WO 2007/ 129895PCT/ NL2007/ 050202 1 DEI MVUNI ZED ANTAGONI STI C ANTI - HUVAN CD40
MONOCLONAL ANTI BODY FROM THE CH5D12 ANTI BODY The invention

rel at es twohwoeranzossiunani zed and nonocl onal anti bodi es wprCh/Niear7@aswel

i mrunogeni city, uses and net hods of production thereof. The invention in
particular relates to antagonistic anti-human CD40 rmnocl onal antibodies. 5

The CD40 ol gepfplSe Aﬂ?ﬁll&h‘&%lﬁﬂ'@@%ﬁ%ﬂ)‘ 'ALAENWBd)éYeXpressed
on B cells, m)nocyt es/ macro ryd %l’%ﬁ&é and activated
endot hel i aI cells.'-5 Under (';: Vi 'H 0 can al so be found on
fibroblasts, epithelial cells and ker at| nocytes.7 CD40 |igand (CD4QL, 10
CD154), a 32 kDa tﬁ[f)e Il integral nmenbrane gl ycoprotein, is transiently
expressed on act i vatheginvention relates tg hpman, ‘Illlnap‘é)‘f%ill and sronsclonali vat ed

coll types Sifeodles FififihRlieg SR URRART hor? 400, ARURAR A HSGaRhuifh

eosi nophi | shekXst. BhE iRV M0 118 paBticdlhr ¥Blates to amtakbristid Hnﬁ‘-l'i]!lﬂ@n@ﬂ@bs
have clearly denonstrated the involvenent of the OL-CD40 interaction in

t he pat hoptpenetlegsl attibedipsus aut oi nmmune di seases (for review, see
refereng,el2). Evidence from CD4OL transgenic mce, which acquire |ethal
infla tory bowel disease, provided the first evidence 20 that CD40 CD40L

interacti ons m gie &N Moftude {soé %O'HD& bR PRLAEERAR gly%%/ao@%ﬁlam@isor y

bowel diseases. 13An anti - nouse nonocl onal ant1 bod effectively
prevent s mexpsessedrfl Broedlisi mmn@uwteshn&clfophages? dendditid cedls (YCd)aamcha propri a
CD4+TceIISJnTBS| 141 n a Severe Co

| munodef i @%aje eﬁl@igéﬁﬁ b G TR la&a@ lfmse adedf o plssshe foupds

shown that f7f BfJB‘iQéC};sV‘hERhél” fc‘fgih {gé g| C QaaVCﬁ4OTI'1% ci d‘JBSiBﬂS“ tution

conpl etely prevente nica appear ance expeflnental
coliti 4015 CDAG4EEN3E kD adtyiple- I@Eﬂ@graUmemb)tarr@tglyaoﬁmwmy\m&aﬁsmm T-cel |
reconstitution could still prevent progression of the disease and_treated
ani mal s shcwPdessegravaeiivated CRAL deedlsande smal bn@plhlia&mqu's}ﬁ ivpged CD8* T
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addi tion, r&ﬁgr?sl\ét it ﬁ&y%()% ?ﬁ%@o%%n@geﬁ%?wﬁr% et Ps egmqeﬁgcéf’g&x% Sout
mce, furt hetedemmrgidntigdudies araerbilal bdwbhilel BUSHELeeiR6SInS, HECQ' agdl | s
i n di sease devel opnent and interl eukin-12 production.15 5

CD40- CD4AOL platedetect®i’dn can be antagoni zed with nonocl onal anti bod| es ( Mabs)
agai nst,__ei ther CD4COL or CD40. The expression of CD40OL on activated

pl at el et’s has resulted in thronbo-enbolic events during treatnent of hunmans
with 19G anti- Huﬁ‘f?é)ﬁloﬂblshhﬁshf"éleQﬂ%edérﬁUﬁéﬁat%ﬂdthjeQnR/@N@nE@{t'(ﬁ‘n of
t he devel opnent of these Mabs. 17,15 Antagoni zing CD40 therefore seens a
nore att radihev(éD&Ohr(bEdb 1nﬂ'drmct10n-mtthm;iaahqnlwsm]togg@rﬁ ivatriousacttoimmynef Mab
5D12 (antlc£g 0) was deno trat n . vari Qus IM”O st udj es, usi ng
di fferent @asl?éa( rrf@"é‘é’?”l SeyiS §n2 1danegfrom £ I(E%’S‘I%E?’)llcafﬁ’cc&gonl st

activity d ; ase
act LY Yavnidh A AR Ral it Rdie] a@gr%g(ﬁwngg@lggg%ﬂ MPe A THB AR LG nee
cont ai 20ong thiae CIDLOGDAEY, uﬁﬁélractdmmighohlsbhﬂaﬁ@a\oye anché pathiogehasiofof

5D12 and was constructed to_reduce the potential_ for inmunogeni ci ty and to

enhance t hdnflaminatonypgwel; digeagest'hAnmptimeowt® O DO mpaaclgsabantibedyans.

(Mab) effectively prevents mucosal inflammation and interferon-y production

by lamina propria CD4* T cells in TNBS-induced colitis.14 In a Severe
Combined Immunodeficiency (SCID) mouse inflammatory bowel disease model
25 it was shown that treatment with anti-CD40L from the day of T-cell
reconstitution completely prevented clinical and histological appearance of
experimental colitis.!® Furthermore, anti-CD40L administration from week 5
after T-cell reconstitution could still prevent progression of the disease and

treated animals showed improvement in disease symptoms and histology



20Patients with Crohn's di sease suffer froma debilitating inflanmtory

di sorder of the gastrointestinal tract of which the precise aetiology and
pat hogene&D2007&120898 el usi ve. a 29 The di sease i s charact ecragdodsyseao2i nf | ux
into di seased nucosa of activated T cells, B cells and nmacrophages, 30, 32
| ocal production of soluble nediators of jnflammation, and damage of

i nvol ved 25 tissues.a 29Micosal CD4 T celds and macr ophages and cyt oki nes
such as tunour necrosis factor (TNF)-a and IL-12 have been shown to play a

central role in.ipitiatin n_i.nf t or¥..lQop in hn' i 2. 32:,155 T
coll &t r omeP kR ik e R of Bnl-Bhl TR Aot f Ricb Rahiith o SO TGRS
secrete i nqr gAkLHoaOWANT, BhodkEdhtymies] fhtthér deRtdRAsaddl theelsse@fiallrdle bf

associ ated 30 cytokine nRNA transcripts have been found in nucosal biopsies
f r om Cr ohn'@P4Wpexgosssizg FosbsinMisepedaysinorent and daterlqdtinei® s. 33 A

dom nant rol e of .CDAOL on the activated CD4+ T cells has been suggested in
our st udi ePTBRUHIMI T4 expression in Crohn's disease | esions. 39 CD4QOL
can nedsate a strong activation of CD40-bearing cells, predom nantly B

cell s and macrophages, thus resulting in increased 5 production of TNF-a
and IL-12 in | eSthen€D40sCh40Lnnteraletishaandrd shtagonizec wihemonbaonahg wit h

pat i onta. caRAHISIES MAbR T-Sasieeher COO ro (D205 TR Ao b BeoRD20
atients ooy thes Ot :
pat f ont & vk CrahRELEsE ARG EdOLS FARb Bl BneE A ERE b B o,

| ynphoi d f dlhehewichlcGrantiphages CD40heMubsiandighapdose. lekelsiaral propria T
cells frominflanmed mucosa of Crohn's disease patients induced nopnocytes to

pr oducd0si garmiratien gfithmdevelppment of thepeipbs 141t Antagprizige €B40ul t ure.

Addition of ,5D12 resulted in reduced |L-12 ang, TNF- I, Q0 .5 of
pr oduct i on ‘REFHOFLERFERY at%o{%%&% éYeSa%%x'so&;:@éghasnloRé t@%ﬁ%@ﬁ %gﬁ‘la%ogﬁgérlgpri a
T 15 cel | s Jefhity 6F 138 SIDEE (R Minh ETPA0)8yE dbilingtid%ed in variolusiifi vatro
obj ect of the invention to provide alternative nol ecul es that share at
| east the lstndiesfusing differand/AD4@beaciagycedltypps? 2 and chomerit 5Rd8essari | y
t he anount of id safety and/qr effic . Jhe antibody 5D12, or,at | east
the 20 var i(%ﬁé?ébﬁﬁ?@[‘gﬁé‘}%m&y Was& aii%%,ﬁqq Hb_vﬁ’é’c‘kﬁpg_ty}'ﬁap“?ﬁéonﬁpgrsnean _
| nvent '&8” gfr?r#aggﬁis%%%'%&elgfﬁ G ATPRY ¥ AAblbbRtlydiRiRe @ h&ndemai NS
of 5D1Z.° T I's end the invention provides a polypeptide conprising an
anm no aci d methelicembifiagtheantine2atidild ddbmdins oGFBXhSaRyY SuY lwhzm%mns
PG CGX2 EWK4GM MAGGG STDYS 41516& : . ..

of 5D12 and was constructed to reduce the potential for immunogenicity and to

enhance the in vivo half-life of the murine 5D12 Mab when used in humans.

20 Patients with Crohn's disease suffer from a debilitating inflammatory
disorder of the gastrointestinal tract of which the precise aetiology and
pathogenesis remain elusive.28 20 The disease is characterized by an influx into
diseased mucosa of activated T cells, B cells and macrophages,30 31 local
production of soluble mediators of inflammation, and damage of involved

25  tissues.28 29 Mucosal CD4* T cells and macrophages and cytokines such as
tumour necrosis factor (TNF)-a and IL-12 have been shown to play a central
role in initiating an inflammatory loop in Crohn's disease.32 38 T cells from
inflamed mucosa exhibit a higher proliferative capacity,?? 29 and secrete
increased amounts of IFN-y and IL-2. Increased levels of T-cell associated

30 cytokine mRNA transcripts have been found in mucosal biopsies from Crohn's



WO 201) 7/ 129895PCT/ N L2007/ 050202 4 TSLKS RLTI S KDTSK SQVX5L KNI NSL RTDDT
AMYYC 71 5VRTDG DY wherein: Xi is G A V, L, I, P, FF M WC N Q S T,
Y, D, E, WOo2R0n98ds X2 is G A V, L, I, P, F, M W C, PNI/ND20@B/050202Y, D,

E, KK Ror H X3is G A V, L, I, F, F M WC N Q S T, Y D E K R
or H 10x4is G A V, L, I, P, F,, M W C N Q S T, Y, DD E K Ror H
and X5 is G A V, L, I, P, F, M W C I{I Q 5 T, Y D E K R or H
Sai d pol ypepticle conprises extensive sequence identity with the heavy

chain vari ?i%e%sgglrﬁIe?lrI{Q.g?' I@on?&éa%&%w gtoeﬁélgﬁo(%e Yl?e;?%tgyaecea%ﬁ%e g‘ﬁ(‘Ie:III% }I%r%e

| ess 15 i nmunogerii c urman 1 ndivi dua mnis as suc

cont ext of basnanigkbady W dtatRG GACH40CDAOR! d ¥ esddn iR CroRdIChikeske
positions Xi-X5 several am no acids may be present as indicated. A binding

nol ecul e cdegpnsPhgDd0potarpmediate astrohg aictivetiohof (1a40-hearingmetishi ndi ng

ties. It has b d that product i f t.i body | I
Var hes. somBRPAIRIRRISE ls Fadttsr Ot o, HEia Fen iR PinPeven posi ti ons.

This wikl Iiﬁ:pdﬁ&t%ﬁ e TR RV HJ-hQriﬁil_QsiIaﬁE.OWsing i_mmunohis-IEB@heIIﬁYs%ﬂsF,I on
further provides a polypeptide according to the invention conprising an

am no aci d isemasced etdbing $283DQRKL 43 feo@EdGE N MKRSMpIeSHf dIEFHR AIRNEIrRHSVY

e RS rL T Spphisdisoase pationts comparad 1o non-thssased aroas. Doublé Staming for
CD40 and CD20 (B cells) or CD68 (macrophages) indicated that in the sections
from patients with Crohn's disease, CD40* cells were mainly B cells in the

10 lymphoid follicles and macrophages in the lamina propria. Lamina propria T

cells from inflamed mucosa of Crohn's disease patients induced monocytes to
produce significant amounts of I1.-12 and TNF-a after 48 h of co-culture.
Addition of 5D12 resulted in reduced I1.-12 and TNF-a production; levels of
production were reduced to the levels observed using control lamina propria T

15 cells both in the absence and presence of IFN-y.39

It is an object of the invention to provide alternative molecules that
share at least the kind of safety and/or efficacy of 5D12 in vivo, not necessarily
the amount of said safety and/or efficacy. The antibody 5D12, or at least the

20 variable domains thereof, have a murine background. The present invention
provides variants of the heavy and light chain variable domains of 5D12. To
this end the invention provides a polypeptide comprising an amino acid

sequence of formula (I)

25 1 11 21 31

I I I I
GFSX;S RYSVY WX;RQP PGKGXs EWX,GM MWGGG STDYS

41 51 61
30 | I |



8191101111 5i11i SQVX5L KWNSL RTDDT AMYYC VRTDG DYWEQ GTTVT VSS. The
abovenenti oned pol ypeptide essentially spans the vari able domain of the
heavy chawo 2067/2bg95muri ne 5D12 anti body. The anmi no aci dPSequemr®si2®2al t er ed
10 at several positions with respect to nurine sequence. The altered

pol ypepti de coupl es good bi nding properties, while at the sane tine being
wel |l tolerated by humans provided with t He pol ypeptide. At the indicated
positions various am no acids can be inserted without dramatically reducing

and/or altering at j i ! pti de when
conpared to the 15@?“?8%%%%%%%@?%%@%&%@ that a

pol ypeptide of the invention conprises a G A V, L, P, FF M W C N Q
S, T, Y, DD E, K, Ror 11 at position Xi. In this way at |east the

producti on properti’ds of the polypeptide in a manmmalian cell are not
dramatically reduced and/or altered when conpared to the original murine or
chinmeric polypeptide. In a particularly preferred 20 enbodinent Xi is G A,
V, L, P For M X3pep&pDx V. L, I, P, For M X3is G A V, L, I, P, F
M X4is G A V, L I, P F, M and 25X5is G A V, L, I, P, F, M W C
N, Q S, Twdhier¥in:These pol ypeptides are better suited for high |evel

oroducton, L1 8 TgTeL K20, 501 AR Ut K1, S08) e oh et ooy
e SN N S e b e 2
X3isG, A V,LLP,FMW,C,N,Q,S,T,Y,D, E, K, Ror H;
10 X4isG, A V,LLP,FMW,CN QST YD, E, K, Ror H; and
Xs51sG,AV,LLLP,FM,W,CN,Q,ST,Y,D,E, K, Ror H.

Said polypeptide comprises extensive sequence identity with the heavy chain
variable domain of the 5D12 antibody, however, the polypeptide is less

15 immunogenic in a human individual administered as such or in the context of
an antibody comprising said polypeptide. At the indicated positions Xi-Xs5
several amino acids may be present as indicated. A binding molecule
comprising a polypeptide of the invention has good CD40 binding properties. It
has been noted that production of the antibody in a cell varies somewhat with

20 the kind of amino acid at the indicated positions. This will be detailed

elsewhere herein below.

The invention further provides a polypeptide according to the
invention comprising an amino acid sequence
25 |
1 11 21 31

l l l |
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSXiS RYSVY WX:RQP

30 41 51 61 71



X4is G A V, L, Il or M and 55CG is P, F, W N, Q S, T or Y. These

pol ypeptides are better suited for high | evel antibody production while at
t he sane wOrR07#RPEISI ti ng good tol erance properties in aPRuMAR00705€202
invention further provides a polypeptide of formula (I) wherein Xi is L; X2
isl; Xais P, X4is M and/or X5 is S. This polypeptide is particularly
preferred 10 because of its excellent prdéduction properties in the context
of an antibody that m m cs the binding and pharnacol ogi cal properties of
anti body ch5D12 whﬁr eas i nmmunol ogi cal properti ei are inpr 0\1ed i n humans
when conpared to the nurine or ch5D12 anti body and wherein'at | east
production of the PGRGHREWXCHM MWGEeSTDYE TEUKSIRIAISKPTSIONPared to
the nurine or 15 chinmeric counterpart. The invention further provides a
pol ypeptide of fornula (1) wherein X1 is I;X2is V, X3is P, X4is M
and/or X5 is S. This pol yéllepti de is pabtcli cularly prﬁégrred becauz«{hof its
excel l ent production properties in the“Context of a nti body th m m cs
t he bi ngli ng and phar macol ¢gi cal propertjies of antibogy ch5D12 20 er eas

i mmunol ogi cal properties are inproved in humans when conpared to the nurine
or ch5D12 anti bodyS@VKslhEMNSLaR TDIE AMYYEC YR TIDGID YIWE QG TIPEDP VIS i s
not dramatically reduced when conpared to the nurine or chineric
counterpart. 25 An anti body that deviates at |east at one
position X i j t [

posi tions, Tﬁggd%tg italg?lgifmrr%&i oll%g?@a J%%ég%é%%ﬁ&waﬂgﬁt@gﬁ%ﬁ;é I?rita(@arﬂlgi{@c1 ﬂg)l‘_gfge

anti body i heavyrehsin éfithe pueirer 5082 anibibddyeThe afminecivid e dlhattcas dlfiged

i nvent jon gr eferagl y provides a 30 pol ypeptide according to the invention,
wher ei H) X8t SQvarajRASHEONSIVIG TREPGCE tp TRREINe\ReI RO et pelypentde50202

7X2is-1; [T i ; X2 is VY. .The | ypept i des
are parti cﬁ(fﬂaelhg/ gg?gp 21}(;%15 q%r?b(e:lét%sl ﬁ%}%lyezﬁé_%ﬁ%a%ﬁ t%le\séea;lg %?ﬁlptsd‘lg\)ﬁa@%‘%gyﬁ
i s either huefarfs plovidabwetlbeldi plpbeptide] Ay €hd irtlicatedvidiesions PRFYASPL i de
according to the invention, wherein: Xi is L; X2 is V, X3is L, Xit is L

and X5 i s FMIPP@gistetasnbsingertast withwus sirevasidadiymgdvaing pol/ppejterig ats very
anmns whelr Bb iR S PEtehe BB ona? BB S R heh Sraorabiotie 1o 1"
pol ypers i derighiilthlidg pIyP&ptaed dt %@9%%d%¥%§>d§%§%%i%gﬂhMe%fbh X1

isLand X2 is |; or XI'is I and X2 1s V. This de conprises a
nodi fi ed CORnpuoisesaasila, Nedy P, EhnW1C, MrQa8) €, ¥ Byde A, R Ohils aCpRiition

i t t di ff t i id wh d to.the CDR1 of
ST RS T AL e A R R S R
bot h | eads pifin iaNqvad b%@&ﬁﬂ?&ﬁbaﬂ’i R QltEFéjd th%ﬂ D harR to

ch5D12 anti body wherein the nodificati'on conprises at [east a replacenent

of the cor tlesprigilialgnaeigeenrchinferiadyjéptpdd.y he ptpadeicutardPpreferresh5D12 wi th
a pol Zé)eptiglﬁ) 8{ the invention, whereas at the sane tine enabling good
pr oductq one®xogdlBerht i body in a manmalian cell. The invention further

(1) Sard var: abl ¢ BEnGr A darpr doF St ar abl y 90- 130, r e o rermia
' X2is G, A, V,L, I, P, For M;
X3is G,A, V,L,I,P, F, M;
X418 G, A, V,L, I, P, F, M; and
25 X5isG,A,V,LLLP,F,M,W,C,N,Q, S, TorY.
These polypeptides are better suited for high level production in a mammalian

cell. Particularly in the context of an antibody.

The invention further provides a polypeptide according to the

30 invention, wherein:



20 nore preferably 100-120, nore preferably 105-115, nost preferably 113
am no acids. The pol ypeptide can be generated synthetically or by a cell.
Pr ef er ablwo=007di12bg9avy chai n vari abl e domai n i s producedPby/NL2661050202 N
nature at |east five types of heavy chain exist: y, 6, a, u and e, wherein
each type defines a class of inmmunoglobuljns. A polypeptide of the

i nvention may be used as a binding 25 bo directly or may be incorporated
into an anti body. Wen incorporated into an anti body the pol ypeptide is
pref erably comnbi ne j t stant part of an anti body heavy chain. To
this end the i nven?i(mir? (?'Ugtﬁg?‘ %ﬁglt?i des an anti body heavy chain conprising
a polypeptide of foxmel@, Aly, Th¢oaM; knows many derivatives and anal ogues
of variable donmain antibodi es. However, currently 30 many different parts,
derivatives and/ or XmislGghey, &5 IaRi FoMdi es are in use. WD 2007/ 129895PCT/ N
L2007/ 050202 Non-1Ii 'Ii(gg e§7a3:p1l{es f s(gch parts, derivatives and/or

anal ogues are, singieScfafnVED: {05 e®Y, ronobodi es, VHH, Fab-fragnents,
artificizal binding pratei F‘,SWS,lN,fQ?S Qg yexanpl e aviners, and the like. A
comon denoni nat or ‘of such specific binding bodies is the presence of a
heavy chai nThese pdlypepindes are bettbusuitéd fombight level dntibddy ppoducdtoeswhile

bi ndi ng bod onprising a l.ypeptide of forrmula (I). preferred binding
body of thea/'i ne gLme eéﬁﬁéﬁflgt%’& ,tolggagg;p 8?&3%%)6? g H"inéé‘srré‘enat urally
occurring s; / r ' i j o0y e i t

o1 ovi desanSeE FRRdyr Ao s 4 PRrpBNERt b foriul @1 BBk A PR TRY

i nvention. X isiPdng ModndascXy @i SidThie polepdpridnisi wrticalalghesfzbted a

bi nding body that is well_tolerated in an aninmal. Tol erance of an ani nmal

for a y pegsaiuge of itsgzeeHemigprpduetion Ricpertiemin thpeentext oham antipodydhpt

T-cel | di ated. B-cell,.15 mediated t ' f th ' t hat
o e bncommuReiies theiBngiad a BB lneitdl TropSut o Onsipp ey o5 1 0ot |
above, the {hreA T RAHH1dEIE] HropPeFte HRCHE e in HEnRAL WARR ddep&ied to

formula (1) has a reduced |1 nmmunogenicity in human. It is therefore
soneti nes ridfeemuathe or els5A1dantibody sexd whereintatdeastrerodaatigneifishe vari abl e

d [ f 5D12. Thuys.i 20 t the | ti i .ant i bod

conpr i si ng BRRERORE BpERrTRanERIGFe g I han P B (P pE RS Choavy

chain ofy sﬁé‘ﬂnﬂmé e}ﬁaﬁ. pol ypeptide of fornula (1). Deinmunized as used
e

herein is ined as less immunogenic in an animal than the original
anti body. ATheliypaptionéuxdhef prowitas b lpolymeptid ewfiformeda Whevheremp Znad [ t he

T ool | o {PesRaiedPabn o and s Kb SRR RERSHIR 81 g Y RESRRIAL ¢ y
to bind to ﬁ@%ugh%ﬁts' dxc n%%fﬂ%c&%r%%i‘ﬁés% IFJ;&HReﬁ?Hf %ga'tntﬁfmg thidg.

anti body i s Tess i nmiunoge yra varila onal n e 1 hvention

is further fmunmed gedbinslitd add gloirmdwwlafics prepesiiadof dyvtibedynchd@b2er i ng
t echni ques, exterior residues which are readily 30 encountered by the
i mmu neqzs{yst wheneas wemamolegtal propprtdesiard pPTAYedin hwmnaps 7y hermggapargd\o

L2007/ 050202 9 i d i,d brid .nmo| | t . i ith
e weakl vt nfRBRETEoT el L Ry A SR ol G DR R ThEr T ace.
ani mal as Us@YpbpLiliBes Psvaf%]ﬁaﬁcbﬂgﬁé@ﬁ&rda@wn%omfea,to WRE enwFiaberably a

pri mate, nost preferably a human.
chimeric counterpart.

25
An antibody that deviates at least at one position X1-X5 when
compared to chimeric 5D12 at the corresponding positions, has better
immunological properties than the chimeric 5D12 antibody in humans. In a
preferred embodiment of such antibodies the invention preferably provides a

30 polypeptide according to the invention, wherein: X;is I and X21s V; X11s I and



An anti body according to the invention preferably conprises a constant
regi on of a human anti body. According to differences in their heavy chain
const ant WoOradmM98%ant i bodi es are grouped into five cl as®EFNL2O0TI0SE0Y pes:
1gG IgA 1gM 1gD and IgE. These classes or isotypes conprise at |east
one of 10 said heavy chains that is named with a correspondi ng G eek
letter. In a preferred enbodi nent the invention provides an anti body
according to the invention wherein said constant region is selected from

the oroup. & ib§5x, L0tbad 0¥ 1d 80 0 1L 4BaSONRIF IS RIS gUIRLE, Or of er 20l y

sai d constant region conprfses an 1gG constant regr ferably an
1 9@ const patticelairBiprekdrivddhabatlinationwridh et Xgid PLXNE MR ande Rvithast
preferably said constant region is an |g&4 constant region. Furthernore,
said | g EorsPaht onegmhedimept theinuengicon pravides g golypepsideraccoedingrio

Pr ef bl the 1904 anti bod f i ti i th I
Teci ona ot thh aSyastign SRR ls ki Ko 1Y R 50 ROEDE ok & TRt ion,
figure 48. oPagtiBbaRs\onifi8sing@idpbipegyidefis fvgﬁy g%d,&w&n& isﬂﬁu&%ﬁ@%ﬁﬁgs the

heavy and |ight chain am no acid sequence as depicted in figure 18. Sone
vari ati on pmovidéng onpreved inegumolagicdlg@épecties s hummatsuwbemndhpared tal | owed

wi t hout ch i e .i mmunol qgi cal properties of the resulting antibody.
Typi cal | y gﬁ;gi}?ggnlfgsdm%tlgn gﬁ{it T gEpYiesBRITAR CHIPRTISIMEARANP ACkhe
const ant f%sg&éhce_A@FSz&SWSWWXzﬁ‘vJ}ﬂe ixﬁ%%%‘hnﬁ%{i%rl- BF X3 i¢P At Ry ed
| g@ constant region has at |east ndst of the pharnacol ogi cal "properties of
an ant i bodys NulThdopslypeptide rdnmrigeisenenidifiech TOR 1 bf & 15131 21héavyncluwiey

depletion of the cgell its binds to in, vivo. Preferab,lﬁy sai d const ant
regi onl®s Yapghie lagman)i dhivC DR heomnrisas phdrpst one different aming acigne

ood et : . ! . . . 0 4
Secording. P EERER DR AL AR L IE o L EARGR | 9
2007/ 12989%PAH. N'Hi? A&ih0:2DehdRzd bydileads to amghreve i aiiidiegyalccor ding to

the invention. A nucleic acid as used in the invention is typically but not

excl usi vel prepertissmial wiodified 8D1RNK)chSD 12 ariohgdy wheveinethe moiltfiqabion) .
Al ternative nucleic &}C!%%f arel avai Iﬁb{a@}for a erdson ski | | ed;’ ngihe art,
such as foFOTRIIseR AL 1pashd P ACPENt OLLOTE UDE R E USY accor ding

to thejsnvepiyibti® 15051_)59%}%35919_ i 5661ybBpAdE & khe WiRMtEAH, riviehsiat

acid is expréessed in said cell, said gelﬁgbroduces a pol ypeptide and/or a
bi ndi ng bodhe aatieotinene malilingpgyodproiudiiog dféhe katibodynin omarTediemoced]. t he
i nvention in one enbodi nent provides a cell conprising a polypeptide
according to the invention, a binding body according 10 to the invention,

an anti bod o i j t r@-é{f] ' [ f@?‘q ifig to

t he i nvent ?Tg%' @gr:égh@glflhgfﬁs& rlng ié(%gb I;E'%ﬁp%%i%afa ce F?io‘rfr%%gl Cg)r e%la I@ a

manmal cel Ipolypeptider sff formblly (B. Paidwedgalklel domaiwsdonppbey pifyrablin@oetBtel | .

For the purposes of the invention a suitable cell is any%ﬂ%ell capabl e of
[

conpr i 80ng mere Qﬁe&r@bibgwdfz%pwad@rﬁgerabbbﬂ&}%éa@@ goshpeefenrhly 1o %Wénqi
vent o, g OO AR B NS AR o 89 041 PR O 1

to the inve _ eic accordi _ n.—

The i nvent isaid heavyehaidy eaiiskle dbreginl isGRoRutsd bY aakllaBhiadye at tisdifivg to

the invention. Preferably said cell produces said antibody. In a preferred
embodi nent typesiofkeavyi ehaintexisti yofea,aehnd eawhiereiseadhaiymeadefinesry clags pCHO)

I, NSO N PI ™ | . . di I I f d,.
C o oot S ahbeBhuhol L KRR MFe ot R BrBRbh SHESR hoBA ST bEig, o
conpri gsng b%dg%keﬁgw Hiay%hd ﬁllchﬁoﬂa'ﬂé/(FMﬂﬁ% a}{abb@y.sxlw@atihwmoeaﬁedamo

conpani es havé devel'oped Cell lines for the |arge scal e production of

ant i bodi es,anf amtibodyt tine polypeptide ns pa¢ferstdy dimbihedivtithg @xnataitesarsfof amch
cell 25 lines_are CHO cells, NSO Ce?iltf{ or PER CBITM:.cells. These cells are
al so used PatikadydeayyridnsTae b end theelnyeairoa fusthedrrrgvides an anBpedy | i nes

devel oped far, A I 0 i i i .es are
her ei n furtbhgyjy ?:e zéraé%lptr %@é%pﬁr&ﬁg‘# F%ﬁo&c@FVR{I?:@smﬁlﬁg k?ﬁwasq%rgiel erred
enbodi ment deb#rativesrindommpoguesiefvatiablesdommhimantbbdies NHodever, aueteritdy t he

| arge scal e L _
many different parts, derivatives and/or analogues of antibodies are in use.



WO 20071129895PCT/ N L2007/ 050202 11 production of protein and/or antibody
for the production of an anti body of the invention. The invention further
provi des WormetiagBdsor produci ng an anti body conpri si ng earmNriergseozel | of
the invention and harvesting said antibody fromsaid 5 culture. Preferably
said cell is cultured in a serumfree neqgjum Preferably said cell is
adapt ed for suspension growth. Further provided is an anti body obtai nabl e
by a nethod for producing an anti body according to the invention. The

o ant i b B dxfiliblek dtiuth SRHS ROIRANEL nd Siea filbbtECard T enl! Y
instance a chyb Fyofifagments, horobaliédIVIE, [Fabafrabifents)| drtificialigindeng cel |

type known for (its suitability for anti bodé g@oducti on for clinical
pur poses. [PFokeipasuck asdor gxpnpleayiseerenppdithe Atkes A epramion denomipatemnotel | .

f bl f b
Furct! ons] BefitpbeintBipaind BRI pibchie BEGHAVE Ml xhEIbE AOATh, | ¢
the 15 BERTHIMMEnvehtda Rirtledyireai®ita bﬁﬁliﬁ@fbod&r@:oﬁlﬁifdlhg%%@l ¥ptide of

preferred enbodinent said cell i's a CHO cell or a variant thereo

Pref erabl y formuld @)t that makes use of a G ut am ne synt het ase (GS) vect or
system for ex SSi dy. 20l.t has be ot ed that,.so anm no
So et 1 S TEFRITEN D od ot e teSaiian R4 A0TRd R AT e

pr oduct i on KRB G LA Raky PORIb i Ofhd BBt I n an
ant i body prcgglum r?igygcgﬁﬁ%l ﬁ#%f r%FedOQenbodl rreﬁjt%ea pol ypept |nd1e %f formul a
(1) in sai @rafﬁrréxbdmbodmmenspso@(ﬂleé(ﬁnvdm:ﬂmdy conbpiising {Gpolkpeptide, |, P, F,
M W C T, D, E, KL Ror H In a particularly preferred

Srbodi fBnt a%FOlidénatOAhe%nV%nthn P For M X2is G A V, L, I, P, For M
X3|SGAVLI,PFMX4|SGAVLI,PFMandXSisGA,
vV, L, I, P, FF M WC N Q S Tor Y. Mre preferably, said anti body
conpri ses aA b@hdﬁﬁ@ﬂidd@&ad@f)rdmgrw&he linWhetien nrs %ﬂefemt@ afinWling body ehatMs 30
X2is G A V I M X3 is AV, L, I, FF M X4is. G. A V, L, |
or M WO m%ﬁqlzmdpmmanze@k epiaarﬁuuxsal fgr p potypaptide isq S T or
Y. More preferabl IS s 1

Parti cul ar|%9V8F’é?3éP¥é‘aa‘i‘% %rﬁng(lasP%Ct? %{Hﬁl%w e\}% '];\gzel? dﬁt ?5%&?1? l;

is L angd Xonbgiaked 5&' ot Belis?ie ofdhleSvdriabids tisatVa@éhobznpaiskd 1%lole$af{cézl@ﬁ X2
isV, Xi isLand X2 isL; Xi isVand X2 is L; or Xi is L and X2 is V.
These | att emezarpmq);fepmm:ém@taiqga&stmeummgl apoue chectD 1 ansbedrdiasch wi t h

X3 P, X4, bl
ambodi ment TBHE ff%n'ﬁb? aalyeaPligeyBdnralt GL80Rd 26 teet T i nvent on.
wherein: Xlpl rﬁuhog@%cit? al hSItLI’S tﬁéréféré—s&ﬁ@hﬁ%s‘ rReférre®OAYG | on of

ant i bodi es conpri Sing ypept| e 1's good | e simultaneously
provi di ng |d§iﬁﬁﬂ&ﬂ1ﬂedmmodmgjf¢ale lma@rpeﬂtamyarmbﬂmdmmof ohda. Fhmsaned t o

ch5D12.
20 aspect the invention provides an antibody comprising an epitope specificity of a

5D12 antibody, wherein the heavy chain of said antibody is a polypeptide of
formula (I). Deimmunized as used herein is defined as less immunogenic in an
animal than the original antibody. A polypeptide of formula (I) is deimmunized
when compared to the heavy chain in 5D12 through the removal of known

25 human T cell epitopes. T cell epitopes are amino acid sequences within
proteins with the capacity to bind to MHC class IT molecules. By removal of
the T cell epitopes the antibody is less immunogenic. Preferably a variable
domain of the invention is further humanized, such as for instance veneered.
By using veneering techniques, exteriof residues which are readily

30 encountered by the immune system are selectively replaced with human



In anot her preferred enbodi nent the invention provides a pol ypeptide
according to the invention wherein at |east one of Xi, X2, X3, X4 or X5 is
t he sane WO 2007/1208950 aci d at the correspondi ng positi onPCh/NL28E@Ie02e 15
that is shown by the invention to yield specifically good expression |evels
and wherein further at |east one of Xi, X3, X3, X4 or X5 is the sane as an
am no acid at the corresponding positionYn a 5D12 am no acid sequence. An
advant age of a pol ypeptide according to the invention wherein at |east one
of Xi, X2, X i . i cid.at th r espondi ng
position i %@%%58%68%%3 ?\aohggﬁlgqé@&%glﬁg@,a%%&%ﬁgﬁes%l%feﬁcﬁ ﬁsgg{?'dy accordi ng
to the i nvenith@RoEMIP bk Subgtadittdllyon PRlinReRhogksis Renserdd hefrfil. ANPLERSAION

| evel than a pol ypeptide according to the invention wherein none of Xi, X2,
Xs, X4 or X5 ufed inHbesawentign aspreferablici mammahemory prefpratdy mgpioEtei on in
a 5D12 am no acid.sequenge. Wthout being bound by theory, said better

expr essi on nfl%% refesraggy nglé@’éd to be due to the fact that an am no acid at
t he position of Xi, X2, Xs, X4 and/or X5 contributes to a proper assenbly
of a binding body according to the invention when said amno acid is the
sane as an am no adimantibbée acardesptntheinveasion mreférably 6@bPrmes a0 aci d
sequence. WD 2007/ 129895PCT/ N L2007/ 050202 13 . An ant | bod

conpri si ng CAPHANFIERIR HPUMAARY 933- ?f@ﬁ@l%w_@ﬁem%dw%ﬁmb%%m stic
activity. %ﬁa}?@o%%d@%ﬁnb,ﬁiﬁ@ﬁib%ﬂré érdl{bve(al e £ .ctlgl:%eg%mgﬂéﬂso' ogy
of various I nflammatory di sorders such as-autol nmune di Seases an raft

rej ection, IgGpagAxpEsMi feDpandigiinThese tlassdsvreisvtyprsiconipridecstcleaseone of
particularly suited for anpeliorating a_synptom of_an inf|ammtory di sorder.
I n onel@nbdgidrbaavaehams thedjs namad wid acoirasponfipsdyresk leteri Wvention. In

f ' t [ thody. | - ti I I
ant boay. + SERRaF oy ERortety 358 WRARHAT bR SRRinoRR RO ng JRERE 21T
pure anti bagdiestioh Reterel 84idl dddsPirBdiegicbisesdlé AdATEem the@rehpof 1%%2%&0

invention in one enbodi nent provides an antagonistic anti-human C

nmonocl onal IgM,iligbtyandoledy censtgnhregipypaperaiprefevanisatl eensthnt regient i on. A
bi ndi ng bog% accordi nﬂg(éo the invention is ahl bgre rg sui ttabl e for that
pur pose si FCEHTSEAY GED LA Fe RN, TYECHAGHZ %gﬁﬁ rEq"t 3n§_rﬁgjl?§le 5D12
and/ or 3{9. C i ERIrh 51 ReutatBE 186 ESnstan P rBSbRImRRH Y rerdhl§ daid ephétanthas a 15
reduced i mmunogenicity and an enhanced half-life in humans conpared to a
mouse 5D12 regibrois sn E¢GreonstabDi@zioAsFarthesulore t $eaddgl4 canstiandiragiopody of
the invention_has,a sustainahl e pharnmaceuti cal tentj al agai pst ,vagious

i nf | anmat orirefiraghyayiman lgl 4ic?rn%Faﬁ‘|téF%¥°Pe§r%ﬁ?gg@iyn%‘f E‘ﬁéavﬁgeﬂ}( Pgiﬁhe
provi des a :dej i hSL4 | piatpe : i y 20
accordi ng tlg%ﬂgvﬁrﬁ:\z/’gﬁir?%%.ac%%ﬁgﬂa%t%%sorlrgmpsgg% t prev%gﬂg{%}?r%ﬁﬁggﬂ
present i nueid sequéricevagigspibfatizinl figerenDs. Rrefeabiyahedgraibaaly afdhaci d
alterations with respect to_the 5D12 am no acid sequence, wherein the

al t er a20ongnyeatign compyisestherheanyand Lght ehain-ammeaad segnanee apdepicted

preferably .also_ i | i ght. _chai.n ri e in,. t hi t he
i nvention fdr %‘érren]pﬁi'%rﬁ% R TR inn%l bcgggé%%g%gg}lpn%f iég}‘f@gﬁﬁg{géﬁ ?%rr?
conpri si ng AY/aPidAl@red witHEGRRind ehdithan(ddldgitallgropbriies oBORSL GX7X5

AS| SC RSSQS LXINSN GNTYL HWLQ RP _ o
resulting antibody. Typically between about 1-5 amino acid substitutions are

allowed in the constant region. An antibody with an IgG4 constant region or a
25 mutated IgGi constant region has at le'ast most of the pharmacological
properties of an antibody but does not bind complement, and will thus not
induce depletion of the cell its binds to in vivo. Preferably said constant region
is a constant region of a human antibody.
In one embodiment the invention provides a nucleic acid encoding a

30 polypeptide according to the invention, and/or a binding body according to the



WO 2007/ 129895PCT/ N L2007/ 050202 14 41516171 1111 PRLLI YKVSN RFSGY PDRFS
GSGSG TDFTL Kl SRV EAEDX10 8191 GVYX11C SQSTH VPWI wherein: X6 is G A V,
L F, Wp20y7/129898, Q S, T, Y, D, E, K, R or H 10 X7PCI/NE200%/05002L, |,

P, F M W C N Q S T, Y D E K R or H Xsis G A V, L, I, P, F
M WOCN Q 5 T,Y D E K Ror 6(5 isG A V, L I, P, F, M W
C N Q S T, Y D E K Ror H Xoi i 4 G AV, L I, P, F, M W C N,
Q S T, Y, D E K Ror H and X11is G A V, L, I, P, F, M W C N Q
S, T

1 Y, D geni%on %rﬁi/o#&gkgmt dg%)d fjc?_lﬂg A:?%@X dh§e19tr181§ quRlC elg?.ﬁld as

ant agonl st I c anti-human accor

i nvent i on. usaddnphefiavéedor ooy batndt éﬁélaﬁivéﬂy arrmaﬂéﬁlelﬁmd?@m}i; Xi m
or X11 is selected froma group resenbling an am no acid at a correspondi ng

posi tion i 9r& doKyTHenvsleie paids@NAncAltermtare nudeimndide azmaunilabledord at a

d t hat 20 h
el 6 Pood PSR Skl et “ARHIET i ks maebtB Fucllieta S PSRY A o
body acsordidwelb@cid"&cdoi‘&ﬂfgtﬂo%heﬂh@%ﬁﬁ@ﬁhé’f&quérﬁ%sco%%ﬁé@d‘ﬁl 8GeH. Sequence

of fornulav%:hl) wherein T, Y, Wor N, Q S,
T, Y, Wor enr5aibniglely; acid 1$exp'res¥ed®; smd Mﬂ,ll Lsald pel[Perdu(Ms aN or C Xsis

? 0 & Apoypaptide andiopahindingbody 2k stmtibelsoaeriing Bod 05020 15
invention. Therefore, the invention in one embodiment provides a cell
comprising a polypeptide according to the invention, a binding body according

10  to the invention, an antibody according to the invention and/or a nucleic acid
according to the invention. Said cell is preferably an animal cell, more
preferably a mammal cell, more preferably a primate cell, most preferably a
human cell. For the purposes of the invention a suitable cell is any cell capable

“of comprising and preferably of producing a polypeptide according to the

15 invention, a binding body according to the invention, an antibody according to
the invention and/or a nucleic acid according to the invention.

The invention further provides a cell comprising an antibody
according to the invention. Preferably said cell produces said antibody. In a
preferred embodiment said cell is a hybridoma cell, a Chinese hamster ovary

20 (CHO) cell, an NSO cell or a PER-C6™ cell. In a particularly preferred
embodiment said cell is a CHO cell. Further provided is a cell culture
comprising a cell according to the invention. Various institutions and
companies have developed cell lines for the large scale production of
antibodies, for instance for clinical use. Non-limiting examples of such cell

25  lines are CHO cells, NSO cells or PER.C6™ cells. These cells are also used for
other purposes such as the production of proteins. Cell lines developed for
industrial scale production of proteins and antibodies are herein further
referred to as industrial cell lines. Thus in a preferred embodiment the

invention provides the use of a cell line developed for the large scale



I n anot her enbodi nent the invention provides an antagonistic anti-human
CD40 nonocl onal anti body according to the invention conprising a

pol ypepf iweo 2007/12089%ul a (11) of the invention conprisingPam/NIT®5e02d
sequence as follows. 1112131 ELQT QSPLS LPVX6L GX7X8AS | SCRS SQSLX0 NSNGN
TYLHW 41516171 10YLQRP GQSPR LLTYK VSNRF.SGVPD RFSGS GSGID FTLKI 8191101111
SRVEA EDLoGV YX1I CSQ STHVP WIFGG GTKLE kR 15 In a preferred enbodi nent
the invention provides a polypeptide of fornula (11) of the invention
wherein X6 _j AN . i | Se . i @.4.5 V or
L and Xii iﬂggﬂa%t?&%(&@tghg?eg &%a%til%%#ef?%%?bfgd?@sé%ﬁ 8&3/“ ?‘é t‘g,bdié’?idslg P, X9
is A X10 iiivohtaed. XI1 is Y. 5D12-11i ke anti bodi es conprising a pol ypeptide
of formul a’]ge). and the preferred_ pol ypeﬁti de of fornula (I1) conbine good
20 expr essildre inyeation furthenmuidesp methodiferprpdawing pn eatthodyroopurisiag and

h d i C. i i h 4 A i h - i
Pl body & amkuiife 8BeNlasihe ifly sy B0a sty Edite A b RS BRRLD
donmai n M n@1AGkIPSSRENGSatd cémmlhﬁufé& iR sefPm¥rbd HYdiGRAPreRARDBD! €

donmai n am no acid sequence of formula (I1). Such an antibody has good
char act er i snidsell is adspied foosnspepnes ighdwth.dFgaher previded inansangibadych an

original antibody by nodifyi one .or, nore am nqQ acids,.therein, Many of
such varia amal%ﬂe é@ﬁa@étwg)rd?mfi&%’%‘gs?rhﬁp Oaﬁé‘ﬁc@?ﬁ%?%gh? reentipn.
original. LAt j | ; f | pYSREAING-
There 30 a%%%@%%??%%ﬁ?? dé#?ééynﬁigg]oggb %{mﬁ%q?ﬁ\l}gncp F@ﬁ." RL% b
non-1im ti ngidxakibody i¥OIf20Y pL2HRIHEPCT/ N L2007/ 050202 16 of such a

nodi fication is an anti body conprising a pyro-glutamgte in ad of a

gl ut amdOe. Aoceldof tae inyentiamis lox ipgiiease 6fh3ém‘:¢P%&PﬁﬁHaeo iaoéii F%l?’eﬁp NS0
insertion, deletio I NVRILSI and/ ar. . (4t 4t d : }. N0
aci ds when C@@ﬁga?'réoghﬁg cgaitgpeggpﬂvﬁlafg;éntjél{g%%m#ﬁ% %Etége t Ilcorg\%?]ftalngfg}
provi des mMeafs AR osss. Tads phticlans wiefdiged eaibolivent 3aid cdll isd haman
provi des tests for determ ning the characteristics of said a variant. In a

preferred ewbodreferablyne celhyhat isdirapsiovmeddinan adenavirys Fahregiononay

anti body of,.the inyentio Ld vari,ant .conprising ap_jnsert;| tion,

i nversion aﬁH‘ﬂ‘FE}Pngtﬁ%‘E‘i"P&iIﬁ%‘eﬁqo bét%g?‘rr_n@(%?quf 8_?§ aérgric%'lgqg%ﬁ %’gdh%hen
compar 4 { opRRECEM B Brlebr R HHENER FheidE dnld paiticilaaly pruteledy.
Preferably said insertion, deletion, inversion and/or substitution does not
conpri se t hanbodimveracsadd call ipasCHQeelKbr antirpuyi thieveofxPreferably seatignthai n
vari abl e donmain of fornula (l) of the qrigin antibody. In.a preferred
enbodi nent thad ma{s%p%ﬁ%ﬁﬁgﬁ%@@%m@ﬁa qgj%s)s‘éqcéﬁli ?%ﬁe’é’nfof§§8ﬁ?§s-l%%n
CD40 ant agogﬁihm%%%body conprising generating a first cell line that
produces an“originat  anti-human CD40 ant agoni st anti body and det erm ni ng

t he amount of original antibody that is produced by said first cell |ine,

said original antibody conprising. the heaVy,chaLH varLabIe domaj n am no
aci d seffuence It has been noted that some amino acids at the mentioned positions

X1-X5 are less suited for high level production of an antibody comprising a
polypeptide of formula (I) in an antibody producing cell. In a preferred
embodiment a polypeptide of formula (I) in said antibody comprises X1-Xs5
wherein:

25 XiisG A V,LI,P,FFM,W,C,N,Q,S,T,Y,D,E,K, Ror H. In a
particularly preferred embodiment X1is G, A, V, L, I, P, ForM;X;is G, A, V,
L, I, P,For M; X3is G, A, V,L, I, P,F, M; X4is G, A, V, L, I, P, F, M; and
Xsis G, A, V,L,LLP,F, M, W,C, N, Q, S, T or Y. More preferably, said
antibody comprises a polypeptide of formula I wherein X, is G, AV, L IorM;

30 X2isG, A, V,L,IorM; X3isG, A V,L P, F,M;X4isG, A V,L, Tor M;



201112131 QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX1S RYSVY WK2RQP 41516171 25
PGKGP EWMGM M NGGG STEWS TSLKS RLTI S KDTSK 8191101111 WO 2007/ 129895PCT/ N
L2007/ 050&8020@729898rein Xi and X2 are pair w se sel ect e®CmNa20G71080292 oup

consisting of Xi =1 and X2 =V, X1 =L and X2=1; Xi=Vand X2 =V; X1 =1L
and X2 = L; or Xi =L and X2 =V, said hod further conprising generating
at least one further cell line that produtes a variant of said original

anti body wherein said variant antibody is a nodifi ed original antibody

conpri sing, n t e / u Y

bet ween abog1 );t[ %GPSFam ndedz\c“i%’d'g%\mtenwg%n% %%aaqqg g‘ gfllal hgr”saﬁt | 6bsdy,
wher ei n saiMi amdfof Kgas S0 Pageies] bt fél'@ﬁ*e&hs@sfhéh K?‘i’é I @ d LR WIX] el @and no
acids at the 10 §OSI tion(s) identi ?I ed b and X2, and determ ni ng t he

anount of WerpdnXi aGnLl ke 1ShIaitXn is Ipand I—b)Xlslﬁl\a aat Xoiadt Xone Vi and Ker

S,S'S'p'rlaﬁﬁcé% A e 2 R 20 Pads L sboviop 1 e Redink TPsBaRgFal

anti body. ol \Y " c m no
01 0 15 scbobnepniit 518 ity f%@i%'éq%cmma*ﬁ%é%%“%&ﬁg% RERG Y Hw

2041516171 avdRPisGPERR F ok BS pySiiREb ISCHHAD GRiSER bGAELEn EThdd nv2Hsibdlfmyides
SRVEA ED V GV .Y Y ST W'F GTKLE | KR
a polypeptcﬁaQ accol_'XlFr)lg to tcf;l% 1nven1|?:ion wherein: Xjis L; X21s V; X3is L; X4 is

L and X5 is F. Production of antibodies comprising said polypeptide is good,

while simultaneously providing improved immunological properties in humans

10  when compared to ch5D12.

In another preferred embodiment the invention provides a

polypeptide according to the invention wherein at least one of X1, X2, X3, X4 or
X5 is the same as an amino acid at the corresponding position in a sequence

15 that is shown by the invention to yield specifically good expression levels and
wherein further at least one of X1, Xg, X3, X4 or X5 is the same as an amino acid
at the corresponding position in a 5D12 amino acid sequence. An advantage of
a polypeptide according to the invention wherein at least one of Xj, Xz, X3, X4
or X5 is the same as an amino acid at the corresponding position in a 5D12

20 amino acid sequence, is that a binding body according to the invention
comprising such a polypeptide shows a better expression level than a
polypeptide according to the invention wherein none of Xi, Xz, X3, X4 or X5 are
the same as an amino acid at the corresponding position in a 5D12 amino acid
sequence. Without being bound by theory, said better expression level is

25  believed to be due to the fact that an amino acid at the position of X1, Xz, X3, X4
and/or X5 contributes to a proper assembly of a binding body according to the
invention when said amino acid is the same as an amino acid at the

corresponding position in a 5D12 amino acid sequence.



WO 2007/ 129895PCT/ N L2007/ 050202 18 am no acids at positions X1 and X2.
Preferably, said insertion, deletion, inversion, and/or substitution of
bet ween aWOwD0711208955 ami no acids is in said heavy chai nPaFiNIQoE®SER0Sequence
or said light chain am no acid sequence when conpared to the correspondi ng
chain am no acid sequence in said origin 5 antibody. Preferably said
insertion, deletion, inversion, and/or stibstitution of between about 1 to 5
amno acids is in said heavy chain am no acid sequence when conpared to

sai d heavy chain saqu ' | gi nii b . Preferably said net hod
further conprises %@n@?@??%“éﬁb%ﬁﬁéo%&’@%@ hdgeoa(%ﬁlérpf‘ﬂ? hﬁgﬁ?wgtmﬁ’r’oduces
sai d sel ectighwlatéryorhtagdhissicriceiise ACtie CDUoR-CBaokatSaictioAQs invdlved cel l
line, or yet another cell I|ine that produces said sel ected anti body.

Pr ef er abl yi% theipaehopdy sielpgn ef vaviaps inflampmtory diseyders shobedseautadmamundody .
i r recqnbi nant. anti - human

The inventiyon further ovi.des an i ol at.e and/8 E
CD40 ant aggﬁe&%%ﬁfﬁﬁgg& rc?ﬂﬁci}oﬁ’aﬁl%o BB e AHEEIRE S e Ve BYPRES | nvent i on.
In a pref ethadfeahndit] 'I'érl?%hﬁeﬁ%f aRRa GREQ §thpaRA 0 hnARaRAEYt

conprises a nodification of the heavy chain am o acid sequence 1112131
QVKLQ ESGP@idovies IBTirsl embodisn G SnAYSIY coviizReR 22bihtng bady BGKGEP EVWGM

MANGGG STDYS TSLKS TS TSK 8191101111 2 } . SOVSL _KMNSL F T
AMYYC VRTDEI‘CS‘RIR%- Mrég‘@e@fé?lé?ﬁwtaﬁ%aé R?t%éyﬁﬁﬁrgﬁ{m@% %‘iﬁ‘%fr om
th i i i = =N/ = P = |.: = d X2 =
oI 21P St hiRibaly eohndlily Slowafor Broucsidl Or B ze pmgtiis br 2"
L2007/ 050202seiid bt pureahfibodies othwsoshttisingpredidtablergrodactsddhetréfore, the

i nversion, ,and/ or substituytion of between about 1 to 5 am no acids when
conpar £9 t Hentiphneye epiodimanhBredies deqtasenistig anthaman A0

dificati ' f . ificati f it j ids at th
bosi 11 on( syl Ang i o ftisife ThbiypERtine Reflralll iEPAAMARHHR, A 1 °
invention pigYinddfody dveafdineabithe dahv&itwsd 41 @Re @RdMer dufitdide FoPsHatpept i de

according to the invention, a binding body according to the invention, an
ant i body apuspelienginteit isanoneesmbodimentrdeimghyniveddommareditog mouske

i ti . i t i i . 0 the i ti
e o SR e B E Rk, DA bk RSy g RS o
to theysnveplh@d indhuakb Ry ﬁ?&ﬁﬁ%‘dlﬁln@d %Bﬁf—lifévi%”ﬁﬁﬂ'&ns_%oﬁiﬂ%{réa% gci d

according to the invention and/or a cell according to the invention for use
as a nmedi caneurse. 51Dt 2 hedadr a/climmeds 6MEnAsfaoresaltethareaf, iangndirmy bpdyof e an
aut oi nmune ., di sordegﬂand/or an ilnf am’rator%qaqi sorder. and/or far 15 reducing

graft rej elRYUHIUNARS A Sustaingble p atRaru Eoientiakagalpst ¥aHess. In a
; 4 . ! . i . .
preterre ?Hﬁé’ﬂkﬂ@ﬂ&y ?l?éd?p@fg q]‘H;IEF‘nﬁgrt? 8?‘{}%@&&8(?934%&&1%%% Yndtmpfler 1s

sel ected fromthe group of Inf owe sease, rheunat ol
arthritis, psysidesaclditphaneldtdigapbeistie antithunpire CI4Emonsoslonpd antibseds,
bul | ous penphi goi des and atopic dermatitis. '

20 according to the invention.

As réferred to previously, the present invention provides 5D12 like
molecules that comprise amino acid alterations with respect to the 5D12 amino
acid sequence, wherein the alterations are at least in the heavy chain variable

25 domain and preferably also in the light chain variable domain. In this context
the invention further provides a binding body according to the invention
comprising an amino acid sequence of formula (II)

1 11 ' 21 31

1 i i P

30 XsLGX7Xs ASISC RSSQS LXeNSN GNTYL HWYLQ RPGQS



20 As a pol ypeptide according to the invention is particularly suited for
aneliorating a synptomof an inflanmtory di sorder because of its

non- st i mWetery12G040 ant agoni zi ng properties, a pol ypepPCiaLacweseliong t o
the invention is suitable for aneliorating a synptom of several disorders.
An 25 inflammtory disorder as used in t invention is defined as any

di sease that involves an inflammatory conponent. For the interest of the
invention, an inflammtory disorder specifically includes an autoi nmune

di sorder and/or grgft rejectio%.1 The centrﬁg rol e of CDAOL interaction
inthe initiation, anplification and prol ongation of i ne responses nakes
a pol ypeptide of WO 20071129895PCT/ N L2007f/050202 20 the invention
specifically suitable for inmne nodul ati on in an autoi nmune di sorder.

Her ei n bel ow i nf or KiLlehYEY PN RES6Y BRRES1GSARG GMETL RISRUEAEDX 10
illustrate the role of CD40 and its ligand in inflanmatory di sorders. The
CD40 nol ecule is a 50 kDa type | nenbrane gl ycoprotein and is expressed on
B cel | s5 nonocyt esgyacrophages, gnd dendritic cells (DCs)45-50. Mreover,
under pat hol ogi cal conditions CD40 can be found on endothelial cells (ECs),
fibroblasts, epithélial cells and keratinocytesm CD40 |igand (gp39, TRAM

10 TRAP, CD4Q., CD Il integral nenbrane gl ycoprotein, is
transiently expres%ﬁ@géﬁb‘ﬁM&+ T cells and a small popul ati on of
activated keilh.cells52,53. In addition, CD4OL has been found on a nunber
of other cell types after activation, including nmast cells, basophils, B

cell's, eosiXaaplil,|s, VIGSI, dahdF,Mavel@tNHQ, S5T, Y5 5 ageRentHof CD40 by CD4AOL
triggers a_ny r. of biological events in B cells including proliferation,
expr es%ﬁ?on){;ﬂgg‘gt}m{i\é’tfo& Prrg?ll\é[r W, C.iuRodr bl ith B %) Rgrddicti on, i sotype
swi t chi ng, el I cHeaf Mo tO Sy 57. However, as
descri bed %dt})’gé\:g%’ ‘Agr}é ]%’lqg??l blﬁ}él%a% ngﬁ%’tﬁéscgﬂg]’ %W’Z%%?gl’i S not restricted
to B cellsXads WA,V Dj ha, B, Mow, ut aved, SFmeshiD & sk) RtggdThuman nonocyt es
express low | evel s of the CD40 nol ecul e, which can be up-regul ated by

cul ture i nXunis Gr Asdhde loP, FENLYW7 4,98, SCEUY, Di gafi.dhoof; and

P oc i et B0 e dodr £ Tk W N Ry BRI 0§ nduce 25
I nf | anmmt oQKid ﬁﬁnﬁ%&%g)d?pg Prf@LbE ARhnesddnibdiy ﬂﬁti‘-'}?m%%n @Dqu:ﬁéﬁw}oﬁ&nem

f rom apopt osi s48. ation al'so causes DCs to enhance their
di f f er ent i antibodsrdcacting 4o the intentéorh dncepefpredsimbodiimertsin Xided¢aey

o i nhi bi t THBREoS oo 50 MG PAErGIdce AR &P UBEaThIBE S APRfm ory
adnesi on el Soel 5 T RN P o PEH R B ORE05 R SRS 50202 21
resembling an amino acid at a corresponding position in a sequence that is
20 shown by the invention to yield good expression levels, as shown in example 2.
Therefore, a binding body according to the invention preferably comprises an
amino acid sequence of formula (IT) wherein:
XeisN,Q,S, T,Y,Wor C;
X7isD,E,N,Q,S, T, Y, Wor C;
25 XsisN,Q, S, T,Y,G A, V,L,I,P, FF M, Wor C;
Xois G, A, V,L,I,P, F, M;
XwisG,A, V,L, I, P, F, M; and
XnisN,Q,S, T,Y,G,A,V,LLI P,F,M, Wor C.



cell adhesion nmolecule 1 (VCAM 1) and E-sel ectin on ECs55. These results
suggest that signaling through CD40 during T cell-EC interactions may be an
i npor t antwee/i2e89he regul ati on of EC activation and | @qrodpows/oseoe ui t nent
into non-lynphoid tissues. In vivo studies have indicated the inportance of
the 5 CD40- CD4AQL interactions in the geniéati on of hunoral immune
responses60, 61, in the primng and activation of antigen-specific T
cells62, in the tenporal activation of macrophages63, as well as in the

protective u

oot ophage Laacy iR babStin B Bk, ARG M o S IF AR ECman o
Pneunocyst l@4®ﬁﬁkﬁi@ﬁﬁﬁhdﬂittﬁﬁdy@l@oﬁcﬁh§hﬂ&ﬁé @ﬁéentl&@@empnsmg a polybepifld fic
role for C40 and its ligand is denonstrated in murine npdels of autoi nmune

di sease. A®f femwladdl) oftthdiinventior compaisiye andimineacidseqiiene sefdlowsof t he
CD4A0OL- CD40 inter aCT1I on in the pathophysiol ogy,of 15 vario aut oi nmune

di seases. In these studies, usi m ce suffer? g fromspo neous or-
experingntal autoi qmune di seasep, interferingwth CD4CL O interactions
had cl ear beneficial effects. A Mab to nmurine CD40OL was shown to prevent or
reduce di sease synlddETi @SELSI YKL (XA RISOREt$QSLEs NS NG T LHW

all ergi c encephal onyelitis (EAE;, an aninmal nodel for MS), in 20 (SWR X

NZB) F1 | upus nmice and in non-obese diabetic (NOD) mce that spontaneously
devel op T-cell depgrdent autoi ngpne di abeteg; Evidence ipgicates that

CDAO- CDACL interactions also play a role in the pathogenesis of

i nfl ammat ory bowel |di seases, which includes |Crohn's di sedse and ul cerative
colitis. CD4OL transgenic.mce with high transgene co nunbers were shown
25 to 30quire | et hALARPIGRSER LB BNENIE SR PR S GS R KT on of
CD40+ cells and CD40L+ T cells into diseased tissueso. Anti-CD4OL Mab
effectively prevent nucosal inflammation and | FN-y production by | am na
propria CD4+ T cellgg in aninmals vg'Ich colitis that had been jpguced by
2,4,6-trinitrobenzene sulfonic aC| d44. Very recently a di rect conpari son
was made between anti-TNF- 30 a tleatnent and ihterference of the

Co4aL M i h SO BRI DAY oS SR SR G SR B moer . 11

this nmpgel 1In%Y?ﬂtff@ﬁ'eH dioBR N heRAveifibh Spravﬂels B 51y BEL NS 6f Rrhdula (F§

t hat subsequently devel op diarrhea or soft stools and show progressive
wei ght | OSS)f$haI1mVEHg:1(ﬁ} wheeelosXafd Eor B, dalis D ec @) Haiis @ ook, Xass yywonKm of

5 b di NF
b R T N T Tt PR

I I f I
i sease. Eﬁgﬁﬁﬁgﬁfgﬁﬁ%a{mﬁ% %ﬁaﬁ%ﬂﬁ%ﬁﬁké%h%%ﬂ#% |
reconst i t utfornulo() endtthlel prefaved pohipeptidesifdormiild (i€) cormbamegadd t r eat ed

10 ani mal s showed i nprovenent in disease synptons and histol ogy conpared to
cont r oPOanieFRress{em Iﬂmﬂs ihe@repudngaellorith sorddeleranes Rropeytics aad

denonstr at t WL L. h t O C4OL pathway is strongly
i m’runosuppﬁ)cei’lsas'-':’lgigl COd % ﬁg (I;Ia lgtsl ﬁum%

An anti human-CD40 antagonist antibody of the invention preferably
comprises a heavy chain variable domain amino acid sequence of formula (I)
25 and a light chain variable domain amino acid sequence of formula (IT). Such an
antibody has good characteristics. It is of course possible to generate variants
of such an original antibody by modifying one or more amino acids therein.
Many of such variants will behave more or less similar when compared to said
original. Such variants are also included in the scope of the invention. There

30 are many ways to modify an antibody of the invention. A non-limiting example



15 nodel s. Conbined treatnment with allogeneic small |ynphocytes or T cell-
depl eted small |ynphocytes plus an anti body to nouse CD40L permtted

i ndef i ni twopasenesssi c islet allograft survival in 37 ouPCONIZM7/08€A0pi ent S
that differed in major and m nor histoconpatibility |oci68. Fromthese
experinments it was concluded that the efffe)ctive interference of the
CD40L-CD40 interaction 20 nost |ikely had®resul ted in preventing the

i nduction of costinulatory nolecules on the small resting | ynphocytes by

the allore ' ol cells. | h [ nt _stu it s. deno [ at ed
that adm neoprdf alodistatin oy ARt vEmpRaRt ad v hulam RS RRIoL Ton
mar kedl y prgdhgiiggtt. Dvhér Wain-10iifidk lexafiploaspé e Mhod et &l A A LR@irabhs i n
both naive and sensitized hosts. 25 However, when anti-CD4OL therapy was
del ayed untdeletparstiopersion aadiaysubstisntipn cboae of ardredamingacidsyghen af t
survival . From thi stu(gg . it 185.1C ncb;l_l%ed t hat. anti - CD4C]_.thher a$1¥

i nhi bi ted SPPOGFER 0 FRIGLHRBI YRGS 5 PTPRTH PYPPRIDRIORIGPSBFRIHERY £ or
ef f ect o fqﬁ@ﬁﬂda@%%ggn&aa%iﬂgémﬁa VARt SR80 bReidb s t&sth 86 Ackeidifing
CD80/ CD86- CD28 and O ™4 pat hways 30 sinultaneously effectively aborts
T cel |l cl orthe chapactsiristics of waidr o varidnt.nNlva poeferitd &ndddaresoseGNvention
L2007/ 050202 23 pronotes | png-termsurvjval of fully allogeneic skin
grafts, andrPrilesia kanipat a§%|051&%1tawf>%ﬁfr%fﬁ% ’\‘}’é@EUP&rsaﬂfng%EltaPén of
primarily v - ari,zed: L ac :0qr . I et ek with a
b0- ot Bk EERREAbR ALiRE, Bivkfeiob drdif SR b hRER "
CD801CD86- (bbad 1p@t Tovasine meideni ek coimpured ko dli@bhinihejaeid sauenee af shrbus
nonkey ki dney al]ograft nmodel69, 70. For further information on the effects

of 5D130j n drigipahaatibedy di eederadly saideinsppiion falatien myesylanaa/or - g1

Mul ti pl I i S i t di : I i nal
10 nervous peRTfion fopR 0t PR e AT Ils HEBpEHRL R} shdToRRAER, 7
fibers becamgshdiriydened variidld abmaih bf fdrneulsailpsOtiesoridhl bintidody] y neans
"many scars."” The hardened areas of nerve tissue are called plaques. The

synptons, severity, and course of nultiple sclerosis are highly vari abl e,
dependi ng rtl n the sites of .t he plagues and the tent of the
deteriorati 8¥e¥ﬁ‘?%ﬁ’f’8&’i§e%‘i}1eéﬂvg?ﬁignd€f& egraa{qegﬁoifo%ql?cén%g ter in
the nenwous, 3y $hafAst ca¥%0 aﬁfa'g%)ﬂizsﬂ%ﬁﬁédyl ERHP R L ORI o $hipstedll line

i ncoordination. Experinmental autoi nmune "‘encephal onyelitis (EAE) in the
comon mar nisetprodatds A origindcottirhuman £Ddkantagomest] antilbedy aodiel  of

mul tiple sclerosis (reviewed in,86,, 87, 102, 104). The, central . vVou
system (Cl\lS}etﬁPmi@nﬂéﬁ‘Pe%mP‘é%’F pherigingl a %GPQVJ*BB%)“? Hr‘fdr’r@eag’ryi %@%&E%‘fﬁbns
of this EAR; : patk 55915]8 j : ' gi doldHIHAh R cal
features wﬁfﬂa%%%éﬁﬁéﬁ%leﬁ %(B’g ) ggﬂi rerr}tl)ésdg&l% nvt%geﬁtﬂgaﬁ bridge the
wi de i munod@@iseghe@p between humans and rodents that hanpers the
selection of promsing treatnments in the dr ug devel opment _pi peline at a
precliflOcal stage 26 Marnosets ildnuni zed wit 1rhMoG,  a rekonbi nant protein

representing the e>;£race| | ul ar fl'agment of htman MOG (amno acids 1-125)
devel op EAE in 100% of the cases, which is due to the presence of the

mononor phi ¢ MHC ¢l agyKILQ BSGRL LYKEPS ETEISITPOT VS aSERS RYSVY WX RGP
repertoire of each nonkey 30 82, 84,85, 107. A particularly useful aspect of

this nodel for therapy devel opnent is WD 2007/ 129895PCT/ NL2007/ 050202
41 51 61 71

25 l | | i
PGKGP EWMGM MWGGG STDYS TSLKS RLTIS KDTSK

81 91 101 111

| | | |
30 SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS



24 that |esions developing in the brain white matter can be visualized and
tentatively characterized with clinically rel evant magnetic resonance

i magi ng twohlniresys32 103. Longi tudi nal anal ysis of thePOTANL200M950202 nat t er
| esions with nagnetic resonance imaging (MRI) showed a progressive
increnent of the 5 volune and persistent jznflarrmatory activity in the
majority of the lesions. Furthernore, th&’characterization of the CNS

pat hol ogy with MRl and previously described histological criteriann

reveal ed t h Lofr-ty. of the lesions;are iqn an early.activ tagem 10
The r hvoe el XERE Kt halr VFisk sRliBin B5% Lk Bndlenedibe bE f2
targeting e@dsXi=u;aXoLY, 4Rl 06 BSXOf \aghil 381 W &5enLidill ReH 5 ARG 12nd
T-cells are a potential treatnent for MS. The interaction of CD40 With its
| i gand CDlMdp{gayy,an important role in various inmmnopat hogeni c processes

t hat operat e.(i/n It:'@Ed fi ﬁﬂeUdi ng B-cell activation, antigen-presenting cell
(APC) 15 alPtYHS'BRY THHHOET SPTOERHRE ant i gen- specific T-cel |l responses and

i nducti gn f 18] in
1996, cont i Pna s et AEHEt onE Thpther R N et hredutds { vArbt Y o bOGITRA
prot ect ed agdihogly vEAE&REn skiclveariant antibbdy éah modidfilediorigiBapantibodg Wi t h
anti body agai nst .CD 154 was stopped due tqQ unexpected side-effects that
were not ofSSERFEANE Ry InseTidon, qliﬁqlo%%ﬁé@rsﬁ%ﬂ’t%‘l or yRestaifien phobrizTesHal

ti bod . i .S ; 5D12
ot body BBl 3% ARG R e PRoR SRk £ A Sal UTBROED e gl SD02
several celshid yrelsfigation doéd Ket oaslistadflemodifictidn 6042 Mabso acidesitibe exert

CD40 stinmulatory activity 21,22, 39 Both the nouse anti-human CD40 anti body
nu5D1218nd PoriaHphidensifiedrky n anfl Xhianddatepoigingdihsprnount ehyariant st r ong

nobrol g ¢ AmEHeR et ts PR RY RO BER e Aot MHAGIBLEE o ke
si de- ef f ectsgi@hetfiod TRALRARBmMYrithe SeROAWRH vAdhnBAntiBbAR YBAOWSK prbdhesd ed

anti -CD40 Mab into EAE affectéed cormon narnosets WO 2(}0%/ 129895PCT/ N
L2007/ 050262 acamanngidhat weseddeast §0%€ o theé amwhintefmatiginal aetbodis wher e

CD40 nol ecyl es a r.gm nent xpressed on infiltrated macrophages and
acti vat ed r@f"&&i)fyag%‘% Ogé%igpgﬁﬁdwaw&ﬁﬂtﬁem.ﬁm 8THRC 3t sed t he
questi 98 W%@hg@ﬁceChSDlz al so has a therapeutic effect on already existing
| esions. 't rt et al nonitored brain | esion devel opnent in 7 _

r hMOG i mmuni zed norkeys by seri®l magnetic re&tnance i nmagidilg (MRD at 2
weeks interval 76. The results of this study denonstrated Tuppression of
| esion inflammatior in all 3 cth12-treat ed nkeys whil e l'esion

| lammatiod in all : |
Prevent on of CDA0 AREdcReRTSat i T PO EAR TGHES SO, 2ONPH U VLAY,

early in the disease process has a significant inpact on the clinical and
neur opat fi ol ogi cal expression of EAE in rodents 88, 99, 61, 94400 and

non- hu@n 15 pri matd nodel s 23,8k CD40 is Bkominently eXbressed within the
CNS white matter Iﬁsions of NBCEStients as mFII as EAE- affected rodents 68
and nonhuman prinmat'es 6Q That 0 bearing APC within the CNS, such as

infiltrated macr ophagRRPEGQEER IATYREVONEBE WGVPRRFBGS OSB! FOLK: cel ls,
contribute significantly to the pathogenesis of EAE has been el egantly

shown

25 81 91 101 111

l I I I
SRVEAED VGVYY CSQ STHVP WTFGG GTKLE IKR.

Said insertion, deletion, inversion, and/or substitution of between about 1 to 5

30 amino acids can be in any part of the antibody not being or involving the



20 in bone marrow chineric mce 33. , The results of 't Hart et al, Laman
et al, and Boon et al. 76 76, 91 indicate that antibody bl ockade of CD40 is
a pot ent iaDI2g07eR2p896t | ve treatment of MS. Inportantly, tRETONIZDTASMAD has no
apparent side effects in the marnoset 25 EAE nodel nor in other primte
speci es 80. The beneficial clinical effefémof anti CD40 anti body was
denonstrated in placebo-control |l ed exper nts in two EAE nodels in

mar noset s, nanely induced with human nyelin 76 or rhMOG 81. In additionj

on al 1 eady “SiAS TS R R B, & D R el R RGBT G, 6™ T
Psori asi s isveaBidn)hndreredubsyitalion ofibeersen abbht ¢ith Barhirdasidsien said

population, In this disease, T cells and keratinocytes in the |esions are
activat ed heavegbassamane aoisk segvenge ke seidalightcchaini aming acid segbened when| t

is thought that s CO- 5 stij | atory nol.ecul es expressed on ker at,i nocytes
and T col | SBRREFEER i portesronding chati Aing poid sadlents 3R eid g™t 1 but o
to di semseadéiodi !t PrefesallFQai®settich, 6Tetivh, IR/c6idhe andRy R®stidon Wi Ch

i s expressed on activated keratinocytes, and CD154 (D40 |igand), which is

t ransi ent | peexgrresbedt do cmirat eddCixin Jaiddidayy (Hi240-0flivsAadid gaquence
between T cells and 1 kera&inoctgs,may rel ease fromthese cgells
i nf | ammat oMy STetrar avEebain pearncg sl sa1d arigipliantihodyesi ons.

CD40, CD15 i ct .ent ' "
Qul tur od koray ool e sy iiod QAo 3eC il 8RR, ol aREBRSY BRORES col
| FNt r eat mehine thiag atrodicesfsalid gbleyteeixmitibodyl THM Qproduddrideticlingcan datsadd 15

keratinocytes (referred to as CD40++_keratinocytes throughout this paper)

wi t h cBl54faetbar celliliney gr yehanathescelilinaihataroduges saidaelentod antibefy of
" : . qdct
Thi o1 ot Fagretably, SR oA RCCARtes D ARRSRIE doleia LIRBOEF o

express CDAel invpfifibhFutthe2proeile8ih 461 @nd/cieiicbinbetlahhahtichhmhher
study and their incidence and | esional status were not described. The

presence ofCI¥A) Bntagpndst antibedypehiainable Hyes mntbodascending fothe indindtPn. Thus,

it i K t .CD154 ts,. h i ducti
by kerat i ndbyt B0l rempimEn L an eoHop e COARHAEPER 3akBorR abundance
in psofjat Eﬁmb?ﬁéeg'&sé%abﬁc%@id:@@fcﬁheq{eﬁy JHRGR RihhodRIPBS§udi@d the presence

and | ocalization of CD40+ and CD 154+ cCells by i mmunohi stochem stry in

| esi onal and non-1dsional skin 1tomten psordlasis patiertfls116. |ncreased
positivity for CD4(? was observed on cl usteraDof kerat i nogyt es, and high
expressi on of CD40'was shown on 'al nost all la+ Langerhans cells in

expr asbi on of DA haS oy BOSO oy KPRIEPLE] ROy BRGRA Rgvy Jrsivar
2007/ 129895PCT/ N L2007/ 050202 27 ‘
20 41 51 61 71
I | | |
PGKGP EWMGM MWGGG STDYS TSLKS RLTIS KDTSK

81 91 101 111
25 | | l |
SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS
wherein X; and Xz are pair wise selected from the group consisting of X; =1
and Xe=V;X;=Land Xg=I;X;=VandXp=V;X;=Land Xo=L; or Xi = L
and X2 =V,



psoriatic lesions; they were rarely seen in non-Ilesional and nornal

skinll6. Also, a small proportion of T cells showed CD 154 expression, in
nost pat i wORE0719g9axt aposition to CD40+ cells. These re®alriNL2o@EISE2t he
possibility that Cl)154+ T cells may ligate with CD40+ kerati nocytes,

Langer hans cells, and CD83+ dendritic ceb}%s, and rel ease nedi ators from
themin the lesion. In addition, they denonstrated that CD40 |ligation

i nduces the rel ease of chenokines (1L-8, RANTES, and MCP-1)116. In the sane

publ i cation,: . %ﬂﬁ - f the

chenoki nes%ﬂ(fgﬁ)%t &gﬁo p gl a Eelggié?éljg%ngﬁtg Peé!%kﬁ%&@a%ﬁ%fbl ted by
t he ant agorubtiitutic of bEiPeckDakbouit DoslP amhihe dcids wheasentisd e dtegaes hehimt
ant agoni st anti-CD40 mAb 5D12 may at | east in part have an effect on the

i nf | anmat i 6hasamipg agibsequense aag whereinsaib sratifieataon dpes nekeansist of a

measur abl e i riati ffect.of the 5D12 apd.ethe t agoni stji c

anti - Cb40 éﬁﬁ%gﬁgg O?Ehgagﬁiﬁ %(gss%t Qéeng%séﬁlgflgssiige%}@%@gyéﬁtawigé system
that ispgused as a nodel for psoriasis treatnent, show ng that antagonistic
anti-CD40 anti bodies may be used for the treatnment of psoriasis. A

t her apeuti c ef f ect Infonembodimdritshierinvenion psovidesasp ompacstaticadd 20 In a
particul arl referred enbodi nent sai d, aut oi rlﬁggd/or an i nflammatory

di sorder cSHpMosHLOR ﬁ??&ﬁ?ﬂ%??omhqﬁ AGeqLENE 1 LARIPKERIPRCA BIRAYE

enbodi nment ; i | i i i { i ; tory
bowel di seé’g’gyi‘%ﬁ%ﬁ‘é Jo R TRy Cufind o ???igg‘{f’du?:) o?ﬁig?ﬁﬂi@d&? gggg';a (CD). 25
As il | ust r atueteiaboideacerdolgyiwetite ineeationradidiey 4 oell hecindiegto tle irsveskidned

for treatnment of diverse inflﬁz{matory di sqrders,_. . i ncl udi ng aut oi ne.
di sor ddPs aMaogiherinvesfiepmraridesifepeypertide aecqrding i Hhe 111 DT AUBA N
provi des a I [45 . IHEYRE niosonder 30
and/or an in &}%@%{@%§%§?§%?@Z¢ﬁt§(ﬁb% or? X%ﬁ)gﬁgé%oﬁﬁbﬁ%ﬁd;#t rej ggito?lb%. In a
WO 2007/ 1293286 HeN h28Rdidibilthe id¥ehtivhhaid/endedll reoérdihg to b€ ibveation

provi des use of a polypeptide according to the invention, a binding body
accor di ng tfor upe ap mmaticamentn Paeferablye medivament foy amelionajing a smpiom

nucleic acid accordi ng to.the.invention .apd/ or cel.l ar. d4 o the

i nvention %™ E_P'l‘étohlﬁlﬁlglf%%fifﬁogd%rf a% H"é8?10151?}%51%mﬁg?rya#rlg?ﬁ)é%aatn?ir/lglg%trsynpt om of
an aut Q5MMyBRuEInEoHAS rBEGE adll/orThl e Bleatnedt 90 CIRI0 poElLioE chaterselinal ng
graft rejection. Aneliorating a synptomas used in the invention is defined
as anel i or girefeyred eirdastiment saidputonmeiuae dhdordar inflathewdorypdisordgn 3. The
i nvention is. of ecifjc intergst. for gutojnmune. and/ or inflammtery.
o O Sl Bt b o PR ra P bOVHLF AR Yok BB oo
of these d'ﬁ%f@féjxﬁ{cslu%hger BYHTRA Rfsth aﬁmﬁpé SolerD¥t pEbRabidpyallenyt hemat osus,
mul tiple sclerosis, psorfasis, |nF1anna ory bowel "di sease, bull ous

penphi goi dgsmpkligaidysi andlatopit deimatifispol ypepti de according to the

i nvention, optionally conprised in a binding body or a cell of the

i nventi28n and/ or encoded by a nucleic acid of the invention, is
specifically suite r [ k; 0f 5 Jah AR or

i nfl ammat ory di sorg%gr Qggi}g()ee%@ﬁigdﬁ%r@%%g tt?g%gmigﬁ%g{l;/%g%?#éd‘g according to
the inventinieBbtAMd 8lsynilitohl 6f 41 infMaiin HoSPAdRER he @atsevlits nom speci fic
manner. Furthernore, since a binding body according to the invention is

pr ef er abl y stenmiatery ED4Gantagenignsadyperties ainpdypeptitroacqording tonthes

present f Ofinded 1%%1% gﬁ%ag?er fo?'dargéliorating a symptom of several disorders. An

o

25 inflammatory disorder as used in the invention is defined as any disease that
involves an inflammatory component. For the interest of the invention, an
inflammatory disorder specifically includes an autoimmune disorder and/or
graft rejection. The central role of CD40-CD40L interaction in the initiation,

amplification and prolongation of immune responses makes a polypeptide of



20 tinme and thus shows its antagoni zing activity in a patient for a

consi derabl e period of tine. Therefore, the invention in one enbodi nent
provi des wWous@/12p89a pol ypepti de accordi ng to the inventipOm/NI20WTI0sekong body
according to the invention, an anti body according to the invention, a

nucl eic acid according to the invention d/or a cell according to the
invention for the manufacture of a 25 ne@rcanent for aneliorating a synptom
of an autoi mune di sorder and/or an inflamratory di sorder and/or for
reduci ng graaft i i . I | | 'HFEQ r: [ g ] fURRt Ory
di sor der i;3%2P3§%§§5P?§%F¥§§§§P§ﬁ%ﬁ% r?#%ﬁ%a oﬂ%hg?gﬁngﬁg%gg?gﬁtn1c | upus
eryt hemat oslisordeu) ti pl e sclerosis, psoriasis, inflammtory bowel disease,
bul | ous penphi goi des and atopic 30 dermatitis. WD 2007/ 129895PCT/ N

L2007/ 050202 29 Brief description of the drawings Figure 1. ch5D12 serum

concentration afternysin admnistrati.on at.day 0 he 0s evel s
as indicated by t heH%ngﬂﬁw Véfgﬁ%lgtlgpelsd)lr\%]ﬁggsor} g?@%%%@g‘h#?%glrdfr% and
were deger oNBdstrate BBy ptel JfTBH0 aXdUES BERRA in }8A M AStoile ldaédradrd. THgef 27.
Figure 2. Changes in Crohn's Disease Activity Index (CDAl) scores during

t he 28-day @A adoletuleristan®0 &RBOYyDei lnesihyane Blypcopratbin amdeais expaessgten t he
period 10 that,.ch5D12 | evels exceed th 0 ,ng/lnL .co ation (see al so
Figure 1) vﬁ?ﬁlﬂs’vﬁgn?‘iﬂﬁﬁn}%r %gefsuﬁefelidtlﬂ?zgf%é%?ealgfo@f@g%ggﬁsgfoﬁﬁéw&el in
priraates. 24 -%Yr ;iaglhggbgép%l%oﬁa{t LOMID canShd FdEHE bAdHEEHal %éﬂ@@ﬂeg)éty hg

101.tg/nL lev Hi st ol ogi cal disease activity scores at
and day 28.filakiasts) ifitleadidl\delly asdokeraitmotGteahld C1240 lighnd gp3® TBAM,

f d di to Ref.4 S f the il di d f i
R e R IR TN
bt ai ned at . . I : | of
optalned. SR BAABCAP LR e E RiERERL B aREYE! of
20 Figure Z4ctRalted ADSPTiceHs2rompaidieioh, CDU0I3hAs beék §yueddnia wumbbi ofsi es

frompatient 011 (3.0 ng/kg) are shown as exanples for the reduction of the
i nf | ammat orgtheespldhypes sfiaphetdvakier, inckiding mastcedls; baspnhals, Beeadlni zi ng al |

T | ynphocytes. cel l,s 9}, macr ophages (CD68) and CD40(+) cells
25 before (%Slé‘%ﬁi‘ﬁd 1&3889 péé'%g‘?lﬁse4f55'ch5D12 admi ni stration (b, d). HE,
haemat ggyl i n-eosin. Figure 5. Consensus DNA and deduced ami no acid sequence

of the murine 5D12 VIl and VL region. WO 2007/ 129895PCT/ N L2007/ 050202 30
Engagement of CD40 by CD40L triggers a number of biological events in B

cells including proliferation, expression of activation markers, immunoglobulin
(Ig) production, isotype switching, homotypic adhesion and rescue from
apoptosis®6.57. However, as described above, the distribution of the CD40

20 molecule is not restricted to B cells as was originally postulated. Freshly
isolated human monocytes express low levels of the CD40 molecule, which can
be up-regulated by culture in the presence of IFN-y47-4%.58, CD40 ligation of
monocyte/macrophages induces the secretion of large amounts of pro-
inflammatory mediators such as IL-1, TNF-a and IL-12, which induce

25 inflammatory responses and tumoricidal activity4’-49.58, and rescue them from
apoptosis. CD40 ligation also causes DCs to enhance their differentiation and
activation, to enhance expression of costimulatory molecules such as CD86,
CD80 and CD58, to increase cytokine production, and to inhibit apoptosis5?.59,
Furthermore, when expressed under inflammatory conditions, CD40 signaling

30 can induce expression of intercellular adhesion molecule 1 (ICAM-1), vascular



Figure 6. Amno acid conparison of nurine V regions with veneered and

dei mmuni sed V regions of 5D12. Figure 7. Alignnent of the 12 tested am no
aci d variwonreo(Bes K13A, E16Q T17S, 129L, 137V, P451. 2CA8L007BFBOONSA,
T68S, S79F, and T108S) of dei nmuni sed 5D12 VII conpared with the parent
muri ne sequence (ch5D12) and the fully dg'%rmuni sed sequence (DI 5D12).
Figure 8. FACS anal ysis using JY cells. R C6 cell supernatant of the 10
transi ent expressed variants (QE, K13A, E16Q T17S, 129L, 137V, P45L,

M4A8L, STS6 ; ny D12 was vested after 48h. As

control al s(?glﬁ ?udg;egrgﬁjgf Iélnzeg{%%a@rc \7%1@? g)qarg(i Egséq pg Paﬁﬁéﬁtige% ’Eerf‘“iiist her

ch5D12 or BugRdst thageidesling ﬂi’ro'illgBQDDdOQﬁiriri%TrEeE’pEC inBéraRtidnsfldy be an

transfected cells. Bindi ng of expressed antibodi es was tested by }IEACS usi ng
e

15 JY cel | smpogtantetepiin the regulativanoff ¢ @ctivptioneth & eadodpteyreanyit ey
(1/100 dil yted). E ontrol. JY cel | re i.ncubated wth only t
secondary #ngc}‘?%@iﬁnﬁ’ﬁacﬁ‘aﬁﬁ%%%l V#Y‘bﬁ?‘ﬁﬁgs\.ﬂﬁw ¢ f edo’&letwépog an 91%‘2‘;19
V-L-1 vgri amgo @D ihicRaet] %3l o i 50hees60,

2ov- 37V 200 BT D v Ak ATt dprtabien o ilinogi g hpe SRR b
t he parent inhheprimisegnd mctvatiohDf 2ntigenesfaeifiyTaellsi?fuim sledtarpoeice
(DI5D12; 291-371) ar}d PGL0 (296%-371) Figure 10. Distribution of antibody
product i vi Bftivgtiopetmestophpgestieas wel eri&%?f@@[%@b’%dﬂ‘ﬂ?éd}“@ﬁ&e

' over gr own' = I CALE oL j | he
Kot o antr B RE ShEGE Teodl] Rl b opRiagt Betivat Paep il iBhhERNAD,
concent r at iparasite gefections duch bk RiicethdoystiscE€nph togparidling, shdMieislgmahi=8425
ug/m). W) 2007/ 129895PCT/ N L2007/ 050202 31 Figure 11. G owmh and anti body
accumul8ti 8f profiles for cell lines A L107 (DCl; top panel), B) L25 (DC2;

m ddl e panel) and C) MB5 (DC3; |ower panel) in CDACF fed-batch shake flask
culture. 5 Figure 12. Conparison of the binding of PGLO2(red) and ch5D12

(PGLOO) (bl ue) at | Qugpetifit eole®dP ODUPRLM idekatd & ddrhbRstehted BYRIind | gure
13. Inhibition of 0O mAb binding to JY cells expressing human CD40 by the

anti -i di ot ypedelpiof angigemune hsdaseDAdimabmogel etudisahase gleaalylmdicated

Corcent o 81 Rl g KA SR B S oB8 3
Concenggat ivaRidu! Alten M it &&e&éehsﬁi g@gﬁﬁsﬁ %ﬁh@&) Wik RO Sutferiiy e CD40- Fc.

Pl ates were coated overnight wt
spontaneous or experimental autoimmune diseases, interfering with CD40L-

CD40 interactions had clear beneficial effects. A Mab to murine CD40L was
shown to prevent or reduce disease symptoms in collagen-induced arthritis,
experimental allergic encephalomyelitis (EAE; an animal model for MS), in

20 (SWR x NZB)F1 lupus mice and in non-obese diabetic (NOD) mice that
spontaneously develop T-cell dependent autoimmune diabetes. Evidence
indicates that CD40-CD40L interactions also play a role in the pathogenesis of
inflammatory bowel diseases, which includes Crohn’s disease and ulcerative
colitis. CD40L transgenic mice with high transgene copy numbers were shown

25  to acquire lethal inflammatory bowel disease marked by infiltration of CD40*
cells and CD40L* T cells into diseased tissuesé?. Anti-CD40L Mab effectively
prevent mucosal inflammation and IFN-y production by lamina propria CD4*
T cells in animals with colitis that had been induced by 2,4,6-trinitrobenzene
sulfonic acid44. Very recently a direct comparison was made between anti-TNF-

30 atreatment and interference of the CD40-CD40L pathway using an anti-



15 human CDAO-Fc. The isotype control raAb, chFUN-1, is directed against
human CD86. Data indicate nean s.e. nean (all n=3). Figure 15. FACS
qguanti fi ca0Oi2007/1298%9ant i - CD40 mAb binding to JY cells. chBPDINLeRGEWEO®)2 and
PGLO2 di spl ayed conpar abl e hal f-maxi mal bi nding 20 concentrations. The
anti-CD86 mAb, chFUN-1, also showed binding to JY cells in these
experinents due to the surface expressi of human CD86 by this cell line.
Data indicate the nean of duplicate determ nations for each anti body.

%t TN RSO e R UM AP Rl >
(PGL00) (Amaied. IHGHI2 nfd)elfizeneid 0DUSR Biteh T4 ¢dlld drel fifedle @ SRACSCTD
i ncreasi ng concentration of conpeting unlabelled anti bg?sé.@ Label | ed

anti body brHes hatwubsgaventlyeyelop dvarhes opseftstandean ¥l pRogressiye by
flow cyto 4 Ll . MEL for .chS5D12-+ PGLOO) PE.and PGLO2PE bi ndi pg was
WO 2007/ 158@%%3@68’7% '?o%"zk%%g%g{?eﬁ&% éggtéﬁbn‘éo‘hrﬁstsé’ RSO IGAL 305

f1 uor esgenegperidehth BinfldRiRE6EY NOW YL dibBase. MdhaRbAL MBI eitRefanfPPNFYG 4
separate experinents. Figure 17. Inhibition of IL-8 release by THP-1 cells

af ter co- cat antieChi40h: Hotutheaday ef Txellnideonstitaitian cqpuplkselywreventadyanma,
are co-cul tj.vated wi.t.h Jurkat cells in the presepnce Qf increasin
concent r at Fhﬂgcaiﬁggﬁs@@@%l) a@ealséﬁggezp% q’F&eQFrﬂggpqﬁe‘F‘g'ﬁ%nPF%%ﬂq&ll cells,

| nduced Y diicde Bufthe ok ElatE0B0 L Al RibS iR WIAG EREP RS

measured by ELISA Data iIndicate the resu roma si

Fi gure 18. rédonistitutianicdubhstiHmirave @mcprbgresyien oftld dimeabgAdREMt2dheavy and
l'i ght chain. \ég 007/ 129895PCT/ N L2007/ 050202 33 Exa | e Exanple 1 5
Materi B¥s &AM gAY Qe enfum; A1SeR IR {ores 80 ;}gé OF5t COIgRITaR th a
clinical di LS: : j iy med by radiol ogi cal, endoscopic
or histol oS@g@?Péﬁ/}‘g@ﬁ%‘?ﬁg‘ﬁg‘sgﬁ?ﬁﬁg"e‘&%giﬁﬁ% Di sease Activity I ndex (CDAI)
score of at |east 220 but not nore 10 than 450 (scored over 7 days prior to
study drug admi nistration) were selected for study inclusion. Subjects were

al l owed to have thRBetent warkgasadsn demonstizatest thajnaterderenge rishdhady;

nmesal am ne for,, 8 or more weeks with the dose remaining.stable for
the. 4 wook S HEFGTEUL. bRl adfe HhReliRatobdone Ssh 330 L FIRRRLPR Der cay
(or 9 19 budRRIgi CEmBRled@hthent &t allPEchME SRl Banphddytéder WeR-
remai ning stable 2 weeks before screening, mercaptopurine or azathioprine
for 4 or mdepletedsimllythphénytenpbis amanbibody $o abdusef OP40 Liparksitisdf or e

ARG L TN RN A Sy TN
prior expoyyigreddnt mafHr it nthbP hiRBGomIAEbAMF 1886, F46nPthcdelexpeiinfcits
it was concluded that the effective interference of the CD40L-CD40 interaction

20 most likely had resulted in preventing the induction of costimulatory
molecules on the small resting lymphocytes by the alloreactive host T cells. In
another recent study, it was demonstrated that administration of a Mab to
mouse CD40L at the time of transplantation markedly prolonged survival of
fully disparate murine cardiac allografts in both naive and sensitized hosts.

25 However, when anti-CD40L therapy was delayed until postoperative day 5,
anti-CD40L failed to prolong graft survival. From this study, it was concluded
that anti-CD40L therapy inhibited allograft rejection primarily by interfering
with T cell help for effector functions. It has further been shown that
interfering with CD80/CD86-CD28 and CD40-CD40L pathways

30 simultaneously effectively aborts T cell clonal expansion in vitro and in vivo,



20 enroll ed was 35.8 years of whom seven were males and 11 were fenal es.
Al'l subjects were of Caucasian ethnicity. No apparent differences between
pati ents WO 2007é120896f er ent cohorts at inclusion were obse@cTadl2(0Tais022 1) ,
with the exception that in the |lower three dose groups the nmgjority of the
subj ects were fenmal es, while the highest gose group (10.0 ny/kg) consisted
of only male 25 subjects. There were no fiot abl e di fferences between the
four cohorts with regard to baseline el ectrocardi ogram (ECG, vital signs,

bacel i ne | oaarares PRpgenlset Sl oAl W oL h S 25, FRLITNBRE YR, o7 g

basel i ne cliavelbpaidrittdfchraniengstulaiefc@bion ey vasculaeizBl ¢aegilacdose
cohort however al so showed 30 the hi ghest CDAl score at baseline. This

study was apostafte Byrthhemneeliiotdrfeneg xaoly A10D405E02DN naxbeay0sptionaliy

Et hi cal Boards of. The Uniyversi Hospi.tal j U Lei den

i versi ¢y TeamEipa GonBr Thalatenfo ittha UGG PRALD Ry, PiRyents

Cer manys amngd ' et ek adnk$ | td@NntEg,gave
i nf or med consgﬁgaggéﬁhr%@g%%?%asﬁgggg‘ési gh anit:ilb?raga ﬁ%ﬁtﬂl%%t oco}P%ghSD12
i s a nol ecdihethley infogiretsoredn hheaffetiy®f A2 bothflanntadbry dipordersy aed filrl e
domai ns of .the heavy and Iilglht chai ns of Mab 5D12 parent version. 10 This
Mab has bedpstapsametesensasd't'c CD40- bearing cells and to antagoni ze CD40
medi ated activation of various cells20-27. ch5D12 was admi nistrated in an
open | abel, single dose, nulti-centre trial, studying four dose |evels.
Ther e wer e Multépls wbleeoéis is Aanenagbirmh i @istasy ofthecoecstpdl terebrbspihnl)al dose
cohort in which only three subjects were enrolled. Single adm nistration at
dose | &Qel qesvoussystem. Inghisdisordary the whitymagtasrsuromadingrerygbers

intravenously. After .conpleti recriitye It . oun, »
recruitnmen el)f%l Sﬁjﬁéd%%% gi‘Sﬁgr’Mg“%%# lf/e S@!%P%%W?ﬁ‘%gggg'%e ad Das
est abl i she@cats.t MhCHaFRMNeddatas bEYBlve fibéwd 88 callsppleQuas! MhetyynBtdms,

assessed at each visit weekly for the first 28-day period and a subsequent

| ast vi sit savexdty 58l conwse ofibjdtipde ¢detpsigarghide vagiabdeolapengdingBaeily f r om
th tud ft {. 2 t t, thei t.a are ipgluded in th
eval uat | on onsiis st bibelngraRaR 1De caETE trbe e S Reitu el Gie VAl " "
curreny smedj gkl 0 Th@q{dtgﬂohﬂ?org Bg%_?teoxfnawé? ifttHeYnerdOus! By RbhP¥BHs nerve

concom tant medi cation was used during the study. Response to ch5D12
treat nent vagpuledd kadims tandeonueaystdm iGDArdofatid00 poi nts and clinical 25

di 1 SSi ¢ def | ned Al of <15 t.al d
decr ease. oM XBAImARLal A ES TGO RPRALIDY SRS (BAE) dhdbs FEmEah TEHTRRES py
at screeni Q@aﬁ%ﬁ%%a%%ﬁugﬁis(fgsztefm%;r%gfrﬁc'ﬂlﬁb%%g% hAltifledRRr8aRrbNekadl 1

Crohn' s Di sease scopic I'ndex o verity ) scoring I ndex.

Bi opsi es wdpes sakenod)r Pietdaasel hbrpaid €rstemp(GNB) whitehasterdesiods that er t he
ch5D12 adm nistration for 30 histopathol ogy and i nmunohi st ocheni ?t'r,y.
Saf et y 28valdevelamin theeyariews vewsiowoaed thos dugbargdel sheoy patiyymerphological,

radiological and immunological features with MS 95. 98,101 Hence, the

D

marmoset EAE model can bridge the wide immunological gap between humans
and rodents that hampers the selection of promising treatments in the drug
development pipeline at a preclinical stage 96. 99, 103,

25 ,
Marmosets immunized with rhMOG, a recombinant protein representing the
extracellular fragment of human MOG (amino acids 1-125) develop EAE in
100% of the cases, which is due to the presence of the monomorphic MHC class
IT susceptibility element Caja-DRB*W1201 in the repertoire of each monkey

30 828485107 A particularly useful aspect of this model for therapy development is



35 physical exam nations, vital signs, ECG and |aboratory data (chem stry,
haemat ol ogy and urinal ysis) including, anti-dsDNA, pANCA, and human

ant i - chi nw0i2007a1p8950dy (HACA) eval uations. HACA were dePemrminedd/05§202
enzyme- | i nked i mmunosor bent assay (ELISA) as explained in Ref. (27). 5

Phar macoki netics Serum concentrations of AthDlZ were determ ned by ELISA as
previ ously descri bed27. To determ ne coat ng of CD40 by the injected
ch5D12, bl ood was 10 collected in heparin tubes and diluted twofold in PBS.

i pher al . cell i sol at ed by..gr adi
bont 111 uge O RATRARRMEGARE (8 She Dobl e FhtterdRnta s BAE0E00 col 1 <
were stai neesht\ativlalﬂﬂﬁdcemid(pﬁi&haﬁﬁaa%yQeﬁeaQPni e seRhhed IR ein

(Becton-Di ckinson, Muntain View, CA 'USA) and incubated on ice for 30 mn
As a backgteshmiques ¥ith Lengitmdistimaygic dfithdibngin whitepmatter lesibas wfitlPBMC
was stained only.wth PerCP-Iabel anti - CD20 anti body. Unboun nti bodi es
were was heﬂaml,c TERANARG Wndhe @ﬁgpfg’(?&' e%)gi‘ Hﬁogfefs?l&ﬁ/lﬁ?’(emte& t%fQACSor t
Bect on-Di chhRER hndAfeaBistbid MM mBY6R! Sctidy fP i | fagiAd
acquiring CD20- exBr gfségi r?g cell g fl(l)lr gﬁi ot al §%f gg%%hggrelﬁ{gg %‘I&tghogﬁhurrber

of CD20- ex fuethsirmprecthe chamsceritatimr of the ENShppthwlegt witheMRIsd t aken to
acquire the sane nupber, of ~events in poth the unstained and stained

pr epar at i oRTePYsLE I‘i%(}ngﬁé }’il?Fﬁi}?%‘FﬁlscFHEFﬂérlr(l}lgﬁ’W od that she maiprisy pekhe r om

il eum and h j rJ i @6 ONoscopy prior to treatnent on day O
and on dayfézg8&&vm ?%tigi %?gﬁglgr%&%gr%ggg vwere fixed in formalin 6% for routine
anal ysis. Additional sanples were imedi ately snap-frozen in Tissue-Tek

optimumcuttin teg_erat ure conmpound (M1l es Laboratories Inc, Naperville,
L, usk i 'rl‘hpirgﬂ}{l@ mdusgd 4 Banedel kapkermueed Botestvthathenantibedipsed at

-80 C unti ] : | iyn fi ol 2 29896PCT/ N
L2007/ 0502 HE S B ABEY BpotPeliss 3L aB BT SeetEidne FENELRF O AR
sections weslds RFERPoBshialcrehahBREOMNIES. ThsTRt@XibA ATD£9Nith itshBrand
sections were anal ysed using a Leitz Wetzlar m croscope (Wetzler, rmany) .

A total of Ciblid Blais-ageimpirtgntrolens viasiousdomuanphthogene prosbysedhathe
frozen sanpl es wer ed for. i nghi st ochem cal anal ysi s, L S

per f or ned ?%eénm1 lxﬁlﬁu{}ﬁgrsﬁqég ,§§§'é(§ Oph%nﬁggg’é’ﬁ&%ermn%%gggﬁﬁ subset s
of | ynphocytgs : )/ - @@A i th Mabs
directed agat?n%?mﬁaﬁgﬁ gﬁgh%gﬁ%?%%%g}ggr% casie\élgﬂ]t%:fuP w&ﬁ&gg)ﬂgerfor med
on cryost amaeophagseffertbr fumeteons 2§AL974t Arstady tpenfoenaiduinme] 9Febrifivneet] | n

absol ute acetone 10 for 10 _m n. Re-hydrated ides were incubated for 30
mn with t e Bisoeatedayd apant asr?egalmﬁii),wi/are rptestedhagainshko,

G ostrup, r | i . i Uthon).. . ne:
144B, 1/ 20‘@%%1 ﬁé%e%égl)“qﬂgbi’g@%\c%# &%Bgtf‘ H%’s@%’i‘%{(?%aﬁ}’%qm 40 CD40
(cl one: 5D#as stogfsdl dine wo udexpédtad codwetffests thes wetird aivt obbervddtihaheands) ,
CD68 (clone: Kpl, 1/50 dilution) 15 (Dako), CD154 (clone: MO, 1/10

di | uti4h) estpatexwergoestd!’- UK). The secondary Mab was a biotin-1abelled
anti-nouse i munogl obulin (1/400 dilution; Dako) applied for 30 mn. To
efficiently bl ock endogenous peroxi dase, sections were also incubated in

net hanol s%utxh@@sepﬁmhwnagaﬁti%%{@w\(m)ol)*sm(x@ﬁm@ hAs bh @hidellr ee washes
with PBS, the avidin/bioti nél?er oxi dase-[ abel | ed conpl ex 20 (Dako) was

added. | n bgainsthunnan (124 atheonb 1 2tandibodytdppesred agpoteshothibitoplbsphat e
buf fered sali 7 .0 5 mn. The reactio roduct, was, vi sualized b
Cheunart noCiE bl wlediBtodRetfidlion 65 shvaralcall ot A fohalke pist osher 7

cont ai gy ngaﬁtioéﬁ)ﬁl@_'lﬁ%.Q,Odc%'sg{&yér)]{b?@Czﬁlizfpét?m(rﬂé’t'&?f SRivRG2Le0 BEIDIIEY agg

0.01% H202, resulting Iin a bright-re nmunor eactive sfte. Afterwards,
t he sli desmuarse drdi-hiinyarr QM(castibodethwdD 12 Biadrthe chamericoseybion, ofrthis ed

ith distille t d -sli pp! i ith gl | . Controls,
hi ch' vier caHBBANT 1018 Dh R 8o Ui B IR BV P LACipramEh Y Ao QR RAEY y
ant body. 3es QiGN AFROANSBHANG AR SRRl adiiEhPUR B AR LIRS

mouse | gG (vinentin,
and showed no marked side-effects 23.24. The same studies showed that

30 intravenously injected anti-CD40 Mab into EAE affected common marmosets



WO 2007/ 129895PCT/ N L2007/ 050202 37 Paraffin sections stained with

haemat oxyl in and eosin, were all anal ysed by the sane pathol ogist (K G)

bl i nded WO 2007é120895gi n of the sanples. Disease activityPaasNI2sEaesewel usi ng

a histol ogical nunerical score40 of which the maxi mum activity corresponded

to 16. The i munohi stochem cally stai nedzg sections were also analysed in a

bl i nded fashion. For 15 sets of biopsiesy positively staining cells were

counted in high power fields (magnification x40). The fields were chosen

accordi ng t i i . SIT I ressed
8nldEn %c?&%gst{o C;c?ng bialy W(H1te #na(e{;@' le&%bg %vhéi@‘@t;ﬂ%*%&@ﬁg@%ts @38

as a percentage o | "nunbér of nononuclear CcelTsTn ronma.

These countpgomnently esiptersed bd iedilrhted i @toptiagesSaot hdtivA@dsusdregliydier eby
the intensity of the positively staining cells was subdivided into four

cat egor i es aswasfoundegpligrin .Mé??e T hab reiseddhe sruestion wisssher chf®12 0D19+
and CD68+ for th.the ileumand colon is +.  .The normal value for CD40+ and
CD154+ cel 1%68%9 gg%%&éﬁ%etﬁ;sgéefg %ﬁ%#’b%ﬁ‘létlél&elgpynﬁar aneters To assess
any nongspeci fic i munosuppressi on by ch5D12, proliferation of peripheral
blood T cells in response to the phytohenmaggl utinin mtogen (PHA) was

eval uat ed. ‘PHarttet rmlnaenideredibyagm desionvds velopiremted TorhMEGamenurBE 20 as

previously reported. 41.ln addif.ion, percentages i rcul at.i ng 0D3+,  0D4+,

Co6+ and Lok sqpia oaghetic Shsaincs Smasing CHRI) P Wroks MGrEA g
Ils. F I il j N

cells. For 'Ifﬂeoi’ég,gxl’ﬁs%ﬁhié’stﬁ%%@%rﬁ&goﬁﬁ}ﬁgsﬁb P ioh SHNA RS b in

heparin tubes, whi ch 100 I'n each test-tube was stalned as
fol | ows (alall 3ehSDdertee ptedanankelyd whideBesioarenacdenisminyas diininiShdd fh PG
anti -CD19E:II;E, anti_ 25 CD45- Per CP, anti-CD45-FI TC, anti-CD4-PE, anti-CD8-PE
and and?- cohe 8 gbD hgrEreated mankeysi s were then anal ysed in a FACScan flow
cytoneter (Becton-Dickinson). This protocol was conducted to calculate the
ratio of CD4+ to CD8+ cells and to determ ne the proportion of B cells

wi thi n t he Brgirpheion of CIPLPLhgdgihent et RS tigAhddEB 152 pardctivated TEalsand
CD19 were percentages of T 30 cells and B cells within the |ynmphocytic

popul at i on earlyeineidie digpaseaprpcesshay\@ stgmificand 8oppcrontheogbnicebenrd2 38 cel | s

e BB AP e Rlof B BP0k o SOl SR PRRRE Mty AR 21 on)
Phar maggki Rgihse HidlelPan NEpKOlieyehsiintth i sa6d HitlinSiHAALRS white

injection were dose-dependent and dose-proportional (Figure 1). After 24 h,
appr oxi mat ehgttedlesidng of Miepadents at walled BABPIffected irdddetsfé nadtmah-i n serum

in the highest three dos hor or .th 3. kq C t, only 15% was

oresont | 5 ISaRaMPITRR ST RBAECOHBHRHERAT rets Ghte st B 2 o

810 days haRINEEN GAFUIELZE WA 6O peRioReil oD Rrk RS bl e R TN
' contribute significantly to the pathogenesis of EAE has been elegantly shown

20 1in bone marrow chimeric mice 83,

The results of ‘t Hart et al, Laman et al, and Boon et al. 76 7981 indicate that
antibody blockade of CD40 is a potentially effective treatment of MS.
Importantly, the ch5D12 Mab has no apparent side effects in the marmoset

25 EAE model nor in other primate species 80, The beneficial clinical effect of anti-
CD40 antibody was demonstrated in placebo-controlled experiments in two
EAE models in marmosets, namely induced with human myelin 72 or rhMOG
81, In addition,'t Hart et al have shown an inhibitory effect of anti-CD40
antibody treatment on already existing lesions 76.
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peri pheral blood B cells was not achieved by the infusion of 0.3 ng/kg as
15 determ ned by an ex vivo conpetition assay using FITC | abell ed ch5D12
(not shown.200mA2989%8e 1. 0 ny/ kg group, approxi mately 1 week/NaRowmaeiong of
CD40 on circulating B cells could be observed, while in the two highest
dose groups this period increased to 2-3 e\gveeks. This indicates that in the
| onest dose group, antagoni sm of CD40 Wald | nconpl ete, while conplete

ant agoni sm was achieved 20 in the 1.0 ng/kg cohort for 1 week and even

| onger in the higher dose groups. Cinical responses The anal ysis of CDAI
evolution indicates that 13 of 18 subjects (72% 25 experienced a

f avour abl e Psgsiagits® @i hfflarhitat6bERiA diRéas offlictPh@ill 2% lof thé epubiftickd In

subj ects (22% experienced a remn ssion during that period. Wen eval uated
at day 21, thisdiseageall eellcamdkeratiaecytes it theallesipnsoansf acty aded padiexpresshor t s

2 and 4 showed t.he | argest an decrease i CDIAI, and, noQ ar, dose-effect
rel ations \ﬁ\é\ﬁé’abﬂgéfl@ . rér—%"gﬂﬁ oéstéfn%%rg niﬁﬁ.ec'?}\eﬁogt'.tlsﬁg(?uggt)g}éqteW%g%'ure 30
anova shovedi2Bkaty fol&Rilby e 30bdd SR RErA8REGAES ahl TCRAs BBFadthgith6- day
WO 2007/ 129895PCT/ N L2007/ 050202 39 observati on period (P < 0.001). The

di f f er ence ehehwtker 4hé thatithdse indesractibns canfrshutediol disedsgradtivatsnt®®- 1 enOpei n

cohorts 3 and, 4, IS cqul d be eyal yated (as endoscop effornmed in

only three S9Ghjsetp nqqfecd.ﬁ%p%aylb%@)élg& Wip ﬁé%ﬁ%‘?’fesé‘?‘?f)éﬁv‘\{gffg"af‘? e subjects

had a decr | I i : : ' had a
$&tindc s s’u@?de gtgﬂ?%&%]%@o 0905, Véhlchvig tf: 1&1%213&? e§pﬁé’s@eﬁ(€)tr§

decrease. Renalni ese two’’cohorts s ho change (not
shown) . Hi sicoivagid @D Tngls. CO40,CDHE4ditat it setiveem Teells hindpsi es wer e

taken (n =_11), a single investigator perforned eval uation of changes in

hi st opé@holk@@‘?tlaﬁ@yﬁem@ﬁb Keloaer Fom shesp ¢ ég§§§€§§%fm1§eg’é’rt?¥§r&@&%6ﬁ

bi opsy material. showa clear infl. fhRaA t WG, iC
activity ofse{eﬂénd’ibélé’g%@cggg\%ﬁlaégqg%grﬁgt%fgllleh??r?s%ﬁ ;E/{Bg][t} ]?%g ag‘ls)‘ga propria
nmononucl earipg@lalctioAf hiakve abeentlphédie réviaediiy om t he baseline to day 28

hi st opat hol ogy activity score is showm in Figure 3. Sanples from tg? il eum

of nine patGCelttsedkeratompuytes dlsoexphessdoDdh; etpressioatip enbanged BEJF&N-wer e
avai l able. In four cases, the.ileum was i, AV Ol at r i.ng whil e
five pati eﬂ%a%ﬂltagﬂg%‘éo? PEEPg}}}VSQé‘Bg%S.%E?‘%DﬂQgH W’ﬁa&%ﬁggﬂggme at day

0 for 4HROSq i IsV(Eetdl <3 RER cPted)thrdighs@athi8 baper)ogy
score fllgr %%%%ﬁ%@%gt(?%fg¥%ﬂg§§%éé‘g?£+t OK({L@M rcgtr?ge 6-3 at dalty?zg.. )I n four

of 11 pati ewith, CDN&4aebalts msprmigulatiot vEHCAM dag 10creaged prodattion ef sanpl es
fromthese patjents remained nornal at day 28. In seven patients the colon
was cl ear | ycyitpkesd¥ M-t h a mean histol ogy score at day 0 of 4.5 (range 2-

A% IS Andehehidg g Semae dyfragm b

five of se e scor s either 0O |ndicating a
nor mal bi opssheEeredin f pasringisunl Thacelity st thredlexpbess GRMOtingsoriatict he
| onest dose cohort (panel a), the colonic sg%%g af one su jec%ﬁgﬁgreas d,
but t hOot Hesiops|wetiecnetcidentified inrthe labten studhanadher ghidenge Fom

R T QA S
' was also not studied. Thus, it remains unknown whether CD154 acts as one of
the signals for production by keratinocytes of chemokines and complement,
which are found in abundance in psoriatic lesions!15,
25 Pasch et al recently demonstrated the presence and localization of CD40+ and
CD154+ cells by immunohistochemistry in lesional and non-lesional skin from
ten psoriasis patients!16. Increased positivity for CD40 was observed on
clusters of keratinocytes, and high expression of CD40 was shown on almost

all CD1a+ Langerhans cells in normal, non-lesional, and lesional epidermis. In

30 addition, high expression of CD40 was present on almost all CD83+ cells in



WO 2007/ 129895PCT/ N L2007/ 050202 40 score at day 28 after treatnent with
ch5D12. Conclusively, a positive response [as defined in Ref. (41)] was
observed WO 28091209511) of subjects. In addition, seven ®abjNCIE/OMMIPL active
di sease at day 0 showed reduced neutrophil activity to the point that
neutrophils were not present in their g sies at day 28. 5 To assess which
cells were targeted by treatnment with ch an i nanunohi st ochem cal
evaluatlon was performed per protocol on the avai | abl e bi opsi es using

T-cel | n§ ey ap R1:1d ophage

mar ker ( g?ngﬁésu tgs ar eyl I St e%éﬁfgw Sle(gg%nl@n K%lé(ne{c}uclfd]g%&vvamsag '3 obser ved
at day 28 iAlsd,hesallgsiopdaiien obTakllswhiolved ODaby ekphedsicioaresstiepiaased
infiltration was observed. In the sanples fromthe ileumat baseline, there

was an i ncil’éa‘é)éfépewlpﬁlt%@pl‘lomﬂ?ﬂér Thﬁs%méuétfs reiises thespessibility that ol on an

i ncreased nunb n four 1 patjents,,all
whom al so h%aﬁl%%'fl |I§3<yi§1 ath @hﬁﬁ@t %*W@ﬁe% aa%ﬁr}%n telis, éB§+
T-cell 45 mm@s#aehaﬁtmreml aﬁ@qeleas@h&edaaﬁoreﬂrﬁ)]ﬂ%hbﬁmn tHdNebiyrs Pati ent

(patient 001; |owest dose group; 0.3 mg/kg) there was a persistent CD3+
cell incr e&s@ddmtloh,ethelyaimnmratﬂdmhatlG’Déall@atmln mduhe&p&lesreleam of

i nf | ammat t t t I

The cois anbeeakiellB AN Bt TP b R Bie patud oublicabignrhasciuet of
for the CDL9+H3 v;Fe?H}ﬁt%% @Eﬁéargeﬁﬁle&r leale bR Bhe Qﬂ\fxﬂbkﬁ{bs“ﬁf BtMEIT Cﬁivé] AL
day 0, there was an elevation of B cells 1n six nine patients of om

i | eal bi opso edevmrexdeni GERANTERS was indubitedl b theamthesnistiomrith€Ix40 on. At

day 28, th t_of th LI's had lized in all t f
he onk0 23 SBAHOGRIIF 1o RBetanaobetagroLba: a0 Gemmctente AL B AR SB7 26

nas obser vstht 1 IR EE AIRPRSVE SYTIRRLOBNAAE 68 Ana Rbndakn G sHBLRNES 20

i ncreased a nonocyte/ macrop sTin*frve of nine
patients oﬂegabﬁgn il eal biopsies were 30 avail abI e and in four of 11 sanples
fromthe colon. Again all increases had W) 2007/129895PCT/ N L2007/ 050202
41 nor nal | 2892¢08/9b§5489) disglosps afmeawr@blenamm@rl@émffe%@f teepDliZaand

remai ned hi for, CD68+. nDno r gphage in the colonic sanple

and even af'RGicHRIAEIMISHG %‘é“c‘?ﬁégé @’ﬁ?@es @h%%%mf?“ﬁp © paPPEM  ad stil|

activel§i seassAhntA0dR8syStem that is used as a model for psoriasis treatment,
showing that antagonistic anti-CD40 antibodies may be used for the treatment
of psoriasis. A therapeutic effect of 5D12 in this in vivo system was

demonstrated

20 In a particularly preferred embodiment said autoimmune and/or an
inflammatory disorder comprises inflammatory bowel disease. In another
preferred embodiment a use of the invention is provided wherein said
inflammatory bowel disease comprises ulcerative colitis (UC) or Crohn’s
disease (CD).

25

As illustrated above, a polypeptide according to the invention is
suited for treatment of diverse inflammatory disorders, including autoimmune
disorders and graft rejection. Therefore, the invention in one embodiment
provides a method for ameliorating a symptom of an autoimmune disorder

30 and/or an inflammatory disorder and/or for reducing graft rejection. In a



Figure 4 shows representative exanples of the decrease of all three nmgjor
cell types (T cells, B cells and nonocyte/ macrophage cells) in ileum

bi opsi es WO 2p@ri2esys 011 (activity score: 7) and col oni c POTONI20EY5@02 pat | ent
012 (activity score: 12) before ch5D12 adm nistration and at day 28 after
ch5D12 adm nistration. 10 Safety No subj gﬁ;s wi thdrew fromthe study
because of adverse events (AEs) with the jority of these AEs being mld
to noderate in severity. An evaluation of AEs 15 occurring at >5% of the

total nunb t. ] ' L ex| rthral gia,
rayal gi a aﬁ?ﬁ%ﬁ?&?ﬁ%‘ﬁ%@%ﬁﬂg?g‘m%}é 3?@%8 ‘@ng’a Egnqq%&ﬁ%(?%bgqorggléﬁ ne
and during thedntehlion 4 pimtiheWbddytResREAE do ithe THRSIMERE YarDY BEibb M a6t Of

the followup period. Flu-like synptons and pruritic rashes occurred in

f our subj edodhednvemden.onnycleiraeidisjceerding te the mreention andisgter ealk rash
starting shortly aft study,.dr dm ni stration.(3.0,.my/ k Overal |,
there is noacg?lé(ﬁpg&?)gée !lgg%%tﬁ%ﬁ%o eg{Hﬁ“EﬁF e A I%)qlﬁg?‘ﬁg% ssi bl e
excepti gn ofmBRGHRGIEA By HAbRCof J8hLEoiWRh 8né idscrlbl AHA/RMELTRURKERbSy
(SAEs) noted in six subjects; no events 25 occurred in the 0.3 ng/kg
cohort, t hrdieorslee mmnsl/omfor reddcibgrarakiorejediton. Ameborateng 8 symyithm 8s Gsed)/ kg

cohort and .one event .in.the, 10,0 ng/ cohort. Five of the six SAES re
consi der ed 1p iIBWn"slPHd?HBﬁB@d A8 AR RROTABNE 4 JeAPt GBS SEBREPRA ardisgrder

related. Al . Ast:L Q| Nc! - bot h
o 50 iy 1A BHSt PRRLAKE FhGLRnIRY £ OF BbEEb BterBUCRE Suth iR di s

subj ects; adnflagn@atdigaticorlerp fornwhidy atvpteddnt no@fBcient txpatmesnit lpxésts) . Two
of WD 2007/ 129895PCT/ N L2007/ 050202 42 t hese events however, occurred at
such al0i néixmmalesiofdhege dinozders aneatheymafiop] asthrds ygtgm lwguss very

li kel ' d f.infusi ' t
under gor ng RASSBBET Vot ReReit R, A ARRLOR pOURI BRal O
observed abngidm ﬂ)érhﬁﬁi%\ﬁméﬁﬁn& hitshic Ao alitis] @spolypeptidt @deordimg botlegi cal

safety paranmeters As chbSD12 inhibits B-cell activation in vitro, total
i mmunogl obulniventienetptiveally comgeised in ackinding bodndr acelleofdbgineentien t he

et e e pndiedlo D i RO e b RO R R Rttty dtte P RO12 9

15 ameliorating a symptom of an autoimmune and/or inflammatory disorder as
defined properties of a polypeptide according to the invention allow for
interfering with a CD40-CD40L pathway in a specific manner. Furthermore,
since a binding body according to the invention is preferably deimmunizéd, a
binding body according to the invention is present for a sustained period of

20 time and thus shows its antagonizing activity in a patient for a considerable
period of time. Therefore, the invention in one embodiment provides a use of a
polypeptide according to the invention, a binding body according to the
invention, an antibody according to the invention, a nucleic acid according to
the invention and/or a cell according to the invention for the manufacture of a

25 medicament for ameliorating a symptom of an autoimmune disorder and/or an
inflammatory disorder and/or for reducing graft rejection, wherein said
autoimmune and/or said inflammatory disorder is selected from the group of
rheumatoid arthritis, systemicvlupus erythematosus, multiple sclerosis,
psoriasis, inflammatory bowel disease, bullous pemphigoides and atopic

30 dermatitis.



circulation we perforned subset anal ysis of PBMC over the course of the
study. Percentages and absol ute nunbers of CD3, CD4, 0D8 and CD14 positive
cel | s werwonot7/2pfsect ed by ch5D12 adm ni stration. Absol RCE/NIQWTIS0208 15
circulating CD19+ B cells transiently decreased shortly after ch5D12

adm ni stration and recovered to their oréégi nal val ues after ch5D12 had been
cleared fromthe circulation (not shown)<“ To study whether treatnment with
ch5D12 woul d cause a general imrune 20 suppressive effect, PBMC isol ated at

various ti iR 3 . atnment were stinulated by the

pol ycl onal ﬁ-lgePﬁgggﬁtgg{lo%ﬁa%%ﬁfl%ﬁunat ely, cells fromthe 10.0 ng/kg
dose cohort were not frozen appropriately and were therefore unable to
respond to_PHA, including the cells obtained before ch5D12 adm njstration.

The sti nul Jigwie 1rhéD 15 3rreen cogcersra tien pher single aidnpinistrationagislay Y at i abl e
but no tre owar ds ja._decrease after ¢hbD12 treat,nent was detected (data
not shown) 'Eﬂe %%ﬁﬁiqsgl‘}gbid]f (e bcé?(igy\kglpesyﬁﬁ{olﬁg?%l&egarg SHR AEHBwo | ower
dose cofor tR5DNRAHDNRYENE Afd SRirk 'R tSikThed ByPeh¥an 8-1fh e #9m&@besibhenpne

subj ect was found to 30 have nounted an ant’i-ch5D12 response, although the
si gnal wasassawas detailed inRef007/ 129895PCT/ N L2007/ 050202 43 coul d only be
detected in the undiluted day 28 sanple of this patient. In the highest
dose group, another subject had anti-ch5D12 anti bodi es on day 28 and day 56
of the stu P P ARt ] 012\ Jhanef only
two subj ec?gg%%?;@%%g%%%l eef(%rﬁ{mﬁglg%ss\gon%é %%h?:ﬁ%%g(g a }r)ngbr(l)irs%1r a?lln n. ¢

Di scussi on2Baddyhperiop afiek ahelch5MiRtinfudoh s The shaded hioeu inthisstel ahe lpermid
ch5D12 were administrated to subjects with noderate to severe Crohn's

di seast) Ethnt et 19 lavels execedibieel Gng/ark sencaptration (weesilp fagura B each
Lreal Tent QHUR ACRRhd' B P Rl dfifla1 3938 GANAI (d AR iR R b 08 27

subj ects were e ( serum-l"eversinct ease ose-dependently and
the | ong senyhe ed ingd/kbRohbil s¥ain 9ORAE Heder Bxdepdeamheud HEAHEKSRT. was
confirmed in humans. This study shows the feasibility of antagonizing

CD40- nedi ated cell activation using 15 ch5D12, in the absence of major side

ffects. T CDh | Ls,indi tes. that 72% bj i d
lintcal rdoporon Diobata e acbiy Soareas iy Tt ooy A Hlarip i os
resul tgsar %cﬂeggks%bfwis_ f@&ﬁ&i%{g}:igh? QBN W3Rk e e RRdin® Rosence of a

control group e It inposs o definitely attribute the observed
changes t o Sagnples Stamtthenleafn (diansinddy fHibmugrinéieubjeets ad sampdes fravetlsever al

argurments in favour of anti-inflamuatory effect of ch5Dl2, First, the
observed déelodasauprespians lén%g%qtsgmﬂe&@ﬁ%meﬁ atyflay a@nﬁ v 28 et or 1 s

o+ TR LEEEh Fef Ao 1GRI QNP 16160 (B MR 1D ALY ATBIA and

i mmunohi st ochem'stry anal'yses done on i es, at c ces

i nfl ammat omyg/&gtand {dy, 10.0cak&kglor ileum In the | ow dose cohort 25 no clear
ef fect was o%served. Subj ects in the 10.0 ng/ kg cohort had the | owest

hi st ol 8@i cal activity scores at day 0 and the reduction in activity score

i s theref i in.thi. hort .. The.hi : Lj
found 1 n ¢ AaEHG iy GPlen biHCER SR Barished 12 G BleRE AT 1 RbelBREH AT IR £ o
was a cl eapqafRe®1193.0 ﬁlggk%)tﬂeogio@ai aS§eRafD1&d fo¥atie 38ductiéh of the

20071129895PCT/ N L2007/ 050202 44 Al though two patients were identified
havi ng ant inflagibi2toaytrebpatises Samplhe wee stained twith antihodiesxdcognizingald

i ut s one. ) BRahses Tl % 3 1Tl TworbReen b DRt etg CRAgE eS|
be det 85t egeisleSHUPSLANEBL BLUSH Bfter ch5D12 administration (b, d). HE,

haematoxylin—eosin.

Figure 5. Consensus DNA and deduced amino acid sequence of the murine
5D12 VH and VL region.
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5 This trial represents the first admnistration of anti-CD40 Mab in
general and of ch5D12 in particular to humans. However, evi dence of

bi ol ogi caWoaeevn2pgey of Mab 5D12 has previ ously been obt CHAI2007/080202 i n the
experinmental autoi mune encephal onyelitis (EAE) nodel in marnoset nonkeys.
10 Adm nistration of 5D12 starting 2-4 V\§} ks after induction of disease had
clear beneficial effects23. This in vivo (groof of concept initiated

reconbi nant humani zati on and further devel opnent of 5D12. The bi ol ogi cal
activity ofg 2A W@5o 8k ' rnoset . FAE nodel . At day 50
after MOG I ni ?-%:tl on,oglln?g%)gx .‘ﬁ%ﬁlﬁg%%‘e%rmn"%%? c&e'btcgp{be ngﬁe%\ﬁgéloo% (50%
of the 15 deimmlwmivel ¥ deigiddoftGiod@se of their severity of EAE), while no
di sease signs were observed in the chbD12-treated group24. Furthernore
ch5D12 has shown functional activity in a rhesus nonkey renal

transpl ant at i on 125 and e e S_i.nmung, suppr essi t to
prevent in%"érerg’g%i]r@&e% i 5{12;%8%6@?%?0 Bﬁﬁ[Yac‘ﬁggtSangiégpﬁ%@ct526.
A tissug CITays; IZACIITV, P AU AN 491), SPSHONRA AtbS: la@dST1d shoved
that ch5D12 bound to the cell surface of B cells an Dés In ?gy%pucﬁ(s)i d
organs. Nodeimespeyset5Prl8séHragidredtwithdabe qasent athrdne sedarce(uhdD 18y
cynonol gus ti,ssues safety. and tol erapil ity evaluation for ch5D12 was
per f or med F‘Hd§§ﬁ§HHV %‘ﬁ‘i’é? SeURCRGS 5@&21 y admi ni stration of ch5D12
for 4 weeks was shown to be safe and wi thout any 25 side-effects in all
nmonkeys. In this study, functional evidence was obtained that ch5D12 can
prevent B- Fédurea® tFAESI avnlgsnd ysing TVaredlsi PER C6Gelll @agleriatanttdfahe st udi es
showed, t hat antagoni st anti-human ch5D12 has_no unexpect ed

CD40 _Mab
cr oss- Factiansignt gxpresged vananissQimiRe3Ackd Qv 1yS, B29, ,ditbLronkeys,

200711208085 LS BBs255 S0 Re 0B L o LA i Wle Mkt R Ay S8 e ce,
the precli Riscahtasd SESS WY rnavRROwhS halrviédteg lof deN & b RS ted Hith' SheR

patients. The CDAO-CD154 (CD4COL) co-stinulatory pathway has been vali dated
in 5 ani nafh#Bdgdlos R Htagetkenyith suparantant fyem mocki(ne alasmid)of

aut oi mune_di sease;a tha | apt ation rejection. 15 Potent i t he

0. Consa HArERaEd Bl SRRE BRkbieRter B EbanBEor R by 1ddis \Binen 154
Al preyi ogy @IGoestHeaveith QG RUnRh FITedaRERd edditiaty aftiboly!(3/100
selectively expressed on activated T cells and platelets.8-11 ﬁuman
clinical stuuted). dsiPyC8rcoantdl NMicdls woreCincibatddivitiavelybdersceahdaxy because
of thronbo&g%&l ia&ﬁﬁv&nts 2-14. As this anti-CD154 Mab is constructed as a
humani zed 1 e api9dYext remel y wel | to Fc-receptors, the anti- CD154
Mab may cross-link CD154 to Fcreceptors resulting in the formation of bl ood
clots. Recently, CD40 was reported to be constitutively expressed on

pl atel et s #igufecdinlligwmeat b5 thaadditiviall VL hporiaatd onposigione|A8hed 80154 as
stimulus for platelet activation. These stinulatory effects that resulted

in act#Wat (BH-3FVp2AY @ 7dt 3918V E, 29Y oyt €9Lny "hdd?Y i3 #9LadTY) €154 or

ti-CD40 . i { St | at har.act iSti
chsD12 al s onatmiEd SV ISR hERFLR A MBNREh ST BRI
presti mul atlesl figlypHel®intidiséd8e fitiee FDIHBI 2209L.87Daiid G102 (QDIAWI? or

col | agen was w thout any effect on the activation status of the platelets
(MF. Hoylaerts, unpublished observations, Leuven, Belgium. Furthernore,

the 1904 Fg.part. of the ch5D1 ackbqgne, .has re apability to bind
to Fc-r ec_egtlg?l?_ ]eéx)r]?’&:@@&p%ﬂ oé]ag?&ogy sPragu t&ﬁ%&ﬁ%&#&ﬁl@ﬁgﬁg’@esbackbone.
Fur t hegs di g%am&g%@ PARRINREADLEF a hHCORRBERRNEE well ﬁl%@@%uftﬁ?@@i.tmni)@i;t
that chbD12 targets B cells, nonocytes, nmacrophages and DC, while an

ant i - CD154ofkd]] liarg e plattidbly the X-axiseanfibody bencentratlidn nanges amridettied
different cli Pli égl strategi.es. No indications of th;/igrbié)}gnbol ism.in any of
the patienP thehpEts ERIRAY copcontrabpa ranees arydistyibusehm a PET/ N
L2007/ 0502&?01% starting at 0-25 ug/ml).



The effect of ch5D12 is largely based on the interference with CD40

nmedi ated cell activation. CD40 triggering induces cytokine and chenoki ne
secr et i orwbyoergiesgdphages and DC, and enhances the anti g@aTNI28E65020y
capacity of the latter. As ch5D12 antagonizes the CD40 receptor through
whi ch TNF-a 5 production is induced39, % m ght al so antagoni ze TNF-a
secretion which undoubtedly is an inport ht cytokine in Crohn's di sease43.
However, al so a nunber of other |nflarmatory cytoki nes, such as IL-8 and
IL-1239, aie d | R er .2 ve
anti-i nflam%t%ryfgg%%y C%&S)alhﬁfbg ?‘g[r'll lgtl{) gr§$%§g%f Eil&fa ‘éﬂﬂl?—[‘]ad);a

product i on(DQAetdiEpahély, BpLsz(Bms n@m@é padely gmn@) FESDCONodek §AneBdn
T-cel | activation, or a reduced rel ease of cyt oki nes and chenoki nes, ‘await s

further |n@&t‘b@&é’ﬁﬂd}ﬁtchﬁhghiﬂa§k-quﬂn1tm‘erran study with ch5D12 shows
prom sing clinical benefit in the absence of serious side-effects. Further

clinical studies wll be needed to 15 establish the role and optinmal dosing
scheme § or F@@MQ mdmﬁahrabﬁM@H@bﬁidlhgwmmr@d)daﬂdlcﬁmm@PeImO)(blue)
nonitoring of nmultiple infusions. Cbviously, therapeutic benefi

ant agoni zi ag IQDanIMthCIM@ ipendhilisededt Baliffexrent' lsvelssease and can
potentially be extended to many other inflammtory disorders. 20 Exanple 2
Material and Methods Generation of chimeric versi on of 5D12 Starting from

the 5D12 h!@*?glin%oﬂ? I%%Hlkltidn”&" (Eﬁﬂ erAb’Iﬁ‘nH céﬁg'eﬁﬂ%\s‘%\hbé u

cl oned. Bri rom [ ysated ce usi ng a en tota S 1S0 gt eg. By
RT- PCR usi by tlhm attigdiosype ©AG CWS IR @&183@46%% Wré¥e Assayetl Ht @CA
TGTI ACT_ AGT AAT TTT TVT TGI CCA CYT TGG. TGC T 3" to anplify the VH region
and usl®g eprcestrafion of doneme Bata updicte mranacCseaGurer oAt Jeparte

5' GAC TCA GA_TA AT WO 2007/ 129895PCT/ N L2007/ 050202 47 TGT
TGA AGC Tcﬁglreéjﬁgnapggg %/ ?ﬂgg% Tegion of nubSD12. After sequence

anal ysi s the consensus sequences for the V regions were determ ned
Subsequentlé the V-regions were recloned in pcDNA3002 (Marissen et al, J.

of Virol, e 74 GDAD-B6 TR)ISA. dymtdentratiarhreletest hinglisgpdehsEs 22 RG WMy
human g4 a t r a_chi ner ul i

expr essi on Bag'é{#ﬁ& q@tﬁﬂgﬁﬂﬂ QP‘@?? e? %Wéﬁ C\?@?Eesq BQGWIggEUﬁa?@% ng/ml
col | abps at kg tODAOONAL TEB_HSrPfl {GkFalPHOME | ShEUN ! EMANRAld Olkainst
technology within the Vregions potential T-cell epitopes were Identified.
10 Hel per hunedn CHpB6.dpetin indigate seeaharste. amam(aid:nd:%equences within

proteins with the capacity to bind to WMHC class Il nol ecul es. By renoval of
the T cell epitopes the antibody can no longer trigger T ceII hel p and t he

subsequent mﬂmn i [Iiﬂ?otl de
Thr eadi ng. F Pg%tej? %@S‘m%egrg;gﬁér%ioéip%fr %%%F}ﬁ!it)gé élﬁ%%lrlr)gﬁ(ti er- ase ellll§ C&%
predi cting(PG100) and PG102 displayed comparable half-maximal binding |
20  concentrations. The anti-CD86 mAb, chFUN-1, also showed binding to JY cells
in these experiments due to the surface expression of human CD86 by this cell

line. Data indicate the mean of duplicate determinations for each antibody.

Figure 16. Inhibition of ch5D12 (PG100)-PE and PG102-PE binding to JY cells
25 by unlabelled ch5D12 (PG100) and PG102 antibodies. Labelled ch5D12

(PG100) (A) and PG102 (B) were incubated at 1 pg/ml in the presence of

increasing concentration of competing unlabelled antibody. Labelled antibody

binding was determined as mean fluorescence intensity (MFI) by flow

cytometry. Maximal MFI for ch5D12 (PG100)PE and PG102PE binding was



15 the binding of peptides (small am no acid sequences) to 18 different
human WMHC cl ass |1 nol ecul es based on known structures sol ved by X-ray
cryst al | oyoapéw129Par t her nrore an anal ysis was done to seRCENLRME/050202gi ons
for the presence of known human T cell binding peptides froma database
(www. wehi | . wehi . edu. au). 20 Based on the%pri mary nurine V region amno acid
sequences, surface humani zed (veneered) regi ons were designed. Wthin

t hese veneered VH sequence 8 potential T-cell epitopes and within the

veneered VI i - cel. i 1.op re | ifie Identified L-cell
epi t opes V\EIG g(ﬁr]‘ieo(r}n%5’/%(5{!;%§ﬁJ é{nsi @g %arf:ﬂ gégu 8? ?%cgﬁlgéoH.mtégsl?%’dregﬁe?tmegyaﬁgf@si s
the DNA seindioaesmenaads sgmican of5t sgjaFathegedinengld VL region were

synt hesi zed and recloned in the pcDNA3002- hl g&4- kappa expression plasm d.
Site-Directed Mutagenesis WD 2007/ 129895PCT/ N L2007/ 050202 48 To restore
the murine_sequences within the VH regi on of dei muni zed pcDNA3002

expr essi onFigurend t Inhébigiencidlad gelegise by[THEBeL eelld\aftar emenltsird ntitlof

the usdl of MERHL B0 REHE ST BRIAGA wibP ERVGA tbite a5t Beriib v daBith ur od
fol | oned byuReaIIIIR Bl $1%eRETERRAY AR LoSEARR RELTBISDEORPATHIG: e

desired nutation. By cycling (30 sec 95C, r 16
ti mes usi n§Gal (2. det a8 Felpaadifeorh THR- hedhd, ied tideel bynbiediagiof Jsekaeodds were
i ncor por at ed non- nut at ed parental plasm d_was_di gested using nl,

whi ch onl yt%a‘@'ﬁﬁe&;ﬂ"d?@ .D%S‘Eﬁ%&ﬁaﬁ}‘r?%byIﬂﬁﬂsgriﬁo@%l"raemﬁ@c&i@ﬁ i ni ng
the nutate 0t r in XL1-Blue conpetent cells. Col onies
wer e pi ckegesgir%g anafi;%%feb%b%kﬁﬁésﬁgguences for the correct plasmd. A
secondl®et of experinments focused on generating additional variants of
positions 29 and 37 specifically by substitution of | for structurally

rel ated Vv Higure 18, Nugleis peid :m@/ agxingeasdd ispedentsorfean fpGas H@E02vbeavy and
gener at ed ﬁ%hg% tinne 15 ol i gonucl eoti des as shown in table 6. Two

mut agenesi S°r uh%s ‘were required to create double nutants (Table 7).

Pl asm ds were used to transform XL1-Dblue conpetent cells. Expression in
PER. C6TM 20 Expression of the various versions of 5D12 was done transiently
in PER C6Tm (Crucell). Briefly, the day before the transfection PER C6TM
were trypsinized and counted. Cells were plated in DVEM substituted with
10% FCS at a density of 4 x 105 cells per well in a T24 well plate. Next
day nmediumwas 25 replaced with 0.5 m fresh nmedium For each well 1 jig of
pl asm d DNA was diluted into 50 gl of OPTI-MEM I, which was conbined with
equal volunme OPTI-1VIEM 1| containing 3 gl LipoFect AM NE 2000 (LF2000)
reagent (Ilnvitrogen). M xture was incubated for 20 mn at roomtenperature
to all ow DNA- LF2000 reagent conplexes to form Subsequently the DNA-LF2000




30 reagent conplexes (100 M) were directly added to each well. The
transfected WD 2007/ 129895PCT/ N L2007/ 050202 49 cells were incubated at
37C i n a wWORoimieetsat or. After 48h the supernatants wer e PARANL2EEDS6202

anti body expression. ELISA The anount of expressed anti body was neasured by
a sandwi ch ELISA. Briefly, 96 wells EIA R A plates (Corning 3590) were
coated o/n at 4C with polyclonal antibo anti-human | gG (Jackson

109- 005-088) diluted 1/1000 in PBS (100 pl/well). After blocking with PBS
cont ai ni ngEq‘ang daveen and 1% 10 BSA, plates were 3x washes with PBS-0.05%
Tweet Subsequvn‘é?-r as standard purified chinmeric 5D12 was applied in
titration starting at 400 ng/m to zero in triplo. Sanples (transient
supernatants) also applied in titration. Al dilutions were done in
PBS- 0. 05% ¥Fa@anple 3t es i ncubated for 1 hour at 37C. After 3 tines washing
1/ 5000 diluted detection antibody (anti-human kappa 15 al kal i ne phosphat ase
| abel | ed (Southern Biotech Associ ates 2060-04)) was applied to each well.

Pl at es 5 ncoladeridlf 8hdimbgiedsat 37C. After renoval of incubation plates were
5 tinmes washed. Staining was done with PNP substrate (Sigma N-2765) (1 nyg
PNP/ ml substrate buffer - 100 rnM Tris/HC1, 100 mM NaCdl, 5 mM MyC12. 6H20 pH
9.5 -). 0 nm ur ed _an Bi oRad 550 .20 Titertek usin na as
e er bnce. LARRGR A IALS BT IRE ] HEAth i agn rufee dirgral g ontE oLk gphE e
ant i bodi es G erw-(g@& B gl

whi ch exprgi%%&%g‘&@ﬁ%ﬂ??é?ﬁ’ ylzah\lf%l%,gio o} %{\ﬁggﬁi\{gb\%\gl?i%ﬁlégﬁgat ed wi i ﬁﬁ%%ﬁ}pl)l
super nat ant Grobm's Pésdasasitenty Exdexe€EDAD swopeof achiasa 220G utarotaflord nut es.
To renpve bound anti Body cells were vvasl&ed wi th PBS containing O 05%
NaAzi dtV an8hands8 scorgd oxen { A%y mwey Woehpdy drye %ﬂmmléaaﬂon%weagé%&te

anti - human / P 2 - -127
was used. 41?82‘?}1 ﬁ%gﬁg’lﬁﬁu ne\sg?llﬁ%%%é%]& %ﬁaqg]ﬁfc%cg%?eg}aegrﬁg%\%gggﬁ%%% |y cZaI I
sanpl es webefdreagidr @griap the cAGHEaneéBRMinResat thsertt f8F Bayr 0L Wekks @fith
several clones the consensus sequence was determ ned for the murine V

regi ons of thodosq r¢maining)stalpe farthe 4sveckechafgre seresningypgnaxigerm of 30

redesi gnedmgr st &ortich e%(r)f(fslpce%ldar{fu(oll* r?)emg budesonide per day) for 8 or more weeks,

15 with the dose remaining stable 2 weeks before screening; mercaptopurine or
azathioprine for 4 or more months with the dose remaining stable for 8 weeks
before screening. Subjects could not have received treatment with cyclosporin
A or methotrexate within 3 months before screening nor were they allowed to
have prior exposure to treatment with Mabs. The average age of all subjects

20  enrolled was 35.8 years of whom seven were males and 11 were females. All
subjects were of Caucasian ethnicity. No apparent differences between
patients in the different cohorts at inclusion were observed (Table 1), with the
exception that in the lower three dose groups the majority of the subjects were
females, while the highest dose group (10.0 mg/kg) consisted of only male

25  subjects. There were no notable differences between the four cohorts with
regard to baseline electrocardiogram (ECG), vital signs, physical examinations,
history of Crohn's disease signs and symptoms, and baseline laboratory values.
There were no significant differences regarding baseline characteristics
amongst the four dose cohorts. The highest dose cohort however also showed

30 the highest CDAI score at baseline. This study was approved by the Medical



10 am no acids. By the Peptide Threadi ng nmethod and the database search
potential T-cell epitopes within these redesi gned sequences were

det er m neWO 2007 1P8¥5t he VH region 8 (first base of potenPCRINL2I7I0SMO2
position 27, 30, 43, 46, 57, 61, 77 and 83) and within the VL region 4
(position 7, 13, 28 and 86) potential ep]jopes were identified. Based on
the T-cell epitope mapping and the 15 v ering process the opti nal

dei nmuni zed VH and VL amino acid sequences were defined (figure 6). To

renove the ' ey o VI I hegi speci al
attention %g%ﬁ? gggﬁpdngb @%@H@?gﬁ@gﬂg@g%gﬂ%@w nglg%cl)rga‘ ]@leBn site
(N-X- T/ S) : UiSfersity Mebidal Oengsr, WHNGTRrldnds, N6diifisthe K3ingR, K&1posi ti ons
in the VII region were _changed (counting position 60-62 as 1 change). For

the 20 VL PemnenysapddiadassghMedicahSenster. Jerusalpme lsrdchadll pativerts geme s
conparing ¢ expression |levels.of fully dei mmunized 5D12 (DI 5D12) conpared
to ch5D12 ﬁgﬁgﬁ@&oﬁ'@%&)‘) ti%te %Hgyf ound that due to the introduced nutations
DI 5D12 svas expressed at | ower 25 | evels as conpared to the parent sequence
(data not shown). In principal each substitution can influence the

char act er i Studsdedign mmdettpetsedtdpradtioddbody. Therefore to investigate the

i nfl uence of each changed position in the VII region on the characteristics
of the antibody 12 additional WD 2007/129895PCT/ N L2007/050202 51 variants

wer e desi opesh (4 i0HnBolbhuldkly SAGRCLAI] Bith RRD) hhABoNPSosAARGRADACK (O

the original murine amno a equence. To test t pressio evel s and
t he funct i vadhbleydahaidseofitheilmasyeardslighsclding of MINASDIZ exfene 2€ion.

pl asm ds e nstructed.. Each plasm d_contains the human | gai backbone to
whi ch lf%em%hs hasbogn shownite ding do ORAGbaaAng £pPa anddioantagonsech t he

VL regi OnSCWOemleHgﬁggﬁé}gg?ﬁigbao??ag}o%cc% @Q'ZB.OJh%&%\isza{éﬁn%%ﬁgt ' ?an‘ri ne

V regi ons Were used. plasmds are ersrons,

whi ch the egémtabel zse g désRynnilti-Geritse drihl) stQdgiagtfonadoss1eveld) Tiige
dei mruni zed VI region or one of the 12 VIl variants shown in figure 7.
Subsequent Werefire cGbhidctein sacke treatmens geeer @xognttor bke finapdasmielwortdnng

ol e dy - e oty GsRe subfect Srey BRI SineE ARG GARERT dRRterdiefon
ver e hpy veglized @ryo add Xéﬂlljmfgﬂf% SIHAIOTY wRRIRRSin®Fh vendublyd W8 15 the

FACS data are shown. Clearly all tested constructs bind to JY cells,
i ndi cat i ngcarhpletingreciiniintdnhgonpdosd griup, retriiDhant sntortdearextdzroup

G 11 or ent . Ve GRIY goatti 8 her A6t had BRER comHBeRrUcEithR TEva dRsPdERR bl 5D12
and 20 chSBIRiAGHINe NARAAN 3o bosslid WeaELOR. Fobhly RIS 2B T60S

show t he sane expression c acteristics as er vari ant’'s seem
t 0 i ncreaspetibéd addp selsseguené Vadtsvisitatekacss. yI'we tabjecte(X eng/Rpidogs
expression levels, all supernatants were_anal ysed by quantitatjve ELI SA

measur4thg ehqrbbowithdagw fgomahesstydy afterithg days28 apsessmends byh theisidataan be

divided in : t 0 he ressi.on | evel (QBE,
can erog et MALRE T Bx@intiSf, STBIEEBREG o6 Rerbifn EHB1E TR 4RR 08K, cor'ore
t he expr esgostof theet Sudsnt engiRERon fing thelod urE3Phe stiudlyO NEOGh -allointed t he
| 29L and 137V variants restore the | evel above 50% Especrally the

subst i t ut i emncemipart medicap®n was gised desimestheostivgye Reapese tof hidht2 on t he
gﬁf Ir gg;;?ntrleg I%le%t w-lélr]c,ede neI gsl‘av eai'e%%té inCDAY %%S_QHS rf)togﬁltsraer{](f1 &?r(ljicg 02
25  disease remission was defined as a CDAI of <150 (total score) and a decrease of
CDALI of at least 100. All subjects who underwent an endoscopy at screening
and at day 28 (n = 11) were analysed fbr a decrease in their Crohn's Disease
Endoscopic Index of Severity (CDEIS) scoring index. Biopsies were taken from

these 11 patients prior to and at day 28 after the ch5D12 administration for

30 histopathology and immunohistochemistry. Safety evaluations included



WO 2007/ 129895PCT/ N L2007/ 050202 52 The observation that substitution at
position 29 (I to L) and 37 (I to V) both have large influence on the

expr essi omOl2evl2989%as anong ot hers unexpect ed because aRCENL2017d8§0202 L and
V are structurally closely related and the 3 together formthe group of
branched-chain amno acids. In a subsequggt study 5 it was further

establ i shed what the effect of conbi ned bstitutions of the am no acids |
at positions 29 and 37 with structurally related am no acids V or L was.

chiptz (porloye PPt s S e S Fad B B CAOREM e on
| evel s andhtbmaltologlyieitehtinglyafis)tiReRelivg Lanti 3D NAL A NI 4hdRalm A6 PHA3002

expressi on gilasm' ds were constructed that_contain the human | g&4 backbone
to whi ch t peimegric pagibedy SHASPA) evalunsionar HARA wexe deterratheshby eheymaman
kappa regi gn;tq.which the VL reqi re linked,, as,d i bed 15 above.
Subsequent ﬁykﬁéﬁ%ﬁ‘ﬁ%"ﬁ’% e %’ m@g&% %’E}’qmeﬁ‘ ]t“h@egl?g@m ds using

Li poFecs am ne2000. After 48 hour the transient supernatants from each
transfecti on were harvested and anal ysed for antibody expression. To

exact |y detlannusokineticari ous expression levels, all supernatants were

anal ysed by quantitative ELI SA nmeasuring anti body |evels. As shown in table
8, the 20 various conmbinations of a V, L or I on positions 29 and 37 are
associ at ed gpi i Ptz [ j r : s that
not j ust als}é&{lll?l é@%ﬁﬁ{a%gd&g?{f:ép E;!tqu %ndggﬁele(?iéberrgﬁgnéd PX%E%A ﬁﬁgﬁgﬁ‘%‘?@ﬁucti on

| evel s. 25dBsathei¥?.dPo ByteradneicogtingefiChdMbygehe dnjeyteaf clebD h2 ridped was

anti body the_characteristics can change. In this_stu it is shown that the
doi b 2aCPReFtER IR ePAER Habes g AN eidb'i%FngthrbRB& %rmﬁﬁgabﬂ%ﬂng
capacity tq. | j ) (?W i - | y,:he produced at
| ow | evel s&%@‘t“%%grdg%g@lsy upotr??gvftﬁggssogng%eglnﬁ*/\%p%@?%g@ggﬁé#ﬁl L2007/ 050202
53 there i $LypmphoptaNycdnhed, Bsskilley Dennidvk) deid30m00e deN veandtaihedegi on.
By changi ng each substituted position back to the ori %i nal nurine sequence

wi thin t heWith Figrlabellpd chab 12andPerCPHabeletrantios Pe0dBectonPidyseon,i al
based on ¢ Mo GBS ARR! (Y, Lok A4 AR e TRRGR: Toto Wi Rt Bailipiiat™ ©
expr esgh on cheprel forTSEIﬂﬂMi@ﬂhn%,k@Q&ﬂﬁat@%bé &PBMG%@%%%(P%W%Y i ng

had little influence. Remarkably the substitution of | by in position 29
had t he | aPge€P-labtllad madi-ChHantibed lénhpamddntibodissiwene washed dwasr e

structurally claosely relgted, The |29L vari ant ubsequent r.enaned
Pa105 anti BhEFeo GaSulues e Jow pmertiERC S BRaf i RRAT:
conbi nati o . , [ : 7 : h alq A
product i on%%g\%silg?}{c?g#ggé%érvgta ié ﬁgﬂi‘rﬁﬂg ngl'ir t%%b‘gﬂg? ﬁeacgﬁ%rl %%(%[Z%Og gfgr%ghﬂnéq no

acids V, Lcelidfdr ataadvf G00Qeathts. If deehymbet af €020 edysteistimg chlsofasach of

these on positigns 29 and 37 has an inpact on production |eyels of the
conpl e€@ a \y%gqr&saqggle set, care was taken to acquire the same number of events 1n

both the unstained and stained preparation.

Histology and immunohistochemistry

25  Mucosal biopsies from ileum and colon obtained during ileocolonoscopy prior to
treatment on day 0 and on day 28 with a standard forceps were fixed in
formalin 6% for routine analysis. Additional samples were immediately snap-
frozen in Tissue-Tek optimum cutting temperature compound (Miles
Laboratories Inc, Naperville, IL, USA) in liquid nitrogen cooled isopentane.

30 Samples were stored at —80 °C until further use. Formalin fixed samples were



Exanple 3 Materials and Methods 20 Construction, selection and devel opnent
of a GS-CHO cell line for the production of PG 102 (129L variant). Lonza
Bi ol ogi cswQLoez2¥sadas request ed by PanGenetics BV to un@€miNakeo7105¢202
construction, selection and evaluation of a GS-CHO cell line expressing the
25 human reconbi nant 1g&4 /kappa anti boSI/%( PGLO2 (I129L variant). Cell lines
were constructed by transfecti ng CHOK1S ®0st cells with vectors gener at ed
usi ng Lonza's Gd utam ne Synthetase (GS) Gene Expression System

(W2003054 PanCenet.i cs

e oo Evtinel 18008 RECUSES FiviShfor R, AR Y- HART RBR fim il o) 30
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from Lonza. The nedi um CDCHO (I nvitrogen) was al so used w t he addl tion
of sel ecti wesangdhe presende afnlifferentl plhertnofily n{iieXytdsoand out i ne subcul ture
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centrifuging dr scar € su resuspendlng t he

cell's in frasheaVid@10, 1B diMutidk) &Mk@t eD&(ctodd: UuaB, aeid gilueiba) ADaNg), i N
T25 flasks with a culture vol une of to 15 nL These static cultures were

pl aced in &D1htalore:dIDA, 3305dilutic) @Kk(ﬂoGDADr(phgleaﬁDétznﬁéWﬁ)edléubﬁn)lO%
O B I bRt SRRSIR USRS N B TAa ) ED LR SRR M 1,
CDACF g8di ¥pLkdNETD154 (clone: M9O, 1/10 dilution) (Serotec, Oxford, UK). The secondary
Mab was a biotin-labelled anti-mouse immunoglobulin (1/400 dilution; Dako)
applied for 30 min. To efficiently block endogenous peroxidase, sections were
also incubated in methanol solution containing 0.3% (v/v) H202 for 20 min.
After three washes with PBS, the avidin/biotin peroxidase-labelled complex

20 (Dako) was added. In between the incubations, the sections were washed in
phosphate buffered saline at pH 7 for 15 min. The reaction product was
visualized by incubating the section for 10 min in 0.05 m acetate buffer at pH
4.9, containing 0.05% 3-amino-9-ethyl-carbazole (Janssen, Beerse, Belgium)
and 0.01% H202, resulting in a bright-red immunoreactive site. Afterwards,

25  the slides were faintly counterstained with Harris haematoxylin, rinsed with
distilled water and a cover-slip was applied with glycerol. Controls, which were
negative, consisted of an omission of a primary or secondary antibody, use of
chromogen alone, and use of irrelevant isotype-matched mouse IgG (vimentin;
Dako).

30



25 containers used were: 125 nL shake flasks (for a culture volune of 10 to
30 nmL), 250 nL shake flasks (for a culture volune of 30 to 50 nlL), 500 niL
shake f| 28R=20§7F12p89a cul ture vol une of 50 to 100 nmi), 1 BCTMNL2er7/05e02| es
(for a culture volune of 100 to 200 nL), or 2 L roller bottles (for a
culture volune of 200 to 400 nmL). The heg,gspace of each culture was gassed
with 5% v/v CO2 in WD 2007/ 129895PCT/ N £2007/ 050202 55 air and the flasks
seal ed. The cultures were then incubated at 35.5 to 37.0 C on a shaki ng

platformr ' . 140 . ¢ . Iptal _and.viabke cel|l coneentrations were
bt ai ned by el s@idiseald s RAGaPBB i B84 EofiE. el ATf AT ReLHS
non-vi abl e thelshfme/bdtholdgiMRK.BE Y &1k d o f ERS 6PRIE o LUMTEARDIN DiSd 28 a
nodi fi ed Fuchs- Rosent hal haenocytoneter. Wien appropriate, sanples were

di | ut ed priagtivity wasassasged ssing ahistobigycalimhamexicall scaneft wf atiich ¢he |
concentrations. were determ ned usj Y-.1 partjcle .counter or,a,Vi-CELL
XR aut omat SR PRATHHE r?orﬁ%{?pofﬁga%ﬂg’ﬁ%dﬂﬁ PhéStQ%P@aglV Sgﬁ’r”(egre was
asepti cgl | Koty Rerd LA £23AYsdd ﬁ?&mﬂﬂe@%yﬁr@%ﬂéwhs %ybpﬂiopgi)efs,er and the

nunber of viable and total cells determ ne e and non-viable cells
wer e di sti pgeitsiedyl staining eellPeece otage dvindiighipow evaielda l(malgaifbch tim xH@).
rati o of vi abl ells tg total cells | tjplied by 100. For the Vi-CELL XR
count er, 0 Theifields wae|c W@P%orﬂa%g%%Lb?éxelsydeewﬁw&s@ﬁana&we&ﬁt@hat ed

Trypan Blu i i a
Computer anyidtiet wRSxBRssR0 IR plckirf dihoRor AARRDCL b HERANGS |
non-vi abl e ceBs s théetroad. TiusatdonatsRiche dsed @ Rnéor@eructiim of 4 Yeovasg

calculated as the ratio of viable to total cells nultiplied by 100. 20
Tr ansf &8t i sHstem eoreky the dnteasityofthe mesitivgly staining eeldc wassubduifed

growi ng in.nonssel ective medium wer arvest ed by gentd i ti nd
resus pendgdn ({foélrétgﬁi%%oﬁfefsat P 3?: ’Jf a&&fg‘ﬂfdpl\ﬁl@b‘f ugéﬂ ?% (ggl}%each
transfecti @pgapEDIYHELIECDEB3+ foboth thefleti®d hnd SRANE -LITRNHoARA] $akheOf
pl asm d DNA were added to an el ectroporation 25 cuvette. The

el ect r opor dor O 4vand £INEw eadls isInagadiivie(—).he el ect roporati on appar at us
and a single pulse of 300 V. 900 IR was delivered. Follow ng
el ectroporation, the cells fromthe cuvette were distributed into 96-well

pl at esqat bRt ells/well, using the medium
oD, }gheggf}hgﬁb[@irﬁge&'fg 0&rdnslers

red. ates were incubated at 35.5 to 37.0 Cin an
at nosphere of 10%v/v CO2 30 in air. The day after transfection, 150 ii Lof
the selectiye medium CD- WO, 2007/ 129895PCT/ N L OOK/ ﬁS 202 gfg CHQ phenol
red/ 66. 6 gMAMERESHARY RMEPACHE HEMURISUPPIPRSI9R RY che eRFolderation Pt vex in

cach, Vel 5o i BN B A R0 Ph B0 R B s
transf ect edvgebyHubesh RHARRRNADRtIGD O pEiB) why pdrfoenttdaeiw]latetdd?BMC
20 as previously reported.4! In addition, percentages of circulating CD3+, CD4+,
CD8+ and CD20+ cells were measured to exclude depletion of circulating cells.
For flow cytometry, blood was collected at indicated times in heparin tubes, of
which 100 pL whole blood in each test-tube was stained as follows (all Mabs
were purchased from Becton-Dickinson): anti-CD3-FITC, anti-CD19-PE, anti
25 CD45-PerCP, anti-CD45-FITC, anti-CD4-PE, anti-CD8-PE and anti-CD14-PE.
The stained cells were then analysed in a FACScan flow cytometer (Becton-
Dickinson). This protocol was conducted to calculate the ratio of CD4+ to CD8+
cells and to determine the proportion of B cells within the lymphocytic
population. The percentages reported for CD3 and CD19 were percentages of T
30 cells and B cells within the lymphocytic population, whereas, CD4 and CD8



5 transfection. Al the transfectants exam ned and progressed further cane
fromwells containing only a single colony, as determ ned by visual
assessnmerwo 2067sg9rent of productivity of cell |ines i nPSTAL2e0708020ure 10
The 96-wel| plates were incubated for approximately 3 to 4 weeks, follow ng
transfection to all ow colony formation. E%e col oni es were exam ned

m croscopically to verify that they wer Sf a suitable size (covering
greater than 60% of the bottomof the well), and that only one col ony was

present in Lt ur t sayed for anti body
productionmﬁggﬁSﬁ%%hfgﬁggag5&&#@%?%%@@95P§%%2§¥@ﬁ%¥gﬁﬂgﬁﬁPﬁ% “escri bed

under "asspophlation) FAshowhesieperphogee 60He toeaICEDAb gdpailigbh. Was assessed
at the time of sanpling. The val ue obtained by dividing the assay result by

per cent age confl uence was used to rank the cell lines. Cultures of high
ranki ng ce &ines wer e expanded into 24-well plates in the 20 nmedi um
CD- CHO phe d/ 25 pM MsX and were left to reach confluence. On reaching

confluepnce, this culture was used to inoculate a T25 flask in the nmedium
CD- CHO phenol red/ 25 pM M5X, whilst the remaining culture was re-fed with
fresh CD- CHaopmeokinetids 25 pM MSX, and incubated for a further 14 days. At
this point, culture supernatant was collected fromthe 24-well 25 plates
and the anti body concentration was nmeasured using Lonza's ELI SA assay for
assenbl ed @ﬁbl:ﬁ@?ypeﬁkqgéagbf9&519&;5%@&&1@2499'.%@@;5&%# b@ES was made.

On reaching confluence 1n the 125 tlasks, t sel e cel I nes were
al | oned t odepdriddretyeard dosk-piuportiend b igutd 1T L hyREprdfitmateyesoliing, t he

20071 15560 GRCHARILEGOH P 0SB0 Arouhge dsiestednEoRE: BrATELIIRLESONEGHoS! | ow
[ d I if f o :
13007/ 050209 RE £kl O Inp B RahOf:, b 1Bv wiRptn i s A 24

Suspensi onFeein! hére b uweire prithd feadt@dids) anaséf 8+e0tdalehds s @lénldtal’ The
suspension cultures were inocul ated at a concentration of 0.05 to 0.2 x 106

5 vi abl e c&hieh masjgenfizmad by bk eurrent hameam datsi Gemuolsteronting pi Q0 on

di | f_t he,vi ahl | traty id .not. h 106 _vi abl
Cot 1 srmt aprEPhErfiiFod B e aRaaR0t BbhiRhed vy iR iahRReH of 0P mbiata | foy o
was auim rraabse@n%mfarb%@éﬁ ®5vd BdrRpdRtith aRbaFRsHIIEPCUM MR ER5D22 (Hb&gake

fl asks. The ce inés were then serially subcultured into fresh CD 25
uM shown). For the 1.0 mg/kg group, approximately 1 week of coating of CD40 on

circulating B cells could be observed, while in the two highest dose groups this
period increased to 2-3 weeks. This indicates that in the lowest dose group,
antagonism of CD40 was incomplete, while complete antagonism was achieved

20  in the 1.0 mg/kg cohort for 1 week and even longer in the higher dose groups.
Clinical responses

The analysis of CDAI evolution indicates that 13 of 18 subjects (72%)

25  experienced a favourable response afterrthe ch5D12 infusion. Similarly, four of
18 subjects (22%) experienced a remission during that period. When evaluated
at day 21, a favourable response was recorded in 10 of 18 subjects. Cohorts 2
and 4 showed the largest mean decrease in CDAI, and no clear dose-effect
relations were observed (Figure 2; Table 2). A post hoc repeated measure

30 anova showed a statistically significant decrease in CDAI over the 56-day



10 M5X nedium at an inoculation concentration of 0.2 x 106 vi able
cells/nL, on a 4 day subculture regine, until acceptable and reproducible

growt h chaip2007erP89si cs wer e obt ai ned. Assessnent oPCEMNIOGT/ 050202
productivity of cell lines in suspension culture 15 Fed-batch shake fl ask
culture Singlet cultures of each sel ect cell Iine were prepared in 500

naL shake flasks with 100 nL of cell suspension using CW2/4 x SPE nmedi um
The cultures were inoculated at 0.2 x 106 viable cells/nm and the headspace

f A ul at : cells/m and t
Chcubar eq SpHaFaLRD R IPEAL 601, difelentcc BitplsBp et cofbfis el #06° 5% o
until the wiztecatl digAifitasn! Oaly fcolasst 3paRK4, OBEIBaRHA BaRvATuAAEFhs t O

0.6 x 106 viable cells/nL or day 15 was rea(_:hecf_(' overgrown'). At this
poi nt the enflesnopy was perfarmed in@nlyrbareeesiubjessade nohenti band&d. ecadrort Bed

daily using_a Vi CELL .aut ted cell co { a cell concentration of

1 705 D08 pl St PR HeciSase i DB, st in spBOel dic g1efief eed
SF40_wes MadBjecfdhad&rddRobakk, Ridhdin et R eRb tRIORANHE W 2o 48
and 72 hours Jafter the 1nitial addli '?I?%?IWA second %eed (OSF41) wase ap?ol i ed
once cell changaf{natshomen)greater than 4.0 x 106 viable cells/nL were

obt ai ned. Sanpl es of cultures were taken at appropriate intervals,
centrifuged and the supernatants stored at -20 5 Cuntil assayed 30 for
anti body copecgnbsaki Protein A HPLC. Harvest supernatants from WO
2007/ 129895PC?;I€L€%0%%'%5202 59 each overgrown culture were stored at -20
th 5 C The ten overgrown cultures with the highest anti body concentrations

wer e furthgr gsses_sed for quality of the antibody produced. Sanples were
assessb¥ f P tHe pabigats from sthom biopsienwerk takan Ghatlildna Bingle pryqsbignber e

l'iquid chr r - HP th ef rotein Lifi ton_and
ant i body cﬁg?fgg g;aipers%thlg?c)%r?ogy%aé%!%eesdl%glrl\lgtﬁ)oaﬁ%g)éﬁcaef iSI%H{I%l}%I% c;: 8% é‘&?’()’hat e
pol y acryl aMetessgSdmehBCHerdns®sh bibHSMAGEiaPsltbw s0dbecifiverce@fisi ng

(IEF) analysis and matrix assisted |aser desorption ionisation tinme of
f1ight mas$restaemtomsns pigmpedpic ZGEVIVBPL the discase harvelbaammopghs. 10

Cryopreservatio |l s.were cryopreserved,at key.pgints throughout the work
pr ogr anme. 1%?@Sﬁr}é(lcqefsthf’ ,]iaﬁlggg\jpﬁéplga|mgﬁtg§u%qreceﬁggﬁﬁt§aga. by centrifugation
and reggspended in a cryopreservation mxture. This consisted of the
appropriate growth nedium 15 (192.5% v/v) and di et hyl sul phoxide (7.5%v/v).
Al i quot s ofTheetHangediremt therbatietineitb utlagrd2§ histopatheldgydactivatys scaradh showguot
cont ai ni ng, appr oxi ely. 1.5 nl _of _cryopreservation di um_an

appr oxi mat Ry IguE Tobamples Rom (el GhaBiTiss PrbETYT and SHERRIE Ream thezen | n
an automat i r raﬁgm 58 A% i b
transferre(‘:.‘lglfgi (%}g”] qu%&nﬁ&te#%bén refdr%%éle@g({?g?l??a%g?lie%ét%?%%!%%dnﬁlgf nI%r each
of the sel éntclded at sctdendsg wiik fenpatibhtnhadiabeve dieal Azeasd.| Bhovasatef i ned
as zero at the point the culture was passaged_into suspension. The 25

gener a9 on igtelney seaze atidag s thyscridupeitendiseasniish® fiangere Thsthy a
procedure qer] V_Ei’stéfo%%tcgfe £o2'th VA% SR RArd 42418800 (ML B 3) B aggar est

0.5 generation
- 28. In four of 11 patients, the colon was not involved at day 0 and the colonic

samples from these patients remained normal at day 28. In seven patients the
colon was clearly involved with a mean histology score at day 0 of 4.5 (range 2-
25  12). This decreased at day 28 to a mean score of 1.7 (range 0-7). In five of seven
patients, the score at day 28 was either 0 indicating a normal biopsy or 1
indicating only architectural abnormalities. In the lowest dose cohort (panel a),
the colonic score of one subject decreased, but the other colonic scores in this
group remained high and the ileum score even increased. In the higher dose

30 cohorts (panels b-d), either the ileum or colon or both decreased in the activity



WO 2007/ 129895PCT/ N L2007/ 050202 60 5 NI =LNA-{.LnX1l Ln2 X Were: N =-
Generation nunber at tinme f N = Generation nunber at tinme i Xf = Viable
cel | concEoteerizesys(cells/nm) at time f Xi= Viable cel | PCOMNI20L7105020DN
(cells/m) at tine i and f > i Data analysis 10 The tinme integral of the
area under the growh curve (the tine in%(ﬁgral of the viable cell
concentration (1VC); 109cells.h/L) was caftcul ated by summ ng the area
(approximated to a right angle trapezium between adjacent cell

concentrat | val re. i plyi t he_nmean of
The o vi SEfte @ 28 RiGr M ERMAR G BUBH . etV B svd BSOURRE .
the 15 two[sledefined i Rens(4(fl4wad bbserved hn® 106 (Fasesk aibjédial Inlgdgitidied by
Renard et al. (1988) in Biotechnology Letters 10 (2) pages 91-96. Were

appr opri at €eY&ieseRieets withpativie dispassdatcd 2ol shawed(rgd uoed naiitrophil activity
/ 109cel | lcul ated. by i i on .anal ysis of t ti bod
Concent r at Toie AR el Bt vemeRit earar i phof Bl day 38, 71 POV

concentgation. 20 The slope of this line is equal to gp overall. The
harvest specific production rate (gp harvest) was cal cul ated by dividing
t he har ves{logssesowhidoodinwene targebsd bndéresimentofithivh5DIR, an inamvest .

Assenbly ELLSA 25 The anti body conceptratjon of supernatant . es was
det er ni ned EPHREEI EV%&&%Q%{WﬁﬁQ@H&é?eMrﬂoéﬁcoiﬁ elﬁ@f@ﬂsa%ﬂ&lqpﬁw ved
capture of I [ Yoo W% Sp gﬂ(}g 6-wel |l plate
coat ed Wtﬁggggg?maen&@ﬂ%n(g%qlagdg@c. lc%‘?n%ﬁi%%%tﬁéj o] yqﬁv\glé@%é\%égl %d wi t h goat
ant i - human mat®oghdge hiza&esRCDER) LREILDE2DRedlinl Table 3¢ Nu reducbioady 49
horser?&i sh peroai dase and the_ chronpgeni ¢ substrate_tetranethyl benzidi ne.

Col our I4evebeniverattey & spbhe fasmrat dose cabortarilein afk gthsagohesent in the
SapLe TSR o LS 45 e b o e SRR o
there was an increased CD3+ T cell number in six of nine cases. In the colon,
an increased CD3+ T cell number was present in four of 11 patients, all of
whom also had active disease on routine histology. At day 28, the CD3+ T-cell
15 numbers had normalized in all but one patient. In this patient (patient 001;
lowest dose group; 0.3 mg/kg) there was a persistent CD3+ cell increase in the
ileum and colon, in parallel with persistent inflammatory activity and
granulomatous inflammation on routine histology. The CD4+ and CD8+ cells
followed a similar pattern as CD3+.
20
The pattern for the CD19+ B cells was comparable with that observed for the T
cells. At day 0, there was an elevation of B cells in six of nine patients of whom
ileal biopsies were available and in four of 11 samples from the colon. At day
28, the amount of the B cells had normalized in all cases except for the one

25 patient from the low-dose group.

A similar decrease on day 28 was observed for CD68+ monocyte/macrophage
cells. At day 0, there was an increased amount of CD68+
monocyte/macrophage cells in five of nine patients of whom ileal biopsies were

30 available and in four of 11 samples from the colon. Again all increases had



Protein A HPLC Product concentration was quantified by Protein A Hi gh

Per f ormance Li qui d Chromat ography (HPLC) on an Agilent 1100 HPLC. Anti body
was sel ecwDvedw12bgsand to a POROS Protein A i mmunodet ect iPOR/NIaDQTM80202nbound
material 10 was eluted fromthe colum and the remaini ng bound anti body was
rel eased by decreasing the pH of the sol%ﬁ El uti on was nonitored by
absorbance at 280 nmusing a nultiple- Iength detector. Antibody was
guantified (using Chenstation softvvar e) agai nst an anti body standard (Lot

L07385/ 411 rre nt 15
Protein A g’ﬁﬁ g‘?b’ﬁ‘r‘fﬁgﬁg%te?{c‘fﬁ [r{eq(é%‘) ggsen%o Igaﬁnkggaetp%é]?%]g’gacol ums
(5 nL) wer gigh MB@8+Kﬁ6n6@|témmw»§h§g§ bﬁ@ﬁﬂtl@é&bﬁlcl@%ﬁkta{h(ﬁewn an

guani di ne HC1 and eaw i brated with 59 yci ne/ gl yci nate- 250 mM NaCl

buf f er, pHUsreaserie pac bmszﬂslubvmmlm)adtlﬁat badastilhastivalflisensziat dapH
8.0 th 0. 12 efore application to the colum. The rnp Protein A affinity

col umm was shed with equilibration buffer and eluted with 0.1 M glycine
buffer,spH 3.5. The colum eluates were neutralised to approximtely pH 7.0
with 2 MTris Base and di al ysed agai nst Dul becco's phosphate buffered
saline in pigyper4shows freprdseRtatie SEEnphEH{zbe aleatgmenf alilthred@rajanaklisi s

of Protein A af fi ant i body The cel |, cul ture sanp) es were

pr epar ed f&fp%@%ss 'iﬁﬂpf'r%‘f mm&cw?m@r:&ﬁ wceﬂsémsaﬁbﬁ@gﬁ@swés
carried ou [ c .
reduci ng SB%H%REEI t (L&I%ngs\%ge&eafgguce nngn&gb%ngyAfﬁJH i’et"n ?(?thg ?Nl%com
2007/ 1298952§3ﬂb'éi8ré.2HB]D/1Q5£iﬁﬂﬂ11§ﬁ'aaﬂﬂ ashat daﬁQBtaﬁeS}Q&@ 1D hdBiRistSaigl.es
wer e heated for 2.0 0.5 mnutes before they were | oaded onto the gel (10
gg per (Pane) Non-reduced SDS PAGE was perforned using the sane gels and
Novex non-g%?&&i ng sanple buffer (2- nercaptoethanol is not added). Sanples
were heate a standard tinme of 5 1.0 0.5 mnutes before they were

| oaded onto the gel (4 gg per lane). Follow ng el ectrophoresis, proteins

were visualised by staining for 75 mnutes with Coomassie brilliant blue
11250 and &Nsssubineld withdreredremdhe stedy beemisg. of agepsoaverto ¢4 ERLWith the

L2007/ 050202 .63.1 E | f P ff t d tiL bod
el | cul ¢ uPtPIgEG PLLRGRe ARS Pefie wifd 6 Raflafyeiid ssfefibubh £ alinieh phaBion
| EF angj ysbécdﬁﬁl%ﬁf psG, d}‘theltéta[l%l%ﬁeﬁ6§AE@%(I@§1‘%d'tﬁE rH@étsoonPIHoﬁ ARs PH 10.

5 Approxi mately Lg protein sanple per | ane was | oaded onto the gel and
t hen pre-f beirsepyrfexia, Yeirtk{ralglaAhnyealguaaanddieadhchmeﬁshmplgea apehirgagi on strip,

The | EF el iRty hoibaut hsa ing oK) SRBRESe OLEV D BERpRoLarrasad B acta:
nanbor s of i ey 806k LAERdg of e YDy HRONERGH. BT ik PRy and 20 L'
wer e then geatiticnedhasndcdirred in fduat subjedtss of whonesi lgi oheldjedtldperibhéednd
0031'_1%8 05/a11121%21érate rash starting shortly after study drug administration (3.0 mg/kg).
Overall, there is no clear dose response for any single AE, with the possible

exception of headache/migraine.

There were six serious adverse events (SAEs) noted in six subjects; no events
25  occurred in the 0.3 mg/kg cohort, three events in the 1.0 mg/kg cohort, two
events in the 3.0 mg/kg cohort and one event in the 10.0 mg/kg cohort. Five of
the six SAEs were considered possibly study drug related, one event was
considered not related. All but one event were gastrointestinal events (two
sub-ileus both in 1.0 mg/kg; two Crohn's disease aggravated, 1.0 and 3.0 mg/kg

30 subjects; and one abdominal pain aggravated in a 3.0 mg/kg subject). Two of



GP- HPLC 15 The GP-HPLC net hod separates protein conponents according to
their size. Large conponents, such as protein aggregates, are too large to
penet r at ewOhleomMP895Xx particles to any great extent and rhEmaRoreselot ed
fromthe col um ahead of smaller conponents, such as protein nonomer.
Smal | er conponents, such as fragnents, pepetrate the matrix nore easily and
eluted after the 20 nononer. This techniGtie was therefore used to separate
anti body nmononer from both aggregates and fragnments. The nononeric

conponent i ified its characteristic retention ti nd. posi tion,
rel ative t\ceﬁig:% (ngge;h %F ifh8§’er¥§¥’k°eclpg?reraa%nﬂjrcl?h? 3%“%‘8881%%‘% %aqsﬁ]fggl[ag@%[s Byi ve
50 to 250 RgtheatladydRiLid NayRiddy (9 SOheeNbA 3ht dayWEinfusiéh anfn/ Nl
(validated | oad range of Lonza's assay). The nol ecul ar nmass range for the

GF- 250 col amatherssubjees afoer windergsimgperdessnpy 28rday svadter staidyalreg at 280 nm
and peak chr,onat Qgr ans re | ysed usj Agi l.ent Chenst ati.on. sof t ware.
't egrat | oA CHBISE HeRh P ot he ghae st alre 2 e L ABRC At Jroje or dose
aggr egag es rgpgeg angent skimfor 30 fragnents. WO 2007/ 129895PCT/ N

L2007/ 050202 64 The proportion of sanple conmponents was determ ned by

cal cul ation of the peak areas of each conponent relative to the total

i nt egrat ed_ peak ea NIALDI TOF-Ms analysis 5 The ol igosacchari de anal ysi s
of the PGléT’%HF%BWZﬁF‘ eesopgieEach cell |ine was perforned by MALDI
TOF-M5 using a M cromassm MALDI - LR coupl ed with del ayed extraction. The

MALDI TOF- MS was operated in reflectron configuration with positive ion

nmode. The AssdHBIEDinlvbitsBrelmatiedtivaiingiarontotat itnghyspdshwinhdalsdwet®
Ant i bodg was purified from harvest supernatants using a PORCS Protein A

col um10 Thdeprimimedpnd fandoteshesiadle ayectheeougpel of hlge flloy-wriresighd®s wer e

duced wi th didt hiothreit N kyl at i duced t hi ol
st g+ odosaeidedh sl 1B IR ANENL BebBRe T (I ROREHES. M ' °
N- gl ycanas @ircEMeEsie R et fOvph & Sabhubii 1D QF MBNICt over!tA¥ &0ar€d of the

super - di hydroxy 15 benzoic acid (super-DHB) matrix on the target plate for
MALDI TOF- wBidindPearsentagee suid: absplatesienbeonob€DEHONS\CREsmdeDld 20 The

P0102 gene sequence was used Lonza.t nstruct ed. t he,,doubl e gene yect or
bPGL02/ DOV PORBIvEImy Stenee Satcted Y ST ERTpUU Ao oA e o el
line bysel BRLLAANA + 8 a&m%éngﬁenﬂgmﬁ@geumrwrﬁt&%wr@d using the
vect or pPGL02/ DGV and supernatants of 255 transfectants were screened
administration and recovered to their original values after ch5D12 had been

cleared from the circulation (not shown).

To study whether treatment with ch5D12 would cause a general immune

20 suppressive effect, PBMC isolated at various time-points prior and after
treatment were stimulated by the polyclonal T-cell activator PHA.
Unfortunately, cells from the 10.0 mg/kg dose cohort were not frozen
appropriately and were therefore unable to respond to PHA, including the cells
obtained before ch5D12 administration. The stimulation index induced by

25 incubation with PHA was highly variable but no trend towards a decrease

after ch5D12 treatment was detected (data not shown).

Anti-ch5D12 antibodies were not detectable in the two lower dose cohorts
throughout the entire study. In the 3.0 mg/kg cohort, one subject was found to

30 have mounted an anti-ch5D12 response, although the signal was very low and



for anti body production in 96-well plates by assenbly ELI SA. Detectable 25
anti body | evels were produced by 99.6% of the screened transfectants. Forty
t hr ee hi ghoraekizegyst r ansf ect ants were sel ected for furt RET/NB2@I7(050200N i N
24- well plates. WD 20071129895PCT/ N L2007/050202 65 Expansion of static
cul tures and suspensi on adaptation Cul tu4§s of the selected GS-CHO cell
lines were first expanded into 24-wel| pfates and then expanded into T25
static flasks. The remaining cells in the 24- 5 well plates were fed with

fresh nedi LQye - Ref qre;. i% ang j pr ClyVvity.
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cul tures. Eval uation of the growth and productivity characteristics
of selected cell lines 15 in fed-batch shake flask culture The growth and
product i vi thlischssiaret eri stics of the 23 selected cell |ines were eval uated

in fed-batch shake flask culture. Singlet cultures were prepared for each
cell line. Two feeds, SF40 and SF41, were added to the cultures when the

vi abl e cel In ¢RACGHU RbkL miRi-cb eft?ﬁq,ifagr(arohé%\je?? J&%mg%@' used for
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the feed 20 regime mmcks as ¢ y as technically possi , Lonza's
generi ¢ GSa@hinistratedttatsubiegbs edts modaratet v sevdre OrdhnsidiséasedBightieen t he
23 selected cell lines ar presegt ed 'i)n Table 9. Protein A HPLC an?fl ysi s of
the hatestubiestsuermenrlledomithiive sybipsts in epelk reptmient guowR pEeeRtHBied

t hat four ! 0 i g ' e 000
moi L. el 1 07 2o} 055 GUREEEEGIAth bR YRR E MR SN e T el D)
ng/ L. WO BORTY irit9825dCIdd- detftade@Ig24xd B Ongr tetiel haHtliferthat wdze anti body
purified fromfed-batch shake flask culture of selected CHO cell lines

Har vest safpsayedfinciaometgusemonkeyie’d was ¢onfirandd yhbymanst Thigigtudy

concentrat 5R0Wws the feasibility of antagonizing CD40-mediated cell activation using

15 ch5D12, in the absence of major side effects. The CDAI analysis indicates that
72% of subjects experienced a clinical response and 22% experienced a |
remission during the study. These results are promising; however the open-
label design and the absence of a control group make it impossible to definitely
attribute the observed changes to administration of the study drug. However,

20 we do have several arguments in favour of anti-inflammatory effect of ch5D12.
First, the observed decrease in CDEIS amongst subjects in the two highest
dose cohorts supports treatment efficacy. Secondly, the results of the
histological and immunohistochemistry analyses done on biopsies, show that
ch5D12 reduces inflammatory activity in colon or ileum. In the low-dose cohort

25 o clear effect was observed. Subjects in the 10.0 mg/kg cohort had the lowest
histological activity scores at day 0 and the reduction in activity score is
therefore limited in this cohort. The highest scores at baseline were found in
the 1.0 mg/kg and the 3.0 mg/kg groups and in these patients there was a clear
reduction in histological scores at day 28.

30



5 were purified using rnp Protein A Sepharose chromatography prior to
analysis. The Protein A purified anti bodies were then anal ysed usi ng SDS
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harvest antaid?t?&%stration of ch5D12 for 4 weeks was shown to be safe and without any

95 side-effects in all monkeys. In this study, functional evidence was obtained
that ch5D12 can prevent B-cell activation and proliferation27. Collectively
these studies showed that antagonist anti-human CD40 Mab ch5D12 has no
unexpected cross-reactivity, is safe, limits immune reactivity in cynomolgus

monkeys, and inhibits a prototype chronic inflammatory disease of the central



concentration, acceptable growh characteristics and acceptabl e product

quality characteristics. WD 2007/ 129895PCT/ N L2007/050202 68 Cell I|ine
L107 was wolzeeriegsdas the |ead cell line as it exhibitedPChNLROA8602 har vest
anti body concentration of the 23 cell lines evaluated, along with
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( r O\ _ gure 11A). Cell
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the twenty three cell lines evaluated, along with acceptable growh and
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receptors resulting in the formation of blood clots. Recently, CD40 was
reported to be constitutively expressed on platelets and found to be
15 functionally important using soluble CD154 as stimulus for platelet activation.
These stimulatory effects that resulted in activation of platelets were |
abrogated by addition of anti-CD154 or anti-CD40 Mabs42. We confirmed the
non-stimulatory characteristics of ch5D12 also in experiments with human
platelets, as addition of ch5D12 to prestimulated platelets using sub-optimal
20 concentration of ADP or collagen was without any effect on the activation
status of the platelets (M.F. Hoylaerts‘, unpublished observations, Leuven,
Belgium). Furthermore, the IgG4 Fc part of the ch5D12 Mab backbone has
reduced capability to bind to Fc-receptors expressed on platelets as compared
with an IgG; backbone. Further discrimination between the two approaches
95 comes from the fact that ch5D12 targets B cells, monocytes, macrophages and
DC, while an anti-CD154 Mab targets mainly activated T cells, resulting in

markedly different clinical strategies. No indications of thromboembolism in

any of the patients treated in this study were observed.



Twenty three cell lines were evaluated in singlet fed-batch shake fl ask
cultures. Harvest anti body concentrations in the range of 121 to 1674
i 1 g/ naL Wweoeootizodoied. Harvest anti body concentrati ons PATANCeEH5eH21000

ng/ L were achieved for four cell lines. The ten cell lines wth highest
anti body concentrations were selected for _product quality analysis. The
product quality of purified antibody froffeach of the selected cell Iines
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20 Example 2

Material and Methods
Generation of chimeric version of 5D12

Starting from the 5D12 hybridoma cell line the murine variable regions of

25 5D12 were cloned. Briefly, from lysated cells using Qiagen total RNA was
isolated. By RT-PCR using the oligo’s 5§ CAG GTS MAR CTS SAG SAG TCW
GG 3’ and 5 GCA TGT ACT AGT AAT TTT TVT TGT CCA CYT TGG TGC T 3
to amplify the VH region and using the oligo’s 5CGA TAC GAS MTY CAG
CTG ACC CAG TCT CCA 3’ and 5GAC TCA TCT AGA TAC ACT CAT TCC



Bl Aeval uati on software (Version 4.1) was used for analysis of kinetic data.
15 Binding paraneters were cal culated using two different nodels of

nol ecul arwpnv@vieesdson: a bi val ent anal yte nodel and Lan@@WiNL200705épondi ng
nodel . Results Maxi num | evel s of observed binding for ch5D12 (PGL00) and
PGLO2 20 anti bodies were 152.5 RU and 1;1‘? 2 RU, respectively. The

cal cul ated kinetic rate constants accor 71g to the Langnuir and bival ent

bi ndi ng nodel s (ka and kd, or kal and kdl, respectively) differed slightly

for the t ' |85 P i d b at son_and
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affinity (KRalads thecinenans sbeedmesdbethoV @icidty warpdeeralthyd Wi t hi n

nodel s. Kinetic paraneters fromthese experinents are sunmari sed bel ow. WO

2007/ 129895mbseqnertty the Yorsgioms werse geloned in psDMARN02 Maspien ¢l Jopf
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5 IgGs and human kappa to construct a chimeric IgG4 immunoglobulin

expression plasmid.

Generation of deimmunized version of 5D12

In collaboration with Biovation using their proprietary DeImmunisation
technology within the V regions potential T-cell epitopes were identified.

10 Helper T cell epitopes comprise short amino acid sequences within proteins
with the capacity to bind to MHC class II molecules. By removal of the T cell
epitopes the antibody can no longer trigger T cell help and the subsequent
immunogenicity against it. Identification was done using Peptide Threading.
The Peptide Threading approach is a computer-based method for predicting

15  the binding of peptides (small amino acid sequences) to 18 different human
MHC class IT molecules based on known structures solved by X-ray
crystallography. Furthermore an analysis was done to search the V regions for
the presence of known human T cell binding peptides from a database

(www.wehil. wehi.edu.au).

20 Based on the primary murine V region amino acid sequences, surface
humanized (veneered) V regions were designed. Within these veneered VH
sequence 8 potential T-cell epitopes and within the veneered VL region 4 T-cell
epitopes were identified. Idéntified T-cell epitopes were removed by amino acid
substitution. Based on this analysis the DNA sequences encoding the

25 deimmunized VH and VL region were synthesized and recloned in the

pcDNA3002-hIgGs-kappa expression plasmid.

Site-Directed Mutagenesis



2.71 x 10-10 M 2.37 x 10-10M Bi val ent binding (1;2) nodel: ch5D12 (PGLO0)
PG102 kal 6.41 x 105 Ms' 7.82 x 105M 1s-1 kdl 1.60 x 10-3 s- 2.47 x 10-3
s-1 ka2 IwORonr/128893 RUs-1 1.31 x 10-3 RUs-1 kd2 2.55 x POTANIZ0@W/0230202 Xx 10-3
s-1 KD 5.29x 10-9M

48

To restore the murine sequences within the VH region of deimmunized
pcDNA3002 expression plasmid the QuickChange Site-Directed Mutagenesis
kit of Stratagene was used according to the manufacturer’s protocol. In table 4
the used oligonucleotides are shown. Briefly, the plasmid was denatured
5 followed by annealing of the sense and anti-sense primers containing the

desired mutation. By cycling (30 sec 95°C; 30 sec 55°C; 600 sec 68°C) for 16
times using a Biometra T gradient PCR machine the mutagenic sequences
were incorporated. The non-mutated parental plasmid was digested using
Dpnl, which only cuts methylated DNA. Subsequently the PCR mixture

10  containing the mutated plasmid was transformed in XL1-Blue competent cells.
Colonies were picked and analyzed by DNA sequences for the correct plasmid.
A second set of experiments focused on generating additional variants of
positions 29 and 37 specifically by substitution of I for structurally related V or
L. In a similar way as described above, plasmids were generated using the

15 oligonucleotides as shown in table 6. Two mutagenesis rounds were required to
create double mutants (Table 7). Plasmids were used to transform XL1-blue

competent cells.

Expression in PER.C6™

20
Expression of the various versions of 5D12 was done transiently in PER.C6™
(Crucell). Briefly, the day before the transfection PER.C6™ were trypsinized
and counted. Cells were plated in DMEM substituted with 10% FCS at a
density of 4 x 105 cells per well in a T24 well plate. Next day medium was

25 replaced with 0.5 m] fresh medium. For each well 1 ug of plasmid DNA was
diluted into 50 pl of OPTI-MEM I, which was combined with equal volume
OPTI-MEM I containing 3 pl LipoFect AMINE 2000 (LLF2000) reagent
(Invitrogen). Mixture was incubated for 20 min at room-temperature to allow
DNA-LF2000 reagent complexes to form. Subsequently the DNA-LF2000

30 reagent complexes (100 pl) were directly added to each well. The transfected



5.41x 10-9 M Anal ysis of the Goodness of Fit for the two nethods indicated
that the data is better described by the bival ent binding nodel. The

cal cul at edoabdvnpgses of the two anti body variants diff @CENLRet7wse202 nodel s,
20 however, the estimates of the dissociation constants (KD) obtained for
each antibody with the sane nodel were c arable; 2.71 x 10-10 M and
2.37)< 1110 M for ch5D12 (PGLO0) and PGIL respectively using the Langnuir
nodel and 5.25 x 10-9M and 5.41 x 10 Musing the bival ent anal yte nodel. 25

Exanpl e 5 TR TR oRPQL0 2, Rindi (o) | s.uUsing
an antiidi g?l}/%gleg%?‘?%‘g‘fﬁg&%B%o%@h%éggg'%gﬁ%g%5@%5%2“%’”?%’%?t

bi ndi ng of wR2éGAhatyzedfobbatibad exddiessi ng JY cells, nmeasured by FACS.
Mat erials and Methods 5 JY cells expressing hunan CD40 were bl ocked with 5%
human serum for 30 min at roomtenperature. The anti-idiotype antibody to
muri ne mAb (clone 173-36-1) was pre-incubated at varying concentration
(0- 10 pg/ th either ch5D12 (P0100) (1 pg/nL), P0102 (1 pg/nm), or
negati vg control chinmaeric anti-huCD86 antibody (chFUN-1; Ipg/nmL) in a

total volune of 50 10 ulL/tube and incubated for 15 mn. JY cells were
washed wi t Ahesasobnt bEexgiessBantibotlBemsandadued by 8 sdndwicly EddPAand

conceont r af BHEIR CByake cORIAIates (BrEine ROt wize qonlerk ot il AL Saiea
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Cells were’i 30 mMm at 4C 15 betore washing wt
buf f er / t ub@BfS (100egl/welprAhfiénblockimrwitheBBSTdoataniihg 003 %tTween ard dpended

in 100 8L of diluted goat-anti-hunman IlgsG Fl 'I;Cg%geacks | mmunqr esearch Labs.
Cat. NV 18Fdgratesryere 3xaashegrrish FBS-0diH% qmﬁﬁweuw Y330 nin at 4
C. Cells hed. . i . [ f . nat . ' d.
The pel 1 et ot BRI kb SRl o T, Wil By NI RHOR Rk e ABRBIERT.
neasured ugbREreid ASakdgles CirhAsRNE SupBatdtantd) (ks applird ileRvation. Alle

anti-idiotype mAb 173-36-1 inhi bited P0102 and ch5D12 (POlOO?lei ndi ng 25 to
huCD40 expideksethsomekyderd irsPBS-0.068n TwieenaPlates deperated dorhhear atB7gkr e

13). The binding of chFUN: 1 t.hat, i s al so essed,on JY S was
not i nfluedt®d %V@W_agg-?-gs%@ng}tgiﬂﬁe%g’%?@ﬁpﬁ%_ganl}et_l'éllufn?%rrl g%@@kl. n the
bl ocki g .efaflEﬁtin@i)hégﬁlhaﬂa@b UPAR AW utESrmBBidke R AlsB6ciRtdR08D-04)) was
CD40-specific antibodies to CD40 on JY cells. For exanple, the cal cul ated
| og | C50 valppdieditoreadh welb Rlasesintubatidfordl howr bt 870 After nebogal ¢0100)
(Batch 1) %xqgu}?gt}c?g plates were 5 times washed. Staining was done with PNP substrate
(Sigma N-2765) (1 mg PNP/ml substrate buffer - 100 mM Tris/HCI, 100 mM
NaCl, 5 mM MgCl2.6H20 pH 9.5 -). OD405 nm was measured on a BioRad 550

20 Titertek using 655 nm as reference.
FACS

By FACS analysis the antigen specificity of the expressed antibodies was

25 analyzed. JY cells are EBV transformed human B-cells, which express CD40.
Briefly, 100,000 JY cells were incubated with 100 pl supernatant from the
transient expression experiment at 4°C for 20 minutes. To remove unbound
antibody cells were washed with PBS containing 0.05% NaAzide and 1% BSA.
As secondary antibody 1/100 diluted FITC labeled anti-human IgG (Jackson



WO 20071129895PCT/ N L2007/ 050202 73 (Batch 2) were -5.74 0.14 and -5.76
0.11, respectively (p>0.05; both These val ues correspond to anti-idiotype
concent r aWDape7/12p89approxi mately 1.8 ug/ nmL (-42 nM. TablPeTMNL 2607088202
summary of cal culated -1ogl C50 val ues for anti-idio e-nediated inhibition
of ch5D12 (PGLO0O) and PGL02 binding to JY 5cells. WD 2007/129895PCT/ N
L2007/ 050202 74 Exanple 6 Binding of ch512 (PGL00) and PGL02 to CD- 40Fc
determ ned by ELLS24. Material and Methods ELI SA plates (Costar EIA/ R A

pl ate, Cor Rj ] . nere. t W 1 ho [ wel |

UCDA0- mul QO ARREH 1S yAE Rlrer 2 3bintBhE s5A St &L PR granbertn pes
and i ncubatégally esNisghiplaé wete nieabubdiod LFTAICSVAREMWD). Pl at es were washed 3
times with 200 pL/well wash buffer (0.05% Tween-20 in PBS). Subsequently,

pl ates were bl ocked with 200 uL/well 10 bl ocki ng buffer (5% BSA Fraction V
[ Roche, catgl ogue nunber 735094] in wash buffer) and incubated for 1 h at
37 C (hum 4 ronnent). Plates were washed 3 tines with wash buffer. Test
anti bodges (ch5D12 (PGLO0), PGL0O2, and negative control chimaeric
anti-huCD86 anti body chFUN-1) were diluted in the range 0-1200 ng/nL in
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goat anti-human kappa- AP detection antibody (Southern Biotech Associ ates
cat al ogue nunber 2060-0) diluted 1:1000 in bl ocking buffer. Plates were
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wi th wash buffer and _a further single wash with PBS, PNP substrate was

prepar &89 bypmagiasids ByuthePeptife (hypading mpHeedand dhe dgtebase ssagek

t al : . .. P s ' .84
N, 1. 02 Pgegeat el pkildber vt Pes? 1ERbGRRG B ol Surt, gt fyed °¢ ©
substrat e Waghaslgke VID regioa)s (firat basébf o npial Wpitope Fhexicion 2y, 80y 23, 46,

i ncubated for several mnutes (nmax 30 mn) at 37 Cto allow col our

devel oprent7b€élo¥ ¢ andeB3) et Wehindbe Stloppaian dy(pagitiar dnl b2BaAE6H. Col our
CESHN N el ey confin hecoiod

15  veneering process the optimal deimmunized VH and VL amino acid sequences

were defined (figure 6). To remove the T-cell epitope at position 61 in the VH
region special attention was taken not to introduce a potential N-glycosylation
site (N-X-T/S): NSA was substituted with STS. In this final design 12 positions
in the VH region were changed (counting position 60-62 as 1 change). For the

20 VL region 8 positions were changed.

From preliminary experiments comparing the expression levels of fully
deimmunized 5D12 (DI5D12) compared to ch5D12 (renamed PG100) it was
found that due to the introduced mutations DI5D12 was expressed at lower

25 levels as compared to the parent sequence (data not shown).

In principal each substitution can influence the characteristics of the
expressed antibody. Therefore to investigate the influence of each changed

position in the VH region on the characteristics of the antibody 12 additional



In a nunber of independent experinents serially.diluted ch5D12 (P0100) and
PGL02 (129L variant) were found to bind conparably to i mobilized CD40 Fc 5
(Fi gure ™D 2060w2b895 t he anti-CD86 control antibody di d mOT/NI28(5/059202

appreci abl e binding to CD40 Fc. Cal cul ated hal f-maxi mal bi ndi ng
concentrations for all experiments are s rized in Table 13. No
significant difference was observed in thal f - maxi mal bi ndi ng
concentration for any of the anti -CD40 anti body batches evaluated. 10 WO
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BSA and 0.05 % sodi um azi de). Supernatant was di scarded and JY cells were

resuspended in FACS buffer to a concentration of 2x106 cell s/ nL.
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because JY cells al so express human CD86. WO 2007/ 129895PCT/ N L2007/ 050202
77 Di scussitoansfections (no plasmid). After 48 hour the transient supernatants from each

transfection were harvested and analysed for antibody expression. In figure 8
15 the FACS data are shown. Clearly all tested constructs bind to JY cells,
indicating that the CD40 binding specificity of 5D12 is preserved.

Furthermore the FACS data indicate that the produced antibody levels are
different. Clearly there is a difference in expression level between DI5D12 and

20 ch5D12 (PG100). Variants Q5E, K13A, E16Q, T17S, STS60NSA and T68S
show the same expression characteristics as DI5D12. The other variants seem
to increase the expression levels. To exactly determine the various expression
levels, all supernatants were analysed by quantitative ELISA measuring
antibody levels. As shown in table 5, the tested variants can be divided in 3

25  groups: no or low improvement on the expression level (Q5E, K13A, E16Q,
T17S and STS60NSA), variants P45L, M48L, S79F and T108S restore the
expression levels as compared with ch5D12 (PG100) up to 40%, while the I29L
and I37V variants restore the level above 50%. Especially the substitution at
position 29 (I to L) seems to have large influence on the expression levels. The

30 I29L variant was subsequently renamed PG102 antibody.



The CD40-bi nding characteristics of various PGLO2 (129L variant) and ch5D12
(PG 100) batches have been determ ned using in vitro cellular and

ELI SAbasewlOas&ane’9sBi ndi ng of PGL02 and ch5D12 ( PGLOO) POTNYL201056202
expressing CD40 was inhibited with equal potency by the anti-idiotype raAb
173-36-1. Thus, the range of cal culated nean -1og |1 C50 val ues for PGL0O2 and
CH5D12 (PGLO0) batches was 5.51 to 6.11 ?%4=8), and 5.43 to 6.04 (n=10),
respectively (p>0.05). Antibody 173-36-1 is directed agai nst the variable
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wer e nmeasured and anal yzed using Cel |l Quest(r) software (Becton &
Di cki nson) .

25  Discussion

By reducing the immunogenicity of a therapeutic antibody the characteristics
can change. In this study it is shown that the deimmunization design result in
an antibody which still has binding capacity to its antigen, however the

30 antibody could only be produced at low levels. Most probably upon expression



25 Results Unl abel |l ed ch5D12 (PGLOO) and P0102 anti bodi es di spl ayed sim | ar
inhibitory characteristics in these assays (Figure 16). Mean -1og | C50

val ues f owoiznéwiapgdson of 1 ag/ niL ch5D12 (P0100) bi ndi ngPoy/NIRdEwsdd02d
ch5D12 (P0100) and 30 P0102 were 7.50 0.03 and 7 63 0.03, respectively
(both n=4), whilst nean - WD 2007/ 12989§§CT/N L2007/ 050202 79 log IC50
values for inhibition of 1 ug/m PGLO2 bYthdi ng by unl abell ed ch5D12 (PG
100) and PGLO2 were 7.54 0.01 and 7.65 0.02, respectively (both n=4).
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concentration of 4 x 106 cells/nL._ The THP-1 and J39.8/50 cells, were
counted andeiparkably the substitpdion ﬂﬂﬁgﬂl‘ np9sitigp 29 I@q\(gphﬁla,rgggcquble@ce,
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related, substitution of each of these on positions 29 and 37 has an impact on
production levels of the complete antibodies.
15

Example 3
Materials and Methods

20  Construction, selection and development of a GS-CHO cell line for the
production of PG102 (I29L variant).

Lonza Biologics (Lonza) was requested by PanGenetics BV to undertake the

construction, selection and evaluation of a GS-CHO cell line expressing the
25 human recombinant IgG4/kappa antibody PG102 (I129L variant).

Cell lines were constructed by transfecting CHOK1SV host cells with vectors

generated using Lonza’s Glutamine Synthetase (GS) Gene Expression System

(W02003054172). The gene sequences were supplied by PanGenetics. The cell

line CHOKI1SV is a suspension variant of the Chinese hamster ovary (CHO)
30 cell line CHOKI1, which has been adapted to chemically defined, animal



80 supplenmented with 10 % FCS. The THP-1 cells and J39.8/50 cells were
adjusted to a concentration of 4 x 105 cells/nL. For inhibition assays the
test sanpwe 20073DR22825( P0100) or PGLO2 (129L variant) 5 wa®CIaNiized7iopoa? | ut ed
in warmed | MDM nmedi um suppl enented with 10 % foetal bovine serumto obtain
final assay concentrations in the rangeé - 160 ng/ L. The THP-1, J39.8/50
and test sanple(s) were added in tripli e to round bottoned cell culture
pl ates (NunclonTn) in the follow ng order: 50ILL of THP-1 cells (equival ent

to 2 x 104 : 0f t anpl Ompl, 1 9. 8/50
cells. Thec@gﬁ)gﬁe@%{rﬁg\nﬁ(\?\%gcﬁo%&dlgé %H’Fﬁ#ﬁg ggl ?l ggf?zf}r «,ﬁ?ﬁeﬁggéﬁ) re
wrapped i N10A69UEs;clel IAOCFuA Bdaitvhdis M et £102006 BN Bivtachnsll 8i:firehd. % CO2
at nosphere for 48 h. On day 5, after a culture period of 48 h, 704 of cell

cul ture supernatants 15 were aspirated and transferred to a round bottoned
mcrotitre,plate. The harvested c
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ch5D12 f or vialwédlonzassryopraservedoeosking ceHdank B any side-effects in all
nonkeys. In this study, functional evidence was obtained that ch5D12 can
prevent B-cell activation and proliferation27. Safety studies were repeated

for PGIH2 wsling,18,rt0comieRtridnonog didpiipcol . Briefly, a 13 week
i ntravenous toxicity study in cynonol gus nonkey with a 14 week recovery
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such as hasupéalatgyt and resuspealding ochbeallsin fresh growth medium.
20 For static culture, cells were grown in T25 flasks with a culture volume of 5 to
15 mL. These static cultures were placed in an incubator at 35.5 to 37.0 °C
containing an atmosphere of 10% v/v COz in air.
For suspension culture, cultures were expanded in a suitable volume of growth
medium and subcultured every 4 days for growth in CDACF medium. The
25  containers used were: 125 mL shake flasks (for a culture volume of 10 to
30 mL), 250 mL shake flasks (for a culture volume of 30 to 50 mL), 500 mL
shake flasks (for a culture volume of 50 to 100 mL), 1 L roller bottles (for a
culture volume of 100 to 200 mL), or 2 L roller bottles (for a culture volume of

200 to 400 mL). The headspace of each culture was gassed with 5% v/v COz in



The results of this study denonstrated that there is no toxicity observed
for any of the dose |levels tested. PGL02 was safe and well-tolerated. 20
Col | ect i WeDyoatiessdsst udi es denonstrate that antagoni st &OTiNRWTO5020D40 Mab
PGL02, as its parent antibody ch5D12 (PGL0O0), has no unexpected
cross-reactivity, and is safe and well t%erated In vivo. 82 Table 1.
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air and the flasks sealed. The cultures were then incubated at 35.5 to 37.0 °C
on a shaking platform rotating at 140 + 5 rpm.
Total and viable cell concentrations were obtained by aseptically removing a
sample of culture, staining the non-viable cells with Trypan Blue and
5 microscopic examination using a modified Fuchs-Rosenthal haemocytometer.
When appropriate, samples were diluted prior to counting.
Alternatively, the total and viable cell concentrations were determined using a
CASY-1 particle counter or a Vi-CELL XR automated cell counter. For the
CASY-1 counter, a sample of culture was aseptically removed from each flask,
10 diluted with Casyton buffer and the number of viable and total cells
determined. Viable and non-viable cells were distinguished by size.
Percentage viability was calculated as the ratio of viable cells to total cells
multiplied by 100. For the Vi-CELL XR counter, 0.7 mL of cell culture was
‘aseptically removed and an automated Trypan Blue count was performed. A
15 series of camera pictures and a computer analysis algorithm are used to
identify and count the viable and non-viable cells. For all counting methods,
percentage viability was calculated as the ratio of viable to total cells

multiplied by 100.

20 Transfection of CHOKISYV host cells
On the day of transfection, cells growing in non-selective medium were
harvested by centrifugation and resuspended at a concentration of 1.43 x 107
viable cells/mL. For each transfection, approximately 0.7 mL of the cell
suspension and 40 pg of plasmid DNA were added to an electroporation

25 cuvette. The electroporation cuvette was then placed in the electroporation
apparatus and a single pulse of 300 V, 900 uF was delivered. Following
electroporation, the cells from the cuvette were distributed into 96-well plates
at approximately 5000 host cells/well, using the medium CD-CHO/phenol red.
The plates were incubated at 35.5 to 37.0 °C in an atmosphere of 10% v/v CO2

30 inair. The day after transfection, 150 uL of the selective medium CD-
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CHO/phenol red/66.6 pM MSX, was added to each well. The final
concentration of MSX in each well was 50 uM. The plates were monitored to
determine when the non-transfected cells died to leave foci of transfected cells.
Foci of transfected cells became apparent approximately 3 to 4 weeks after

5 transfection. All the transfectants examined and progressed further came
from wells containing only a single colony, as determined by visual

assessment.

Assessment of productivity of cell lines in static culture

10  The 96-well plates were incubated for approximately 3 to 4 weeks, following
transfection to allow colony formation. The colonies were examined
microscopically to verify that they were of a suitable size (covering greater
than 60% of the bottom of the well), and that only one colony was present in
each well. The culture supernatant was then assayed for antibody production

15 using Lonza’s ELISA assay for assembled antibody, described under “assembly
ELISA”. The percentage confluence of the well was assessed at the time of
sampling. The value obtained by dividing the assay result by percentage
confluence was used to rank the cell lines.
Cultures of high ranking cell lines were expanded into 24-well plates in the

20 medium CD-CHO/phenol red/25 pM MSX and were left to reach confluence.
On reaching confluence, this culture was used to inoculate a T25 flask in the
medium CD-CHO/phenol red/25 pM MSX, whilst the remaining culture was
re-fed with fresh CD-CHO/phenol red/25 pM MSX, and incubated for a further
14 days. At this point, culture supernatant was collected from the 24-well

25 plates and the antibody concentration was measured using Lonza’s ELISA
assay for assembled antibody. A selection of the most productive cell lines was
made. On reaching confluence in the T25 flasks, the selected cell lines were
allowed to multilayer and then re-fed with CD-CHO/25 uM MSX. After

feeding, the cultures were returned to the incubator for a further four to seven
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days until the medium turned orange/yellow again and the cells lifted from the
flasks.
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Expansion of cell lines to CDACEF suspension culture
Suspension cultures were initiated from confluent T25 flask cultures. The
suspension cultures were inoculated at a concentration of 0.05 to 0.2 x 106
5 wviable cells/mL in 125 mL shake flasks containing CD-CHO/25 pM MSX

medium. If the viable cell concentration did not reach 0.05 x 106 viable
cells/mL after a maximum of 14 days in T25 flasks, 15 mL of each culture was
automatically progressed into 15 mL of CD-CHO/25 pM MSX in 125 mL shake
flasks. The cell lines were then serially subcultured into fresh CD-CHO/25 uM

10 MSX medium, at an inoculation concentration of 0.2 x 106 viable cells/mL, on a
4 day subculture regime, until acceptable and reproducible growth

characteristics were obtained.

Assessment of growth and productivity of cell lines in suspension culture

15 Fed-batch shake flask culture
Singlet cultures of each selected cell line were prepared in 500 mL shake flasks
with 100 mL of cell suspension using CM42/4 x SPE medium. The cultures
were inoculated at 0.2 x 106 viable cells/mL and the headspace of each culture
was equilibrated with 5% v/v COzin air. The cultures were incubated at 35.5

20  to 37.0 °C on a shaking platform rotating at 140 + 5 rpm until the viable cell
concentration, post peak, was less than or equal to 0.6 x 106 viable cells/mL or
day 15 was reached (‘overgrown’). At this point the cultures were harvested.
The cell concentration was determined daily using a Vi-CELL automated cell
counter.y At a cell concentration of 1.4 to 2.2 x 106 viable cells/mL, a bolus

25  addition of the nutrient feed SF40 was made. Further bolus additions were
made at approximately 24, 48 and 72 hours after the initial addition. A second
feed (SF41) was applied once cell concentrations greater than 4.0 x 106 viable
cells/mL were obtained. Samples of cultures were taken at appropriate
intervals, centrifuged and the supernatants stored at -20 £ 5 °C until assayed

30 for antibody concentration by Protein A HPLC. Harvest supernatants from
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each overgrown culture were stored at -20 + 5 °C. The ten overgrown cultures
with the highest antibody concentrations were further assessed for quality of
the antibody produced. Samples were assessed for aggregate levels using the
gel permeation high performance liquid chromatography (GP-HPLC) method
before Protein A purification and antibody characterisation by reduced and
non-reduced sodium dodecylsulphate poly acrylamide gel electrophoresis (SDS-
PAGE) and isoelectric focusing (IEF) analysis and matrix assisted laser
desorption ionisation time of flight mass spectrometry (MALDI TOF-MS)

oligosaccharide analysis.

Cryopreservation
Cells were cryopreserved at key points throughout the work programme. The

cells in growing cultures were recovered by centrifugation and resuspended in

a cryopreservation mixture. This consisted of the appropriate growth medium

(92.5% v/v) and dimethylsulphoxide (7.5% v/v).

Aliquots of cells were then distributed into labelled vials, each aliquot
containing approximately 1.5 mL of cryopreservation medium and
approximately 0.5 to 1.5 x 107 viable cells. The vials were then frozen in an
automatic programmable cell freezing machine and subsequently transferred

to liquid nitrogen refrigerators.

Generation number

For each of the selected cell lines, the generation number of the cells was
defined as zero at the point the culture was passaged into suspension. The
generation number was subsequently calculated at each subculture using a
procedure derived from the following equation (rounded down to the nearest

0.5 generation).
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v i sz_}
M-—-N"‘{an.LnX;

Where: Nf= Generation number at time f
N; = Generation number at time i

5 Xf= Viable cell concentration (cells/mL) at time f
X; = Viable cell concentration (cells/mL) at time ¢

and f>1

Data analysis

10  The time integral of the area under the growth curve (the time integral of the

viable cell concentration (IVC); 109cells.h/L) was calculated by summing the
area (approximated to a right angle trapezium) between adjacent cell
concentration values. The areas were calculated by multiplying the mean of
the two viable cell concentrations (cells/mL) by the elapsed time between the

15 two determinations (h). This method is based on that described by Renard et
al. (1988) in Biotechnology Letters 10 (2) pages 91-96.

Where appropriate the overall specific production rate (qp overall:

mg/109¢ells/h) was calculated by linear regression analysis of the antibody
concentration (mg/L) against the time integral of viable cell concentration.

20  The slope of this line is equal to qp overall. The harvest specific production
rate (qp harvest) was calculated by dividing the harvest antibody concentration

by the value of the IVC at harvest.

Assembly ELISA

25 The antibody concentration of supernatant samples was determined using an
ELISA that measures assembled human IgG. This involved capture of
assembled antibody in samples and standard onto a 96-well plate coated with

goat anti-human IgG Fec. Bound antibody was revealed with goat anti-human
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light chain linked to horseradish peroxidase and the chromogenic substrate
tetramethylbenzidine. Colour development was proportional to the mass of
antibody present in the sample. The concentration was determined using a

standard curve generated using an IgG standard (Lot number L07387/5/2)

Protein A HPLC

Product concentration was quantified by Protein A High Performance Liquid
Chromatography (HPLC) on an Agilent 1100 HPLC. .Antibody was selectively
bound to a POROS Protein A immunodetection column. Unbound material
was eluted from the column and the remaining bound antibody was released
by decreasing the pH of the solvent. Elution was monitored by absorbance at
280 nm using a multiple-wavelength detector. Antibody was quantified (using
Chemstation software) against an antibody standard (Lot 1.L07385/4/10) and

corrected for an extinction coefficient of £%% = 1.52.

Protein A affinity purification

Gravity fed rmp Protein A Sepharose columns (5 mL) were prepared. The
columns were cleaned before use with 6 M guanidine HCI and equilibrated
with 50 mM glycine/glycinate-250 mM NaCl buffer, pH 8.0. The pH of the
column load material was adjusted to pH 8.0 + 0.1 before application to the
column. The rmp Protein A affinity column was washed with equilibration
buffer and eluted with 0.1 M glycine buffer, pH 3.5. The column eluates were
neutralised to approximately pH 7.0 with 2 M Tris Base and dialysed against
Dulbecco’s phosphate buffered saline in preparation for IEF and SDS PAGE

analyses.

SDS PAGE analysis of Protein A affinity purified antibody
The cell culture samples were prepared for analysis by protein A purification.
Electrophoresis was carried out using 4 to 20% precast Novex polyacrylamide

gels. For reducing SDS PAGE, samples were reduced using 2-mercaptoethanol
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and denatured by SDS at pH 8.0. Samples were heated for 2.0 + 0.5 minutes
before they were loaded onto the gel (10 pg per lane). Non-reduced SDS PAGE
was performed using the same gels and Novex non-reducing sample buffer (2-
mercaptoethanol is not added). Samples were heated for a standard time of

5 1.0 £ 0.5 minutes before they were loaded onto the gel (4 ug per lane).
Following electrophoresis, proteins were visualised by staining for 75 minutes

with Coomassie brilliant blue R250 and destained with methanol/acetic acid.
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IEF analysis of Protein A affinity purified antibody
The cell culture samples were prepared for analysis by protein A purification.
IEF analysis was carried out using pre-cast agarose IEF gels, pH 3 to pH 10.

5 Approximately 10 pg protein sample per lane was loaded onto the gel and then
pre-focused for 70 Vh. After removal of the sample application strip,
electrophoresis was continued for 1500 Vh (1500 V, 20 mA, 25 W per gel). The
IEF gels were fixed in a trichloroacetic acid: sulphosalisylic acid: methanol
solution and then stained with Coomassie Brilliant Blue R250 (Lot numbers of

10 Coomassie Blue 003/L.11905/118 and 003/1.11905/131). The gels were then
destained and dried. (Lot numbers of destain 003/1.11905/117 and
003/L11905/121).

GP-HPLC

15 The GP-HPLC method separates protein components according to their size.
Large components, such as protein aggregates, are too large to penetrate the
matrix particles to any great extent and therefore eluted from the column
ahead of smaller components, such as protein monomer. Smaller components,
such as fragments, penetrate the matrix more easily and eluted after the

20 monomer. This technique was therefore used to separate antibody monomer
from both aggregates and fragments. The monomeric component was
identified by its characteristic retention time and position, relative to
calibration markers.
Undiluted samples were injected to give 50 to 250 pg loads where the product

25 concentration was 1 to 5 mg/mL (validated load range of Lonza’s assay). The
molecular mass range for the GF-250 column was 4 to 400 kDa.
Sample components were detected at 280 nm and peak chromatograms were
analysed using Agilent Chemstation software. Integration was performed
using the perpendicular drop method for aggregates and tangent skim for

30 fragments.
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The proportion of sample components was determined by calculation of the

peak areas of each component relative to the total integrated peak area.

MALDI TOF-MS analysis

5  The oligosaccharide analysis of the PG102 antibody produced by each cell line
was performed by MALDI TOF-MS using a Micromass™ MALDI-LR coupled
with delayed extraction. The MALDI TOF-MS was operated in reflectron
configuration with positive ion mode. The instrument was calibrated using a
mixed N-glycan standard.

10  Antibody was purified from harvest supernatants using a POROS Protein A
column. The purified fractions were collected and the disulphide bonds were
reduced with dithiothreitol followed by alkylation of the reduced thiols using
lodoacetate. Oligosaccharides were released using the enzyme N-glycanase
(PNGaseF) and were sandwiched between two layers of super-dihydroxy

15  benzoic acid (super-DHB) matrix on the target plate for MALDI TOF-MS

analysis.

Results
Transfection of CHOKI1SYV host cells

20 The PG102 gene sequence was used by Lonza to constructed the double gene
vector pPG102/DGV (not shown) that was used to transfect the CHOK1SV
host cell line by electroporation. Six sets of transfections were performed using
the vector pPG102/DGV and supernatants of 255 transfectants were screened
for antibody production in 96-well plates by assembly ELISA. Detectable

25 antibody levels were preduced by 99.6% of the screened transfectants. Forty
three high ranking transfectants were selected for further evaluation in 24-

well plates.
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Expansion of static cultures and suspension adaptation

Cultures of the selected GS-CHO cell lines were first expanded into 24-well
plates and then expanded into T25 static flasks. The remaining cells in the 24-
well plates were fed with fresh medium and ‘overgrown’ before assessing the
antibody productivity. The selected cell lines displayed a range of antibody
concentrations from 8.3 to 120 mg/L (Figure 10).

Cultures of the 23 cell lines with the highest product concentrations, as
determined by assembly ELISA, were selected for further evaluation. The
selected cultures were progressed into CDACF medium in suspension culture.
All cell lines were successfully adapted to suspension culture and were selected

for further evaluation in fed-batch cultures.

Evaluation of the growth and productivity characteristics of selected cell lines
in fed-batch shake flask culture

The growth and productivity characteristics of the 23 selected cell lines were
evaluated in fed-batch shake flask culture. Singlet cultures were prepared for
each cell line. Two feeds, SF40 and SF41, were added to the cultures when the
viable cell concentration met the feeding criteria. The protocol used for the feed
regime mimicks as closely as technically possible, Lonza’s generic GS-CHO
fermentation process. Growth and productivity data for the 23 selected cell
lines are presented in Table 9. Protein A HPLC analysis of the harvested
supernatants of the fed-batch shake flask cultures showed that four cell lines
produced antibody concentrations of greater than 1000 mg/L. Cell line L107
produced the highest antibody concentration, 1674 mg/L.
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Characterisation of the antibody purified from fed-batch shake flask culture of
selected CHO cell lines

Harvest samples of the ten cell lines with the highest antibody concentration
were purified using rmp Protein A Sepharose chromatography prior to
analysis. The Protein A purified antibodies were then analysed using SDS
PAGE and IEF. Visual analysis of the Protein A purified samples analysed by
SDS PAGE under non-reducing conditions showed all samples‘ were
comparable to each other, exhibiting an intact antibody band at approximately
200 kDa (data not shown). Additional minor bands were visible, although they
may not all be visible on the gel image. Three bands with molecular mass
between 116 and 200 kDa, one band with a molecular weight between 66 and
97 kDa, one band with a molecular weight between 37 and 55 kDa and two
bands with molecular weights between 22 and 31 kDa were also observed. The
extra band observéd between 66 and 97 kDa is the half antibody, typical of
IgG4 antibodies under non-reducing conditions. The same half antibody is also
observed in the IgG4 inter assay control (IAC).

Protein A purified samples analysed by SDS PAGE under reducing conditions
were also comparable to each other, exhibiting the heavy chain band at
approximately 50 kDa and the light chain band at approximately 25 kDa (Data
not shown). IEF analysis showed that the integrity of the Protein A purified
antibody samples from the selected cell lines demonstrated comparable
profiles,v with six primary bands (3 major and 3 minor bands) in the pl range
8.15 to 9.30 for all cell lines except L.97, M92 and M59. These three cell lines
exhibited three major and two minor bands. Additional bands were observed in

samples J3 and J4, although these may not all be visible on the gel image.

Oligosaccharide analysis of antibody
The oligosaccharide analysis of the antibody produced by each of the ten cell

lines selected for further evaluation in fed-batch shake flask cultures was
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determined by MALDI TOF-MS The predominant oligosaccharide structures
in the antibody obtained from the ten cell lines were GOF and G1F, which are
typical N-linked oligosaccharide structures observed on antibodies. Relatively
low levels of oligomannose structures were detected with the highest level of
5 6.7% of total glycans measured for antibody derived from cell line L52.

Oligomannose-5 (man-5) structures were observed in all samples at a range of
1.1 to 4.6% of total glycans. All of the samples analysed contained comparable
levels of oligosaccharides and relatively low concentrations of man-5 (data not

shown),

10
GP-HPLC
When antibody produced by each of the ten cell lines selected for further
evaluation was analysed by GP-HPLC, the lovzer molecular weight components
(LMWC) were the least critical but a level of under 25% was preferable. All

15 samples displayed levels of under 25%, with the exception of L52, which
displayed a level of 27.1% (Table 10).
Two different calculations of proportions of aggregate would not usually be
used, but was deemed necessary as LMWC levels varied so much between
samples.

20  Further analysis of the data, excluding the LMWC and looking only at
monomer and larger peaks, demonstrated aggregate peak areas of less than

2.2% for all samples (Table 11). Levels of under 5% are considered acceptable.

Selection of cell lines

25  Three cell lines were selected for preparation of pre-seed stocks (PSS). The
selection criteria used were a combination of high harvest antibody
concentration, acceptable growth characteristics and acceptable product

quality characteristics.
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Cell line L107 was selected as the lead cell line as it exhibited the highest
harvest antibody concentration of the 23 cell lines evaluated, along with
acceptable growth and product quality characteristics (Figure 11A).

Cell line L.25 exhibited the second highest harvest antibody concentration of
the twenty three cell lines evaluated, along with acceptable growth and
product quality characteristics (Figure 11B). Therefore cell line L25 was
selected as the first back-up cell line.

Cell line M95 exhibited the third highest harvest antibody concentration of the
twenty three cell lines evaluated, and had acceptable growth and product
quality characteristics (Figure 11C). On this basis cell line M95 was selected

as the second back-up cell line.

Cryopreservation of pre-seed stocks

Pre-seed stocks (20 vials per stock) were cryopreserved for each of the three
selected cell lines. These stocks were stored in vapour phase liquid nitrogen
refrigerators. Cell lines LL107, .25 and M95 were renamed DC1, DC2 and DC3

respectively.

Discussion ‘
Lonza Biologics was requested to undertake the construction, selection and
evaluation of a GS-CHO cell line expressing the human recombinant
IgGs/kappa antibody PG102. |

The gene sequence was supplied by PanGenetics and vectors were generated
using Lonza’s Glutamine Synthetase (GS) Gene Expression System. The cell
line CHOK1SYV, a suspension variant of the Chinese hamster ovary (CHO) cell
line CHO-K1 adapted to chemically defined, animal component-free medium,
was transfected by electroporation.

From the CHOK1SV transfections, 254 cell lines were obtained that secreted
the antibody. Forty three cell lines were evaluated for growth and productivity

in 24-well plates. Antibody concentrations of up to 120 ng/mL were obtained.
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Twenty three cell lines were evaluated in singlet fed-batch shake flask
cultures. Harvest antibody concentrations in the range of 121 to 1674 pg/mL
were obtained. Harvest antibody concentrations in excess of 1000 mg/L, were
achieved for four cell lines. The ten cell lines with highest antibody
5 concentrations were selected for product quality analysis. The product quality
of purified antibody from each of the selected cell lines was comparable to each
other by reduced and non-reduced sodium dodecylsulphate polyacrylamide gel
electrophoresis and isoelectric focusing analysis. Oligosaccharide analysis of
purified antibody from each of the ten selected cell lines showed relatively low
10 (<4.6%) levels of oligomannose-5.
GP-HPLC analysis showed that aggregate levels were below 1% for each of the
top three cell lines.
Three cell lines (L107, L25 and M95) were selected for further evaluation
based on growth, productivity and product quality data. Pre-seed stocks of 20
15  vials of each cell line were cryopreserved. The three cell lines were renamed

DC1, DC2 and DC3 respectively.

Example 4
20
Determination of the kinetics of ch6D12 (PG100) and PG102 (I29L variant)

binding to human CD40-Fc by surface plasmon resonance (Biacore)

Materials and Methods

25  The kinetics of ch5D12 (PG100) and PG102 (I129L variant) binding to human
CD40 were compared by surface plasmon resonance at a constant temperature
of 25.0 °C, using a Biacore 3000 instrument. Recombinant human CD40
extracellular domain fused to human IgG1-Fc domain (huCD40-F¢; R&D
Systems catalogue number 149-CD-50) was used as the target antigen in these

30 experiments. HuCD40-Fc (1pg/mL in 10mM acetate buffer, pH 5.0) was



Colon + + + + + + 4+ + + + 017 10 licurn + + + + + + +

WO 2007/129895 PCT/NL2007/050202

70

coupled via the amine groups of Lys residues to carbodiimide-activated Biacore
CMB5 chips, resulting in an antigen immobilization level of 127.4 RU. For
kinetic analyses, dilution series of ch5D12 (PG100) and PG102 (range
10.0 pg/mL to 0.313 pg/mL) were prepared in Biacore Running Buffer
5 (HEPES-buffered saline containing EDTA and surfactant; HBS-EP). Kinetic

analyses were performed at a flow rate of 30 uL/min. Samples were allowed to
bind for 4 min and to dissociate for 5 min, at the same flow rate. The chip
surface was then regenerated for 30 seconds using 30mM NaOH and a
baseline re-established in HBS-EP for 2.5 min before injection of the next

10  sample. Alternate samples of PG102 and ch5D12 (PG100) were injected,
increasing in concentration for the first set of replicates at each dilution and
then decreasing for the second set of replicates.
BIAcore control software (Version 3.2) was used for data collection and
BlIAevaluation software (Version 4.1) was used for analysis of kinetic data.

15 Binding parameters were calculated using two different models of molecular

interaction: a bivalent analyte model and Langmuir 1:1 binding model.

Results

Maximum levels of observed binding for ch5D12 (PG100) and PG102
20 antibodies were 152.5 RU and 140.2 RU, respectively.

The calculated kinetic rate constants according to the Langmuir and bivalent
binding models (ka and kd, or kal and kd1, respectively) differed slightly for
the two antibodies. Thus, PG102 displayed faster association and dissociation

25 rates than ch5D12 (PG100) (Figure 12), although the overall affinity (KD) of
the two antibodies did not differ appreciably within models. Kinetic

parameters from these experiments are summarised below:
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Langmuir (1:1) model:

ch5D12 (PG100) PG102
ka  1.88 x 106 M-1s-! 2.51 x 106 M-1g-!
kd  5.07 x 104 8! 5.96 X 104 g1
KD 271x101M 2.37x101°M

Bivalent binding (1:2) model:

ch5D12 (PG100) PG102
kal 6.41x 105 M-1g! 7.82 % 105 M-1g-1
kdl 1.60x 103 s 2.47x 103 s?
ka2 1.21 x 103 RUs'! 1.31 X 103 RUs'!
kd2 2.55x 103 ¢! 2.24 x 103 g1
KD 5.29x10°M 5.41 x10°M

Analysis of the Goodness of Fit for the two methods indicated that the data is
better described by the bivalent binding model.

The calculated affinities of the two antibody variants differed between models,
however, the estimates of the dissociation constants (KD) obtained for each
antibody with the same model were comparable; 2.71 X 10-10 M and 2.37 X 10-10
M for ch5D12 (PG100) and PG102 respectively using the Langmuir model and
5.25 X 10-°M and 5.41 x 10-° M using the bivalent analyte model.

Example 5
Inhibition of ch6D12 (PG100) and PG102 binding to JY cells using an anti-
idiotype antibody

To demonstrate that PG102 (I29L variant) binds to the same epitope of CD40
as its parent molecule ch5D12 (PG100), an anti-idiotypic antibody was used to
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inhibit binding of PG102 or ch5D12 to CD40-expressing JY cells, measured by
FACS.

Materials and Methods
5 JY cells expressing human CD40 were blocked with 5% human serum for 30

min at room temperature. The anti-idiotype antibody to murine mAb 5D12
(clone 173-36-1) was pre-incubated at varying concentration (0 — 10 pg/mL)
with either ch5D12 (PG100) (1 pg/mL), PG102 (1 pg/mL), or negative control
chimaeric anti-huCD86 antibody (chFUN-1; 1upg/mL) in a total volume of 50

10 pL/tube and incubated for 15 min. JY cells were washed with FACS buffer (1x
PBS, 1% BSA and 0.05 % sodium azide) and supernatant was discarded. JY
cells were resuspended in FACS buffer to a concentration of 2x108 cells/mL. 50
pL of the JY cell suspension was added to the pre-incubated antibody mixes to
give a final volume of 100 pL/tube. Cells were incubated for 30 min at 4 °C

15  before washing with 4 ml FACS buffer/tube and the supernatant discarded.
The cell pellet was resupended in 100 pL of diluted goat-anti-human IgG-FITC
(Jackson Immunoresearch Labs. Cat. No. 109-095-127) in FACS buffer (1:100)
and incubated for 30 min at 4 °C. Cells were washed with 4 m1 FACS buffer
and supernatant was discarded. The pellet was resuspended in 200 pLL FACS

20  buffer and bound antibody was measured using a FACScan flow cytometer

(Becton Dickinson).

Results

The anti-idiotype mAb 173-36-1 inhibited PG102 and ch5D12 (PG100) binding
25  to huCD40 expressed on JY cells in a concentration-dependent manner (Figure

13). The binding of chFUN-1 to CDSG that is also expressed on JY cells was not

influenced by mAb 173-36-1. There was no significant difference in the

blocking effect of anti-idiotype mAb 173-36-1 on the binding of CD40-specific

antibodies to CD40 on JY cells. For example, the calculated log IC50 values for
30 mAb 173-3-1-mediated inhibition of ch5D12 (PG100) (Batch 1) and PG102
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Example 6
Binding of ch5D12 (PG100) and PG102 to CD-40Fc determined by ELISA

Material and Methods

ELISA plates (Costar EIA/RIA plate, Corning catalogue number 3590) were
coated with 100uL/well huCD40-mulg (Ancell, catalogue number 504-020),
diluted to 250 ng/mL in PBS and incubated overnight at 4 °C in a humid
environment. Plates were washed 3 times with 200 uL/well wash buffer (0.05%
Tween-20 in PBS). Subsequently, plates were blocked with 200 pL/well
blocking buffer (5% BSA Fraction V [Roche, catalogue number 735094] in wash
buffer) and incubated for 1 h at 37 °C (humid environment). Plates were
washed 3 times with wash buffer. Test antibodies (ch5D12 (PG100), PG102,
and negative control chimaeric anti-huCD86 antibody chFUN-1) were diluted
in the range 0-1200 ng/mL in blocking buffer and transferred to assay plates in
a final volume of 100 pL/well, followed by incubation for 1 h at 37 °C (humid
environment). Plates were washed 3 times with wash buffer followed by
addition of 100 pl/well goat anti-human kappa-AP detection antibody
(Southern Biotech Associates catalogue number 2060-0) diluted 1:1000 in
blocking buffer. Plates were incubated for 1 h at 37 °C in a humid environment
before washing 3 times with wash buffer and a further single wash with PBS.
PNP substrate was prepared b’y adding 1 tablet p-Nitrophenyl Phosphate
tablets (Sigma, catalogue number N-2765) in 15 mL PNP substrate buffer
(12.1 g Tris, 5.84 g NaCl, 1.02 g MgCl2.6H20 in 1L HO (adjusted to pH 9.6
with HCI). PNP substrate was added to assay plates at 100 pL/well. Plates
were incubated for several minutes (max 30 min) at 37 °C to allow colour
development before the reaction was stopped by addition of 3M NaOH. Colour

intensity was determined at 405 nm using a micro plate reader (Biorad, model
550).
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Results

In a number of independent experiments serially-diluted ch5D12 (PG100) and

PG102 (I29L variant) were found to bind comparably to immobilized CD40-Fc
5 (Figure 14), whilst the anti-CD86 control antibody did not display appreciable

binding to CD40-Fc. Calculated half-maximal binding concentrations for all

experiments are summarized in Table 13. No significant difference was

observed in the half-maximal binding concentration for any of the anti-CD40

antibody batches evaluated.
10
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Example 7

Binding of ch5D12 (PG100) and PG102 to huCD40 expressed on JY cells determined by
FACS

Materials and Methods

CD40-expressing JY cells were washed with FACS buffer (1x PBS, 1 % BSA
and 0.05 % sodium azide). Supernatant was discarded and JY cells were
resuspended in FACS buffer to a concentration of 2x106 cells/mL. Thereafter,
50 pL of the JY cell suspension was added to 50 uL of each of the test
antibodies (ch5D12 (PG100), PG102, and negative control chimaeric anti-
huCD86 antibody chFUN-1) prepared in the concentration range 0-900 ng/mlL
and incubated for 30 min at 4 °C. Cells were washed with 4 ml FACS
buffer/tube and supernatant was discarded. Cell pellets were resuspended in
100 pL of goat anti-human IgG-FITC (Jackson Immunoresearch Labs.
Catalogue number 109-095-127) diluted 1:100 in FACS buffer and incubated
for 30 min at 4 °C. Cells were washed with 4 ml FACS buffer and supernatant
was discarded. The pellet was resuspended in 200 pL. FACS buffer and bound

antibody was measured using a FACScan flow cytometer (Becton Dickinson).

Results

All tested batches of ch5D12 (PG100) and PG102 showed similar
characteristics of binding to CD40 expressed on JY cells (Figure 15) with
comparable half-maximal antibody binding concentrations (Table 14). chFUN-
1 also bound to JY cells, albeit with lower mean fluorescence intensity (MFT)
than ch5D12 (PG100) and PG102. This is because JY cells also express human
CD86.
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mut ageni ¢ @rqb‘rmg]c’#eot I des. A igonucleotides used to introduce the

mut ati ons at am no acid positions 29 and 37. Sense and antisense (rev)

ol i gonucl egtides are |isted. o i
The CD40-binding characteristics of various PG102 (I29L variant) and ch5D12

(PG100) batches have been determined using in vitro cellular and ELISA-

5 Dbased assays. Binding of PG102 and ch5D12 (PG100) to JY cells expressing
CD40 was inhibited with equal potency by the anti-idiotype mAb 173-36-1.
Thus, the range of calculated mean —log IC50 values for PG102 and CH5D12
(PG100) batches was 5.51 to 6.11 (n=8), and 5.43 to 6.04 (n=10), respectively
(p>0.05). Antibody 173-36-1 is directed against the variable regions of the

10  ch5D12 (PG100) precursor, murine mAb 5D12, and did not inhibit binding of
an anti-CD86 isotype control antibody. In further experiments the half-
maximal binding concentration of PG102 and ch5D12 (PG100) was determined
by ELISA analysis of antibody binding to human CD40-Fec, and by FACS
analysis of binding to JY cells. In ELISA assays there was no significant

15  difference between the half-maximal binding concentration of PG102 and
ch5D12 (PG100) for any batch tested. For example, calculated mean —log half-
maximal binding concentrations for the PG102 and ch5D12 (PG100) batches
were 7.47 £ 0.04 and 7.54 + 0.03, reépectively (P>0.05, both n=4),
corresponding to approximately 30 ng/ml. Similar half-maximal binding

20 concentrations were observed in FACS experiments of PG102 and ch5D12
(PG100) binding to CD40 expressed on JY cells. These results indicate that
PG102 and ch5D12 (PG100) share the same CD40-binding paratope, as
demonstrated by the comparable potency characteristics of the anti-idiotype
antibody for inhibition of PG102 and ch5D12 (PG100) binding to CD40.

25  Furthermore, both antibodies display similar in vitro potencies for binding to
human CD40 in ELISA and cell based assays. Together, the data presented
suggest that the binding properties of PG102 and ch5D12 (PG100) to human
CD40 are the same.

30



Primer sequence 5 - 3' 129V gcactgtctctgggttctcagtactagatat agtgtatac

| 29Vrev gt atacact at at ct agagact gagaacccagagacagtgc | 29L

gcact gt ctwogogrizegdsact ct ccagat at agt gt atac | 29Lrev PCT/NL2007/050202

gt at acact at at ct ggagagt gagaacccagagacagtgc | 37L

gat at agt gt at act ggct gcgccagcctccagg | 37Lr

cct ggaggct ggcgcagccagt at acactatatc 137V fHat at agt gt at act gggttcgccagcct ccagg
| 37Vrev cctggaggct ggcgaacccagt atacactatatc Table 7: The creation of double
mut ant s reMa{rﬁgl@ mut agenesi s rounds. Below it is listed which primer sets
were used I n step fand step 2 respectively to cone to the additional

DISDL2 var it Bt Sdbition P ch5D12 (PG100)-PE and PG102-PE binding to JY cells

expressing human CD40 using unlabelled anti-CD40 antibody

Materials and Methods
JY cells (Epstein—Barr virus-transformed human B lymphoblastoid cell line)
were grown in Iscove’s Modified Dulbecco’s Medium (IMDM) containing 10%
heat-inactivated foetal calf serum (FCS), 2 mM L-glutamine and 50 pg/mL

10  gentamycin in an air-humidified atmosphere containing 5% COg, at 37°C.
Cells were harvested on the day of flow cytometric measurements.
Unlabelled ch5D12 (PG100) (Batch 4) and PG102 (Batch 2) antibodies were
used in these experiments. Both antibodies were also used in PE-labelled form
for direct determination of binding to JY cells by flow cytometry. Antibodies

15 were custom-labelled with PE by AbD Serotec (Oxford, UK). For each FACS
analysis the following protocol was used. JY cells were harvested from cell
culture and counted. Subsequently 1 x 105 CD40-expressing JY cells /200 QL
incubation buffer (PBS, 1% BSA, 0.05% sodium azide) were incubated with
1ug/mL labelled ch5D12 (PG100) or PG102 antibodies, in the presence of

20 varying concentration (0-10 pug/mL) of unlabelled competing ch5D12 (PG100)
or PG102, for 30 min at 4-8°C. Cells were washed followed by flow cytometric
analysis in which the MFI at every concentration was determined using a
FACScan flow cyometer (Becton & Dickinson). Five thousand events/sample

were measured and analyzed using CellQuest® software (Becton & Dickinson).

25
Resulis
Unlabelled ch5D12 (PG100) and PG102 antibodies displayed similar inhibitory
characteristics in these assays (Figure 16). Mean —log ICso values for inhibition
of 1 pg/mL ch5D12 (PG100) binding by unlabelled ch5D12 (PG100) and

30 PG102 were 7.50 £ 0.03 and 7.63 + 0.03, respectively (both n=4), whilst mean —
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log ICs0 values for inhibition of 1 ug/ml PG102 binding by unlabelled ch5D12
(PG100) and PG102 were 7.54 =+ 0.01 and 7.65  0.02, respectively (both n=4).
These —log ICso values correspond to PG102 and ch5D12 (PG100)
concentrations of approximately 20-30 ng/mL (i.e. ~130-200pM).

Example 9

Inhibition of IL-8 release from THP-1 cells

Materials and Methods

The functionality of PG102 was measured using a cell-based functional
bioassay. Briefly, on day 1, THP-1 and Jurkat 39.8/50 human cells were
cultured in Iscove’s Modified Dulbecco’s Medium (IMDM, BioWhittaker,
catalogue number BE12-722F supplemented with 10 % foetal bovine serum
(Gibco, ref 10270-106) and 50 pg/mL gentamycin (Invitrogen, catalogue
number 15750-045). THP-1 cells were pulsed with rhulFN-y at 1000 units/mL
of cell culture.

On day 3 of the bioassay THP-1 and Jurkat 39.8/50 cells were required at a
concentration of 4 x 105 cells/mL. The THP-1 and J39.8/50 cells were counted
and their viability determined. Cells were then diluted to a concentration of
approximately 1 x 106 cells/mL, Cell suspensions were mixed 1:1 and

incubated at 37 °C in a humidified 5 % CO2 atmosphere for 48 h.

On day 3 the THP-1 and J39.8/50 cells were washed as follows (In the case of
THP-1 cells the wash step was to remove the IFN-y): 5 mL of IFN-y pulsed
THP-1 and J39.8/50 cell suspension were transferred to a 50 mL falcon tube.
40 mL of Hank’s Balanced Salt Solution (HBSS) was added, and the cells were
centrifuged at 1500 rpm (using IEC centrifuge) for 6 min. The supernatant

was discarded. The cell pellet was resuspended in pre-warmed IMDM



29V- 37L (VL) 129V+l 29Vrev 137L+1 37Lrev 29L-37V (LV) 129L+l 29Lrev

| 37V+I 37Vrev WD 20071129895PCT/ N L2007/ 050202 88 Tabl e 8. Expression data
as measurwo 2by7/igesntitati ve ELI SA. For each additional PBCDNL20EI0SG202
(291-37V, 29V-371, 291-37L, 29V-37V, 29L-37L, 29V-37L and 29L-37V),
together with ch5D12 (PGL0O0), Di5D12 and_ PGLO2 (I29L variant), the antibody
concentration in the harvested supernat a8 is shown. variant name ELISA
(ng/ M) 29L-37V chb5D12 (PGL0O0) 2846 291-371 D15D12 587 29L-371 P0102

supplemented with 10 % FCS. The THP-1 cells and J39.8/50 cells were

adjusted to a concentration of 4 x 105 cells/mL.

For inhibition assays the test sample ch5D12 (PG100) or PG102 (I29L variant)

5 was serially diluted in warmed IMDM medium supplemented with 10 % foetal
bovine serum to obtain final assay concentrations in the range 0 — 160 ng/mL.

The THP-1, J39.8/50 and test sample(s) were added in triplicate to round
bottomed cell culture plates (Nunclon™) in the following order: 50uL of THP-1

cells (equivalent to 2 x 104 cells per well), 50 uL of the test sample and 50 pL

10  J39.8/50 cells. The total volume was 150 ul per well. The cell culture plates
were wrapped in porous cling film and incubated at 37 °C in a humidified 5 %

CO32 atmosphere for 48 h.

‘On day 5, after a culture period of 48 h, 70 uL of cell culture supernatants
15 were aspirated and transferred to a round bottomed microtitre plate. The

harvested cell culture supernatants were assayed for IL-8 content using a

commercial ELISA (Biosource, Human IL-8 cytoset, catalogue number

CHC1304) in accordance with the manufacturer’s instructions.

20  Results
PG102 (1291 variant) and ch5D12 (PG100) showed similar inhibitory effects on
evoked IL-8 release by THP-1 cells (Figure 17). Calculated —log IC50 values for
the two antibodies were 8.42 and 8.28, respectively. These values correspond to
ICs0 concentrations of approximately 30pM.

25

Example 10

A previous tissue cross-reactivity study on human and cynomolgus tissues
showed that ch5D12 (PG100) bound to the cell surface of B cells and DCs in

30 lymphoid organs. No unexpected cross-reactivity was observed on either
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human or cynomolgus tissues. This study was repeated for PG102 and similar
results were obtained (data not shown) indicating that ch5D12 (PG100) and

PG102 bind to a variety of tissue sections in a similar fashion.

Also a previous safety and tolerability evaluation for ch5D12 was performed in
cynomolgus monkeys, in which weekly administration of ch5D12 for 4 weeks
was shown to be safe and without any side-effects in all monkeys. In this
study, functional evidence was obtained that ch5D12 can prevent B-cell
activation and proliferation?’. Safety studies were repeated for PG102 using a
more prolonged protocol. Briefly, a 13 week intravenous toxicity study in
cynomolgus monkey with a 14 week recovery period was designed, using 3
dose levels (0, 25 and 100 mg/kg i.v.) and 26 monkeys (6 monkeys (3M, 3F) per
treatment group, plus 4 monkeys (2M, 2F) as recovery groups in each active
treatment arm). The following measurements were done: TK, anti-PG102
response, flow cytometry (including CD40 coating of PBMC), lymph node
biopsy and standard toxicology assessments such as haematology and
immunochistochemistry.

The results of this study demonstrated that there is no toxicity observed for

any of the dose levels tested. PG102 was safe and well-tolerated.

Collectively these studies demonstrate that antagonist anti-human CD40 Mab
PG102, as its parent antibody ch5D12 (PG100), has no unexpected cross-

reactivity, and is safe and well tolerated in vivo.



WO 20071129895PCT/ N L2007/ 050202 89 Table 9: Summary of growth &
productivity data of CHO cell lines in CDACF fed-batch shake flask cultures
Cul ture woNbBxi12M8Y5Vi abl e Cell Concentration 106cel | s/ meCTiNtROd7ro5€m2 al oOf

Vi able Cell Concentration 109 cells.h/L Product Concentration at Harvest

ng/ L Specific Production Rate (clv har vegé) ng/ 10scel | s/ h Specific
Production Rate

Table 1. Baseline demographics by cohort

Doge of ch5D12 Gender Mean Mean Mean Mean Mean Mean
Cohort (ng/kgl M/F age weight (kg length (tm} BMl ChAT CORIS
i 0.3 1/4 30 37 164 21 3 16 (n = 2}
2 1.0 2/% 43 72 169 25 276 14 (s 1
3 1.0 1/4 34 65 168 23 292 15 (= 5
4 .0 30 34 i 170 24 331 15 (nw 3
Totak 7711 35 65 167 23 00 15 (mex 113
BMI body muss index: CDAL Crobn's Disense Activity Todex: CDEIS, Crobn’s Disense Endoseopic Index of Severdty.

Table 1



Kip overall) ng/101cells/h L52 13,45 41 2989 1001 0.33 0.34 L73 5.95
1325 936 0.71 0.77 L45
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Table 2

Table 2. Divreases in Crobe’s Discase Activity Index scoves after ¢h 5D12 treatment

CHAl at Bocrease in COAL Mix CDAI Bray of max Remission By of

Subject screening at day 28 decrease” CDAL decrease {yesinod remission

Cohort 1: (.3 mg/kg ch3D12
3,331 253 =30} 43 7 Nor -
[$1124 274 57 1067 - 21 N —~
603 3 86 129 14 No ~
004 392 58 66 7 No -
(305 263 117 149 14 Yes 14
Meoan 301 58 98 126

Cohore 2 1 mg/ke ch5D12
006 232 -} 69 7 No -
07 228 133 175 21 Yes 21
008 394 144 172 21 No -
[¢97] 288 56 123 21 No -
(431628 241 i No decrease - No -
Mean 277 50 108 14

Cohort 3: 3 mg/kg ch3D12
(1 299 27 27 28 No -
(12 308 194 194 28 Yes 28
013 281} 106 106 23 No -
014 327 -84 147 14 Npy -
15 249 103 103 28 No -
Meun 293 69 115 232

Cohort 4: 10 mg/kg chsSD12
316 357 3 109 21 Ney -
G17 358 302 i 28 Yes 14
a18 280 20 102 21 Ner
Mean 332 86 171 233

* Maximal decresse in CDAL over the 28-duy abservation period slier ¢h5D12 inlusion.

¥ Remission was defined as 8 tbal CDAT store of € 130 sod o decrease of > 100,

© Al subjects showed o decrease in their CDATscore except for sublect 010 (1.0 mg/kg eotiort). This subject had o screening score o 241 4 und the
CDAT scare never dropped below the vatue obluined at screening,

DAL Crohn's Diseuse Activity Index.
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Table 3

Table 3. immunchigtochemistry scoting®
3 4 €h8 cme N6Y
Subject 1D Cohort (eng/ke) Sawmple origin 0 28 [ 28 [¢ 28 0 28 ] 28
Q¢ (.3 Heam +4 ++ + +o ++ + e 4 + +h
Colon ++ ++ ++ ++ ++ ++ ++ ++ ++ +4+
115 0.3 Hlewm NS NS NS NS NS NS NS NS NS$ N$
Colon ++ + +¥ + ++ + 4+ + ++ +
on9 1.0 Heam ++ + ++ + ++ * ++ + ++ +
Colon + + + + + + + + + +
011 3.0 Heam ++ + ++ + ++ + +¥ + +4 +
Colon + + + + + + + + + +
12 3.0 fleam -+ * +4 + ++ + ++ + ++ +
Colon ++ + ++ + ++ + ++ + ++ +
a3 3.0 Hlewn ++ + +4 + ++ + ++ + ++ +
Colon + + + + + + + + + +
014 3.0 Heom +4 + ++ + ++ + ++ + ++ +
Colon + + + + + + + + + +
415 3.0 feam NS NS NS NS NS NS NS NS NS NS
Coton + + + + + + + + + +
016 in {leam + + + + + + + + + +
Colon + + + + + + + + + +
m7 10 HERTH + + + + + + + + + +
Cobors + + + + + + + + + +
018 HE fleum + + + + + + + + + +
Colon ++ + ++ + ++ + ++ + +4 +
Lymphotyte results: 0 = screening 2R = day 28,
NS. no sumple.
Al weallable biopstes were stuinad with antibodtes recognizing wll T lymphocytes i(D 3}, Thelper cells (C4), extotoxic T eells {CD8), B cells
iCD19) und mucrophages (ICDB8). The vulue lor CD3*, CD4Y, CDR®, (D19 end CD6R? for both the daum end colon from non-inflamed tisase is
single positive {+), '
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Table 4
primer sequence §' - 3'
Q5E ctcccaggttaagcecttgaggagtctggacctgg
Q5Erev ccaggtccagactcctcaagettaacctgggag
K13A gacctggcctggtggcaccctcagagacee
K13Arev gggtctctgagggtgccaccaggeccaggte
E16Q cctggtgaaaccetcacagaccctgtccatcac
E16Qrev gtgatggacagggtctgtgagggtttcaccagg
T178 gtgaaaccctcagagagcetgtecatcacatge
T17Srev gcatgtgatggacaggectctctgagggtttcac
129L gcactgtctctgggttctcactctecagatatagtgtatac
129Lrev gtatacactatatctggagagtgagaacccagagacagtgc
137V gatatagtgtatactgggttcgccagectccagg
137Vrev cctggaggctggecgaacccagtatacactatatce
P45L cctccaggaaagggtctggagtggatgggaatg
P45Lrev cattcccatccactccagaccectttectggagg
M48L gggtceggagtggetgggaatgatgtg
M48Lrev cacatcattcccagccactceggacce
'STS60NSA gtggtggttccacagactataattcagctctcaaatccagactgace
STSGO0NSArev ggtcagtctggatttgagagctgaattatagtctgtggaaccaccac
T68S ctcaaatccagactgagcatcagcaaggacacc »
T68Srev ggtgtccttgctgatgctcagtctggatttgag
ST9F cacctcgaagagccaggtcttcttaaaaatgaacagtctge
S79Frev gcagactgttcatttttaagaagacctggectcttcgaggtg
T108S gggtcaaggaacctcggtcaccgtete
T108Srev gagacggtgaccgaggttccttgacce

Mutagenic oligonucleotides. Oligonucleotides used to introduce the
mutations at amino acid postion 5, 13, 16, 17, 29, 37, 45, 48, 60, 68, 79
and 108. For each position is a sense and a antisense (“rev”) oligonucletide

necessary.



662 0.34 0,39 G20 5.73 1391 658 0.47 0.52 L65 3.74 87
8.52 1728 546 032 0.30 1463 74 878 651 0.74 0.90 156

WO 2007/129895 PCT/NL2007/050202
86
Table 5
FACS ELISA ratio

variant MF1 ng/mi
Q5E 39 444
K13A 31 267
E16Q 39 420
T178 33 482
129L 108 1331
137v 96 1175
P45L 82 566
M48L 80 525
STSG0NSA 62 308
T68S 35 295
S79F 96 869
T108S 99 648
CH5D12 103 2187
DI5D12 50 392
mock 1 n.d.
blank 10 n.d.

Overview expression data as measured by FACS and quantitative

ELISA. For each 5D12 variant (Q5E, K134, E16Q, T17S, 129L, 137V, P451, M48L,
STS60NSA, T68S, S7T9F, and T1088) together with ¢h5D12 and DI5D12 the MF1
value (as determined by FACS) and the antibody concentration in the

harvested supernatant (as determined by ELISA) is shown. Also MFI values
shown for mock transfection and medium control. Ratio is calculated using

the ELISA data compared with ch5D12 value (stated as 100%).
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Table 6: mutagenic oligonucleotides. Oligonucleotides used to introduce the

mutations at amino acid positions 29 and 37. Sense and antisense (rev)

oligonucleotides are listed.

Primer

sequence 5' - 3'

129V
129Vrev
129L
129Lrev
I37L
I137Lrev
137V
137Vrev

gecactgtctctgggttctcagtetctagatatagtgtatac
gtatacactatatctagagactgagaacccagagacagtge
gecactgtctetgggttetecactctccagatatagtgtatac
gtatacactatatctggagagtgagaacccagagacagtgc
gatatagtgtatactggctgegecagectccagg
cctggaggcetggegeagecagtatacactatate
gatatagtgtatactgggttcgecagectccagg
cctggaggetggegaacccagtatacactatate

Table 7: The creation of double mutants required 2 mutagenesis rounds.

Below it is listed which primer sets were used in step 1 and step 2 respectively

to come to the additional DI5D12 variants.

Mutant Step 1 Step 2

PG102 [29L-371 (LD)] 129L+129Lrev n.a.

291-37V (IV) 137V+I37Vrev n.a.

29V-371 (VI) 129V+I129Vrev n.a.

291-37L (IL) I137L+137Lrev n.a.

29V-37V (VV) 129V+129Vrev I137V+137Vrev
29L-37L (LL) 129L+129Lrev I137L+137Lrev
29V-37L (VL) 129V+129Vrev 137L+137Lrev
29L-37V (LV) 1291L+129Lrev I137V+I37Vrev
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Table 8. Expression data as measured by quantitative ELISA. For each
additional 5D12 variant (291-37V, 29V-37I, 291-37L, 29V-37V, 29L-37L, 29V-
37L and 29L-37V), together with ch5D12 (PG100), DI5D12 and PG102 (I29L

variant), the antibody concentration in the harvested supernatant is shown.

variant [name [ELISA (ng/ml)
?9L—3 7V ch5SD12 (PG100) 2846
291-371 15D12 587
291.-371 IPG102 2226
291-37V 1728
R29V-371 028
291-37L 729
29V-37V 2027
29L-37L 1115
POV-37L 551
29L-37V 4263
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Table 9: Summary of growth & productivity data of CHO cell lines in CDACF fed-batch shake flask

cultures
Maximum Time Integral of Specific Specific
Culture ip |  Viable Cell Viable Cell Product Production Rate | Production Rate
ulture Concentration Concentration Concentration at h . i
10°cells/mL e Harvest mg/L (9 harvest) (ap overall)
10°¢cells.h/L. mg/10°cells/h mg/10°celis/h

L52 13.45 2989 1001 0.33 0.34
L73 595 1325 936 0.71 0.77
L45 10.48 2096 915 0.44 0.45
3 9.20 2012 888 0.44 048
J4 11.02 2037 871 043 045
L97 7.55 1821 819 0.45 0.53
M92 7.82 1665 807 0.48 0.53
MS59 14.65 3270 792 0.24 024
L102 6.20 1282 733 0.57 0.60-
M58 8.78 1970 662 0.34 0.39
G20 5.73 1391 658 0.47 0.52
L65 3.74 878 651 0.74 0.90
L56 8.52 1728 546 0.32 0.30
M63 10.79 2465 444 0.18 0.18
G7 9.87 2058 376 0.18 0.20
Gl11 5.04 1145 310 0.27 0.30
L1 5.78 1163 263 0.23 0.21
M15 11.23 2654 121 0.05 0.04
M54 9.95 2278 276 0.12 0.15
M56 11.56 2347 27 0.01 0.01
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Table 10: GP-HPLC Analysis (including LMWC)
' Relative Peak Area (%)
Sample Culture
Number ID Total Monomer | Fragment | LMWC
Aggregate ;
1 L107 0.62 84.8 ND 14.58
2 L25 0.65 76.5 ND 22.88
3 M95 0.74 84.7 ND 14.60
4 L52 0.94 72.0 ND 27.07
5 L73 1.48 87.9 ND 10.63
6 J3 1.01 92.5 ND 6.48
7 J4 1.68 73.4 0.04 24.91
8 L97 1.66 84.4 ND 13.92
9 M92 1.18 89.4 ND 9.42
10 M59 1.565 84.8 ND 13.63
ND=Not Detected
Table 11: GP-HPLC Analysis (IgG products only)
Sample Culture Relative Peak Area (%) without LMWC
Number ID Total
Aggregate Monomer Fragment
1 L107 0.72 99.3 ND
2 L25 0.84 99.2 ND
3 M95 0.87 99.1 ND
4 L5652 1.28 98.7 ND
5 L73 1.66 98.3 ND
6 J3 1.08 98.9 ND
7 J4 2.24 97.7 0.05
8 L97 1.93 98.1 ND
9 M92 1.30 98.7 ND
10 M59 1.79 98.2 ND

ND=Not Detected
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Anti-CD40 mAb (batch) -log IC50 n

ch5D12 (PG100) (Batch 1) 574+ 0.14 4

ch5D12 (PG100) (Batch 2) 5644001 2

ch5D12 (PG100) (Batch 3) | 555006 2

ch5D12 (PG100) (Batch 4) 5.63 £ 0.02 2

PG102 (Batch 1) 5.85+ 0.12 4

PG102 (Batch 2) 5764011 4

Table 12: Summary of calculated —Jog IC50 values for anti-idiotype-mediated
inhibition of ch5D12 (PG100) and PG102 binding to JY cells. Data indicate the
mean * s.e. mean of n determinations. There was no significant difference in
the inhibitory potency of the anti-idiotype with any of the antibody batches
tested (p>0.05, ANOVA followed by Tukey’s test for multiple comparisons).
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Anti-CD40 mAb (batch) -log half-maximal binding n
concentration

ch5D12 (PG100) (Batch 1) 754 +0.03 4

ch5D12 (PG100) (Batch 2) 753+ 0.02 2

ch5D12 (PG100) (Batch 3) 7.48 £ 0.10 2

ch5D12 (PG100) (Batch 4) 737 +010 2

PG102 (Batch 1) 7.45 + 0.04 4

PG102 (Batch 2) 747 £ 0.04 4

Table 13. Summary of calculated —log half-maximal binding concentration
values for ch5D12 (PG100) and PG102 binding to human CD40-Fc, as
5 determined by ELISA. Data indicate the mean + s.e. mean of n determinations.
‘There was no significant difference in the binding of any antibody batch tested
(p>0.05, ANOVA followed by Tukey’s test for multiple comparisons). For
reference, a —log half-maximal binding concentration of 7.45 corresponds to a
concentration of approximately 35 ng/ml (~ 200 pmol).

10
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Anti-CD40 mAb (batch) -log half-maximal binding n
concentration

ch5D12 (PG100) (Batch 1) 726 2

ch5D12 (PG100) (Batch 2) 734 2

ch5D12 (PG100) (Batch 3) 7 49 2

ch5D12 (PG100) (Batch 4) 7 59 2

PG102 (Batch 1) 7. 44 2

PG102 (Batch 2) 7.48 2

Table 14: Summary of calculated —log half-maximal binding concentration

5 values for ch5D12 (PG100) and PG102 binding to JY cells expressing human
CD40, as determined by ELISA. Data indicate the mean of duplicate
determinations. For reference, a —log half-maximal binding concentration of

7.45 corresponds to a concentration of 35 ng/ml (~ 200 pmol).
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71 VRTDG DY wherein: Xl is | and X2 is V, Xlis Land X2isl; X. is V
and X2 is V; Xl is L and X2 is L; or X1isLand X2 isV, X3is G A V L,
P, F, M WO20)7/12989Q), S, T, Y, D, E, K Ror H X4 |IS G PAT/NL2047/05020P, F,

34, v, C N, @, T, YD, EK, Ror H and X5is G A V, L, I, P, F, MW C,
N, @& T, Y, DD E, K, Ror H 2. An anti y according to claim1 conprising
an am no acid sequence 1112131 1111 QVKEQ'ESGPG LVKPS ETLSI TCTVS OFSXI S

RYSVY WK2RQP 112 41516171 PGKGX3 EWKAGM MANGGG STDYS TSLKS RLTI S | CDTSK
8191101111 ﬁg}pé T An_anti body
accor di ng 1558 gfﬂrln T or Ef&al m gml\m}% eér/g-c?%ag 4% @“g I;@ OIP PETIGEIS.- M Xhi
is G A VClih Exp DRBrofatoM1998); 26 189-H0A V, L, |, P, F, |Vl W C N Q S
T or Y.
116 Pasch MC, Timar, K, van Meus M, Heyendaal VMR, Bos JD, Laman JD,
5 Ashgar SS. In situ demonstration of CD40- and CD154-positive cells in

psoriatic lesions and keratinocyte production of chemokines by CD40 ligation

in vitro. J. Pathol (2004); 203:839-848.



4. An antibody according to any one of clains 1-3, wherein: X3 is G
AV, L I, P FFM 4isG A V, L, I or M and Xs is P, F, W N,
Q S Tor Y. 5. An antibody according to claim4, wherein: X1 is L;
X2 isl; X3is P, X4 1S M and X5 is S.1 . An antibody according to
claiml or claim2, wherein X3is P;, X4 1S M and X5 is F or X5 1S S,
preferably S; 7. An antibody according to any one of clainms 1-4 or 6,
wherein: X1 is L; X2 1SV, X3is L; X4is L and X5is F. 8 An

anti body conprising am no acid sequence 111 113 GFSX1S RYSVY WK2R

wherein: X1 is L and X2 is |I; or Xl bfalil%*rs'd X2 is V.

1. An antibody comprising an amino acid sequence
1 11 21 ' 31

l ! l
GFSX,S RYSVY WX,RQP PGKGX, EWX,GM MWGGG ,STDYS

41 51 61
l l
TSLKS RLTIS KDTSK SQVX.L KMNSL RTDDT AMYYl C
71

l
VRTDG DY
whexrein:

XyisTand X,is V;
XijisLand X,is I
X,isVand X, is V;
XyisLand X;is L; or
X,isLand X, is V;
X3isG A V,L L, P,
X,isG, AV, L,

I’ P!
X5is G, A, V,L, L P

H

2, An antibody according to claim 1 comprising an amino acid sequence
1 Il 21 31

| | l |
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX;S RYSVY WX,RQP



9. An antibody according to any one of clainms 1-8, conprising a
constant region of a human anti body, preferably an 1gG constant
region. 10. An antibody according to claim9, wherein said constant
region is a region that is deficient i, conplenment activation,
preferably human I gai constant region or a nmutated human 1gG
constant region. 11. A nucleic acid encoding a an anti body accordi ng
to any one of clainms 1-10. 12. A cell conprising a an anti body
according to any one of clainms 1-11 and/or a nucleic acid according
to claim1l. 13.,,An anti body ag&:ordi ng &0 any one f clainms 1-10,
wherein the antibody is an antagoni stic anti-human 0 nonocl onal .
14 A dei mmuni zed |ant agoni sti c anti - hunman| CD40 nonoc| onal anti body
according to cl ai 1%. 15. An antagoni stic anti-human_ CD40 nonocl onal
anti body accor di e KGXe EACM MGG STPIS Bahis RIS KRBT ri no aci d
sequence 1112131 X6LGX7X8ASI SC RSSQS LXINSN GNTYL HWYLQ RPGS
41516171 PRLLI YKVSN RFSGV PDRFS GSGSG TDFTL Kl SRV EAEDX10 8191
GVYXI I C SQSTH VPWI  118I1X6 is N, Q B, T, Y, lWor C X7 iBID, E, N,
Q S T, Y, Wor G Xg|is N, Q ST, VY, G A1 v, L, I, ID F, M Wor
C X9isG A V, L, I,)P, FF M X100is G A'V, L, I, P, F, M and
X11 is N, Q S, BQWIGKMNSIVRTDDT AMYYE VRIDADNWGQ GTGVTANSS.

ant agoni stic anti-human CD40 nonocl onal anti body according to claim
15 conprising an amno acid sequence

3. An antibody according to claim 1 or claim 2, wherein:
X3isG, A, V,L,LLP, F, M;
X4isG,A,V,L, I, P, F, M; and
XsisG, A V,LLLP,F,M,W,C,N,Q,S, TorY.
4. An antibody according to any one of claims 1-3, wherein:
X3isG, A, V,L,LLP,F, M;
X4isG, AV, L, I or M; and
Xs5isP,F,W,N,Q,S, TorY.
5. An antibody according to c¢laim 4, wherein:
X isL;
X218
X3is P;
X4 is M; and X5 is S.
6. An antibody according to claim 1 or claim 2, wherein
X318 P;
X4 is M; and
Xsis For X5 is S, preferably S;
7. An antibody according to any one of claims 1-4 or 6, wherein:
XiisL; X5isV; Xais Ly X4 is L and X5 is F.
8. An antibody comprising amino acid sequence

1 11
I |



1112131 ELQLT QSPLS LPVX6L GX7X8AS | SCRS SQSLXI9NSNGN TYLHW 41516171
YLQRP GQSPR LLI YK VSNRF SGVPD RFSGS GSGTID FTLKI 8191101111 SRVEA
EDX10GV YXI | CSQ STHVP WIFGG GTI CLE KR 17. An anti body according to
claim15 or claim16 wherein X6 is T 9{3S, X7 is Dor Q Xgis Qor
P, X9 iSVor A Xl0is Vor L and X11'i1s F or Y. 18. An antibody
according to any one of clainms 15-17, wherein: X6 is T, X7 is Q Xg
is P, X9is A Xl0is Vand X11 is Y. 19. A cell conprising an

anti body according to any one of clainms 15-18. 20. A cell according
to claim19, that §‘1’§’6\k& nti body. 21. A cell according to
claim12, 19 or cqlgél)gﬁ%%? hat 'Flg a hybridoma cell, a Chinese hanster
ovary cell, an NStheeehi or a PER-C6TMcell. 22. A cell culture
conprising a cell_according to any one of clainms 19-21. 23. A nethod
for produci ng an ‘e LAdy<2dbhdFi sing culturing a cell according to
any one of clainsg12jdPx2%wnd harvesting said antibody fromsaid
culture. 115 24. A pharnaceutical conposition conprising, an

anti body 2ctwoadibady tevorhyg ormey ohe ef daims 148, tOmposing 8 ciBtanaragioml adiac
acid acc qlilgilgdntdg &laim 1L aarqgé@E a.c | | .oaccordi ng to clainms 12, or
19-21. 2B AR nHRodh By AL 6F F NGO T RIS ¥he of clains 1-10, or

13- 18, a Mueineintibady stcaglingytdicgm Opwhtrainmilkoastalit@tgion Bl kgias €k &i ng

to cIaimé%_or,lQ-Ziefor use .as a _nedi canent._26. Use .of an
ant i body SLCHRHINRGMPCEI g atien: Prafeipbly hymep [gGy congantgegign ai g mutated

aci d accogghdietochlsthMetibnand/ or a cell according to claim12, or
19-21 for the ranufacturé of a nedicanent for aneliorating a synptom

of an aut bl Anansteiciacid prpodingracnantibeddyi astdrdimgre anyonti fshadies 1dRd/ or f or
reduci ng %?I éﬁc@n&%tsfnggl agl%qg%d’dgragc?or%&iglg td E\}ﬁgc%_n%%@t clag}cna (l:%oanﬁpo? Iatnlélglgic

cancers. cco € n sard autor mmn
and/ or anadididcardigt torcyaisti Idor der is sel ected fromthe group of

r heunat oi rthrjtis, systemc lu eryt hemat osus, nultiple

scl erosi s! -%@dﬂflh%%ys%w rq%aénb@?%cwﬁé%awhma@d}a? B iR | 5.

28. Use agfifodisN@ahiRhehat CD46 monbabeIN sai d autoi mune and/or an

i nf | ammat org di sorder conprises inflamatory bowel disease. 29. Use

accor di ngl4 & deimnwrizgl anjgeenistinaighuminEP4Prrenerignab entéiody pecssdeg to
conprises, il cpyative colitis (UC) or Crohn disease (CD).
15. An antagonistic anti-human CD40 monoclonal antibody according to claim 13 or
claim 14 comprising an amino acid sequence
1 11 21 31
| | | |
KeLGX7Xg ASISC RSSQS LXoNSN GNTYL HWYLQ RPGQS
41 51 61 71
I | | l
PRLLI YKVSN RFSGV PDRFS GSGSG TDFTL KISRV EAEDX;,

81 91

| |
GVYX,,C SQSTH VPWT

wherein:



30. An antibody according to any one of clains 1-10, or 13-18 for use
in therapy. 31. A nmethod for selecting an anti-human CD40 ant agoni st
anti body conprising generating a first cell line that produces an
original anti-human CD40 ant agoni st ap££body and determning the
anount of original antibody that is produced by said first cell line,
said original antibody conprising the heavy chain variabl e domain

am no acid sequence 31 QVI CLQ ESGPG LVI CPS ETLSI TCTVS GFSXI S RYSVY
WK2RQP 41516171 PGKGP EWMGM MAGGG STDYS TSLKS RLTIS 1CDTSK 116
81911011)1(% . g%ﬂ é_(:l\/NSL RTDDT AMYYC VRTDG DYWEQ GITVT VSS
wherein 653&(&§L£r > paPr~wi se sel ected fromthe group consi sting of
Xi =1 ang; ¥D,EW QB T, w2 =1, XI=Vand X2 ri V, X1 =L and
X2 = L; or, X1 =L and X2 =V, said nethod further conprising

gener at i n§s ¥t 1Q st ¥n@ AuVihdr PAIML Wigi&it hat produces a variant of
sai d ori gkpalg a0ty ogyp whgf.ein said variant antibody is a nodified
ori gi nal antﬁ%ody’céﬁpfiélﬁg an insertion, deletion, inversion,

and/ or suBsitis GuAi ¥nLof PhBtMesn about 1 to 5 amino aci ds when conpared

to said i gi i y erej i,d nmpdification does not consi st
of a nodi Pg%ﬂfbnggi‘Eﬁgfﬁﬁﬁﬂ@igtﬁaﬁf§?0?ﬁe position(s) identified by
X1 and X216. achn@igbaichid MBurhbHECBAMPMBhodddnaY aktitRdal agddtdiRe@ycldiRats i s
produced by said at | east one further cell line, said nmethod further

conpri si n{TEEISBEEnAgRe 339 FMMENEnt | body that was produced at an
anount that was gt |east 50%9f the amounj; of origin?f anti body. 32.
A nethod according to claim31l, wherein said original antibody
conprises the light chain alino acid sefjuence 1112131 ELQLT QSPLS LPV

TLGQP AS | SCRS S 7 P I RF
SGVPD RFSGS GSGTUI KRB O Er LSRR TBERY Sa o RN KR
GIKLE KR 117 33. A nethod according to claim 31 or 32, wherein
said insertion, deletion, inversion, and/or substitution of between
about 1 to 5 ani acids is iPh said hea®y chain am’ho acid sequence

or said light chain amno acjd sequence when conpared to the

correspondi ng chain am no acid sequence in said original antibody.
YLQRP GQSPR LLIYK VSNRF SGVPD RFSGS GSGTD FTLKI

81 o1 101 111
| | | |
SRVEA EDX;,GV YX,,CSQ STHVP WTFGG GTKLE IKR
17. An antibody according to claim 15 or claim 16 wherein
XsisTorS,Xs7isDorQ, Xgis QorP, Xgis Vor A, Xjpis VorLand X;;isForY.
18. An antibody according to any one of claims 15-17, wherein:
Xgis T, X718 Q, Xgis P, Xgis A, Xppis Vand X, is Y.
19. A cell comprising an antibody according to any one of claims 15-18.
20. A cell according to claim 19, that produces said antibody.
21. A cell according to claim 12, 19 or claim 20, that is a hybridoma cell, a Chinese

6™ cell.

hamster ovary cell, an NSO cell or a PER-C
22. A cell culture comprising a cell according to any one of claims 19-21.
23. A method for producing an antibody comprising culturing a cell according to any one

of claims 12, 19-21 and harvesting said antibody from said culture.



34. A nethod according to claim33, wherein said insertion, deletion,
I nversion, and/or substitution of between about 1 to 5 amno acids is
I n said heavy chain am no acid sequence when conpared to said heavy
chain sequence of said original antibpgy. 35. A nethod according to
any one of clainms 31-34, further conprising generating an anti body
producer cell line producing said selected antibody. 36. A nethod
according to claim35, further conprising collecting said selected
ant i body.

24. A pharmaceutical composition comprising, an antibody according to any one of

claims 1-10, or 13-18, a nucleic acid according to claim 11 and/or a cell according to

claims 12, or 19-21.

25. An antibody according to any one of claims 1-10, or 13-18, a nucleic acid according

to claim 11 and/or a cell according to claim 12, or 19-21 for use as a medicament.

26. Use of an antibody according to any one of claims 1-10, or 13-18, a nucleic acid

according to claim 11 and/or a cell according to claim 12, or 19-21 for the manufacture of

a medicament for ameliorating a symptom of an autoimmune disorder and/or an

inflammatory disorder and/or for reducing graft rejection and/or for the treatment of

CDA40 positive cancers.

27. Use according to claim 26, wherein said autoimmune and/or an inflammatory

disorder is selected from the group of rheumatoid arthritis, systemic lupus erythematosus,

multiple sclerosis, psoriasis, bullous pemphigoides and atopic dermatitis.

28. Use according to claim 26, wherein said autoimmune and/or an inflammatory

disorder comprises inflammatory bowel disease.

29. Use according to claim 28, wherein said inflammatory bowel disease comprises

ulcerative colitis (UC) or Crohn disease (CD).

30. An antibody according to any one of claims 1-10, or 13-18 for use in therapy.

31. A method for selecting an anti-human CD40 antagonist antibo'dy comprising

generating a first cell line that produces an original anti-human CD40 antagonist antibody

and determining the amount of original antibody that is produced by said first cell line,

said original antibody comprising the heavy chain variable domain amino acid sequence
1 11 21 31

| | | |
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX;S RYSVY WX,RQP

41 51 61 71

| | | |
PGKGP EWMGM MWGGG STDYS TSLKS RLTIS KDTSK
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81 91 101 111
| | | |
SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS
wherein X, and X are pair wise selected from the group consisting of X;=Iand X, =
V:;Xij=Land X; =L X;=Vand X;=V;Xj=Land X, =L;or X;=Land X, =V,
said method further comprising
generating at least one further cell line that produces a variant of said original antibody
wherein said variant antibody is a modified original antibody comprising an insertion,
deletion, inversion, and/or substitution of between about 1 to 5 amino acids when
compared to said original antibody, wherein said modification does not consist of a
modification of the amino acids at the position(s) identified by X, and X, and
determining the amount of variant antibody that is produced by said at least one further
cell line,
said method further comprising selecting a variant antibody that was produced at an
amount that was at least 50% of the amount of original antibody.
32. A method according to claim 31, wherein said original antibody comprises the light
chain amino acid sequence
1 11 21 31

| | | I
ELQLT QSPLS LPV T L G Q P AS ISCRS SQSL A NSNGN TYLHW

41 51 61 71

| l l |
YLQRP GQSPR LLIYK VSNRF SGVPD RFSGS GSGTD FTLKI

81 o1 101 111

| | | |
SRVEA ED V GV Y Y CSQ STHVP WTFGG GTKLE IKR.
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33. A method according to claim 31 or 32, wherein said insertion, deletion, inversion,
and/or substitution of between about 1 to 5 amino acids is in said heavy chain amino acid
sequence or said light chain amino acid sequence when compared to the corresponding
chain amino acid sequence in said original antibody.

34. A method according to claim 33, wherein said insertion, deletion, inversion, and/or
substitution of between about 1 to 5 amino acids is in said heavy chain amino acid
sequence when compared to said heavy chain sequence of said original antibody.

35. A method according to any one of claims 31-34, further comprising generating an
antibody producer cell line producing said selected antibody.

36. A method according to claim 35, further comprising collecting said selected antibody.
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