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t hereof The present invention relates to antibodi es agai nst hunman TWEAK

( TVEAK amwolotbiogsg7i et hods for their production, pharnmecemr2@alos7070
conpositions containing said anti bodi &s, and uses thereof Background of the
| nventi on 5Human TWEAK (Uni Prot KB 043508, TNF-rel ated weak inducer of
apoptosis; SEQID NO 60) is a cell surface associated type 11
transmenbrane protein. TWEAK is described in Chi cheporti che, Y., et al., J.
Biol. Chem 272 (1997) 32401-32410; Marsters et al curr. Biol. 8
(1998) 525-528: Lynchiinibedies againgt’ “WHEWAK@IMSC%WFFE%@%) 8455- 8459,
The active form of TV\EAK is a soluble 10 honotrimer. Human and nuri ne
TWEAK show 9038 ﬁquenﬁeennd»ﬁnlteie&eys td”l aﬁ‘ﬁﬁﬁlﬁﬁsOﬁngmgﬂdlulﬁgdeMAQK (MNEEAREAK
recept or Fnla%tlén%br Obl g)rqyl\él 8t oln. ! drucaI bltlec llco 0S1 tPo tc%}ltg)nulls a 129
aa type | tran ein n5|%tf né’ O eSHE & UP% PN ¢h domai n
in ligand blsatdllamgbddmalandU&sghmbwfng of TWEAK occurs via NF KB pat hway
activation. TWEAK nRNA is expressed in a variety of tissues 15 and found

in nost naj %@ﬁmm brai n, skeletal nuscle, and pancreas,
tissues rel ate € | nune system |l i ke spl een, Iyrrph nodes, and thynus.
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the | AQenti &@mm@nphmeiwddawq EWE AR show 95 Su§eaBpiegi AN I IRFEOTWEAK,

char act eri zafindiflg &MRInI $h@mW®AKQ@dé)6t&fF@|lm(ﬂ@‘bbﬁbd giftoﬂﬂﬂﬁbﬂ&r (AdR3ibleni on
(CDR3H)  sel of SE 16 or 24.

3%5 fr. m t h g ﬁ’& gn5| sti n
The i nvent i oW BT PP tr*m&wsm 284 PELCT} C@&FIPU%Pf &pe St et ed
vari ant 30ofcyateinarith kionimncmmp)gandllngdmguﬁmaablSagrhahggtofcfhwmmfoc&i@vﬁ@ NG 1

q .
variable | gl KIRRIED ety Rign TR RICGRN P, 0l 00 B R Vol BE ERLEE ° e
| D NOI1i3 or aofl famndamt mesidnaerapgansilikg l@amabraarblﬁiehetagmusclhaamd OANSEQ | D

NG 17 and a \gidsablaedneany nﬁlli}ﬂh@s RenPhf IsBeMgDé%ﬂh nodes and HB/%N]% gfpodi ment

the anti body 1s characteri zed co risin 6, CDR2H of
SEQ I D NO 7,mBN¢ kepsrbmen gletested) ip [bem) gain, Hl%n@laé%waﬁ@ﬂ@r E@ o ameetter i zed

géQCIOBDF\IiO Silnﬂumdﬂsmrmnb ¢ LN d BAl4- @DR%idd cﬁ&utSthEeldiﬂe NbI, hg@lgl@r &lR3H of

e enmbodi nent. t nt i y is characterize npri si ng
CDRIH of SEQFIHS NS bV eoRe B ME (RS Yands Ao Rhadhs biagied Yo 2
10l n @fe errbmﬂlammatory heespotsebo@WHEAK char actobredzed hapogtosipr i mohfgratiorl H of
SEQ I D NG 6, f. f d CDR1L of SEQ ID
NGO 2, CDR2L a&%&ﬁ s %‘kB&%lﬁa %@%ﬁgﬁnﬁé%ﬁ&m%n £(;ne enbodi ment the

ant i body is characterized by conprising CDRLH of SE(’7) NO 1 CDR2H of SEQ
| D NO 15, CERSHTISfEAKQ@ntbodics pee mﬂtl@[ﬂr\llul wo 1998/00 5783, WO 2000/042073

WO 2003/086311, WO 2006/130429, WO 2006/130374, WO 2006/122187,
WO 2006/089095, WO 2006/088890, WO 2006/052926.

25 Summary of the Invention

The invention comprises an antibody binding to human TWEAK, characterized in
comprising as heavy chain variable domain CDR3 region (CDR3H) selected from
the group consisting of SEQ ID NO: 8, 16 or 24.

The invention comprises a chimeric, humanized or T-cell epitope depleted variant
30 of an antibody comprising a variable light chain of SEQ ID NO:1 and a variable
heavy chain of SEQ ID NO:5, of an antibody comprising a variable light chain of



15SEQ I D NO 10, CDR2L of SEQ ID NO 11, CDR3L of SEQ ID NO 12. In one
enbodi nent the anti body is characterized by conprising CDRLIH of SEQ I D

NO 22, CDROBIf04SEQ | D NO 23, CDR3H of SEQ I D NO 24 and PCDRPR010/06BEQ | D NO
18, CDR2L of SEQ ID NO 19, CDR3L of SEQ I D NO 20. I n one enbodi nent
the anti body is characterized by conprigi-ng as |ight chain 20variabl e

domai n sequence a sequence sel ected of the group consisting of SEQ ID NO 1,
9, 17, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 56, or 58. In one
enbodi nent t31K) dbt NOdtynd 8 whablacheary zeainhyf SIHQPD ¥ht3 as oheavantibbdi n

vari abl e dormmain - . . i stpng of
SEQ I D NO. 5@%@’,“ %‘%Lﬁe‘é%f&b%sl%gq%gﬁﬂﬁ%f 55?{? f%\“)%gﬂﬁﬁ%ﬂg&gﬁa‘%ﬁ%%f 57, or
59. 25/ n oneSEXH3NGBht the antibody is characterized by conprising as

| i ght chain variable domain sequence a sequence selected fromthe group

consi sting ah cakQ@nid3dMednt the @Mibod§.is 2RaraBsizedOy 8mpdsing DR B8 .of 3£Q 35, or

R T R e B M AL

47, or 48. -3 Preferred is a conbination of |ight and heavy variabl e
chai ns sel edhezhef enoodithentgis cthpracenged by ngpngfrising/ GPDRIHLE{ SEVY B2 NQBA37,

26/ 38, 27/ 3¥D§§?§8§Fg¥9ﬁgﬂqﬁf%ﬁgcﬂﬁ§fS@@{I%%Ogl%( 45, 34/ 46, 35/ 47

36/ 48, 56/57, nmeans an an ody conprising variable |ight
chai n of SES ID NO 17 and variabl e heavy 5chain SEQ I.D NO_21). One
embodi ment df angeenhodiEnentdhe patibody dmchiaeyriradnby aeMpsig R FWPAREQ

characteri zgth N9 20CPRZ HOSKY IDAMD25 SadCIORRUR GEGEINGRMNO 6, CDR2H of
SEQ ID NO 7, CDR3H of SEQ ID NGO 8 and CDRIL of SEQ ID NO 2, CDR2L of SEQ ID

NC: 3, L .of SEQ.I D. NO. 10 enbodi ment of the invent] i
e bolly i i wg TR BNk HA AP ar TS O TBHS g skl seo
| D NO 14, COR2NOGf, CSEQH bf SEQTH, NODREMRFH SEQEQDDNEDIBamh@DRDRLE SEQ SEQ | D
NO 10, CDR2 % .4One enbodi nrent of the
i nvention ingﬁoa%Eg%%&%\Qb?én%ilng 'lg’ ﬁ?&%ﬁ%ﬁ\%@% 1 4'char acterized by
conprising CDRLIH of SEQ I D NO 22, CDR2H of ,SE%I D NO 23, CDR3H of SEQ ID
NO 24 and CDRunegmbodian¢nt thgpantdodyprehargstersead hypeqgaprising CERREL obSEGEQ | D
%&. Chhe amoRoi NEUDRIH LhSEQWENC: 09 (ISR M ofﬁlrstEi gﬂw@iladh@@qfogé%ﬂ?g o
char | by ri A,V e ain o i
27 and’a 2 i%ﬁ?égh%@gﬁ@rﬁiﬁﬁlgl&%%@‘ﬁ% oty ﬁgﬁlﬁ) 1\283&“ abl e |ight
chain of SEQID NGO 27 and a vari able heavy chain of SEQID NO 44, c¢) a
vari abl e | i dhtonetemibodoherBERR hiDiNDy 12 thanctenzadaby athprisiea G3PRHAiof SEQ SEQ | D

NO 45, d), I3 ! { ; I e_heavy
chai n of SE ﬁl%6@@2@?1%%%5%ﬁgg%%%ﬁlg%#O?hggqgﬁ%?ﬂg%%aﬁ@)dr{%gggpand a
vari abl e he I:IPINQil&fC@é@JIOBSﬁ@IWQF%, RR31pef $EQRIIBBYQ@:20i ght chai n of
SEQ ID NO 31 and a variable heavy chain of SEQ ID NO 45, or g) a variable
l'i ght chai n 1@fon2E&hbddiMNeht 242 alibody Mdlchalb@riiiayy ©hpriBingf asSEEht! Balio  41.

One enpodi ment. of the.invention is an anti body. b1t nding t.o.hu K,
char adBer | 7 8igg e dotipi MG s segcamie e GHbe e B ST BPRAD 27 and
a 30 vari alWe:lheavi 266, 27018, SEQ A, BDINK2, 33134, B%, 36, ¢aroretdl e |1 i ght chai n of
SEQ ID NO 27 and a variable heavy chain of SEQ ID NO 44, c) a variable

i ght chai n Qf . ani . i I 1 45,
dl) ga vari iabllg (fnlggﬁlwgﬁal nt %g %E%O(ﬁb Sh@a?%%&ggg%gy%%g%}gg%ggé&y %ﬁgl? n of
SEQ | D NO 4prially damagy segpnse isgiitenehsalestesk r@pdhe gonocomsstiag@f aERAD abl e
heavy chai n 1h.sSIEQ 11D3NGg. 44, 40f X1 a2, YO 2032/ 429 RPET/ FFR3011/ 067070

25 In one embodiment the antibody is characterized by comprising as light chain
variable domain sequence a sequence selected from the group consisting of SEQ ID
NO:17, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36 and as heavy chain variable
domain sequence a sequence selected from the group consisting of SEQ ID NO:21,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, or 48.



4 - variable light chain of SEQID NO 31 and a variable heavy chain of SEQ
I D NO 45, g) a variable light chain of SEQID NO 29 and a vari abl e heavy
chai n of 8BQV12D45 41, or h) a variable |ight chain of PEE@PRD1MNE7®9 and a
vari abl e heavy chain of SEQ ID NO 39. 5These anti bodi es are designated as
follows in the application. Antibody SEQ ID NOCs 27 27,41 28 27, 44 29 27,
45 30 26,47 31 29,44 32 31,45 33 29,41 34 29, 39 One enbodi nent of the

i nvention is an anti body binding to human TWEAK, characterized by

conpri si ng Prefarredbs @ donghmatohadfnligft aBEQdaDy Naxialdd chaids acleated dhine theeavy

chain of SEQ.LD Nsidhe &) 15,7 ke 1350 £hal B78fo 38R0 BoP: 30/42,
31/43, 32/44; 33/45, 34/46, 35/47; 36/48, 56/57, 58/59.(e.g. 17/21 means an
antibody comprising variable light chain of SEQ ID NO: 17 and variable heavy

5 chain SEQ ID NO: 21).

One embodiment of the invention is an antibody binding to human TWEAK,
characterized by comprising by comprising CDR1H of SEQ ID NO:6, CDR2H of
SEQ ID NO:7, CDR3H of SEQ ID NO:8 and CDRIL of SEQ ID NO:2, CDR2L of
SEQ ID NO:3, CDR3L of SEQ ID NO:4.

10 One embodiment of the invention is an antibody binding to human TWEAK,
characterized by comprising CDRIH of SEQ ID NO:14, CDR2H of SEQ ID
NO:15, CDR3H of SEQ ID NO:16 and CDRI1L of SEQ ID NO:10, CDR2L of SEQ
ID NO:11, CDR3L of SEQ ID NO:12.

One embodiment of the invention is an antibody binding to human TWEAK,

15 characterized by comprising CDRIH of SEQ ID NO:22, CDR2H of SEQ ID
NO:23, CDR3H of SEQ ID NO:24 and CDRI1L of SEQ ID NO:18, CDR2L of SEQ
ID NO:19, CDR3L of SEQ ID NO:20.

One embodiment of the invention is an antibody binding to human TWEAK,
characterized by comprising a) a variable light chain of SEQ ID NO: 27 and a

20 variable heavy chain of SEQ ID NO: 41, b) a variable light chain of SEQ ID NO:
27 and a variable heavy chain of SEQ ID NO: 44, ¢) a variable light chain of SEQ
ID NO: 27 and a variable heavy chain of SEQ ID NO: 45, d), a variable light chain
of SEQ ID NO: 26 and a variable heavy chain of SEQ ID NO: 47, e), a variable
light chain of SEQ ID NO: 29 and a variable heavy chain of SEQ ID NO: 44, f), a

25 variable light chain of SEQ ID NO: 31 and a variable heavy chain of SEQ ID NO:
45, or g) a variable light chain of SEQ ID NO: 29 and a variable heavy chain of
SEQ ID NO: 41.

One embodiment of the invention is an antibody binding to human TWEAK,
characterized by comprising a) a variable light chain of SEQ ID NO: 27 and a
30 variable heavy chain of SEQ ID NO: 41, b) a variable light chain of SEQ ID NO:
27 and a variable heavy chain of SEQ ID NO: 44, c) a variable light chain of SEQ
ID NO: 27 and a variable heavy chain of SEQ ID NO: 45, d) a variable light chain
of SEQ ID NO: 26 and a variable heavy chain of SEQ ID NO: 47, e) a variable
light chain of SEQ ID NO: 29 and a variable heavy chain of SEQ ID NO: 44, f) a



10 27 and a vari able heavy chain of SEQ ID NO 45,

c) a variable Iight

chain of SEQID NGO 29 and a vari able heavy chain of SEQID NO 44, d) a
vari abl e woght2/@beitn of SEQ I D NO 29 and a vari abl e he&¢y/Eph@itio6m70 SEQ | D

NO 41,

chain of SEQ I D NO 39.
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enbodi ment of the invention is an anti body according to the invention for
manuf acture of a nedi canent for the treatnment of cancer, autoi mune
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light chaln of SEQ ID NO: 29 and a variable heavy chain of SEQ ID NO: 39.

In one embodiment the antibody binding to TWEAK and being characterized by
15 the above mentioned amino acid sequences and amino acid sequence fragments is
of human IgGl isotype, in one embodiment with mutations L234A + L235A. In
one embodiment the antibody binding to TWEAK and being characterized by the
above mentioned amino acid sequences and amino acid sequence fragments is of

human IgG4 isotype, preferably with a mutations S228P and L235E.

20 An antibody according to the invention specifically binds to human TWEAK and

preferably shows a half-life of a complex between soluble murine TWEAK (amino



manuf acture of a medi canent for the treatnment of colon, lung, or pancreatic
cancer. A further enbodi nent of the invention is the use of an anti body
accor di ngvoaoteséimvent i on for manufacture of a nmedi camPoT/HPRE1106770
treatment of cancer, autoi mmune di seases, rheumatoid arthritis, psoratic
arthritis, nmuscle diseases, e.g. 10 nuscul ar dystrophy, nmultiple
sclerosis, chronic kidney di seases, bone di seases, e.g. bone degeneration
in multiple nyel oma, system c |upus erythenmatosus, |upus nephritis, and
vascul ar i njagrdg.8182Fuof REN EIEA eorindodntibhdy iofiiénminotesi & mbe ats25°6f an

ant i body acGrdRg §oBiA6:d AEBIOT Rl MBIWIBEL U Bhibhs TR FROEAG, for the
treatnent of autol nmune 15 di seases, rheumatoid arthritis, psoratic
arthritis, rhgsegea napseaEWEAkeand Frddswith an Iy yelugph¢ .9 neimt plowescl er osi s,
chroni c kidney di seases, bone diseases, e.g. bone degeneration in multiple
myel oma, Syqipr\@t:c&eﬂbtlyihu@uﬁtélﬁﬂ%rﬁe&@ml@swftﬁe li hhA G oM 8RGWY b IhSI- 1B Gf \éacﬁﬁxﬂf & ‘i bod
injury ur r..enbodi e inven [ e of .an anti body
heror Hing t SORHBIERGh TOE AR PTG b pESEEITOr oo ik

t reat nent ofandbbdyn pf 1106gninates pan@oeatprafeablycef 11A nfinnteher eodoodi 26861 of t he
invention i | ejc id e i j cor di -he

i nvention. ﬁn&w&g§u§¥hggggg%ogﬁﬁghygégnfﬁgb?ﬁgg%??g%%ighggn%%?gghag%id
encodi ng a reepeojallyhprieterzgviar bstbinethd dreainmend od/agtoimmiupg iseadesi Meyapioabl e

domai n of an, @itk bRLraRC GAhAi§ImbisId f‘tﬁséaﬂz\éie%?g. ORuschie dyA8phy, ORuftipid her

provi des expression vectors containin it acid %ccordlng to th

. nucl e
i nventPon capKEIE, othresipr Heasyh glissases. %’GE? H18ea8es of-$-n DANG FdsREHIcyRSONG 1
eukaryotic hagtipeehleload shaehicCRIpLS eBaRdmAtBIRY s hepRELQr Mdf Rdscilbe
reconbi nant .30producti on of such an antibody. -7 The invention further
conpri ses alwgﬁhod for the production of a reconbinant human or humani zed
anti body according to the invention, characterized by expressing a nucleic
aci d accor dibrgfetablyt e antmhwelytdcoording ta the okantyat inhitots the kenpotidncbétosen cel |

and recover iHﬁﬂlaﬁa};Q’@ﬁ& iagﬁ%ltt;@irﬂ;l %ﬁi 1@ 6hilie U 3t§t1E%/ﬁﬁl dr. lggrhﬂ Liggferab

1
supernatant. 5 The I nvention further conprises ant i body talﬁéble by
such 51 ecor? AgHY ombewIdAs Asd seinelCsasreanyihg gmaynt pfcantifodinthap hloskow

benefits forsopabf @BhselabtifiERAwedn RunfAMEAWHEAK @8d FADL.t her apy. The anti bodi es
according to the invention have new and inventive properties causing a

benefit for ﬁlepéanttilbggyt/ isS}Jnf I)I(‘?er Ier?lgoéitrnce)m & GEh&s Eg&i ?s%%;sp%j in one embodiment
with mutations L234A + L235A. In one embodiment the antibody according to the
invention is of human IgG4 isotype, preferably with a mutations S228P and L235E.

20 Preferably the antibody is a humanized or human antibody.

A further embodiment of the invention is a pharmaceutical composition comprising

an antibody according to the invention.

A further embodiment of the invention is the use of an antibody according to the

invention for the manufacture of a pharmaceutical composition.

25 A further embodiment of the invention is an antibody according to the invention for
manufacture of a medicament for the treatment of cancer, autoimmune diseases,
rheumatoid arthritis, psoratic arthritis, muscle diseases, e.g. muscular dystrophy,
multiple sclerosis, chronic kidney diseases, bone diseases, e.g. bone degeneration
in multiple myeloma, systemic lupus erythematosus, lupus nephritis, and vascular

30 injury.

A further embodiment of the invention is an antibody according to the invention for

manufacture of a medicament for the treatment of autoimmune diseases,



10 especially suffering fromcolon, lung, or pancreatic cancer or from
aut oi mune di seases, rheumatoid arthritis, psoratic arthritis, nuscle

di seases,woe.2g12/iat¢ul ar dystrophy, multiple sclerosis, eorarmRelsdney

di seases, bone diseases, e.g. bone degeneration in nmultiple nyel oma,
system c | upus erythematosus, |upus nepBritis, and vascular injury. 15The
i nvention further provides a nethod for treating a patient suffering from
cancer, especially fromcolon, lung, or pancreatic cancer or from

aut oi mmune dheesses, arthgspsaatc arthirs, tissclepdisgaats, e @rmimcikar slystnepde] e
 seases, & Mo 8 UARMORIKey THLLLD! @Bt ELAR! 85 GBI EnLAEY

di seases, bone di seases . egenerati on

systenic |upnsmétipltemﬂ@met@/ﬂemu@us}e@ﬁh@mmws lzmuen@plv%c@n YasEWRr y
conprising agfiypi stering to a patient diagnosed as having such a disease
(and therefore being in need of such a therapy) an effective anount of an

anti body bindi.ng to K ace to t he entio ntlbody IS

S i 51 er edk SR AHDOJ o & Hifal Rt R b BT e PTG o

enbodi nment oﬁamllﬁaactura‘@é atne«ircameneforrﬁtehmitrﬁﬂrt of helohfleag, rmlpancméatﬂz dqaatdrent 25
suffering fromcancer, especially fromcolon, lung, or pancreatic cancer or
fr om aut of MRl S Afner P WIRHOL A 1L blSor BP0 Hols§ LA fhb Ine TUSC! €
di seases, e.qQ. nuscu dystro e sclerosis hroni ¢

di seases, boneen@peeﬁee@anef@turmwé %egehea&eﬁnt ofri themiresimgns ﬁﬁ/eqa@ﬁet,

system ¢ | URioi AiE HREQS UsheumBHHUE aﬁl@xﬂm !pEcbrﬁtlc Bkt A SRIdbRI dideabddl ¥ g
charaiéerlzed by a ntnlﬁterlng to the p t..an 30anti pody accordlng to

Che. | dbent | GRISCHIZE Y HPBRY- TBHOP L &9 b BHBPI I O HSRse. BICH St B&dy
accor di ng tmohlaedelgemeﬁﬁamm fmmlnplhemtyeleatatrmsrttemtc duat érgthlermaitdstigr iupgs f rom
cancer, espegi ﬁnny f cplqpﬁ ung, or pancreatic cancer or from
aut0|nnune RIS Vﬁ%ﬁﬁatélﬁ arthritis, psoratic arthritis, nuscle

di seases, e.g. nuscul ar dystrophy, nultlple sclerosis, chronic -8 kidney
di seases, bohéuidies eabediment gf tltﬁomeemeglelﬁéhemwf amantiblody preordg|torthe

system C | URHsenBby t REMRLRTH ure! éfpﬂsm@ﬁgﬁﬁéﬁt' for tﬁé‘ctréé?fﬁ&i{' & altBinkh¥ne @nd for
t he nanufacture of a pharnmaceutical conposi.tion according to the invention.

In addPti on,diteaeesi ﬁ%ﬁtait%ﬁ s e&ratac REDRGY Myscle disepsshut gctupseular a
phar maceut i Q@ktr&ﬂ@rrmﬂhplbod%lea@ﬁ@rdﬂﬂrcﬂﬁc tkeddeedibday@ntbond disthges] 8 e BbhON
further conpfises a p ar@ﬁcFutl 05| ion cQo r%5|ng an ant|QDdy
accor di ng t & BHETHRPSATOHP SIPY§ 8‘?&181 W GetHars ‘ﬂa SWulPEs NSRS~ an

adj uvant usefdlva$antartdyeryf or nul ati on of antlbodles for pharnmaceuti cal
purposes. The invention further provides a pharmaceutical conposition
compr i St nd. a0 rurkir AfuloBR 320 BB dhts el WM LAMND RoRBALTBGRYL | Cal Iy
acceptable carrier. In one enbodi nent armaceuti c conposition nmay
be i néPuded InyensAn ot hemefaemrwﬁ@flaé@e%erﬁr okithe tregtment gleselPnplingnobf t he
figures Fi gyagcrbatiddinbért i on of col | agen-induced arthritis, a nurine nodel

of rheumatoid 15arthritis, by antibodies accordlng to the invention
Detai |l ed Desgcr i on of the I entlo The ter ant i bod enco es the
var fous.f or & TSRMr sy O, SUHEL SRR tiHg eibtiid AOrSdie G AR RbDed ¢ o,
whol e ant i badcadinghib sipaoivéntionant i bodi es and anti body fragments. The
antibody according to the invention is preferably a 20humani zed anti body,
chimeric ant oGy e%bodeﬁérﬂ‘%{f tﬁéﬂ%gﬁ&{ ta %ﬂﬂlm’&%ﬁc?gn&mdgbé)%a cHaHPg as
the characteristic properties_accor invention-are r :

"Anti Body fragalstdomaibamsdpise lighthdatn Wﬁw@te gomgjp|of %r?@tlhocahtqq@ea% to
preferably tiheinerticpl € domai n thereof, or at |east the antigen binding
site thereof Exanples of

The invention further provides expression vectors containing nucleic acid
according to the invention capable of expressing said nucleic acid in a prokaryotic
or eukaryotic host cell, and host cells containing such vectors for the recombinant

30 production of such an antibody.

The invention further comprises a prokaryotic or eukaryotic host cell comprising a

vector according to the invention.



anti body fragnents include di abodi es, single-chain antibody nol ecul es, and
25 multispecific antibodies forned from anti body fragnments. scFv anti bodi es
are, e.g.woderodsdyed in Huston, J.S., Methods in EnzynolPCTAW®201106®1) 46- 88.
In addition, antibody fragnents conprise single chain polypeptides having
the characteristics of a VH domain, nangl-y being able to assenbl e together
with a VL domain, or of a VL domain binding to TWEAK, nanely being able to
assenbl e together with a VH 30donain to a functional antigen binding site.
-9 The t er nslHemmmew] confuirthan compdyes @méthudnﬁnltbaquochmibtnmﬂya cmombsiant on" as
used her e n GIAM of Gl RB2GAINLAD Blorftd BONheTRABEHLESffacthibbfOle am no
aci d conposition. term unan ze body ers’to antibodi s in

whi ch the frexpesgng aangleisracidaccophpg en’éﬂﬁtlamlaetlea b ekiapptic eyjicekay off CDR)

have been ”QQ%J&ﬂQmHQe&R@Hﬁg§ﬁdhﬁﬁb&%ﬁhﬁﬁsﬁﬂcHﬂHﬂﬂ@&b@QUﬁ@@sQﬁmﬂm&hefent
npared. to that of the are in, In a preferred

speci e as u

enbodi Q@‘ e KB toNCHRNES C@P%%eéd e ‘t‘iéi%i“& ﬁg’rYkS‘i"Eg% 5oBP e human
antibody tOImﬂB@are t he "humani zed anti body”. See, e.g., R echmann, L., et
al ., Nature 332 (1988) 323-327; and hbuberger MS., et al., 10Nature 314
(1985) 268- Zil%boﬁiis‘é atc%ljd]ng E&i ltﬂaer ln%eﬁ‘ﬁdﬂ Qﬁ)oqy beggtfitgrf%r p%tl&téi‘?r?%f% ed Q)?l
anti body conprising Fom nbuse and
at least a Wﬁﬁdﬁtta&et@géhﬂﬂ%ﬂyaﬁhe ﬂ@t@i@rﬁsdeiﬂ(ird@d té ﬂ@mlsaﬁndioflﬁlévfelirﬁtw gesir ce or

speci es, usyaldnyivPh ﬁ%@ cQﬁ(sdgeE@Ema'f@%lia PhRnt QETNIngYRSM 2 CRAdER Uistase,
anti bodi es conpr|5|g% or exanple a nouse vari able 15 region and a human

const afit regiprrialky %asfé?mtﬂ% QNG i PR D BRICES OB fIOM AWOHRBEREt of
expressed i ranRsAeg! ellmmlxnaltolgemﬁn@otiwram RAGhMNA @egﬂ@rdtsea@@ce@l ﬁhﬂlsblﬁhr

i rmunogl obul Y riabl ons and nts encodin

| tunog! obul ©ATSEis AP oF SRTs. et NI o Ses o e o FBolPRS
enconpassedchgmkmaumnesemnpknnedbmanga&enthqmeennhmhﬂohmtheushqunmr

subcl ass ha 9 ified or changed fromthat of the origina
antibody S%@ﬁ%gmﬁﬁﬁqnﬂgg antibodies are also referred to as

"class-swi tched anti bodies.” Methods for producing chineric_antibodies

i nvol V& conviist inygaftory mimanéewatha dendregting 8f pattenb sukferdenfigies now
wel I known idanédie estfetiallpEeom Csoon, lMPg rd>r5 zihcré’:ltlla oané‘ér & fromPh@6imMakd . Acad
Sci. USA 81(£1984) 6851- 6855; US Pat Rﬁ % ﬁf and 255, 204, 244. The
term"T cel D¥BiSopRUGRE Athrifise PB‘B&@‘" ‘i”é%smtl%?% B5d &8 OsCdkr e

nodi fied to dystiophy, enultiplduckerosisywhogeaiktdiey dyeasamboheagiseuseane . dehd
epi t opes (pe e p a nd to
ohc 2Pes PR RGBSR 0L PELSIE Ryt R SERERLLY oS 1
si de éhai ns aofl \taiﬁeulitfeplﬂlllfde camplrisigg admemstﬁnng o rdpatignpduigeessdvist havitige  IVHC
class I'l bingdiing d%ﬁ’é% nd@fRrdfd@Vdidd fitheed *Eb? sﬁcfillezi‘iﬂef g??'aﬁ BTARESRidunt €91 ons

are nutated to elimnate | munogenicity. met hods” are_described in
general in, & 4 antipodpdimheg go WEAR a«ccvt@&twﬂt%l%mi%.@man;tlbpiihﬂty such
that the antideglytercd pisfefably ias phathgdeaedlicompagesi. in targeting TWEAK
according to the invention An anti body that binds specifically to TMEAK
has a di ssocj t|on c of 10-9M or

v 5The »var PR sOaRHoO ol Pis® e il b 5o Bt g kPSR YRl b e
domai 85of a SIa&amyg toai naI(CVt-i)e)Spwllysﬁdmn@let, duke noteecreanh cofcet be fioai r of
light and h i d.ng the
ant i body to%?ﬁ%mgﬁ?F§h§£ g§3§@kgﬂfﬁ%§%d %g %ﬁgﬁ@g%ﬁghﬁgfﬁpdgﬁgiﬁ have
the sane gereysplagdy @ﬁoby,énelﬁaleeal@ﬁow@ﬁhtonl%leﬁw @&ﬂs’lsqs@b@nercileﬁ%mg (FR)

regi ons WhoSgng efidei: Biordhi e m1q§ieymyé@naoe§aemad iuﬁ@na@ﬂteﬁﬁtdws thibee
"hypervari abl e regi o

S r ntar term.nin ) . The
e e tosas T PO VA eR oY SRR SELE Hod Sy o m 1 hope
conneBOi ng tdnebdB slterlingstorthicinve@ionThe CDRs in each chain are held in their
t hree-di nensional structure by the framework regions and formtogether with
the CDRs fr Iy body' s
heavy and lig 1ﬂ%ﬁﬁ%HQE%@%Qbﬁgﬁ%§%§@Z:g%Pa@ H@&Q%%%%@éuﬁﬁggP?éﬁwﬂp&1e in
t he bi ndi ng f@lpeneitteuat;tlemypﬁatpiamrtty%utftmt oram@nmmseecldbcﬁemi qetpr, dngher

i nvention anfntRMEtM@r RIrofbale adofnthiie rdls‘ég)de‘é‘cihe’ﬁfnatd‘@ ArfhYi@B! bQaticThe term
“antigen-binding portion of an antibouﬁﬁ g?en ‘used Eerein refers to the

anmino aci d rAE9THBeEUSHE HSRNS Sodly ™A SEropRs pBHKIPhY gcleggsis, chronic

anti gen-bi nding. The 20 antigen-binding portion of an anti body conprises
am no acid residues fromthe "conplenentary determ ning regions” or "CDRs".
"Framewor k" or "FR' regions are those variable domain regions other than

t he hypervari abl e regi on residues as herein defined. Therefore, the |ight
and heavy chain variable domains of an anti body conprise fromN to
C—terninus t he donains FRl CDRl FR2 CDR2 25 FR3 CDR3 and FR4.

NN NS Y b1 . o, .



30" hypervari abl e | oop”". The tern CODRLH' denotes the CDR1l region of the
heavy chain vari abl e region cal cul ated according to Kabat. CDR2L, CDR3H,
etc. nearwOhe1vs@ecti ve regi ons fromthe heavy(H) or | ipghtEPR)11O6WIIN. For
exanpl e, an anti body characterized by conprising CORLIH of SEQ I D NO 6 neans
that the antibody conprises this 35am ng-acid sequence as a heavy chain
variable chain CDR1 region in its variable heavy chain. For exanple, an
anti body characterized by conprising CDORLIH of SEQ ID NO 6, CDR2H of SEQ ID
NC 7, CDR3H kodneSEQsé¢BeNDdGrendaemset,hag. bhee akgerdzoaionc onmpmilsgs myelots, heavy

hai 7, d
as sequence Of 5o hEonR. Ml nfriBS MR E&chy 9IS, S DD 7 anC
nol ecul e" asnaséartyereli @ Ahasmiaggusigele §OMBOSi QY] WEeOrHNE Fﬁ)lﬂeftlhlll‘é’@tl%thNA

nol ecul es. 'Lhdﬂh'i%heﬂhﬁ nﬁﬁéhgorﬁ%tﬁﬁr‘rﬂe@ a MRhREfof tRGhAn$idharded r11)15’I£rmaceut1cal
doubl e-stranded éera i s doubl e-stranded DNA. The term "am no

aci d" as usé@nﬂpﬁﬂpﬁa n%ﬂb@?@%ﬁpgﬁldenotes the group of naturally
occurring carboxy a-am no acids conprising alanine (three letter code: 10
al a, one | etTher invedidon /ﬁ)rthearcgjmprrses (aapgarnﬁ):eutaalpaomgbs:mr( asmpriblng @aspartic

id : I
ocr (o hupENe NG 0 Shc el AR Bubue Ol f 1A it g (9
(leu, L), | wsiiwent(usyﬁﬂ faqythe fﬁémlula@nn @éalqtrb@dles i, plpﬁemﬁuatairpm@swhe F,
proline (pro, P), serine (ser, S), threonine (thr, T), tryptophan (trp, W,

tyrosine (tyrhe ﬂ\ﬁenﬁ‘&d Mﬁhérn?rdv‘{cféls, a%haré@&uﬂb‘sﬁ' BbhpAFidh icdmpARALaR ¥
Ilnkqu when . ed ipto a 'furlctllglé}Ea rela i onshi ﬁ anot her

nucl ell® aci ¢nti y %‘(‘8 SetO TRRAVEONAN G sHie léfracg%/ﬁ)é? BHYCT SRy i s
operably Ii I’Hﬁ&d)dttﬁ)elﬁ)l\lﬂnef pliarmapaitiyflepdrmp@itidn mfay i e 8xhided Sedamarti@lepb£pr ot ei n
t hat partlc%)n HQo ﬁ secretion of the pol ypeptide; a pronoter or
enhancer is o% %ﬁf fi'fiked to a codi ng sequence if it affects the

transcri ption of the sequence; or a 20 ribosone binding site is operably

| i nked to a Buiefidegcripiiomeltheifiguires i s positioned so as to facilitate

transl ation. Cenerally, "operably linked" neans that the DNA sequences

bei ng | i nkedj he £0! iTRgBftion AP dollddRntiBice@ 88D s, & nfRGHc8h&eY of AREBAL0Id

conti gous and in read g franme wever, enhancers. do not have to be
contlg ous. Linking @§ 2% Ssnf aeRies 3OTd g0 tBHNNEN PNy eni ent restriction
sites. 25 such sites do not exist, synthetic oligonucleotide adaptors

or Ilnkers B E NS ﬂ | 0. accordance w th conventional practice. As used

her ei n, the'eaﬁr%gsﬁ%h§3“%é+&E£Jn§2LF-I|ne and "cell culture" are used
|nterchangeably and all such designations |nclude progeny. Thus, the words
"t ransf or mankhs" teamd “antrbedst oeneeaipaskd she i vaciougidote qir arrrtﬁxosiysstb}cews cel |
and 30 cul tlH&ﬁ&erButVf?& Eé\g %ﬁféﬁ‘ 156‘ Rxhl%!ht bR, bRpedifie aHHIB‘?Rﬁés QEd

transfers. It | s al so under prog eny my not reci sel
i denti cal r@nehwyCéwgewms dive %Iﬁlbﬂ’é}’laf?é?féiﬂ% & th‘?\dHYFé‘FIP%nItS H‘iﬁ hws

Vari anp pr Ogelmantzlaatanh@oﬂ@ thigesiaBtibadyc bi ARther ghietitapi é?n%llne@ﬁddl itibydyas
screened for in th or.i |nal f are i.ncl ude 12 - The

transfornmed c -

e par " ors AR ORI R e B RN ARG an ant i body
to an antlgen but exhibits various effector functions. An "Fe part of an
ant i body" i sAmtibedyrfraginkentkhoemprise 4 hertiskiof lagfdll dergdtls antitzyt, pesféragd ton t he
basi s of papghinnie! SmhaRohePloratt éttlgéjs‘t%e a@ﬁ gg Stte Eﬂ?e?eo%”t € gr
sequence of the constant region heav alns dles or
i munogl obuldnHBod e,ff%imﬁifltfedlnqhﬁﬁeo digbediep.asinede-chagn, anltlegiy |rgéeculgfe a1 gM
and seyer al Iﬂﬁmw&ﬁﬁ AR oMes TdHnled Efonthmivdag fﬂagh@n@uml«eﬁﬁwlég a%@tevges t he

o0 O 0 deyRel e Y Vo A o BB ok AbF A 5 B At

const ant r egindbsdyt fregrderfti eomptise biagleachanf polppepnided bbiihg e eraeactalstied a, 8,

c, 7, and i L8, c i val nti b y
i nvol ved i n]bXISCVCHE1 dx g %emg}l t% a%?ﬁlﬁblggoga{hegw tlh (C))?%Q%)%lalg ﬁle&;% CDC
(conpl enent ‘&e@mmiemnd@% ‘MBWM y)anlﬁébseﬁdngﬂblcdﬂplwmfﬂ tOg@thﬁI\/\sltt erVu d g

bi ndi g and dgglaqreﬁ)qaituggngyap%ﬂggn pisRim greent _activation (CDC) is initiated
by bi nding of conplenent factor Cq to the Fe part of nobst 1gG anti body
subcl asses. Wile the influence of 15 an anti body on the conpl enent system
i s dependent on certain conditions, binding to dq is caused by defined
binding sites in the Fe part. Such binding sites are known in the state of
the art and described, e.g., by Boackle, RJ. et al., Nature 282 (1979)
742-743; Lukas, T.J. et al., J. Imunol. 127 (1981) 2555-2560; Brunhouse,

R and Cebra, J.J., Ml. Inmmunol. 16 (1979) 907-917; Burton, D.R et al.,
Nature 20 288 (1980) 338-344; Thomesen, J.E et al., MIl. Imunol. 37
(2000) 995 1004 Idusogie E E et al., J. Inmunol. 164 (2000) 4178 4184
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I n one enbodi nent the anti body according to the invention conprises a Fe
part derived fromhuman origin and preferably all other parts of the human
const ant wBQorags©@ms. As used herein the term"Fe part ®€TiBrPeel1f05m0 human
origin" denotes a Fe part which is either a Fe part of a human anti body of
the subclass 1gd, 1g&, 1g&3 or 1gHA, -preferably a Fe part from human | gGlL
subcl ass, a nutated Fe part from human |1 gGl subclass (preferably with a

mut ati on on L234A + L235A), a Fe part from human | gG4 subclass or a nutated
Fe part frofiteussms TgGlocarit haswd$s Eplafoeodbhal antibddyacompaaitionil asms&R28P and

L235E). Most] y.:pr rre g : vV, I o) i of SEQ
ID NO 51 orﬂeéﬁié‘% I‘I%%?I\% QSI%%??{E{#S%Q?Q lbgfﬁ?féo@agh é’?a@‘%@%éﬁiﬁ?%% 53
(human | gGl O0PEPESE. wi t h nut ati ons L234A and L235A) , SEQ ID NO 54 (human
| g&4 subclass), or SEQ ID NO 55 (human 1g&4 subclass with nutations 5228P
Fmgll LZBgEl). eab@h ]?lblngarﬁik@ a@ﬂ%b C}yfegé?t@thﬁlﬁbétlﬁestiﬂ whien ih@\g_ﬁﬂ{dv?ﬂlfhﬁd/&f t _hgrfgn
gGl subcl ass or, o unan. suhge n .one e men e anti body
hecor ding & conBleRisiRy AR oG oRuan S ok MRS BreMEdRrent t e
ant i body acddbRiaigntimnidmegiobukmbf diffarentapediesnmncdngiadedstoxbhtaststhe phenaint i body
according t i AatiQN,i [ I C ta ins are
of human or ?6%“2310%{1}%}?&?:0%5? fﬁ?t%%&lgfe%{sb%glr%&\?\bkIr}aﬁgr}gvt%ﬂfibﬁstgg%?esdt [a}{t%q}g?a t he
art and 10 feampwatkesegiphetia bymratatibqdyete peeppre thetihomanizel aniitddwil, Se. T.
Nucl ei ¢ Aci ;&fﬁ.,%cm%&nﬁ 2000%1 244ue3h. (1698) 2430 ghd RedbRpded MIWINGR) heavy

chai n_const region conprises an amno aci d sequence of” SEQ ID NG 51 or
28. Fof exarHJ"’rt‘ér,e3 OSSN 2OBddEn | i ght chain constant region conprises an
am no aci d sequence of a kappa-light chain constant region of SEQ | D NG 49.
It is furtheFheptegiel chitletibatibbd" ddberanioi Hatdyndctomaf andbbdyt combgsing and
compri ses the antibody |waki aple sequence, Liame, of | Arabbis, ant Lheds,
accordi ng t 0 KEDSL %%ee' 8. g. I%c‘f(%ence ol O c?flgi S5 § n of:ﬁ G

| nt erest, Kabgbn deived fsomal diffefenhsauiéet drompeciBi, ANEIPubEpased by rdcoomdant

The inventi %Ng%ﬂi@%%bghfﬁé&%db%ie% Q%{ngpﬁg@g%fﬂex%?@ aoa.ﬁhsmam@eed of

t herapy, characteriz m ni st eri patient a therapeutically
ef f ectlgve arfeging agfl 2 lﬂﬂnﬁhc%f@b&ﬂolhc%@hdﬂ?}{je@%n@ﬁéhm‘v@n%ﬁt@ﬁdlwr@éﬂ
invention Capprirs@sctt &fe edpesRll AMmandidl sidiv g@ﬂe@rs&ﬁ%ﬁ@g tiGAI RyEddton for
t herapy. The inyention con@rtﬁes t he use of adrb]gllr‘&tl odg acco.dllr;lgpto t he

i nvention fdNCPHBS Fit EPAALS 8N B VA REdFEhe it FRRCPE SAEIENM 'Y ancer
especi al | y donomogloboliy oonstdb pegicisealitieercdoeey of fobimédve amtdatrsht of
aut ol mune dJ, 8@@%&4 gfﬁl;é %:é)elng'n%reﬁtj% '%ﬂe%lilosgﬁf?Rxﬁltiéhcth"é‘rcﬁﬂ%'& 's&cle{(wgsi €

di seases, e.Q. scu S rophy, Ml I'pl'e sclerosi's, chronic Ki dney

di seagés, bdgen diabiaeber changed Jome thiaigeinde aarigvral iantihedyt | Sheh fylamerte’,

system ¢ | uppigb&di¥d a8l QP Ysterrel PSS a8 SRIMs Sslhdich@N AnMBSGEY. MERbSY Yor The
i nvention conprises the use of .an anti body according to the Invention for

the 30 tredPBiingoshipgHe sntibedipsnmvalysetopy sntignaletesa@bingplePAABNG 2885 t he
treat ment oftraaefedtion fedgquedmopansil abdwe i€ BRGE! Seé, & @I Mogsdn! 8at n&nt., of

i seases. e o AL Hyar Pk, B Pro-6PEEI Gt SEieE Nah ez R by
di sea8®s, bdnE4lleleases, e.g. bone degeneration in - 14 - multiple
nyel oma, system c |upus erythematosus, |upus nephritis, and vascul ar

oroduti i on of Car it L Body LsAeRel RS SRR forafoBRL R MR PRI L uence
of a nucl ei doagemeve or reduce immunogenicity by removing human T cell epitopes (peptide
sequences within proteins with the capacity to bind to MHC Class II molecules).
By this method, interactions between amino acid side chains of the peptide and
30 specific binding pockets with the MHC class II binding groove are identified. The
identified immunogenic regions are mutated to eliminate immunogenicity. Such
methods are described in general in, e.g., WO 98/52976.

The terms “anti-TWEAK antibody” and “an antibody that specifically binds to
TWEAK” according to the invention refer to an antibody that is capable of binding



5 encodi ng the heavy chain of an antibody according to the invention and
the nucleic acid encoding the light chain of said anti body are inserted

i nt o one WO 20190486¢pr essi on vector(s), said vector(s) iskParTEP2MI®sIR i n a
eukaryotic host cell, the encoded antibody is expressed and recovered from
the host cell or the supernatant. The anti bodies according to the invention
are preferably produced by reconbi nant 10 nmeans. Such nmethods are w dely
known in the state of the art and conprise protein expression in

pr okar yot i c ANEAKU kathyoifiigemtedffisityvstdh thabgecquaibddy solsfilors ofhetdpeutant i body
ol ypept: de Apil HEUALdaPEVENIEALL AR oAl %ﬁ%&é&lﬂ%@ﬁ&%ﬂ@i
purity. For e prot I'nSexpr essi On nUC! &i ¢ aC| encodgi ng heavy
chains or frsagsiieally tPHNVEOK hasa dissoeipt ericonstant €hratd 8 Mov@éwr& igyn
standard netlpddg..o 18% fgxpression is performed in appropriate prokaryotic or
eukaryotic host cells, such as CHO cells, NSO cells, 5P2/0 ceIIs HEK293

cells, |1, a ofr, cel l .and the tibo y vered
From the certe vRidie Anbadt sEriidarian of HER e 0 yenesté deettshhant
producti on dieaanthddodVes as ssateidreik nlemstes eachhd tisd pdie obfighthaad dedvyactthin 20

oor B 1 B o b QB AU o ofL o4 ¢
(1996) 271- 2@pablkdightrand heavy. chanmdomean@hemﬂh@|samm@e(1@abe1;uc1151am6@aclv@r ner
RG, A Zne'd&ﬂaﬁ@'c@ﬁfpﬁ@&“%r(ﬁ)ﬁrﬁgwa%s (13R)4§eg(1(;1%9§1}10§7gec§1%966s-r5&% @[Hel}b()d' €s

may be present i n whole ceII , Inacell lysate, or In parti al

purifild, orco8tAtdaneoHertyd pBYethF‘%Fr thPﬂWf“F'ﬁ‘bé%tlieS’r?nﬁs @ér?@?ﬂlﬁﬂlep ryorder to
el : Im Inat e otdmrrmﬁﬁhg iadgﬁfnsCQDR@P%teS‘rdMevﬂirhe Egl@rgsrvtd@m N Prhset o@nﬂ)rmatcﬂiéther

cel lul ar nuc S _or t ei ns t echni g udi.ng

ol um- chr ot o6 GHRY TeroBh b Ranetieh i Rhe AR R OB e o
al. (eds.), dﬁalmrzarnﬂlel%kmltkhemlthree{dlrMIiml anrucBuI@Itqgm;a temeenek Pagibns mdg and

ley |t el SEhE s dRHYBIICORI I BORKR SRSLIR: YIRS el Sybspflescr ! bed

by, Bar ne arnes
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- 18 - Description of the Sequences Table 1: Antibody 301 Rabbit variable
domain of light chain (VL) SEQID NO 1 CDRIL SEQ ID NGO 2 CDR2L SEQ I D NO 3
CDR3L SEQvDODRoNO4867Rabbit vari abl e domai n of heavy chai nPCVHP2BEQs10D» NO. 5
CDR1H SEQ I D NO 6 CDR2H SEQ ID NO 7 CDR3H SEQ ID NO. 8 Chineric |light chain
301 SEQ ID NGO 56 Chineric heavy chain 3QL SEQ I D NO 57

The “Fc part” of an antibody is not involved directly in binding of an antibody to

an antigen, but exhibits various effector functions. An “Fc¢ part of an antibody” is a

term well known to the skilled artisan and defined on the basis of papain cleavage

of antibodies. Depending on the amino acid sequence of the constant region of their

5 heavy chains, antibodies or immunoglobulins are divided into the classes: IgA,
IgD, IgE, IgG and IgM, and several of these may be further divided into subclasses
(isotypes; the expressions “isotype” or “subclass” are used interchangeable herein),

e.g. IgGl, 1gG2, IgG3, and IgG4, IgAl, and IgA2. According to the heavy chain

constant regions the different classes of immunoglobulins are called o, d, €, v, and

10 L, respectively. The Fc part of an antibody is directly involved in ADCC (antibody-
dependent cell-mediated cytotoxicity) and CDC (complement-dependent
cytotoxicity) based on complement activation, Clq binding and Fc¢ receptor

binding. Complement activation (CDC) is initiated by binding of complement

factor Clq to the Fc part of most IgG antibody subclasses. While the influence of

15 an antibody on the complement system is dependent on certain conditions, binding
to Clq is caused by defined binding sites in the F¢ part. Such binding sites are

known in the state of the art and described, e.g., by Boackle, R.J. et al., Nature 282

(1979) 742-743; Lukas, T.J. et al., J. Immunol. 127 (1981) 2555-2560; Brunhouse,

R. and Cebra, J.J., Mol. Immunol. 16 (1979) 907-917; Burton, D R. et al., Nature

20 288 (1980) 338-344; Thommesen, J.E. et al., Mol. Immunol. 37 (2000) 995-1004;
Idusogie, EE. et al., J. Immunol. 164 (2000) 4178-4184; Hezareh, M. et al., J.
Virology 75 (2001) 12161-12168; Morgan, A. et al., Immunology 86 (1995) 319-

324; EP 0 307 434. Such binding sites are, e.g., L234, L.235, D270, N297, E318,

K320, K322, P331, and P329 (numbering according to EU index of Kabat, see

25 below). Antibodies of subclass IgGl, IgG2 and IgG3 usually show complement
activation and Clq and C3 binding, whereas IgG4 does not activate the

complement system and does not bind C1q and C3.

In one embodiment the antibody according to the invention comprises a Fc¢ part
derived from human origin and preferably all other parts of the human constant
30 regions. As used herein the term “Fc part derived from human origin” denotes a Fc
part which is either a Fc part of a human antibody of the subclass IgG1, IgG2, IgG3
or IgG4, preferably a Fc part from human IgG1 subclass, a mutated Fc part from
human IgG1 subclass (preferably with a mutation on L234A + L235A), a Fc part
from human IgG4 subclass or a mutated Fc part from human IgG4 subclass
35 (preferably with a mutation on S228P and L235E). Mostly preferred are the human
heavy chain constant regions of SEQ ID NO: 51 or SEQ ID NO: 52 (human IgG1



Table 2: Anti body 304 Rabbit variable domain of light chain (VL) SEQ ID
NG 9 CDRIL SEQ ID NO 10 CDR2L SEQ ID NO 11 CDR3L SEQ ID NO 12 Rabbit
vari abl e worraizn4ed71heavy chain (VH) SEQ I D NO 13 CDR1H SEQHPDING 40 CDR2H
SEQ I D NO 15 CDR3H SEQ I D NO 16 Chineric |ight chain 304 SEQ | D NO 58
Chineric heavy chain 304 SEQ ID NO 59 -1319 - Table 3: Anti body 305

subclass), SEQ ID NO: 53 (human IgGl subclass with mutations L234A and
L235A), SEQ ID NO: 54 (human IgG4 subclass), or SEQ ID NO: 55 (human IgG4
subclass with mutations S228P and L235E).

Preferably the antibody according to the invention is of human IgG1 subclass or of
5 human IgG4 subclass. In one embodiment the antibody according to the invention
is of human IgG1 subclass. In one embodiment the antibody according to the

invention is of human IgG4 subclass.

The antibody according to the invention is characterized in that the constant chains
are of human origin. Such constant chains are well known in the state of the art and
10 e.g. described by Kabat (see e.g. Johnson, G. and Wu, T.T., Nucleic Acids Res. 28
(2000) 214-218). For example, a useful human heavy chain constant region
comprises an amino acid sequence of SEQ ID NO:51 or 28. For example, a useful
human light chain constant region comprises an amino acid sequence of a kappa-
light chain constant region of SEQ ID NO:49. It is further preferred that the
15 antibody is of rabbit origin and comprises the antibody variable sequence frame of
a rabbit antibody according to Kabat (see e.g. Sequences of Proteins of
Immunological Interest, Kabat, E.A. et al., 5™ edition, DIANE Publishing (1992)).

The invention comprises a method for the treatment of a patient in need of therapy,
characterized by administering to the patient a therapeutically effective amount of

20 an antibody according to the invention.

The invention comprises the use of an antibody according to the invention for

therapy.

The invention comprises the use of an antibody according to the invention for the
preparation of a medicament for the treatment of cancer, especially colon, lung, or
25 pancreatic cancer or for the treatment of autoimmune diseases, rheumatoid arthritis,
psoratic arthritis, muscle diseases, e.g. muscular dystrophy, multiple sclerosis,
chronic kidney diseases, bone diseases, e.g. bone degeneration in multiple

myeloma, systemic lupus erythematosus, lupus nephritis, and vascular injury.

The invention comprises the use of an antibody according to the invention for the
30 treatment of cancer or inflammatory diseases, preferably for the treatment of colon,
lung, or pancreatic cancer or for the treatment of autoimmune diseases, rheumatoid
arthritis, psoratic arthritis, muscle diseases, e.g. muscular dystrophy, multiple

sclerosis, chronic kidney diseases, bone diseases, e.g. bone degeneration in



Rabbit variable domain of [ight chain (VL) SEQ ID NGO 17 CDRIL SEQ I D NO 18
CDR2L SEQ ID NO 19 CDR3L SEQ I D NO 20 Rabbit vari abl e domai n of heavy
chai n ( VHVOSEQ/MEF7NO 21 CDR1H SEQ I D NO 22 CDR2H SEQ | DPROEP201CORAH SEQ | D
NO 24 Chineric light chain 305 SEQ ID NO 25 Humani zed variant of VL,
305-LC1 SEQ ID NO 26 Humani zed vari ant- pf- VL, 305-LC2 SEQ I D NO 27
Humani zed variant of VL, 305-LC3 SEQ I D NG 28 Humani zed vari ant of VL,
305-LCA4 SEQ I D NO 29

multiple myeloma, systemic lupus erythematosus, lupus nephritis, and vascular

injury.

A further embodiment of the invention is a method for the production of an
antibody against TWEAK, characterized in that the sequence of a nucleic acid
5 encoding the heavy chain of an antibody according to the invention and the nucleic
acid encoding the light chain of said antibody are inserted into one or two
expression vector(s), said vector(s) is/are inserted in a eukaryotic host cell, the

encoded antibody is expressed and recovered from the host cell or the supernatant.

The antibodies according to the invention are preferably produced by recombinant
10 means. Such methods are widely known in the state of the art and comprise protein
expression in prokaryotic and eukaryotic cells with subsequent isolation of the
antibody polypeptide and usually purification to a pharmaceutically acceptable
purity. For the protein expression nucleic acids encoding light and heavy chains or
fragments thereof are inserted into expression vectors by standard methods.
15 Expression is performed in appropriate prokaryotic or eukaryotic host cells, such as
CHO cells, NSO cells, SP2/0 cells, HEK293 cells, COS cells, yeast, or E. coli cells,

and the antibody is recovered from the cells (from the supernatant or after cells

lysis).

Recombinant production of antibodies is well-known in the state of the art and

20 described, for example, in the review articles of Makrides, S.C., Protein Expr.
Purif. 17 (1999) 183-202; Geisse, S. et al., Protein Expr. Purif. 8 (1996) 271-282;
Kaufman, R.J.,, Mol. Biotechnol. 16 (2000) 151-160; Wermer, R.G,
Arzneimittelforschung (Drug Res.) 48 (1998) 870-880.

The antibodies may be present in whole cells, in a cell lysate, or in a partially
25 purified, or substantially pure form. Purification is performed in order to eliminate
other cellular components or other contaminants, e.g., other cellular nucleic acids
or proteins, by standard techniques, including column chromatography and others
well known in the art. See Ausubel, F. et al. (eds.), Current Protocols in Molecular

Biology, Greene Publishing and Wiley Interscience, New York (1987).

30 Expression in NSO cells is described by, e.g., Barnes, L. M. et al., Cytotechnology
32 (2000) 109-123; Barnes, L.M. et al., Biotech. Bioeng. 73 (2001) 261-270.
Transient expression is described by, e.g., Durocher, Y. et al., Nucl. Acids. Res. 30
(2002) E9. Cloning of variable domains is described by Orlandi, R. et al., Proc.
Natl. Acad. Sci. USA 86 (1989) 3833-3837; Carter, P. et al., Proc. Natl. Acad. Sci.



Humani zed variant of VL, 305-LC5 SEQ I D NO 30 Hunani zed variant of VL,
305-LC6 SEQ I D NO 31 Humani zed variant of VL, 305-LC7 SEQ I D NO 32

Humani zeawoapizanase7ef VL, 305-LC8 SEQ | D NO 33 Hunani zedPCasEPant/06fo7d/L,
305-LC9 SEQ I D NO 34 Humani zed variant of VL, 305-LC10 SEQ I D NG 35

Humani zed variant of VL, 305-LCll1 SEQIIB@ NG 36 Chineric heavy chain 305 SEQ
I D NO 37 Humani zed variant of VH, 305-HC1 SEQ I D NO 38 Hunmani zed vari ant of
VH, 305-HC2 SEQ I D NO 39 Humani zed variant of VH, 305-HC3 SEQ I D NG 40
Hurmani zed vadr$AarRp (6992yM28 3838 HMlorSitaudDINE: a1 J Humamat edlethads 2ot (1007)/H,

305-HG SEQ 7'7%7'\'OA4%referred transient expression system (HEK 293) is described by
Schlaeger, E.-J. and Christensen, K., in Cytotechnology 30 (1999) 71-83, and by
Schlaeger, E.-J., in J. Immunol. Methods 194 (1996) 191-199.

5 Monoclonal antibodies are suitably separated from the culture medium by
conventional immunoglobulin purification procedures such as, for example, protein
A-Sepharose,  hydroxylapatite  chromatography,  dialysis, or  affinity
chromatography. DNA and RNA encoding the monoclonal antibodies is readily
isolated and sequenced using conventional procedures. The hybridoma cells can

10 serve as a source of such DNA and RNA. Once isolated, the DNA may be inserted
into expression vectors, which are then transfected into host cells, such as HEK 293
cells, CHO cells, or myeloma cells that do not otherwise produce immunoglobulin
protein, to obtain the synthesis of recombinant monoclonal antibodies in the host

cells.

15 Nucleic acid molecules encoding amino acid sequence variants of anti-TWEAK
antibody are prepared by a variety of methods known in the art. These methods
include, but are not limited to, isolation from a natural source (in the case of
naturally occurring amino acid sequence variants) or preparation by
oligonucleotide-mediated (or site-directed) mutagenesis, PCR mutagenesis, and

20 cassette mutagenesis of an earlier prepared variant or a non-variant version of
humanized anti-TWEAK antibody.

The heavy and light chain variable domains according to the invention are
combined with sequences of promoter, translation initiation, constant region,
3'untranslated region, polyadenylation, and transcription termination to form

25 expression vector constructs. The heavy and light chain expression constructs can
be combined into a single vector, co-transfected, serially transfected, or separately
transfected into host cells which are then fused to form a single host cell expressing
both chains.

In another aspect, the present invention provides a composition, e.g. a
30 pharmaceutical composition, containing one or a combination of monoclonal
antibodies, or the antigen-binding portion thereof, of the present invention,

formulated together with a pharmaceutically acceptable carrier.

As used herein, “pharmaceutically acceptable carrier” includes any and all solvents,

dispersion media, coatings, antibacterial and antifungal agents, isotonic and



Humani zed variant of VH, 305-HC6 SEQ | D NO 43 Hunani zed variant of VH,
305-HC7 SEQ I D NO 44 Humani zed variant of VH, 305-HC8 SEQ I D NG 45

Humani zeawoapizanase7ef VH, 305- HCO9 SEQ | D NO 46 Hunani zed PCasEPaN/06T070/H,

305- HC10 SEQ I D NO 47 Humani zed variant of VH, 305-HCl1 SEQ ID NO 48 WO
2012/ 045671PCT/ EP2011/ 067070 - 20 - Table 4a: Human constant regi ons Human
kappa |ight chain SEQ I D NO 49 Human | anbda |ight chain SEQ I D NO 50 Human
| gG1 (Caucasian Allotype) SEQ ID NO 51 Human 1gGlL (Afroamerican All otype)
SEQ | D NO 52bkupaon/tay@ptibAL deldfingnigefiGauadsitien [4el dliagpae physiologically

compatible. Preferably, the carrier is suitable for injection or infusion.

A composition of the present invention can be administered by a variety of
methods known in the art. As will be appreciated by the skilled artisan, the route

5 and/or mode of administration will vary depending upon the desired results.

Pharmaceutically acceptable carriers include sterile aqueous solutions or
dispersions and sterile powders for the preparation of sterile injectable solutions or
dispersion. The use of such media and agents for pharmaceutically active
substances is known in the art. In addition to water, the carrier can be, for example,

10 an isotonic buffered saline solution.

Regardless of the route of administration selected, the compounds of the present

invention, which may be used in a suitable hydrated form, and/or the

pharmaceutical compositions of the present invention, are formulated into

pharmaceutically acceptable dosage forms by conventional methods known to
15 those of skill in the art.

Actual dosage levels of the active ingredients in the pharmaceutical compositions
of the present invention may be varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired therapeutic response for a
particular patient, composition, and mode of administration, without being toxic to
20 the patient (effective amount). The selected dosage level will depend upon a variety
of pharmacokinetic factors including the activity of the particular compositions of
the present invention employed, or the ester, salt or amide thereof, the route of
administration, the time of administration, the rate of excretion of the particular
compound being employed, other drugs, compounds and/or materials used in
25 combination with the particular compositions employed, the age, sex, weight,
condition, general health and prior medical history of the patient being treated, and

like factors well known in the medical arts.

The invention comprises the use of the antibodies according to the invention for the
treatment of a patient suffering from cancer, especially from colon, lung, or
30 pancreatic cancer or from autoimmune diseases, rheumatoid arthritis, psoratic
arthritis, muscle diseases, e.g. muscular dystrophy, multiple sclerosis, chronic
kidney diseases, bone diseases, e.g. bone degeneration in multiple myeloma,

systemic lupus erythematosus, lupus nephritis, and vascular injury.



SEQ I D NO 53 Hurman 1gG4 SEQ I D NO 54 Human | g&4 SPLE- Mutant SEQ | D NO 55
Tabl e 4b: 5Human and Murine TWEAK Hunman TWEAKSEQ I D NO 60 Muri ne TWEAKSEQ
| D NO 61 wbeof2dl4be¥ni ng exanpl es and sequence |isting ar @CpmEpidocd/ove ai d

t he understandi ng of the present invention, the true scope of which is set
forth in the appended clains. It is understood that nodifications can be
made in the procedures set forth without 10departing fromthe spirit of the
invention. Exanple 1 Description of inmunization |nmunization of rabbits
wi t h hunman/ ritheiineerifivEAKmNe ves Aéml camethih iforehe abdzinest ¢fQr patieol aufiesng Groicul us)
wer e i nmuni Zsﬁgh&iis&ﬁ 400 tg 15 of reconbi nant human TWEAK at day O with
conplete Freund's acei'j uvant, with 200 tg of human TWEAK at days 21, 43 and
65 with inconplete Freund' s adjuvant and with 200 tg of nuri ne TWEAK at day
85 wi t h i ncohslieventiopduribersprawides, amethod forjthgrinanufaciuemef abhermpspical

subcut aneousdoyhpatitiss V@indrisfigt 88 -effeefive WRIoAnPLERAN Setibdlly da¥srding andhd8 for
titer determ nat.i on. T}rl1e final boost was done blg/1 20 in'(t’ﬂrﬁlgvgnous i.nj ection
of 200°tg of "WEHAR NSO h § RIFTRATHE N o EPBCIPVBRIC AT BRtEDOLIRS wer e
sel ect ed basmadbody ddaeidingatbithé inyetitonfionshidhurmethachd nmouse TWEAK (Exanpl e 2),
neutralize human and nouse TWEAK-Fnl14 interaction (Exanples 4 and 5), and

o bt Tha eaarorl e !
ant | body- ek LR e BRoGaRine Lk 8 B0y hgSrdife fa e ialiofiE, o,
of the anti Bodsifeghize taarquat fom i1 wRIGagtHier Phe Pharmaetcal nageastaefesablung - 21
- _subl i ne of&6dr, wisld #dhb R8RS U¥Bep I CtarRE -1RP BR) raitfedil-aldfiche Ol On,

ATCC -2478) fxeno raft nodel s. . a{rpl e % i nding to human and rfn)use TVEAK
(ELl S uf’ ering rrom cancer, e€specially rrom colon, fung, or pancreatlc cancer or 1rrom

autoimmune diseases, rheumatoid arthritis, psoratic arthritis, muscle diseases, e.g.
muscular dystrophy, multiple sclerosis, chronic kidney diseases, bone diseases, e.g.
bone degeneration in multiple myeloma, systemic lupus erythematosus, lupus

nephritis, and vascular injury.

15 The invention also provides the use of an antibody according to the invention in an
effective amount for the manufacture of a pharmaceutical agent, preferably
together with a pharmaceutically acceptable carrier, for the treatment of a patient
suffering from cancer, especially from colon, lung, or pancreatic cancer or from
autoimmune diseases, rheumatoid arthritis, psoratic arthritis, muscle diseases, e.g.

20 muscular dystrophy, multiple sclerosis, chronic kidney diseases, bone diseases, e.g.
bone degeneration in multiple myeloma, systemic lupus erythematosus, lupus

nephritis, and vascular injury.



5Bi ndi ng of anti-TWEAK anti bodi es to human and nouse TWEAK was det erm ned
by ELI SA. Human or nouse reconbi nant TWEAK were i nmobilized on a 384- well
Nunc Maxiworpiyg4sd7e at 1 pg/m, 25 in 0.5 M carbonate ceaTiErgobobfozs, pH
9.5, by incubation overnight at 2-8C Blocking of the plate with PBS/ 1% BSA
for 1 h at roomtenperature was fol |l oned by two wash steps (0.1% 10
Tween(r) 20 in PBS) and incubation with anti-TWEAK antibodies at different
concentrations |n bI ocki ng buffer or hybridoma supernatants of said
ant i bodi es fIdgs ) paquengesr at ure. After further four washes,

anti bodi es were det ect ed with ant| -rabbit-HRP anti body diluted 1: 5000 in

bl ocking buffer, for 1 h at roomtenperature. Signal was devel oped by
addition of ABTS(r) (Roche Diagnosti cEable&nhH) for 10-30 ninutes after

anot her four wash steps. Absorbancespgpod out at 405 nm Exanple 3

Hal f-Life determ nation of the antibody- TWEAK conpl exes using Biacore A
Py NN MR B T R R
150 nM NaCl, CRRVMLEDTA. 0.05% Tween(r) 20) was used APEQ IDINQZ ate of| 100
i.d/ mn. Thecpanpl e buffer was the system buffer. Bj SEQMPNOsd human
soluble T ACD %i" no aci ds 99 249 oT SEQTD NO 60) §E§ IB'I@E)'LL”V' ate muri ne

sol ubl e TWBAK—amneo—acids—81-—225—of angi FHO-—ING: \ was—+obi-+=zed-{on

different pRabicNariabieidomsin officanchaim &) ar 150 RU SEEHD MRS 1 ow del | FCL
was used as| @BIlEnk reference cell. Each anti body waSEQADa¥Oed i nto [t he
system as ancppapyte at 100 nMat 1001.11/mn Tor 2/ gkQ psgge ation [tine.

The di ssocifa the— IIIIUIIULUII}JI exXes were nonito nTiT. he
sensor surf ¢' ﬁ\#ﬂﬁ washed with HBS-FET for 10 secaonds glggrﬁi‘ﬁﬁdghpr ated usi ng
2x2 m nut es| Chinecicilightchairt B0IL0 M gl ycine 30 pH 2. ZSEQmNOp%ocedure was

done at 250 Cﬂ'%nlélh@g&y @Iﬁh{ yorate limti ng step of thqurmbeW di ssgci ation
phase in theintervalt [2405-3005] was takemnm to catculate the dissociati on
rate kd [1/s] (Biacore Evaluation Software 4.0). According to the equation

t1l/2 dfss = 1n(2) / (60 x kd), the haldbié 2§ e of the inmmunoconpl exes in WO

2012/ 045671PCT/ EP2011/ 067070 - nhF (Ieﬁlowas calcul ated. Results are
shown in tables 5a and Sb, as vvel I ‘32 MW 4] e 6b. TabI e 5a Ant i body
Human TV\EAK 2 —eh-ss—{-mr—25CMi+rePAEAK—tH2—di-ssmn—25CTW-381chi
Chi mer' ) 11@abb1‘rdvar1able domain of 1 11ght chain (VL) SEQ 1D NO 9

CDRIL SEQ ID NO:10

CDR2L SEQ ID NO:11

CDR3L SEQ ID NO:12

Rabbit variable domain of heavy chain (VH) SEQ ID NO:13

CDR1H SEQ ID NO:14

CDR2H SEQ ID NO:15

CDR3H SEQ ID NO:16

Chimeric light chain 304 SEQ ID NO:58

Chimeric heavy chain 304 SEQ ID NO:59




const ant

TW 304chi Chinmer' ) 37 n.d. TW305chi Chimer’
) 76 41 1) : human const ant
human kappe 2biglse7¢hai n const ant

| gGL constant region of SEQ I D NO
diss [mn] 25C Murine TWEAK t/2 di§§&%%%§?h§%

) 147 39 Chineric P2D10

regi ons of the
regi on of 5SEQ | D NO 4¢Camk2ahe®ctodoran | gGl
region of SEQID NO 51 In a further experinent the half-Life of

t he anti body- TWEAK conpl exes (t/2 di ss {94 n]
TW 305chi

at 25 C) of the chineric
and the chineric version of P2D10 of WO 2006/ 130374 was

determ ned (both chinmeric antibodi es have as hunan const ant
human kappa |ight chain constant

C TW305chi Chi ner'
Rabbit variable domain of light chain (VL) SEQ ID NO:17
CDRI1L SEQ ID NO:18
CDR2L SEQ ID NO:19
CDR3L SEQ ID NO:20
Rabbit variable domain of heavy chain (VH) SEQ ID NO:21
CDRI1H SEQ ID NO:22
CDR2H SEQ ID NO:23
CDR3H SEQ ID NO:24
Chimeric light chain 305 SEQ ID NO:25
Humanized variant of VL, 305-LC1 SEQ ID NO:26
Humanized variant of VL, 305-LC2 SEQ ID NO:27
Humanized variant of VL, 305-LC3 SEQ ID NO:28
Humanized variant of VL, 305-LC4 SEQ ID NO:29
Humanized variant of VL, 305-LC5 SEQ ID NO:30
Humanized variant of VL, 305-LC6 SEQ ID NO:31
Humanized variant of VL, 305-LC7 SEQ ID NO:32
Humanized variant of VL, 305-LC8 SEQ ID NO:33
Humanized variant of VL, 305-LC9 SEQ ID NO:34
Humanized variant of VL, 305-LC10 SEQ ID NO:35
Humanized variant of VL, 305-LC11 SEQ ID NO:36
Chimeric heavy chain 305 SEQ ID NO:37
Humanized variant of VH, 305-HC1 SEQ ID NO:38
Humanized variant of VH, 305-HC2 SEQ ID NO:39
Humanized variant of VH, 305-HC3 SEQ ID NO:40
Humanized variant of VH, 305-HC4 SEQ ID NO:41
Humanized variant of VH, 305-HC5 SEQ ID NO:42
Humanized variant of VH, 305-HC6 SEQ ID NO:43
Humanized variant of VH, 305-HC7 SEQ ID NO:44
Humanized variant of VH, 305-HC8 SEQ ID NO:45
Humanized variant of VH, 305-HC9 SEQ ID NO:46
Humanized variant of VH, 305-HC10 SEQ ID NO:47

Humanized variant of VH, 305-HC11

SEQ ID NO:48

regi ons the
regiablesd: SEQ | D NO 49 10and t he human
Anti body Human TWEAK t/ 2




148 41 Chinmeric P2D10 Chiner' ) 76 41 1) : human constant regions of the
human kappa |ight chain constant region of SEQ ID NO 49 and the hunman | gGl
const ant wego48671SEQ | D NO 51 The anti bodi es accor di RgTEF2e1he6TOAYent i on
show a val uabl e properties like a half- 15 |ife of a conpl ex between

sol ubl e human TWEAK (am no acids 99-24%9mpf SEQ ID NO 60) and anti body of
100 mnutes or nore, preferably of 110 m nutes or nore at 25C, neasured by
Bi acore. Anti-TWEAK anti bodi es showi ng such half-life are especially
preferred for use in the treatnent oflable4n:mune di seases, rheumatoid
arthritis, psoratic arthritis, ﬁgﬁ&lnec AlSffe&sonsS: 9- Muscul ar dystrophy,
mul tiple 20scl erosis, chronic Kkidney di sease , bone di seases, e.g. bone
degener at i gh—1r—23—mgttiptemretorma—systenic—i s—erytnenatosus,
Iugus nephr@ﬁ%ﬂ&h?@ham Pi nj ||¥y anrrplyp 4 m.ﬁﬁﬁ@%ﬂéiﬂﬁn of
TWEAK- Fn14 |ikhimamletibdalightimm) 5Bl ocki ng of hunman TVEZEIDRWN@ANAOFN14
i nteracti on N@RaSREN RYcdsBheR QYpd)nt eracti on ELI SA siA§ 1w b sMaxi sor pg

| at es ( Nur WET ogted wth 0O TA T Fmt—horar A+ xtTace] | ul ar
et n of - THHFEE] (AR5 ALOFPY5) ¢ used o Rl BasIPOLSE human] | 6C1
in PBS per |vdumarf gGlILALA-Mutanb@raucesetbotype and bl FeRdd NP A a sol ption
of 5% FBS i|rHiBan fe@r4 30 m nutes at room tenperatur e sHQ mmenr4shaking. I n
A T A VM SRS T T G S I

AW AV AN T d SUT UOU 1T UTl VVAO LELBAYA%LYA %1 A" v CTr T rororTrt CUTIUCTIU T AU T U

anti - TWEAK anti bodi es or hybridoma supernatant for 2 h at roomtenperature
under shaking. After washing the Fnl4,gpafed plate once with wash buffer
(0.1% Tweeng 20 in PBS), 100 | A of th‘g—%ng- anti body solution 15 were
transferred to each well and Human andeMygxineg hWd¥Ked for 1 h at room
t enper at ur followed by four washes with wash buffer. Wlls were fi]led
with 100 | AimanTWHAKG HRP det ection anti body, di|lSE@IDNGGOO i n b| ocki ng
buffer, ang Nihg @Q@A@or 1 h at roomtenperature. [AggDMNY%1M0re wash
steps, the bl\l/[gllf;%) was—devetoped—by addi-t+on—of—166 i/—\G :
3,3,5,5-Tetramet hyl benzi dine (TMB) solution 20 for approximtely ten
m nut es. TherHeganbwRg e\&@&gfefs QRe u'@ﬁcealﬁjéﬁhggrelﬁlgvildéd% aid the fikderst@iing

absor bance sured at 450 nm (referenc vel ength 620 nm. Results are
Shown |t il STECEBEAHER1e. TR PP Sh WA Gt sor R ER P e on
(rmouse) 25THeismmdsstoDdERd/ madif eatfond 4an bé enadein e prhdeSdhrel obtl fome dvithoat m | ar
principle as i-bed. . f qr. u .proteins but used a different

det ectlﬁon sydgggrﬁl}%ég%%n%lﬁgéﬂ%gfﬂ%IIMK was not tagged. Briefly, Maxisorp
pl ates were coated with nmouse Fnl4: Fc (extracellul ar domai n of nouse Fnl4

(am no aci dsExpomde If used to Fc portion of human 1 gGl) as described above
for human Frddchptioh of liRMRdiZaYion

Immunization of rabbits with human/murine TWEAK

New Zealand White rabbits (Oryctolagus cuniculus) were immunized with 400 pg
15 of recombinant human TWEAK at day O with complete Freund’s adjuvant, with
200 pg of human TWEAK at days 21, 43 and 65 with incomplete Freund’s
adjuvant and with 200 pg of murine TWEAK at day 85 with incomplete Freund’s
adjuvant. All immunizations were done subcutaneously at several sites. Sera were
prepared at days 77 and 98 for titer determination. The final boost was done by
20 intravenous injection of 200 pg of human and 200 pug of murine soluble TWEAK
and antibodies were selected based on their ability to bind human and mouse
TWEAK (Example 2), neutralize human and mouse TWEAK-Fnl4 interaction
(Examples 4 and 5), and inhibit IL8 secretion (Example 6). In addition, the half-life
of the antibody-TWEAK complex was investigated (Example 3). Anti-tumor

25 efficacy of the antibody was tested in BI6BL6 (murine melanoma; metastatic lung



30 bl ocki ng and washi ng. Muse sol uble TWEAK at 4 ng/mm was pre-incubated
w th anti-TWEAK- anti bodi es or hybri doma supernatant in bl ocking buffer and
100 | A ofwohelzmid4zd¢7ur e were added per well of the Fnl4-cearag2@iac®7o After 1
h of incubation at roomtenperature and four washes, biotinylated
anti-nouse TWEAK anti body at 125 ng/m-2in bl ocki ng buffer was added for 1 h
at roomtenperature, followed by - 24 - another four wash steps. The TWEAK
anti body was detected by incubation with streptavidin-HRP, diluted 1:5000

i n bl ocki ng soblfifeepf Bfl6y, SO Ariosteosamcama,r AGTMCG EMbe2eBirand IBCHAAL (eakon,

devel oped an banes re descri bed above. Results are shown in
tabl e 6a andg]égé%g%(anp)l equgl%ﬁb(gdegacreti on ELI SA Bl ocki ng of TWEAK
activity by anti-TWEAK anti bodies in a cellular systemwas shown in an IL-8
secretion adexymRle2ng A375 nel anoma cells. 10,000 A375 cells (ATCC

#CRL1619) weBiadaRaddnkal anehousé THEARI (E1asil) cul ture plate in 100 I A of
10 growt h nmedium (DVEMwith 4.5 g/L glucose, with pyruvate and G ut aMAXTm

/ 10% FBS i t 7C. 5%, for 48 h. H nbi. nant. spl ubl
TVEAK tad prEVE Rat o ‘EEABGORGH R i ap B L BARGHE A POHeSr
ant i - TVEAK oyt EbEdi. dsuman gr owtke needimbmahio I VBRAKI werteasinabilizednott edér at ur e.
Then, 50 I A ' 5 plate,
e, 105 bl BTG WK oPddafd opeaeRoteld oofn DARERL colyp! 2t e,
the cell supefisat Bt depr neyhstied arteghtcen?S’€udlodkincnef phamtate oritlt i ve
mnutes at 2k x0BeNdoM Xef rddrh @ex%%?athﬁ Rhs MR eFalithioalfh sipkyent, from

t he "CXCL8 Quantikine A" Kit &D Syst ens - s detected by the
ELI SATYccor di W0 2P He P%fitl Al iy ﬁﬁbﬁ%‘%@f RRIDOOES. Sar BEHBIN | 1
t abl e 6a andofbenti@Odmbinedl&eking Buitdrton iy bridlorha bigengitamd of WEAKatFiolides for

!r\r/]\FEi[(aftCE;‘,gn[lln}g% S%C{FWEttpgi %urle.c&?tel[ Pucil{hrery‘}our wl_alll’slﬁeas? aI-lrtlbO ll(eslvxc/:esr(e) dL{%g{eHﬂ\Jzithwur i ne

anti-rabbit-HRP antibody diluted 1:5000 in blocking buffer, for 1h at room
temperature. Signal was developed by addition of ABTS® (Roche Diagnostics

15 GmbH) for 10-30 minutes after another four wash steps. Absorbance was read out
at 405 nm.

Example 3
Half-Life determination of the antibody-TWEAK complexes using Biacore

A Biacore 2000 instrument was used with a Biacore streptavidin coated sensor
20 mounted into the system. The system buffer HBS-ET (10 mM HEPES pH 7.4,
150 mM NaCl, ImM EDTA, 0.05% Tween® 20) was used at a flow rate of
100 pl/min. The sample buffer was the system buffer. Biotinylated human soluble
TWEAK (amino acids 99-249 of SEQ ID NO: 60) and biotinylated murine soluble
TWEAK (amino acids 81-225 of SEQ ID NO: 61) was immobilized on different
25 flow cells on the SA sensor at 150 RU each. The flow cell FC1 was used as a blank
reference cell. Each antibody was injected into the system as an analyte at 100 nM
at 100 pl/min for 2 min association time. The dissociation of the immunecomplexes
were monitored for 5 min. The sensor surface was washed with HBS-ET for 10
seconds and regenerated using 2x2 minutes injections with 10 mM glycine
30 pH 2.25. This procedure was done at 25°C. The kinetically rate limiting step of the
complex dissociation phase in the interval [240s-300s] was taken to calculate the
dissociation rate kd [1/s] (Biacore Evaluation Software 4.0). According to the
equation t1/2 diss = In(2) / (60 x kd), the half-life of the immunocomplexes in
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minutes was calculated. Results are shown in tables 5a and 5b, as well as in table
6b.

Table Sa:

Antibody

Human TWEAK
t/2 diss [min]
25 °C

Murine TWEAK
t/2 diss [min]
25°C

TW-301chi

Chimer"”

110

n.d.

TW-304chi

Chimer"”

37

n.d.

TW-305chi

Chimer"”

147

39

Chimeric P2D10 Chimer"” 76 41

Y- human constant regions of the human kappa light chain constant region of
SEQ ID NO:49 and the human IgG1 constant region of SEQ ID NO: 51

In a further experiment the half-Life of the antibody-TWEAK complexes (t/2 diss
[min] at 25 °C) of the chimeric TW-305chi and the chimeric version of P2D10 of
WO 2006/130374 was determined (both chimeric antibodies have as human
constant regions the human kappa light chain constant region of SEQ ID NO:49
and the human IgG1 constant region of SEQ ID NO: 51)

Table 5b:

Antibody

Human TWEAK
t/2 diss [min]
25°C

Murine TWEAK
t/2 diss [min]
25°C

TW-305chi

Chimer"”

148

41

Chimeric P2D10

Chimer"”

76

41

Y- human constant regions of the human kappa light chain constant region of
SEQ ID NO:49 and the human IgG1 constant region of SEQ ID NO: 51

The antibodies according to the invention show a valuable properties like a half-
life of a complex between soluble human TWEAK (amino acids 99-249 of SEQ ID
NO: 60) and antibody of 100 minutes or more, preferably of 110 minutes or more
at 25°C, measured by Biacore. Anti-TWEAK antibodies showing such half-life are
especially preferred for use in the treatment of autoimmune diseases, theumatoid
arthritis, psoratic arthritis, muscle diseases, e.g. muscular dystrophy, multiple

sclerosis, chronic kidney diseases, bone diseases, e.g. bone degeneration in

Chi nmer



2.6 4.9 104 WD 2012/ 045671PCT/ EP2011/ 067070 - 25 - Table 6b: Anti body
SEQ DI C50 NGs Interaction Inhibition IL8- Secretion [ng/m] Biacore t/2
di ss. [mwWD201244p&m [ng/ mM] Murine 1C50 [ng/mM] 25 C heGa/EP2G1061900 | ne 37
C human 37 C nmurine 27 27,41 2.3
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multiple myeloma, systemic lupus erythematosus, lupus nephritis, and vascular

injury.

Example 4
Neutralization of TWEAK-Fn14 interaction (human)

5 Blocking of human TWEAK/human Fnl4 interaction was shown by receptor
interaction ELISA. 96-well Maxisorp® plates (Nunc) were coated with 100 pl

1 ug/ml human Fnl4:Fc (extracellular domain of human Fnl14 (amino acids 1-75)

fused to Fc portion of human IgG1) in PBS per well for 1.5 h at room temperature

and blocked with a solution of 5% FBS in PBS for 30 minutes at room temperature

10 under shaking. In the meantime, human Flag-tagged soluble TWEAK (amino acids
106-249) at 2.5ng/ml in blocking solution was incubated with different
concentrations of anti-TWEAK antibodies or hybridoma supernatant for 2 h at

room temperature under shaking. After washing the Fnl4-coated plate once with

wash buffer (0.1% Tween® 20 in PBS), 100 ul of the TWEAK-antibody solution

15 were transferred to each well and the plate was incubated for 1h at room
temperature, followed by four washes with wash buffer. Wells were filled with

100 pul of anti-FLAG-HRP detection antibody, diluted 1:5000 in blocking buffer,

and incubated for 1 h at room temperature. After four more wash steps, the signal

was developed by addition of 100 pl 3,3,5,5-Tetramethylbenzidine (TMB) solution

20 for approximately ten minutes. The reaction was stopped by adding 100 ul of 1 N
HCI, and absorbance measured at 450 nm (reference wavelength 620 nm). Results

are shown in table 6.

Example S
Neutralization of TWEAK-Fn14 interaction (mouse)

25 The mouse TWEAK/mouse Fn14 interaction ELISA followed a similar principle as
described for the human proteins but used a different detection system, as mouse
soluble TWEAK was not tagged. Briefly, Maxisorp plates were coated with mouse
Fnl4:Fc¢ (extracellular domain of mouse Fnl4 (amino acids 1-75) fused to Fc
portion of human IgGl) as described above for human Fnl4:Fc, followed by

30 blocking and washing. Mouse soluble TWEAK at 4 ng/ml was pre-incubated with
anti-TWEAK-antibodies or hybridoma supernatant in blocking buffer and 100 ul of
the mixture were added per well of the Fnl4-coated plate. After 1 h of incubation at
room temperature and four washes, biotinylated anti-mouse TWEAK antibody at

125 ng/ml in blocking buffer was added for 1 h at room temperature, followed by
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another four wash steps. The TWEAK antibody was detected by incubation with
streptavidin-HRP, diluted 1:5000 in blocking buffer, for 30 minutes at room
temperature. Signal was developed and absorbance measured as described above.
Results are shown in table 6a and 6b.

5 Example6
IL-8 Secretion ELISA

Blocking of TWEAK activity by anti-TWEAK antibodies in a cellular system was
shown in an IL-8 secretion assay using A375 melanoma cells. 10,000 A375 cells
(ATCC #CRL1619) were seeded per well of 96-well cell culture plate in 100 pl of
10 growth medium (DMEM with 45¢/l. glucose, with pyruvate and
GlutaMAX™ /10% FBS) and incubated at 37°C/5% CO, for 48 h. Human
recombinant soluble TWEAK was pre-incubated at 300 ng/ml with different
concentrations of anti-TWEAK antibodies in growth medium for 30 minutes at
room temperature. Then, 50 pl of the mixture were added to each well of the cell
15 plate, followed by another 48 h-incubation to allow for IL-8 secretion. 20 ul of the
cell supernatant were removed after centrifuging the plate for five minutes at
200 x g and mixed with 980 ul of RDS5P Calibrator Diluent from the “CXCLS8
Quantikine ELISA” kit (R&D Systems). IL-8 was detected by the ELISA

according to the manufacturer’s instructions. Results are shown in table 6a and 6b.

20 Table 6a:
Antibody Inhibition of TWEAK-Fn14 IL-8 Secretion
Interaction IC50 [ng/ml]
Human Murine
TWEAK TWEAK
IC50 [ng/ml] | ICS50 [ng/ml]

TW-301 Rabbit 3.4 4.7 128

TW-304 Rabbit 2.8 3.6 109

TW-305 Rabbit 2.5 33 99
TW-301chi Chimer 2.8 6.4 121
TW-304chi Chimer 2.6 4.4 122
TW-305chi Chimer 2.6 4.9 104




2.3 7.6 207 50 17 45 15 31 29,44 1.7 7.1 94 115 19 151 19 32 31,45 1.5 5.4
134 67 17 50 20 33
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Table 6b:
[nteraction
[nhibition Biacore t/2 diss. [min]
Human [Murine [[L8-

SEQ  IDJIC50  [IC50 [Secretion [25°C [25°C [37°C [37°C
Antibody[NOs [ng/ml] [[ng/ml] |[ng/ml] |human jmurinejhuman |murine
27 27,41 2.3 8.2 197 110 19 147 19
28 27, 44 1.5 6.5 165 87 19 115 17
29 27,45 1.8 57 78 146 22 195 21
30 26, 47 2.3 7.6 207 50 17 45 15
31 29, 44 1.7 7.1 94 115 19 151 19
32 31, 45 1.5 54 134 67 17 50 20
33 29, 41 1.7 6.7 26 127 19 99 15
34 29, 39 1.9 5.9 24 158 22 185 20

Example 7

Determination of the epitope region of TW-301, TW-304, TW-305

5 A Biacore 2000 instrument was used together with the Biacore Evaluation
Software 4.0. The sample and system buffer was HBS-ET pH 7.4. Due to strong
unspecific binding of the TWEAK analyte to the sensor surface epitope mapping of
individual antibodies could not be done as usual by a Biacore cross-competition
experiment as described by Johne, B. et al., J. Immun. Meth. 160 (1993) 191-198.

10 Because of the individual biochemical properties of the TWEAK protein another
method had to be developed using TWEAK as ligand. Biotinylated TWEAK was
immobilized on the streptavidin-coated chip surface and epitope coverage of
consecutively injected antibodies (antibody 1) was measured. The aim was to
detect the relative binding levels of a secondary antibody (antibody 2) in the

15 presence of an already bound primary antibody. From these relative binding levels

a quotient was calculated (Ab2/Ab1, molar ratio given in %, table 7).

5 nM of biotinylated TWEAK was immobilized at 20 pl/min for 1 min on a
streptavidin coated sensor flow cell. Primary and secondary mAbs were

consecutively injected at 10 pl/min for 4 min into the system at 100 nM each until



29,41 1.7 6.7 26 127 19 99 15 34 29,39 1.9 5.9 24 158 22 185 20 Exanple 7
Determ nation of the epitope region of TW301, TW304, TW 305 5A Bi acore
2000 i nstwoOrzerto49&rs used together with the Bi acore Eval raTiEppo1sobtonare 4. 0.
The sanpl e and system buffer was HBS-ET pH 7.4. Due to strong unspecific
bi ndi ng of the TWEAK anal yte to the sermsor surface epitope mapping of

I ndi vi dual anti bodi es could not be done as usual by a Biacore
cross-conpetition experinment as described by Johne, B. et al., J. |nmun.
Meth. 160 ( 1:98@jtichaH-th®BspdddiBe dAMEAKoépitopes wasdlachiched! Abiaoefeeamice ah SA
properties TVEAK, R I n anot her nethod had to be devel oped using
TWEAK as |i3§ﬁ§5%§iot|§V%éﬁgg TWEAK was i nmobilized on the

streptavi din-coated chip surface and epitope coverage of consecutively

i nj ect ed antihsotyses pantyaskry with %@-Eﬁ&ﬁeéﬁc AR Bl mEdlopwddut @ t he
rel ative bi ngidigratiod &leps Kfiithal SECasdaglymang MadydH@nindbiodym ) HCD Thase

15presence of an al ready baund primary anti bgdy,., Fraomthese relativ
i ndi ng | eveaFETAT9B, e SHRReC Rftc Hical el FESFATPM M5 SFSPEEPERG B i n o
table 7). immobilized biotinylated TWEAK was irreversibly denatured. The process was

repeated by the immobilization of native biotinylated TWEAK protein (feed batch
mode) on the same flow cell until the streptavidin sensor surface was completely
saturated by biotinylated TWEAK.

10 Table 7:

MR %

Antibody 2

Antibody 1

TW-301chi

TW-304chi

TW-305chi

TW-301chi

0

6

9

TW-304chi

0

0

3

TW-305chi

0

1

0

The crossblocking experiment shows accessibility values of the respective
antibodies smaller than 10 %, which is within the noise of this assay. It is clearly
shown, that TW-301chi, TW-304chi and TW-305chi bind to the same epitope

15 region.

Example 8
In vivo-inhibition of collagen-induced arthritis (murine model of rheumatoid

arthritis) -Antibody 305 (chimeric ; TW305) inhibits collagen-induced

arthritis, a murine model of rheumatoid arthritis.

20 Male DBA1/J mice (Jackson Laboratory, Bal Harbor, Maine), 6 to 8 weeks old,
were immunized with type II bovine collagen in complete Freund’s adjuvant and
again in incomplete Freund’s adjuvant 3 weeks later (boost, day 0). Mice were
administered with chimeric antibody 305 (=TW305, see Figure 1) (10 mg/kg,
n=12), Enbrel (10 mg/kg, n=12) or vehicle (phosphate buffered saline, n=12) every
25 other day starting the day before the boost. Mice were examined for arthritis on day
0,2,5,7,9, 12 and 14 after the boost. Severity of arthritis was scored based on the
following criteria: 1= swelling and/or redness of one digit; 2= swelling in two or
more joints; 3= gross swelling of the paw with more than two joints involved,;

4= severe arthritis of the entire paw and digits. Compared with vehicle, TW-305



5 nM of biotinylated TWEAK was i mmobilized at 20 ill/mn for 1 mn on a

streptavidin coated sensor flow cell. Primary and secondary mAbs were
consecut iwel12m@pe@et ed at 10 ill/mn for 4 mn into thePSysPeomAas70100 nM
each until - 26 - saturation of the respective TWEAK epitopes was

achieved. As a reference an SA coated fimow cell was used. The system was
washed with HBS-ET for 20 sec at 30 [tl/mn followed by two regeneration
steps with 1 min at 30 [tl/mn 6 M GadHCL and 100 M HCl. These 5

regener at i onsigiifeEstlygtredyzpe dliofchl sdveeshi@srdSmilns 1#), by 4 kienibe msagnitsde face and
i mmobi |i zed i 0t VEAK i ensthl: ured. The process was
repeated by ttﬁg)tf:t%%?ﬁg)zcgti on r%}?ﬁﬁ%@t{s\%e h?)g{?lilﬁg/: ?é;?j TWEAK protein (feed
bat ch node) on the same flow cell until the streptavidin sensor surface was
conpletely saturated by biotinylated TWEAK. 10Table 7: MR % Anti body 2

Anti body 1 TwW301chi TwW 304chi TW305chi Tw301lchi 0 6 9 TwW304chi 0 0 3
TW 305chi 0



1 0 The crossbl ocki ng experinent shows accessibility values of the
respective antibodies smaller than 10 % which is within the noise of this
assay. |twpoyesemy shown, that TW301lchi, TW304chi amrdT/RRR@AHG6HI70 bi nd to
the sane epitope 15region. Exanple 8 1In vivo-inhibition of

col l agen-i nduced arthritis (rmurine nodeig of rheumatoid arthritis) -Antibody
305 (chineric ; TWB05) inhibits collagen-induced arthritis, a nurine nodel
of rheumatoid arthritis. 20Mal e DBAl a m ce (Jackson Laboratory, Bal Harbor,
Maine), 6 to 8 weeks old, were i nmhitegdCkim$ type |1 bovine collagen in
conpl ete Freund's adjuvant and again in inconplete Freund' s adjuvant 3

ks | b bod
\:Ig\gg ? T\?\%Sé 1(Sgg@r'ﬁbog$¥n&%n Mlﬁﬁn TWE%@ gHa%c rfazgii‘%r thy H(ﬁgra!s%egv ' 0 y

vehi cl e (phosphé’@@nb@flﬁ@ﬁ@@n@wgﬂ 1162) {Qam Yhexgyop peips agogtSEQ g the
day before the boosg.icMrea were exanmned for arthritis on day 0, 2, 5, 7,
9, 12 and 14 after the boost. Severity of arthritis was scored based on the

following crjteria: 1= swellin nd/ or d ss of one = sme ling in
t wo o\rNg nor e % T e %@a‘&a?éﬁ i R of f‘ﬂ p&W'9RS h gﬁ&ge{ihan % joints
i nvol ved; 4= se\aémé aaranhbody som[bnsulh'ga@ratmble ll;ght/vclamm oﬂ|S@Q ) NOripadedd wi t h
vehicle, TW305 .44 tug&g |can%hMPreduc cligk es ( 505, day

14), bya3|mlar magni to tha t he TNF bIoc er rel. suits are
shown in Fi gure bj.of an apgbodypgerapisiay aiviesialle Aight Blaady 05|SE&J H3 N@Orandem  TVEAK,

characterized by gemeri su{ggv S heayy chapmn vagE@bI e gomai nyGHOR3H sg} ect ed

fromt e group istin Q | D NO

5. Chilfter | ¢, humhios a8GP QF@I ‘foé‘mr’cSH‘&e%lﬁﬁI‘%{leeé%r‘ihé%"f $5Q 4P HQ:- drandgbdy
conpri sing a vaniaghbble heavghthamhall SEQID 8§21 D NO 1 and a

vari abl eheavychai nof SEQ DNO. 5, b) of an anti body conprising a variable

| i ght chai n of yvari chai nof SEQ DNO 13or 10c) of
an anti body 32()”%5%1'0?6'\@03%? @al\ﬁ?ﬁ %?J‘agggl%élof SEQ ID NO 17 and a

vari abl e heavy chal n of SEQ ID NO 21.
by comprising CDRIH of SEQ ID NO:6, CDR2H of SEQ ID NO:7,

CDR3H of SEQ ID NO:8 and CDRI1L of SEQ ID NO:2, CDR2L of SEQ ID

15 NO:3, CDR3L of SEQ ID NO:4, or
b) by comprising CDRI1H of SEQ ID NO:14, CDR2H of SEQ ID NO:15,
CDR3H of SEQ ID NO:16 and CDRI1L of SEQ ID NO:10, CDR2L of SEQ
ID NO:11, CDR3L of SEQ ID NO:12, or
¢) by comprising CDR1H of SEQ ID NO:22, CDR2H of SEQ ID NO:23,

20 CDR3H of SEQ ID NO:24 and CDRI1L of SEQ ID NO:18, CDR2L of SEQ
ID NO:19, CDR3L of SEQ ID NO:20.

4. Antibody binding to human TWEAK, characterized by comprising by
comprising CDR1H of SEQ ID NO:6, CDR2H of SEQ ID NO:7, CDR3H of
SEQ ID NO:8 and CDRIL of SEQ ID NO:2, CDR2L of SEQ ID NO:3,

25 CDR3L of SEQ ID NO:4.

5. Antibody binding to human TWEAK, characterized by comprising CDR1H
of SEQ ID NO:14, CDR2H of SEQ ID NO:15, CDR3H of SEQ ID NO:16
and CDRIL of SEQ ID NO:10, CDR2L of SEQ ID NO:11, CDR3L of SEQ
ID NO:12.

30 6.  Antibody binding to human TWEAK, characterized by comprising CDR1H
of SEQ ID NO:22, CDR2H of SEQ ID NO:23, CDR3H of SEQ ID NO:24



Anti body according to claim1l, characterized a) by conprising COR1H of SEQ
I D NO 6, CDR2H of SEQ ID NO 7, CDR3H of SEQ ID NGO 8 and CDRLIL of SEQ ID

NO 2, CDR2020f2/88311 D NO 3, CDR3Lof SEQ DNO 4, or b) by ceepmpPimyge®DRIH of
SEQ I D NO 14, CDR2H of SEQ I D NO 15, CDR3H of SEQ ID NO 16 and CDRLIL of SEQ
| D NO 10, CDR2L of SEQ I DNOG 11, CDR3Lof3EQ DNO 12, 0or c¢) by conprising CDR1H
of SEQ I D NO 22, CDR2H of SEQ ID NG 23, CDR3H of SEQ I D NO 24 and CDRLL of
SEQ I D NO 18, CDR2L of SEQ ID NO 19, CDR3L of SEQ ID NO 20. Anti body

bi ndi ng t o humarand\WK] L ohSEQCHENCz €8] GIYRZlowp SES) Hy N6y 12, dPpPRBkiof ECDR1IH of
SEQ I D NO 6, CDE@&(I? oSEQ ID NO 7, CDR3H of SEQ ID NO 8 and CDRIL of SEQID
NG 2, CDR2L of I%NO3 CDR3L of SEQ ID NGO 4. Antibody binding to human
TWEAK, characterized by conprising CDRLIH of SEQ ID NO 14, CDR2H of SEQ ID
NO. 15, CDR3H. of ASEBOAD auenrdmeaiedclamrer chirageryedipNeomprisieprR (2 B#ia8kD | D

NG 11, CDR3L of li2hEeHdh bﬂsE@ IDAYO! bPayd BividbdhdRy feuﬂmfi NO 41

chacscLerzed B%"% SRS, N | R Rl SEG P 73

NO 19, CDR3L of %E@IIDIN(NOFQOJ) a Aari@biiei 1iphd yhao o6 ISEQNED NO: cfl7aamil zﬁyarlable

v abl o neayy LR EbF SEBTANKES ) Svidtil SNy SR KD 17 AN
SEQ I D NO 27 antida vareblebheavhehsip ofhdi@ [BfNGEQT] © Nepriabe hgblt chaymef abl e
light chain of f?ﬁi% i N6 ZQZn@QQa@abY@ﬁéa@g|cﬁalﬂQﬁ“S§EQ;h9'N’D of4 PERARLNO. 45,

d) a variable | chail ari.abl e _heavy chain of

SEQ | BPNO. 47, éag EC%IFP%%E@ IW% 31:5%%%@%&%@4%0&@1 S SEENP Qi 4ri abl e

giaVydChal n _Of bI%EQ Vdpiabi hglﬂ,chfa]]}l %{‘EFJEGIQBEDNQ) 2D0addi Qhﬁrléﬂl@lhgaln@f clﬁEQof DhNO
and a varia chain o . c ain

of SEQ 1D Mo 2o ERIINC ST b vy i pr B PR S ane

vari abl e |ight dkavynclain SESEQ IDNE®: D and a vari abl e heavy chal n of SEQ | D

NO 39. 8. Antibody according to claim®6, characterized by conprising a

variabl e |ight A!Iﬁlb%ﬁ% a@ccﬁamg‘%@c AN Pgré %‘qgedabl%@éﬂlgl@ n%g%}’i)(blg h%rp of SEQ

ID NO 41, b) a varia ain’o varla e heavy

chai n18f SEQ I DR@n of. ZVQ/a?r% W) aevariagletheawy chpip pf SEQ IDDNNOA12) &and a
vari abl e heavy Gvfaaatﬂe gh%d& 1144\10d27 é’nd/a?‘{/ziraébleehéaklﬁbﬁalﬁbﬁlSE SEQ I D

NO 29 and a va eav &%Eabgl?t f’f%éﬁ@ﬁﬁﬁ?lnz%?n&@ap F’\Ilcgaea e Ilght

chain of SEQ 20I
Ant i body accor dlclhgmtaf SHQIINNOD: ¢hat) actagiablzdbhbyhan o6 SEONHD) INGh 25f anal a/arl abI e

consi sting of SN TRe Ry Sl PR 1B R 4370 GO RBIIEL A S SEE, 96°1P
28/ 402029/ 41, 30DALO: 29 pura v@mbletheagstlisn o8SEQED 86/ 37, 36/ 48, 56/ 57,
58/ 59. 2510. Antibody according to claim6, characteri zed by conprising a

variabl e heayy %ﬁib@dﬁﬁcéfcﬁ‘&lhg% %1ahmg¢1tzh£rﬂaamzeaedye§&&ﬂbﬁla@m M"@v&%ﬂ@g)gf -

vari abl e heav t chai ns of ,

32, 33, 34, 35, Vbt clign sepiencolvangple El?sﬂ@w@ amzfeque@ie S@Qigcteﬁronhﬁle 98P 46, 47,
48, 57, or 59. consisting dﬂSE(E’ﬂ]BFNl@QéSE(D(IEN@(ﬂT}QﬂSLUWQm AT, V3 2789, by
conprising an a 0 g i to

anti body accord /LR) g¥/4?’aﬁ)?r%£fq 4§ i%ﬂ?’orﬁéﬂéé‘%‘r% ?/%Ten%/ %’gg/%c%?”

aut oi mmune di seases rheumatoid arthritis, psoratic arthritis, rruscl e
di seagés, e.l§. n%§$@ﬂaa0@w@ng®@h@unﬁucmﬁgn@u@dbemogmgwnghﬂ@ﬁawekmdney
di seases, bone Qi §R3%CariaBledtia Q%%lnd%&%‘d ﬁfonoﬂ‘le'g}oﬁ@”o? IR} £b18%8AR By
system ¢ | upus 5er¥t henmat osus Bus nephritis hd ‘'vascul ar injury.
light chains of SEQ’IDN 17, 25,26, 27, 28, 29 30, 31 32, 33, 34, 35, 36,

56,58, 21, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 57, or 59.

11. Pharmaceutical composition characterized by comprising an antibody

30 according to claims 1 to 10.

12.  Use of an antibody according to claims 1 to 10 for the manufacture of a

pharmaceutical composition.



14. An antibody according to clains 1 to 10 for the treatnment of colon,

| ung, or pancreatic cancer. 15. Use of an antibody according to clains 1 to
10 for nawoRatds&@1of a medi canent for the treatnment of PCREPRI11/06T070
aut oi nmune di seases, rheunmatoid 10 arthritis, psoratic arthritis, nuscle
di seases, e.g. nuscul ar dystrophy, nulijgpl e sclerosis, chronic kidney

di seases, bone di seases, e.g. bone degeneration in nultiple nyel ong,
system ¢ | upus erythematosus, |upus nephritis, and vascul ar injury.

16. Use of ai. amin kotlyodycawmodiing t¢ elathailng 10tfor e troatmeanwf asbereonf a

15nmedi cament f or, Wnﬁ%@%}s@mg gEurﬁe%‘& hln'ﬁggpso&lrticQﬁﬂﬁﬁ?%ds%]gccﬁ&g&ry 17.

Nucl ei ¢ acid encodli ng an anti y acco
Expressi on vect 6% BhERHE tdypirory. Wl%@ﬁrﬁcl%¢% cara kidngy segsesc€orddi ng t o

claim17 for th%@éwse%sg Oporf d@@en’éﬁ&ﬂoﬁoﬂb’ n%lﬂ en%y%ani'é VEQKtenfic Alupus
prokar otic or eu otlc ost cell. 2019. otlc or "eukaryotic host

cel | npri si ng eé)’ ?t8§us bt oY Utsdmél"&? aISHJu Met hod for the
productlon of a reconbi nant anti body according to claims 1 to 10,
characteri zeld. byArexpitesg iangprdinguo lckiiis dabd Oafoc dredireagme aflcalam luhg) or a
prokaryotic or S%Fa%g L ig fost cell and recovering said antibody fromsaid
25cell or the c ture Supernatant. 21. Method for the treatnent of a
patient suffering fromcancer or from autoi mune di seases, rheunmatoid
arthritis, pdordfsecohrnhgitivody aspeding 8 skamesl te 1§ ferusworactuay Sfraophy,

nul tiple scl er 0%h&hca%ﬁ'n@ﬂirthtrgﬁﬁﬁénﬁéf&%ﬁ%%r RNt eRf8Ses, BelmatdRne
degen? atlon in | .t.i ple ny sy st%glc Iugus 3%%4 yt hemat osus upus
nephr i and ASEHP-AIOTHE @Pﬁﬂ% iHsaler diersss o BymlhH A B U KR
pati ent an ant i Boldyosag ehrodicnkidhey disadse® bbnk alisk@ses, e.g. bone degeneration in
multiple myeloma, systemic lupus erythematosus, lupus nephritis, and

vascular injury.

16. Use of an antibody according to claims 1 to 10 for manufacture of a

15 medicament for the treatment of colon, lung, or pancreatic cancer.
17.  Nucleic acid encoding an antibody according to claims 1 to 10.

18. Expression vectors characterized by comprising a nucleic acid according to
claim 17 for the expression of an antibody binding to TWEAK in a

prokaryotic or eukaryotic host cell.

20 19. Prokaryotic or eukaryotic host cell comprising a vector according to claim
18.

20. Method for the production of a recombinant antibody according to claims 1
to 10, characterized by expressing a nucleic acid according to claim 17 in a
prokaryotic or eukaryotic host cell and recovering said antibody from said

25 cell or the cell culture supernatant.

21. Method for the treatment of a patient suffering from cancer or from
autoimmune diseases, rheumatoid arthritis, psoratic arthritis, muscle diseases,

e.g. muscular dystrophy, multiple sclerosis, chronic kidney diseases, bone

diseases, e.g. bone degeneration in multiple myeloma, systemic lupus

30 erythematosus, lupus nephritis, and vascular injury, characterized by

administering to the patient an antibody according to claims 1 to 10.



