WO 2009/086920PCT/EP2008/011146 Anti MIF antibodies HELD OF THE INVENTION The present
invention relates to monoclonal antibodies and antigen-binding portions thereof that specifically bind to
the C-terminal or the center region of macrophage 5 migration inhibitory factor (MIF). These anti-MIF
antibodies and antigen-binding portions thereof further inhibit human MIF biological function. The
invention also relates to isolated heavy and light chain immunoglobulins derived from anti-MIF
antibodies afi§ MILE4cid molecules encoding such immunoolobditf&EFHE Bi&ent invention also
relates to a method of identifying anti-MIF antibodies, pharmaceutical compositions 10comprising
these antibodies and a method of using these antibodies and compositions for the treatment of
MIF-reiated conditions. BACKGROUNDgaMarEsphagediasgration inhibitory factor (M1F) is a cytokine
initially isolatgd, based upan Lpafjlity to inhibit the in vitro random migration of macrophages (Bloom et

al. Science 1966 153, 80-2; Daw%get at PNA 1966 “E(S 72-7 h MIF haPT been known since
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channel that runs through the center of the protein
BACKGROUND

Macrophage migration inhibitory factor (MIF} is a cylokine initially isolated based upon its

15 ability to inhibit the irr vitro random migration of macrophages (Bloom et al, Science
1086 158, 80-2; David o al. PNAS 18686, 56, 72-7). Although MiF has been known since
1966 its precise function in the malority of cells is not known, but it seems that MIF is &
oritical upstream regulator of the innate and acquired iImmune rasponse.

26 The human MIF cDNA was cloned in 1988 (Weiser et al., PNAS 198¢ 86, 7522-8}, and
its genomic localization was mapped fo chromuosome 22. The produst of the MIF gene is
2 amino acic protein of a molecular mass of 12.5 kDa. The protein Is nighly conserved
with a sequence homoiogy between human, mouse, rat, and bovine MIF between 80 -
96%. However, MiF has no significant sequence homology to any other protein, The

25 thres-dimensional structure of MIF s unlike any other cytoking or pltuitary hormone. The
protein crystafiizes as a trimear of identical subunits. Each monomer contains two
antiparailel alpha-helices that pack against a four-stranded beta-sheel. The monomer
has an additional two beta-strands that intsract with the beta-sheels of adiacent subuniis
to form the interface betwesn monomers. The three beta-shests are arranged to form a

30 barrei containing a solvent-accessible channei that runs through the center of the protein
along a molecuiar three-fold axis (Sun et al. PNAS 1986, 83, 5191-5196).

it was reporied that MIF secration from macrophages was induced at very low
concentrations of giucocorticoid (Calandra et al. Nature 1995, 377, 68-71}. Howevar, as
35  a preinflammatory cytoking, MIF also counter-reguistes the effects of giucccorticoids and



along a molecular three-fold axis (Sun et al. PNAS 1996, 93, 5191-5196). It was reported that MIF
secretion from macrophages was induced at very low concentrations of glucocorticoid (Calandra et al.
Nature 1995, 377, 68-71). However, as 35a proinflammatory cytokine, MIF also counter-regulates the
effects of glueocorticoids and WO 2009/086920PCT/EP2008/011146 stimulates the secretion of other
cytokines such as tumor necrosis factor TNF-a and interieukin IL-1p (Baugh et a!, Grit Care Mad 2002,
30, $27-35) ¥t@448ting a role in the pathogenesis of inflammatSk ARt {iitife diseases. MIF is
also directly associated with the growth of lymphoma, melanoma, and colon cancer (Nishihira et ai. J
Interferon 5Cytokine Res. 2000, 20:751-62). MIF is a mediator of many pathologic conditions and thus
?Sit;c'atef nga\/?%r !ﬁ%&tfr@lléﬁ@ﬁ&géﬂ%ﬁg\ég g!ﬁ@%%ﬁ@%%%@kﬂ:@@@ﬁ%&g@%@?, /&heurr;qatmdtarthritis

, acute respiratory distress syndrom ) erulonephritis nephropathy,
10cancer, m%%?ﬁ'ﬁfﬁ%h‘f%@?‘(% Bhd r§§ﬁéﬁs‘§”‘f9§§%$oégl‘gaggdgﬁ Cﬁ:g)g‘rlfé’)c SRR StiRAE antibodies have
been developEd-aieastsie eomMBIRARNCALATRAITIHRE d55aFRE UNIT & 2P EBS Y RSOPSE: 381, 199-202;
Kawaguchi etigt ihd gloetikeicyBiotrd:0 86 30m2 28+28rared \A/ digerieteal aCelhtdrfaneanol. 1985, 90, 167-
1578). Anti-MifzantibadiegchameAReen,suggested for therapeutic use to inhibit TNF-o release. Calandra
et al., (J. Inflamm. 1995. 47, 39-51) reportedly used anti-MIF antibodies to protect animals from
experimentally induced gram-negative and gram-paositive septic 20shock. Anti-M1F antibodies were

suggested ad/H mBARSBPHREREPY ABHBHGRIE EgTsRfeinuS associaied with a variety of

diseases including inflammatory bowel disease (IBD), rheumatois arthritis (RA), acute
respiratory distress syndrome (ARDS), asthma, giomerulonephritis, 1gA nephropathy,
10 cancer, myocardial infarct (M), and sepsis.

Poiyclonal and monoclonal  anti-MIF  antibodies have been deveicped against

recombinant human MIF {Shimizu et al., FEBS Lett. 1996; 381, 189-202; Kawaguchi st

al., J. Leukoc. Bipl, 1986, 38, 2258-232, and Weiser et al., Cell. Immunol. 1885, &0, 167~
% 78).

Anti-MIF antibodies have been suggested for therapeutic use 10 inhibit TNF-o release,
Calandra at al., {J. inflamm. 1888, 47, 38-51) reporiedly used anti-MiF antibogies to
protect animals from experimentally induced gram-nagaiive and gram-positive septic

20 shock. Anti-MiF antibodies were suggestsd as a means of therapy 1o modulate cytoking
production in septic shock and other inflammatory disease states,

US 6,645,403 discioses monocional anti-MiF antibodies derived from hybridoma cells,
which neutralize the biological activity of MiF. i could be shown in an animal modsa! that

25 these mouse derived anti-MIF antibodies had a benaficial effect in the treatment of
endotoxin induced shock. Some of the described anti-MIF antibodies {11.D.8, XIV.14.3
and XIV.15.5) werg used in the present tnvention for comparative experiments.

LS 2003/0235584 discloses methods of preparing high affinity antibodies to MiF in
30 animals in which the MIF gene hag been homozygously Knocked-out,

Glycosylation-inhibiting factor (GiF} is a protein described by Galat et al. (Eur. J.

Bicchem. 1984, 224, 417-21). MIF and GIF are now recognized {o be identicat. Watarai

et al. {PNAS 2000, 97, 13251-6) described polyclonal antibodies binding fo different GIF
35 epiiopes to identity the bioghemical nature of the postiransiational modification of GIF in



production in septic shock and other inflammatory disease states. US 6,645,493 discloses monoclonal

anti-MIF antibodies derived fro i acells, which neutralize 1he higlagical activity of MIF. It
could be sh’bWPFiﬁV&ﬁra‘rﬁkﬁ\a{Pm%%%%a 2 %qsg r%”d%gté d?r%ed fﬁti-MlF,_antibodies had a beneficial

effect in theotreatationd sbiemddiolin iRAREEE SHERRE SERMEOMABTEELIBEECAIRE I antibodies
(111.0.9, X4¥ak4y3:aR6-26100d 5:5) swerecusectiivdie presert mubntigivioraensparative experiments.
US 200310 ’g@%%qis&gqgggr@@ﬁgp@g of prepatnghigh affinity antibodies to MIF in 30animals in

which the R gene has been homozygously knocked-out. Glycosylation-inhibiting factor (GIF) is a
protein described by Galat et al, (Eur. J. Biochem. 1994, 224, 417-21). MIF and GIF are now
recognizedsioshénidemntitaly\warerbFeeal S PR AS F66, BF 265281 8P aEN B polyclonal antibodies
binding to differsn: &ibRoepiopesitdentifyitiebiochemitalmapreio e pestiransiational
modification of G1E i, Ts gells. Walarai-el ahENAS28Q,944id 325146 )-repotted that GIF occurs in

. 1
different con?ormajuqnal isaforms in vitro. One.tvpe of isomer oceurs by chemical modification of a
single cyst&ie! FRERIE™#hE'S éoﬁgl%%lirﬁgu i%%é%on”leé s to conformational changes within the GIF

protein andreliargey it biological function. Given the complexity of involvement of MIF in various

diseases an elucidation of the function of epitope.,,-specific anti-MIF antibodies and its use for

therapeuticwﬁgﬁqhes is highly desirable. Therefore, there exists a need for epitope-specific anti-MIF
c

antibodies, which inhibit human MIF biological function for the treatment of diseases and conditions
mediated by'# F?%‘lﬁﬂ)ﬁ@iﬁfﬁ“?r?]ﬁtgsﬁ?eagg%%ﬁ?c%sﬁégreenlatgs t(g)q;antibo,dies and antigen-binding portions

thereof thaspdisHibANNCHeE 6 BRI aHfEAGH (AR LR tEIFEYioF of St rophage migration inhibitory
factor (MIF}zAsiqarding to a first aspect, there is provided a monoclonal antibody or an antigen-binding
portion thereof that specifically binds to the C-telininal or the center region of MIF, namely the region
spanning an 80680k theegipr-spRnaing@si 86-1 0200 Hommarn MIiry andririisies-AaARmPITeD

thereof that specifically binds to the C-terminal or the center region of MIF, namely the region

spanning aa 50-68 or the region spanning aa 86-102 of buman MIF, and inhibits human MIF

biological function.

The present disclosure further relates to nucleic acid molecules encoding these antibodies or
antigan-binding poritons thereot, as well as 1o veCtors comprising such a nuclele acid and
io host celis comprising such a vector, as well as to methods for recombinant produciion

o polypeptides encoded by nucisic acid motecuizs.

The present disclosure also relates to pharmaceutical compositions comprising an anti-MIF
antibody or an anfigen-binding portion thereof. The phanmacseutical composition may aiso

contain pharmaceutically acceptabie carrier or other therapeutic agenis.

According to a second aspect, there is provided 2 pharmaceutical composition, comprising the
o

monoclonal amtibody or the antigen-binding portion as defined sbove and a pharmaceutically

acceptable carrer.

According to a third aspect, there is provided an isolated cell line that produces the monoclonal

antibody or the antigen-binding portion as defined above.

According to 2 fourth aspect, there is provided an isolated nucleic acid molecule comprising a
mucleotide sequence that encodes the heavy chain, or the light chain, of the monocional antibody or

the antigen-binding portion as defined above.
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biological function. The present disclosure further relates to nucleic acid molecules encoding these
antibodies or antigen-binding portions thereof, as well as to vectors comprising such a nucleic acid and
to host cells comprising such a vector, as well as to methods for recombinant production of
polypepticies encoded by nucleic acid molecules. The present disclosure also relates to
pharmaseriieakcemitositon oo maprisirgdanent- MiErastibdaynoricn ndigeisdbindingipodtion thereof.
The pharmageutical.composition:may,alsp.capiain-phasnaceuticaliyAccartable.contgeor other
therapeutic agents. According to a second aspect, there is provided a pharmaceutical composition,
compr%iﬁ@’ﬂ%%c‘?ﬁonoclonal antibody or the antigen-binding portion as defined above and a
pharmaceutically acceptable carrier. According to a third aspect, there is provided an isolated cell line

that erQé&?&‘&%@@ maneglonalantinady.arihe riatigancbingdiagnestiosas.defined abavesrAccording to a

fourth aspect, there is provided_an |s,t9lated nucleic acid molecule comprising a nucleotide sequence
that ertBoerdeiha s BN BP$h&°RGFit chain, of the monoclonal antibody or the antigen-binding
portion as defined above. According to a fifth aspect, there is provided a vector comprising the nucleic

acid mRL%S}Hﬁé% defingg aboverwhersinihe: estor oM pIises:an RssIanaEpbsegquence
operably linked to said nucleic acid molecule. Acc rgLr{l)gtto ﬁassi@tj)nag%gct th%rlg(i:e lqggé/iaged a host cell

comprRHEF IR GEE BP A A P o 2B E S R R CliC Bcia nofecuTe 2 tetined above. According to a
seventheaisgeebotiveradis prichidemitiveth e orpIGERE g BIONOL|6h AP BERDBEN6r 2U8Rtigen-binding
portiongthereof, comprising culturing the host cell as defined above or the cell line as defined above
under suitable conditions and recovering said antibody or antigen-binding portion thereof. The present
disclosure also relates to the use of an anti-MW antibody or an antigen-binding portion thereof, in the
manufibeuresest divhedie alarerer teeraa et BIVHHBIRSO e &P aReessL488n as inflammatory
diseasgsirndrayperprolifemtiedisatdens:Therprese itcdisctosute!fumtherreates to an anti-MIF
antibogy ar antigen:hindingsperticrdhereet fprrsaris deatiagdarnunological diseases such as
inflammatory diseases and hyperproliferative disorders. The present disclosure also relates to
methods for treating a variety of immunological diseases and conditions, such as inflammatory
diseasBes arrichyparioreIrérsirascliss leiar st B ruhednive drsubrsraRa R MEShtbody, or an
antigersbingkngn postion thereoficgical dissases such as inflammatory diseases and

hyperproliferaiive disorders.
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The present disclosure also relates to diagnostic methods. The anti-MIF antibody or antigen-binding

portion thefegbaanRaeL .deiag Nulfina Riolaaieg'sameley The piassndisclasure further

relates to a process for the identification of an anti-MIF antibody capable of inhibiting active MIF and
inducing a3BeFaREiaremact # AN YRMEN WSEr A Sr ARG R i aiyRiHisspsetvihére is provided a
process fosftbeihid emtificatien 2ot - Mt eiivtibodies tisap abléof tohibitingrémiman MIF biological function
and inducing a beneficial effect in an animal model by carrying out the following steps: a) selecting an

antibody that hinds 9.active MIF.2nd doss,Aokbind{0:00mastive MIE k) fasging:said antibody in

in-vitro assays c) selecting an antibody, Whicrl inhibits GOO and/or cell proliferation. BRIEF

DESCRIP PSR BERLEBR AV EFTRR "8 & (haAMRIRY 8-RPSequence of the light chain va able
region of the human anti-MIF antibody of the invention Fig. 2: shows the amino acid sequence of the
heavy chaimyvariableliegion 6iithe himman antbdE fantibotbyafdhednvention ¥ig asitskdows the DNA
sequence A Jraiftion &/ e-aht rlalnoarahie.edian.of Hman Al antibodies of the

invention Fig. 4: shows the DNA sequence and its translation of the ﬂeavy chain variable region of

human anff-tvifir.antibodies of the invention Fig. 5: Competition experiment of murine 1L.D.9 against a
control antibSdy (&3] Ant gtl]’:lltl- t’%%fﬁésd@r Baxdd K¢ ee%?%gogr%eplg% o1 By ?nograéIEME RS of

antibody 6&x94icahipetdbscrvaan M GlonsiiBoapBiEkoaddetisintire)anicihtfiodyrtaxab24dashed
line) showeghiacseasedsuvival ancdetayee timedomeathimitbe,nesitenitisanimabmogdsl crmpared
with a contro] an '?(f%qr(]a%%)e ﬁﬁ b7 : tg%%%@a@&i%ln%ig inlg of atrgct)ibod Bf)éggfc 0 active.MIF and non-active

MIF. Antibgaty $ax9 s active Mif-- in a direct EEISAnfgrmdats:s\a}Vﬁec eas nogﬁ%catli-l\t/%?ﬁ)ﬁ Igfka%hes not

bind. Fig. §2FeiE St ter g HsTaeproperties of human anti-M1F antibodies. WO
2091086920PCTIEP2008/011346 Fig. 9: Pro-apoptotic effects of anti-MIF antibodies in a cell based

assay. CeIIg@gpw%&ﬂfgg%gaﬁs@m@tivities are shown after antibody treatment of PC-3

cells. Assays are done In triplicate and data are presented as mean SD. Fig. 10: Anti-invasive effects
of anti-MI F&htib8tRes P iRvASIS i BT BTS2 Hibst s EEHLEF SIE RASTGH PSrEE8F ratrigel-coated
Transwellinziiiséiftsrigrekanitiedyaiémumber of invaded cells per visual field are counted (microscopy
at 400 fold magnification). Data are presented as mean SD from 3-10 visual field counts and

Fig. 2: shows the aminc acid seguence of the heavy chain variable region of the human

ant-MiF antibody of the invention

Fig. 3: shows the DNA sequence and its fransiation of the iight chain variabie region of

wuman ani-MiF antibodies of the tnvention

Fig. 4: shows the DNA sequance and its translation of the heavy chain sfariabie region of

human arti-MIT antibodies of the invenion

Fig. 5: Competition experimant of murine 1I1.D.8 against a control antibody (C3) and anti-
MiF antibody Baxd4. A clear compsiition by increasing amounts of antibody Bax84 can

be abserved.
Fig. 6 Antibody Bax84 (dotted ling) and antibody Bax152 (dashed ling} showed
increased survival and delayed fime o death in the peritonitis animal moda! comparad

with a controt antiboay {C3).

Fig. 7: Differential binding of aniibody Bax®4 1o active MIF and non-active MIF. Aniibody
Baxbs minds acive MIE in & direst ELISA jormat, whereas non-active-iF does not bind,

Fig, B: Table summarizing in-vitro properiies of human anti-MIF antibodies.



10significant differences are shown. DETAILED DESCRIPTION OF THE INVENTION Definitions and
General Techniques Unless otherwise defined herein, scientific and technical terms used in
connection with 15 the present invention shall have the meanings that are commonly understood by
those of ordinary skill in the an. Generally, nomenclatures used in connection with, and techniques of,
cell and tissue culture, molecular biology, immunology, microbiology, genetics and protein and nucleic
acid chemistP AE8BAB&N herein are those well known and commorilyisEH P iHé¢art. The methods and
techniques of the present invention are 20 generally performed according to conventional methods
well known in the art and as described in various general and more specific references that are cited
and discussed throughout the present specification unless otherwise indicated, See, e.g., Sambrook et
al., Molecular Cloning: A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, Cold
Spring Harbdig N Prerogoyiasisas stipei-M apriteikstt pretcests a7Ss Kiti&ular Biology, Greene
Publishing Assegiates{1R9? aanddladoncand: kave: Alvibodiesy Bettaborat6y-Matfual, Cold Spring
Harbor Laboratomy Bress,GoldSaunddianbers NeXed980)ahichmre incorporated herein by

reference. "MIF" or tmacrophage migration inhibitory facto(' refers to the protein, which is known as 30
a critical mediator in the immune and inflammatory response, especially as a counterregulator of
glucocorticoifi§- MRS fligRshehnali U B opdercany AR I@ITF%I&W??-PrOt primary accession
number: P14dapd3; weheteinigheme nonericiforateis Temmsod et aserd B3xamingatid protein but is
produced as a.44 amingacidipreteindua toscleavage fdheciiial Adethionine. "MIF" also includes

"GIP (glycosylatian-inhibiting 35f f fMIF, sugh as fysiQn proteins of MIF. The
numbering oﬁ%%‘ﬁ{(/‘\?g rQPO% gi(%’G%%%&é%? %gﬁgﬂig@lﬁﬁfg g:ynéinoacids of MIF starts with the

N-termin&l MESRIBRRHE AN 463" nd ends with the 3-terminal Aianine (amino acid 115). The term
"active MIF" refers to naturally occurring conformational isoforms of MIF, which 5 are relevant for its
biological funstion._AstivesbAW irtludes isoformsTbat can be observed on the surface of cells (such as

THP1 or the like)Active: MIE.alse.ingludes MIF isoforms that occur in serum of mammals after
challenge with bacteria. An "anti

competas witl RS FIZSY8hibads 101 Speciid Brilnc SLe oty b M dlogy. Ch, 7
(Paul, W5 ed<piased. Ravsy BRISEVRINE TEOROTS (REBIHEIRIBU Y HASIEMCRY g term antibody
includes genetitally ergineaned=orms susly, ascotinagticeor rgehanizethegiiboditss, and
techniques of, cell and tissue culture, molecuiar biclogy, immunoclogy, microbiclogy,
genetics and protein and nuclelc acid chemistry described herein are those well known
and commonly used in the art. The methods and techniques of the present invention are
20 generally performed according to convertionat methods well known in the art and as
descrived in various general and more specific references that are cited and discussed
ihroughout the present specification uniess ctherwise indicated, See, e.g., Sambrook et
al., Molecuiar Cioning: A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory
Press, Cold Spring Marbor, N.Y. (1989) and Ausubel et al, Current Protocols in
25 Molecular Biology, Greens Publishing Associates (1992}, and Harlow anc Lane
Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, Coid Spring

Harbor, N.Y. (1880}, which are incorporated herain by raference,

“MIF" or “macrophage migration inhibitory factor” refers 1o the protein, which is known as
30 & critical mediator in the immune and inflammatory response, aspecially as a
counierregulator of glucocoriicoids. MIF includes mammatlian MIF, specifically human
MIF (Swiss-Prot primary accession number: P14174), wherein the monomeric form is
sncoded 28 2 115 amino acid protein but is produced a5 & 114 amino actd protetn due 1o
cleavage of the initial Methionine, *MIF” aiso includes “GIF” (glycosylation-inhibiting

35  tactor) and other forms of MIF such as fusion proteins of MIF. The numbering of the



15The term "antigen-binding portion” of an antibody refers to one or more fragments of an antibody
'that retain the agility to specifically bind to an antigen (e.g., MW), Antigen-binding portions may be
produced by recombinant DNA techniques or by enzymatic or chemical cleavage of intact antibodies.
Antigen-binding portions include Fab, Fab', F(ator)2, Fv, and complementarity determining region
(CDR) fragments, single-chain 20 antibodies (scFv), chimeric antibodies, diabodies and polypeptides
that contain &tle@sugportion of an antibody that is sufficient to conférsigeeifit: anutigen binding to the
polypeptide. From N-terminus to C-terminus, both the mature light and heavy chain variable domains
comprise the regions FR1, CORI, FR2, CDR2, FR3, CDR3 and FR4. The assignment of amino acids
to each domain is in accordance with the definitions of 25 Kabat, Sequences of Proteins of
ImmunologicHPirtarEsofNATisRET M inds S dHrampdaaRonry %@Wﬁﬁ%"%é‘ﬁ), Chothia et. al.
J. Mot, Biol. 196:90%+34&ni(2987)caciChtihia et al., Nature 342:878-883 (1989). An antibody or
antigen-binding portion thereof can be derivatized or linked to another functional molecule (e.qg.,

another peptide or. prafgin),yfor £xample.an, Aaubody Aranidens hiading poriien.hgreof can be

functionally 30 linked t9 one or more other mol.egtéfligr,eqtl ies, iuch 3s tapot er &ntibgdy (e.g.,a
bispecific anfiEb P A BidPSAY P E dEEEALE Lot T SR EEE, B pharmaceutical agent, and/or
a linking moleetfie suriarhe’ featn spriran-EHttos refddte MityaaatitddpsiiihicPthe variable and
constant 35domatr.seqtences aie heimanrsaquepeesh Thedérm encompasses antibodies with WO

2009/086920PCT20 8/(111146 sequences derived from human genes, but which have been changed,
e.g. lo decregse possible Immnggenicity, jnctease alfnity, eliminale eysieines atmioht cause

undesirable folding, € 2 term encompasses such a ies produced recombinantly in
non-hum@n <&ils AR hAgRemn ARSI LRI R IRISTEAY o HIFATRT S TREYETP humanized
antibody" reférs TdRauinvuhacglobrdieds, Faveneg otk etlriseriraed dntrsdweredf (8tich as Fv, Fab,
Fat Fi(ab52, {sagreniss,onaties aptigenpindingpaertians ehantbadies)ic Whiakeantain sequences
derive_d from ae}]&%g%lyman immunoglo_buhn. The term "chimeric anti_body" refers to an anti_body that
comprises regions from two or more different species, 15The term "isolated antibody" or "isolated
antigen-binding portion thereof" refers to an antibody Or an antigen-binding portion thereof that has
been idestifiddiardrséeaenfromtasiptinbdy svtires sih Bemphagedidphi ety or a B-cell
repertoire. afihederm: kesteferatmthe eguilibrivmidissasiationeeopsiant:sf. asFajerportion of a
20particular aptipody:with. the respectiveantigenmdiRedermsiscemist egigniapdsicderminal region” of
MIF refer to the region of buman MIF COmRISng aming A6ids 3508 and,36-LE5: sespectively.
Flab",, Fv, and compiementarity determining region (GDR) fragments, single-chain

20 antibodies (scFv), chimerie antibedies, diabodies and polypeptides that contain at least a
poriion of an antibody that is sufficient toc confer specific anfigen binding to the
polypeptide. From N-terminus 1o C-terminus, both the mature light and heavy chain
variabie domains comprise the regions FR1, COR1Y, FR2, CORZ, FR3, CDR3 and FR4,
The assignment of amino acids 1o each domain is In accordance with the dsfinitions of
Kabat, Sequences of Proteins of immunotogical Interest (National instilutes of Health,
Bethesda, Md. (1987 and 1881)), Chothia et al J. Mol Biol. 188:901-917 (1887}, or
Chothia et al., Nature 342:878-883 (1988). An antibody or antigen-binding portion thereci

can be derivatized or linked to ancther functional molecuie {e.g., ancther peptide or

™~
m

protein). For example, an antibody or antigen- binging portion thereof can be functionally
ac  finked to one or more other molecular entities, such as another aniibody (2.g., a
bispecific antibcdy or a diabody), a detectable agent, a cyiotoxic agent, a pharmaceutical

agent, and/or a linking molecule,

The term "numan antibody” reters to any antibody in which the variable and consiant
35 domain sequences are human seguences. The term encompasses aniibodiss with



25The term ftepitooe” includes any protein determinant capable of specific binding to an
immunoolobulin or an antibody fragment. Epitopic determinants usually consist of chemically active
surface groupings of molecules such as exposed amino acids, aminosugars, or other carbohydrate
side chains and usually have specific three-dimensional structural characteristics, as well as specific
charge characteristics. 30 The term "vector refers to a nucleic acid molecule capable of transporting
another nucEtA&EE & hich it has been linked. In some embodim&hts. the vector is a plasmid, i.e., a
circular doubie stranded DNA loop into which additional DNA segments may be ligated. 35 WO

20091086920PCTIEP2008/01 146 The term "host cell” refers to a cell line, which is capable to
produce a recomRinant Rrotein-afterintiadlcing an-eRIRSSIen yeskes, Thetessrsmeombinant cell

line", refers to a cell line into which a recom Nt ex re§sion yector t&% gg ] igg;gguced. It should be
understood #FEP4E cEHBTRRT R8N Ii'ﬁ%rﬁ?ﬁeea%n?%t 85%)5%% p: ?tl"c!rﬁ%ar su%jec celi line but 5 also the

progeny of sutearae! lisiBeciise CErtdrToAIFARGHE MY B A &ticcBEHIHE Generations due to
either mutatiencemervionmentatiaflcsncess soahprogemyynrayaiot, i fagtabe [Wetical to the parent
cell, but are stijl.included within the scope of the term "recombinant cell line" as used herein. 10The
term "pharmaceutically acceptable carrier refers to any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorgtion delayin Oapg? nts, and the like that are

nt,

physiologicallyecéfpatistan i Anitiosids TEHBRE S Bodim & inver

&'InVention relates to isolated
monoclonal &matibettetherEntiogenabiiditep portio M e BRSPS BHREHS the C-terminal or
the center regign.ef REimanMiEspndr-idrthesiahibidaueness Mikrisologics tunetiemiilarsome
embodi%entﬁnmgn%é%ggﬂpnal antibodies, are human monoclonal antibodies. In other embodiments the
monoclonal antibodies, are humanized monoclonal antibodies.

The term “chimeric antibody” refers to an aniibody that comprises regions from two or

more different spacies.

15 The term “isolated antibody” or “isolated antigen-binding portion thereo® refers io an
antibody or an antigen-binding portion thergof that has been icentified and selected from

an antibody source such ag a phage dispiay library or a B-cell repertoire.

The term “Kg” refers to the equilibrium dissociation constant of a Fab portion of a

20 particular antibody with the respective antigen.

The terms “center region” and “C-terminal region” of MIF refer 1o the region of human

MIF comprising amino acids 35-68 and 86-115, respeciively.

25 The term “epitope’ inciudes any protein determinant capable of specific binding to an
immunoglobulin or an antibody fragment. Epitopic determinants usually consist of
chemically active surface groupings of molecules such as exposed amino acids,
aminaosugars, or other carbohydrate side chains and usually have specific three-
dimensional structural characteristics, as well as spacific charge characteristics.

% The term “vector refers 1o & nucleic acid moiecule capable of transporting another
nucieic acid to which it has besn linked. In some embodiments, the vector is a plasmid,
i.e., 2 circular doubig stranded DNA loop into which additional DNA segments may be
figated. '

35



20 In some embodiments, the light chain of the anti-MIF antibody comprises the amino acid sequence
that is the same as the amino acid sequence of the VL of antibody Bax8 (SEQ ID NO: 1), antibody
Bax69 (SEQ ID NO: 2), antibody Bax74 (SEQ ID NO: 3), antibody 6ax94 (SEC) ID NO; 4), antibody
Bax152 (SEQ ID NO: 5), antibody BaxA10 (SEO ID 25NO: 6), or an amino acid sequence which has
85 %, preferably 90% sequence homology to said amino acid sequences. In some embodiments, the
light chain cempnsesstihhe amino acid sequence from the beginning STRE&@BR14t0 the end of the
CDRS3 of any one of said antibodies. In some embodiments, the light chain of the anti-MIF antibody
comprises at least the light chain CORI, CDR2 or CDR3 of the amino acid sequences 30shown in
Figure 1. In some embodiments, the heavy chain comprises an amino acid se uence of the variable
domain (VHY &t Eiftibaefy BAXESREE RIGNT) "Aitindd§88%es BT &%?’%S*,“%%tibody Bax74 (SEQ
ID NO: 9), aptibooshEaxSt(SEQ RYNEsSDO yaaltibodyBax B2aBSE 3 inNosas)oantibody BaxA10
(SEQ ID NG; 42)ir@rian @ining asithseguense which- Mo 20091086826 CTIERRR2088/0 | 11% has 85
6. preferably 0%, sequence. Romelag R SAILAIAL AL seauanEas it semmebodiments, the

heavy chain comprises the aming acid se%t%ence from the be irgﬂgp ‘0%1‘5%% ,C(I;)R]f to the end of the
COR3 of an§'Bh& b B8 Sntibsdiee IR 5dHte BMBboaimants, [ﬂ% &avy chain of the anti-MIF antibody
comprises atlewstitte $REGBEITENSHF GO R REEH CD RESFPIRE MY S8 Setili@nces shown in
Figure 2. Classyafychaybelassaf AwnticbtifcAntibediestl helabti-MiF@ntibodky efttitetidvention is an
isolated mongagclonal antibody.Fheantidhantikedy:Garbe an 19G, an laM, an IgE, an IgA, or an 1gD
molecule. In other 10embodiments, the anti-MIF antibody is an IgG and is an p31, p02, Ig03 or 1904
subclass. In other embodiments, the antibody is either subclass 1901 or Ig04. In other embodiments,
the antibiody TReeHCiRRY THOR- TR SoRREPBANSCARITRNEE T F8Y HiBot At A8IRGIR mutation changing
the serine (setitie 228{ascardirg toizhenK abtitraardneriisg iselseimapdcipreiite’ ARRYPAIngly, the CPSC

sub-sequenggdndthe Fad eaiamodi0fdsiciogicaliy compatisle.

Anti-MiF Antibodies
in one embodiment, the invention relates to isotated monocional antibodies or antigen-

ey
(933

binding portions thereof, which specifically bind to the C-terminal or the center region of
ruman MIF and further inhibit human MIF biological function. In some embodiments the
menocional antivodies, are human monoclonal antibodies. in other embodiments the

monecional antibodies, are humanized monocional antibodies.

In some embodiments, the Hight chain of the anti-MIF antibody comprises the amino acid
seguence that is the same as the amino acid sequence of the V, of antibody Baxg (SEQ
iD NC: 1), antibody Bax89 (SEQ 1D NO: 2), antibody Bax74 (SEQ 1D NQ: 3), antibody
Baxb4 (SEQ iD NO: 4), antibody Bax152 (SEQ ID NO: 5), antibody BaxA10 (SEQ 1D

25 NO: 6), or an amino acid sequence which has 83 %, preferably 90% sequence homology
to said amino acid seauences. in some embodiments, the light chain comprises he
amino acid sequence from the beginning of the CDRY to the end of the COR3 of any one
of saig antibodies. in some embodiments, the light chain of the anti-MiF antibady
comprises at least the light chain CBR1, CDR2 or CDRS of the amino acid sequences

30 shownin Figure 1.

in some embodimeants, the heavy chain comprises an amino acid sequence of the
variabie domain {Vy) of antfbody Bax8 (SEQ ID NO: 7}, antibedy Baxg9 (SEQ 1D NC: B),
antibody Bax74 (SEQ 1D NO: 9), antibody Bax84 {(SEQ 1D NC: 10), antibody Bax152

35 {SEQ ID NO: 12}, antibody BaxA10 (S8EQ D NO: 12, or an amino acid sequence which



15becomes OPP, which is a sub-sequence in Ig01 (Arica; at al. Mol Immunol. 1993, 30, 105-10B). MIF
E-pitopes Recognized by Anti-MIF Antibodies In some embodiments, the invention relates to anti-MIF
antibodies or antigen-binding 20 portions thereof that specifically bind to the regions spanning from
amino acids 35-68 or 86-115 of human MIF, respectively, preferably the anti-MIF antibodies
specifically bind to the regions spanning from amino acids 50 to 58, or 86 to 102, respectively, and
inhibit humaroiP/siehsgical function. 25In other embodiments, thePVETHIBY e/ tes to anti-MIF
antibodies, which specifically bind to active MIF and further inhibit human MIF bioiog cal function. In
some embodiments, active MiF is membrane-bound. It was surprisingly found that anti-MIF
antibodies of the invention had the surpgisin%BO%roperty of corpgetin& arl'g-l'\glslé agtibody 111.09in
binding studié $ifh RFTREANE EBHPERTSH B 1160 CANBE detemmined as described in Example
5. Binding AffirtitgioEman iRy IEaRN oS TOSRRIATET IV ECTHEERHORIRIENT r BIARES 15" %hti-MIF antibodies or
antigen-binding.oortians theseohi which RAWDa20 6%/ 08682AREHIEPRG08/911146 bind to human MIF

with a KO Of 5x10-7M o lesis» I othet.ambedimentothe Antiedias binede fuuman MIF with a KU of
5x10-' M or less, 5x10-9 M or | s, 0r.5x10-1M or less. The hinding affinity of anti-MIF antibodies or
antigen-Bind?ﬁ@‘rb%?ﬁén@ﬁ‘éraerc%%o%%mé?na BWHE"Can be determined by methods known in the art. The
binding affinity for example can

Class and Subsiass of Anti-MiF Antibodies

The ant-MIF antibody of the inveniion is an isolated monoclonal antibody. The ant-MiF
antibedy can be an igG, an igM, an IgE, an tgA, or an igD molecule. In other

{6 embodiments, the anti-MIF antibody is an 1gG and is an lgG1, 1gG2, 1gG3 or lgh4
subelass. in other embodiments, the antivody is efther subclass IgG1 or igG4. in other
embodimants, the antibody is subclass 1gG4. in some embodimenis the IgG4 antibody
hes a single mutation changing the serine (serine228, according 1o the Kabat rumbering
scheme) to proline. Accordingly, the CPSC sub-sequence in the Fe region of lgG4

15 becomes CPPC, which is & sub-sequence in igG1 (Angal et al. Mol immunct. 1993, 30,
105-108).

MIF Epitopes Recognized by Anti-MIF Antibodies
in some empodiments, the invention relates to anti-MIF antibodies or antigen-binding

20 poriions thereof that specifically bind to the regions spanning from amino acids 35-68 or
86-115 of human MIF, respectively, preferably the anti-MIF antibodies specifically bind
to the regions spanning from amino acids 50 to 68, or B to 102, respectively, and inhibit

human MIF biological function.

25  |n other embodiments, the invention relates to anti-MIF antibodies, which speciticaly
bind to active MIF and further inhibit human MiF biological function. in some

embodimants, active MIF s membrane-bound.

It was surprisingly found that anti-MIF antibodies of the invention had the surprising
30 property of competing ant-MiF antibody HLD.S in binding studies with huran MIF.
Competition of I11.D.8 ¢an be determined as described in Example 5.

Binding Affinity of Anti-MIF Antibodies to Human MIF
The invention relates to anti-MIF antibodies or antigen-dinding portions thereof, which



be measured by surface plasmon resonance (BIACORE). Example 10 exemplifies a method for
determining affinity constants of anti-MIF antibodies by BIACORE technology. In some embodiments,
the invention further relates to anti-MIF antibodies or antigen- 10binding portions thereof, which bind to
active MIF with a Ka of less than 500nM and further inhibit human MVP function biological function. In
some embodiments, the anti-MIF antibodies or antigen-binding portions thereof bind active MIF with a
KD of less thama@nrbds2d SProduction of anti-MIF Antibodies antitoitessan amtigen-binding portions
thereof according to the present invention may be prepared by many methods known to the person
skilled in the art, such as screening of phage display libraries of antibody fragments. Different formats
of phage display libraries may be utilized, e.g. scFv or Fab fragments libraries or the like. A phage 20
display libraryins ‘séreearddfortaatbotipiagMentestvitholies pagdmstiedinPEBRAR MIF epitopes and
the genetic rsatetiakisracouered fiunsthe Approprate 160 vevirrsonsecitiVét mugrds of generating and
screening libraries, antibody fragment can be isolated with an increased affinity compared to the

affinity of the_original antibody fragment isolated. affini ' ifie izMIF fragment can be
further enhaﬁgégl%gﬂgﬁ%ﬁﬂy%g gr%aﬂ%ﬁ%{.ﬂ‘ %%félgrﬁgﬁ%%an\%%%r%%%ﬂ%s%%gg%s% a%%qlggcombinant Methods
of Making arlivr B EBedIBE TN RVRRIGIP TR ER AStatRR RHRRIE Y LG HRTBEES encoding
anti-MIF antibodissostintigeachiriding portioascth@éoPRECIrging o’ fhrxprediEstinvention, as well as to

vectors 30 CouBpHsiBgisUehvcisisiacishanader hastorlsticoprisiBpreUstE 2veatosyas well as to
methods of recombinantly producing a polypeptide encoded by the nucleic acid molecule.  In some

embodiments, the DNA sequence encoding the VL re ion of} e anti-MIF 35antibody comprises the
nucleotide sé’qaféf%%”iﬂ%m??ﬁe%%m‘?@??H%”S@%{ﬁ‘é‘ﬁég%‘f‘fﬁ@ ETRAS S 5087086520PCT/EP2008/011

46 16 binding porions thereof, which bind to active MIF with a Ky of less than 500nM and
turther inhibit human MiF function biologica! function. In some embodiments, the anti-MIF
antibodies or antigen-binding portions thereaf bind active MIF with a Kp of less than
50nM.

15 Production of anti-MIF Antibodies
Anti-MiF antibodies or antigen-binding portions thereof according to the present invention
may be prepared by many methods known to the person skilled in the art, such as
screening of phage display Hbraries of antibody fragments, Different formats of phage
display libraries may be utilized, e.g. scFv or Fab fragments libraries or fhe like. A phage

20 display library is screened for antibody fragments with desired affinities for certain MIF
epitopes and the genetic material is recovered from the appropriate cione. in consecutive
raunds of generating and screening fibraries, antibody fragment can be isolated with an
increased affinity comparad to the affinity of the original antibody fragment isotated. The
affinity of an identified anti-MIF fragment can be further enhanced by affinity maturation.

Nucieic Acids, Vectors, Host Celis, and Recombinant Methods of Making anti-MiF

Antibodies

The invantion further relates to nucleic acid molecules encoding anti-MIF antibodies or

antigan-binding portions thereof acrording to the present invention, as well as to vectors
30 comprising such nucleic acid and to host cells comprising such a vector, as well as to

mathods of recombinantly producing a polypeptide encoded by the nucleic acid

motecuie.

in some embodiments, the DNA seguence encoding the V, region of the anii-MIF
35  aniibody comprises the nucleotide sequence that is the same as the seguence of the V|

10



of antibody Bax8 (SEQ ID NO: 13), antibody 3ax69 (SEQ ID NO: 14), antibody 5ax74 (SEQ ID NO:
15), antibody Bax94 (SEQ ID NO:16), antibody Bax152 (SEQ ID NO: 17), antibody BaxA10 (SEQ ID
NO: 18) as shown in Fig 3, or a sequence, which has 85 %, preferably 90% sequence homology to
any of said nucleotide sequences. C In some embodiments, the DNA sequence encoding the VH
region of thg antizMiG.antibody comprises the nucleotide sequencesthatismiber same as the sequence
of the VH of antibody Bax8 (SEQ ID NO: 19), antibody Bax69 (SEQ ID NO: 20), antibody 3ax74 (SEQ
ID NO: 21), antibody 8ax94 (SEQ ID NO: 22), antibody 3ax152 (SEQ ID NO: 23), 10antibody BaxA10
(SEO ID NO: 24) as shown in Fig 4, or a sequence, which has 85 0/0, preferably 90% sequence
homology tosaayindseid-nsteniidecseqyentesiy Faesp6aGCioR o f theraiiftiavi Baktibodies according to
the present i@@@ﬂdﬂ%ﬂ%ﬁtﬁ%@%@@@zﬁ%‘&@%@éﬁ&’/&@;@é&%@ﬁmmz@NMbydgelnetic
engineering, e.g. via rever scription, of RN 0 ificag DNA.and cloning into
expression @5@&9{%&%&%@? éﬁ%@gﬁm{e ?g,strﬁg :'/('enc%)@;{éi?s% ra%%ﬁ%ﬁ%%ﬁ%%ﬁqgarei%dditional DNA

segments mBSPBEHNY A6 LSS TR AR GEIOATE P UO MEEHIBOEMHEIRE the vector capable of

autonommpus replication in a host cell into which introduced (e.g., bacterial vectors having a bacterial
origin of repligation anshepisemat manssaliaryenians).ihe vthegiaOembadimehts, the vector (e.g.,

non-episomal Al ASEIOfS) SaRRNLeGLaleC o 05 GENAMEAL A Desk 69 upon inroduction

into the host cell, and thereby replicated along with the h ome. Moreover, certain vectors are
capable of dﬁ%ﬁfﬁﬁ%@é@(ﬁ%@%ﬁ%fﬁéﬁ&t’% %%ﬁ}é% {ﬁh‘é%/?;t?eﬁ@pgérgﬁ\%go%né%% 2 Such vectors are
referred to héFEM IBNGeROMBiPRERBSSBAR BetcR B BRF taxpresEidiédtors™). 25 Anti-MIF
antibodigs cantbedpmduce by mean2of conventioRakexprassienceestirssu8h 4s bacterial vectors

(e.q., pBRBZ&Q&%ﬁﬁ%@%{jgﬁc@h&gg%ﬁy%ggg@pﬁ@@@gg@a@@gmpes that encode the antibody

can be provided with regulatory sequences that regulate the replication, expression and/or secretion
from the host cell. These regulatory 30 sequences comprise, for instance, promoters (e.g., CMV or
SV40) and s@mp@é@ﬁ?@ﬁeb@??ﬁ%“@%ﬁ@&%ﬁ%ﬁé&%ﬁ*@%@ﬁ%?688%%‘6Y%@%‘e‘1é%‘i?8n33¥1d amplification
markers, suchdistherdieymretelatec ecductaberg O (B IFRYC mygromipeir-Bpidsphctansferase, and
thymiding-kinase..Lhe, componenisafihevesorsnised, suchy agselgetioonmarkers, replicons,

enhancers, can gither be commercially, gbtained o 3aprepared D eans:el sapventional methods.
The vectors Tass @?r%é’t‘?ﬁ‘&réa ?o“r S 24109/086920PCTIEP%008/0 1146
may be figated into the viral genome. in some embodiments, the vector capable of

autcnomous replication in a host cell into which introduced {e.g., bacterial vectors
having a bacterial origin of replication and episomal mammalian vectors). in other
20 embodiments. the vector {e.g., non-episomal mammaiian vaciors) can be infegrated into
the genome of a host cell upon introduction into the host cell, and thereby replicated
along with the host gencme. Moreover, certain veciors are capabie cf directing the
expression of genas to which they are operatively finked. Such vectors arg referred 10

herein as “recombinant axpression vectors” (or simply, “expression vectors”).

Anti-MIF antibodies can be produced by means of conventional expression vectors, such
as bacterial vectors (e.g., pBR322 and its derivatives), or eukaryotic veciors, Those
sequences that encods the antibody can be provided with reguiaiory sequences that
regulate the replication, expression andior secretion from the host cell. These regulatory
30  sequences comphise, for instance, promoters (e.g. CMV or 8V40) and signal
seguences. The expression vectors can aiso comprise selection and amplification
markers, such as the dihydrofolate reductase gene (DHFR), hygromygin-B-
phosphotransferase, and thymidine-kinase. The components of the vectors used, such
as selection markers, replicons, enhancers, can either be commercially obtained or

35  prepared by means of conventional methods. The vectors can be constructed for the

11



expression in various cell cultures, e.g., in mammalian cells such as CHO, COS, HEK293, NSO,
fibroblasts, insect cells, yeast or bacteria such as E. coll. In some instances, cells are used that allow
for optimal glycosylation of the expressed protein. 5The anti-MIF antibody light chain gene and the
anti-MIF antibody heavy chain gene can be inserted into separate vectors or both genes are inserted
into the same expression vector. The antibody genes are inserted into the expression vector by
standard methodsy gz ligation of complementary restriction sites 8ATl{ER@MIbBGHEy gene fragment and
vector, or blunt end ligation if no restriction sites are present. 10 The production of anti-MIF antibodies
or antigen-binding portions thereof may include any method known in the an for the introduction of
recombinant DNA into eukaryotic cells by transfection, e.g. via eiectroporation or microinjection. For
example, theexeEspifdiianeEesysreakioierant Mk aREBBEYEafr e XERi&ed By iftrdducing an
expression phesred, Liscantainisg, thesanti=M)\Weaartibodypencoding BNA seguénserunder the control of
one or more fegulaling REQUENCASSHER, &5 BrRirangpromatain-Assuiabladwst cell line by an

appropriate transfection method resulting in cells having the introduced sequences stably integrated
into the gencrne. The lipofection method is an example of a transtection method which may be used
according to The gsis¥EhnHRRsHHEH PoITHE h RORURAGA N AT A5AboUIRE AF4Y 90 include any
method knovisa insthechirtécrtheicuitivation bbtbaidreassforrsasidelising s £EOTMiINdous or batchwise
manner, and\the.expeassion,ofthe aati-MHzantibod)sxergseonstittivesanspominduetion. 25The host

cell type according ig,{ne, risantnuentian may Be,an Hkanimis, calhdnanesmigdiment he cellis a
e apl

mammalian g'e%l_’w , Ity to perform posttranslational modifications of anti-MiF antibodies. For
example said’?ﬁﬁiﬂ%@ﬁ%ﬁ?%ﬁ‘ﬁ@?ﬁ‘&ﬂ%@sf@ﬁ? AFRAmmalaR cell line, like for example a cell line
selecteddrom the group consisting of SkHeb-, CHO-, HEK293-, and BHK-cells. In one embodiment,
the anti-K/11Fanibadysis 3Gnexpresseddasadd HEBdeficienpGHies cetidirienaygncD*S11, and the
addition of 'Ggﬁ%ﬁ%@ﬁim%%mﬁﬁwm%if&%mm : nﬁg&p@gﬂq&y@%@p&@@@@dmg ar;]tib(r)]dy
genes are introduced into mammalian host cells, the antibodies 0 culturing the host
cells for a pe?%ﬁag?fﬁ%%nsﬁﬁiﬁgﬁ? ‘g}%‘f%\?? Broéxdﬁ)‘[rzéoéﬂ i%hgﬁ‘ iﬁéegé%%d%r? Stlg%%é%ﬁ E:ells or secretion
of the antibo@YATEs eRe RNt ARERIMN GA\IRI GRARE h oLt EEIIL S Yr&iesTpp Plasmid

2009/08692 0GR 200871011t 4BhAnt dviF aatibidiesieam b e dve redifeom #he eulture medium
using standagehRrpiginprification methads sAdditienally, the pradustiensofaamtieMizantibodies may

include any method known in. I ] ficatiof antih SNiaanion exchange
chromatogra%%filroc?rr%Z itﬁ%/txé% 8%}%1&1%6% %%iﬁ%?j%%é%gﬁ%ﬁgggpng&t the ch\%-ﬁchagtiboéy can be purified

from cell cultﬁ\xégé?}ﬁ%fﬁﬁtgﬁt§ﬁ?@%gr B IR B oSt Grapry e of & transiection

method which may ba used according to the prasent invention.

20
The production of ant-MIF antibodies may also include any method known in the art for
the cultivation of said transformed cells, e.g. in & continuous or batchwise manner, and

the expression of the anti-MIF antibody, e.g. constitutive or upen induction.

25 The host cell type according 1o the present invention may be any eukaryotic cell. in one
embodiment the celi is 2 mammaiian cell with the ability to perform postiransiational
modifications of anti-MiF antibodies. For example said mammalian cell is derived irom &
mammalian cell fine, like for example a cell iine seiected from the group consisting of
SkHep-, CHO-, HEK283-, and BHK-celis. In one embodiment, the ant-MIF antibody is

30 expressed in a DHFR-deficient CHO cell line, £.g., DXB11, and the addition of G418 as a
selaction marker. When recombinant expression vectors encoging antibody genes are
intreduced into mammaiian host cells, the antibodies are praduced by cufturing the host
cells for a period of fime sufficient to allow for expression of the antibody in the host celis
or secretion of the anlibody inte the cufture medium in which the host cells are grown.

12



Properties of Anti-IVIIF Antibodies ICThe invention relates to anti-MIF antibodies or antigen-binding
portion thereof, which possess at least one of the following properties: a) bind to the C-terminal or the
center region of human MIF b) inhibit glucocorticoid overriding (GOO) activity, c) inhibit proliferation of
cells lines such as fibroblasts or cancer cells (e.g. NIH/3T3 or PC-3) cif) bind to active MIF e] does
not bind to non-active MIF f) compete mouse anti-MIF antibody 111.D.S. 20in some embodiments,
active MIF isyandsakenn of active MIF that occurs by treatment of hegmam:hMéRmdith mild oxidizing
reagents, such as Cystine or by immobilizing human MIF on a support such as an ELISA-plate or
beads. In other embodiments, active MIF is an isotorm of active MIF that occurs in vivo after challenge
of animals with bacteria. In other embodiments, active MIF is an isoform of active MIF that occurs in
vivo on the SAAGE 6PIREIsHSSES.§¢ THRETEC SR SorHE @i &RES, FBFHAERIENNF is reduced MIF
(e.g. as desexibedtitnEeaimgde 7) or, intracellular stored MIF. In other embodiments, the an -MIF
antibodies or antigen-binding portion thereof bind active MIF with a KO less than 500 nM. 30
Pharmaceutical,Compasitons of antMI antibpdies aad Msihods ol-FisAImER! Thg invention also
relates to compositions comprising an Anti-Mi antibody or an antigen-binding portion thereof, for the
treatmerft of #!SUBRERYRTREEA BrarSativRst $6r WW%’P&%‘%&H@H@}%@&%%&W'Wmunological
diseases suchrasanticammatoryn8Sdisediwest dnel dnjigdrprastiferativerdisopddied from cell

culiure supernatants by size sxclusion chromatography.

Properiies of Anti-MIF Antibodies

10 The invention reiates to anti-Mif antibodies or antigen-binding portion thereof, which
possess ai least ons of the {ollowing properties:

a) pind to the C-terminal or the center region of hurman MIF

by inhibit glucocarticoid averriding (GCO} activity,

¢) inhibit proliferation of cells lines such as fibroblasts or cancer celis (2.g.

NIH/3T3 or PC-3)
d} bind fo active MIF

L

g) does not bind to non-active MIF
fy  compete mouse anti-MiF antibody HLD.G,

20 in some embodimants, active MIF is an isoform of active MIF that occurs by treatment of
human MIF with mild oxidizing reagents, such as Cystine or by immobilizing human MIF
on a support such as an ELISA-plate or beads. In other embodiments, active MIF s an
isoform of active MIF that oceurs i1 vivo after chalienge of animals with bacteria. in other
embodiments, active MIF is an isoform of active MIF that occurs in vivo on the surface of

25 cells {e.g. THP1, CFBL
ir some ambodiments, non-active MiF is raduced MIF (e.g. as described in Exampie 7)
or, intraceliular storad MiF.
In other ernbadiments. the anti-MIF antibodies or antigen-binding portion thereof bind
active MIF with a Kpigss than 500 nM.

30

Pharmaceutical Composiiions of anti-MIF Antibodies and Methods of Treatment
The invention also relates to compositions comprising an anti-MiF antibody or an
antigen-binding portion thereot, for the treatment of a subject in need of treatment for
MIF-related conditions, specifically immunoiogica! diseases such as inflammatory

35 disezses and hyperproliferative disorders.



WO 2009/086920PCTTEP2008/011146 In some embodiments, the subject in need of treatment is a
human. Hyperproliferative disorders, such as cancerous diseases, that may be treated by anti-MIF
antibodies of the invention can involve any tissue or organ and include but are not limited to brain,
lung, 5squamous cell, bladder, gastric, pancreatic, breast, head, neck, liver, renal, ovarian, prostate,
colorectal, esophageal, gynecological, nasopharynx, or thyroid cancers, melanomas, lymphomas,
leukemias owmultspkeanyelomas. In particular, anti-MIF antibodies @t terimesntioh are useful to treat
carcinomas of the breast, prostate, colon and lung. 10 The invention also encompasses methods for
the treatment of inflammatory diseases such as vasculitis, arthritis, sepsis, septic shock, enciotoxic
shock, toxic shock syndrome, acquired respiratory distress syndrome, olomerulonephritis,
inflammatory bowel disease, Crohn's disease, ulcerative colitis, peritonitis, nephritis, atopic dermatitis,
asthma, 15 conjunctiviiginexer iHdalariat o1 peonasisine subjectain tlydimgeédntivean, comprising the
step of adm'@&ﬁ%&%@gs%ﬁéé%%@}% inoeed H&F@W&M@@%yw@@wﬁmwe@m@nt of an anti-MIF
antibody or anti %'ar;l |g lrl}gg\gc%rtlo%#ereofgﬁlén o({]mc emk Qgrgwn?m %m? -%%P\Oﬂﬂé)n comprising said
Gn'20is Used for T

anti-MIF antibody e invent e treatment of an inflammatory disease selected

from the fgroﬁ%%@ﬁ%ﬁs‘ﬁ’ﬂ@@%%r?@*ﬁ%ﬁ%ﬁfﬁﬂis BeeRa ROl IR GIEL S48  Hephritis and peritonitis.
The treatmentostay, atswdriab keerdosdistragiorafdmesopimore.anthwie eanbiredy of the invention, or an
antigen- bind}E‘QaH@fQ&BQ%Hﬂgﬁ%@f,l@l%ﬁﬁrowﬂmr@i@h\a&&asﬁeuﬂ@@Hy:@& aegeptable carrier. Some

examples Ofmoag{}*e% ellcall-aeceptable caulersRaLe selnepiosphatayffered saline.

dextrose, glycero ethanol and the like, as well as combinations thereof. in many cases, it will be
preferable to Pr?dHJ“&e isotonic agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or
sodium thloride in the composition. Additional examples of pharmaceutically acceptable substances
are wetting 3Qagesi&r sk erainpaits ofawiliasy substanees ducteaswettidgeeremulsifying agents,

preservatives, gf Qéjﬁfsr&ﬂiﬂhmﬁ@,r@ﬂgﬁ %@@%Mfwo%ﬁm\eemwm GRtikady. The anti-MIF
antibody of the inv ntlon and éls% armaceutl al ccgn asifions compri %Q% tl;eﬂgeg&n be administered

QN3
in combinatiGRAWiHT GRE GrmSTe other therapautic, ¢ oris,tslc! or prophylactic agents. Additional

therapeutic Zgjehts iFERIGE: offfErYti-FREDI RS Hikt- eprits, alopic. dermatts, aste

15 conjunctivitis, jever, Malaria or psoriasis in a subject, inciuding a human, comprising the
step of adminisiering to said subject in need therect a therapeuticaly effective amount of

an anti-MiF antibody or antigen-binding portion thereot.

in other embodiments the composition comprising said ant-MIF antibody of the invention
o0 iz used for the treatment of an inflammatory disease sslected from the group consisting
of glomerulonephritis, inflammatory bowel disease, nephritis and peritonilis,

The treatment may aiso invoive administration of one or more anti-MiF antibody of the
invention, or an antigen-binding iragment thereof, alone or with a pharmacsutically
25  acceptabie carrier. Some examples of pharmaceutically accepieble carriers are water,
saling, phosphate bufiered saling, dextrose, glycerol, ethanct and the like, as well as
combinations therecof. in many cases, it will be preferable to include isotonic agents, for
example, sugars, polvaiconols such as mannitol, sorbitol, or sodium chicride in the
composition. Additional examples of pharmaceutically acceptable substances arg watting
30 agenis or minor amourts of auxiliary substances such as wetting or emuisifying agents,
preservatives or buffers, which enhance the shell itie or effeciiveness of the antibody.

The anti-MIF antibody of the invention and the pharmaceutical compositions comprising

them, can be administered in cormbination with one or more other therapeuiic, diagnostic
35 or prophylactic agents. Additional therapeutic agents include other anti-neoplastic, anti-
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WO 2009/086920PCTTEP2008/011146 tumor, anti-angiogenic, chemotherapeutic agents or steroids,
depending on the disease to be treated. The pharmaceutical compositions of this invention may be in
a variety of forms, for 5 example, liquid, semi-solid and solid dosage forms, such as liquid solutions
(e.g., injectable and infusible solutions), dispersions or suspensions, tablets, pills, powders, liposomes
and suppositories. The preferred form depends on the intended mode of administration and
therapeutic applisatiamns Typical preferred compositions are in the fammye#inpaaiakle or infusible
solutions, such as compositions similar to those used for passive 10 immunization of humans. The
preferred mode of administration is parenteral (e.g., intravenous, subcutaneous, intraperitoneal,
intramuscular). In a preferred embodiment, the antibody is administered by intravenous infusion or
injection. in amothenpretirseticenisodihnes e tircageniboustdscidntipnetsiediopyintigassScular or
subcutaneous tajestien. As will be appreciated by the skilled artisan, the route and/or mode of
administration will 15vary depending upon the desired results. The anti-MIF antibody may be
administered_once, but more referablﬁ%i)s goLministered multjple times, For{%ample} the antibody may

( 9
be administer&d FBATRTEH RRTRIAHY c8 VR LN Ronths d 18hgEr° i

i %_nce every six months'or [or [ remg’drﬁinistering may be
on a schédukxanRth 45 thre Potimestails MRS SoritEdany iBitcaFery tid-days, once every
three days, oneesneakly ondecverydud Weeksoancesevesysimanthpenceieyeoptiae. months, once

every three moRths AR 0REE RKEMNYS Nk d heiNvention alseeneempassdhedise of an anti-MIF

antibody or anligen hinding pSitagment thetofr in e manuiactice, a1 8 medjGaren for the treatment

. B 15 L
of |mmunolog|caFalseases such'as mﬁ%mma ory diseases andoﬁyoerproll rative cflsorders. The

invention furtErSHREGADERSER SHHIMMIFS Y TR BT M ARG RRAGTAENT B5EYDF, for use in
treating immumologitah diseasess Ut agdrfiammedery diseasetsbmd S Qlaygresteroliferative disorders.
intravencus, subcutaneous, intraperiioneal, intramuscularn). in a preterred embodiment,
the antibody is adminisiered by infravencus infusion or injection. In anctner preferred
embodiment, the antibody is administered by intramuscular or subcutangous injection.
As will be appreciaied by the skilled artisar, the reute and/or mode of administration will

15 vary depending upon the desired resulis.

The anti-MiF antibody may be administered once, but more preferably is administered
multiple timas, For exampie, the antibody may be administered from three times daily {o
anee evary six months or longer. The administering may be on & schedule such as three

26 times daily, twice daily, once dally, once avery two days, once evary three davs, once
weakly, ongce every two weeks, once every month, once evary two months, ence evary
three morths and once every six montis,

The invention also encompass ihe use of an anti-MiF antibody or antigen-binding
25 fragment thereof, in the manufacture of a medicament for the treatrment of immunological
disaases such as inflammatory diseases and hyperproiferative disordars,

The invention further encompass an ant-MIF antibody or antigen-binding fragment
thereo!, for use in treaiing immunological diseasses such as inflammatory diseases and

30 hyperprofiferative disorders.

The invention also encompass an anii-MIF antibody or antigen-binding fragment thereof,
for use in diagnostic methods. In one embodiment the anti-MIF antibody or antigen-
binding portion thereof ¢can be used to detect human MIF in a biological sampie.

35
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The invention also encompass an anti-MIS antibody or antigen-binding fragment thereof, for use in
diagnostic methods. In one embodiment the anti-MIF antibody or antigen-binding portion thereof can
be used to detect human ME in a biological sample. 35 WO 2009/086920PCLEP2008/011146 The
anti-MIF antibodies or the antigen-binding portions thereof can also be used to determine the level of
cell surface IVIIF in a tissue or in cells derived from the tissue. In some embodiments, the tissue is
diseased tis& et sue can then be used in an immunoassay to-datefifitE ¥.g., total MW levels,
cell surface levels of MIF, or 5localization of MIF. The invention further relates to kits comprising an
anti-MW antibody or an antigen- binding portion of the invention or a pharmaceutical composition

comprising sych an antibody or portion. A kit may include, | ition t Nnii or
pharmaceuticaf fﬁ%&z‘)%mgp%%ﬁgégﬁe,sd?éé Rostic or ﬁ%rgggﬁ% résgrg}%gse%{Agé}l‘t %\i%enc%r%%%?gde instructions for
use in a diagifEBIhEMPER BRI FTha TERRERIGN faltH Yerhied W lBrdteds for the
identificationsofanti:bifrantibdiésscapabkeafemhibitngteutasue VEF thivldgicatdunerion and inducing a
beneficial effgghinandbanigaalmesebby carying owidbe fellowingsteps: ajselecting an antibody that

binds to ?Cti\{c% ell\ﬁlzlzﬁi g\nnq gges not bind to non-active MIF b) testing said antibody in in-vitro assays,

such as glucocortlcomi) overriding (GCO) assay, or cell proliferation assays 20c) selecting an antibody,
which inhibits 300 and/or cell proliferation. Results have shown that an anti-MW antibody that only
binds active M iawsdidodsrtnet bilsthhon-detivermisinarid fRrth¥ihriisiesh000 hdmsgzell proliferation
induces a bepgficiabeftectinran-asinal taedshiegedexampie@sition comprising such an :

antivody or portion. A kit may include, in addition o the antibody or pharmaceutical
10 composition, diaghostic or therapeutic agents. A kit alse can include instructions for use
in a diagnostic or therapsutic method.

The invention turther relates to a process for the identification of anti-MIF antibodiss
capable of inhibiting human MIF biological function and inducing a beneficial effect in an
15 animal model Dy carrying out the following steps:
a) selecting an antipedy that binds o active MIF and does not bind 10 non-active
MIF
b) testing said antibody in in-vitro assays, such as glucocorticold overriding (GCO)
assay, or cell proiiferation assays
20 c) selecting an antibody, which inhibits GCO and/or cell proliferation.
Sesults have shown that an anti-MIF angibody that only binds active MIF and does not
bind non-active MIF and further inhibits GCO and/or cell prolifergtion induces & beneficial
gftect in an animal model {e.g. Example 6}
The present invention will be further lllustrated by following examples, without any

25 imitation thereio.
EXPERIMENTAL PARY

Example 1; Antibody Selection

30  Phage dispiay technoiogy is used to generate human ant-MiF- antibody fragments.
Starting from a phage dispiay library, different acreening campaigns are periormed, three
of them py using full length MIF (human MIF coated / human MIF in solution / human —
muring MIF aliernating). The others by using six MIF derivad paptides aliernating with
fuil length MIF, These six peptides are designed by dividing the MiF protein into six

35  peptides of approximately 30 aminc acids with cverlapping stretches of approximately
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The present invention will be further illustrated by following examples, without any 25limitation thereto.
EXPERIMENTAL PART Example 1: Antibody Selection 30Phage display technology is used to
generate human ant-MIF antibody fragments. Starting from a pnage display library, different screening
campaigns are performed, three of them by using full length M1F (human MIF coated / human MIF in
solution / human - murine NE alternating). The others by using six MIF derived peptides alternating
with full lengiiuMiksaddrgse six peptides are designed by dividing thedWie-poeteiminto six 35peptides of
approximately 30 amino acids with overlapping stretches of approximately WO
2009/086920PCITEP2008/0 46 15-amino acids. After several selection rounds unique binders are
identified, all unique binders are expressed and purified as human igG4 antibodies. These antibodies
are tested in semeral assaysctodeniarsitade thednwitres inhilsereofdutliiedAs epitope mapping to

determine thg,bhinding J@@L@&WM%J%ME@F@%@ srmieshs1 Bbantinedins are Stested and
categorized acco dm%/te?a %es'%é‘té’ ltro activity of ';QQEQ%}‘(?‘%‘\{U:E %}ﬂ”&’nae%ﬁ&é@g@p% scribed below.

Three murind ant-MiE ant es are used as contro XIV.14.3 and XI'V.15.5). Example 2:

Inhibition of GRAKKBITREIH BHERIHE MY &AM ?“(@'E)‘E)‘fa”‘ed 198 antibodies are

5 tested and categorized according 1o their in-vitro activity of inhibiting MIF. In-vitro assays
are described below. Three murine anti-MIF antibodies are used as controt (ILD.G,
XIV.14.3 and XIV.15.5}

Example 2: Inhibition of glucocorticoid overrding activity of MiF (GCO).

10 This method is based on the inhibition of endogenous MIF, Le. MIF that is produced by
the cell line used. This method is applied for antibedy scraening and for determinalion of
dose response curves.

GCC-assay for antibody soreening:

A THP1 suspension culiure is centrifuged and celis are resuspended in fresh full medium
15 to a cell density of 10° celis per ml. This cuiture is transterred inic wells of a 96-wel
micropiate (80 ubwell) and anti-MIF antibody is added to give a final concentration of
7epgimi.  Each aﬂ{%body is tested in triphicate. Afer o/n incubation at 3I7°C
dexamsathasone is added o give a concentration of 2 nhM and after one hour incubation
at 37°C LPS is added (3 ng/mi final concentration). After further six hours incubation at
20 37°C the supematant is harvested and the [L.-6 concentrations are getermined in an
ELISA {Cytoset kit, commercially available). The results of the triplicates ars averaged
and the percentage of IL-B secretion is determined in comparison 10 the conirol
aniibodies. Antibodies that result in an IL-6 secration of less than 75% arg evalugted as
positive,
25
Agsav for determination of 1050 values

The experimental procedure is carried out as described for the screening assay with the
exception that increasing amounts of antibody are used (typically from 1 - 125 nMj}. The
resultant dose response curve is expressed as % inhibition in comparison to & negative
a0 contro! antibody, This curve is used for caiculation of the maximum inhibitcry effect of the
antibody (%inh max) and the antibody concentration that shows 50% of the maximum
inhibitory eftect (IC50)
Results are summarized in Sig. 8, column 3 (HC50) and column 4 {maximum inhibition}.
For comparison, muring antibody XiV.14.3 shows 36% inhibition of GCO only (data not

35  shownj.



10This method is based on the inhibition of endogenous MIF, i.e. MIF that is produced by the cell line
used. This method is applied for antibody screening and for determination of dose response curves.
900-assay for antibody screening: A THP1 suspension culture is centrifuged and cells are
resuspended in fresh full medium 15 to a cell density of 10 cells per ml. This culture is transferred into
welts of a 96-well mj iate (90 pl/well) and anti-MIF antibody is ! Vg, final concentration
of 75pg/ml. %gﬂeﬁ%%%%y is tested in triplicate. After o/n incubatio%%%%%@ﬁé%iethasone is added
to give a concentration of 2 nM and after one hour incubation at 37C LPS is added (3 ng/ml final
concentration). After further six hours incubation at 20 37C the supernatant is harvested and the IL-6

concentratiog;a%sigg.t m{%%@@e@%&%%@ytoset kit, commercially available). The results of the
triplicates are averaged and the gercenta e of IL-6 {aﬁ%etion i dete?rminfed in corgparison to the

f
control antibB8i¥E SKAtBEERE ?Pé%ﬁ*ﬁqé{ﬁﬁf_e-@ BEEretishoIeds ﬁﬁ%ﬁi%g ‘§ré valuated as
positive. 25 AsiiyaliondeierizfaightoR (05 GrARRESUT HE SRpeititertalsi6&ture is carried out as
described fopifie-aareeningassayiwitnitheieXceptionthatinaéeasing armentsaf antibody are used
(typically from Lis-125aM).Thegsuitant dose response curve is expressed as % inhibition in
comparisonto an ive 30contral antibody. This curve is_used for cal ' e maximum
inhibitory effégfgl of ?ﬁe% %%ﬂ%ﬁ)(%g)@/r(ﬂ%ﬁ}n rem&%%%mr?e%ﬁﬁ 8%38ggiﬁ‘c%ﬁ%%%%%%k%gﬁth%Ws 50% of the
maximum infBFRy SHEETL 08H) eSS afe EEMTRAAZAYThEY. B SectiuiT8 PEBb) and column 4
(maximum inhibiitm). Eoroompatisomymirag aiitibethym]ds endyeistsiwerB6949 inHibition of 900 only
(data not 35shawim «IMEH 39008682 0PL TN R2ANBI0LE 156 ExampkerBytnhibitien of cell proliferation
Serum smulaics seielion of MIL inguigeeat MIEURTAAIAMI R IS Usljes el proliferation.
Antibodies |nh|5|t|ngt IS endogenous MIF, therefore, decrease tve_!pégllferatlon ofw%llescent

N41}-1/3T3 8t PPhESRAGEGhOFRORFEFARBRTE (e thined 5y

are added and incubated for 30 minutes ai 4°C. Plates are washed with 1504 PBS, Per

soiution per

well 7541 of a 0.5M NaCH solution with 0.5% SDS are added, mixed and stored at room
temperature. Samples are measured in a B-counter by mixing 5mi of Ultima Gold
15 (Packard) and 75ul sampie solution. Each determination is done In tiplicate and the
values ara compared with the values of the control antibody by a i-test. Antibodies that
significantly reduce proliferation (P<0.05) are evaiuated as positive. Resulis are

summarized in 7.8, column &

20  Example 4: Binding studies: Epitope determinafion of anii-MIF antibodies
Each peptide is diluted in coupling buffer to give a peplide concentration of typicaliy S
ug/ml, is added fo micropiates (NUNC immobilizer™ Amino Plate F86 Clear ) and
incubated over night at 4°C {100ul/wel). As controis recombinant full length MIF and
PBS are used. The plate is washed 3 times with 200 pf PRST and antibodies (4 ug/ml in

25 PBRS) are added (100 pliwell) and incubated for 2 hours at rcom temperature with gentle
shaking. The plate is washed 3 times with 200 ul PBST and detection antibody { e.g. ¢
specific anti-human 1gG /HRP labeled , Sigmay) is addad {100 pliwell). After incubation for
1 hour at room temperature with gentie shaking the plaie is washed 3 times with 200 pi
PBST. Each wel is incubated with 100 ! TMB solution {T-0440, Sigma) for 3C minutes in

a0 the dark. Staining reaction is stopped by adding 100 g of 1.8 M H:.S0.-solution per well.
Sampies are measured at 450nm.

Example 5: Competition of human anti-MIF antibodies with murine anti-MIF antibody

Hi.o.e
35 Antibody Bax94 is used for competition with mouse anti MIF antibodies HL.D.B.
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5the incorporation of 3H-thymicline. 1000 NIH/3T3 cells per well are incubated in a 96 well plate over
the weekend at 37C in medium containing 10% serum. Cells are then starved over night at 37C by
incubation in medium containing 0.5% serum. The 0.5% medium is removed and replaced by fresh
medium containing 10% serum, 75paiml antibody and 5uCi/mi of 3H-Thymidin. After 16 10 hours
incubation in a CO2 incubator at 37C cells are washed twice with 150p1 of cold PBS per well. Using a
multi-channel¢pipettesdnbOul of a 5% (w/v) TCA solution per well arecdeeoarid:ricubated for 30
minutes at 4C. Plates are washed with 150ul PBS, Per well 75p1 of a 0.5M NaOH solution. with 0.5%
SOS are added, mixed and stored at room temperature. Samples are measured in a 13-counter by
mixing 5rni of Ultima Gold 15 (Packard) and 75p1 sample solution. Each determination is done in
triplicate andithesvalues (RteiCovaparet andtbothe valusscofithentbemal Hiitiboelyrbyra t-test. Antibodies
that significagtiyfedues-rolifesation (Rs.Rbareevaluaied aspesithas Resalis ane summarized in

Fig.8, column,5. 2OExamle d: Pinding sidiss; beltaps, detatninatinn:obaniMIE-Antbodies Each
peptide is diflted in coupling buffer to give a peptide c%?centratllgfr#]gft |%?Il¥ 5 ugiml, is added to
i

microplates BNIURGE ARNEDAEIRTIRA ARG BIRIE FO°EIdarY AAY ikdibated Gver night at 4C
(100ul/vweell)wassiopntrosriscoraisimanritiidengih MIEARKPB S ERE e THEPEIatEYs washed 3 times
with 200 pl RBS/Fiand arsibodies (4 paimtdiniak RES)aredaddedt(100spilytelfcand-incubated for 2

hours at fOO%JggﬂaB?J@&H{%MQnQ%ﬂea%@lﬁmol}hg Rlatedsvashed 3 dimeswith200 pl PBST and
detection antibo ) , Specific antl-huwt%g lgG /HEIP Iabel.e[d Sd%maac}dIIs added (100 p1/well).

After incubaﬁ@ﬁe?%rjgj?%%fﬁﬁﬁi oo tSMPEATGrE Wit gantle shaking the plate IS washed 3 times with
200 pi PBSTH#38ekavéfnsTifieanhied stnico pratim So1aHoAYNE 6546 C8RIMS f8F 30 minutes in 30the
dark. Stainingaeactionhisisiopped b additigel 08epewilt BdiUARBOACSDITItoN pavwell. Samples are
measured atA450nm. Example 5: Competition of human anti-MIF antibodies with murine anti-MIF
antibody I11.D.9 35Antibody 6ax94 is used for competition with mouse anti MIF antibodies I11.D.9. WO
2009/086920PCT/EP_200 /011146 96 well plates g_NUNC I\{Iaxisou_o are coated y‘vithi reco_mbina}nt
human MIF. SHERIBANECEERTIN iE 4riBoRY 14 0P AR Thi%H Shtso # HRtiBoaiseare diluted in
TBST/2ato B&Aeind mixed, whereas the final concentration of I11.D9 is kept at 2ygiml and the
concentyation:f humaranti-Mtrentbediesisd reRaseed fsom Qpe/mirtatypicallgid2pg/ml. After
Swashing of the micraplate-the antibadies areapplipdanddneuhatedatemdrmperature
with 6000 CFU of an E.coft 0111:B4 suspension in 18% mucin and 4% hamogiobin. Two
of three colonies {F.coli 0111:B04) from & nutrient agar plate culture are inoculated into
10 ml of TSB and incubated overnight at 38°C with shaking. The culiure is diluted in
20 physiciogical saline to the reguired concentration(s) - an overnight the culture typicaliy
reaches 2*10° CFU/mi - and mixed with mucin and hemoglobin {1 voiume of diluted
inoculum, 2 volumes of 15% mucin, 2 volumes of 4% hemoglobing. As the inocuium
mixture tends o sediment out, it is mixed between injections. A large {e.g. 23 gauge)
neadle iz used for injections 1o avoid Hlockage of the needie by particulates in the
25 injection mixture. Antibody Bax94 (igG4)-and an isotype matching control antibody are
given 2 hours pricr to bacteriai challenge interperitoreally. The antibody dosage is
typicatly 800ug/mouse and 20 mice are used for each group. A statistically significant
affect on survival/time 1o death couid be shown for the 1gG1 and 1gG4 isotypes of human
anti-MIF antibodias. Figure € shows the results obtainad for antibody Bax94 and
30 antibody Bax152 (lgG4). Kaplan-Maier statistics is used for evaluation of the survival

curves,

Example 7: Binding specificity for active MIF

The andi-MIE antibodies described in this invention are able o discriminaie between

35 active and non-active MIF, which are generated by mitd oxidation or reduction,
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for typically 2 hours. After washing, the plate is incubated with anti Mouse 1gG (Fc spec.) peroxidase
conjugate and incubated for 1 hour at room temperature. After washing, the plate is incubated with
TMB-solution and the staining reaction is stopped by adding H2SO4-solution. Fitting of the resultant
competition curve enables the calculation of the 10maximum inhibition of the 111.D.9 binding. The
results are summarized in Fig. b, column 6. Example 6: Increased survival of anti-M1F antibodies in
the live E.coNpEIEAIR animal model 15The experiments are carri&eF&Ht4#eEdno to 'Calandra et al.
(Nature Immunology, 2000) using female NMRI mice (25-30g, 6-10 weeks of age) that are injected
intraperitoneally with 6000 CHU of an E.coli 0111:B4 suspension in 15% mucin and 4% hemoglobin.
Two or three colonies (E.coli 0111:604) from a nutrient agar plate culture are inoculated into 10 ml of
TSB and inclA8aTEH By G RH9E BENREN SARIRIFE A CURGrESREHI Bt 20 BiiliSlogical saline to
the required geseen@stien(s) - an overnight the culture typicalry reaches 2'109 OFLErnl- and mixed
with mucin and hemoglobin (1 volume of diluted inoculum, 2 volumes of 15% mucin, 2 volumes of 4%
hemoglobin)zAsdhe ineaulumimbshiee tetds dorsedhitivetienut, it is mixed between injections. A large

(2e5.g._ 23_gaugg)ﬂg%gé%i%i&jgﬁ,{@mwﬁgé%é L%@y@{gk;&l\%g@%mgnneemle by particulates in tgeh
Injection mixture. Antibo ax a Sotype cni frol antip are given ours
prior to b%lcteria%{%ﬁgf%%ad‘éq%?‘gpp@ﬁégn%&%}%ggés tﬁ%%{gki%%%téogregﬁgsaigﬁéavw%§£%%%/mouse and 20
mice are used fecegcHYOaR! A SREHE ARV STy AificarfiReract %(Sﬁr@igfélﬁ% ' to death could be shown
for the 1901 andygGe} iSodyessofdutngreants MesambetRES Figdhde6:shewS Iysesults obtained for
antibody 6ax94 and-30antikogy.Baxnlni e HKaptaneier statistics is used for evaluation of the
survival curves. Example 7: Binding specificity for active MIF  The anti-IV1IF antibodies described in
this invention are able to discriminate between 35active and non-active MIF, which are generated by
mild oxidfatioh of PEEGETEIRN KA TIDFFEFEOECUEPD98/011146 respectively. Discrimination
between these cthforedersdisiassessediny EIOS Aonsurfacejglasmiontieseighte mM

dithiothreiiol {final concentration) at 4°C.

s CLISA protocol.

i5 The ant-MIF antibodias ars coaied into 88-well micropiates (NUNC Maxisorp™) at a
concentration of 5 ug/mi (ditution in coating buffer). After washing the plate with
TBST ({Tris-buffered saline with 0.1% Tween-20 (v/v)} and blocking with
TEST/2%BSA (TBST and 2% bovine serum albumin (wiv)}, dilution series of either
active or non-active MIF are added and incubated at room temperaturs for 1-2 b,

26 Bound MIF is detected using a polycional rabbit anii-MIF antibody and a horseradish
peroxidase labsled goat-anti-rabbit antibody (Biorad), TBRST/2%BS8A i used to dilute
MIF, the rabbit anii-MIF antibody and the peroxidase conjugate to reduce unspacific
binding. Figure 7 shows the ELISA resulis obtained with anfibody Bax94.

25  Assesssing differential binding of the antibedies by Biacore.

Binding kinetics of active and nor-active MiF to antibody Bax94 are examined by
surface plasmon resonance analysis using a Biacore 3000 System. Therefore, 10000
Response Units of Bax 84 are immobilized on a sensor chip with a CM5
{(=carboxymethyiated dexiran) matrix and incubated with active or non-active MIF

30 huMIF in pro-reductive and pro-oxidative Gluiathione redox buffers, ranging from 4.8
mivi GSH /0.2 mM G88G (GE5G = oxidized Glutathione) to 5 mM GS8G in HMBS-EP
buffer {GE Heaithcare). As a control, MIF is used for binding analysis in a second
flow cell containing an immobilized isotype control antibody. Binding response units
of control antibody and antibody Bax34 are subtracted for evaiuation,

35
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ELISA for assessing differential bindino of the antibodies: Transformation of MIF into its active
conformation by mild oxidation. Recombinant human MIF (0.5 mg/ml in PBS) is incubated for 3h at
37C with a 3-fold excess (volume) of a saturated solution of L-Cystine in PBS (- 0.4-0.5 mM LCystine).
The MIF is then dialyzed two times against PBS in a Slide-A-Lyzer(r) Dialysis Cassette with a
molecular-weight cutoff of 7 kDa (Pierce). 10 Transformation of MIF into its non-active conformation.
MIF is reduged aésagencentration of 0.5 mg/ml by overnight incubatiommeaihi mi dithiothreitol (final
concentration) at 4C. e ELISA protocol. 15The anti-MIF antibodies are coated into 96-well micropiates
(NUNC Maxisorpn) at a concentration of 5 aa/mi (dilution in coating buffer). After washing the plate
with TBST (Iris-buffered saline with 0.1% Tween-20 (v/v)) and blocking with TBST/2/aBSA (TBST and
2% bovine seruhalBunaAWAL) a6ilietion setesefeitheTrtivesier non-active MIF are added and

incubated 29 . Lo PSRRI 1ai P 2R BOWadoMIE.iS desesiedusingiepelyciapal rabbit anti-MIF
antibody and a horseradish peroxidase labeled oat-apti-@ebcl%it %ntigquaé%%qggteﬁBSTIZ%BSA is
used to dilutBWTESUERE I SRR Iiffshsrﬁﬁ‘%fd@%n%%aénﬁeroX|a%s%yc nju

1= jugate to reduce unspecific
binding. FigukeyhsiravisstkievEDISA restitekebianEBSNitF EtGiyBa ol (P5AL&88e8Ind differential

binding of thganfibediesyBiacese. Bindingdipeiies ef astive andinoo-aetiveiIFto antibody Bax94
are examineg by surface plasmanesprance analisiadieinn aiaco: 300 Sysigr. Therefore, 10000

3 . -
Response Units of Sax 94 are immobilized on a sensor chip with %CM§ ~Ca, yé’pethylated dextran)
matrix and ifIBRIEE Wit SHIRBEF Hon FERE RIFESWREMIE T pro-reductive and pro-oxidative
Glutathione &ewxrbiiffersaivaiiging from 4.8 mM GSH | 0.2 mM 5353 (GSSG = oxidized Giutathione) to
5 mM GSSG in HBS-EP buffer (GE Healthcare). As a control, MIF is used for binding analysis in a

second low eelleanaiping,annakiizacisareR saniial satiady. Binding response units of control
antibody and‘ﬁ"?{gpi ge?t}s/ gg@a%h%%eﬁ%quagé%dp@é grYaa !'lejs?‘i}éggnége% in cotd cell staining buster
(Biolegend) supplemanted with 200 ug/mi mouse 1gG. FITC- or TRITC-abeled anti~MEF_
antihodies are added to give a final concentration of typicaly 200-500 nM and incubation
is done at 4°C. Cells are subsequently washed with ice cold cell staining bufier and
15 resuspended in cell staining buffer supplemsnted with the Wig-Proba™ Cefl Viabiity
Solution (BD Biosciences). Cells are measured in an FACS Canio™ Il Flow Cylometry
System (BD Biosciences) and the median FITC-TRITC-ghift of the viable call
sopuiations are compared with the Dye-labeled isotype conirol antibody.

25 Example 10; Affinity determination of Fab fragments of anii-WiF antibodies by Biacore
Typically 40RU Units of human recombinant MIF are immobilized on a sensor chip with &
CM5 (=carboxymethylated dexiran) matrix (Blacore). Fab fragments are injected al a
concentration range of typically 6-100nM diluted in HBS-EP. Alter sach cycie the chip 15
regenerated with 50mM NaOH + 1M NaCi. Affinities are caiculated according to the 1:1

25 Langmuir model. The resulis are summarized in Fig. 8, column 7.

Example 11: Beneficial effect of anti-MIF antipodies in an animal model for Cresceniic
Glomerulonephritis
The anti-MIF antibodies are tested in a rat model of crescentic glomerulonephiitis
30 described by Frederick W.IK. Tam et. al. (Nephrol Dial Transplant, 1958, 1658-1660).
Nephrotoxic nephritis is induced in male Wistar Kyoto rats by & single intravenous
injection of anti-rat giomerular basement membrang serum. In the preventive setup of the
experiment treatment with anti-MiF antibodies and an isotype matching control antibody
is started at the time of induction of nephrilis {day(} by interperitoneal injection of the
a5 antibody. Treatment is typically repeated every second day and animais are culied on
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WO 2009/086920PCT/EP20081011146 Example 8: Detection of active MIF on the surface of THP-1
cells Cells are incubated with anti-MIF antibody Bax94. Cells are washed with ice cold PBS and
resuspended in cold cell lysis buffer (Cell Signaling Technology(r)). Magnetic Protein G Dynabeads(r)
(Invitrooen) are blocked with TBST + 5% nonfat dried milk (w/v): washed 5 and added to the lysed
cells. Immunoprecipitation is carried out at 4C overnight. The beads are then washed with cell lysis
buffer and TS wandsbeiled in SDS PAGE sample buffer (without redugingsaganis). Samples are
subjected to non-reductive SDS PAGE for Western Blot analysis. ioExample 9: Binding of anti-MIF
antibodies to membrane bound MIF THP-1 celis are washed with ice cold PBS and resuspended in
cold cell staining buffer (Biolegend) supplemented with 200 ug/m1 mouse IgG. FITC- or

TRlTbC 'abe'%é%@&b M.%@%H%%@%@ge@%@e@c@&w@ @Jtﬂ@hﬁ@@g@&tf@u@(?@a‘ew cally f?EOO 5%0 nM and
incubation is done at Cells are equent wit t uffer an
resuspended i cei?tséu%linrmg‘aﬁ%r :tl! Qélé’h%eerﬁr?é{gfv\\:{\?ﬁihiénvﬁg Propg%&c%e%, \?l:?é) %;geé%olutlon (BD

Biosciences)"thelfé afis #d. %‘ﬂ"ré?ﬁﬁ"?ﬁi P AR BEENEHCP R YW eI BT PRSAEEHRYABD Biosciences)
and the medismdriTBY/ FRRET: Shiftadf thiiaviabléar 81l sop i atdercsrericoin ferexpeitiethe Dye-labeled

isotype centrol-aaibndyo20 Exanaplelendffiniy delermisation ohd-atriragmentseef anti-MiF antibodies
by Biaccre Typigally é&%ﬁ%}é Lﬁug&aﬁ human recomhinant MIF.are immobilized.op. asgnsor chip with a

CMS (=carboxyme.th (%/ extran) matrix ( Blacore)t Fab fra%ments are injected at a concentration

range of typiéAP 6= Fat NEIARed ﬁ?ﬁﬁ@%ﬁy Rf&vest TS

RVCIE e ca:ﬁ ggenerated with 50mMm

NaOH + 1M N@C‘T‘eAwWﬁé@&réF@amﬁ%@éﬁ%c%ﬂﬁd%%tl?E”ZBL‘H}%QFHW ﬁﬁ%@éi."? he results are
summarized ixdeithdd: eehinent Avibxamiphes 14w Bendficil ¢ffectwdfnnt- MiBeanibodias in an animal
model fo,Crescgatic 9Imeryéga%h&f'ér&@m@txmm@a%mdg@%@f@oteﬁ%a@ adabgodel of

crescentic glomerulanephtiti ribe Fre§her|ckWK Tamne Nep ol Dial Transplant,
1999, 1658- 13&%3}‘010 'Pdet%f(?i %%as{?? %c%jtl)sr\é e{ﬁpr%ugfzewgihmr Fééosgratsnb élsmgle intravenous

injection of aﬁﬁﬁ?&?@bﬁ%‘ﬁjfﬁ‘r %ﬁ%ﬁ%ﬁﬁrﬁé&%mﬂé EERMPIPERD RS fUE}QBf the experiment
treatment withgintBMEP partibesiescandaapoisotypadiraidiomgtesisteharibody is started at the time of
induction of nephritis (day0) by interperitoneal injection of the 35antibody. Treatment is typically
repeated £veryssenend: day«gind arfitals anendledionies in an animal maodel for Ulcerative

Coiitls {Adoptive wansfer of naive T calls in Rag -/~ micg)
C57BL/E mice were sacrificed and CD45RBH cells (naive T celis) are isclated by FACS
sorting of the spleen celi population. CD45RB cells (5x10%) are injected Lo, in Rag-/-
C57BL/E mice (7-9 weeks oid}, which develop of Ulcerative colitis afier approx. 2 weeks.
20 ide Jong et al, Nature immunology., 2001, 1081-1088), Anti-MIF antibodies and the
isotype control antibody are injected intraperitongally twice a week (1mg/mouse/dose). In
a preveniive seiup freatment is starded at the Bme of injection of T-celis. In & therapeutic
setup, treatment is staried 4 weeks after induction of the disease, Mice are monitored
weekly for weight and disease development. Typically eight weeks after the transfer of
25 {D4CD45REN celis into Rag+- C57BL/G re.cip%ents ihe disease activity index (DAl is
calculated and colon sections are collected for histology index {MD) score. Diseases
activity index (DAl and histology index (Hl} are determined af the end of the animal
modei (DA is based on four parameters: hunhching and wasting (scorad 0 or 1}, colon
thickening {(0-3) and stool consistency (0-3}). in a therapeutic experiment ant-MiF
30 aniibodies Baxfg and BaxATC are used for freaimant of established disease and the
mean DAl is signfiicantly reduced by approx. 80 % {Bax88) and approx 40 % (BaxA10) in
comparison 1o isotype control freated mice. Furthermore, the mean Hl score is reduced
by approximately 33 % after treaiment with Bax83.

Example 13 Beneficial effect of anti-MIF antibodies in an animal model for Ulcerative
Colitis {Agonistic anti-CD40 modal)

[43)
[44)
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WO 200 4186920ITT/EP2008/011146 day 7 for histological analyses. Urine is collected prior to the
experiment (baseline) and on prior to the termination of the experiment (day 7). In a therapeutic setup,
treatment with anti MIF antibody is started 4 days after induction of disease and repeated every
second day. Rats are typically culled on day 8. Urine is collected prior to the experiment (baseline),
prior to start of treatment (day 4) and prior to culling of the animals (day 8). Antibody dosage is
typically 1 - 20AYME®Er injection and 6 to 8 rats are used for each*Grotip Hlsé4e severity is
determined by measuring proteinuria, macrophage infiltration into the glome.rulus and histological
damage (crescent formation). In a preventive experiment treatment with anti-MIF antibody Bath'? (10
mg/kg per dose) for 7 days 10 results in a 47% reduction of proteinuria in comparison to control

antibody treeid BefiaEIBASERAT TR AFBEET DD TP RS AE AREES SR BB SHITEHD results in a dose
dependent reduction efijroteintita byt EEGa gikopBax GG presduge) Hitd 849620 mg/kg 8ax69 per
dose) in compggison to control antibody treated animals. 15Example 12: Beneficial effect of anti-MIF

antibodies in an anima for Ulceratiye Coliti ive teanst glls in Rag -/- mice)
C57BU6 micé%é?éxsgcﬁh%%%!a%%qc[)%j%tRygﬁﬁgJeéﬁIsﬁ {gﬁ\%@%\%ﬁﬁgﬁ%ﬁﬁfg ?ga%ﬁb(;s sorting of the

spleen céll pBfiIEHbIT BBYERSARTIERHS 5,AH8)EFE iAjREEETH. T RadIe &%g mice (7-9 weeks
old), which dexetsjoref witetativecalitisedte palspies cPHReBREI0264 dte Jt5g efdl. "Raiture immunology.,
2001, 1061-k06RYANtoantibodies aschthedsotypecoaingl antibotly afrednjectad-intraperitoneally
twice a week{1mamoisadasel i arreysniive.seiip trarvent issiadedkat thedime of injection of

T-celis. In a therapeutic s_et%p, treaatmenzt is Stf?lrted Agvxégeksx%fter ingq?grgn if the qiesease., Mice are
nt. h

monitored weBIRIHEF WefGhtaind GReadsd dBEIopment. Typically eight weeks after the transfer of 25

CD4004BR SntaHiE i RSy Reagfit e 5751 '86 5 B AR L AECHiSHSE & E VDS XX iS caiculated and
colon sections:aredediectetstashistologydadEd(Hi) suond a BiswaisejactprigrimdekBAl) and histology
index (HI) are detenminpdeatthesend ehtheasigalpedel {PAlischaged ondetigrargmeters: hunching
and wasting (scored 0 or 1), calon thickeni -3) anpd,st IS -3), therapeutic
experiment a%ﬁ?mﬁ&’%“ﬁ}%é%@%%%&%@ %%,CS%?&A%%?ﬁ}%%%ﬁﬁﬁ%ﬁ%eﬁ%g? eg?ablished disease
and the meatBRFHE Sghifartly Redae P ABABL B0¥ BEREY) Gd appFevcdn'dh (BaxA10) in
comparison tenisEtypeitontrel GredteEmitd FuftRerEforen e ATIP8C6relié réBREed by
approximatelys 33, %; afies,traamentauithBax69 -3hkeanmaiesd 37 Banediaindefteetatanti- Fr antibodies
in an animal maode! for Ulcerati iti |sti I I e
2009/08692 Otpé 8?%&%%?%?%%%% ﬁgé §u%99r%?é,%@%a9[?—?r§é&89% )aééél Qduc d by the

258 ant 185,

20 Example 14: (nhibition of tumor growth in M1 nude mice by anti MIF antibodies
Human prostate adenocarcinoma cells (PC-3) are harvested from exponentially growing
cultures and mixed with growth factor-depieted matngel. 2*10° cells in 0.25 mi matrigel
are noculated subcutaneously into the right flank of M1 nude mice. Treatment with anti-
MiF antibody Bax94 and ihe isotype control C3 is started one day after inoculation (0.6

55 mg antibody/mouse/day) and is repeated every second day. Measurement cf the sizes of
the tumors is typically started two weeks after cell iniection and done every second day.
The volumes are calculated using the formula V=0.5*a*b? (where “g” is the longest
diameter and “b® is the shortest diameter). Tumor growth of mice treated with BaxB4 is
sigrificantly reduced and the mean volume of the tumors analyzed 28 days after fumor

30 induction is 4.3 fold higher within the isotype control treated group in comparison to the
Bax94 treated group.

in a therapsutic setup of the sxperimeant antibody freatment was started one wesk after

tumor engrafiment. 56 ma/kg per dese of the isotype control antibody C3 and the anti-
35 MIF antibody BaxBg are injecied intraperitonsally every second day. After 22 days of
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This model is based on the activation of macrophages and dendritic cells by an agonistic anti-CD40
antibody, which induces intestinal pathology that resembles IBD in Ragl-/- mice. Age sex matched
Rag-1-/- mice (4-5 wks) are purchased form Jackson Laboratories and kept for two weeks prior to the
experiment in toe animal facility. The agonist-0D40 monoclonal antibody (FeK45, IgG2a) or Isotype
control Rat IgG2a are dissolved in PBS at 1mg/ml. Five groups (10 mice each group) are injected i.p
with 200pg of;a9aniskaatiCD40 monoclonal. antibody and out of that-fors-graupsare treated with
anti-MIF antibodies on day 0 and day 1 (2x1 mg/mouse ) .The sixth group (10 mice) is injected 10 only
with isotype control (Rat IgG2a, healthy control). Mice are weighed. for the next 7 days. On Day 7,
disease activity index (DA was calculated and colon sections collected for histology index (HI) score.
(Tohg)Dﬁ_l Scloﬁ%i.ﬁnk@@% %g@aqhmﬁ{@&%m@tm @t?}%mﬂi&@{oc@@§i$t_@?|ﬁb{&zﬁ)e3}vﬁﬂ(ﬂoC??)|0n Ctjlhicbkening
-3). Histolo re was based on thickness (0 rypt. elongation, inflammation (0-3) and abscess
(0-1). Treatm%gé‘)\félt6 \?’v?trﬁaieg? gr(l}'f’i‘l-}I\i/lﬂlIgiorer{R%ré)ségtljﬁ'ig}s{%I eé?g , ség%fg %fr%p 3ax69 significantly reduces the DAI
score (BaxA10: -48 % reduction ; Bax94 -62 % reduction; 3ax69- 73 % reduction ) compared to
isotype contrEkereatedEniisearFoitirertinoiesthdi dEaanirdesres is also reduced by the these antibodies.
20Example 1dilapibitieneséddmai-gnawth-imdilmude sricadwn antl MiFasdibediesduman prostate

adenocarcingma, cells (RO ) Are.parvesied from pxpeaentially grawing cullirss andymixed with growth
factor-depleted matrls%%l. '106 ?‘?E%{%O' 5ml ma\trl%elE au }%%cggt dmsu,bcutaneously into the right
e a i o

r
flank of Mfl nGid& HIsE" ﬁ'_“é}aetrﬁ%% AnfIRAEEN |Bobly B’%a eﬁ‘%’(‘%’i@ﬁ%ﬁ&a&rﬁ?ﬁo| 03 is started
one day after'fotRRIEAN0EE 9% thif AtV &) Bt s Aligeated AfreRreetond day.
Measurementofithersizesofthestumens s typallyastartath tvro ave eles raftes cetlihjection and done
every segond-day.-Ihe, valupesarecaieuiaied uainglheformula )05 atb2 (where "a” is the longest
diameter and itn is the shortest diameter). Tumor growth of mice treated with Bax94 is significantly
reduced and ghe mean vollmeofthe duRaets,analyzed 28 days after tumor 30induction is 4.3 fold
higher within fhe lnatype contcol teated draup n compadsan to the Baxd regted group. In a
therapeutic setup'of the experiment antibo (ﬁrea Ment was started ONe week after tamor engrattment.
50 mg/kg peﬁ%@é"éf‘ﬂﬁ@?’%@%@e&éﬁfﬁ&eﬁﬂﬁody C3 and the anti-35MIF antibody 8ax69 are injected

intraperitenealycever: second degdeAfter 22!(days10f<\WiG 200971086920 ACD ER2008/01 46 treatment
the median of the WmorMalume was determinedtabe 2.4 foldhigherwithin @3 ikeated group in

comparison tg, (e of Baxee iealed gioup. Example, 19, e aRepiolic effects of aniiMIF antibodies
5Pro-apoptoﬁ3c effactd B antr MIE-antibo y‘ESgaxéﬁ are Shown in a cel Baseg'caspase-:% assay using

the human pro&Pste Eafitasr @il life POZPBBRCE s dre 'SeedEPGAMED £ EGRUTR ifshes (-106 cells/
dish) in the presegice of 1©Wo-FRESTEiesh medicrie cortaitingdl @8rthgharitibofly B&kB4 or 100 nM
control aptibady 3 snaddechadian24 b. ftenanssbenincubadion periasuef 48 heelluar lysates are
prepared andcﬁmsgégs%%“ﬂwéﬁ 1o rnigrate through the porous mambrane for 24 h. Affer this

incubation period, aftached migrated celis of the lower face of the membrane are stainsd

with Giemsa solution. The number of celis adhering o the lowar face of the membrane is

couniad in independent visual fields ai 400-fold magnification (Figure 10).
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10measured by adding a fluorescent labeled caspase substrate. (Figure 9). Example 16: Inhibition of
tumor cell invasion Anti MIF antibodies Bax94 and Bax69 are tested in Transweilml invasion assays,
using the human prostate cancer cell line P0-3. is5'104 P0-3 cells are seeded per well in 24
well-Transvverm dishes (84m pore size), which are coated with polyD-lysine on the bottom face of the
polycarbonate membrane and with growth-factor depieted matrigel on the Transwelllm insert surface.
Cells are allowed to attach for 4 h in the presence of 10 "YoFCS. Thereafter, the medium was changed
to serum-fregmpedium and cells are starved overnight (i.e. for 16h). 20 Subsequently, compounds (10
nM M1F, 500 nM antibodies) are added to the lower chamber. Cells are allowed to migrate through the

porous membyane Sor, 24 -After Jhis inqubationiRe todoAtashadmigratad 6 ls-af thedower face of the

membrane are, stained with Giemsa solution. The number of cells adhering, to the lower face of the
membrane fEUBE B A THEEEERAShY VislAT iILS SERCRAM THagmAncaN FTa 8I"98 cLAIMS 1.
A monocloaaBarifiB ety meni Enaeenhilisnvg poMibRisrsedfitRgio8pecifically binds to the C-terminal or
the center region of MIF, namely the region spanning aa 50-68 or the region spanning aa 86-102 of
human MIF2: af iftsisee rRingafPaa PhisltgfeRittine oMo FRROTRhAETISRIN ahtifertgibsaid
antigen-binghitigppostiamtigecoindingrotclaivs dssadsergiesaitk antiagoipenantigenidsinding portion

possesses at Igastiahe glthefRlandngREApesies avRhibits glucocorticoid overriding (GOO) activity
b) inhibits proI'fseraltlin(]a(iraksoifwg1 ncer ceflls or fibrf?sbcl)z'a%%%)alg{'nds to active MIF d) does not bind to

. i} aragon 01 Canaer o . . . . . .
non-active MIF. 3. The monoclonal antl%ogy or antlgen-ablndlng portion according to claim 1, wherein

said antibody 6t sASREGEEBifding portion binds to active MIF.

d)} does not bind to non-active MIF.

3. The monocional antibody or antigen-binding portion according fo claim 1, wherein said

antibody or said antigen-binding portion binds to active MIE.

4. The monocional antibody according to any one of claims 1 to 3, wherein said antibody is

selected from the group consisting of antibody Bax68, wherein antibody Bax69 is defined as”
having a nucleic acid sequence in V| of SEQ 1D NO:14 and a nucleic acid sequence in V, of SEQ

ID NO:20, antibody Bax94, wherein antibody Bax94 is defined as having a nucieic acid sequence

in V_ of SEQ ID N(O:16 and a nucleic acid sequence in Vy of SEQ [D NO:22, antibody Bax152,

wherein aniibody Bax152 is defined as having a nucleic acid sequence in V| of SEQ 1D NO:17,

and a nucleic acid sequence in Vi of SEQ 1D NO:23 and antibody BaxA10, wherein antibody

BaxA10 is defined as having a nucleic acid sequence in 'VL of SEQ ID NO:18 and a nucleic acid

sequence in Vi of SEQ 1D NO:24,

5. The monocional antibady according {o claim 4, wherein said antibody is an 1gG4 sub-format
antibody, and wherein-said lgG4 sub-format has a single mutation, whereby the CPSC sub-
sequence in the Fc region of IgG4 becomes CPPC.

6. The monoclonal antibody or the antigen-binding portion according to claim 1, wherein said
antibody or antigen-binding portion comprises:
a) a heavy chain CDR1, CDR2 and CDR3 independenily selected from the heavy chain of
an antibody selected from the group consisting of
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4. The monoclonal antibody according to any one of claims 1 to 3, wherein said antibody is selected
from the group consisting of antibody Bax69, wherein antibody Bax69 is defined as having a nucleic
acid sequence in VL of SEQ ID NO:14 and a nucleic acid sequence in VH of SEQ ID NO:20, antibody
Bax94, wherein antibody 8ax94 is defined as having a nucleic acid sequence in VL of SEQ ID NO:16
and a nucleic acid sequence in VH of SEQ ID NO:22, antibody Bax152, wherein antibody Bax152 is
defined as having a nucleic acid sequence in VL of SEQ ID NO:17, and a nucleic acid sequence in VH
of SEQ ID NO:23 [ B in_apfi Q] ined.as ing,a nucleic acid
sequence in VL o?ﬁgﬁégp #Dglg%/giég@é %yr%gc%?é S@%@@gﬁﬁ%ﬁ% Q)%%%%éb?ﬁx% 2 l % The
monoclonal antibé’&f/"@t?c%‘?ﬁﬁ?g to claim 4, wherein said antibody is an IgG4 sub-format antibody, and
wherein said ¢4 sight toraaChis aciiRgerautaiRninahesatsniiesBPséd sivhsaqurneeiaithe Pc region

of IgG4 becomes CP ~Eh L.anti he.antigen-bindin jon accqrding to claim
1, wherein said aﬁ%ggt%/hg?%%%iggé?b{%%ﬁtﬁ%gp@%g%?%rﬁ%ﬁ@%@ )gg%ne%\?gyc%é)l% II?I@B,O@BRZ and

CDR3 independeRf ¥k @eieadr & ine Re8\ARErRaN Brxh! Antihatigelined@lPieim the group consisting
of antibody 6ax69r antbadyBax9doantibagdysBax152 and antibody BaxAlO0, all as defined above; b) a

light chain CDR1, : 3 independentl lected.from. the light chain of an.antibody
selected from % ea%%tl%p%c%g\%gt?’n%ﬁ& %r?gt?t?oe S%i(})%gﬁazrllgtit%&rﬁ}a ga@%ﬁ g%?l ng}/oBtg?(ll?f and antibody
BaxA10, all as deffidia #BH\PAGT fRRNFReAEARTEBEY PR prride dy) Bakdh\anbbegl Baiheracid
sequence that is ahleastiidoBdenticsdiaihefheavymeivain amino acid sequence of antibody Bax69,
antibody Bax94, anti i Al0,.all a ined abgve; d) a light chain amino
acid sequenceﬁhagﬁleg?%gggg%g&%ggrﬁ%a t%‘%%% %&gi%ﬁsgr%%“g%? %az\é%’tehngcggh?%&ﬁigody Bax69,
antibody Bax94, &TiHERFESeeaeChanbeREY BRI craibadydeardt apirdy Baxha2modoclonal
antibody or the aniigeodyiBdiag padtios asasdimgbi@.any one of claims 1 to 6, for use in treating an
immunological disease, wherein said immunological disease is an inflammatory disease or a

hyperproliferaiye maa&%naﬁax%%qgap%@h IRapiAE the-AWIGRRIRCING Raftign acgording to

claim 7, wherein said inflammatory disease is selected from the group consisting of vasculitis, arthritis,
sepsis, septRiBAdce Bnl5tsE L HERINIRABAMEIC S Stiteashatiiia Pttt TSRy RRpisd syndrome,
glomerulondpda#ésisinflanfienatoriplyciivekdiseasdyfxghoieditieasisanieerative colitis, peritonitis,
nephritis and psoriasis. 9. A pharmaceutical composition, comprising the monoclonal antibody or the

antigen-binglingPRItitRASPEANIBAY anheBAIRERBIRMNY I RiIGNERPERLMeCRIIcAIRgEsPtable
carrier. 10. %n olated cell Jine that produces,the monoclonal antihody or the antigen-binding portion

according t‘céa%mié GHERFIRIGIHERTS B STECRN LR iRt CARvP IR SE RS BRI S nucleotide
sequence trisEnceridis tisbdssanndbiaiic aihtek.ligbnichslinciofiveirameoclonalrethtiberiyatoryhe

antigen-bingieRodienasrordinadarn¥MreofislaimeidR boker ABLIOr SRIMPESIGLRE nucleic acid
molecule acl%ggd{r\}g to fﬁalm }1, \%vherelrg!t e vector comprises an expression control sequence
 operably kS &S TRudEIEONSS Agigdtygnd psonasis.
9. A pharmaceutical composition, comprising the monoclonal antibody or the antigen-
binding portion according to any one of claims 1 to 6 and a pharmaceutically acceptable

carrier.
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13. A host cell comprising the vector according to claim 12, or the nucleic acid molecule according to
claim 11. 14. A method of producing a monoclonal antibody or an antigen-binding portion thereof,
comprising culturing the host cell according to claim 13 or the cell line according to claim 10 under
suitable conditions and recovering said antibody or antigen-binding portion thereof. 15. A process for
the identification of anti-MIF antibodies capable of nhibiting human MIF biological function and
inducing a beneficial effect in an animal model by carrying out the following steps: a) selecting an
antibody that binds to active MIF and does not bind to non-active MIF b) testing said antibody in

in-vitro assgys &) sRiREiNg AN ABTRAY ISR IRBIRIS GGRRMUY 56! LP AR binding

portion according to any one of claims 1 to 6.

11. An isolated nucleic acid molecule comprising a nuclectide sequence that encodes
the heavy chain, or the light chain, of the monoclonal antibody or the antigen-binding

portion according to any one of claims 1 o 6.

12. A vector comprising the nucleic acid molecule according to claim 11, wherein the
vector comprises an expression control sequence operably linked to said nucleic acid

molecule.

13. A host cell comprising the vector according to claim 12, or the nucleic acid molecule
according to claim 11,

14. A method of producing a monoclonal antibody or an antigen-binding portion thereof,
comprising culturing the host cell according to claim 13 or the cell line according to claim
10 under suitable conditions and recovering said antibody or antigen-binding portion

thereof.

15. A process for the identification of anti-MIF antibodies capable of inhibiting human
MIF
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biological function and inducing a beneficial effect in an animal model by carrying out the
following steps:
a) selecting an antibody that binds to active MIF and does not bind to non-active
MIF
b) testing said antibody in in-vitro assays

¢) selecting an antibody, which inhibits GCO and/or cel! proliferation.
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