfrom apibody fremeat®)y 15 other anti bodi es. The
nmodi fier "monocl onal " indicates the character of the antibody as being

obt ai ned f r & ‘Antacth sntbrdyais jope ydHely eoraprises 98 pafigen-binding vareblsgagien as avell i s

not to . r [ L i Qn: 0 L Y,

parti ofl & L EhEH Wit SiA (O3, BLRUCY MlrClorkBf BERLBEY P02 G
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r ecombicorstant domaids) o amowsadid sequesceyyvariagt Serdedt divefehbly, 4h8 ifad 6in)ibodshkas
"nmonocl onal _ant if%og)i %?ﬂ:? ma%/ al so be isolated from phage anti body libraries
usi ng PREC BIHTTOE TeiPS bed in O ackson et al., Nature, 352:624- 628
(1991) and rks,etal... I.ML Bjol., 222:581-597(1991), for._ex | e

The nonocl o%gflhgm’f i ?a)gged’foésfuﬁﬁtf%ﬁsnr%fﬁ’éﬁq f%rlo_éféﬁ’ﬁ}oglﬁél 4?&82@8 Wﬁé?ﬁagfépt_éln%‘le g8di es
in whi edpich ROdtiveReqient&®c REAYY oRBMEY adill IuchBAV A _§Fb(§§g151!1)0@fi anMirfttbo@y.
honol ogous to correspondi ng ~ 25 sequences in antibodies deri'ved from a
pai® i cEramplpeel antibedyhedftaetyirndunctions paelude uChy bindingp dsomyilersentodepandeitass,

whi | e i nder _of. the chain | s.identical. with or honpl ggo .
cor r o SOTPRIDS dit ksreich | VoGiE BoBedy 0beROel ‘Rafiinst et S TRty kiRt
bel ongphagotposisaddval regiilatibR df cetl sasfcOfeceptb!(2gSB caB réplor;ASCRY, 2ereNt s Of
such antibodies, so long as they exhibit the desired biological activity
(U.S. Pat enDepndirly 84 Ghd Brfiincaféld MBuens® Bf e 8dnstanPliBmain\at theACiR@vy Hhins, 30
USA, 81:6851-6855 (1984)). Chinmeric antibodies of interest herein include
" pri maintach antibodiesoena esassigmed ite difierontr ickasses”. d darenara fivieqariob chasien @f intact

seqguen ] - r \\ nkey, e etc
and puASTbHeL YK, 15 BB, 00, MATTAMP bRt CoB et Syl s Tt Bgef ™,
por t i ofsubtlasses'l (Moaydespieid, Hady, g0 @GR 1G4 clomp ahd (L. t Tiee Boal/iy @hfinionsthmy or
vari abl.e regi on thereof Exanpl es of antibody fragnments include Fab, WO
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chain constant domain (Cl) and heavy chain constant domains, CHl, CH2 and
CH20 5 The tanshaytdegemiegntsellrmedincednattotoricitet aed ¢ ADC'stefortto dooai-mediatedg.

human natj.ve. s ence capstant donmmi ns) or amno acid nce _vari an
t hor cofB4SESRIEH JOmPRARE e SR BOHSS Brig-GrorhP ecus aygmmal Riller
functi g0R) cells, neufophiROthhd" ﬁlfﬁ&%ghég’es)f WRSEHiIPE Houh& #fibb@y (A0S GaldeP 0B £

activities attributable to the Fc region (a native sequence Fc Tegion or
am no subsequsetyieawse lysis o the @rget egll.oMhe girinzary zalls HdyedidhigEARGE, 9K aklls,

anti bo ef fec functions incluyde C i ndi ng; endent.
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receptors (e.g. B cell receptor; BCR), etc. Dependi ng on the am no

aci d sttt 94 -321d 98 b skaassesd SXRER astivithef a mplegyly of interest, an i iy ADCC
s . o ; . ! :
C asoolsEy, 7 AERSELANGE B8N PufthERl SIRPRE%r sBITAT MG b rPBREL, o
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20" Ant PNdAyUddpendshose €98 yredi at ed cytotoxicity" and "ADCC' refer to a
cell -medi ated reaction in which nonspecific cytotoxic cells that express Fc
receptors (Hdiradn effegor bélistirat 1édkboeyted NRichc express sreubt apké IFSRs and perform
macr ophages) recogni};e b%md antj body on a target cell and subsequently
cause ?@‘éﬁt%r fypctions. (Brefssblyndhe celfs, gxpiessmafrlgast dicyRIIF gpd pedpmm iARCAmtectoK

Il's, | i d
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25 on hematopoietic cells in sunmarized is Table 3 on page 464 of Ravetch
and Kinet, Annu. Rev. Inmunol 9:457-92 (1991). To assess ADCC activity of a
nol ecul e wb 20mve@sAESt, an in vitro ADCC assay, such as tlratr/usesionidder i n US
Pat ent No. 5,500, 362 or 5,821,337 may be perfornmed. Useful effector cells
f or suewna@yégas alls| (Rﬁé\/lﬁér nwmal alFﬂlBII DK neellsn unonosttese pmtmm)ceamand
Nat ur a vel dd| naI AB)OC

hﬁ§ \)&1 B rea.Sn[d Lpf%lh e¥‘érr f)ec oL ¢ lsy I’Il?}{l sgﬁq?% o% q eI

the nolecure of o ass BLE
such athﬂih&tsodr@Qhasﬁﬁe.[gnfr@n)bl@cii ﬁPWCsBN&&cﬁb@ﬁher% 652- 656 (1998).
"Human effector cells" are | eukocytes which express one or nore FcRs and

per form ef f ¥hé GrnisUFetre@dpor” ot eFERB ALY/ usdd® destrite £XdUep®P tindt HikRSlh the ¥l | |
and perform ADCC ef fector function. Exanples of human | eukocytes which

medi at egrmoef anantibedy e rfhsreretarred| idd is woadive seeomee Srapn 10Ylove09g? a

ggr?g ugndﬁ‘gﬁ}ﬁl{opﬁﬁF% %/\}A1 ?ﬁﬁé‘éﬁ\&G gfrlltgﬂ(ﬁk( ﬁ)‘qubrleée Org%] err egs refﬁét%s g T

ef f ect tie BRI SFerRII badi EQRAM eubélages, dnclading allshie vagarth aneafternetiely fsplased

bl ood ¢r PB as described herein. The terms "Fc receptor’” or "FcR' are
used t BTSSRy these zeceRiOEDt dcYRH aecentorasinglyde HisYRUAs (ane gachinatisne easentar’) hody .
The pr e C % r r FcR
is oneF(\t'/\ﬁ{l’lgﬁd(b wlﬁﬁﬂllgggcg%t I %’ogth?{}gﬁagéjmgrgﬂ 1rl %cgg%%étr)) g@ngé uﬁ%egd@sne difet

r etept primaoly imhehécyRiplashid RldmaisndhdredtR| | Activating assspsor chﬂludi cuntaihd ahi C

e ieSR e PRbaET e B DTG BT e BRbLomir o
"i nhi bidcéMer FeAENBOgontaindVah GhhritdoRecehidt ! osﬁi@’-lHa&daﬁih%lﬁ&ﬂ YEREEGTINIRYN Gisf T er

10 primarily in the cytoplasm c domains thereof. Activating receptor
FcyRI | gyteplasmicriomain. i(saeuravcwddpindpadron, obinneRbadwdiuach i §:203-284 (H197)). (HCRAM)

inits cytolamc it recept or )

i munof'ecE e&? tglrgsjavﬁtg b%{’sleg‘]?%hi“fgp?l &Y n@f”i"fm iﬁk}(%gnal%ﬁ é?‘?ﬁgle&s%c
domRi NimtsRandtkodse2 54341 19PRL 108, do HBAL oREN,- Jlmwrtgln Mead. 20329441 1995).) -
FcRs are reviewed in Ravetch and Kinet, Annu. Rev. |nmmunol 9:457-9 (1991)
Capel ©fheg|FeRs jigcluging base teduesidgntifiedain the defyre, apmencemprgssd byttheterm FeR"ab.
cin. [ dent i-fi ed
1 hel TPy g s rchiftehne e fhRor FERLIHE it ARl R kg

i ncl udeﬁntattenaie[g(frattalthé detapt(Guyer-eRw,, IMinhuriod 11E3§8INEIMbE ahd Kitnher &E,ansf er
of mat r nal qu(‘f to tfg fetus (Guyer et al., J. Imunol. 117:587 (1976) and
Ki m et ”ém”"o’ 4 %88‘1‘ 24:249 (1994)). 20" Conpl ement dependent
CytOtOXICIt " CDC' refers to the abi of a nolecule to |lyse a target

% he pres &@%Plemeebﬁiﬂeaﬁ%tcytwc E@@é refets; tpathe @hllﬁétoﬁ\ﬁa?lol ule to

| n| t| t m(C
362 Rl 18 0 fhaie BF obfifiche éi)“ﬁeﬁém@é%@%ﬂ A

asses sthcdnpcﬂlagmftthadirstvemmmnen'a o asmplpmeat gystas (Gdqrro laado]enule (e. g an
Gazzano- Sant.or o J. I munol.. hods 202: 163 1996
perfor?ﬂﬁﬁ’ dy lﬁgx%n‘fv tb&o"ro(ggateé‘in@gﬂsu P1agSasR B ‘)Ptioﬁlﬂlggﬁjr &E&>ns
of aboul AHQeRPBedaht@NTansSrRORLE: 8], y\mnwﬁazt Me@izodslmtm(stg)w%ﬁuﬁgy pgd
two identical heavy (H) chains. Each light chain is |inked t eavy chain
by2onepatoraednt disul fide bond, while the nunber of disulfide |inkages

"Native antibodies" are usually heterotetrameric glycoproteins of about 150,000 daltons,
composed of two identical light (L) chains and two identical heavy (H) chains. Each light chain
is linked to a heavy chain by one covalent disulfide bond, while the number of disulfide linkages
varies among the heavy chains of different immunoglobulin isotypes. Each heavy and light

30  chain also has regularly spaced intrachain disulfide bridges. Each heavy chain has at one end a

variable domain (V) followed by a number of constant domains. Each light chain has a
variable domain at one end (V) and a constant domain at its other end. The constant domain of

the light chain is aligned with the first constant domain of the heavy chain, and the light-chain

variable domain is aligned with the variable domain of the heavy chain. Particular amino acid



varies anong the heavy chains of different imunoglobulin isotypes. Each
heavy and |light 30 chain also has regularly spaced intrachain disulfide

bri dges. wechiimesmy chain has at one end a vari abl e donecm/uSyiHp/oi®bt owed by
a nunber of constant dommins. Each |ight chain has a variable domain at one
- end (VESidiRe age beliryedre famnanrintarfape berasarthedight vhain caddheavy cheeyaniable t he
| i ght 55? fsis aligned with the first constant domain of the heavy chain,
and t he Rt -chai n variabl e domain is aligned with the variable donain of

t he heavy c h 2011(.0057 PCT/ 2010/ 040992
resi dues aré 'T\ﬁ%l{‘? I evgg’l‘@g o?r?hqzénﬁ?ﬁ f%? %éé\gagle? V\r/{ele ¥ V?ﬁ#ﬁ gﬂ%awsggﬁtge

heavy ektehsivalfiin a&juenctoambng ant1b0d1estiiﬁ drénuled iﬁiﬂie&hh(ﬁng a6l %péclﬁéit}’i Bﬁeefoth
that certain portions of the variable domains differ extensively

seqUenbtigHsn @ntbh%lb’ Houite parkigulan artigen e dlqwevien dhe v arability 45 @0k peealyf dlémbytedf
each 9@%.5519 HeVarRiBid B 00t MbiiboBRG! | 45 AondihAAn HNCYGnen Caled.

vari abi I's not evenly distri throu hou e varia
ant i bobyeesvarlabld wgivms betht mahedhghncltaltrr eed ﬂegmm‘z shaialvagabléipaiainar i 7Hel iiore

regi ons, th in the light chajp and the heayy chain variabl e domains. The
nmore h c‘&‘ﬁﬁg’é \X@E“Hﬁrqfc gl&f Q?%‘P%\B‘feecaé]@ﬁﬁp‘h?ag}e@’%%ﬁ%@lst R é'?*h@\/\or K

regl on \V/
e

by 14 hr e}@ehwléigumtlioaMOmnc@gd by ﬂxree/\]hupetwaﬁwb}mrbglomm “dmm@umlo@s canniectmg,samde
cases form

regi on§! % %é%a%ﬁﬁ}% pé‘FeO%thF(@ SthSﬁI hee%urqs; l?ﬂc%’g’gwﬁp@& g“?sb%/}%%’lﬁtgt}lﬁg&ar&nd,

wi th t hedhygsiieran ichiRb préemit9ny the PRstde, Ritheke & asmre 0By S nd ﬂletdiﬁer
formati on of the antigen-bi ndlgig site of antibodies (see abat et al

Sequen@]@%n,cﬁonpibﬂtfé i theoformatiamel thyi andiigen-hindingssite &f intibadiepirei Kabetabt &,

Servic o] 15 1| |tut s .of alth B ( 991

constaﬁ '}gﬁéés sPéor%mﬂo |"?1'% O?é%c% recf‘Tt 5 %tgi ﬁ)(?,llgﬁ‘é }g{?%ltgn%?rﬁbﬁywa Oﬁﬂ
ants gemstitutds eXi¢adihi Betesday MRS fleet)pr The la@ﬁsjtzﬁiﬂ Yomatisaré@fiotdiavélved BaédtRNnOf
t he anfal bhody in Sntl body dependent cel | ul ar cyt otoxicity (ADCC) . The
term AR anaBedy toca atigeyiah exfybiy vadous; etfecior imstions, sheh ampaticipation of

res'du&l%afa fipaty AibOsY gt gL Q&a&@@ﬁee)antlgen bi ndi ng. The

hypervarla e ‘region rrse m no”'acid residues froma

I t d '
50-56 (15 0k tofr BRIt Mhen dhed et séfBrsty AERhAN AR el drhh
(HL), &fitedy(wRichaad BS5pdidibl¢ HB) anngérhbmk’lﬁ@vy ’Hibaihypeta:lirlaﬂlé geglonagdneraigbat

et al., Sequences of. Protein Im*runol ogical Interest, 5th Ed. Public
Hedl t hc‘é’éP‘ﬁeé SMIRQ, Apigrtesid P?ﬁs?’f’?‘u? ScoTpplemeniaFily dEgmHBEgLeSi0n, of 1%) (eshrd/ or

h :
50-52 {13} and o (AL O DT L LR R el (BER SRR, domakfantta 35

(H1), 63L)5 50-65{2()—12);.&1111 96——1 QE {HB3HR) thé heavyechagavariablead omarnar Kattak et dlonBéquences

PR BT aIEES B et 1T Rl Tl ke seruiel{ Riffors) Jashicles o

hyper vEgalah |B%tHe@dld VD! 613)9(1'})%dﬂ§ titse ebdidwde fiioned mﬁ?&%ﬁbw 196§'t {eQ%n 8fidues
anti bodi es Ero uces two identical antigen-binding fragnents,
25 26-32 (L1), 50-52 (L2) and 91-96 (L3) in the hgght chain variable domam and 26-32 (Hl) 53-55
(H2) and 96-101 (H3) in the heavy chain variable domain; Chothia and Lesk J. Mol Biol.
196:901-917 (1987)). "Framework Region" or "FR" residues are those variable domain residues

other than the hypervariable region residues as herein defined.

Papain digestion of antibodies produces two identical antigen-binding fragments, called
30 "Fab" fragments, each with a single antigen-binding site, and a residual "Fc" fragment, whose

name reflects its ability to crystallize readily. Pepsin treatment yields an F(ab"), fragment.that

has two antigen-binding sites and is still capable of cross-linking antigen.

"Fv" is the minimum antibody fragment which contains a complete antigen-recognition

and antigen-binding site. This region consists of a dimer of one heavy chain and one light chain



30 "Fab" fragnments, each with a single antigen-binding site, and a residual
"Fc" fragnent, whose nane reflects its ability to crystallize readily.
Pepsi n t reatzoamisymsel ds an F(ab' )2 fragnment that has twecaruse@en4dvndi ng
sites and_ is sti|l capable of cross-Iinking_antigen. "Fv" is the

mi ni muiREAbls ey jna Hskin nouepvaient Gissesiaions - Kowwpinethis eenfigyeationdthalgthier thise and

and onb OB Ridhs ob M, (7R ERLE, RlkBistly B/BlsoB v RRRITH SR
tight, surtavedviad ¥tV adiseei flollectively, thessik rhypérivariahde tégionsadonben dntigén-bindinighr ee

hypervari abl e regions of each variable domain interact to define an
ant i gespagifreilyrig thei antibody. t Heweverf even asingl¢rearidbledonatiméor. hatfuiflae dvi opelipyisinghe

si x_ hypervariabl e regions .confer..antigen-hindi.n S ificity.to the.
antT ool Bishvepr/alihR R GRn REieh o 451G tho ARG fo Beodpitend ind
conpr i snti@npalthoyigh B ERweY REYtSthabthe ch@iviEnsseci fic for an antigen) has
the ability to recognize and bind antigen, although at a lower affinity

than the entrhé &abi faghiniht Slldoeeontdifs D coisRBNRIBMaM 9P (RORERI Bid REd AROHrant
domain of the light chain and the first constant domain (CHl) of the heavy

chai n. cemstant dpmgineiE1 et the hevyo ehatmb Fab'afjagments differ feonadidb tiragmeofs by fhew

resi dues;: e xy term nus of the hegavy chai.n. mat n. i ngl udi ng
one. 10084 bEPRSEEAA MRS ermbinfs A M he G pilis Ch @i wefiRureiong

deso gna inofe Hteined ffomi tHeadntibbdly Whige Redibie EMSISEI 38hé 864 ghaBios heRfn FIFab' in

constant  domai ns bear at |east one free thiol group. F(ab')2 anti body'

f r agneihichdhe gysteing yesigiiees) of reuroastantsdgmaipsbesr atrlegst aneftpeethiod guipe HF(Rkye
hi nge

antibody fragments originally were produced as pairs of Fab' fragments which have hinge

cysteines between them. Other chemical couplings of antibody fragments are also known.

The "light chains" of antibodies from any vertebrate species can be assigned to one of
15 two clearly distinct types, called kappa (x) and lambda (L), based on the amino acid sequences of

their constant domains.

"Single-chain Fv" or "scFv" antibody fragments comprise the V, and V,; domains of

antibody, wherein these domains are present in a single polypeptide chain. Preferably, the Fv

polypeptide further comprises a polypeptide linker between the V, and V; domains which

20  enables the scFv to form the desired structure for antigen binding. For a review of scFv see
Pliickthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore
eds., Springer-Verlag, New York, pp. 269-315 (1994). Anti-ErbB2 antibody scFv fragments are
described in WO93/16185; U.S. Patent No. 5,571,894; and U.S. Patent No. 5,587,458.

The term "diabodies" refers to small antibody fragments with two antigen-binding sites,
25 which fragments comprise a variable heavy domain (V) connected to a variable light domain
(V) in the same polypeptide chain (V- V). By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are forced to pair with the
complementary domains of another chain and create two antigen-binding sites. Diabodies are
described more fully in, for example, EP 404,097, WO 93/11161; and Hollinger et al., Proc.

30  Natl. Acad. Sci. USA, 90:6444-6448 (1993).

"Humanized" forms of non-human (e.g., rodent) antibodies are chimeric antibodies that
contain minimal sequence derived from non-human immunoglobulin. For the most part,

humanized antibodies are human immunoglobulins (recipient antibody) in which residues from a
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cysteines between them Oher chem cal couplings of antibody fragnents are
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" s Bieansiodynnathesd gnyisonseent wrill diot e preseetn Pebinarily. haweyer isnlaed antiko
an% Or Wilg6€ igpei)gt%d by at least one purification step.
An antibody "which binds" an antigen of interest is one capable of binding that antigen
with sufficient affinity such that the antibody is useful as a therapeutic agent in targeting a cell

expressing the antigen.

The term “demyelinating disease” is used herein to refer to any disease of the nervous

30  system in which the myelin sheath of neurons is damaged. The definition includes both diseases
that affect the integrity of the oligodendrocyte and its ability to produce and maintain myelin and
diseases that directly damage the myelin sheath. Such diseases disturb conduction in myelinated
white matter pathways and produce a broad array of motor, sensory, and cognitive dysfunctions,

including impairment in sensation, movement, cognition, and/or other functions depending on
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complex mediated diseases, anti-glomerular basement membrane disease, anti-phospholipid

antibody syndrome, allergic neuritis, Bechet disease, Castleman's syndrome, Goodpasture's
Syndrome, Lambert-Eaton Myasthenic Syndrome, Reynaud's syndrome, Sjorgen's syndrome,

35  Stevens-Johnson syndrome, solid organ transplant rejection (including pretreatment for high
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forms of MS, encephalomyelitis, leukoencephalitis, transverse myelitis, neuromyelitis optica
(Devic’s disease), and optic neuritis. Demyelinating autoimmune diseases affecting the

35 peripheral nervous system include, for example, acute inflammatory demyelinating
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andy or inslnde &dMrit ligande nd agonist putibodins tel€lliMdry of a drug (such as the

anti-ErbB2 anti bodies
"Mammal" for purposes of treatment refers to any animal classified as a mammal,

including humans, non-human higher primates, domestic and farm animals, and zoo, sports, or

pet animals, such as dogs, horses, cats, cows, efc. Preferably, the mammal is human.

The term "therapeutically effective amount” refers to an amount of a drug effective to
30 treat a disease or disorder in a mammal. In the present case, the therapeutically effective amount
is an amount of a CLM-1 agonist effective to treat (including prevention) of a demyelinating

disease, such as a demyelinating autoimmune disease, as hereinabove defined.

A "liposome" is a small vesicle composed of various types of lipids, phospholipids

and/or surfactant which is useful for delivery of a drug (such as the anti-ErbB2 antibodies
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| east in 15 part, on identifying the Cnrf-Li ke Mdlecule-1 (CLM1) as a
negative reful at DetailedDesoniptiomne denyel ination. CLM1 is expressed on

I nfl ammat ory nonocytes in peripheral blood and on inflammtory dendritic
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2006; 25 Benveniste, Journal of | ecul ar dicine (Berlin, Gerrany) 75,
1655 17part, mgdyntlfme tippEmrif-hike Momcuhgl /Mol )oasmomgaaw mgubtorsifsutintmune

Gondr; PiYRlEpRE. CrVED TS SRPRSES onl MRS o RES s Ferigre o 3T 88 g
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abi it 0
gf mice with MOG peptide. Absence of CLM-1 on CNS infiltrating inflammatory dendritic cells

resulted in significantly increased nitric oxide and proinflammatory cytokine production, along
20  with increased axonal demyelination and worsened clinical scores, while T-cell responses
remain unaffected. Therefore CLM-1 is identified herein as a negative regulator of myeloid cell

activation and autoimmune demyelination.

Myeloid cells are the primary effector cells in autoimmune demyelinating diseases

(Barnett et al., Multiple sclerosis (Houndmills, Basingstoke, England) 72, 121-132, 2006;

25  Benveniste, Journal of Molecular Medicine (Berlin, Germany) 75, 165-173, 1997). The CNS-
infiltrating myeloid population consists of resident microglia, macrophages, inflammatory
dendritic cells, plasmacytoid dendritic cells and conventional dendritic cells. MHCII and CD86
expressing myeloid dendritic cells (DCs) have received special attention due to their ability to
reactivate antigen-specific T-cells (Deshpande et al., J Immunol 778, 6695-6699, 2007) and their

30 involvement in epitope spreading leading to relapsing disease (Miller et al., Annals of the New
York Academy of Sciences 1103, 179-191, 2007). Next to serving as antigen presenting cells,
inflammatory DCs directly regulate the local extracellular milieu by secreting proinflammatory
cytokines and reactive oxygen intermediates, resulting in progressive demyelination and axon

loss. The precursor cells of these TNF- and iNOS producing dendritic cells, also named TipDCs
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2007), further stressing an I nportant 5ro ese ny
r egul aidentjficd. Foassamplee TREM-2 expressedt dneboth eeradedny enicroghid andirdilindtingNByeloid

infiltrati el.oid cells have previ been identified. For. exanple,
TREM 2C QI PELT 8 BIRORER T 81 SRR Hog SR BREHPR I BAEAGY 6 O TV |
pl ays agbdsPecidBt all, HhRopedn T8&RLLSS BmBhol6RS3 7 NfloplTsal | Sah Y TARAIAE ¥t @61 S
of nmyelin debris (Piccio et al., European Journal of |mmunology 37,

1290- 18beS mahicine #Tgk2th20R7) €fakahashi ¢0alR B® fmuinaliofExperimenta] M@iddpe 201,

(Takah i et he  J of ri tal | cine, 201, 647-657, .
005, . 865 2Py SR RN B kB PR mifioh b BEranmamiinhyes in
respongRsCNS (Phaz GNal. ( MimGditye 08,24 75-696)7008) Hokived gt Grecep@R8) spélphe Y& .
neither receptor is specific for inflammtory bone marrow derived nonocytes
honi nginflammpatogNgne apayow-demyed- monacyierhgmirgy gy ClN&s i dentified in search
for nmyeloid specific cell 15 surface receptors inportant for negative

regul ati on SL-MnleNARMANMIRSI, Dighen was igsatifiedin s¢psctCimmmmyelpid| specidic cell

L §i I .17 W th thol
oL OSSR IR o TP SRR o bl TR T ] OGP
domai nCMRP fhaitly) y meltiigeries clustet hshahats teirorhédoitel 1 Ak tHOk Slouso BHtBbI0 g

| TIM sequence in the intracellular donain, the remainder have charged
r esi dubsatef Qmghtomesame iy a ‘}ﬁj’@@]iyo‘ﬁemhﬁrts Gogipip gn cxtroeeliular Ig¥r demaig; dwal i ng

adapt egSn; «CTiNAE [ ) R8U€,0 0Qf 4 SE
"D RO S i R i) (G B PENESE, S8hgRE B TR MR ' gl
descri bdncella doagpon,i the ranegndeathave dfargesitresidbensh dgetnasirembEinenggion that mayJ

I | 17 6541-. - 6548 003).. t st udi h h that CLM 1
Lot aoserkd fo repnt siegaling atepfermiah (SEa HBINGE 1 e Pritie cariotde of Huma
(Al var ep3Bof (SEQED NO:, 2,206k efHi.| TRhEs & hﬂhrunol_%gggi)o; aggéfrzbh@dqa,gitsx{a?'ﬁrgtol e

i n aut oi mune disease so far has not been descri re we identify
CLM 1, dessribedhag at negatiye grgulaten ofopsteasidstopentsty (Cidog eicli Vi lnymumpl t Hd, 656 -by

suppressj ease of infl tory cytagki nd reactive.,oxygen s | es.
TR PR Rd0SL S Seient SUIARRLY, oot Bt QM et 7 ah i BoUE He gl Eeor
of CNSrdcsptoafiediatedn call cresii¥®l (ABfate2 Errico et al.,, 2004; Fujimoto et al., 2006). A

25  biological role in autoimmune disease so far has not been described. Here we identify CLM-1,

as a negative regulator of inflammatory DCs activity in the CNS by suppressing release of
inflammatory cytokines and reactive oxygen species. This study thus identifies CLM-1 as a

myeloid specific negative regulator of CNS inflammation and demyelination.

The present invention concerns methods for the diagnosis and treatment of demyelinating

30  diseases, such as demyelinating autoimmune diseases, with CLM-1 antagonists.
In a specific embodiment, the CLM-1 agonist is an agonist antibody to CLM-1.
Antibodies

Antibodies of the invention include anti-CLM-1 antibodies or antigen-binding fragments
of CLM-1, or other antibodies described herein. Exemplary antibodies include, e.g., polyclonal,
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The present invention concerns nethods for the diagnosis and treatnent of
denyel i nati ng 30 di seases, such as denyelinating autoi mmune di seases, with
CLM 1 antwganigts7isin a specific enbodi ment, the CLM 1 @&gunissdioiososan

agoni st _antibody to CLM 1. Antibodies Ant i bodi es of the invention

i ncl ud&oagelongd mlmn%m%qdbo&ﬁ@@erﬁr mpkisproifiti hetieﬁgonwa@tﬁéntrgulafla@m affector

ot her pRdies i di

pol yci SReHBR e a0 Rics 5 s oo, Sb 4Bk R B AEUPRs af aonis
fragrreahubddyl tispecific, heteroconjugated, mnultivalent, effect or functl on,
etc., antibodies. In certain enbodi nrents of the i nvent i on, the antibody is
an agoni st ®ohichadyAnfldyal onal Anti bodi es 5The anti bodi es of the invention
can conprise polyclonal antibodies. Methods of preparing polyclonal

ant§bodi es ghe &itibodiet Ooft e Shientionl it b@ﬁﬁns&@blyemaplaﬁtlbaﬁwcmﬂ@hs of
anti bodi es against CLM1 are raised in aninmals by one or nultiple

subcut arfpatRg pebyclanal japtibedies ateokeewn (tp phei skilted: ﬂ@ﬁ@;ﬁ ofort preampf.epalyelonal
ant| 98GR A L1 labe HRed T ﬁlé&ik $P ofi& U U fhid nd Pl gx&rl‘gscg“&r' gen

to a proteint I'S I mmunogeni c 1 n cl es el mmuni ze

keyhol inttapefitehed efip)c ingetitions saérthmab{mm anngaouncmant fgjuagk.oh by beOﬁseﬁﬂyﬂ@ean
trypsin inhibitor using a bifunctional or derivatizing agent, for exanmple,

mal ej mceraB%aﬁi Hin relayprtGetgen i HPéeiadhalis immppaggaiciip r‘ihft meswg (0 by énmupkzed,
resh due mednmsxts H&ﬁb amnd%el(urnb n! BSViRE thrabRYER], od %i&lb%%ﬁltg}f)@ﬁﬁde

succi n| nhydri de, or Ani mal s are’ I nuni zﬁggagal nst
i m"runogdxdvlmrcmﬂ]nggalt ehafunoinomhbr ov addrivatizing agéntcofobi axamyple.e. malgindidObénagylor 5

lig of t r.ot ei,n o ate. (for rabbits ice, .respectively) with 3
vor unesSIGEuBsRite e irbedRadpinvih v aRRe iy dies] nGRidEr sk iRe (hrotgh
i nt r adgysimR! redididds), tEJ'aRieﬁyd%! fs@e%lm%y@fﬁaéfbrls@cq the animals are boosted
with 1/5 to 1/10 the original ampunt of peptide or conjugate in Freund's

conpl et e adjawyAak HY isRmHangAUSt IdINCL | B @ﬂi!:tdoﬁjlgat%ktsﬁde%\fﬁ@s 9 14
days later the aninmals are bled and the serumis assayed f'or anti body

ti®er. combmalgs e.2201 Qx eg bodsn;gadf thetprotetrher ¢dnguegatep(fat %bﬁs offl ypee; atdpyctiveld

ani mal ted wi.t e con ate of the sane antige but cqnjugated to
a di ff&r@n? Y?i‘éi‘f‘%ﬁ Rt alﬂﬁ'f"grs %n adjuygntt0e MHeCEPg eﬁoplmoﬁgmﬁré y at
Conj ugaufigplakies. OHe hshti A& the aﬁmme%@he& Hith P/FJ'tS llVﬁ) e o ?mo{u&tscsfons

Al so, aggregating agents such as alumare suitably used to e hance the
i mu nep¢msbm1$‘@njurgbﬂ¢on IFmﬂaid'smmnnb@d |aéBIV215|\hyrm1bbutnm¢oua mmjed:tunhl agngéipletsitesrade

hod. f t by .Kohl
256: 9050yerayet S Tyhe Aaia ik KO B et ibpwaret s aBtipagRepfiimys
4, 846, e Moosted until ki fifee phivdnis. dl)ﬁﬁcdng't ﬂﬁdamﬁham%s@ﬂ Wikl ele @RIMARS bRHR

host ani mal , such as a hanster or_ macaque nonkey, is immunized as
her ei &% @ntigess ub canjvgated jtea diffores qwgielss and{ar thspegh eedifferent cross-linking

reagent. Conjugates also can be made in recombinant cell culture as protein fusions. Also,

aggregating agents such as alum are suitably used to enhance the immune response.

Monoclonal Antibodies

25 Monoclonal antibodies can be made using the hybridoma method first described by
Kohler et al., Nature, 256:495 (1975), or may be made by recombinant DNA methods (U.S. Pat.
No. 4,816,567).

In the hybridoma method, a mouse or other appropriate host animal, such as a hamster or

macaque monkey, is immunized as hereinabove described to elicit lymphocytes that produce or

30 are capable of producing antibodies that will specifically bind to the protein used for
immunization. Alternatively, lymphocytes may be immunized in vitro. Lymphocytes then are

fused with myeloma cells using a suitable fusing agent, such as polyethylene glycol, to form a
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30 are capabl e of producing antibodies that wll specifically bind to the
protein used for imunization. Alternatively, |ynphocytes may be i muni zed
in vitro.wbymplosuses then are fused with nyel oma cel | spPasiusgoia/osasvt abl e
fusing agent, such as pol yethylene glycol, to forma WO

2011/ 0bgmidmvaliStivdoye Mymoolohglbhitthodees cBtinciglGoatidReactitenppl YRH3 @vaiéoidi es:
Pri nci Blre%ss 1§?€)QPr actice, pp. 59-103 (Academ c Press, 1986)). The

hybri doma™cél'Ts" t hus prepared are seeded and grown in a suitable culture

medi um t hat ically cqontai ns one .or nore.suhstances that, inhjbit the
aroutn or - sapb Ryifdets A Gt Bredaredaivg Sreftd 0 HEr i e curile Tl pediine,
i thetagtypidatly cBH@IR e 6 hlote bafstant&ahSTANTBR (hY BRWAR bR kNQivAH8fMHhB finfused,
phosphori bosyl transferase (HGPRT or HPRT), the culture mediumfor the

hybt i dp#rgstal ypydempycells| |Fornexamefehyh dheananéntal, myieloneptoets nlackartbie t énayingi ne

(HAT I -whi ch. sulst ances prevept t h RT-deficient cells.
rypi car hg e el MRS ARRER R FF R PG DL KR TSl Bl

hi gh- | gheethyB@dgmadugiicdly ofillafichiied hypoxahthend; ehBibp@riaNtdndo dyniliREeU AT
cells, and are_sensjtive to a nedium such as HAT nedium Anmong these,

pr ef er PSEIURebieh sulstances preyentthe groithaf HpRRIndeficignésellssuch as those
derived from MOPC-21 and MPC-11 nouse tunors avail able fromthe Sal k

I nstitute CAVpicH; smyelasna i esls Catst dhose Shat Dhegyefficdenty, sydmortas@blphizholevel

X63- Aa8- . ' ' T I | l.ecti
ot Proguaici®on BBy b e sd (et bibBoRliaHidiBine KRS ot bt KPS ih B
| i nes alchoashANE hedinmd @sasrigothdsd, Pecfeired pivelbuet ¢edinligds el MRFiNFAPEbMAdines,
ant i bogjlfgls (Kozbor,. | munol ., 133; 3001 (1984); Brodeur_et

Vonoo! SHE A gy v G MORCRAGHH] RS- RORSAUPER PUpUbIg o thepGalk
(Mar cefnRRltk @fell b%ﬁbutﬁﬁ“bégéﬂ;ﬂaﬁgﬁi%}r Cﬁftt@$g2g§&j'm|&nj§’?3-gx SRR LR

cells are grow ng I's assay or production o nonocl o i bodI es
di r ect edhilablzi fneh tiit Mnierican g ybe itiltuge €pHedtions Rbykville, td.otBan dunsant mlpeldinas

RS BB R S5 LA, MR SRR 0

| MUNORBESK DABoAGRRYariBblied) gKo%JGﬂ § CGRRIALES 1353085 SAYS4RT Brdda@veti .t he
art. The binding affi mé&cof he nonocl onal antibody can, Tor exanple, "be

det er nMvagclopaltAvtibads Peermction dathniques end Mppleatioasdp2 5 P68 | (Madcel Rrekker, Inc.,
Bi oche 0 :1?80/ (1980) . After hybridoma cells are identified that
producglegn??rgb I e%)' of the desired specificity, affinity, and/or activity,

the cl h bel by, Linti ilution. d d grown
Standard. meCREHS PRI, G SRy aomanre ot adVindl RrsNederol o BeR i
PP20 59mbAdclohil ag@ibodiesT efscted ApAinkt @Mgbmﬁe Chintiifige spRafidty’ Of hidndclBRdIPOSE

include, for exanple, D-MEM 30 or RPM -1640 nedium In addition, the
hybr i deibodies psodused by hybradama eellsi qap hesdeterminedsbyt imvrppreripitationiomdly. an in

The nopacl | ' S ne. . S Ui | v. separ at ed
e TeRgel AR 3 20 S ORRSAR 2 RB L ARE o RLE i BB Te9
i mruno@iIdBAl.I Sughunedhinitpies aind passaysd dfee knowiD idOtht/ 0.5 TAS REIdikS24HiRi Y 4F9%ie
monoclonal antibody can, for example, be determined by the Scatchard analysis of Munson and
25  Pollard, Anal. Biochem., 107:220 (1980).

After hybridoma cells are identified that produce antibodies of the desired specificity,

affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and grown

by standard methods (Goding, Monoclonal Antibodies: Principles and Practice, pp. 59-103
(Academic Press, 1986)). Suitable culture media for this purpose include, for example, D-MEM

30  or RPMI-1640 medium. In addition, the hybridoma cells may be grown in vivo as ascites tumors

in an animal.

The monoclonal antibodies secreted by the subclones are suitably separated from the

culture medium, ascites fluid, or serum by conventional immunoglobulin purification procedures
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such as, for exanple, protein A-Sepharose, hydroxyl apatite chromatography,

gel el ectrophoresis, dialysis, or affinity chromatography. The

nonocl onavoanii/dostdses may al so be nmade by reconbi nant DRATrostéodsisuch as

those described in U S. Pat. No. 4,816,567. DNA encodi ng the nonocl onal

ant i bodidisas; for exampleyprotwin Achephargse dydenxylapatite ghiomategr geltalestraphoresis,

proced : : i i.gonucl eoti de probes that are capabl e of
gfaz%ls( 81]; QfﬁnftP éhltégﬂagc%géﬂyg

bi ndi n ec¢lfica encodi ng the heavy and |ight chains of the

nonocl onal i i ' hybridoma,cells ,serve as a rce of, such DNA.
Once i sol at Z‘QE "?ﬁ’g"%ﬁ? an%%%gleegg?@g%(ﬁo PR B8y réeggpﬁwa{}tei)m getmstﬁucgraé

t hen t tasstewtibed inUS. Pas N« @418, 550CHNRS efcodin@! the GfRinb&londliaktiBai&3s réfdilys .
Chi nese hanster ovary_ (CHO cells, or el oma cells that do not 10

ot her wisektes AW feauensed HEBE senyentionsl praseéires (- SHiyausing eligoayeleotids nrokys that
| L T . | ! ‘ "
of "ant Hieagpuible, BP bifting dobclfipd 6° QU enctidie B hEn NP TRAL AR IiCHE ! O

enbodi menbcloaattantibatlies). Diie kybridoadycefls agrens 5 seate bBsuch MNALOnEd Rolased] iHeody
phage ljibraries generated using the techni ques described in MCafferty et
DA By raties

al .., gay Into PRPTEESION Yestyy,, Wiirh aledben Eansicted imhﬂsbeellssmm@ﬁi-ezs
(1991) cap @eﬁ@ L#Sa®CH (cjel]ﬁ;] chifele hiﬁg%{eﬁ oevsagf fCﬁéZ 'cél?s? OF’ %%%iamefj geifsrthcgcedot Q&

i solation of "nurine an uman ant ,> respectively,” using phage
| i b ar ptherwiSe bdycreimmpudglomain woin és obiabethe Isgnthesiclof mionoclodal hitibodidsfinni t y

(riMragnge) human anti bodies by.chain shuffling. rks. )

Bi o/ Teﬁ"r?n%%%lael,n toﬁcf’%@e %Sl??cfgé’?‘)a)“?p UGken 0?1?&5% Sn‘é{flgi’F ges‘ir}li’ngPiIB?Feand
in Vivaeth@®elghi nati on as a strategy for constructing very large 20 phage

| ibraries (Waterhouse et al., Nuc. Acids. Res., 21:2265-2266 (1993)). Thus,

these technifiu@sihénbodakimg, ﬁitib_%ﬂi%@b% mddg)lfkargﬁf@nﬁsi éaﬁgde di_E’@HQt@& |f%?‘5nti?_d%&l&gﬁlg\y

hybri doma techni ques for isolation of nonoClonal antibodies.
al so nhlagedibraritistgeneratedorsingthapechniquys dessgbed it MeGafferty codi, Nptereq3dsse-f or

hunan sorRNG | i ght - chai aQns i i\n_pi of , the_h I us
il neoSodt o Crac il of 4F, Befitena SR kB3R B o RER < allay: M, 6L
Nat|. 2en681-587 (199PPdes2ibe BelisOlhASH bF mudine vid GO QRtibAibD rdipBdivel), ubRg
|nnunoglobul|n_cod|ng sg&uence all or part of the codi ng sequence for a

non- i Jispies: Supnayprippublisations desqrjysi thel produntion afdtigh mbfirity (oY uknge)

| ! . FeNy . : .  bod
hey o inifHoBics 43 Shub b (VS oF B HiB ecfiRBLE T0 20 S AR el
site ofs esmbinatohialdinféation raadtie vavc Facombinatibn i lacshtategnttbb oshstraomay v&iyargene
ant i gen- cogﬁéni,n g}tehhavi ng ipeci fi ci,(iy for an_ant igfen and anot her
ant goRBESnBPrAriRG (NAGAEG Figabp it (4G4 Rer 31420% Mt (195) B, these
Humani zgghigd 4t Rib1 MtdrRAReE S0 tri¥tidhA %&ﬁr‘é?o%é?ﬁ%gﬁﬁ %}Eﬁ%ﬂﬁg $hnigues for

umani zed antrbo

Ant i bodi es of the invention can conprise I es or hunman
ant i bospkasion Af meneelonad dntibrdidsody has one or nore amino acid residues
introduced into it froma source which is non-human. These non-human am no
aci d resi du€be 8MNA alsoemay bt enadified, donexdhipipdit Substmitidg dlse coding bequiece for

typical ly taken fr n."inmport" variable domai.n. Humgni zati on can be
c25ent e, BN o MeRlenel Petang d5maimaus we 6f iy HBIOLNS BB FsBpRces
(J@snesgw.s. Bht. NoNa{RU6867301birasdd; elal., PEES Natl. Raehg@NDSAL sdlsgs1 N@sﬁ@eo by
332: 323- 327 (1988}; \/erhoeyen et al'., Science, 239:1534- 1536 (19 8)5, by

subst i ¢eavalenly igitingtto GBRsnmunagiulio gading ssqueoce alher put ofthp coding ge@eneefoces
of a h .antib 1. Accordi.ngly, such "humani zed" anti bodies are chineric
ant i bo%ﬁ%glrﬁﬂ@@&g%h.nwgy.peﬁ%@%& 567) wherein substantially |ess than an

i ntact hu vari abl e domai n _has, been 1Q substituted, by the_.correspondi ng
sequence mmlﬁd oﬁ?ﬁh rf’_é)ﬁ'l%%lgioé?%uﬁﬂ B‘ﬁ&%‘iﬂ%&s ¥ nsélh?t}zltlétﬁgamri B’Gd Fg‘?t*’é’ﬁe
typi caddryaiheiEana BAtiBAAY] ©F théy Wi GlibsHNRI EaRiHeeSrthibRS daRdinROsSbiY Yngie FR

residues are substituted by residues from anal ogous sites in rodent
anil boefinakyning site of an antibody to create a chimeric bivalent antibody comprising one antigen-

combining site having specificity for an antigen and another antigen-combining site having

specificity for a different antigen.

Humanized and Human Antibodies
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The choi ce of human vari abl e domains, both [ight and heavy, to be used in
maki ng the humani zed anti bodies is very inportant to reduce antigenicity.
Accor di ngwbaotimesas-cal | ed "best- 15 fit" method, the sequarsc@ooiosdhe

vari abl e domain of a_rodent antibody is screened against the entire library
of known huddtiibodies abhe-igyention cge gompreeshunmpized anilhodies o humananiéhpdies. A

cl oses 1St . t he. hu framewor k. (FR)
For -t ndaizebnlody iy B ol S5 08 TE RS Yy b P ins i B e
Chot hi & mén-miman. Theddhon-Birnhn amikdcacDiesidhO8de)ofteArofchied toras Mathouts @&sidues,
particul ar franemorkzggrived fromthe consensus sequence of all human 20

ant i bodhadh & typigally taken dfomy ap giBRAst oYariaplerdoraain nHEMaNiEAigH an tmés(%ﬁiﬂily

f . di f ' t ' r et
L) 25Cppetfortid, RokaRHedhoh6y 8 Wiphl B E MBI IURE L AT, NaRRL o9y (AT

| mmunok1986),5Rie2klAann ¢08I3) Natutd, 332:328+32A g 988)p detlavrtyet _ream.at:igm? EGQ:IBM-

h [ ] i.on. of hi fini f th en and _ ot her

Favor abrds bR Py Sosyfdiseretut Loks SERDR, wibeess gahe Sagegpading seeaces
typi calf 3 hutRihRdbodyH PeRbARSkI AR oS 8nidéP d?ﬁi%@@i%@qrebam@eﬁé W@RRAE (US.

anal ysis of the paréental sequences and various conceptua umani ze
pr oducPat. i g8 1166 whienssm substeaitialip desk shasf art fngaqy dueranatariable donmem haeteen

sequences.. Three-di mensi onal i mmunogl.obulin nodels are conmonl y avail.abl e
and?ar oty BY e, “FR08nEhe R ToRe AP MOCBRIRLr: Jf Gurea Girganized
avai | alahbotidsCdre itypi¢tsiy! inand@fibedied it whihofeatt EDRNesRusY & some FR
conformational structures of selected candidate 30 i nmunoglobuli'n
sequené&sidues peesubstiteiad by residuss figmsaialggoupsitasiin sodenbangibodiesf the |ikely rol e
of the residues in the functioning of the candidate inmmunoglobulin
sequence, i T&e cheige of hamygsjverigile demiaihgeboth Hight amd hepyircto béhesedbinlmalgingthet he

di d [ . I l. | Lnd.it ti . hi s,. FR resi S. can
o sel Dot B AREORI i Derb BBt RediEh ftEtnichD, AfisPeihEYs tierioiEed o
t hes desit'r adthad] theadyuditaroiehe Virddbl€ dombighofas rddeat @afRdyaé kerekded ddatnst B

target antigen(s s WO 2011/ 005715PCT/ US2010/ 040992
g entire li rar§' o% known human variable-domain sequences. The human sequence which is closest

to that of the rodent is then accepted as the human framework (FR) for the humanized antibody
(Sims et al.,, J. Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987)).
Another method uses a particular framework derived from the consensus sequence of all human

20  antibodies of a particular subgroup of light or heavy chains. The same framework may be used
for several different humanized antibodies (Carter et al., Proc. Natl. Acad. Sci. USA, 89:4285
(1992); Presta et al., J. Immunol., 151:2623 (1993)).

It is further important that antibodies be humanized with retention of high affinity for the

antigen and other favorable biological properties. To achieve this goal, according to a typical

25 method, humanized antibodies are prepared by a process of analysis of the parental sequences
and various conceptual humanized products using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin models are commonly available and

are familiar to those skilled in the art. Computer programs are available which illustrate and
display probable three-dimensional conformational structures of selected candidate

30  immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the
residues in the functioning of the candidate immunoglobulin sequence, i.e., the analysis of
residues that influence the ability of the candidate immunoglobulin to bind its antigen. In this

way, FR residues can be selected and combined from the recipient and import sequences so that

the desired antibody characteristic, such as increased affinity for the target antigen(s), is
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achieved. In general, the CDR residues are directly and nost substantially
i nvol ved in influencing antigen binding. Alternatively, it is now
possi bl e wo 2priasme transgenic animals (e.g., mce) tharcansecapabbe, upon
i muni zati on, of produm ng a full repertoi re of human antibodies in the

absencachievst. elndsg@miué ¢ rieRRotsisisives jate slitggtly t angn mosb substantislly, invelvedsinbeen
descri %&ﬂé n%qﬁ&é%gous del etion of the antibody heavy-chain joining

regi on ric and germline nutant mce results in conplete

i nhibition us ant body, p odu on, Transfe f the

gorm i ne i ISTREPESIR Bk RIPHII RS hondehE el Ghet” e Wl pre
resul t capabld)@pi Qﬁmhiz@mgfofwmm@r‘d filofbpesoitPoNh@hid Sibodleslih eOgbsemRe,
e.g., Jakobow ts et al., 10 Proc. Natl. Acad. Sci. USA, 90:2551 (1993);
Jakdboof tendagengps  immanoglobulis sprodustmeg For og@mpley i glasr hmnde&cnhe thatethe i n
| muno ﬁ-glg I 9

ant i bo Prgszzyg) Jdl%Pe%))B eri veg&ﬁfJl hcglagl-gglqﬁslﬂé%yg?éé gﬂe? ):lgagn oom et
al ., Jgetbline Bhotant, nd& r&filts (1119&irhpleﬂb‘afrk1ﬂ)1&<bn alf. enddgerduk . adﬁbodly ;production.
222:581- 59; éﬁjﬁ ]lglglVaugh n et al. ture Biotech 14: 309 19962). 15Human
ant i bodfr@stee Hﬁd@&l‘H@BhN)gul}%gFQﬁﬁT%Yée SRetheREE - HnfomA aphmméw&r t,

227 SSE&?I{S‘S%%%%@?Q?E e o R A, DMl 55 e 1 iR

thile t EcdeniNptie Acadt BbiodJSA/ AbasS In (99AEsTakoleoits cnendl, INntiire ABE2:258-2582(1998); a

2 or HreEeRtprin b Syl gh ol 5 PEORH P Gt NanBh e R2seLFate 20

of therRRAANABSdibSES: aAlREEEUGH el TRorh phATENENNY 1iBAkES BlISogeRPdc BFal2 J. Mol.

si ngl e-stranded DNA copy of the phage genone,  sel ections based on’the
functi Bmil, @ﬁ@ﬁér(ﬂ?%ls) MarkShet dntli bodyBulls 822:6814507i(HO%9] ¥eughan evfal. tNaturgene
encodl @??é exhi biting those properties. Thus, the phage m m cs
some o plrio% 2 of the B-cell. Phage di spl ay can be perforned |n a
varLety of r mat vi ewed ohnson S, .and swel |,

Gt Ot 1 nERPR BiefoRies SR ve Sydeissd R St e BT o W gt
segrrenirﬁ:lwdaﬁg ?ﬁagesaﬁ fa rllﬁib]ﬁ@eff%(ﬁgéhﬁdbm Raa wxaem! e M6l aksom eI 1a(1991);
Nat ure, 352:624-628 1 91) isolated a diverse array of anti-oxazol one

ant i boiasks etr &mJa MekaBioly, az.aaew dd9Ph A eording to Bhis tsehaique fgélh@éy Yedomaia
fr .Om t EI 1c8 dAIﬁ%T(ﬁleﬁf 'ﬂﬂf@'lﬁg {HeP % mAjro'f o?eré}n%l %at {)r Yel %ﬁg ofr ?ﬁaamentous

uni mmu uman donors can e cons to a diverse

array bicteridphggs)sudt achMudion dd, sal idisphiyed e finctioml bﬂtlb(ﬁi@ fﬁt@ﬂantsﬂ)lghe shsface
essent | |1y foll ow {% 30 t he t echni ques descri bed by Marks et al
Bi 8 . 9bthegmpgegarticlegBegause theciilamentogs gartigle confays amglfzstrwz@dﬁm( qmagf

See, ahgoy hag éen(ﬁﬂ& sei\& ons’b8Q onhe Mté '?'_l e;;‘l' g&ﬁe gf‘ﬁletaq{ﬁ%@&)g HSS r sIqugl e
et al. and rner et a are al so avail B P r tshe preparation o unman
nonoc!| seledtioantfi |t1m)g¢resen(:®hhg thet andibody Binbiting iadse Andrickhioddi Thusatie fhape arimics

Ther a Al R. 9 and Boerer e l.,.J. |l munol.

1a7( 1 Y 68 elbramis Bl Etnecdhigy oaf b PoEOWak e SENUREY PR ro -
act i vat&gowdcial kg (8Bl 1B-S, Rall -CHi&sell, D 56i‘:u§@i51@{iﬂséu&ﬁ01237 '564- 57%"@9932 "
2011/ 005715PCT/ US2010/ 040992 Anti body Fragnents ody fragnent's

ar &5 al Sevardlspugesiof ¥-gene smmmm ¢aprbe uged fmmbag%@hpiawf@s ehmeb@lanksoewealeped

f h T d | f
wer e abPRBc 7R, 8Pl e L BFPBR o5y koo b ERE gontd Tl
Mor i notamdein edmblndtﬁi:lﬁlnﬁ‘bra@)t oBl‘(DCélﬁB@ datived fidfd t}% Bsi &ﬁimﬁ(ﬁﬁlﬁ&ﬂ%lce A

24:107-117 (1992) and Brennan et al., Science, 229:81 (1985)). However,
t hese FAPSERERPE Veganen SRnbhunipmemiecshumancdanogs ean heceanstsngiethanchansibodissite 2 For

) or or el Al ok Ao RO SRR ) 2 L SR T PRI NRARE .,

r esoV ethedethniquek. des@ibied dyydMatianat cahl Uyl\ﬂxDuBioedZZZOSSI%QVI 6ab), Jor Giiffith et al.,
fragnent s (SCarte et al Bi o/ Technol o 10: 163-167 %199?@% Accor di ng to

10 anotNE&O dph da:h34 (:1(9%) Pesaisor 5. ‘?% 54A,388 and §1548 dThedteehniqyasom
r ecombpnapte 8OR! af® Bocfidt LHAE ardhils fav51 W0 egEs g;;arédzﬁ 8 AL hidflodbnal

anti body fragnments w | e apparent to the ski ractitioner
enbodi amtittodies t(Beleatal. pMbmocibna Hmtibedies aad ﬂangéréTlmk@ynAlFan Rr Bigsrgnt77 (($Q83))

See WD 93/16185; U. S Pat 27 , d US _Pat. No. 5,587,458, Fv
o SHPGRRERE iy Inmansled A Distres 00 0 oMliman ey b B Seawoisha  of
CoBSt 3By irl Gtb Abfvardd Wolld ARY YA @aft NS 5aRER) bt s poslyrgd nonspecii i c

bi ndi ng during in vivo use. SFy fusion protelns may 'be ‘constructed to yield
fusion of an effector protein at either the am no or the carboxy term nus

of an sFv. See Anti body Engi neeri ng, ezi. Borrebaeck, supra. The anti body
fragrrent may al so be a Iinear antibody", e.g., as described in U S Pat.

~N——~



20Mul tispecific (e.g., Bispecific) Antibodies Anti bodi es of the
invention also include, e.g., multispecific antibodi es, which have binding
speci fi ciwoes1ifos7iat | east two different antigens. Wil ecsaskomomhemerl es
normally will only bind two antigens (i.e. bispecific antibodies, BsAbs),
ant i bodi es vntibodvdttiagimental specificities such as trispecific antibodies are
enconpassed by this expressi on when used herein. 25Methods for making

bi speci fi c Amtibodydifregmants deelen inglutéd imthe. inVewtbint Vanabs pecboiqoes baveobedhul |

I th ,bi ifi t | bodi i d t [ f t .

| mmino R fon B PecbBin ST myfhedg Raemeps: Tar AR ke Haenh dons v
di f f er fal proReRiitidEsdstis of Mtadt ShEbIUI&! (s&d, .., NAbHIRto &0, FSMAIT BibSikal
Because of the random assortnment of i nmmunogl obulin heavy and |ight chains,

these pybBiopmsical Metbodsnds)0PplbdudedD put Bmerinan ot alt Uyasense, 220:81 f({88 DM

anti bo 3 | ecul es, .of which only o has.the carre i specific

ot r vt o e eRt Kl byt St Be Bibed e b dSeofi it ho BREF S Simmieny
af fini the SRR MM cai %Bsisolh&drﬂélheme%lﬁbs%sgﬁ@ge abfhricd Qigused cdboye.el ds
are low. Simlar_procedures are disclosed in 3/08829, and in Traunecker

et al . Altewgtively, Fabh-SEshaemens cambpdirectlyyesoyered fows £1 seicamd slrotosl bueyaled

Accor dj i fif and:| i ahl ' Wit s

desi re'(tfp %I%E(%%P%%e%frg %F@?ggﬁ%g%% ?lﬁorﬁc}i)/)ﬁgn |O\é(g?, fggr%é?ﬂlgn Mslfzt))és cgglidé tl(J)sed
t 010 Mrumsthdrodpproachg B(ebt)anb.2ddagmentss earll e desdated igreétiss from pecefmdiraht Hostscelli t h
an i nmunogl obul i n heavy chain constan; domain, conprising at |east part of
the hif E}re-éﬁg?r tepligyds fethe prrductien Péafﬁlgéflléffﬁé‘&emé vwibe appasentite the sgﬂled
heavy- e t j [N 1] | I ght
chai 1 BiAGflofent! Aty SofldRled s s of et R R AR iR e

i muno§eoDi9/ a8y Uchdlab Nasy,bhis8%hdindilf.SdBst Ned 5,38 5B Rviandlsbbuaké the

light chain, are .inserted i.nto separate expregsion vectors, and are

oot 1 aRUPeTHeG (T TR IR B BT ot gy CeNTL0 9 SorSRGl Fesbins] dpusg By are

f1 exi biditable ot Adub&t nBAspebific bihiRe MOl WS usd, SINE fhdibe Prateiny PARY ivde
fragments in enbodi ments when unequal ratios of 10 the threé pol ypeptide
chai nscenstacted te bield Bisinny efcan dffectnr pvotdia at leghepthe amino orethd sarbpky termimusvadver |

possi b i NSEr. he coding. s enges for t or .all three pol i de
Chai neof G s ol PaR R Sultk, SEBGRARR. Slapbe Duftary kREnDRny f§ be

pol ypeplinedearttibaidp's eld), #Qesdribedtin USS.PagMNdJ. 3,641,870 Gbr kiafiplis SQEh MA@ ahtitrdy

rati os _are of no particular significance. 15[0139]1n one enbodi nent of this
appr oafAgments may hsapenospecilig p1eResticar e conposed of a hybrid i munogl obul i n
heavy chain with a first binding specificity in one arm and a hybrid

i miinogl obuMuttispecifiy (e&aPiresifiehAntbaries pai r~ (provi ding a second bi ndi ng
specificity) in the other arm It was found that this asymetric structure
faci | itat esAnHbodiep af 4he davestion sl dnplpdey e padtiseeifie ompibodias.f whiehubavent ed
i nmuno | i.n..6had ' j O n [ n lin
gt s el S5 3P R o eeetEeridEn VARG Bl 1S oIS Bl
faci | ebindytwef arstigeas &i.¢. dbispetitics amtfhodizaC Bs ABs)d aptidcdsadwith 24@itRAAI04RR Ticitkar
further details aof geperating bispecific antibodies_see, for _ exanple,

Sur eshS aéltr.ls,PeR?%PWBHEO 165 4rR EYGARIRSgSEd by this expressigghen used hergigcor di ng t o
anot her approach described in \W96/27011, the interface between a pair of

ant? body moMsthads dorcmakigg bispgsifie aptipdies aralnown m thg artpEraditanalerogpction of

het er ogj i . - ©C r i e .

or ef or TURRRHEBLERIRS St A B0 ARRRE b RE cLEGPERIAT v Sl Bin OIS

ant i bochairc-tightt chain phdrspiwhereltie tvd chaiestave difenent apecificidessil lsteanétrad., Natuge,si de

chains_fr i rface of e first antibody_nol ecul e are replaced with
~larger 3@-3@-5@@5& .%Pal_fsyrq)flsfgﬁéﬂ%{mt ASorEIsRaRS }m@aﬁﬁ@ﬁéﬂt%heawcwi bghds

of ideptdicalinQe Wivdbias IydRirdad) %ocli&reg@ pptefBalCRBlHeSt 26 LifERAt Gotisayt he
interface Of the “second anti body  ecul e by replacing | arge am no 30 gm d
si 8k chralacslen ofhwhivhl érdy cnrdwms (the gorredtanspeeifor stiuctmanPurdjcatidiiof the cvirees a

nmechani sm for i ncreasi he yield.of .t he heterodj ner. over ot her unwanted
o o Tl i SRR b Sl et TaO Gy Slemeris FHRey Sirdceaies. and
ant i boghe@goducOPieRiRlardRAY, SithASTROERIUNR e AisS88sddGRWO 93/08829, and in Traunecker

et al., EMBO J., 10:3655-3659 (1991).
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described in the literature. For exanple, bispecific antibodies can be

prepared using chem cal |inkage. Brennan et al., Science, 229: 81 (1985)

descri be woponoesuse wherein i ntact anti bodi es 35 are protrasbymwiocabt y

cl eaved to g»nerate F(al: 02 fragments. These fragments are reduced in the
¢

WD 2011/ 005 @dmguszocilﬁﬁem@gpﬁmmlagehb@dyovartahl; maing Witbothp [desiredgbindiast

sodi um_ar t abi.lize vjcinal. t hi rev intermol ecul.ar
oFoul T et dathod Hatibed Bortb st it et ROmBM i LR, E5HE
thi oni §dgabrirs 0The fisidB)préterablyalsi wah . anOitmAhodlGBulinakcayy NBalte tonstdnt \dsnairs
then reconverted to the Fab'-thiol by reduction with nercaptoethylan1ne and

i s m xeempising ahleagfuparophthediiogmtCla, andeCH3 gegiens. Ahlis prefmredeio) hayeithe firy
form tﬂeeavg ¢ p%cc{ohétﬁ?tﬁ%'oﬁflélﬁ[l I&%fu?l %@gﬁ% skl ec%E'JaJ(rjf?o‘i'@gt &Ka?ﬁﬂﬁl%%g?gﬂ:“ i

used as agen

t echni fpugtdedsd onérdk thegfusiods. BNAS tenoglihg &mamﬁMgmllbmm cmnﬁrsﬁcmsdmﬂ;aﬁ‘t ly
fromreconbi nant cell_ culture have al so been descri bed. For exanp
b| s pecsiqsl'lre e imauneglohalin lightchayt, e dnsarterd miey seragate ﬁéprfﬁ%%rf%cw%%rtde%‘y et

A des
P om ¢ fs gty Sydple o Gugsnty] HiEplovidetip! B HEIGPA A RGP Dt
di f f er entuahptapocthine oftihe dreepblypemide fidgmentst inbamahodiments when smwada rated wded
ion, tg form nmers and then, re-oxidized, formthe

he _hi
St oty thies apBaFrBlehairg nSed i o GoRORILBoBide dbs ppmamvisids ICs RIS on
of - ant piat. i MBE’&{ L

Acad. SCi . A, 90: 6444- 6448 has provi ded
aI ter nmqtmewl_’nal ﬂ'@chammmmfratrﬂamt gomadyreptifi¢ chaing iirboqh}al fratagpresulés. 1nThlgh
fragment conprlse heav chalq vari abl e dqpaln (V.su connected to a
l'i ght - Gh&°n vafi abWZ‘eﬁorraﬁ’r? (VL (bsy a ¥F nkef* whith | spalrté Lhor t™ AFBw

pairing between the two domai ns on the sanme chain. Accordingly, the VH and
VL domai ns_of one fragnment are forced to pair with the conplenentary VL and

VHL 8 ontl138]1s fong getbiediment o this eppropdy élng/brrsmchﬁmgﬁthﬁadwar@m gempasied of adiydrides .
Anot h bj t f
hot néy cgph 1(nsgé JPEMIH @R ?P'b ﬂcﬁ ng,?r&gle gk by 1£See %bg%{d {‘%alﬂﬁﬂ 0

S|ngle dirmers has a

I rTTTunOirmnuﬂLngol’ﬁﬁﬁShf(ai@%)un-hght chavﬁnpalbqﬁbeﬁhng h Beconidebihdiag dpecifiviay)eincihes
are con enpl at ed. For exanple, trispecific antibodies can be prepared. Tutt

et al . other prinfhgvas found thap tiiy geymumete; strighish faifiales Ao sepataiien o3dks dpwieds i
anti bogl sfi OQSArﬁlg&m Qrefis uhlvaied 11ﬂfnunﬁ% 9&199&%1 nat?dﬁ%' %ché g?eseﬂ@%'o?%ar e

anti bo S I nvention. For exa one o e anti S In the
het®r onompoogélindigh ehain upbmigal oine halfiofl the blsﬂwfmtmeheculo phuivides for Stactie way

tibodjies h t ||
7o, unwBhfean TRUISFRRS oo By APO5GTobdhe, ol Turt R SCkH e °
i nfect b@ﬁe&mrﬂﬂdoeﬁé%@& fMQx%bPeOQ&%aa el Meth QBG4S Bhzyrilb q@@mmgem)

anti bodi es may be 30 nade usi hg any conveéni ent cross- I|ng$ng met hods:

Suitable cr R%@orhin%l"tb BEotRESPpRoah Bestiibbd hﬁW‘Mb@/ﬂoflﬁ‘%@[ﬁterféé@%eﬁ&e%n%‘p%ﬁlased
in U S Pat 676,980, "along with a nunber of cross-1inkingy

t echni aptiody mlpq:lﬂgsi egantbeo\mgmcbg) maximize the percentage of heterodimers which are
25 recovered from recombinant cell culture. The preferred interface comprises at least a part of the
CH3 domain of an antibody constant domain. In this method, one or more small amino acid side

chains from the interface of the first antibody molecule are replaced with larger side chains (e.g.

tyrosine or tryptophan). Compensatory "cavities" of identical or similar size to the large side
chain(s) are created on the interface of the second antibody molecule by replacing large amino

30 acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism for

increasing the yield of the heterodimer over other unwanted end-products such as homodimers.

Techniques for generating bispecific antibodies from antibody fragments have also been
described in the literature. For example, bispecific antibodies can be prepared using chemical
linkage. Brennan et al., Science, 229: 81 (1985) describe a procedure wherein intact antibodies

35 are proteolytically cleaved to generate F(ab'), fragments. These fragments are reduced in the
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WD 2011/ 005715PCT/ US2010/ 040992 Anti bodi es of the invention include a
mul tival ent anti body. A nultivalent anti body nay be internalized (and/or

cat abol i z®@0pofiz®sas t han a bival ent anti body by a cell exprusssiongan
antigen to which the antibodies bind. The anti bodi es of the invention can
be nul Presence of therithiel somplexing agenhsadivn |gesenithiorstabiilizendcinghditiels gnd pfevent

t hree t ks i pdi i ' tr t . anti hodi ich
can beﬁ!l:teel{a%)lﬁ ‘y’%r%‘gﬁggg %?llln Fgg%%n%? %a}ﬁa?) gf;(%&eégﬁ (‘?’n@{%lflt%ﬁu%r%eiﬂggagé étﬁ((l:o i ng
t he pothy@dpdbaeoatb ZINB) dérivdiceq Orichufdye FARTNBI dérivativedis théit icboriertedito the
conprise a ,dLgeri zation _domain and three qr. nore antigen binding sites. The
pr ef er FelrtiphRy rednetion, with mesrrantestbylpmine qods sured with ageguimplgranqgt ghthsr a
hi nge bl phb- TN (i i L Bghody! i} h@p and
three or nore anti genatﬁfé(natgiafﬁgﬁsﬁl% te;fsgp‘5‘:;)1(!:1%%%o-teord\% lrl;iell? Bﬁg&{lﬁgqﬂ@%{%ﬁ %rﬁgﬁé%g The
pr ef er carbensed ay agentd foatie seledyivdrimmreobilicaippraf easynfest consi sts of) three to
about eight, but preferably four, antigen binding sites. The nultival ent
anti body coNarioweteclatiqlesdst makingaal ydqingddspebificrantibody fragheitsdirgctiyw®om

pol ypepti de. chai ns wherein the pol ypeptide chajn(s) conprjse, t or nore
Var | abfeombBinnnel liors fieaiocoep H@S#P@&@Wa@pf@hﬁﬁpﬂcﬁc %Pégbogw RySReen
VDL- ( Xdoodudbd2ndint ) dtichife: ziphes. Sk Ostelhd et 9127 N Infriling{ 21483 €1 42T, (199%). 'The?
seconé(ﬁvalrli abllleﬁ%S gonazil*é:é,EFc ‘Fss l(?%ee pol ypeptl:':lr(lfe’cha h of an jéc( re |on,e X1
antb X2leneipe egmet peptidesifrom s Bosoandohiny pregetinsdweredinked té she)Fah' pbrtidasrof two

i nst an t he pol tide chain(s c ri.se: VH CHl- flexihle )

1 ocor drardal S0 BIR b hciin. " By PRP ibte ¥ e it of the i pggion
nul ti vy fifth nddHonkeeindBeetdoBERES IRy thalidthely GeRRIdIRES. Piis hRARd dawalsband
preferably four) light chain variable domai nggol ypeptides. The nul tival ent

ant i bobig utilzed; far Hgyprodentionred aatieedy ranedimprsi $he f'digbadat) dechnplegy descaibed by
ei ght }4 ght al,n ari e d i.n I ent,i T Li ght chai n variabl e
donmi nriSAMEsE AN PYEC o8 AR B, YBERH s 11y e Doy Ay e
domRi Nmatishnisep foromakiny , bidpecifiteinti®odP fiagments CThél drgments ohggisera Iangichain
Engi neerin be desirable to nodify the antibody of the invention

|t
with rdape dqraar{ghé@b&) cpyneq-to; plightwhaingvarigbledemait (Y dyer firker iwhasheiss of

t he angj i ' ' : I . i

rosi ducpafOi 6 BUGH DA AU GEARE s BhmEHETR e bR ABHE WP MPRL BB
di sul f Vdelobmaind dfamedtdgnrent aret forced e pamrwithlthe doambahentary ¢V aaid V¥ dyniainssof
gener at ed may have inproved i.nternalization capabiljty. See Carqn et al.,
J. Expﬂfwglaf%r_ brognanio 111%@5%(%%n@_t@ﬁaﬁggl,mgasﬂ?ﬁ- Anibgrofirategyg forgmgking
(1992) bispQifiO&AtRRAG HaBReAR gﬁﬂh@ gééc (()jt1 éilgﬁe-@flaiﬁ ¢ (8 ARG had Ql_sg 'I‘)S(;lﬂTPe)f)orted.

i ncorporate a sal vage receptor binding epitope 1nto the antibo

( especBed Grubgnetaaht J.Jouyurfol. ad32:5168 @994escribed in U.S. Pat. No. 5,739, 277,
for exanple. As used herein, the term "sal vage receptor binding epitope"
refers to aAntgpédiepavithf mpietian tvegivalencés are to@mplateduFer egamgple, tipesifio. 1,

| gG sub..2, .1 gG sub. 3, or, G s 4) that.is re nsi ble for increasing the
oot vabedte DY pprda AT, Bhapd 14 OGRS ' ©

2011/ 005715PCT/ US2010/ 040%9%. Qt her Anti body Mdifications Q her

modi fi cat i oHEeEIOrRE%TH78di7 ar e contenpl ated herein. For exanple, the

ant i body . be .Linked t.o one of a vari et f nonpr.otei naceoys pol ymers,
ot - ool yebisprane rbedRs el e G ThnooRurg g e sy ar
copol yaRIbddRE dPThe Gk R ! exambled Bie Bt B! ¥RHBRMs §A hIh%6RkoniliRste 2 bRODY
al so may be entrapped in mcrocapsul es prepared, for exanple, by

coacer sapladriotagishmithgiebento tigtin. Suel antdiodies hav s e ¢xamipley hedtf mopesed ip tagget

hydr oxynet hyl cel | ul | atin-m I

ool y- (WBEHY metamads s Fo fowiied ol sk PP QRGBS TERRY, and forcpamentap HIY,
del i veinYectiph (WG 9170D366XAMP 022003 720 200EP. 03080Y N Btedc6hjASAE AhfSodies may be
m croemnul si ons, nano-particles and nanocapsul es), or in nacroenul sions.

Su¥h teednPENR snnPEvEDensapeslirkingimrEwdndiuiabls crrardinkingagentalarseicl koewn
16th & 't&lla %Pt’, a% Iaf‘)e' dfg‘clt)se'r:lcﬁn’U.(S.l%gQ )No. 4,676,980, along with a number of cross-linking

techniques.

Multivalent Antibodies
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Li posones and Nanoparticles The CLM1 anti bodies of the invention may al so
be formul ated as i munol i posones. 15 Li posones contai ning the pol ypeptide
are prepavedotxyyorashods known in the art, such as descripbedscorobp®vei n et
al., Proc. Natl|. Acad. Sci. USA, 82:3688 (1985); Hwang et al., Proc. Natl.
Acad. Sci. @gfbodigs alhth ipvention inclyde amyltivalent anghody 1A apultiyalsniyangibad y meys 45

Li poso | d_cireul at i i . : . . . ‘
5, 015, Bear Ul IR coliplid) e Wl UM RHBREE st b xhflgingan
t hose adftigeki fol wiicht the antibod®FRsind.i Thé antipodieebiilthe iipesvior scanabe eulgesedtat ed

by the reverse phase eyaporation method with a |ipid conposjtion ¢conprising
phosph%@tﬁ%ﬁ’ﬁeérﬂyg}‘sﬁé’,re et thap o e Lk cloess il ihies qr7ere antigen binding sites (e.g;

phogphgk, t 811 WhRich R i : ‘LhiQrs
o ot | hacc aBRLEL, Bich Chtbf Tebdily PRI F S gk S i o
pol ypegtdodingothet prdypaptidataheins o nthb eantibogdlyu gHice chultovaldme antibodyoems casiprise a

d I hed in. Marti t . al. J. Biol. Ch . 257 6- 28 82). 25 . d. .,
Fab: 1 AgsriZAaT fmn e B ot artigorpaiG wies  ear L Srneizanpboain
NANOPAESHEHRS (BF cORAE B BS r&d@oh 8t ShiRG HSRM. IR RS stafroh thedRERaPtIiles

of the invention. In one enbodinent, a bl odegradabl e pol y_af ky-cyanoacryl ate
nanopagemptisgsancihregeionanadhgetdr mére aptiggnkipding siesoiminioeeiminalntoi the Fc region.

F h det ai l f the inventjon are illustrated .by t foll om ng.
okt 1 B0 PhErests Rsbfork QYRR BB Soppt4Et (G B s Bl el i, b
speci f pefdrhiflp e, axRERS SindindGaeHOThE adulfiohleni ahﬁbdcg,f bmPfises EXaAEMmt Gne

Material s and Met hods WO 2011/ 005715PCT/ US2010/ 040992 Ani mal s. Al
ani mal Bolypensids shginy (radrprefesably éwppohmgptidechaingondetein e pelypentidgeghain(s)

exper i e i n . .
Conm 1 Pab e Rl on BREC Vel adn Wr hifhal e AT STRYar Hlnl) ¥ mprse, o
t ar get Vi -@E0L-MD2X2)aHF0) whereinn®¥DIyisi afirse Sasatde) demg@ian) &/ TINe0d seswmd variable

el ectrqporated .into 012 enbryaqni c fstem (ES) cells of 5 C57B116 or.i gin.
Ne&rycﬁwnﬁlé\s Feisape peliprRHIsschiY of 88 Fecesans S g Xhasmessnban ARG AGyi s

of ho r ' ' Wn 1L esaif_ul
repl aggé)l ‘t%%lf ’ ﬁdﬁﬁ}ml% @f‘(‘?)ﬂn1:)'r1]F(\(/fA'Si%vl Et&ﬂ[l ﬁé Negélégér@h \?\/gﬁgnﬁj e%tg Pﬁezqﬁcg%flm
bl ast ofgxible dinkes¥bbEHilelt | segionarchhiar r ed VH:GHpSIdipr-Egnacgion edwires The

D o BB il eRin Pt gbly TR LB 6oRIrTige] hIFG Yo LCmeEraply Bt fight
tar get gihi| vA2iaBlel doMf@ine pBRBKHIRSS The faakRlalcdt fatibedy [IRASA hy,JEseiRtdnedS
before interbred to generate O m1 wild-type (W) and KO mice. C57BL/6 (on

CD2%. gompriseDirempahogh dwaite abaekeighbiulight) chain sangble dpmainhpelgpeptidesm Theelight

i nt ab D VRSN O s R Fonretflird e Borh e ey R B

wer e used] optiondils, AgteoEondpris? avkL dbdaiaxcept for the CD45.1/ CD45. 2
bone-marrow chi nmeria experi nent where 6-wk-old 15 C57BL16 (CD45.1) were

used as bongff@abfpmcmﬁim' plbsng Al | experinental protocols were approved by
the Institutional Aninal re and Use Committee of “Genentech, Inc.

It may be desirable to modify the antibody of the invention with respect to effector

25  function, so as to enhance the effectiveness of the antibody in treating disease, for example. For
example, a cysteine residue(s) may be introduced in the Fc region, thereby allowing interchain
disulfide bond formation in this region. The homodimeric antibody thus generated may have
improved internalization capability. See Caron et al., J. Exp Med. 176:1191-1195 (1992) and
Shopes, B. J. Immunol. 148:2918-2922 (1992). To increase the serum half life of the antibody,

30  one may incorporate a salvage receptor binding epitope into the antibody (especially an antibody
fragment) as described in U.S. Pat. No. 5,739,277, for example. As used herein, the term
"salvage receptor binding epitope" refers to an epitope of the Fc region of an IgG molecule (e.g.,
IgG.sub.1, IgG.sub.2, IgG.sub.3, or IgG.sub.4) that is responsible for increasing the in vivo

serum half-life of the IgG molecule.
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Ant i bodi es and reconbi nant proteins. The follow ng anti bodi es were
purchased from BD Bi osci ences: anti-FcyRII1/11 (CD32/16, clone 2.4&X); PE-,
APC-, AP@vmﬂnlﬂmbHBed anti-CD1 Ib (ML/70); Biotin-, PE-pciRS201abhaloer

ant i -CD11 C (HL3 PE-, APC-| abel ed anti-CD4 (K1. 5) 20 APC- | abel ed

anti - CD3 (1 1’}70 JFMOéﬁWIII%eI ed anti-B220 (RA3-6B2); PE-|abel ed
anti-1AI-E I\/5/114 15.2); Biotin-, PE-labeled anti-CD86 (G.1);

APC- Oy 7- | abOthsa I@ﬂﬁlﬁca@onwi theentibedy) arementeawéat@fhh@rm Fopssmple,the patibody

(vrez) e SRkOR B BE G vty o s blandCe S nol il T RADE FibnElycol, "
(X I\/Glpéﬂ)yprOEMEﬁ:e gBEol atp@l)fbﬁlyﬂkylena'dVF@r( Wﬂ%l?ﬂiaﬁ) ofBI Plydthyle¥E- glycol and

Per CP- Cy5. 5-1 abel ed antj- 25CD45 éSO F11); Pol ycl onal rabbit antl -i NOS type
Il &nt p%‘axas?py}m% glyol-ohhagntibediha Pe@ameeerﬁ@pe%s@dmpmﬁp%l@swr@p@rﬁéefor

et s P leadlar S EILLEOh, il BB Sl e

anti - thfcﬁﬁxjrBMBylcelﬁﬂodesragﬁlailmmRﬁma&)suieth dyv@&t}gdmeﬂnaqddej frd¢rocapsules,
Invitro PE- | abe| e anti-rabbj_t ngd Cy3- Ia el ed anpti - hanster
1 gG weff‘gp‘iﬁawelw&é%aolﬂmg% o isamsty s iodoaie poms ch BHam TRIEQSPABTER N
anti bo S

Aml- I@écr? ﬁ&%@%%@%ﬁgﬁe@x{lﬁcﬁ QF]Ero’?\l élgn%aa:e{r:lbe ECD Sl?‘%nﬁ lh?rllilﬁ‘a?cne maIe was
cl vheddiselosedanRettiingten’s PRiBraespicak Seiancey,cétloeditor Kl .t Bé., (i980he |1 gGl Fc
fragment. The expression vector was transfected into CHO cells and the
Cml-Fc fusion protein contained in the cell culture supernatants was
purified by protein A affinity chromatography and subsequent 35Superdex 200
gel filtration. The identity of the purified protein was verified by nass
WO 2011/ 005715PCT/ US2010/ 040992 spectronetry anal ysis and t he endot oxin

| evel was <Dip@Soritd/ ang.NaHopartiscldsne anti-gpl20 anti body (1gGl) was used as a
control. Monoclonal antibodies to ECD of nurine O m1 were generated by

i mruni zi ng Fhen€liiM+ aaiveties ©fwhé nventiom enal aiolbeCiontdlsted us inmupopesbings.

Spleni¢c. B cells fromi ni.zed ani mals were fuse to myel omas to generate
hybt i dbiPREOMES pRRIRININEe The) BAIXRORKIF eirs direrareds bl 8eHodh knpwn rigalbe 4t tSpok s

mur i negddcbdd @E;E{ehﬁé alFPfoe: N \é\‘fsA&.{d”S?l)%% 39 3@99&1%@2’“ dyé:@té%%heﬁ?oﬁtlﬁé(ﬂ

anal yses. The clone 3F6 was selected for use in t sed on the
above Acad. d&ci. aUSAN ER4030 (98X hnd RES. (MBNQS 46488)046 cand it 46 SCLipokomn iviithdi es

the Al Fl l.nvi t rogen
Aot 1 v o ETREE P EEES affeariaran -5y BRaSlr SINECE: GERee it Ralacor
subcut anp&yéstﬁpggbmstl@kg&Ql@gh@gemgiﬁnaﬁeﬂept| de in 200 p.1 of an enul sion
containing 100 pi of PBS and 100 p.1 of conplete Freund' s adjuvant (CFA).

CF»A) i s pr epFﬁt‘ﬁ@ulﬁﬂy 'ﬁbéﬁlﬂﬁ!pdsﬁﬁféﬁr%r%@ ggﬂe@ét&!j Hg tl?@ie%‘x@é‘bh&é@' FaPorkARPRRIRE! eS)

mg of Mycobacterium tubercul osis (nonvi abl e 'and desi ccat ed;
DI FCO withor dipd |09§)p0s1|t_ian mmmhomhetmdylmo@w,edholmtmb@ndtBla@sdehyamedh

200 100 f S

200 " ORRERhES A Sitefind (BrELAG"$Thnsbiled B Brriied TGS 11 of pBfiesCpors
gr adi ngzs yetyeed ﬁbosﬂﬁe@bﬂﬂf e Hééil;edldlainlefw Aaﬁblypépdalen@f tuerrhww@diﬂe&s be2,
linp tail and hind |inb weakness; artial aral ysis;

corrpl esQBgatRg 10 the lipgpaimessassdesgrib qdom. i e at & Bwbrc@mnzi7|=@8612§8dh982)

' d t ed
SBbut Riion gy ighenss oF b ARy (0, 9 AUBATHASE R ben B MBS T
| n 100nzniocﬁBSleS icadalso bt usdd lECenn‘ap'tI&’l p’blﬁp&iptldesgﬁjtﬁé)inveﬁﬁdrﬁ liabee élﬁb@dlirﬁdt as

t he mean .20 cl i ni cal re and standard _error of the nean
g degraga% e polyalky-cyanoacry? te nanoparticles can be used with the polypeptuges of the

invention.

Further details of the invention are illustrated by the following non-limiting Examples.
30 The disclosures of all citations in the specification are expressly incorporated herein by

reference.

Example
Materials and Methods
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Bone marrow chi meras Si x-week-old C57BL/6 (CD45.1) recipient mce were
lethally irradiated wwth two doses of 500 rad each. Bone nmarrow cells from
femur andwOi2bitzosmse harvested aseptically from C57BL/ 6 pCCD42018)0403000r m ce
by flushing the bones wth Hanks bal anced salt solution (HBSS; Hyclone)

cont ai ni ng BusEEs Al enimalssyeremgld undar Stente Rashagen Fseagoaditions md anrimabyt es
were | . l.ysi [\l I BSS/ FBS at 400
for 5 %’%ﬁ%&@%{t%se& g@ﬁa‘gg,&ft@? S%{gfs}%rgagﬁrp%ﬁég e\gﬁtﬁy %gbﬁ@éﬁ%é{g Fal con) 19 o]
r enov e Gabitech. Td Beneeaté Cmviekm ckioan (K@ ik, b ihefized tdigdthy wowr cagbisfignrded at

a concentration_ of 108 cells/m . Irradiated recipient.  mce were i nb\gct ed
wi t h 2ngomyemn-gesistages ggne (Nep \was qlegtiopgrated intprfe? prabryiquici stam geShfeleoher e

mai pt at@‘?ﬁ%/k %ﬁﬁ}n‘? %%?E@‘r&i&&tfﬁcélbh%ﬁﬁ@ SelBctlP filf Sohfhe ﬂlﬁ%@%%éalﬁg%f ete 30

engr af t men dono one narr ow. reconstitution o rr ow was
veri f i &dmblogbiOScambingtiors(Suppleatenph Eig) EbLiones with s@DEGHl replaceBidbo2Clm-1

congeni c rkers n | hoi d. and el C artnments E was i nduced in
the r €8s Wﬂ@rtﬁ?ﬁ?@_&vﬂgﬁ) Bt mee@dg_gt%@?%w% SigpgyRan 5&(1%@ %&%‘%ﬁ?ﬂ of
EAE O it p¥idBprelant i Raldeloteh PR Vb itddril) BRinrrasRARL bR ith ég‘?ﬁli%ﬁedv\o

for the induction of active E except that nice were not injected wt
2011/ 0087 SRETIUIS hotetrayg0tes Heteorygntésswitlogérmling éransmissioe bf thedargsted allele

/ : : P ) o b o) | b nod ‘
Padbes PUTF B3R ol Sortp B ero R B® B0 ey R e Ol it

70- pm e@lel (VBEY i NED $nic&eISTBLYER CB43.11MBH AT EdtigeflicdR¥iSer¥iddR) Aded Wérel of
MOG35 eptide and 20 ng/m of reconbinant nurine IL-2 (R&D Systens) at 5
x106 ceulfcgmrl from Eheacksan hahwraipny RrRer1 15405 7BL/6goporgsmice wiedrred andi ne, 10
mM HEPES . J. ' e 005 - hapal , 1

peni ci R ol A R A it o ke BRI E AR AP RBe bR e s of 107

cel I's g2 whkbld exeépt.forthe OBMSHAB4E 2ybonednirvew disiyferib @k périméi evhecé-pikesld m ce
will also b%@ect ed with 200 ng pertussiis toxin as,  descri bed above.
a ithi c &P 7B 4oh vesre pagd af hopgERATQVS TESHRTST. A Y cxReripeItHiDERIBCABFEE  10FAGS

anal ysk, rg??%ﬁ@ llnﬁﬂﬁt%nﬁpgnﬁﬁ(ﬁ%@m & C%I{elr?xiitgeg?f g%g;elgtéﬁ, ghsease (day

14-15 post nizatio m ce were anaest used

Ch Soacred anepEl ERCHRR A MO Bl RRp BoaEBl R SOl W0
Mono _nuBIi(fsaienccﬂ;Its usti-ReyRIIVE ()Cfﬁﬂ%? gﬁomm? P?%P?s%-?y?gg%k%%im gﬁb L/()
centri PULAONGiotRs PES A dabrird i ol e ot APRO P ASI P RT4 KL At
washed A peelabelcieh- Al 3Q 45901138, a%-CL oMyl bSR3 -585) PEURLNED aRSl-

descri bed above. Cells were FC blocked with anti-FcORITT7IT at 4 C for 30
m n i nABAESVEY Hidnli 52); BidttingrPH-RB8ed ang%IRRH/(GIcl ) sAPGHE - labelied ant2-Grivl (BIBA) .

for Ca0tfieh PHpE i L E45 PSS ol i HHGER RRe PSR SRR (1 ©
ant i bodg& sabeled GhitFbx P 3 EOIF23 s P4Dlabsleyd hini-and 7 ¢PE119 8H2b); PIRC-1861Cankil BFALT ON

w t h 3% Par af or nal dehyde in PBS solutidn at roomtenperature for 20 mn.

Cel | s (MG FTeEs BEdabriedianth TG0 (WPOpET 2DaBiating. RE-oRer€ R+ Gy 3. Srhabeted iapi-

Tr bf ongX 42 FBS) . - i | - b anti - nti body
| n*ber To R By el B IR b Rt R SRR,

st ai ni parchaset fidh tBiosdiettetPadify blasilabelclitit CDYh @V11/70RPE-EnPeibaledraatif or 15

mn. Tg _analyze Ti-eg ce|lls, single _cells suspensions isolated from spinal
Cor s G | BNE s PBS aabrlpb aah-RgLE (Y B4t 5Dh A% Colaa &35 7Sidebetsd antl-
fol I onggy 8@3(B-l\/ﬂ?>t).r @t?%té\}i'éliﬁrPaéitﬁ%iéljaﬂQe whs ﬁ:tﬁéfaged from Invitrogen. PE-labeled donkey
anti-rabbit IgG and Cy3-labeled anti-hamster IgG were purchased from Jackson
30  ImmunoResearch. Monoclonal anti-Actin antibody (AC-40) was purchased from Sigma-Aldrich.
To generate murine Clm-1-Fc fusion protein, the extracellular domain (ECD) of murine Clm-1
was cloned into a modified pRKS expression vector encoding the murine IgG1 Fc fragment. The
expression vector was transfected into CHO cells and the Clm-1-Fc fusion protein contained in
the cell culture supernatants was purified by protein A affinity chromatography and subsequent
35  Superdex 200 gel filtration. The identity of the purified protein was verified by mass
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using the Cytofix/Cytoperm Fi xation/Perneabilization kit (BD Bi osci ences)
according to the manufacturer's instructions. For intracellular staining of
cyt oki neswoeelll®msmere stinulated at 37C for 18-20 hrs wpCh/ukoéogaont
MDG35_55 peptide at 4x105 cells/200 p.1 conplete nediumin a 96- well

r ound- Besctremey andysipgrd thg endeiotindenel wap <9.¢ EimgnThgmnenine andirgpd 20er e

|t S ORGP ORI arfnotien R e e

FoxP3 gédrated by inlin@nising Au@eeni-dl Hatnsves &ithhalriteaCin! $iBED-Mis AlRfadrofefis. Or
LSRII flow cytoneter (Becton D ckinson). Data were anal yzed using the
FI owd oSplsnicedlsfome immugized ammalsiwere fised 49 sryelpymapde generatp hybridgmas.

e VgL S SO ko et ARG HEDE e ppydeacgypd (1 nave

2011/ O WEek i bIbttifs2hiAmdA RS BidtotR&R)stry BMAK Ses WEliceclond 3EG ws solectddefopussiante of
10 ng/ GF)/I%&E éll;‘{& Syst.ens) gt@% meijrum refreshnent every three days. On
day 7, S®dy paseqopdheahavy sutprigyAlsxeduomshroiids aF p47)-carestsdddmy bantikadiescpr
lb+. T I f g}%@ﬁ;? r I ' noblotting with
anti - Galtr?}?élg%g akeéleéfr?thg? nAéé)%{P a{n a dOt\érr@tlﬁ%%?g %%@glvﬁ%biglen@TgCR anal ysi s of

A m1l expressi-on. spinal B . i 1 o, 7,
14 and 21 of AR IR of E A Dl MR8 w3 BBl
RNe@s y with@00 gig JYIMOGK_§s peflideGRIZD0 pt DR vaislsiyirdohtagiize t0oit 6 PBSIghd I8 jusi ng
the High-Capacity cDNA Reverse Transcription kit (Applied Biosystens).

am 1 AReenplgls Framd sadiuvast (ChibaSliAda preparsd byeixingiveemplstefieand’s pRVaMst er

M x an hfi | : . 631 gl ,
FespoctPGQ LsBeqRint iAo G b sak Ry IR SRRy BTk SRS RS ¢
oxi de pesictatetl] DIF GO Aaboatozies). Eetl mouseread dal iajeetbdfintvapesioneally eith@90@ag Day

15 of EAE as deszéﬁiﬂged above. Si nglgg-cell suspensi ons were cultured at 37C

in co gﬁ?r_&tSéls R ipghemm) ind 004l 9 | §iop days B apd 2 posthgweunizationgC il ciensss
o cofetfoAnaftdiflde ORI LBl sGifin: Ol MRGBURE AN IR 1t

t he Bi welltnexs; 2plim taiy trakhing lidd- weaknegsaBpartidbihindaedd patilyisist ¢, axiplete hind

RS e e TR U e R TR T

respon bRd NG e f E as
p ﬁ@g@jﬁh@h ek YERdY é&?{lﬁ@b&‘&ﬁ&ﬂ@i&‘fﬁé& Bithels WA ith 96b ﬁg%‘f é%q 3 FA

describ ove.  Singl e-é suspensi ons were re-sti mul af ed 0O for 3
days i fusiarmpbeircintolil PBSt hkQnael Fsprdftdh @in)i-ghil20). Datamre hepotted bé thatneshn
anount of M)G35 55 peptide in a 96-well round-bottomplate. Cells were then
pub% eddaitst findcabseoreand gandard grronpfthemgen ¢€8Mr-he final 6 hrs of cul ture.
Proliferation was determ ned by uptake of ?Eé—\% Thym di ne detected using a
Topcount M Beepmatrewskimeray Sa«rwew-dd&ﬁ@rué ﬂéﬂ%repmm grienwete lethally

Al t er natj . r I r + okKi anal ysi s.
Oyt ok Erddfed widh RGOS BP0 MRl HanE RS MR R Hanli¥bRNEE AnalY

| mrunoharsessaheseptidaily fiam CHZEBLAACDHMSEY) ddayismive y-flushing itZebines withi gkéer e
anest het.i zl%ﬁ nd perfused with 30 mMl PBS as_descri bed_ above foll owed by
per f usPYAn tsglt sQutipn &ﬂ Surycmed reppme LPERS. witha sgingend @ 2{e8a8eF emoved

by, i ssaaid epytaRdyiel vk QY& vy dbk fg&‘iﬁé%ﬁ%ﬁ%h@ Qi ONEd %}Slé&gﬁgm%/@ﬁﬁiﬁ 10%

20% 40% sucrose 5ol uti on subsequent e spinal co were then
f r 0zen40Gy f0CY nuinutes,yresuspendnd] antl passdd dirou@0Onylon pleak (BD Hadwa) toaremoew ent

O 8 IR g M b RS Bt S R 0
Co- st agdHishal. [iPddideP st RiOSWE iHRERE Wit Bk €67 SHEMBD A dia tail vein. The

reconstituted mice were maintained in a pathogen-free facility for 8 weeks to allow for complete

30  engraftment with donor bone marrow. Full reconstitution of bone marrow was verified by FACS
analysis of peripheral blood for CD45.1 and CD45.2 congenic markers in lymphoid and myeloid

compartments. EAE was induced in the reconstituted recipient mice as described above.

Adoptive transfer of EAE Clm-1 WT or KO mice were immunized with MOGss.s5s

peptide as described for the induction of active EAE except that mice were not injected with

28



biotin blocking kit (Sigma). Tissues were stained wth hanmster anti-Cm1
(3F6) and biotin-conjugated anti-CD45.2 foll owed by detection with
Cy3-anti -werstignsilgG and Al exa Fluor 488- WO 2011/ 0057 26PWTRL418200Z 040992
streptavidin (lnvitrogen For Om1 and CD 11 c co-staining, slides were
first BERSHSAONint Tendatwelvedaysipasgmmsaentiog, draming Gngvingl ard bxaghiah) dymphnst er

lgG T I | |

det ect B R S G b T LSl el 2t oty ety o i

co- st akthdings. Ckilgwerewestiniilhted forss @dy@@dtﬁl\ﬂd ﬁlg/Bll Q‘f MO@s pégitandnd ngehlesst ed
with Alexa 5 Fluor 594- StretaV|d|n I nvitro . Myelin was then stained

usi ng feeMbingst wNLiae IIni Spstemsicat gfdent:el mwoméﬁtﬁm@dlm( (RRNIE tafden) .
O ot DREenass SAANELRERRE Ao ERRSs AV AN IV oTR AR 11 O
rogen

(I'nvit wer € ‘'exam ned and re acquired ‘using the

A ynpumeBX4ptoettatiol; e8CBNhl pericinGe OO@mgﬂfﬁl sﬂepwhmcng Regpiest Bice ey Rljéotalt | on,
cervi cal an t horacic sections of spinal cords were stained with

FI uor oRp® ] n‘?‘?ﬂs(‘i“é@ﬁ Vel éyt daccsare dayand twa daysdater.khe reciniend sues wilbalgebe nat i on
were alﬁﬁ&?éﬁ%ﬂioérﬁg Beac 1stt5ﬁﬁ'a§' dedd $ﬁe& ?rg @fl val e%%%.{l&pgﬂ. Eﬁﬁ%%em%éshe

denyelinated area o section. enmye |nat|on was expressed as a
per cenperfimmefl ak describedibbeyei nal cord area. Statistical Anal yses
Conmpari son of EAE clinical scores, demyelination or other cell counts and
cytoki ne pr detdnatysbmjfmaml @mdatzd\/lyngihmﬁs Aafthepeak of @ Ridiseasdydalyid-15i | ed
paired 15student's t test, assu nequa riance, p values <0.05 were
consi dBP¥t dmérf‘ﬁ‘ﬁﬁafl%)amlce FeIS Facst ‘fﬁ@cﬁféé‘?%ﬁ“@sﬁ@rﬂlaﬂg vaiph RS §‘éf&al§H18T NF
and | NEDURRPEHADS FRA G 0GRk Aife st henas
sSOpdrk 1§%ct§d Sdi@dstddNith @iﬂa%@ﬁ%& P@gm enom C

first |dent|f|edthroug a bro-in ormatlc appr oac earc
pr edi cDéagnestipsk Memnoddarglls erersisolgted byrmssagrthebisarecthrdughniOqu yelbstiaiers

Gones. HHd Bkt felovterEonectbedicnt QB AThiate T S gnin, Bt wite

| Thivk c @cmeateal fRdin BRIBY0/60% iBtet A afBW S8 LCARSPGe QR0 QM&?ﬁoﬁerrﬁﬁﬁr 95RpRN
| evel s in the S;ﬁ)l nal chord follow ng i nmuni zation with a Myelin §

a i godaednsPLNS) & desenpbastabone. (@ﬁb@;)wegggce b?@kedzwph estFo W REF/TOatr °C ?va§0 min
I Nncr ease . .
ot pInEAPY B pufuiteB, D3RthaReS ot R, RSl cift

gener awett stainétbivith Mubesédne c@lﬁhﬁdﬂé@dhA%@ ut 4 éC @br ﬁ-rMnl FofGnltadel v safiggbf On
the | ocal mcroglla pe‘gulatlonln nai ve mce 267/ InS|naI chords
f r om MYPrislln pEEstained withjagtiRodjgssto Glp b 6o, %@Pl @ﬂD ledfellpved bY

posg ti I .

di Z%asgggg@edfﬁhg{ ﬁh{%ﬁlg&%@%Fggﬁlﬁ% P\%g%gﬁ %p%mé%g &lut egs av ong
neni ngtien assispendedinvERS 6| pRriheabslidation Belitish OM T Trﬂbn—p(e@lPBﬁ) Oelmaae Aml+
cells were located in clusters in white matter of the dorsal and ventral

hor n oftaingé withdl jag/md Tfﬁ’r‘i’& antinD¥IS angibedy icprymgalilization sabytiorratrera teraprahtysd s
showed otrlli‘PSl anﬁc}we [gp\ﬁ‘@iﬁﬁq?belfkasdo gy-zla.-n F—réblgltg[gG alt:'}oo ngerrtlpré(raartgre%r

phenotyplca resent
15 min. To analyze Treg cells single cells suspensions isolated from spinal cords and DLNs as

25  described above were stained with CD45 and CD4 followed by intracellular staining of FoxP3
using the Cytofix/Cytoperm Fixation/Permeabilization kit (BD Biosciences) according to the
manufacturer’s instructions. For intracellular staining of cytokines, cells were stimulated at 37 °C
for 18-20 hrs with 100 ug/ml MOG3s.ss peptide at 4x10° cells/200 pl complete medium in a 96-
well round-bottom plate. During the final 4 hrs of stimulation, cells were treated with GolgiPlug

30  (BD Biosciences) at dilution of 1:1000. Intracellular staining of IL-17 and IFN[] was performed
essentially as FoxP3 staining. The stained cells were analyzed using a FACSCaliber or LSRII

flow cytometer (Becton Dickinson). Data were analyzed using the FlowJo software (Tree Star).

Clm-1 expression by Western blot Bone marrow-derived dendritic cells (BMDCs) were

generated as described (Inaba et al., The Journal of Experimental Medicine 176, 1693-1702,
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WO 2011/ 005715PCT/ US2010/ 040992 descri bed as a subset of nyeloid cells
required for efficient pathogen elimnation (Serbina et al., Imunity 19,
59-70, 2088)01180bmequent studies in EAE has identified troe/Us@Dosvand their
precursors as Iggt hogeni c effector cells contributi |S§g t o di sease

pat hogd &% BMIPCENereqefthgpddn tha preseppe el Ongm! SME-SHIKED §w@t99ns) with
ONS
e T T A e e R T g

CLM 1 pamg')@ms&)s%@i)lcllcrc@ﬂ)htb NGotaly&e 1p3asdsdram BMDUE s@fsanilygedbyng to the
CNS duri n t ol mmune denyelinating di sease To further determ ne the

myel oi &% H&gﬁtémgr"ﬂ W‘i‘r%‘tlh%b@f wsipg stapdayd methads. are derived, we nade
use of a O(SCrLHg reporter strain which e réigresses reen fl uorescent

protein 10 {fge &a’laﬁ@”rﬁfrﬂ@y{ epsesgionaPingh kerds pak RENstwere iselated fromeage

Ge 1! CLMm 1
has. oxorocufBagl 7 e BN £ g5 distituod B0V Tt PR WA Hohe Pt me o
f ol I owRINpadfRFoteerMinizkit i(QIAGEN) vﬂH\IAb@@rspnmm@damrﬁ 1 memng@mrHighDC

precursors  in_naive and i mmuni zed mce (Fig. Auffrah\{et al The
Jour naICaB‘f"l%@Pé\“?‘ memeas TRgerntioa kzd@ppérg@ Bwasterzeb §lm; § mRNA and 18sgBNohce,

324, 3 ﬁMfaH'ifrFﬁs.r r EDF el ells in
the in gas&%@%ﬁ%ﬁéd g I'gl na er?a(rﬂg%ﬁ?%‘w. on- Sens tjppr?lgégﬁ I%r}r)r((szirrow
dend vedets,éﬂh@OMiZSOﬁgmlfammsom(BﬂB atglorespasivslygAlppliddBiusgstags)l a, mce wth
the CD45.1 allotype were irradiated and reconstituted with donor cells with

t he CDA45. 2 aMdasirgment &flchokine xipt esic oridepsodieaen Manonudleadchs r'zvemscﬂsﬂe&L ant
m croglia, bu resent on bhaone marrow derived donor _cells honming to the CNS
(Fig. SBysrenaheridiPRYWhesel EXE pedesenbed ahove. Sipgle-calh sespengipns were cultured

Cxer 313d5e%i geidin t@ﬁﬁai ﬁ@b* &1Rb0b ff&) %gﬁwggw%oﬁﬁg@g}gd%g Hhé’

expressed on a subpopul atl of Cx3cr ase
(Fig. BO 96-@eNire@xBbotioin dtaltfb ICélltpwupemetantsIWere hewvestédafiat 3adjra Cymdkine
menji ng nd.ventral f the thora

f the d [ d | | nal
choy o Bt ra® FueoiES e EPmipcG st e BLosh e Rie KR Sar SRR L A
mcr OgNlt%c(bQide?rbdlﬁﬁbﬁ%ab hdaf\Ged ﬁﬁ%ﬁﬁt@yﬁéss Qfsal raproﬂﬁ"gé)a&cc&ﬂﬁlgi’t%%é al horn

of the spinal chord (Fig. 2D ken together, these results indicate

t hat Cﬁmlgfap@r@ﬁpn@mdn%n i nfl anmat ory nonocytes and bone narrow derived

i nflammatory DCs in CNS inflammatory | esions, but not on circul ati ng common
DC pr ecur sofnmsvitho agRgen-sicifemecall mSBfgtSmDradmgg hyoaplofiodes Miete harsestddsfrom

and et PRETE of FXE4 e bstieie SR e opeatning. eriarmed fmeh
1730 6RtB da54Eh cotflae mdilurh $5:000° @ell?200841) With oPkfthduf tatdtedrhcurt b 8GNk ng
wth peptide in a 96-well round-bottom plate. Cells were then pulsed with 0.5 pCi/well [°H]

Thymidine for the final 6 hrs of culture. Proliferation was determined by uptake of [°H]

Thymidine detected using a Topcount Microplate Scintillation Counter (Packard Instruments).

Alternatively, supernatants were collected at 3 days for cytokine analysis. Cytokine

25  measurements were performed by ELISA (BD Biosciences).

Immunohistochemistry On the indicated days post-immunization, mice were anesthetized
and perfused with 30 ml PBS as described above followed by perfusion with 10 ml 4%
paraformaldehyde (PFA). Spinal cords were removed by dissection and fixed overnight in 4%
PFA followed by submersion in 10%, 20%, 40% sucrose solution subsequently. The spinal cords
30  were then frozen in OCT on dry ice and stored at -80°C in plastic bags to prevent dehydration.
Seven-micrometer thick cross-sections were cut and mounted on Superfrost Plus slides (Fisher
Scientific). For Clm-1 and CD45.2 co-staining, slides were blocked using hamster serum and
biotin blocking kit (Sigma). Tissues were stained with hamster anti-Clm-1 (3F6) and biotin-
conjugated anti-CD45.2 followed by detection with Cy3-anti-hamster IgG and Alexa Fluor 488-
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r equl aMouse hole@pgu@qu e endidatedifiMreontainipg geneswhess then selected based on

changes in expression levels in the spinal chord following immunization with a Myelin

25  Oligodendrocyte Glycoprotein (MOG) peptide. Expression of Clm-1 was increased over 100
fold at peak disease compared to naive mice (Fig. 1A, left panel). Monoclonal antibodies to
CLM-1 extracellular domain were generated to determine the cellular source of CLM-1. CLM-1
was absent on the local microglia population in naive mice (Fig. 1B). In spinal chords from
MOG-immunized mice, CLM-1 was expressed on CD11b/CD11c double positive cells with

30 high MHC class II and CD86 expression (Fig. 1C). At disease onset, CLM-1 CD11c¢ double
positive cells were distributed along meninges and blood vessels (results not shown). At peak of
disease, Clm-1+ cells were located in clusters in white matter of the dorsal and ventral horn of
the thoracic and lumbar spinal chord (Fig. 1D). Further analysis showed that Clm-1+ cells
expressed iNOS and TNF (Fig. 1E) and therefore phenotypically resemble Tip-DCs, first
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B resident microglia cells located in the grey matter of the dorsal and ventral horn of the spinal
25  chord (Fig. 2D). Taken together, these results indicate that CLM-1 is expressed on inflammatory

monocytes and bone marrow-derived inflammatory DCs in CNS inflammatory lesions, but not

on circulating common DC precursors or CNS resident microglia.

Absence of CLM-1 results in increased disease severity in MOG-induced EAE

As CLM-1 contains two ITIM and one ITSM motif in its cytoplasmic domain (Chung et
30  al.,J Immunol /71, 6541-6548, 2003) and is able to recruit SHP-1 following cross-linking with
an activating receptor in forced overexpression systems (Izawa et al., The Journal of Biological
Chemistry 282, 17997-18008, 2007), we determined if CLM-1 could serve to inhibit
inflammatory responses in MOG-induced EAE. Mice were generated that lacked exon 1 of

CLM-1 through homologous recombination, resulting in the absence of transcript and protein
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denyel whilt dikgasdiis@@&Re remained similar (Fig. 3D). Thus, lack of CLM-1 receptor function leads

to increased disease severity pointing to a potential inhibitory role in CNS inflammation.

Cim-1 does not regulate T-cell priming

20 A spliced variant of CLM-1, Digrl, was previously identified as a negative regulator of
T-cell responses (Shi et al., Blood 108, 2678-2686, 2006). Since EAE can be induced by
antigen-specific T-cell priming, we further determined if CLM-1 influences T-cell responses.
Splenic cDCs or BMDCs derived from CLM-1 wt and ko mice were incubated with allogeneic
T-cells or with T cells expressing a TCR specific for OVA peptide. Proliferation (Supplemental

25  Fig. 2) and cytokine responses (results not shown) did not depend on CLM-1 status. To further
determine if CLM-1 influences T-cell priming in vivo, T-cells isolated from peripheral lymph
nodes 7 days following MOG immunization were isolated and re-stimulated with MOG peptide.
CLM-1 status did not influence T-cell proliferation, cytokine responses or generation of Foxp3
regulatory T-cells in peripheral lymph node (PLN) cells (Fig. 4A and Supplemental Fig. 3a).

30  Finally, to consolidate a role for CLM-1 in regulating T-cell effector functions in vivo, T cells
from CLM-1 wt and ko donors were adoptively transferred into ko and wt recipients,
respectively. Disease severity was not influenced by CLM-1 status in the T-cell donor, but was
significantly enhanced in T-cell recipients lacking CLM-1 (Fig. 4B). This indicates that CLM-1
acts to regulate disease severity at the effector phase, and not the initial T-cell priming phase,

35  following MOG immunization.
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aut oi nmune di sea 23. The nethod of claim22 wherein the
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(Fig. 5B). Thus, CLM-1 negatively regulates myeloid effector function in MOG-induced EAE

without affecting T-cell responses.

10 We next determined if increased paralysis of CLM-1 ko mice immunized with MOG
peptide resulted from enhanced activity of myeloid cells in the spinal chord. CLM-1 positive
cells were found clustered at sites of demyelination in the dorsal horn of the cervical and
thoracic spinal chord. The cells were found apposed to-, and often wrapped around-, myelin
sheets (Fig. 6A) with in some cases MOG-positive myelin remnants present inside CLM-1

15  positive cells (results not shown). Since CLM-1 is an inhibitory receptor and the degree of
infiltrating myeloid cells is similar in CLM-1 wt and ko mice, we reasoned that absence of
‘CLM-1 could result in increased activation and effector activity per cell, resulting in increased
‘demyelination. Lack of CLM-1 resulted in increased demyelination (Fig 6B and C) indicating
increased cytotoxic activity in CD11c+ cells lacking CLM-1. Thus, CLM-1 negatively regulates

20  myeloid cell activation, putting the breaks on axonal demyelination in the spinal chord.

While the number of receptors containing an ITIM-sequences in their intracellular
domain is steadily increasing, the biological role for many of these receptors is still poorly
understood. This study for the first time identifies CLM-1 as an inhibitory receptor on CNS
infiltrating inflammatory DCs. We further show that a soluble version of the receptor can

25  exacerbate disease severity, suggesting that the extracellular domain serves as a decoy receptor
for an as yet to be identified ligand. While identification of a putative ligand will undoubtly
increase our understanding of CLM-1 biology, this study clearly illustrates that CLM-1 plays a

non-redundant role in controlling myeloid cell activation and demyelination in the CNS.
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24. A kit conmprising a CLM1 agonist and instructions for the treatnent of
a denyelinating di sease. 25. The kit of claim24 wherein the
denyel i navongidiosaase i s a denyelinating 20 autoi mMmune GCIABIE0/040992 26.

The kit of claim25 wherein the denyelinating autoi mune disease is M5. 25
WHAT IS CLAIMED IS:

1. A method for the treatment of a demyelinating disease in a mammalian subject
comprising administering to said subject an effective amount of a CLM-1 agonist.

2. The method of claim 1 wherein the mammalian subject is a human.

5 3. The method of claim 2 wherein the demyelinating disease is a demyelinating
autoimmune disease.

4. The method of claim 3 wherein the demyelinating autoimmune disease affects the
central nervous system (CNS).

5. The method of claim 4 wherein the demyelinating autoimmune disease is selected

10  from the group consisting of multiple sclerosis (MS), relapsing remitting MS (RRMS), primary
and secondary progressing forms of MS, progressice relapsing forms of MS, encephalomyelitis,
leukoencephalitis, transverse myelitis, neuromyelitis optica (Devic’s disease), and optic neuritis.

6. The method of claim 5 wherein the demyelinating autoimmune disease is MS.

7. The method of claim 3 wherein the demyelinating autoimmune disease affects the

15  periopheral nervous system.

8. The method of 7 wherein the demyelinating autoimmune disease is selected from
the group consisting of acute inflammatory demyelinating polyneuropathy (AIDP; Guillain-
Barre syndrome); chronic inflammatory demyelinating polyneuropathy; anti-MAG peripheral
neuropathy; and Motor and Sensory Neuropathy (HMSN) (also known as Hereditary

20  Sensorimotor Neuropathy (HSMN), or Peroneal Muscular Atrophy, or Charcot-Marie-Tooth
Disease).

9. The method of any one of claims 1 to 8 wherein the CLM-1 agonist is an agonist
anti-CLM-1 antibody.

10. A pharmaceutical composition for the treatment of a demyelinating disease,

25  comprising an effective amount of a CLM-1 agonist in admixture with a pharmaceutically
acceptable excipient.

11.  The pharmaceutical composition of claim 11 wherein the demyelinating disease
is a demyelinating autoimmune disease.

12.  The pharmaceutical composition of claim 11 wherein the demyelinating

30  autoimmune disease is multiple sclerosis (MS).

13. Use of an effective amount of a CLM-1 agonist in the preparation of a
medicament for the treatment of a demyelinating disease.

14.  The use of claim 13 wherein the demyelinating disease is a demyelinating

autoimmune disease.

35



10

15

20

25

WO 2011/005715 PCT/US2010/040992

15.  The use of claim 11 wherein 14 demyelinating autoimmune disease is multiple
sclerosis (MS).

16.  The use of any one of claims 13 to 15, wherein the CLM-1 agonist is an agonist
anti-CLM-1 antibody.

17. A CLM-1 agonist for the treatment of a demyelinating disease.

18. The CLM-1 agonist of claim 17 wherein the demyelinating disease is a
demyelinating autoimmune disease.

19.  The CLM-1 agonist of claim 18 wherein the demyelinating autoimmune disease
is MS.

20.  The CLM-1 agonist of any of of claims 17 to 19, wherein the CLM-1 agonist is
an agonist anti-CLM-1 antibody.

21. A method for the diagnosis of a demyelinating disease comprising detecting a
defect in the function of CLM-1.

22.  The method of claim 21 wherein the demyelinating disease is a demyelinating
autoimmune disease.

23.  The method of claim 22 wherein the demyelinating autoimmune disease is MS.

24, A kit comprising a CLM-1 agonist and instructions for the treatment of a
demyelinating disease.

25. The kit of claim 24 wherein the demyelinating disease is a demyelinating
autoimmune disease.

26.  The kit of claim 25 wherein the demyelinating autoimmune disease is MS.
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