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Ant agoni stic anti-human CD40 nonocl onal antibody. The
i nvention relates to human, humani zed and npnocl onal

wa@andohompes with decreased i mmunogenicity, useBCBNU2007/050202

nmet hods of production thereof. The invention in

particular relates to antagoni stic anti-human CD40

nmonocl onal anti bodi es. The CD40 nolecule is a 50 kDa

type | nRmaRests ¥eQMH3heh TBIY mhéhRIM AR bJAY. B

cell s, nonocytes/ macrophages, dendritic cells ( )

anddact ivated endothelial cells. 16 Under certain

condi ti CD40. can .a] so he found on f.ibyoblasts

epi t hel | pé %YQ@I%EFIQJ@SJPHHHB?PE apd gapppclonal

xﬁ%&iles Wit Aberedsdd 1151.%115(?(%‘?11&1@,' ﬁge‘é Iﬂ@?ﬂ@dsaé!eproductlon
coproteln, Is transient xpresse on actli vated

ﬂﬁééoff Thel 1h$eﬂﬂdnanqrmtﬂcumrmﬂaﬁes a0 anftagaiistiateadi-BDewn CD40

cells.8 9 In_addition, CD40L has been found on a

monpelong] aptihediesel | types after activation, including

mast cells, basophils, B cells, eosinophils, DCs and

platelets. 10 n Studies in nurine nodels have clearly

denmonphs T340 hitBeduly @ HSEKDaG Frpé Nen&bean&M@oprotein and is
interaction in the pathophysi ol ogy of various

expressatlion Bicellsm seenqeytes/mavgranhages edendratie gelds iEPs) and

it ndo R A cvan e Cesin Endibfe O b alpo be found

&\{ 'fﬂ)‘i‘f@ﬁl%s&? hgu@l@ﬁ%i cHOhnill 'He%ﬁﬁbéﬁ% 70 l@aﬁa (P'DMOL,

arolein pathogene3|s of 1nf arrmatory ovve
GDseas e 32 K type 1T integisd rﬁmbtama gbrbprateimris |tmm}ently

rREEsh o ackvaroHET oh ool PafEmplasPrirken o fivated CD8* T
?equ, &9 -ﬁlﬁﬁoh né?%gﬂg)f&g f)éérrc'fo dﬂ‘ a%uﬁ’ﬁﬁ@f 6f &Qﬁ?'cﬂﬂdzypes
rmuno AT ency nmouse | armatory bowel

| dft%ﬁ&%ﬁvﬁﬁdﬁ] including mast cells, basophils, B cells, eosinophils, DCs and

platelets.10. 11

Studies in murine mbdels have clearly demonstrated the involvement of
the CD40L-CD40 interaction in the pathophysiology of various autoimmune
diseases (for review, see referencelz) Evidence from CD40L transgenic mice,
which acquire lethal inflammatory bowel disease, prov1ded the first evidence
that CD40-CD40L interactions might also play a role in the pathogenesis of
inflammatory bowel diseases.!3 An anti-mouse CD40L monoclonal antibody
(Mab) effectively prevents mucosal inflammation and interferon-y production
by lamina propria CD4* T cells in TNBS-induced col’itis.14 In a Severe
Combined Immunodeficiency (SCID) mouse inflammatory bowel disease model
it was shown that treatment with anti-CD4OL from the day of T-cell
reconstitution completely prevented clinical and histological appearance of
experimental colitis.1® 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
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it was shown that treatnment with anti-CD40L fromthe

day of T-cell reconstitution conpletely prevented
webioniizebs and hi st ol ogi cal appearance of experPEENL2I07/050202

colitis. 15 Furthernore, anti-CD40L admi nistration

fromweek 5 after T-cell reconstitution could still

prevent progression of the di sease and treated ani mal s

showed i nprovenent in disease synptons and

R TIRN Y AP Bl 0Tyt o SCID e with
T e6li Ho4DCD4UIcknocki-out atice, ffurtheerdedeomstsatedt the dssential role of
essential role of CD4OL-expressing T cells in_ di s,eafze ‘

Cle4eLemeessingd ¢allscn digrase develormart pBA nteyloylgn-

0-CD4QL interaction can be antagonized with
R%ﬁ&‘é‘il%al anti bodi es (Mabs) agai nst either CD40L or
CD40. The expression of CD4OL on activated platelets
has resulted in thronbo-enbolic events durjng
t r eatThen€DA0-GDAM sinkerdetiogGamabe pntagamzetbwath mepecional

N N T
agcrt]{l}g{tSd ?ﬁéﬁe?&%‘h‘é‘% RBAtEASH thie}abhMIsdlid By et during treatment of

goni'stic activity of Mab 5D12 (anti - human CD40%
@ age itk g6 @chti-huweni 6I0InMabsras lighei desaksivels and

di fferent CD40-bearing cell  t 0 ng chi.eri
SDHinpURB DL 290 ARVAEMIER: CLhPi i ans ) AT BRPR CD40

| VO, USI N rj - ' ' .
0t 48 OB AR 1038 ot
AV BPEY M5B Di(agtit IemamrCDE0y wiak aleheordbratied snofaridus in vitro
heavy and | |_gf2t chai ns of 5D12 and was_ construct ed
simditseusing Gibbeent GDPdreorinaRIGBmesrE § APHICEES TN ARI2
{cﬂ%m\#g%ggg}%ls élctli‘f/l%y W ad Vi dHEN 18 viid Qs 6 H§R%human
primate disease models.23 27 ch5D12 is a molecularly engineered human IgGa
antibody containing the murine variable domains of the heavy and light chains

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.

Patients with Crohn's disease suffer from a debilitating inflammatory
disorder of the gastrointestinal tract of which the precise aetiology and
pathogenesis remain elusive.? 2% The disease is characterized by an influx into
diseased mucosa of activated T cells, B cells and macrophages,3® 3! local
production of soluble mediators of inflammation, and damage of involved
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,? 2° and secrete
increased amounts of IFN-y and IL-2. Increased levels of T-cell associated

cytokine mRNA transcripts have been found in mucosal biopsies from Crohn's
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Patients with Crohn's di sease suffer froma
debilitating inflamatory di sorder of the

w@2mvnzismt esti nal tract of which the preci se aptT/NLZEYY/050202
and pat hogenesi s remain el usive. 28-29 The di sease is
characterized by an influx intp di seased nucosa of
activated T cells, B cells andéjrmcrophages, 30 31
| ocal production of soluble nediators of inflanmmtion,

dgg%sgaéa@rg 1Qf33 iof éﬂlﬁ%ﬂx‘&?@&)@@%@%&?t 606 hte@BD4T T cells has

macr ophages and cyt okines such as tunour
brearsigigesfedcinosu Sthidjesean €D40/CD 40dvexgressionhinvrobm's disease

P I i a sl SRSl
s

provaksoR of TNElJ a:e® $hdiZireld sivyiso Ksivgg RMAindisocheinsstry,
have been found in nucosal biopsies from

igerstased stainane vish 58HZswas oyndionaHanmples ef diseepadpreas from
R R R -
AbepasRy COAOMB el ) GPEbes %a@%}ﬁg@sﬁiﬁiéaﬂﬁﬁ that in the sections

activation of CD40-bearing cells, predomnantly B .

f@eiﬂdlsaﬁmtsrmﬁhdmmgssdiseasa CR40T cellgwiere megnbaBeglls in the
production of TNF-aand |L-12 in lesi.ons. Usin . .

SR e io A cHAG EF O B SAScpedATH AP T ORF e LY 2 prgpria T

%a%rgofnqnﬁalm (?IHIIC%% oF Cgbﬁﬁgstﬁgea}kgﬁﬁié‘ﬂtg Th#@M mdnocytes to
I'Sease patients conpared to non-di seased areas.

Pdbice sidrafinhngafmuntP40 @ PTNBacdHtdrs48 brofcDadlture.
ons fr

daien of S0P repoliod i apusdalL 2o de ENEL S Rep Lt lgvels of

B l[ls in th hoi hi i ]
PHEICHRPrEes aER 1F dfp (Vel Shfiy B AeBRr LARIGIRS I propria T
td1fd BEBOAnHeOSReate Bnatese e TN §a®i ent s i nduced

nonocytes to produce significant amounts of IL-12 and
TNF-aafter 48 h of co-culture. Addition of 5D12

g? sul Iteig a.nnotgjggtugte t‘Ier i%ﬁf%rzltigxq O-I)I}Igﬁl%%raqge%%taitﬂr@;mI)ﬁs\éﬁIe% 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
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)

1 11 21 31

I I I I
GFSX;S RYSVY WX3RQP PGKGX3 EWX,GM MWGGG STDYS

41 51 61
I I I
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production were reduced to the | evels observed using
control lamna propria T cells both in the absence and
wee@sermses of |FN-g .39 It is an object of the PCWADLI0DNS0202
to provide alternative nol ecules that share at | east
the kind of safety and/or effigacy of 5D12 in vivo,
not necessarily the amount of éai d safety and/or
gffl cacy. The anti body 5D12, or at | east the variable
omai ns ANIESENt
|nvent|g%ﬁ%$§3$%£§?§g?lants h é%%y gaghflght €
chai n vari abl e domai ns of 5D12 To this end the
i nvention provides a pol ypeptide conprising an am no

acid seqdence of formula (1) 1 11 21 311 | | | GFSX
1S RYS RQP PGKGX3 EWKAGM MAGGG STDYS 41 51 61 | |
| TSLKS RLTI S KDTSK SQVX5L KMNSL RTDDT AMYYC 71 | VRTDG
DY wherafpTDEIDS G A V, L, | , P, F, M W C N, Q
S T, Y, Db E, K Ror H X2is G A V, L, | , P F
VMINXIGIEN,STYDEKROTHX:BISG,AV

L, I,

s s @AY B LR Baryae 6 dgs. g, 5o R, Rer

E g g istty A”V*?S5I'P,1@&MAVY4VGNQS'IP,YFD M RYR & H;
XslsGAVLIPFMWCNQSTYDEKRorH
X4is G, A, V,L,LLP,F,M,W,C,N,Q,S,T,Y,D, E, K, Ror H; and

Xsis G, A, V,L,ILP,F,M,W,C,N,Q,S,T,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
immunogenic in a human individual administered as such or in the context of
an antibody comprising said polypeptide. At the indicated positions X1-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
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

1 11 21 31

| I | |
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX;S RYSVY WX:RQP

41 51 61 71
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Sai d pol ypepti de conprises extensive sequence identity
Wi th the heavy chain variable donmain of the 5D12

waedorhzdyy however, the polypeptide is |ess i nPCINGE07/050202

in a human individual adm nistered as such or in the
context of an anti body conpri§§ng sai d pol ypeptide. At
the indicated positions X1-X5 several am no acids nay

be present as indicated. A binding nolecule conprising

a polypqptide of the inyention has ggod CD40 bindi ng
properties. It has been noted that production of the

ant i bodPGRGX3daWX G iM 3V G Gice SR Y SUISLKS R IKTTHKOTSK
amno acid at the indicated positions. This will be
detail ed el sewhere herein bel ow. The invention further
provi des a pol ypeptide accorgding to the kRyention
conprising an %ﬁino acid seéﬁénce 111 2}6§1 I I 111
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX 1S RYSVYY WK2RQP 4 1 |
51 6 1 711 1 1 1 PGKGX3 EWKAGM MAGGG STDYS TSLKS RLTI S
KDTSK 8B@MXalo KMNSL RITODT AdREr MBABG RYIWERMIGVT VSS.
VRTDG DYWEQ GTITVT VSS. The abovenenti oned pol ypepti de
essentially spans the variable domai n of the heavy

’Iq{baélb'bxféfrné_ﬁ‘di’orlmﬁ f)d)’lgpg'%ﬁae @Qiérﬁﬂﬂl/y spaYes € Periableddomain of the
et it S St s o i
q%%g?efag{})gisg?@gsr %g;%r rteisxe)gc’t t\?),n linlu%n%t setqu]l%n%:gWFhé iaﬂ;%rgf ipcr)]l%peptide
couples good binding properties, while at the same time being well tolerated by
humans provided with the polypeptide. At the indicated positions various
amino acids can be inserted without dramatically reducing and/or altering at
least immunological properties of the polypeptide when compared to the
original murine polypeptide. It is preferred that a polypeptide of the invention
comprisesa G, A, V,L,P,F, M, W,C,N,Q,S, T,Y,D,E, K, Ror Hat position
X;. In this way at least the production properties of the polypeptide in a
mammalian cell are not dramatically reduced and/or altered when compared to
the original murine or chimeric polypeptide. In a particularly preferred
embodiment |

X11s G, A, V,L,P, For M;

X2is G, A, V,L,ILP, For M;

X3is G, A, V,L, I, P, F, M;

X418 G, A, V,L,1,P, F, M; and

Xs5is G, 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

invention, wherein:
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humans provided with the polypeptide. At the indicated
positions various am no acids can be inserted w thout

wale@nariseml |y reduci ng and/ or altering at | easPCT/NL2007/050202

i mrunol ogi cal properties of the pol ypepti de when
conpared to the original nuring polypeptide. It is
preferred that a pol ypeptide og the i nvention
conprises a G A V, L, P FM W C N Q S T,Y, D

E, K Ryridga i L X1l. In this way at |east the
product i o%lgp_)tr}b%ér@t??‘eéﬂgg the pol ypeptide in a

rr:armal Lja]\jlvznmed}l, AaiVe Indtoravlanmat i cal | y reduced and/ or
altere en _compared to_the original murine or
chi neri cXpi Qpépn&,de.la PnFaMparticul arly preferred

enbodi ne E'QN}‘\?@H@’%\MA?“@P’ For M X2is G A V,

L 1, P, , L, I, P, F, M X4 is

G A V,Xkis P, FPWRM, 8T o¥SYis G A V, L, |, P, F

M W C N Q S Tor Y. These polypeptides are
Bhesepolypeptides are hetfier suiterl fpr bughclavehanhibadyrpmadyetion while
CE b L Bl A BSOS Bl R AT 33
k?‘fe\rli’tfb‘lffﬁflr'tg% R/ly&ﬁ?(%@% é‘pé%ﬁ%t@e o&fo%ﬁl}llap’(lﬁ gfﬂeﬁg&xxﬁ éﬁ.;;Xz isL;
s iAP; X4 id M;laml/oNKs a8, Rbid wolppeptidy ispadicudarly roeferred
gg@earslte?@ggofli pg%@gﬁg @%r : qkt);g)tnt er'opsellj'{:igs gn f1;1% chilt%r}](t lo‘ia'\égl antibody that
mimics the binding and pharmacological properties of antibody ch5D12
whereas immunological properties are improved in humans when compared to
the murine or ch5D12 antibody and wherein at least production of the
polypeptide is not dramatically reduced when compared to the murine or
chimeric counterpart.

The invention further provides a polypeptide of formula (I) wherein X; is 'I;Xz
is V; Xais P; X4 is M; and/or X5 is S. This polypeptide is particularly preferred
because of its excellent production properties in the context of an antibody that
mimics the binding and pharmacological properties of antibody ch5D12
whereas immunological properties are improved in humans when compared to
the murine or ch5D12 antibody and wherein at least production of the

polypeptide is not dramatically reduced when compared to the murine or

chimeric counterpart.

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

polypeptide according to the invention, wherein: X; is I and Xz is V; X1 is I and
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at the same tine exhibiting good tol erance properties
in a human. The invention further provides a

w@eiloypegshi de of forrmula (1) wherein Xi is LjX PGI/NL2007/050202

X3is P, Xis M and/or X5 is S. This polypeptide is
particularly preferred because] of its excellent
production properties in the context of an anti body
tpat m [?n ;:bs/ t he bi ndi ng and phar macol ogi cal properties
- gn e N8 Jer el i
)grlgqi%@pr%veaﬁng)%%%ans £ enacon'parsg%' ?(H;é Pﬁgy%%gﬁd'ﬁg%gs
palrtiRABarinprdferhe damcconhisimaiionawitheas K3 pr BKe is B aofd Xhis either

ol ypeptide is nhot dramatically redyced en conpared..
ot BhEh e embashment (Bp ABverdinn BF%H?S a SRR AesArding to

o OB Y eantspl KPRIL YExifs LT B ld XMEFSPluction
o AntRlid nh Sribiigt 404 lpalypepridf veey doedawhdeaimulitineously

excel l ent production properties in the context of an
ranviding ympiravedrimpumnalogical propegtiesin pamantcwhegicempared to

B HiHeanen B PEties TR HER Ao NREROD A eR i appigo acid
SRS GFSOERY S WA, wherIheX £idTL ind RARLT; or X1 is T and Xz

production of the polypeptide is not dramatically
is 8H (Tled palygreptistepamenirises 2 meodified KEDBA oflai HlRLR heavy chain

OUAHIE GrhBeaEns TR B baaises Alohar o1t diieaon Spygo acid

vgﬂéﬁ %31?@%2&(? % Phe GDI@E of tﬁ@ﬁe%@‘l gﬁéair?it fﬂg‘g&‘ﬁl@%&%ﬁbnt of antibody

roper han t he I nmeric dy in mans.
312 Phefanimdaddizhdinge botioleslscto ianyirobed imsnuhelogical

) ; , . ) :
propenies akemadhet ARt onch 5l 1f ahARARE wesHews ghe Rioddeation

| andX2 is;|:, X1 i j . L .
Lo, K et g e
FAPPEPRES a0 5 12oradh 5181 B with Xpolypditidenst tke insentibhewhereas at

the same time enabling good production of the antibody in a mammalian cell.

The invention further provides a heavy chain variable domain comprising a
polypeptide of formula (I). Said variable domain comprises preferably 90-130,
more preferably 100-120, more preferably 105-115, most preferably 113 amino
acids. The polypeptide can be generated synthetically or by a cell. Preferably
said heavy chain variable domain is produced by a cell. In nature at least five
types of heavy chain exist: y, 8, a, n and e, wherein each type defines a class of
immunoglobulins. A polypeptide of the invention may be used as a binding
body directly or may be incorporated into an antibody. When incorporated into
an antibody the polypeptide is preferably combined with a constant part of an
antibody heavy chain. To this end the invention furtlher‘ provides an antibody
heavy chain comprising a polypeptide of formula (I). The art knows many
derivatives and analogues of variable domain antibodies. However, currently

many different parts, derivatives and/or analogues of antibodies are in use.
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F or S5 In one enbodi ment the invention provides a
pol ypeptide according to the invention, wherein: Xi is

W@ 200%229895 V; X3is L; X is L and X5 is F. ProduptT/an2f/050202
anti bodi es conprising said polypeptide is very good,
whi | e sinul taneously providi n%i nproved i mmunol ogi cal
properties in humans when conpared to chsD 2. The
invention further provides a polypeptide conprising
dholiy Fypfragm entapnibraebodiesOdHH, dthlcBmigmenta, avificiabbinding

chain varjable f t.. Thi '
RARLEIAR ER G OB ARRGIPLE FHTIAEN B0 DS SR ¢ CTRBa A S ginator of
4105 ASH 55085 KRR ! pPATECH 2 AL R SRHAbIe domain
Thug tied doiesdionpfaplest pevidds @ bimdinki lwdydohPprasingrebpdlgpeptide of

anti body wherein the nodification conprises at |east a
fpémlld%éf'l}ent of the correspondi ng sequence of said

| ti ' 1 . W t. . i .
ROk R AR, AR B
RREEd 2 %a@ﬁrdlﬁeoéﬂ%&ki?xgdé{;rﬁétuae ERe®f0) theihventivm in a

i nvention further provides a heavy chain variable .
piefeired conprdisiend propisiey papanidbodst comprising ppplyrsptide

vari abl e mai n canpri ses preferably 90-130, nore
WQF%F@&O;}%fdﬁyﬁﬁgere preferably 105-115, nost

preferably 113 am no acids. The pol ypepti de can be
generated synthetically or by a cell. Preferably said
Aaawdirmbody sevordingetodidreninventiopris puefedably abiuding body that is

nature at | east five_ types of avy ch exist: Y..,d.
wellfolarated inaBPaimadatelersnge %‘ee?nr feamgl for zindlgpeptiad is
- L munagl I.L.0Sy: | j ' i
CEBARE i 0, EEL, f et DRl Ohe e el
?%td@a@p (ﬁ*ﬁt{b@g@b’ pné/\bEt}%é padnblesahat are bocampassadbodiplerance of
e po eptide is preferabl nbi i
tlae anhnzgfupe' a polypeptide. As mex%fsiocnoed glbno(?v%, t (E, gDaiZCa?nr{%oadgrt has a

murine background. The polypeptide of formula (I) has a reduced

immunogenicity in human. It is therefore sometimes referred to as a
deimmunized variant of the heavy chain variable domain of 5D12. Thus in an
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
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 furthér humanized, such as for instance veneered.
By using veneering techniques, exteriof residues which are readily

encountered by the immune system are selectively replaced with human
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anti body heavy chain. To this end the invention

further provides an anti body heavy chain conprising a
weoliypegshs de of fornmula (1). The art knows manpCT/NL2007/050202

derivatives and anal ogues of variabl e donain

anti bodi es. However, currently, many different parts,

derivatives and/or anal ogues ot antibodies are in

use.Non-limting exanples of such parts, derivatives

rRBRLRS J?S@b@%ﬁ% h?_gﬁld mbBLR: ﬂﬁ%icenfﬁﬁge_rsaegﬂgé}I% weakly

nonobo fragnments, artificial binding

ipfrauabgenigweisubstdrtialix aoplimmunogersic vandertddesunifke. Ak animal
common, denom nat or of such specific hinding bodies is .
ashesesy Bsdecmventignis profezablya mammalem@seRr pleraplys primate,

the in [ er provides a binding bod
%SW{e\sfgr%ﬂggp%%%gpti de of formula (II).g Agrgferred

bi ndi ng body of the invention is an antibody, as an
anti body conprises a natural|y occurring structure.
Ther ef ordm anfibodsasaerding ite the presmdiqreprefprly pamprises a

Gt o SR R 9 B gt B0 e i i hoavy
5}911*1Q@néﬂ’é‘fﬁ@dnﬁ’ﬁrﬂs?aﬁﬁﬁﬁ@fe@@rﬁ gowpelime Badylabdtdt of Ssotypes:
we tolerated 1n an aninmal. Tol erance of an ani nal

To®¥, IzApdEMhdDi dedilgEgThese elissgs anisptypds eomapise at least one of

aspects. |munity, be it , T-gell nediated, B-cel
shad s Rt Heat s daanes il peovePapTEs Gk lgvier. Tn a

i I .ani | .
RS a0 Bl KRG AL Bl e acconting o he
mventionewhesdiasaithdonsthnt padigpépseldeteds fronry the group)of IgG, IgA,
has a reduced i munogenicity in huq&n .§ therefore.

EnvielgDeand Eg¥ cpretans Tag10RSABINAPAP éélb{Ytaﬁ‘%lgﬁPn%‘iﬂ“@ rgson
SRt b T P P e papmeicgion
) S o o ey it
region is an IgG4 constant region. Furthermore, )égie IgI 4eco%stant region is
preferably a human IgG4 constant region. Preferably, the IgG4 antibody of the
invention comprises the constant regions of the heavy and light chain amino
acid sequence as depicted in figure 18. Preferably, the IgG4 antibody of the
invention comprises the heavy and light chain amino acid sequence as depicted
in figure 18. Some variation in the constant region of IgG4 occurs in nature
and/or is allowed without changing the immunological properties of the
resulting antibody. Typically between about 1-5 amino acid substitutions are
allowed in the constant region. An antibody with an IgGs constant region or a
mutated IgG1 constant region has at least 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

polypeptide according to the invention, and/or a binding body according to the
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formula (1). Deimunized as used herein is defined as

| ess i nmunogenic in an animal than the original
waedorhzdys A pol ypeptide of fornmula (1) is dei POMNL2©G050202

when conpared to the heavy chain in 5D12 through the

removal of known human T cell 1Spi topes. T cell

epitopes are am no acid sequences within proteins with

the capacity to bind toMHC class Il nol ecul es. By

ih¢oRMUah, Kha/bb %nTa}rYt%dbdyezﬁ’échdﬁ%% foPedBYLRAIN. AShddSie acid as
I mmunogeni c. Preferabl’y a variabl e domain of the
useda’nthhgrinivenﬁunlim eypibaliybut et esclosivedy honbimsdeicaeid (RNA)
v B ing. : ) )
S et ndid BI85, AT A SEH cehmyaabt for o
eliect v 1.t '

RYSLF TR SEURSALL BLoh FERIPERTd b P RLARLANER (PN, A
ek cidrabaeg iy to the Hiveatiantis o1 instaned comprigediic a cell.
veneered surface. An aninmal as used in the_invention
Waheprssid nawslejc acideisrapresseddnmasd eelitajd geBmraduees a

st preferaply a humn, ;An_anti hody.. r.di. NG
e per s Dot E Bna AuBl RRRGBET LR 1) e
iYERAoANThBASYre, ARE PP MEoN tn Bhé balde@ent provides a cell
heavy chai n constant domains, antibodies are grouped

domprisingea pblypeptide mecorsling e she ig@ntiam, a bigiding ody according
e oo 6 RS o0k R SRR e Pt aci
FELIERRERAID L k! Szl ko o ghmer o
prefeniblpa mharmahcaimowopstfarably agirimaits celd| mosepreferably a
[LOmL6 GLoUR 0L 190, Lad LM, 41 90, 200 L9100 A cpabic
O IFR PSFRIY iR opagisesiting
IGheRnS haithdIBgheuy actesding tf thedbiyntishdan amsibeady according to
tr}g%rgzgnjgi%a?é]mi/gg agq?éig r;ltci(ir a?gcio?gi'ngl:t%r ghgei;lggg‘sibn.s ai d
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
(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
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
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preferably a human 1gG constant region. Preferably,

the 1g&4 anti body of the invention conprises the
weonstizgshs r egi ons of the heavy and |ight chai nP@YNDZ007/050202

aci d sequence as depicted in figure 18. Preferably,

the 1g&4 antibody of the inve Tll on conprises the heavy
and |ight chain am no acid seguence as depicted in
figure 18. Sone variation in the constant region O1lgG

@ﬁ)ﬁ%ﬁoﬁ '3f ?%ﬁéﬁﬁ aﬁﬁ%rq{ntﬁbcb@ fopWRe p‘%&ﬁ'&%n 6h2AGinfbody of the

e I nmunologi cal properties of thé resulting
1@ﬂﬁhﬁ@ﬂy Typically between about 1-5 an1no aci d
substitutions are allowed in e, cons regi
Blee inseepion further prpeidesa tnaerﬂloaé@r BFO l%g #B?a&%tgtbof YoRepaprising
st.ant t
SHBRIAR & PR HheAS o Bliph S3E AR AL il anibody from said
Qi10ekeC PrRfeRABRL said Rl b tliltubed im atsel'ﬁﬂufree dm:dlatn direfdrably

the cell its binds to in vivo. Preferably s
sodselns adegtejhfqr§uap@@$i§n£r9W¢bgFBﬁf)@r Pé”oﬁ&?éﬁs an antlbody
odinent th
bR el e Tl A5 PR BB REREL By Fnvontion.
’%‘ﬁa %?Mb%ﬁ 1§?a?éfé&a@ly%di‘i‘ﬁ@& £l Yhaesadidief th@ culture. Preferably

el nvent on, and/of "an anti body according to the
$at1demt1bm1yléafﬁnitg|m1mﬁedl as used in the invention is

[
B ot b BB S 1 on o
e(ﬂ gf’ aﬁ{)ﬁleqvc%hl t.tayglqurfo%n ﬁ)r 7] §9Ra§ﬂit&|fﬁﬂ ahﬁbbﬁﬁp%ductmn for

nce pepti e nucl ei ¢ aci ds
éwﬁicﬁl pufisisds alic e padirtigulaelyt pﬁefermdmbwdmmeﬁtcﬂald cell is a human

i nstance conprised in [
cell. &M@@éﬁ. qepllst&qa(lg ig glfq%esf%rép$ ggﬁﬁ’la%(f nucl &l all'gglon or a

g\g‘l&%f t l?gl{?lb\’aa( ?{ {Q‘?‘ﬁ%r e '?ﬁif)l‘ér f%'ﬁcﬁ@ éélpﬁﬂe is the

e I nventi on

P@il@ @%Tﬁ@éﬂqm@ﬂf etﬁ’lﬁﬁ‘éléiﬁst}ﬁr@fﬂ In aqjmucalm@y areferred

ol ypepti de accordi n&}t{o the invention, di,n Y,
anﬂcxmduimagt said ¢l isr EHO sall carn wainBb a@erﬁegf %bgba ariant
t gt {nr;l %gtuls(e)rl)f a {gtgrl?ingus%rl ﬁletagg (érS) vector system for expression of

an antibody.

It has been noted that some émino 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-Xs
wherein:

X,isG, A V,LI,P,F,M,W,C,N,Q,S, T,Y,D, E,K, Ror H. Ina
particularly preferred embodiment X118 G, AV, L, 1, P,ForM;X2is G, A, V,
L,IP, ForM; Xsis G, A, V,L, P, F,M; X4is G, A, V,L, I, P, F, M; and
Xsis G, A, V,L,L,P,F,M,W,C,N,Q, S, Tor Y. More preferably, said
antibody comprises a polypeptide of formula I wherein X1is G, A, V, L, T or M;
Xois G, AV, L TorM; Xs3isG,A V,L LP F,M;X4isG, AV, L,TorM;
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according to the invention. Said cell is preferably an

aninmal cell, nmore preferably a mammal cell, nore
wee@iarabdy a primate cell, nost preferably a PCImDn2007/050202
cell. For the purposes of the invention a suitable

cell is any cell capable of cggprising and preferably
of producing a pol ypeptide actdrding to the invention,
a binding body according to the invention, an antibody

POpt @y t I Qv [ | o P ;
081 IFL . 01E0) SV BN PIBRIL ALY 8036 A T Xoio P X
My @ndﬂbe Ksds & [Rarcieatunly ppefearedastwhead X as ¢ amdi Xgmt‘é XiisTand
t he invention, Preferabl sald cell_praduces_sa

Xisilbdays LiandXpieleXr i ivelwt X515 Y and X2 1dg<1 is V and X,

d
Tt S ?ﬁfgn%ﬁﬁ“ﬁ % R S e Later
QIS @Wmmrl? pireferdd inl SorabfeH@diewith Exulﬁalil@P X4 is M;
prOV|ded S cell ture conprising a cell_ accordin

arx]ni Xhes eithenFiarS, prefirably Snkn pnenenﬂwsh@ﬁat EherpayRndson provides

ave devel oped cell nes faor th

PO TiOR ABForine to fhESTvargion. ARl Fof Tuiajecy Xots Ls Xais
-1 Py EHPri6 PRy ider

ceF‘fi )N’OINSO cell gaglrﬁ)%ré%k%%??% igel Sﬁdége cel ngl are good,

Wmﬂesuaaﬁaheoudynanvnhng05330$wthnasnuﬂwypabﬂUKmrbﬁSumlnnnans

pr ot ei ns. CE L@Beé devel oped for industrial scale

whew gempgred o sh8Pd2ns and antibodies are herein

further referred to as industrial cell lines. Thus in

a preferred embodi nent the invention provides the use

of a celln dhdthed pyefeeprembodirhent ’dtegmvzenaioammdidﬂsia)n

of protein and/or antibody for he .pro uction |&

polypenidge secarding tr/khe FGTntIPRGY hoRPER (3 JPA St AT X1, Xz, X, X4 or

rovi,des a method fo 0 [
R U e Paart 2y Bl E e b et QUi Sl ffbonce

aii8 %ﬁ%wfnr&nﬂﬁirﬂfeﬁlﬁiohbﬁoeyleﬂ gicifadlly saiddexqakksiba levels and
cultured in'a serumfree nedium _ Preferably
wherein further at least one of X1, Xz, X3, X4 or X5 is thé 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 Xi, Xz, X3, X4
or X5 is the same as an amino acid at the corresponding position in a 5D12
amino acid sequence, is that a binding body according to the invention
comprising such a polypeptide shows a better expression level thana
polypeptide according to the invention wherein none of X3, Xp, 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
believed to be due to the fact that an amino acid at the position of X1, Xs, 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.
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said cell is adapted for suspension growth. Further
provided is an antibody obtainable by a nethod for

w@emdazisay an anti body accordi ng to the i nventPONNLII0&050202

antibody is preferably purified fromthe nedi umof the
culture. Preferably said antilli) dy is affinity
purified. A cell of the inven ?on is for instance a
hybri doma cell line, a CHO cell, an NSO cell or

anot her aGelh; E&ﬂ’fc ?gfr'éng?ﬁ r{ioﬁéfe?iﬂ&eaﬂ i’oi‘ﬁﬂﬁlé ‘?I) shows non-

antlbody pro uctlon urposes. In

spmii?lattguba?hwggrm‘tm a(&wwyrbmthmﬁ?ﬂm D46 llntemcmolnusanvolved
ce referably a cel|l thaf is transfor
in thp p@therhysiologyof yapoug mf}ﬁa%w dé%ﬂ}'gg’é?r %‘Fﬁh s autoimmune

B n iy L5, R e Al U aIng L ind epkn i
tRardforath aFtioul pFlef i tedldfoe deslidratingS@ b Pimpedin deaxﬁnﬂ:}@lmatory
cell or_a variant thereof. Preferably a variant that

dmdsr Jaeons embarlimant as anfthodstcompnias)a brdipg bogdyafithe

SR e SRR R sl BB A B btbon
NM6RScISHAL Sekib&dy tucmoh%&e&u&zv@wﬁoaﬁcﬁtm 3P 1 el A196Mnts of

conprising a polypepti f formila (1) in an antibody
essatigily gure IaJntlblodmss, phes ebtedvingpesdiicable products. Therefore, the

&%é%@%ﬁé%@pgmf 1@%&&%&9@ aﬁlaallq(ljtaagr(])tpis %ﬁt\’\?{{%ﬁs%ém
pr n elcrn;{aé dantngo%sﬁcne@ %fg 'fj&lﬁ&épﬁvdéaa{crcbfdih%rtb%he 1nvent10n A

biddirsg badyaciérding do theFinvEntlbnMs al3thesm6re A,uth/bleLf,or Ithat
PFMX4ISG,AVL PFManddXSisC‘%A,
Prppse Fincp it s i ong embogy m@qt deimmginized ggyppared to a mouse

;ﬁgf%_ﬂpgp lry%lial dn@;?l ‘i‘éefe}‘gp{,/', Sﬁﬁldﬁngrﬁbﬁ? %?Eliléj?m%fntion has a
reduced immunogenicity and an enhanced half-life in humans compared to a
mouse 5D12 and/or a chimeric 5D12. As a result thereof, a binding body of the
invention has a sustainable pharmaceutical potential against various
inflammatory disorders. Thus, ina preferred embodiment the invention
provides a deimmunized antagonistic anti-human CD40 monoclonal antibody

according to the invention.

As referred 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
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

i l | b

XeLGX7Xs ASISC RSSQS LXoNSN GNTYL HWYLQ RPGQS
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X2is G A V, L I or M X3isG A V, L, I , P,
FMX4is G A V, L, I or Mand X5is P, FFW N, Q
W®200T/12089%. More preferably X1 is L; X2 is | ; PXBNL®0PD50202
X4 is M and/or X5 is S. Particularly preferred is
when X1 is | and X2 is V, Xlxzil and X2 is |l ; Xl is
Land X2 is 1l ; Xl is L and is L, X1is Vand X2 is
I ; XlisVand X2 is V; XlisLand X2 is L; Xlis V
and X2 igg L; or Xi izg L and X2 igg V. These latyter
pol ypeptides are particularly preferred in conbination
wth an|X3 is P; Xils M and X5 ijs either F of S,
preferably S: _In_one enbodiment the |nv i on j
B oy patih b VRSN RSCROPBREs e OerD R okEsRY BEEx.,
is L, X2isV, X3isL;, Xis L and X5 is F. Production
of anti bodi es conprising said polypeptide is good,
whi | e sigmul t aneously pnovi di ng i nproved i nmunol ogi cal
properties in humans when conpared to ch5D12. In
anot her lpreferred enbddi ment the invention provides a
pol ypept {}g?;a ' 2@9‘7@% i nvention wherein at
| east o 1&?%@‘1& , X4 or X5 is the sanme as an
whHaf@naci d at the corresponding position in a sequence
that is shown by the invention torﬁ}/i eld specifically

XpoisdG ehpVessioh, FeMe V¥, €nll, wheé, &, Y ,f Dy EnEy Raor Heast

e Sy s
FESGRRNCIER BN POV SRCP, 3 pEiD G gl i s
Xisdh, XpVi &, ThR, Bahg WisCall, &y S)dl,a%,i 3, Bf Kt feor H;

corresponding position in D12 api no i.d_sequence,
X it RatAay bhnbing’ DIaY 4008 B Sg T & thdoi KuBrt o

)gjgg?rd SA,”@, ?uf:IP F %l W%twggégpm’ g)d?fg,tr%eﬁ or H.

essi’on Tevel t’hah d po ingto the

SAMehip OB & prefeiadlP hnXintagdnisis, antithoiin a25d CV40 fdvdoclonal
sanme as an amno acid at the corresponding position_in

antipidy acrondingctothedgvention. Iy ampsaferped ambedimenbgn X selected
fter%okX, ’X7? %s,d Xg,e)kltoeorr 1)§ § &6 Se!)t%la flrgr\rlxeall girosup resembling an amino
acid at a corresponding position in a 5D12 amino acid sequence and/or
resembling an amino acid at a corresponding position in a sequence that is
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 (I) wherein:

XeisN,Q,S, T, Y, Wor C;

X7isD,E,N,Q, S, T,Y, Wor C;

XsisN,Q,S, T,Y,G, A, V,LLLP,F, M, Wor C;

Xois G, A, V,L, I, P, F, M;

X1wis G, AV, LI, P, F,M; and

X11isN,Q, S, T,Y,G, A, V,LLLLP,F,M, Wor C.
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bel i eved to be due to the fact that an am no acid at
the position of X1, X2, X3, X4 and/or X5 contributes
wo eood/1paseper assenbly of a bindi ng body accor dPEmNLZN07/050202
the invention when said amno acid is the same as an
amno acid at the correspondigg position in a 5D12
am no aci d sequence. An anti body conprising a
pol ypepti de of formula (1) shows nonstimul atory
B S L e s rBeAE b BPhuman
Ch#0 anvrdcdoryaldirstibsalyr sceordingas thetinvemtioe codnpeses agrdypeptide
%raft rejection, a palypeptide according to the
qt foemulafl) of thednyeptien samnrasing anaming asidggquence as follows.
aneliorqying a synpt f1of an inflagqatory disor%fr. In
one enbodi nent an ant1 body conpri sé€s a bi ndi ng body of
the invgntion. In a preferred enbodi ment said anti body
is a nonocl onal antibody. Mnocl onal antibod
t echnol dehQMT QRPLIGEPYbhUSRr S BISCRGSQSRrASNGN TYLHW
essentially pure antibodi es, thus obtaining
predi ctabl e products. Therefore, the invention in one
enbodi megyt provi des gp antagoni sgic anti - humani CD40
nmonocl onal anti body conprising a pol ypeptide according
to the ilnvention. A Binding body Eccording to lt he

i nventi j I ' I t
imce | THORE GRSV SR B B FTLKI
a nouse 5D12 and/or a chineric 5D12. Therefore, a

bi ndi ng body of the invention has a reduced

i mmunogegii city and an @hhanced hal f-10ilfe in humaddl

conpared to a nouse 5D12 and/or a chinmeric 5D12. As a

result thereof, a bindﬂng body of thé invention has a

sust ai n C r&al t ' i re

inflanng?% d?@%%ﬂ@ﬁi?giﬁﬁggE?ﬂﬁgﬁgre ergé TYCHLE PHCE.
BIhRbf@nid thdodiment tieninreanicdesrovidia arpulyipepdide of formula (IT)
ant agoni stic anti-human CD40 nonocl onal antiboqy ) :
afctherinivaytipn whereimYens Toor S, X71s D or Q, Xs1s Q or P, X9 is V or A, Xio

is Vor L and X1 is F or Y. More preferably wherein: Xg is T, X7is Q, Xsis P, X9
is A, X10is V and X1; is Y. 5D12-like antibodies comprising a polypeptide of

formula (I) and the preferred polypeptide of formula (IT) combine good
expression levels in a producing cell with good tolerance properties and

pharmacodynamic properties in a human.

An anti human-CD40 antagonist antibody of the invention preferably
comprises a heavy chain variable domain amino acid sequence of formula (I)
and a light chain variable domain amino acid sequence of formula (II). 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

are many ways to modify an antibody of the invention. A non-limiting example
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As referred to previously, the present invention

provi des 5D12 |i ke nol ecul es that conprise am no acid
w@bdoenzaspdns wWith respect to the 5D12 am no acPCI/NL2007/050202

sequence, wherein the alterations are at |east in the

heavy chain variable domain a ﬁ preferably also in the

l'ight chain variable domain. ﬁ this context the

invention further provides a binding body according to

R 08y BB MGGl nsead of

X%Ntm%rlﬂﬂﬂ_mn?ﬁwmﬂeé of gdcH niodhﬁd:atﬁiﬁid_are an insertion,
YKVSN RFSGV PDRFS GSGSG TDFTL Kl SRV EAEDX10 .81 9
deletian.angersien wngfor gihstithtiopglijogegr moreamino pct Wiien

q’i/knl}lgreg’ tog’aiﬁo %}ne{} rﬁib@y ?h@@ﬁbﬁv@%ﬁﬁg@v cﬁ‘-ﬁ Means and
A8thddsGor %ené’ratlmg buclPa variddtWt &soBro@des testsYor B’eteEmmmg

K, Ror H X9 is G A V, L, I , P, F, MW C N
t&e c'haYactlel@;cs Kf smicba vlarlamOm 8 @efq&red/embodpmenfathe;:mventmn

m"ovviesLa vpmgpt of anmrﬁngl aﬂpba‘ly gf &q'e H’Ve%%l%nélajiﬁ V%ﬁl%nt
%ﬁqﬁﬂxﬁgéﬁ‘ i DG tiBAIYeledion! Bl RiraRnYadoRBHBAMILSS 6f between

ant CD40 ‘mohocl onal anti body according to the

alotent b0 anmine qrids wheadoemzurdi tethe amixosadié segdence of said

original antibody. Preferably said insertion, deletion, inversion and/or

substitution does not comprise the amino acids at position X; and position Xz of

the heavy chain variable domain of formula (I) of the original antibody.

In a preferred embodiment the invention provides a method for selecting an
anti-human CD40 antagonist ahtibody 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

| I I I
QVKLQ ESGPG LVKPS ETLSI TCTVS GFSXiS RYSVY WX2RQP

41 51 61 71

I I I I
PGKGP EWMGM MWGGG STDYS TSLKS RLTIS KDTSK

81 91 101 111
| | | |
SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS
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fromX , X7, Xs, X9, X10 or X11 is selected froma

group resenbling an am no acid at a correspondi ng
w@oemrtzsns in a 5D12 am no aci d sequence and/ or PCT/NL2007/050202

resenmbling an amino acid at a corresponding position

in a sequence that is shown by-the invention to yield

good expression |evels, as sh%&n in exanple 2.

Therefore, a binding body according to the invention

| . . : _
PhAcHag A ERIRES AR PRI ed tt JEOUEEGH oiloip@h e X, =1
Ad X =; X; =Y. ¥ad X5 = K8Xi & Wan@ XsSr VI X% LandXa ¥ Lior X; = L
I P, F, M Wr C X9is G A V, L, I , P F, M X10
argi%%\,’, V, L, I , P, F, M and XI1is N, Q S, T, Y,

. | P. F.. Wr C.In anot her enbodi nment
ﬁ%%n?g%gﬂtf}lgﬂleﬁrcgmpﬁsglr\%n ant agoni stic anti-human CD40
JENRP511AB A 184t fedphralsciOded] Rfe tRat PRodudeeAtvadfant of said original

conprising a pol’épep.ti de of fornmula é]l) of the
dntileodyl wherainmeiid vagiaat aatihedyde admedifisshergiaal antibody

PR B AENeR 49 P ETogn. FRUOT PpSoRAt Bekireon

S 0 R PO R Tl bl ori

dai®modification does not consist of a modification of the amino acids at the
position(s) identified by X1 and Xs, 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.
Preferably said original antibody comprises the light chain amino acid
sequence

1 11 21 31

| | | |
ELQLT QSPLSLPVTL G Q P AS ISCRS SQSL A NSNGN TYLHW

41 51 61 71

I I I |
YLQRP GQSPR LLIYK VSNRF SGVPD RFSGS GSGTD FTLKI

81 91 101 111

I I I I
SRVEA ED VGV YY CSQ STHVP WTFGG GTKLE IKR.

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

amino acids can be in any part of the antibody not being or involving the
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In a preferred enbodi ment the invention provides a
pol ypeptide of formula (11) of the invention wherein X
WO 2007120898, X is Dor Q Xis Qor P, X9 is V PCT/NL20§1/050202
is Vor L and X11 is F or Y. Mre preferably wherein:
Xeis T, X7is Q Xis P, X9 #i A, X1Os V and X11 is
Y. 5D12-1i ke antibodi es conprising a pol ypeptide of
formula (1) and the preferred pol ypeptide of fornula
alinb £RIDLIBoGRRAS RIAURE KL OPrdfEAHNF, delid InBhAHS GBRtion,
cell” wth good tolerance properties an
iphersings ecohdiansubgtitopiont dfdsetiveen abomtid. toAamine acids is in said
human- CD40 ant agoni st anti body_ of the invention,
heaxy ehap prupaECIhsequense 2 paih Heht ¢hpinapidne afid; spauence when
n ' forayla (1) ' NAaLD:
e 5 SPH R g e alint s e g i Gff oBiginal

a0 I3 Pasfelr DO Ys i@ $n §90idn¢ Halediving ihwdrsivm, aid/drssubstitution of
course possible to generate variants of such an

betwegenabounlitodugmigo aoidistiy ingashbeayy ehaia aminmaddisgguence
ST I N e e T
PREABLP sidEmBtIRY flEhedEsnp st 8e 8GR OAN bACibody é)foducer cell

inventi‘on. There are many ways to nodify an antibo )
lofe thet prodenes said salected hntibbdngThisamedaoér erlt Hing can be said

Byt 5P i 5 ek e BRI e LG SRk R HUcRE fgjd selected antibody.

lﬂ%@éxlat'bﬁgf Eéﬂ%ﬂ)ﬁ%ﬂﬁ)hﬁ%hgf c ?ﬁs@@ db jé&ﬁ{g §id Rietéd antibody.
insertion, deletion, 1Tnverston and/or substitution of
Theire ntirefiatheopasidiss a ésvl asiedpaid/or recosshidaot agtnhhiman
anti body. The present inveniion pro i%Fs neans an% . .
GRdAcasagenish aptibady ehtainakleby grpathod qqcoghug to the invention.

rovi des _test r de 1.1k [ [ :
3L e ol e PR =L AL B84 kst ity
doYi§bdOA i ARt AE6N af Vied haavy ehaianain@hsidl segnehbody
of the invention said variant conprising an insertion,
del etionl inversion ddd/or substi2ltion of beBheen

about 1 to 10 am no aFids when coppared to thq am no
aci d sequence of said

QVKLQ ESGPG LVKPS ETLSI TCTVS GFSXiS RYSVY WX:RQP

41 51 61 71

I | | |
PGKGP EWMGM MWGGG STDYS TSLKS RLTIS KDTSK

81 91 101 111
! | | |
SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS
wherein X; and Xs are pair wise selected from the group consisting of X; =1
and Xo=V:X;=Land Xe=I; Xi=Vand Xo=V; Xi=Land Xg=L; or X; = L
and Xz =V,
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original antibody. Preferably said insertion,

del etion, inversion and/or substitution does not
wa@eopneeses t he am no acids at position X1 and pRST/NLZN07/050202

X2 of the heavy chain variable domain of formula (I)

of the original antibody. In ggpreferred enbodi ment
the invention provides a nethog for selecting an
anti - human CD40 ant agoni st anti body conpri sing

QSN Bk i6n fcbﬁlg)‘hs‘iﬁé bn!ih8&rtid1R e tPsh GATe o R drit/Ha

ant 1 - human nt agoni st anti body and determ ni ng
suibetidutiontof d»btweerg ahaﬁt Ao Broding &citls vehepr copaxedotp said heavy

bt g sebbnty Lo ot s G eE oY fons ngh opsist of o

Bl T R

EVWVGM MAGGG STDYS TSLKS RLTIS KDTSK 81 91 101 111
I I SQVSL KWNSL RTDDT AMYYC VRTDG DYWEQ
VSSwher émmwembgdme@tr @epmVﬁnwpwr@&d@étaeahﬂreﬁﬁ\Hﬂécal

(%r OU(PS_L Cig}rq] ih{sﬁltplkn ug\a} B4 yp_eptﬁ(ge %ézordlf_n\é tc?gi}g 1Lrlv@Egloﬁza;Péﬁdmg

’ a&%&&in:gf&)%@ ihvehiieh, £98REHSUH Gcaniden@to blge aivention, a
Ieast one further cell line that produces a variant of

watldicodid ianedrdimg tmd@g/mmeﬂttmnnalyb(pﬂ aveghl aneprdingitp dhy invention.

a nmodified ori al
Afso the 1nvention pro 1 es a %(r)] ypepg%le 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 use as a medicament. Preferably a medicament for ameliorating a symptom
of an autoimmune disorder and/or an inflammatory disorder and/or for
reducing graft rej’ection and/or for the treatment of CD40 positive cancers. In a
preferred embodiment said autoimmune and/or an inflammatory disorder is
selected from the group of inflammatory bowel disease, rheumatoid arthritis,
systemic lupus erythematosus, multiple sclerosis, psoriasis, bullous

pemphigoides and atopic dermatitis.

As a polypeptide according to the invention is particularly suited for
ameliorating a symptom of an inflammatory disorder because of its non-
stimulatory CD40 antagonizing properties, a polypeptide according to the
invention is suitable for ameliorating a symptom of several disorders. An
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



10

15

20

25

30

conprising an insertion, deletion, inversion, and/or

substitution of between about 1 to 5 ami no acids when
weomwparses t o said original antibody, wherein SBCTINL2007/050202

nmodi fication does not consist of a nodification of the

am no acids at the positi on(s?oi dentified by Xi and

X2, and determ ning the anount "of variant antibody

that is produced by said at | east one further cell

theNgvenfibd S?E%igf;g%lg Wiih®le FR RSB In6@LREI0NNS #n autoimmune

variant ant at was produced at an anount that
dwerdatr. | east 50% of the anmount of original antibody.

Preferably said original antibody conpri ses the |ight
chain am no acid sequence | 11 21 31 | | | ELQLT

61 71 1| Hejeift {1t AR AP 51in i

STt Fath he 3193 GDA0 R1H its lighnt iBRYHANERats Yordes® Th
STHVP WIFGG GTKLE |KR  Said i r%sertl del et Ilﬁdl °

CRdrsplseulesiscn 50 K kxna Limesbrmensy iueteiaRd is pprgssed on

d b
BTefls, SouorveRinagorRagi B deflritif Sl DPOMsS Sorequer,
ge;xp b £IRNGAENL cotditlohd ©140 @dh be€b@id 6n enidoviesliilaells (ECs),
or substitution of between about to 5

ﬁbmhiasts epithelial mm@ncbharatlmnvﬁ@%c@]a@étﬁﬁg{é‘c&%? TBAM,

8 Bl g B 5 B PR e

Wdrﬁi&ﬁhy expressed on activated CD4+ T cells and a small population of
activated CD8* T cells5253. In addition, CD40L has been found on a number of

other cell types after activation, including mast cells, basophils, B cells,

eosinophils, DCs and platelets5455,

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?®.57, However, as described above, the distribution of the CD40
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-y47-49,58, 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
inflammatory responses and tumoricidal activity47-49.58 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 apoptosis50:59,
Furthermore, when expressed under inflammatory conditions, CD40 signaling

can induce expression of intercellular adhesion molecule 1 ICAM-1), vascular
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anti body. Preferably said insertion, deletion,

i nversion, and/or substitution of between about 1 to 5
w@eiona2eei ds is in said heavy chain am no aci dPGENLENTE50202

when conpared to said heavy chain sequence of said

original antibody. Preferablyg,gaid nmethod further

conpri ses generating an anti bg‘zy producer cell line

thlat produces said selected antibody. This producer

- 2 i e

B A ity e S AN B TR cle il o Dy Those rosults

Agigebothat fpeikngbhyouph CDAtdwadng 0 ¢dlbECcimtprdacsimms may be an

collecting said selected aptibody. The inyention i

impartant sepundde ragulatinmell Cardivationsy te recruitment

1188 B TBRARE 02 09 AL B IRARLDAPUS: Bpdrtance of the
€EDROTDROL iH8é1AcEbhS i Yhe Beht¥RiaNé fig@iiosi] diiied¥sponsest0.sl,

conprises a nodification of the heavy chain am no acid
inddrecpriming and2actyativniofiantigouxsrp ESchEellsii i tre pmporal

L TR FURIARETS & et St

ﬂsséo@é%r%@-@%ﬂ%ﬁ%&%%a@mﬂ%ﬁﬁé%ﬁst intracellular

wherein X1 and X2 are pair w se selected fromthe
prrasjtedofiitionissgchfasiPneuthogyradisxCryptosprtidiuin, and Ixdskmaniabt
l; XL =Vand X2 =V, X1 =L and X2 =L; or X1 =L and

2 = V,said nodification conprising an insertion,

del etion, inversion, and/or

A specific role for CD40 and its ligand is demonstrated in murine
models of autoimmune disease. Animal model studies have clearly indicated
the involvement of the CD40L-CD40 interaction in the pathophysiology of
various autoimmuhe diseases. In these studies, using mice suffering from
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
(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
to acquire lethal inflammatory bowel disease marked by infiltration of CD40*
cells and CD40L* T cells into diseased tissuest?. 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-

a treatment and interference of the CD40-CD40L pathway using an anti-
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substitution of between about 1 to 5 am no aci ds when

conpared to said heavy chain am no acid sequence and
woberarassai d nodi ficati on does not consi st of PET/NL2007/050202

nodi fication of the am no acids at the position(s)

identified by X1 and X2. In o enbodi nent the

i nvention provides a pharmaceutical conposition

conprising a polypeptide according to the invention, a

CIHAGH, Nal? ?ﬁj ¥1 AR dxPelifehtd] 8RflARMma Ry %’W‘e@ G.i’éé ase

accordi ng the invention, a nucleic acid according
nhaldlhEn t]m;anbclein symghneic ED%ERB}B@({@DQT nejls ard tnaected into SCID

1BiGe Ghat AGDISHEREIY, AR IATTRom P AV oA R aPFRgressive
v&quflpﬁlsh %\f&ﬂ;ﬁﬁ .5 %eﬁghg}éi’ qycﬁf?&oﬁbﬂ@ulﬁ@nt&esym toms of

cIe I C acl according to the 1nvent

e&pdﬁ@ierﬁat ﬁiﬂammﬁy bawtbdisbasé.Meatinent fiwdth astheaanm TNF-a
medi canent.. Preferably a nedi cament for aneliorating a
osymtt -6IR4IL from the Aaynef d-erlk ercenptitidpm completely prevented

di soyder and/or .for
Hped APl BReRiR ot bRbpiESHE iy Hsftatory bowel
dISUHER! Furﬂ{érﬁld}beﬁﬁfﬂ@ﬂ4@ﬂ@ﬂhﬁﬁ§ﬁra§1@h¢r@%ﬁém réter T-cell
and/or an inflammatory disorder is selected fromthe

rgeangitotionndovddnstillopreveoterogtiessianof thhdisraseiand treated
stem c | u us ,eryt hemat sus

h
AMTE gwe%ﬁmrag?rgen it AGES SRR el tiselhgy spppared to
LB binliindds (8 AR }?éﬁ%‘?)tsb{j@at?cﬁfs?r ding to the

|nvent|on|sp arly suited for aneliorating a
synmptom of an inflammatory di sorder because of its

nonsti nul at ChH40 t
ol ypeptitasens SR AashIE0 TeRoAEhhE LBRE Fstiorenss withfhe

PSR BBRLI A SR AU b Hpatatin
Iﬁﬁﬂél@e@oﬁﬁnﬁ&‘l’ tEH a3 aRSe vhlﬁhfallo@éﬁémm@lﬂ] lymphaecytes or ' cell-

(fe%qgt%r&esrgléll Ii}?rrnpthlggytiegtpﬁlrls gtn a?rftilt)ohdgl tionr\{l?nqtscie %4061? permitted |
indefinite pancreatic islet allograft survival in 37 out of 40 recipients that
differed in major and minor histocompatibility loci®8. From these experiments
it was concluded that the effective interference of the CD40L-CD40 interaction
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.
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

simultaneously effectively aborts T cell clonal expansion in vitro and in vivo,
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i nflammat ory di sorder specifically includes an
aut oi mmune di sorder and/or graft rejection. The

w@enrnz2ds9s ol e of CD40-CD4OL i nteracti on i n thePCT/NL2007/050202

initiation, anplification and prol ongati on of i mmne
responses nmakes a pol ypepti de,@fthe invention
specifically suitable for i e nodul ation in an
autoinnune di sorder. Herein below information is

%ﬁ%@%%ﬁﬂ%ﬁ?ﬁ%ﬁx a[llﬁe c 418nidrh st 5AY ('i‘nﬁﬂﬁts the

and 1ts I'n |n annatory di sor ders.
d@vel@%éhﬂﬁﬂ daohiz v&mleﬁﬁelymmemmmﬁymmeulanzed cardiac
| ycoprotein and is expressed on

W alis cEnrdermonagaierianas b s Epéocéﬁ@ymw ggtionally
[ eqver
55 P 9 I 038 oy, provts

anhbﬁ allloataft @bjestiondn lerlaisus aayihlesy RidnegAhbdrafifanddels®”0. For
(gp39, TBAM RAP, CD40L, CD154 a 32 kDa f; e |

funtltagrlafommimlana ‘theeéloptoefh P12 i mﬂw@@mdlsorders see for
ressed on ac ated CD4+ T cells and a snal |

1&8 _ c_ﬁtl'legqfeafsesa{:tlyvat ed CD8+ T cells52 53. In

addi ti on, CD40OL has been found on a nunber of other

cell types after activation, including mast cells,

Madtiphi scderoBiscial drsautposinmopé diseas©os tamdentiral @emlsfospmal)

54' 55. Eng

l@ﬁrveuelszfsgﬁegw Fetfin disorac tg@l"}’ ¢ e %‘@rrr%“%dmg nétve fibers
8 "

l? h%egng Obu?l d. At t%%lrﬂo F)l@%l{lax‘sf%%éyggsgvﬁmfétﬁ?ﬂﬁn%eans many
$taOr YPhe hadﬂesed)armcbfrmw ¢isbnemrapalied $)ileaq1m T15e7 symptoms,

However, as descrlbed above, the distrjbuti
mtmoae@ gbursesofranltinplersclerpeig arg hpehly Yaria) ewggpendmg partly

A Iﬁﬁ oSt js‘ééﬁﬁteg\%nldg/ %S&t}é)f‘ljc ?)ﬁ{}?ecﬁ%gpﬁgﬁgon of the white
mt&f}. Gﬂ'ﬂe deterloratlon of white matter in the nervous system slows nerve
impulses leading to nervous system incoordination. '
Experimental autoimmune encephalomyelitis (EAE) in the common marmoset
(Callithrix jacchus) is a useful preclinical model of multiple sclerosis (reviewed
in 86,87, 102,104) The central nervous system (CNS) white matter lesions that
develop in the various versions of this EAE model share pathomorphological,
radiological and immunological features with MS 9. %, 101, Hence, the
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 9. 99. 103,

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
II susceptibility element Caja-DRB*W1201 in the repertoire of each monkey

82,84,85,107 A particularly useful aspect of this model for therapy development is
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be up-regulated by culture in the presence of
| FN-g47-49 58. CD40 ligation of nonocyte/ macrophages

w0 nabaazesIi he secretion of [arge anounts of p rBCT/NL2007/050202
i nflammat ory nmedi ators such as IL-1, TNF-aand IL- 12,
whi ch i nduce inflamuatory resggnses and tunori ci dal
activity 47 49 ' 58, and resc t hem from apopt osi s
48. CD40 ligation also causes DCs to enhance their

that 1N a@%@qﬂ SR Wilie %gt%g@%agggéa afd

costinu nol ecul es suc
t&idively charactarige d whitik clinicpllp delvianh magwbticordsohahed imaging

apoptosi s 50 59. Furthernore, n_expressed under. .
techmigrani by Langitudisakandysy Qv}? @xﬁzhruaﬁgw te madtrrdesions with

PR {2y bet PhEE OHRFLLRRARE) BloBRLSHY Semeyt of the

volin =36l gsiisiste ANiHERMatdReaetivies ihh tHe Sngoeisy of klad lesions.
signaling through CD40 during T cell-EC . interactions

Fwyhermone, the charanteszation of the CNg prthology sfithedRI and

sepeiolialy sy dBa it ARGt b ke lenl (el Wi PRI the
166i0h$ 8rERF An TRl adtibEEtaGkioens in the generation of

hunor al i1 nmune responses 60-6 1, in the primng and
activation of antigen-specific T cells62, in the

e | i vat j f h , ] in ..
TiroR MGG R e EAT: ModPLbat D Red Fo Rt Bethen g thpdies
tﬁ%&kﬁ%ﬁa—gfiﬁ{ﬁ% ChORRANE FSdty, g.‘bs@ﬂﬁhg%us (APC) and T-

| Nt Irac ul ar par site 1 ntfection such as
cBlie une aysdteAtiaCineptmeno fordM8NTenthtbed cstomeofl @DAY vGish it ligand

specific role for CD40 and its |jgand is denonstrated
G pipiaks # HEPTtenE 0leniTAIeu LS BLEOPaRhY BHNC REeResses that

SRR LAY B SRS RO
activation, initiation of antigen-specific T-cell responses and induction of
macrophage effector functions 9093977, A study performed in 1996 confirmed
that mice treated with an antibody against CD154 are protected against
EAES8, However, a clinical trial in MS patients with antibody against CD154
was stopped due to unexpected side-effects that were not observed in the

animal experimentsl?.

The mouse monoclonal antibody (Mab) 5D12 (mu5D12) has been raised
against human CD40. The 5D12 antibody appeared a potent inhibitor of
CD40-CD40L mediated activation on several cell types and, unlike most other
anti-CD40 Mabs, does not exert CD40 stimulatory activity 21.22.39, Both the
mouse anti-human CD40 antibody mu5D 12 and the chimeric version of this
antibody, ch5D12, displayed strong suppressive effects on the development of
CNS white matter lesions and neurological deficit in the marmoset EAE model
and showed no marked side-effects 2324, The same studies showed that

intravenously injected anti-CD40 Mab into EAE affected common marmosets
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various autoi nmune di seases. In these studies, using

m ce suffering from spontaneous or experinental
wa@oedosiizasphe di seases, interfering with CD40LCDEOI/NL2007/050202

interactions had clear beneficial effects. A Mab to

murine CD40L was shown to preygnt or reduce di sease

synptons in collagen-induced arthritis, experinental

al l ergi c encephal onyelitis (EAE, an ani mal nodel for

cgﬁ) goaihpdc(: QO tHYART wWHiB h AT GEle8100 s WhERNEPABSRolecules are

I abetic (NOD) mice that spontaneously develop T-cell

ptepdndetly exptessediomeindfiltiade d madfop legescand detingtesl micoglia®,

CD40- OL interacti also play a.role in th

A5V AD earligr in ViSKimts ApsHariad thequestion Whether ch5D12

4185 hHE S5k OhMutte BhoaneaRBlay bERtald Neighl 1 L1s.  CDIOL
ransgeni c ce w hi"gh transgene topy nunbers were
shown to acquire lethal inflamuatory bowel disease

mar ked by infiltration of CD40+ cells and CD4OL T .
tdilax etralonanieredebraindesien develormentapa o rhpG-immunized

SPb5th B! PSR Pl S BB ARRL A b Binervan

Thd Reitd 4f thit BAldAEmMBASHatéWyESFrdRYion of lesion inflammation in
2,4,6-trinitrobenzene sul fonic acid44. Very recently a

all BehtPrpreatebmonkey saduldlesioreenlangemeny-was diminished in 2 of
treat pent .and i.nterference of the CD40- CD40L pat hway

@@iié‘ﬁlgﬂ?%ﬁgdﬁoﬂ%%y%n a SCI D nouse experi nent al

i nfl anmat ory bowel di sease nodel. In this nodel,

syngenei ¢ CD45RBhi h CD4 cells are injected into SCID
Pic@ntioat ofCD46 gneatémede watlo prsdigamdh€® 164 moactivated!’k cells

and show progressive weight, | oss starting 3-5 ek

egnlpin the disease @6ﬁ‘éetsﬁt1\§‘tsiaoﬁ,gn£09§5?r}ﬁmﬂ?§ Dprthe c\fﬁucﬁ and
experi ' 11100 (s 1 89,9106, Bt .
Rl Rbplcal B ALY R ARIE sl BRRP R0 e D hoy-human
prigflth h6d€1884i4 CD4Misqaopliabatly expevasededithin the 8INS white

and hi stol ogi cal appearance of experi ment al :
mattearirsions pf MiSwatwinss as avelas Eddi-adeste ngpHfoand non-

ﬁ&rrpllarxlli S}ignae}tieg 95.f'1‘hoarp d\ﬁiﬁ b%aiaifntgeAPE'v?&hkn the CNS, such as

infiltrated macrophages as well as perivascular and parenchymal glia cells,

(=

contribute significantly to the pathogenesis of EAE has been elegantly shown

in bone marrow chimeric mice 83.

The results of t Hart et al, Laman et al, and Boon et al. 76. 7% 81 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
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 7 or rhMOG
81, In addition,t Hart et al have shown an inhibitory effect of anti-CD40

antibody treatment on already existing lesions 7.
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reconstitution could still prevent progression of the
di sease and treated ani mal s showed i nprovenent in

waelk@eazsosynpt ons and hi stol ogy conpared to coPCT/NL2007/050202
ani mal s (unpublished observations). Recent work has
al so denonstrated that interf%ence with the
CD40- CD40OL pathway is strongly~i munosuppressive in
transpl antation nodels. Conbined treatment with
al I ogeneic small |ynphocytes or T celldepleted small
Iyn’ph90yt es plus an antibody to nouse CD40OL perm tted
Poodiisinis #n peflamerdtoey skiredisahbogfflitting dr2¥vaflthepoprlation. In
out of 40 recipients that differed. in ngj

this tl'ts@aaelpé% Polls ang kesatipecytes dinthe asions, i ?ﬁg‘?ﬁtgh and express
S concl u th ' [

TR L o B! S O FELRESERL thiEomo co-

RBRUBRbEP thdlBeulbd Sxpidsesd oh leestinotytet and Trobls intesactrwith

the small resting |ynphocytes by the allgreacti h
cacbaither and thabthess inéemioglﬁw@%ribtltmdi@éﬁ%ﬁwégts‘éﬁg &110. One

that adm ni,strati on of o]

SRRtk e B A ey R BB wutchiea

]%éij.alt%og aL AT HYEA (€DABNE AR dvhedi Rf trankienblytdxpressed on
aive a sensitized hosts.” However, when anti-CD40L

édt?raa(p:& (%1?4—;— dbc{:élse €hsa-0D kﬂﬂshgqi@mbetﬁ@em? wlls and

anti - i ;

E,Ql‘ﬁémocyﬁes\,@glycrg ts(é : oltﬁgge geg.].fs{ fn@%ﬁla{fﬁ& g)%{(/i%@og@ tRat are

i nhihi ' ' ' ; i ;

U 1] RilR0. PUABOD ISRy Codocins

fatet e fonkaeveshoently heenirevimvet!ilng with

CD80/ CD86- CD28 and CD40- CD40 th [
Sikiowo i kergiiabeites SPaiAroes GHAL: SXBHRSHn I SHEY By TFN-

ertmenki WeeRioR Grpbl O Sl S APITR e trcated
S a0t ks ato et o ofuuiomesUmoaghont (i )
initle CDEYS e swil tshinaupcpegulaioo of § Sdiiand W«pzﬁ?g{ Iplspduction of
cytokines 112-114, |
So far, only one report has appeared that implicates this ligation in the
pathogenesis of psoriasis!!3. The cell types that express CD40 in psoriatic
lesions were not identified in the latter study and their incidence and lesional
status were not described. The presénce of CD154+ T cells in psoriatic lesions
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.
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

addition, high expression of CD40 was present on almost all CD83+ cells in
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in conmbination with interference with a CD80/ CD86- CD28
pat hway, prevents kidney allograft rejection in a

wo bmsuzsadnkey ki dney all ograft nodel 69 ' 70.PEDNL2007/050202
further information on the effects of 5D12 in
i nfl ammat ory di sorders, see fgﬁ I nstance references 71
8l. Multiple sclerosis is an autoi nmune di sease of the
central (cerebrospinal) nervous system In this

p%ﬁ%fé% oheet}végl %%M&W sl TrPHOWN G RET ¥€d Bbﬂ%ﬁ skin116,

becones ar en The termmultiple sclerosis (M5
Alisbd,ea ainlajl ]mqmsmbmlﬁ il‘ il showeth€Didddxpedssaoran mbst patients

iBguatanoptiiets CRAGeEP ?&neﬁéj Pl T Fus RpisihilgK that
an%5?ﬁ§e %e)}% ?961 g[%qﬁgﬁd}gtc}ej?%ﬁ gtgf%t?]ﬁ&?% %fL%%rﬁéﬁQHé% and

CPB8eldendbrid&IR hatdatleare ahedvatdre Mt thiem In t]ln@lesmn
nervous system sl ows nerve inpul ses | eadi ng

Ineadditions (heyedemansigatedthatoh! 4@%@1%%@@&@% rekeane of

FESHifng 1P RANERS | and MERFH T TR R llgatiopy Pasch et

dIUSEAWE € tBE BIOSDAOFedNic@RIedsR FGhe Bhembkinesl 4B, MCP-1 and
central nervous system (CNS) white matter |esions that

toev kEseqr ¢xtenheof RANTES was diluhitedfbyt thesamagonisdid anti- CD40

Akl SBAEAT:. Riee Rals aierthebaltbinsdit angi:(R40 mAb 5D12
g%ﬁ?ﬁgﬁ%mqﬁve%ﬂeﬂé Jqﬁletﬁeiﬁﬂ%ﬁiﬁldtmﬂ'é&hqgﬂ F¥riatic

umans and rodents that hanpers the
l@@ﬂoﬁ@tlon of promising treatnents in the drug

develo ment pipeline at a preclinjcal sta 96 ' .1
WA2ABS L 6o AR dTesesa TR RIS 2HTKBEQTHNS gff?ctp?fd%l@%ﬁm and
SthRE %%%Qécl)rﬂgm}: '&%m-cmo antibodies in a SCID mouse xenogeneic

transplant model system 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

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).

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

and/or an inflammatory disorder and/or for reducing graft rejection. In a
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extracel lular fragnment of human MOG (am no acids
1-125) develop EAE in 100% of the cases, which is due

wWo 207t89pr esence of the nononor phic MHC cl assPaT/NL2007/050202
susceptibility el ement Caj a- DRB*WL201 in the
repertoire of each nonkey 82, 84, 85, 107 particularly
useful aspect of this nodel f t her apy devel opnent
i st hat | esi ons devel oping in the brain white matter
D L b Y RY e A peftladhbibrding to
thechwentien, 8diddinglulyi acm:drdmlg tartheyiaventién dxe abtihody according
white matter lesions with neti c.resonance i [

f@mhe)mgﬁmtn@e, a nyclade aguh «wor dRehe 1gventien agy ' ngﬂé
PR B PIBh 6 Ut bR B Rabity Oy

AMSliBALthed adiynvptio dRhn andoips@vine libyrdde seid/drean inflammatory
hi stological criteria 101 revealed that the majority
«b!fsordeaf drelpofiy redacing &trafémeytl%tAm@ igraling fcﬁa'mm%n as used

e tteeds FeR e B BReRi Sk HE kst Bob RSnatiBhl 864 disorder
&‘me'agﬁpaﬁrﬁﬁf Mhé ﬂlxﬁﬁlti(ﬁl et ih€&lek6 f@ futdimmune and/or

pot ent treatnment for The interaction of CD40
mﬂdmm;rtoi'y gmndd@@]fﬁﬁwﬂilely at anesentara efficient| teeqtment exists.

B (TSP RIB PGS AR S
‘%’81 Ff‘ér @usa%hi‘fﬁ}lbg ééﬁ}btllﬁs%trié%@s QBﬂQH{mgﬁf}yWIfdlgease

esponses an on of ‘macrophage effector
bulets pempIigsideddnd Eﬁ:bplﬂ:)dﬂl‘ﬁt&ftﬂllwm‘kl polypkp®Blecanepidimgdo the

t hat mcetreated th bod
mmmm@pagaaﬂgtcog@@%nmfg iy bj? :qr}f?{ eeif 1?&?%1‘“’9??“0“

» atien th a b
A8 G L P 0
h&élfb%aﬁﬁ?'ﬂié Iﬁ ﬂﬁfl'oﬂfﬁﬁt@mbﬁnm—ﬁhﬁe apdiee inflammhatoay disorder as

ant i body D12 (nmu5D12) has_ been rajsed
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 deimmunized, a
binding body according to the invention is present for a sustained period of
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
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

dermatitis.
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agai nst human CD40. The 5D12 anti body appeared a
potent inhibitor of CD40-CD40L nedi ated activation on

waewenzdsoxel | types and, unlike nost ot her antPEZBU07/050202

Mabs, does not exert CD40 stinulatory activity
21,22,39 Both the nouse anti -%lman CD40 anti body
mu5D12 and the chineric version of this antibody,

ch5D12, displ ayed strong suppressive effects on the

BISYEdRRERtieh JNheRich & ifgit er | esi ons and

neur ol ogi cal deficit in the marnoset EAE nodel and
showed no nmarked side-effects 23,24 The sane studies

showed th intravenously i.njected.anti-CD4Q Mab. i nto

Kiprand + AIOME SeHTDFORGHSBDb e i ple adTauystragiopy i day O at
] 1 ; e

tB6 20t 40 IR Al GRS, e VRISl B B s

cA6D 19 fsdFued aglivver@detasmves] bpundymerlinlesd immvisi8orbent

This has rai sed_the question whether ch5D12 al so has a

ashay apdetaidedbin Bef? on al ready existing | esions. 't

Hart et al nonitored brain | esion devel opnent in 7
r hMOG i nmuni zed nonkeys by serial magnetic resonance

Fig_ﬁgé pIChNRESs M CRoMRBKDisbAdLAVRYitY AnddR€CDREYktcresiduring the
this study denonstrated suppression of |esion

a8 day parivi arftdmthel dhaD thistegion: Theshadedloaye indicates the period
Ee RS R SR ThThR e Bt ieaB e
Which 8 R ER Y AAAB AL ALRbAirdg SBHIM 18RI i hrimates. 27

sSease process nas a sitgnitican irrpact on t

¢l itel G.3Imafkg daderfpeitel legekalevex presslednthef 1EAEm level.
rodents 88, 89, 91, 94, 100 an( non-human pri mate nodel s
23 24. CD40 is promnently expressed within the CNS

ite ter l.esi ons of . ' .
A B BGRB8 PR B3 8. Mg
SRR ERE 19 18R it ity béte BN ?@féhnad aceaiilihg taRefl 40
macr ophages as wel | as perivascul ar and parenchymal .
$pmalesefrbm the ileum (diamonds) from nine subjects and samples from the
colon (squares) from 11 subjects were obtained at day 0 and day 28 and results
are presented per dose level of ch5D12 [(a) 0.3 mg/kg; (b), 1.0 mg/kg; (c), 3.0

mg/kg and (d), 10.0 mg/kg].

Figure 4. Colon biopsies from patient 012 (3.0 mg/kg) and ileum biopsies from
patient 011 (3.0 mg/kg) are shown as examples for the reduction of the
inflammatory response. Samples were stained with antibodies recognizing all
T lymphocytes (CD3), B cells (CD19), macrophages (CD68) and CD40(+) cells
before (a, ¢) and on day 28 after 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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contribute significantly t o the pathogenesis of EAE
has been el egantly shown in bone marrow chineric mce

w@307/ies9s esults oft Hart et al, Laman et al, BCONBzon050202

et al. 76 79 81 indicate that antibody bl ockade of

CD40 is a potentially effecti treatment of MS.

I mportantly, the ch5D12 Mab h no apparent side

effects in the marnoset EAE nodel nor in other primte

%ﬁ! 65AR{no Hofa géhgbﬁbf fld J%&Q’l reghid R it Vé’l{ge'red and
0 ant1 body was nonstrate n pl acebo-control

dekpearimmed ¥ regionooEFB120del s i n marnosets, nanel y

i nduced vvith human nmyelin 79 or rhMOG 81. In

addi ti on "t Hart et al have shown an inhibitory effect

I éuxaem7| 91%6@!9@’1% Ee%%ﬁﬁm{? %c?i {Igﬁgé (%@E KQSA E16Q,

sions /6. Psoriaslis 1's an

TS, 1201118 78,294 511, NMASLPSHS6ONSN). T68S, tSﬂS‘F @rﬁiemeBS)Tof
cel 's and kerati nocyt es in the lesions are activated

dgig muapised ém& qunamwghstmnwr@m sMuRe seaugnce (ch5D12)

%@ﬁﬁ@ |sth ht tha costinul atory
dsirmBuistdandpencs (NBIERE "and T ael | &

interact with each other and that these interactions

contribute to disease activity o -no e such set of
Frghiec 8] FAQfgnalysBDAsing Wi odlls. PER iGeead beupsrnatant of e

tﬁ%ﬁ%ﬁﬂ% st PRt s E R EARR B B, pas,
é%éwsf@,gfrgﬁese Fgg%[ajmﬁﬂ S 51992 kel 4 ReeHdESTter 48h.

rmy fe gase anmmat ory nedi ators
Ad@intaslealse snpermstanb dancleaivesisboof eilscrhesfectres. with4dther

CD154, and CD40-CD154 interactions have re bee
qhémle‘%/@aDﬁEl-‘Z@gqt@ﬁéavlkléﬁapﬁwéﬁl‘ég Cg‘x&‘)eé%sml

tg?n%b%%?isgezl)%ng@@e% g%%g?gsesgFl%ﬁtm:%ése?%\ggtgétgdlﬂygflk@@usmg

Jeedld tneyheswittehgfillatnha Iaq‘c:%éﬂedl@@mwmcambody (1/100
t hr oughout this paper . )
diluted). As FACS control JY cells were incubated with only the secondary

FITC labelled antibody.

Figure 9. Alignment of the additional V-L-I variants on positions 29 and 37
(291-37V, 29V-371, 291-37L, 29V-37V, 29L-37L, 29V-37L, 29L-37V) of
deimmunised 5D12 VH compared with the parent chimeric sequence (ch5D12),
the fully deimmunised sequence (DI5D12; 291-37I) and PG102 (29L-371)

Figure 10. Distribution of antibody productivity for GS-CHO cell lines
producing the PG102 antibody and ‘overgrown’ 24-well plate cultures. Number
of cell lines is plotted on the X-axis, antibody concentration ranges are plotted
on the Y-axis (antibody concentration ranges are distributed in ascending

groups starting at 0-25 ug/ml).
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with CD154 results in up-regulation of | CAM and
i ncreased production of cytokines 112-114 So far, only

woo@nzgsest has appeared that inplicates this PCTAL2W0N050202

in the pathogenesis of psoriasis 113. The cell types
that express CD40 in psoriatig,|esions were not
identified in the latter study and their incidence and
| esi onal status were not described. The presence of

4+1 T ' j |
I‘g%xga 11, G%{S}? a*ﬂ a%ﬂfoﬂgtd&ﬂkﬁgaﬁﬂﬁﬁ‘g’t@ﬁle% 8P c8®lines A) L107

remai Ns u er CD154 acts
B0 m@ phnthHeB3 L@BADCE; anidile gaatl) and) Mﬁ&ﬂbﬁapy)m panel) in

of chemoki nes an r@l enent, which are found in
Adakdaiedebatgh ﬁ%’@iﬁ 818ns 115. Pasch et al
recently denonstrated the presence and | ocalization of

CD40+ and CD154+ cells by imunohi stochem stry in

Rigaton2) Cainghamizon!Fshe bahdislg of FG 002 Eed) Msdchabilg (PG100)(blue)
patients 11 | ncreased positivity for CD40 was

asHSweinl torCBU0smunebidised af & diffszgatelovelsnd hi gh

expression of CD40 was shown on al nost all CDI a+

Langerhans cells in normal, non-lesional, and |esional

HRLAST 81 EnhibftiGef Cmm mwmnawg e&gyca@n@fexg@é&mgauman CD40

present on alnost all CD83+ cellsS inpsoriatic |esions;
hyhahe wenti-idiotypy HH‘dn 178-861k. | Astio6B40amiAhsr ware sag@sayed at a

116. A | t f T cells showed
KA TR AU e —

kiR L SR SRHIBUET, {1° a0 ker at | nocyt es.

Langer hans cells, and CD83+ dendritic cells, and
reI ease nediators fromthemin the | esi

Eigure i1dn CR4H:Fcdehibv Caneantraidencoladed %gla@%r’cﬁﬁﬂ ¢hiRRLE (PG100)

f ch
SRETSERS pin RIS i s o VR RBfnight with 250 ngf
shawad orid- FeherkdP4Qotypb at&stroElBABe HFWNeL Chendikéated agalnst

IL-8, MCP-1 and to a | esser extent of RANTES was
hwhiabi EB86bPath indinategorhst &eamepncalin=3).

Figure 15. FACS quantification of anti-CD40 mAb binding to JY cells. ch5D12
(PG100) and PG102 displayed comparable half-maximal binding

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
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



anti body 5D12 116. These data suggest that antagoni st

anti-CD40 mAb 5D12 nay at |east in part have an effect
wo@eorhzesphf | anmat i on seen in psoriatic | esi oNSPCT/NL2007/050202

US2003/ 0165499 di scl oses a neasurabl e anti-psoriatic

effect of the 5D12 and ot her tagoni stic anti-CD40

anti bodies in a SCl D nouse xenhogenei c transpl ant nodel

systemthat is used as a nodel for psoriasis

. " C o i _
S er RrbCeL 00! pO7 RRESISLE 1N GY 2pertively: Date
iAdichte apeant + s.echieaat ofof s@hrAate pxpdiments.vi vo syst em

was denonstrated In a particularly preferred

enbodi nent sai d autoi nmune and/or an inflammatory

di sorder_conprises_inflammatory bowel disease. |n

Figurab7. Inhibgioneef Hafigelensatbyal HEe1 sells pler sowndtvgn wish

d . Cdaing | b | di '

5 JRRA} Pt MRS GiRd pudd wRAB RO e o2t ated with
Juelht cdlds id tiuSpretetde 8PMPeadinRoMBSRIrh616n8eRHDIRNBG10) or
the invention 1s suited for treatnent of diverse

RGh102: e BB wdileanedizom, THRe] gellngnduced hynbindidigsefrbmkat cells
a graft..rej ecl. refore, the.inv L, oNn.in on
Bt Teae HShuBLnaRE: Rag wensuRaiDef oA oDhta Hificate the
P Of si 'Fﬁggﬂ di sorder and/or an
r?%@?annaggﬁggg?gggier aﬁd/or for reducing graft
10 rejection. In afurther enbodi nent the invention
)rovi des_use .of a polypeptide _according,.to
HigvendBoNudkis al ﬁad@dawoa%@érsmﬁsn%gf A8 fgﬁﬁeﬁﬁil%,heavy and
tbody according to the invention, a nucleic acid
1%%%3?%#&@ to the invention and/or a cell according to
the invention for the manufacture of a nedi canent for

aneliorating a synptom of an aut oi nmune di sorder
and/or an inflamatory
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di sorder and/or for reducing graft rejection.

Aneliorating a synptomas used in the invention is
waledornzadoms anel i orating at | east one synpt om BET/AL2007/050202

di sorder at least partially. The invention is of

specific interest for autoinn$§e and/ or inflammatory

di sorders for which at present“no efficient treatnent

exi sts. Exanples of these disorders are rheunatoid
Eﬁéﬁil&és’ systemic |upus erythematosus, multiple

S, psoriasis, inflammtory bowel disease,

bul | ous penphi goi des and atopic dermatitis.

Apol ypeptide according to the invention, optionally
8 in a binding body or a cell of the invention

and/ or encoded by a nucleic acid of the invention, is
specifically suited for aneliorating a synptomof an
MuteRidlpune megigds | nfl ammat ory di sorder as defined
properties of a pol ypeptide according to the invention
allow for interfering wwth a CD40-CD40L pathway in a

ific nnet. . F r.nmor e ' .2 biindi : '

i5BBGn FOVEs hestt hRDSRETof rdiEishs YRHREaRRMYgig of Crobn's
ﬁs&dse%ﬂﬁrﬁﬁ@ybfmbmgm,t énddeopR\RHiklogisabswdente, and with
for a sustained period of tine and thus shows its
sabtratyusDiseapeadctivity yndex {CPAI) senrefodat deasdrdAdentznetemore

eri f tij;te. Therefor.e, the jnyention.in,o
ts . ﬁ?re&r(b\(ﬁrdﬁga%s. H)élgr Bc[) s’g.ldr}ro %%z?%%mg%aggc}rgiv%re selected
the sty 1d2Y&bh OGub c% WEHFHREY 166896 TheFollGvirtetreatments
I'nvent’ion, an anti'body according to the invention, a
befetecind dorihgadrostdidggntesatameitertreatment foxd or mwre avdeks with

q}éﬁf@%@%ﬁg&“&#@@ Eho, waeks REEmaree Rt SR of 30

| SQr . i i

e3P i SRt B0 (O BEbUALLBNABE: BAFY B 4 0 more ook,
I/ 10l dk Geifihaimedabley 2 ¢ disdriforesscredenpethdreaptophieine or

group of rheumatoid arthritis, system c |uypus
aaaa}hﬁmm

eoforst orapore @p@x@1§|vgitb§h 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
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
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

the highest CDAI score at baseline. This study was approved by the Medical
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psoriasis, inflammatory bowel disease, bullous

penphi goi des and atopic dermatitis.Brief description
w@boorhzosels awi ngs Figure 1. ch5D12 serum concenPCENLZNN7/050202

after single admnistration at day 0 at the four dose

| evel s as indicated by the swgpols Val ues are given

as ng ch5D12/ nm serum and were determ ned by

enzyme- | i nked i mmunosor bent assay as detailed in

RAE t
ERLal Boarly bF Tee (ARRAR, FReplalil uibsamagde; Latde,
Unlibéxsztyi Miediéad iCentbr, Bliaetharlands, Medediwischd Klprkj Kiel,

that ch5D 2 | evel s exceed e 10 rrg/ ncentr t| on
Gezmany, apdrigdaesaty Medice %elf oI%BSftﬁ‘énb sgaqlAliagients gave

. el in primates. 24-27 In the 0.3
uﬁﬂﬁ%@%ﬁ?géo&?ﬁf‘sfe}#@ﬂ%mﬁ vel s never exceeded the 10 ny/nL
level . Figure 3. Histological disease activity scores
at d\% 0 and day 28. Maxinum activity score is 16 and
Shedy Gbgnwuiér@mepépf@m?ﬁ!d according to Ref.40
Sanples fromthe il eum (di anonds) from ni ne subjects
and sanples fromthe colon (squares) from 11 subjects

cH8DA 298 hahbBRZuddrlf ¥ gthedPEd ﬂ@&‘n:ﬁ?l@@@ ah@ﬂdd)ﬂsrscoﬁt;ﬁmng the
presented per dose |evel of ch5D12 [ / kg

vablabld dommmk gf thechead, andrfighd chaths( @f)l\?/lab(ji]bl%gak@]t version.

Thifi N Bis BPeREPEY T PuEade IODERRE TR0 B ibonize

?(?‘%e%a@%i\%%ﬂﬁ%f 'Héﬁ G- 2N REDY B&vas adrrr]umstrated in an

mmat ory response es were stained wt
opéhllbb@ll, emgl@dom;imhltg—caﬂlﬂre'friaﬂnsthdymgeﬁ)qrcdmy le®ls. There
cell s (CD19), .macrpophages (CD68) and il (i
e dive wje@}s igpachir et grouRexsABHior the ﬁnaﬁ ose cohort in

%%‘nﬁ rtfil}é &%Qcts qz)ere %@roﬁ@&.r@ltn%)fé/ hiRiifRtdtion at dose levels of
0.3, 1.0, 3.0, and 10.0 mg/kg of ch5D12 was done intravenously. After

completing recruitment into one dose group, recruitment into the next group
was only started when safety had been established at the current dose level.
Clinical disease activity was assessed at each visit weekly for the first 28-day
period and a subsequent last visit at day 56. Two subjects (3.0 mg/kg dose
cohort) withdrew from the study after the day 28 assessments but their data
are included in the evaluation. Subjects were to remain stable on the same
dose of their current medication during the course of the study. No un-allowed
concomitant medication was used during the study. Response to ch5D12
treatment was defined as a decrease in CDAI of >100 points and clinical
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

histopathology and immunohistochemistry. Safety evaluations included
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Figure 5. Consensus DNA and deduced am no acid
sequence of the murine 5D12 VH and VL region. Figure 6.

wa\ona2eei d conpari son of murine V regi ons w tPCT/NL2007/050202

veneered and dei mmuni sed V regions of 5D12. Figure 7.
Alignment of the 12 tested ang o acid variants ((BE,
K13A, E16Q T17S, 129L, 137V, PA5L, MA8L, STS60NSA,
T68S, S79F, and T108S) of dei muni sed 5D12 VH conpared

. . e h .
Aiybal eaahdtin unLd Bl smOSphANERIR o
haginrgolbgycald srinalRiSbinchidinguaetirdsDINA, pANGA, and human anti-

transj ent _expressed varjants K13A, . E16Q, T1/7S,
chsmeric |mmo®4@@0&asxai®r@@@(r\&\%¢e@@:e @ﬁgﬁgl by enzyme-

. . ol
RS ursihbeBRalR YEELSR) & LRIati nf R ROTLD
with either ch5D12 or DI5D12 together w th supernatant
fromnock (no plasmd) transfected cells. Binding of

éirasi bodi es was tested by FACS using JY cells
together with anti-human FI TC | abel | ed secondary
anti body (1/100 diluted). As FACS control JY cells
SR boYiceRdFATonY ScHBI) 12 Waee decrndaell byl ELISAke! drediously
anti body. Figure 9. Alignnent of the additional_ V-L-|
deactibedX. o debsrininercoaz@goefdCB20 bysthe3njected vh3P12, blood was

St s oot ot el e 0 Bl o
SERLEIOF LSV e PR g

(Py&iphdyrbp ONyoémad} RbskildeyMdehmbik) 41yd 560 088-eHo wealel stained
withaIC-bslledcahaloy b snd i etieg anti-CfE [€oton- Dickinson,

' @?gh%ﬁ%t?%y, EA XURA) S ddchBREDA 52 NCik 38 d A8R ¥R kground

control for 5D12-FITC binding, a separate tube of PBMC was stained only with
PerCP-labelled anti-CD20 antibody. Unbound antibodies were washed away,
and cells were analysed using a flow cytometer (FACSort; Becton-Dickinson).
Acquisition of events was conducted by gating and acquiring CD20-expressing
cells for a total of 5000 events. If the number of CD20-expressing cells was
lower for a sample set, care was taken to acquire the same number of events in

both the unstained and stained preparation.
Histology and immunohistochemistry

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.

Samples were stored at —80 °C until further use. Formalin fixed samples were
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on the Y-axis (antibody concentration ranges are
distributed in ascending groups starting at 0-25

waiguon1)98p3 gure 11. Growt h and anti body accunul BCT/8D2007/050202

profiles for cell lines A) L107 (DA ; top panel), B)
L25 (DC2; m ddle panel) and 6l\/95 (DC3; | ower panel)
i n CDACF fed-batch shake flask culture. Figure 12.
Conparison of the binding of PGLO2(red) and ch5D12

FEHIE) 1 e S, A R gord e
apidstainged withvhaehhsoxgtin 25d Iengnhﬂ”‘hnrseaﬁéﬁs mere lamalysed using a
anti-idiotype mAb 173-36-1. Anti-CD4

Lestza\Vegzlar Thiceonsenn{Matrlor, Germapy). i) t@f)ﬁ}w W egierial
s§§$$% ng cac] S%Qne&f Py e%ﬁlﬁé&k%ﬁfr&mgéﬁﬁeg RerE/EN for

1§ﬁﬂﬁﬁﬂhi’sﬁ(§d}fé&m’c§1 ah £ sl Rdiicly wels peirfiah2ed BSINQC) panel of Mabs to
PGLO02 to human CD40-Fc. Pl ates were coated overni ght

asseds theopregente oldidferapuenimets shiymehbegytes asdt rol  mAb,

rflzfggq%%gls/ g{a%ﬁg[gmaggreﬁ‘hﬁg%n ?ba&%&lﬁx@ VesESRLE against

|
M5 SR A ARGl iy ploebt o ryosa

slaatlbnmﬁimerhbvdmmglhhgt oane dempatratoe, amhdixedtin-abegbite acetone
chF I d bi.nd |1
fax, *’,aermwe Resbygenpq Dgs e ipeubiis dot Fo e wighiie ftbwing

Ndf% Pt C n

?I cat3 e(mﬁ]teerﬁrg }%‘Igtl i gfnlg E@%‘?u%@c ant IGLIQ%;'HB 3 El?rgark CcD4

(FM?EJ(MT?){O af/ 16 d8tdn] PaKG), OB foidn&QULB, F]EZ(}) idilaiitiog) (Dako),
0 cells

aeadanesHu%%iVéiﬁﬁ%Sdeﬁg%z 141 fon &h&%@f%@umm
LG RSP P . 0 e
(@HHO@,OQD IBKQBB'nbeMQQ?HVﬂDGMutlon) (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
(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% H20q, resulting in a bright-red immunoreactive site. Afterwards,
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 I1gG (vimentin;

Dako).
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bi ndi ng was determ ned as nmean fl uorescence intensity
(MFI) by flow cytonetry. Maxi mal M-I for ch5D12

W@ R@7/@IBPE and PGLO2PE bi ndi ng was369 f | uor escRCiNL2007/050202
units (A) and 305 fluorescence units (B),
respectively. Data indicate n mean of 4
separate experinments. Fi guren??1 I nh| b| tion of IL-8
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bty o8l G4 Y| R W0, o sl gulysed by
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s@@t16n§ QIFERESH FhalgBed @Gam%m@hmm byl 1508¥ts of biopsies,

chai n. Exanpl es Exanple 1 Materials and net hods
;asgnv@lmtamlung cellp] Jvme soyndem kighrpovosr figlds (magnification x40).
| di agnosi s of ohn' I Sea co flr b

f%ﬁsﬁ%gwe%ﬁ SRnccortpedp the Bighay AeRte A gEiha gefly. The
Pef"wgscé}g) sdddSHO8 Pe %Dﬁéétdté(gé ¥f tKestal E'Qﬁiﬁeriﬁ' MWSdHuclear
east 2 ut not re than 450 (scored over 7 days

(mlﬂlsgh the stt(uﬂy Thesp ednitaivedreatsedripr vlee eowre@n@d of ascoring

study i si Subj.ect s were. al l.owed. t.o haye

LB @rekl)ffetg*@ﬁem@%? the Desitiew; Seiing e d‘gﬂs “subdivided

\t_ment 8, pr '

PE R B bUER T a R AR R LA AF Qe gPA,

OBsHOD ¥+ 28ad f@@$+ ¢ar bathadhiedtaim saingecoloiays ¢0The nogmal value

budesoni de per day) for 8 or m)re weeks, with the dose

fOErEHM(i)‘h@ndt@EIl’é‘lt cebersnegdtdye(Her eeni ng;

mer capt opurine or azathioprine for 4 or nore nonths

with the dose remaining stable for 8 weeks

Immunologic safety parameters

To assess any non-specific immunosuppression by ch5D12, proliferation of
peripheral blood T cells in responsek to the phytohemagglutinin mitogen (PHA)
was evaluated. PHA stimulation (1 pg/mL) was performed on isolated PBMC
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
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
cells and B cells within the lymphocytic population, whereas, CD4 and CD8
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bef ore screening. Subjects could not have received

treatnment with cyclosporin A or nethotrexate within 3
worenrhsshef ore screeni ng nor were they al |l owedP¢DNDhzw®050202

prior exposure to treatnent with Mabs. The average age

of all subjects enrolled was .8 years of whom seven

were nmales and 11 were fermal esT Al subjects were of

Caucasian ethnicity. No apparent differences between

. . . t Anclnsi )

o0 R0 Sen bl B BereiiRts RECTAGIR Oy o1 2 hubRoStic
pbpukitidr) ie shdeneags pupentige obilor tdtyl 6D45hesoaulbfient s

were fermal es, while the highest dose group (10.0

ng/ kg) consisted of only mal e subjects. There were no
Iﬁ@&ﬁ?le di fferences between the four cohorts with

d to baseline electrocardi ogram (ECG, vita

signs, physical exam nations, history of Crohn's

di sease _signs and synptons, and baseline | aboratory
Rpgirgercokimedics were no significant differences

regardi ng baseline characteristics anongst the four

dose cohorts. The highest dose cohort however al so
THOMREn e ke 9ER I BN 258061€a 8ind)a$ 9! irjectidi wers dasy-

was approved by the Medical Ethical Boards of The
dependest ayd Hoseprepartiosal ERiguie|1yi After R4ild@pproximately 50% of

ni ver si.t [ nt.er. e t.her| ands .
B A AP KE CRY Gt delBriii/ sora o ot Bighest three dose
SR o B B, r Béh{ BNESu@R Weter 24 h,
Cpﬁ%‘réhgo cong'egnrtn\é?%g? e&g]’t ?Jrg?/ .18%% uwda3%| I;drgsi gn and o
Rroaahordtupantprimhte bidies, isst d26rof 8¢l days/hanbeereealedlated??

human | gG4 anti body. cont ai ni.ng the, varjabl e domains
W]h‘@hﬁ’ié%ﬁ/‘}mbfﬁanﬁg gmthe syrrent FUmen %EQbBH}PzW{e Gpatingpt CD40 on

p%%]'(ﬁ}e'}'/gpb{b%a BEEfs @%%@bﬁéa%‘%@g ng%l%ﬁ“u%ﬁfdm3 Ge/kg as

0 antagoni'ze I'vation of various
FeebhARRAby aAFRIMveREmpeitiursissaaksing FTGhdelledwbbD12 (not
single dose, nulti-centre trial, studying f%yr dose v
shovat)s Forrtlae .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

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%)
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

anova showed a statistically significant decrease in CDAI over the 56-day
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were five subjects in each treatnment group except for

the final dose cohort in which only three subjects
wowrre/ 129390l | ed. Single adm nistration at dose PewsLz00D50202

0.3, 1.0, 3.0, and 10.0 ng/ kg of ch5D12 was done

i ntravenously. After conpleti gg recruitnment into one

dose group, recruitnent into e next group was only

started when safety had been established at the

BUEKERorI98T0d B! 0.06h]. Mikalieed (Rt

Oassgssé)éld‘gt %aglﬁ v(? gﬂl} \I:l;eek liﬂ?%?&tsﬁz fi ?lsﬂtHéIZcé)- gtf was not
s@lggsiﬂ@hlhn?igmw/ Eﬁlﬂﬂjﬂd in kalsértyi3sind 4f CODBISHGuldbe evaluated (as

subj ects .0 g dose cohort) withdrew fromth
endegpPaTWas Pﬁh@r@&a inprdy $hreguHigctsgn Cl"i\}/@ﬂr 1 aafia‘l%a% cohort 3,

i ncl d.in_th I i.Qn. Leet . j
PR RS B A BB 1p TUVREE PhERES oA bwo of three

SiBjdAghble dauiease. HerhAmifik sdljectiinithedkl tipebhorts showed no
concom tant nedi cati on was used during the study.

cResgeifset showhbD12 treatment was defined as a decrease
in CDAI of >100 points and clinical disease rem ssion
was denned as a CDAl of <150 (total score) and a

HReseeREI ehakE¥y of at least 100. Al subjects who
underwent an endoscopy at screening and at day 28 (n =
11) were analysed for a decrease in their Crohn's

Di sease.Endqgscopi ¢ | ndex .of Severjt S) scaori. .
RRe e i TIr o8 HEPE DARER® FYash kel & E1TPab Efele Hvestigator
e b G S g
Evahsaissorats petfotmdiyshiopby exsteriadshowss cleat ahfluence of
signs, ECG and | aboratory data (ghem stry,
trealvaeRl VBN AHATASCOPISI AFtivaty er@euf}ﬁ@?g%e Ay el soipen the

R N S AR
I mmunosor bent assay (ELISA) as explained in Ref. (27).

Phar macoki neti cs Serum concentrations of ch5D 2 were .
B¢ change froby the bazelimne i day 86 5}11§topathology activity score is shown

in Figure 3. Samples from the ileum of nine patients and samples from the
colon of 11 patients at day O were available. In four cases, the ileum was not
involved at screening while five patients had active ileal disease. The mean
histology score at day O for those with active disease was 4.6 (range 3-7). The
mean histology score for the five patients decreased to 1.0 (range 0-3) at day
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-
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

cohorts (panels b-d), either the ileum or colon or both decreased in the activity
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descri bed27. To determ ne coating of CD40 by the

i njected ch5D12, bl ood was collected in heparin tubes
waem7dedses ed twofold in PBS. Peripheral bl ood PCT/NL2007/050202

nononucl ear cells (PBMC) were isolated by gradient

centrifugation (Lynphoprep, I\M onmed, Roskil de,

Denmar k) and 500 000 cells werée stained with

FI TC-| abel | ed ch5D12 and Per CP-I abel | ed anti - CD20
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SoHBB HIOGH TRV iea s Ay D alpwosk PPl Pengraphil activity
t@@ﬁ% g)%ﬁ% Hﬁ%t%&ﬁﬁﬂ Y GXPO gﬁ{ ﬁfes%ﬁ@‘%? Lir b10ps1es td ?g 38.

cquisi even g asPeend
by gating and acquiring CD20-expressing cells for a
total of 5000 events. If the nunber of CD20-expressing
Teassesaaghithgells mere &awﬁgd bY%ﬁatn@@iteW%&lsChﬂR afplmmuno-
chbre .t he S nber_Q 41 ' " ilable bi
iR b it LA GRS ST B PPytdR0) bat e, pepilable biopsies
ds'i'Hg' MO&i1FtEPBECDE 4¥d WIF®)Sald BLRESI(I19y farkéRUMBAd

col on_obt ai ned during i1 eéocol onoscopy prior to
mhaemphage mwkta'}((ﬂ)ﬁﬂ)dReau]dayrQ Bistad i Rabkleah e geduction was

ohRar ot T abin g Ousth e RuPEt e per cohorts
c&'&?@isreﬁé?xmrﬁtfgh% §ob§_e§‘l$e@ Pid m%biésrﬂo&eﬂﬁé‘aﬂé\hﬁraﬁ;)basehne

conpoun oratories Naper vi |
theré wgisi <h mdreagenCO3o ’Edellsnmhémnesmﬁnphesam én the colon,
stored at. -80 OC until further use. Formalin_fixe

amsreasefCBIRIuT icAl mpiphe AR prasatdasenT ofil i‘,é)atlents all of
‘V\ﬁ? E?]lnglrlétd e{cq v%kd1§8 dst | 350 ﬁ,ﬁh?gtgg)%&egt %lwg G 54, hB¥D 3+ T-cell

oxy I'nN and eosl n. ons

RAnab¥ESHad Slofth adizb@iih 2 1MeGZ 686 patiehDdaodes pHéient ¢iatient 001
Germany) A total of four sem -serial sections for each

lowest éomegmtmm 3 malke)Tiere mopen petsiptead (Bt calldgeregse 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+.

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

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

available and in four of 11 samples from the colon. Again all increases had
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i mmunohi st ochem cal anal ysis, which was perforned

usi ng a panel of Mabs to assess the presence of
waledo7azesm subsets of | ynphocytes and PCT/NL2007/050202

nonocyt es/ macr ophages. The panel was conpleted with

Mabs directed agai nst CD40 ang, CD4A0L.

| mmunohi st ochem cal staining s perforned on cryostat

sections, dried overnight at roomtenperature, and

nolldﬁ%‘iilz'eﬂ oRPEH) Yk et gt ?dgforgeofom; Lol %hd?ﬁ gg%’l@h@ttﬁgt remained

Were I’ncubat e mn wt | 'ow ng

higlh $or C]IBS&Qhonecyth@rﬁ'd:r,ophhg@ celll$ in tlmmicol()ﬁaksample and even an
Qd ostr up, Denmar k) (clone: MI310 di |.uti.on)
inexgreg in theilear b#@syaahwny thgs gatignt & S(t Rehive grspgse at day

cl one: HD37, 1/30 dilution) (Dako), CD40 (clone:

D12, 1/100 dilution) (PanCenetics, Ansterdam The
Net her | ands), CD68 (clone: Kpl, 1/50 dilution) (Dako),
CD154 (clone: MO, 1/10 dilutio (Serotec, Oxford,
Rigyre Ztrsbosr@a@pd@ﬁeptmbe rasplen @gﬁh@- degpeasecef all three major cell

t5Be (EReTS  Setaane Binodsd prasnon §hast B in RSB binpsios of
p%%{e‘?fﬁ'(ﬁalsﬁctﬁﬁ?técgf@ MR @lSfic Hi%éti@é Wg&ﬁieﬁ'@@i@(@twﬁy score:

sol ution containing 0.3% (v/v) 0O mn. After
12 be foreachibdx] 2 diniBBE;atidneamd lad iday$A8oafter ch5D12 administration.
per oxi dase-| abel | ed conpl ex (Dako) was added. In
bet ween the incubations, the sections were washed in
§(§9@phate buffered saline at pH 7 for 15 mn. The

tion product was visualized by incubating the
section for 10 mn in 0.05 macetate buffer at pH 4.9,

cont ai ni ng 05% 3 am_no- 9- et hyl - I J
%léubwctmﬁxdm’;f P Ehecstost auge:ég@i farge bients (k) with the
Ig,Fl;, ?@?‘85 £ n%e%ngg{ljfrl] (%(feﬁaélg ff%%%&gs? A& aluation of AEs
J&@ﬁﬁ‘ih@’é&f'ﬁf’)% of tKéSﬁﬁal/\hhhlbéIrSif AR etbvwalat tlﬁmdloat common AEs

cover-slip was applied with glycerol. Controls, which

Inang poegab; eethralgie m@bglgfawﬁ@aﬁwoﬁrmraam pefRIEyInE
(raqggrgt ga{ﬁ/ :':1\?l asekl e}/ and %lurmg the follow-up period, decreased in

frequency over the course of the follow-up period. Flu-like symptoms and

pruritic rashes occurred in four subjects, of whom only one subject experienced

a moderate 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
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 meg/kg; two Crohn's disease aggravated, 1.0 and 3.0 mg/kg

subjects; and one abdominal pain aggravated in a 3.0 mg/kg subject). Two of
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chronogen al one, and use of irrel evant isotype-matched

mouse 1gG (vinentin; Dako).Paraffin sections stained
wowdoh/1tmesat oxyl i n and eosin, were all anal ysepChyL2d0&050202

sanme pathologist (K. G) blinded for the origin of the

sanpl es. Disease activity was stessed using a

hi stol ogi cal numeri cal score46 of which the nmaxi mum

activity corresponded to 16. The i mrunohi stochem cally
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TP g Sond BEHCHTer Rl AP hofuallpg ABBRER St diug or dose
repfigfruction of a scoring systemwhereby the intensity

of the positively staining cells was subdivided into
four categories: - , +/-, + and ++. The normal val ue

for +.. 1. CD8+, 19+ and CD68+ for both the
fmwﬁ?&%ff%%ﬁyi@r@m € normal val ue for CD40+ and
CD154+ cells is negative (-). Imunol ogic safety

paranmeters To assess any non-specific
Asreh5D 32 iphidts BreeHyaotivabibd, inpvibid, fteved tiimamunéglobulin levels were

BBl R 190 o B SRR Bl o o
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anti - 9- PE, anti

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
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
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

have mounted an anti-ch5D12 response, although the signal was very low and
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CD45- Per CP, anti-CD45-FI TC, anti-CD4-PE, anti-CD8-PE
and anti-CD 4-PE. The stained cells were then anal ysed
WO 200a/1298@Scan fl ow cytoneter (Becton- Di cki nsoPQT/NILE0%/050202

protocol was conducted to calculate the ratio of CD4+

to CD8+ cells and to determ nEBthe proportion of B

cells wthin the | ynphocytic popul ati on. The

per cent Iages reported for CD3 and CD19 were percentages
By BT n e R oo VERGRE U LGs petieptln the
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24 h, approximately 50% of the adm nistrated ch5D 2
coul d be detected in serumin the highest three dose
Puoiewssien For the 0.3 ng/ kg cohort, only 15% was
present in serumafter 24 h. From non-human primate
studies, a tl/26 of 8-10 days has been cal cul ated 27

IWhedop@s 1000 il deyrd $1alC Biureddsebva18 ol @hBD12 were
Conpl ete coating of CD40 on peripheral blood B cells

adasinistra techicesdgjedty with medereteoto sfveye Cunohnigydigease. Eighteen
deternmined b n, ex. Viyo ¢ ti.tio SS usi n
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levels inglaséd dose dgpendentishand phe loug sewme dsdfilifeotintavas
weeks. This indicates thag7 in the, | owest dose gr ug,

t’]gn study
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i S : .
AR AT A SO bn
B5DUZ; &h the abess®sof 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,
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
no 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.
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The anal ysis of CDAl evolution indicates that 13 of 18
subjects (72% experienced a favourabl e response after

wo be7atBBE 2 i nfusion. Simlarly, four of 18 sub¢ENLH07/050202

(229% experienced a rem ssion during that period. Wen
eval uated at day 21, a favourlﬂwl e response was
recorded in 10 of 18 subj ects. " Cohorts 2 and 4 showed
the | argest nmean decrease in CDAlI, and no clear

A%’:ﬂﬁl&?f HR6h fl%h@é WeRSi ﬁié@ﬁ%&%ﬂtﬁcﬁﬂﬁﬁantﬁﬁﬂﬁs in the

post oc repeat ed neasure anova showed
carm@nit study)| the lsvglsldf IHACA aetibedise remaiiv velwe}ow aed were only
56- dayobservati on peri (P <.0.001).,. Th dlff

dBEachable AHEETY JABISLEuT Hﬂepngtlétrpgwem egstah lished iy hether
a% Xhélﬂlﬁ ?L&o&%ﬁ fv‘fﬁlq)ed'det(tg’al%eI(ilsin {(w Ig d{f@g ed (as

endoscop rmed 1 n S’in
cohort 1 and 2) In cohort 3, two of flve subj ects had
a decrease in CDEIS, whereas in cohort 4, two of three

Thisteisl tenresentsdderiiess adnrapsiration of apticeD40 Maprigggeneral and

h
o KRB 38 S e e o ARR o bR S S e SR DRy BRbiviey of
M#ab 54D ha@pﬁéﬁsﬁﬁylwéﬁsﬂoltaﬁieannﬁa{r& i HREl eRY S HAIILAN
of changes 1 n histopathol o and i mmunohi stocheni stry.

a‘ﬁmmnamswsamphahmnydm(ﬂbﬁ) piasted yn mearmoset raowkes.

ear. influ a t u t t
G el eb AL oS DR LRGP o e
%2} I henge
R S SR e e i R s
Inansarizasiontmwhfumhér devedopmesawpbEd 2f Thie Hibkegidad activity of
nine patients and %gfnpl s fromthe

Cbﬁﬂ lgnwas alsoo@gal@a amptgmoget E%‘(Ef o OLaéte@,ay o) @fter MOG-
Iﬁl enzt%i%ﬁlagg J (ﬂl(\flﬁ? e@ﬁt i e ngl_ﬁmlhgwfas\ﬁ%O% 50% of the

|ve | di'se an his o ogy
a&ﬁﬁfa@s Wte]réi Ek‘ﬂl@d becavdaagahvirt s!év@ﬁiﬂ;y vé BB adeleras dikease signs

vx(fegraeno serve in JllfeechSDm treated group24. Furthermore ch5D12 has shown
functional activity in a rhesus monkey renal transplantation model?5 and when
used as immune suppressive strategy to prevent immune responses against
adenoviral particles and their products?6. A tissue cross-reactivity study on
human and cynomolgus tissues showed that ch5D12 bound to the cell surface
of B cells and DCs in lymphoid organs. No unexpected cross-reactivity was
observed on either human or cynomolgus tissues. A 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??. 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
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mean hi stol ogy score for the five patients decreased
to 1.0 (range 0-3) at day 28. In four of 11 patients,
wo bm7aziseh was not involved at day 0 and the cPCDNLZ007/050202
sanpl es fromthese patients remai ned nornmal at day 28.
In seven patients the col on V\Q% clearly involved wth
a nean histol ogy score at day of 4.5 (range 2- 12).
This decreased at day 28 to a nean score of 1.7 (range
nfivdus é}%tél'n i, & r&%ﬁ@@m@ﬂk’e?@tﬁfw%@ &he ;;‘BEQiIﬁEané’é/segé;ment
was el t’her O 1 ndicating a normal biropsy or 1
suppoxtat ifogther|devalopméecfounak inlpadiembi ties. In the
| onest dose cohort (panel a), the colonic score of one
subj ect decreased, but the other colonic scores in

Tl SpaHRB1STTBLD N IO bREpL ORI, BERDECRRtared in
afiinBEmddeds hb ayifoatisii €inieal Regbt ﬂﬁ‘@&'@ﬂﬁ@@hﬂ of ahhﬁlmmune

act|V|tyscore at day 28 after treatment with ch5D12.

e@swndvferaysw@q@@@pn irgiectiongt Potentagllyishe (dMQ-L T4

infrabtidh 8 Bty Chy St d iR HPAEEL Eoash a)t previous

sBhBE thalve qy&f‘s@dﬂﬁ?&ﬁ%hﬁmﬁ?@ﬂl&’ WwRichhig sléféc@ivelﬁéipressed on

neutrophils were not presen heir biopsies at day
az@ivatal Tsels andmlahelem $5 Neman digeakstudyes neagrananti- -human

e VRO R Ol ER AR alrrat&%zé‘r'ﬂﬁqaﬁ;gé’x?eégsugf s this
al_l'tf’@]]jliﬂ%b {§8n %kgrag%sc%g%rga fzbli Ig@@l%)hl Cfsextremely

a rmcrophage mar esul U's are

vﬂ’eﬂbtcﬁF&reb@tbﬁﬂ the iaei-Gaxl Sab§eibwady arogkalinkR EC]D 1154 be Fe-
| onest dose cohort while in all other cohorts
rgeciterseasuliingip the iformakion 9b blgodedlots: Rechatly afPl4swas

f&f)grrpeaqg é)iel con n%&tlg S}JIp;%SS 1&?}%{ gla\%’gl%tg an%{lﬁ&% %Ieo .

e Co

fﬁﬁcﬂﬂi‘&:ﬂ@}aﬁﬁ@o%’c uﬁlxﬁ bélu‘bl&ﬂ@@) 154ass griesens firplaoelet Qétwatlon
11 patients, al om al so had active di sease on

Theseistion hlagont eﬁgctsAhaﬂagsldmd xm@ctgw;ormf:@latelﬁmgp%
a(q%lggffrl]t%ht yogtﬁl(%mn of' antl-%lglp or gnh- 4() Mabs‘BI WeE f%%ed the

non-stimulatory characteristics of ch5D12 also in experiments with human

platelets, as addition of ch5D12 to prestimulated platelets using sub-optimal
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
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.
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| onest dose group; 0.3 ng/kg) there was a persi stent

CD3+ cell increase in the ileumand colon, in parallel
wowrdoh/1pssi stent i nfl ammatory activity and PCT/NL2007/050202

granul omat ous i nflammati on on routine histol ogy. The

CD4+ and CD8+ cells foll owed simlar pattern as

CD3+. The pattern for the CD1316 B cells was conparabl e

with that observed for the T cells. At day 0, there

méo?n 1SR %ﬁjﬁ‘lsqgr%}?%alséd oﬁa%e)in% 5‘116'?1% Rékh ;t;ﬁ%o Hediated

eaI I OpsSI es e aval e an our

clingpdteamtiom TG]D}B@ teigkoringAhddens @iﬂokﬁieear&lmlw’rhohfnet dwer&ion by
cells _had normalized in all cases except for the one
mpacrephases ead NE, padeahoaces thpanigen presanting caprdtyoef the

e 2R S Bl S R TR AT RER v
$11938¢t10RNS §A &4STRE D BHIBHE aliRl dritakbnize VENPLa Bédietion which
patients of whomileal biopsies were available and in

mmdnuhtédlb'llssamphpertanb eytakine v Evohnigaliseaser. Heweeereglso a
had

R Pf 8{}%‘3}1 %[gﬁfgl?l%l? YE%‘%%%}SQ#CF)OOQ oy ¢ P29 are induced
PP e €-A Qﬁ&%h@ﬁéfbfe ¢R51 i@ nfigh waee%@ﬁpkﬁlﬁaﬁaamry

even an | e In t | eac bi opsy, showing this
maipleenES haeldditudﬂ tathd prevénsivasd BN FeapraBictieng leether the

Q cé;@o S eﬁé[p%%'fiﬁge ?-gpnlca:?qugcetghﬁ ggﬁcgrcg&ggmgf of:j1 a reduced
xnqu&)s%y (%fe%@?f :n%Q gl hcé%ekcﬁleé %\b&ﬁ’s’ gﬁlq'h]gom ‘gé:sbfgatmn

y Scor ée: I"opsi es

of patient 012 (activity score: 12) before ch5D12

adm ni stration and at day 28 after ch5D 2

Bhid Arsitinge-man se&yewyth\ﬁlmb? shows premiiag clingsal dsgefit in the

ud cause of er.se nt
% 6¥LF tog Sex10fig &dee tB el?‘ﬁxét %lc}(qlgﬁ )St\gﬁlt}%g thlﬁqoe needed to
S&YBlikh Yhe A0lee¥i@d bptint] ddkirf¥Scheme for ch5D12 in maintenance of
remissions and in the safety monitoring of multiple infusions. Obviously, '
therapeutic benefit by antagonizing CD40 will not be limited to Crohn's

disease and can potentially be extended to many other inflammatory disorders.

Example 2

Material and Methods
Generation of chimeric version of 5D12

Starting from the 5D12 hybridoma cell line the murine variable regions of
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 TC W
GG 38 and 5 GCA TGT ACT AGT AAT TTT TVT TGT CCA CYT TGGTGC T &
to amplify the VH region and using the oligo’s 5’CGA TAC GAS MTY CAG
CTG ACC CAG TCT CCA 3’ and 5GAC TCA TCT AGA TAC ACT CAT TCC
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occurring at >5% of the total nunber of AEs reveal ed

the nost comnmon AEs being pyrexia, arthralgia, nyalgia
waemhemeanche. Arthral gia, occurring frequent|RChaLEinoan50202

baseline and during the follow up period, decreased in

frequency over the course of e foll owup period.

Flu-1ike synptons and pruriticC rashes occurred in four

subj ects, of whom only one subject experienced a

TRESEA AGESTCHPG Y Y Eg?f lthe AT, BEgidh W G5 D92, Aft

adm n(?strati on (3.0 mg7l .f&()/eéﬁg%l ,glt helb?e I's no cl ggrsequence
athadgsis ehp onserfsas sequendasdbe thEV mégidng Wwerepdetzrndiaed.

exception of headache/ m graine.  Ther re six serious
Sithperruenty éIw & -resaens wese aeclpped i pgﬁﬁﬁ%%% (Marissemetal, J. of

u A 3 / t : i ;

VIEGH ROPR 1S 447 et the PR eenb 3o FUAES ot human
120d a@idehememt kappd tecok3tBudty KantarhoIdGy fhitaumigldbudin

Si x SAEs were considered possibly study drug related,
ezneewi@nplagmidconsi dered not related. Al but one

event were gastrointestinal events (two sub-ileus both
GéhelaB?me*mmi%&ba;s%o;ﬁbﬁsaqg aggravated, 1.0 and

3.0 ng/ kg subjects; and one ‘abdom nal pain aggravated

. - . : ; .

T oRleBathtith §U7 B3 iidn uothl, Aol PRAAMAER Do Rlzation
techidlogy sitlpint thet Vieegiond podengal B-celrepitoples kedry iflentified.

subj ect on the day of .infusion and anot her subject

Helper Tuerdbenisoprp omaprise phortprampsaa seauenensWihig proteins

adm ni stration),. e opser 1]

38R SSpRT 3 1B ARIG P HOBEKEMAR IR TG ST the T el
epopley tﬁ@rawﬂioa@sca&sn&t&@gz t1iggbP T @1 Bhelpl dndihid atidegent
invitro, total immunoglobulin |evels were determned
isnmduhogewmicity agaisstaib! HemHicativn was dene gsingReptide Threading.

T N SRR S—
the binding of peptides (small amino acid sequences) to 18 different human
MHC class II 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).

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
deimmunized VH and VL region were synthesized and recloned in the

pcDNA3002-hIgGs-kappa expression plasmid.

Site-Directed Mutagenests
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circulation we performed subset analysis of PBMC over
the course of the study. Percentages and absol ute

wovbarsdf CD3, CD4, CD8 and CD14 positive cePCHNMENW050202

not affected by ch5D12 adm nistration. Absolute counts
of circulating CD19+ B cells jfédansi ently decreased
shortly after ch5D12 adm ni stration and recovered to
their original values after ch5D12 had been cl eared

TorR%drB&hE IIﬁﬁﬁ Lég%?%ﬁ gﬁ?ﬂ‘”ﬁﬁe ViP réélHﬂ%f%%@?&mzed

treatnment wt cause a general | mMmune
pesDDRASG0A Uﬂ)l@%éﬁﬁtplaﬁﬁk@ths Ghdtledhahgey SitieaDirected Mutagenesis
time-points prior and after treatment were stinula

kfyof; Wamw waaMsqd ageqrding to theomapfactysers PH?F&P%’! n table 4

I
e PP PRSP RSN, pHRFR0ke R e
fillved B§ lancieBUnEhA thelsbAsdhhdiadtDsdefes @ meitd aiﬁtammg the
adm ni stration. The stinmul ation i ndex 1 nduced

desizad anvation. thy ehingaS0riegiaSyCy 8P isap b8 GuLe0h éeQ 6&°er? for 16
towards a decre aft 2t t det e

SR BE2 LHORANE RarPSieRSBLat Ty THB0 A BE mpehE S Ecos

wWiskeatabeatdd. trine ﬂdﬂlnhﬂ%‘éd ﬁmwpﬁmshﬁdtm@ aggé@tad using
the entire study. In the 3.0 ng/ kg cohort, one subject

Dyard, fwchicld onty tratsemethyla el ENﬁarﬁmbsehﬁmﬂyrtélsrRiﬁBemxture

al t hough .t he si gnal | ow,andcpul b
camaée%%th%nwég%fﬁmsmlédv Vazlgfoggr&sf w gﬁ{iﬁi’tge competent cells.

BT ivers b Dy 00, DAy ERATey Pl plaemid.

Atsédynd géw@fﬁemwirdem fdet sk @d genéfatinglabdititinal vaoiants of
Therefore, OQ?,YV two_subjects had a possjble i
pores?d apd

p.oe@ ianHoHh e sWbatH WOl ssﬂswt}lraqfsh related V or
n | abel e I
5T W AESONL ADG L g s it aPeloing the
o‘-h%’éﬁﬁ@le@h@.@é‘ a8 showerisesablié QhT%nmutagenesm rounds were required to
create double mutants (Table 7). Plasmids were used to transform XL1-blue

competent cells.
Expression in PER.C6™

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
replaced with 0.5 ml fresh medium. For each well 1 pg of plasmid DNA was
diluted into 50 pl of OPTI-MEM I, which was combined with equal volume
OPTI-MEM I containing 3 pl LipoFectAMINE 2000 (LF2000) reagent
(Invitrogen). Mixture was incubated for 20 min at room-temperature to allow
DNA-LF2000 reagent complexes to form. Subsequently the DNA-LF2000
reagent complexes (100 ul) were directly added to each well. The transfected
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subj ects were enrolled, with five subjects in each
treatnment group except for the final dose cohort in
wokioch2sm y t hree subjects were enrol |l ed. ch5DCT/SE200M50202
| evel s increased dose-dependently and the | ong serum
half-1ife that was observed iggcynorml gus nonkeys27
was confirmed in humans. Thi s"Study shows the
feasibility of antagoni zing CD40-nedi ated cel |
. 3 . o et N ; : .
D R e R e Ui o ciBatants
veatj sanilgzeak foerdmilocely exprkssional response and 22%
experienced a remni ssion during the study. These
results are prom sing; however the openl abel design

@fg he absence of a control group nmake it inpossible
O definitely attribute the observed changes to

admi ni stration of the study drug. However, we do have
several argunments in favour of anti-inflammtory

Bid amoust of kEPIessediansibody easmeapyral b arssadavich ELISA.
S . . ‘ _ .
1558 VR B MR el G B B VB oSAF8 ofP P € wich

FMec1bh ST 2356 &R hn B ARUIRCH | FecREe T091005-088) dideted 1/1000 in
one on biopsies, show that ch5D12 reduces

PBS (260rpd/wrafl) adfev blocking sutlo B contaiming) h0HeI'ween and 1%
I dose cohort no cl ear C obseryed. Subj.ects
BIA; Alen S mgrcEe ey DS 0 TR eR o Sisse R G e
H . r . . - - - - t 0 / 1
R L L

906 $n atipha S hplesWeramsiantrehipiennatents) alsogppdiednia titretion. All

3.0 no/k dinth j.ents th
mg/ kg groups and. in e%a}?&enstgre

dletiens w¢ue doa in PHR-%: R %l BresIngH %WV% Ihour at 37°C.

. ALt hough t ' . ' | T LAG-
R0 EAHBHI BB IA R AREEadenth Loy oA man kavpa
ABAEINS HosphGe TabbRed €Souttien Bidtechr Asdooiutan 06810d)) was
only detectable at very |l ow serumdilution

appliedto eactbwells Platies shewbatpd ol Wiata%éiélféer removal of
{n%?l ggiggsplmésl ng('ee g %%rr?gst gv%shgd.sé‘tbﬁﬁﬂlwgls AbHEWHth PNP substrate
(Sigma N-2765) (1 mg PNP/ml substrate buffer - 100 mM Tris/HCl, 100 mM
NaCl, 5 mM MgCls.6H20 pH 9.5 -). OD405 nm was measured on a BioRad 550

Titertek using 655 nm as reference.
FACS

By FACS analysis the antigen specificity of the expressed antibodies was
analyzed. JY cells are EBV transformed human B-cells, which express CD40.
Briefly, 100,000 JY cells were incubated with 100 ul 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
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This trial represents the first adm nistration of
anti-CD40 Mab in general and of ch5D12 in particul ar

wo eoohuzns. However, evidence of biol ogi cal ace¢wNL3000DH50202
Mab 5D12 has previously been obtained in vivo in the

experi nmental autoi nmune encepggl onyelitis (EAE) nodel
i n mar noset nonkeys. Adm nistration of 5D12 starting
2-4 weeks after induction of disease had clear

1%!-@55-9&2? wabRElHSAfer DO MiddtediNOuY 3%;@; geng Rlere washed.

initiated reconbli nant humani zati on and

Kiewly eplisamsits Siake mddarbd @nog Pl Seat (BD).y of ch5D12
was al so evaluated in the marnoset EAE nodel. At day
50 after MOG mmuni zation, disease incidence in the

gés%%bo group was 100% (50% of the animals were killed

se of their severity of EAE), while no disease

signs were observed in the chb5Dl12-treated group24.

Furt hernmore ch5D12 has shown functional activity in a

Afiers amalysiskefisevenall clonemis consanpenseritasice 5V anhdetgrryined for the

used I nune sive.strategy to prevent inmune
?8%’5’8@&%%’85&0@%@’?%?%&1 particles and their
products 26. A tissue cross-reactivity study on human

and cynonol gus tissues showed that chS5D12 bound to the |
By hlunsan facfacofg thec¥Irkgioasdvadesredasigpaghrdtdiningpuficalgnurine

DA AGScBRGhB Eprber buselin i RaT AR iab B pearg
Iﬁo\ég*}{éigis 'I‘O(T%rl]llc %F%@%é%@%ﬁ?}rfeﬂ%%‘ﬁeh%eﬁﬁ@ﬁ&%' @H}é‘ie <fietermined.

adm ni strati on “of ch.5.D1 or
Witlaakbhe Wi rehinms (firdtéhasafof patehtialt dpitipeapysition 27, 30, 43, 46,

i de- ef f i | | keys, hi dy, f i

6o T AL bR AR 1tV LS BioR  lpSyieh TndSngh s B6)
tiyvati d ' i _ vel: .

bl e BRORR BRI TR Bl Bl Sl alehRoing and the

FhiRlbth fochss tespeaiad debmanamivedSTH wndyV Lissnswf aid sequences

xlﬂlexr'g (tigﬁlllggln(Jf[llgurreeéa)c.: FI‘Io\/1'|e>trx¥ovlenthc(:ey’Ir‘]-(():erzrﬁ le%lijt%pe 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

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

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
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nmonkeys, and inhibits a prototype chronic inflammatory
di sease of the central nervous systemin narnoset

WOorRAayss9s Hence, the preclinical assessment Sup@EDNLEWN7/050202
further devel opment for use in patients. The
CD40- CD154 (CD40L) co-sti nul ag ry pat hway has been
validated in ani mal nodel s as 2 prom sing clinical
target for treatnment of autoi mmune di sease and

| | e, hath lobsits
R TR a1 8 e changed back
teithb erigthdDmarridabdno Acid geeaences st udi es have

focused on antagoni zi ng CD154, which is selectively
expressed on activated T cells and platelets. 8 11

TE0BRhe eRREMeigH SRRl R0 S TR linte ViBoions 14

peDNASOD iekpAssior Plbamiltbivdre coasttuctsl Ehohsplasmid contains the
humani zed 1gd, which binds extrenely well to

rempadgftudraskbone tamtiiciothe ¥ Haegieny waredinkeadandthe puman
e R e B ol e S, el o o
@l?rpié,tiﬂt ' %ﬁ%h}’th%’&ﬁﬁ?ﬁx%e\sﬂ rOFioRk ¥k aisedamle fpHaE 18 planids are

inctional I'y inportant using sol ubl e CD154 as sti nmul us
deimmhaizedeteraiisy it which Thedeirsmumizest Yiyregidreis gsed in

that, resulted in activatjo | atel ets e .

SR Bigat o Wiy Bee o B B L CBER o O3, TRk VH variants
4 fi ol ;

AR Yoo, PSR PR LM SlE s sranstct with the 14

PlagBideaigt BigoFeataraiiei 20000 Addo imrhidlél were negative mock

prestimnmul ated platel ets using sub-opti nal

trf@?e@tipas (oo péasIATS. After 48 hayarthadanpiens gupgrRatants from each
e t,. th ' ' )
Bopriaet B8 Vi REeSRid £ 2uAbHRadts HRALBBE b BRIl I figure 8

FRAESRAG: atd6hdvess ElealBr 41l @éstbOeoabiyERs Bk to JY cells,
ackbone has reduced capabili té to bind to
¢

Eolicatieg that thex fD4dskindong ppecibiciey of BB 12dmparearvamlt h
an | gGl backbone. Further discrimnation between the
two approaches

Furthermore the FACS data indicate that the produced antibody levels are
different. Clearly there is a difference in expression level between DI5D12 and
ch5D12 (PG100). Variants Q5E, K134, 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
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 I129L
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

129L variant was subsequently renamed PG102 antibody.
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cones fromthe fact that ch5D12 targets B cells,

nonocyt es, macrophages and DC, while an anti-CD154 Mab
WO 200gate893mi nly activated T cells, resulting iPCT/NL2007/050202

markedly different clinical strategies. No indications

of thronmboenbolismin any of [ége patients treated in

this study were observed. The fect of ch5D12 is

| argely based on the interference with CD40 nedi at ed

qgge'eébsgmt\f&& AR, g:u'i;fo'ngﬁf;% é?ﬁoh %U(g %g&%g%ém &) both

I ne secr ages

Ierbaaegsidfhfnstongthie ¢ipressibn devalapasi dnong ot]ﬂa's unexpected
latter. As ch5Dl2_ ant agonl zes the CD40 recepto

bepawseyrming apideN-Laand dan,etstéhcwallﬁ glesely s@datﬂ apgl ghe 3

al ant a I ze TNFzasecre h u
PeiBier nE 2o SRowe of Rrer et 8 Quflhy 43¢ L s seu e study
ifvQ farfherRRtaplisHidwhat the affe@! &chnﬂﬁh@K lsﬁbgmtwm &the
IL-8 and | L-1239, are induced by CD40 triggering and
anmimoeicode] ahoszionis@A ahd3d withistrudtuaatinrelaged amino acids V or
properties in addition to the prevention of

R@Saproducti on. Wether the effects observed depend

e (TTe¥cTe ]

B R R L R e AErL A A gnad A aligARa with
chB3PE (RE10®NDIFHI1E efndrEG]JOﬂt(m%anastamdy with ch5D12

shows prom sing clinical benefit in the absence of

serious side- effects Further clinical studies will be

'ﬁoefe%g qg%%ﬁﬁﬁ Rl Rleldiend 9!1? fl?ﬂ&loq{glitg?f tﬂQsSé 'VgL Q%?f%ts

Tl Nt énance 0 and

SR EIbYaPEDNANI00L xfprozdion @ﬂzﬁsth&susemns&mt@d: $h&t contain the
t herapeutic benefit by antagonizing CD40 will not be
WimandgCudackbhne & uihiela the XA regian prto@ﬁtqf 4he yagiants was linked

cf\)gl} ﬁ}lg}anaﬁﬁpﬁ{%%ﬁr}gé té&%}lél?ﬁqﬁg ]rg%ﬁﬁ%m q‘fe{rg lbléﬁ}%?nag Wescribed

aﬁfov@péiabsequently PER.C6™ cells were transfected with the plasmids using

LipoFectamine2000. After 48 hour the transient supernatants from each
transfection were harvested and analysed for antibody expression. To exactly
determine the various expression levels, all supernatants were analysed by
quantitative ELISA measuring antibody levels. As shown in table 8, the
various combinations of a V, L or I on positions 29 and 37 are associated with
variable production levels. This further demonstrates that not just all V, L and

I substitutions ultimately lead to higher production levels.

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

antibody could only be produced at low levels. Most probably upon expression
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Starting fromthe 5D12 hybridoma cell |ine the nurine
vari abl e regions of 5D12 were cloned. Briefly, from

wo ywatizdozel | s using Q agen total RNA was i sol BEBENL2By/050202
RT-PCR using the oligo's 5 CAG GIS MAR CTS SAG SAG
TCW GG 3' and 5° GCA TGT ACT AATTTT TVT TGI CCA CYT
TGG TGC T 3' to anplify the regi on and using the
oligo's 5 CGA TAC GAS MIY CAG CTG ACC CAG TCT CCA 3

P4, D R BROST SO MBIl AT B, By
chaakiigg sadhhsulsnitaesd pssispaerukes therorigiaal/nmwghessquence

wer e determ ned. Subsequently the V-regions were
wishinobhedViEhregomat 0 yavealessdntaoms posjtiong weyp egpential for a

2005.  79; 4672- 46 t

AR PRI o Ehealh (A B NP Y Bhsed on the
pebtiRtheehdia fg‘ﬂ(}ﬁﬁﬁﬁ@lﬁ bl lafgenieste ¥h tHeddirdssion level. The N-
CGeneration o ei mmuni zed version of 5D12 In

teohirdlotamiges, all intrBiluces baseduen negnedrang haddgitlesmblupnce

F%{lg%aﬁgy %iixle %glppn n Q(?Ilb ggi bw gﬁ 58%1?11(%@% gga E&% 5%1}ge§t influence,

h W hﬁ@fﬁe&@@ﬁ% 538h SR A RrAGrdcRRANIUERLy related. The
thin proteins wwth the capacity to bind to MHC cl ass

IRDLinvcirtant was sByseqremtbi rexfaméd PG ante‘pmdsopes t he
Sl i 65 e Sl .o
ﬁ?%f‘tl&?dyﬁ? ﬂ?x'drt‘g? P%hpéo' \5%1%1 12%‘8% gpadb-@ﬂ% Fi@%ﬁ gexglonstratmg that

readi Ng appr oac ased

Aflesligh tho3 MQn&l&Rﬂan&imhﬁph@déy (sanadll awisteudarally closely
sequences) to 18 different human MHC cl ass |1

mhtedus@bstﬂa@m efreachafrthese or opKoNsAS agd Ry bas ay impact on
| ] Fur t h | d t
Sotpifor REvE B M P ERRERALE Y 0F Known hummn T

ceI | bi ndi ng peptides from a dat abase

Example 3

Materials and Methods

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
human recombinant IgG4/kappa antibody PG102 (I29L 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 CHOK1SV is a suspension variant of the Chinese hamster ovary (CHO)
cell line CHOK1, which has been adapted to chemically defined, animal
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(www. wehi | . wehi . edu.au) . Based on the primary nurine
V region am no acid sequences, surface humani zed

w@ nazasexl) V regi ons were designed. Wthin t hBGENL2007/050202
veneered VH sequence 8 potential T-cell epitopes and
wi thin the veneered VL region T-cell epitopes were
identified. Identified T-cell epitopes were renoved by
am no acid substitution. Based on this analysis the

| i . d 4 J1Ni d .
c%gpﬁgﬂyﬂ%%eg%?ﬁﬂﬂi NHedilen @eégﬁgﬁ%tgﬁi ﬁvrhfgr@lé@) Biotechnology

I on were esi zed and

10cI9ABE O Il Gtz Edppon &addCstsab(2006aMaldBiotechnol. 34:179-90).
Site-Directed Mut agenesi sTo restore the nurine
sequences within the VH regi on of dei muni zed

DNA XRI.ess| ' . QU .
AR FOAR02 BRCRBAA AR O Y T e from oredived
sappREFH. MDhé Gorinhelatmudfatiefeeds SFROGIRLOF41) metlheCM 42, and

the used oli gonucl eotides are shown. Briefly

te stk BuRep Ble AL otie albairisg omenay’ Bhe prpdium CD-
GHOEBifodE sy izt vhas V0b5 EEANAUHE L SIEVEHESE,
Laﬁlg)chfo?fin% gu%}{@é’m&‘ﬁé QUSX) BorfRitide Jubhddirnéf CORCF adapted

machi ne t tageni ¢ sequences were incorporated. The
caliimestaatdewitinPhenall Red fsmirdnefestidng d3teesplectiveya@yndl MSX was

swopbion &y Sima rrsecedinand Beds dasn e paRGiotRea
THe @Zs’éﬁl%gow&t thexg)g‘lsaésﬁon GREQR R0 AL HY géﬂ%% f@ﬁ ¢he PG102

ana sequen or the correct” plasm d.
veer ahd patforahedap didnyan Thef CEIGKH#SYnhaenellst wexe obtained from a

addi tional variants of posjtions 29 and 37

vapleef onzg(s gryepressmyed porking el park aﬁgﬂg’uct ural ly
related Vor L. In a simlar way as described above,
pl asm ds were generated using the oligonucl eotides as

(?égpmuhfb, tcaRtantbatidvandusiabdngsi s rounds were required

Cells were revived from vials of cryopreserved stocks by rapidly warming to 37
°C and diluting into approximately 50 mL of growth medium. The
cryoprotectants were removed by centrifuging the cells, discarding the
supernatant and resuspending the cells in fresh growth medium.

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
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
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create double nutants (Table 7). Plasm ds were used to

transf orm XLI - bl ue conpetent cells. Expression in
WOBR7CHEP3) Expressi on of the various versi onsPOf/NBED2050202
was done transiently in PER C6(tm (Crucell). Briefly,

the day before the transfecti B PER Co(tm were

trypsini zed and count ed. Cell§ were plated in DVEM
SUbStILUted with 10% FCS at a density of 4 x 105 cells
RELNURHE 1] o °
rep aceg d% gg%d\mh#res ?r%sd%ir%ﬂgeg%/l eacIr%l"al(ig/\';eWﬁg{S 5%) #10°C
odf a p}ﬁakmgdpla&b%rmgotdtmﬁmMM&di I{iﬂnm of OPTI-MEM |

whi ch was conbined with equal vo Tl -
Tsnt andiapls call congUHEALARE NEeTS BB MeAIO0R RHcAY Femoving a

spifie i, el é%%h%@%ﬂgﬁ%%?%é%%?@aéﬁa@%%% and
Ihfbrf)éb"o c Sua Btte Winighe nfdified PRl s Ragatiialdoagrhecytemeter.

\%}100 were directly added to each well. The
hansamnpuam |samplee wexe dokuted paﬂOI‘WG;Oﬂﬁtlalgcoa

nc ub t or f ég%%?]é%gﬁl %ﬂ'ﬁ)l r nat a é\ﬁ{ %e?@ aeyezr%neg using a

expr esse

@RF Pgﬁrﬁ&@% c@ﬁﬁ%é&r & 183 @EEWR" afﬂtoﬁdt@&ceﬁfcbﬁﬁ’ceh Bér the
I'A/RI'A plates (Corning 3590) were coated o/n at

%ﬁ’\’ﬁa% gomtegrcgcslaaipla of chliye swatsi aSemmally gemoyad Keun each flask,
dhate witbdAsgon em]ac@wt%m RE obvBie paldntabes e,
cEeSBrm?ljxea(i eﬁl%@% %1@ Woret dQst@ég@hIH@& By 81ze

sequeritl'y as purl chimeric 5D12
B@&bhﬁedge ﬁabmuyatra@ BaB:ubdtbdraa@ thie r4Hid ofgilabletael]setpdotad cells

trip | es_(transient t ant
el B By OO, A7 the Ti-CdHsL A Goariee, 0 phestseiuifite was
' asep%call?l Jc%tmeosveldnC U(P Q}l%.(lllt&%ratéld WaﬁtBlﬁz Count was performed. A

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.

Transfection of CHOKI1SV 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
cuvette. The electroporation cuvette was then placed in the electroporation
apparatus and a single pulse of 300 V, 900 pF 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 COq
in air. The day after transfection, 150 pL of the selective medium CD-
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After 3 times washing 1/5000 diluted detection
anti body (anti-human kappa al kal i ne phosphat ase

wo adwelikaos ( Sout hern Bi ot ech Associ at es 2060- 04QT/NRB07/050202
applied to each well. Plates incubated for 1 hour at
37C. After renoval of incubat'é)n pl ates were 5 tines
washed. Staining was done w t% PNP substrate (Signa
N-2765) (1 ng PNP/m substrate buffer - 100 nmM

Lot reReBLAISX VAR Bo BRERGRAL, TG el

065&11.1;?@1&.61;1 bébf%% Eﬁ@acEA@l ﬁéﬁsmﬁﬂhq plstes heeramhogitored to

dotergaiiedhie tomnonr anbpGR R FAIAL S0 SeV ooyl alnsiteted cells
. .

PR R 0l e P sl 8 A e BRk e

tPXRFe RNt AT t1OPahsfecBthtiieRfifed had RivRyessedfautitbr came
anti body cells were washed with PBS containjing 0.05%

fremavells eodainingonly assinglecodenyy asdatergined hyyisual

diluted FITC | abel ed anti-hunman |gG

aBIERILIH109- 095- 127) was used. After 20 minutes

i ncubation at 4C cells were washed. Finally cell

sanpl es were neasured on a FACScan (BD). Results After

m?é.symra agfpfmdueirrt;azltyof caléfinehen sttt tisresequence was
eterm or the. nurine regi ons of .5 fiqure .

e Serollniaics WP AP AR 10 PR AR & et lowing

thEh G B0 £ bl ibhE @AY Fd e M "Ph A HRiesRYer calfRiddde
readi ng nethod and the database search potentia

miceesdopapillyopecerifyt thian thee sere of asujtebde semueooasngereater

determned. Wthin the VH.region 8 (first b f )
thencit% af thpbotipm ohhs webh a%rxi tl@é,o(néé 532639?03%, ‘v?'e& present in

egl?fg v@%@ ﬂ% c%l%&ﬂens&plg%né/&ar{t%g&é) théh ggé?ﬁlie{ii 1B azltibilﬁy p%éduction

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
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 uM 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
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 yM MSX. After

feeding, the cultures were returned to the incubator for a further four to seven



potential epitopes were identified. Based on the
T-cell epitope mappi ng and the veneering process the
W@ piorredsoxiei mmuni zed VH and VL ami no aci d sequBRCI/SE2007/050202
were defined (figure 6). To renpve the T-cell epitope
at position 61 in the VH regi speci al attention was
taken not to introduce a potential N-glycosylation
site (NNX-T/S): NSA was substituted with STS. In this
: : . L : VL redi i
S ot Tt et P e G AL BB EL s ifte] from che
fldkks.egi on 8 positions were changed. From prelimnary
experiments conparing the expression levels of fully
dei muni zed 5D12 (DI 5D12) conpared to ch5D12 (renaned
PA OO it was found that due to the introduced
mut ati ons DI 5D12 was expressed at |ower |evels as
conpared to the parent sequence (data not shown). In
princi pal each substitution can influence the
characteristics of the expressed anti body. Therefore
to investigate the influence of each changed position
in the VH region on the characteristics of the
anti body 12 additional variants were designed (figure
7). In each variant 1 position was changed back to the
original nmurine amno acid sequence. To test the
expression levels and the functionality of the various
ver si ons 14 pcDNA3002 expression plasm ds were
constructed. Each plasm d contains the human | g4
backbone to which the VH regions were |linked and the
human kappa region to which the VL regi ons were
i nked. One plasm d encoded for ch5D12, in which the
murine V regions were used. The other 13 plasmds are
dei nmuni zed versions, in which the dei nmuni zed VL
region is used in conbination with the dei nmuni zed VH
region or one of the 12 VH variants shown in figure 7.
Subsequently PER C6(tm cells were transfected with
the 14



10

15

20

25

30

pl asm ds usi ng Li poFectam ne2000. Al so included were

negati ve nock transfections (no plasmd). After 48
whoewr/1248es t r ansi ent supernatants from each tr anrST/AC26000/050202

wer e harvested and anal ysed for anti body expression.

In figure 8 the FACS data are.,ghown. Cearly all

tested constructs bind to JYC% I's, indicating that the

CD40 binding specificity of 5D12 is preserved.

Furthernore the FACS data indicate that the produced

anti body levels are different. Clearly there is a
Eiipoheicenefecel nirepiocC BACE kesysdn sivet velénrdl 5D12 and

STBBONCR AV SIS B NE ISomeOBSeBl dlask culbures, The
SHBRUAGHECHRLIES wate RhoAidtted Hi%a QLR AR BE B 03RI0.5% 100

expression leve Yy determ ne

vidile \callb/WE i8XI2566 3] dHaKeeflRks, conlthining SIOHROIZE Wht MSX
anal ysed by quantitative ELI SA neasuring antibody
medigks. Ifahesnoble ¢ell canseatmtiorndid reti reach 4).0% RO rgble

b ivided in 3.groups; , no_or_ | R TR ovenent

cgfiglpulk R 2 Boditpeg BF 14258 e 128 4RGSR T righdyrure was

N6 MARca1F4rberd¥8l inte/ B nAn 6f CHIBTIOLH |PVEMI®Rin 125 mL shake

expressionlevels as conpared with ch5D12 (PG OO u

ﬂla(skélo%hk;evwdll Bnesiwer® 9]1emaezlriaH?‘Subaultamdsinfeé'mﬂheCDﬁ%HO/% pM
ve ove 50%, Especially the subst.ituti at

VS Hmoag n dBoRf adaR reheR e pan L Ogb X P gahle ge iy mL, on &

(o) . e . i

A5 SBLARRL R AR STl At elbatgle o

chhaicterilsics tdre @btainedosi tion 29 (I to L) and 37 (I to

V) both have | arge influence on the expression |evels

was anong ot hers unexpected because anmino acids I, L

z?sgg%s}/%%iteﬁrr%%g lé{n%i %yoduc L%gtl zlo & lelgfrge% iAW shBRsidn culture

€ group o aln amno aci ds.
Féd-batehssenka fladlidultireras further established what
the effect of conbined substitutions of the am no ,
Sivigl qulturep of eatly selegdagell Bre werp peepaad ap( mL shake flasks
v[rﬁhafo%dm rrg)tn c%lﬁg&s%%n}s/io%r 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 COz in air. The cultures were incubated at 35.5
to 87.0 °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.r At a cell concentration of 1.4 to 2.2 x 106 viable cells/mL, a bolus
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

for antibody concentration by Protein A HPLC. Harvest supernatants from
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L was. Figure 9 shows the V-L-I variants that were

designed in alignnment with ch5D12 (PE OO, DI5D12 and
woan02298p29L variant). To test the expression PEWSL307/050202

and the functionality of these V-L-1 variants,

addi ti onal pcDNA3002 expressi%g pl asm ds were

constructed that contain the man | g&4 backbone to

whi ch the VH regi on of one of the variants was |inked

eai i Vi .
o S AL AL G5 s
wrHERtK® highest ahltibodgreentsmnations ekraifuifthebaspéssedifds quality of

usi ng. Li_ poFect ani ne2000. After 48 hour the transient
the pafibadypredveestn Samples wars asseserf {Rraggragdiesienglsaping the

oBBLF a0 hug BB R T8 BAARRY YQPEHEIT ethon
befoik FEeteiayA puifidalttin Med BhtiBAdyeharddtasisatibh Bgdeduced and
| evel s. As shown in table 8, the various conbi nations

nofi-redviced sodium dodpesdsuipbase polyanerybamidegelsdedropkeresis (SDS-
PM%%%&Q?{%Q& tﬁ{ci:? oﬁ@%ﬁ%ﬂ@ﬁ‘gglpglyg{éiiIljtltjzgttryxe hssisted laser

. . ey Ll i . ]
d]%ev 2I g . fﬂhgﬁédsﬁi %ﬂ%gﬂrlie%ﬁ lﬁ glﬁgsgSt %he'e& [ rmutrl;gg eni cPt[ ?9)}'1: l\gS)
oligesagehuatide sardlykisdy t he characteristics can change.

In this study it is shown that the dei mmuni zation
design result in an antibody which still has binding

Cgﬁpé;%gyvét%ﬂts antigen, however the antibody could

e produced at |low |l evels. Mst probably upon
Wiy werd ayopesserved at ey poemosi throhgh@ssihebiyrloprdgramme. The
dei mmuni zed VH and VL regi on. By changfi ng .each .
cellpan igrowin peknresomersarseoveredey eantglingntipnansresuspended in

SHSRBE A P i ot BEHETLEBO0h i
(g%.5f/mh Z/Ve}ratﬂdb&methﬁmph@km (715% siwyes whi ch were based
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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pepti de threadi ng approach had | arge influence on the
expression |level. The Nterm nal changes, al

wo adorozhseed based on veneering had little inflRPense2007/050202

Remar kably the substitution of I by L in position 29
had the largest influence, %‘?h was unexpected as
both am no acids are structurally closely related. The
| 29L variant was subsequently renamed PGLO2 anti body.
Subsequent studi es denonstrated that various

conbi nati ons of aV, Lor | at positions 29 and 37 |ed
to variations n fPr odu on | evel s, denonstrating that
aIthoquft=hA’8 lﬂl§ hain amino acids V, L and |
are structurall osef'y rel ated, substitution of each

of theswmﬁgﬂzgu G8§é¥%?oxﬁﬂ9n1%r%%%nﬁ mpact on

product i on e conplete antl odi es. Exanpl e

3 Mater mlzsgaﬂgra{\{%l{IQQ&lﬁQ%tﬁﬁgtll on, selection and
devel opment of a GS-CHO cell line for the producti on

of PGLOX¢EVRibly aell @mdentta:nﬂdm (Bllelml) as tithefiza) was

request ed by PanGenetics BV to undertake the

const r uXg Foviiabde telt concerdratiev &dellsfmbh adtirae &S- CHO

cell line expressing the human reconbi nant 19G /kappa

anti body PGaod f(* 29L variant). Cell lines were

constructed by transfecting CHOKI SV host cells with

vectors generated using Lonza's @ utam ne Synt hetase

D& oty SisExpr essi on System (WO2003054172) . The gene
sequences were supplied by PanGenetics. The cell Iine
TheOin®\integralof the aseonndar the grwth parven(the sane iptegaal of the

ovary (CHO cell line CHO%?(9 ch has been adapted to
vilelei coll dopceratriation, (TN Hﬁéﬁb}]waﬁ ylatgadry summing the

nmedi um ( Bebbi ngt on et, al 2) Bi

af68 (B EinaLe P 1S R xSeb Cinaln sEAathl) FRLPSEE Bliageps cell
Bhedsghnsh- va'iﬁeslj'?h@ @reas were calculated by multiplying the mean of
the two viable cell concentrations (cells/mL) by the elapsed time between the
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.
The slope of this line is equal to gp 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

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 Fc. Bound antibody was revealed with goat anti-human
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Al'l reagents, nedia conponents and materials were
obt ai ned from accredited suppliers. The fornul ati on of

wo bm7fizesols SF40 and SF41, medi um CM42, and t heP@EWL2OT/050202

suppl enent SPE were obtained fromLonza. The nedi um
CDCHO (I nvitrogen) was al so u§§d with the addition of
sel ective agent L-nethionine | phoxi m ne (MSX) for
routi ne subcul ture of CDACF adapted cell |ines and

%&gg}?ggkeﬁz gogéexéﬁ?éﬁf)@lf?axese neigftﬁ@élg&?ﬁ é(}rﬂ@@ﬁf)strate

tmhnmhybdemadlheb|Gzﬂd>msdeﬁaiepmens wasqiroportadndlte B8 mass of
expressi on vectqr encodi ng the genes, for the PGLO2 was
aalté)@dwrﬁmw the saample. Theeconrenirationgias detarmiged using a

sBah e bl yeftos pRURE: el SR AP RYRI L7812

viability Cells were revived fromvials of
cryopreserved stocks by rapidly warm ng to 37 0C and
Byotain ih§ Rl o approxi mately 50 nL of growth nedium

KRS e SN Ay o
Glﬁloh?atbgratﬂ}f%ﬁ (HBLEYoh dveAigiieht F200 HPLCC AntibtdEwas selectively

s were grown in T25 flasks with a culture vol une
boimﬂ toa PORAS Protsin A immieneddtectierns colomen.pUnhoynidmaterial

G A N BRIV e
b c'!légscin B?Wij@gol‘vgnﬁ E!:'L'lttl@tli’ lvfasvxﬁbﬂfﬁﬁr&{ bﬁ BP¥bibance at

i um an tured every 4 days for growth
28DASh vsidg mmuThplecana]nengt]s detetomeAntibd @ wes q;tlmkteﬁed (using

GremeiationRa Oy LD AEPSRN' AR 85D pg;,gt;}gd 39 45 58 M10) and
STl BT b3 iGEeRgfbate X2 of 50 fo 100

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



cul ture volume of 100 to 200 nL), or 2 L roller
bottles (for a culture volune of 200 to 400 nL). The
whemdapmer of each culture was gassed w th 5% RECTWNCER7/050202

inair and the flasks seal ed. The cultures were then
i ncubated at 35.5 to 37.0 0C a shaking platform
rotating at 140 5 rpm Total "and vi abl e cel
concentrations were obtained by aseptically renoving a

b gt Qe & Bt S’at M. NakfiledRR1Y hahidd fb?'ﬁ 6 £Y9.5hninutes

rypan Bl ue an oscopi ¢ exam nation using a

bubskief theg vFel@fﬂsa%d; ent(hﬂlle bele(10qug pereloere). Mbsireduced SDS PAGE
appropriate, samples were_ dil rlor t ountin
vsaa'?qpeer?falfmeéwms pamg|geknhan ﬁ\ifm 5 ducing sampls buffer (2-

GRRPRN ARG, AR S, 48 %e?t'%%*ﬁ’ﬁt%r el thine of

1.0e BN idutes befsre thay sestelleaddd ontd theegeldd png per lane).
aseptically renmoved fromeach flask, diluted wth

Eedloywiog dedtrephanedis, néommﬁa@'ﬁr@fnma%ﬁpé byrifaingpglfor 75 minutes

oA bR BB AASB ATy R i

calculated as the ratio of viable cells to total cells
mul tiplied by 100. For the Vi-CELL XR counter, 0.7 nL
of cell culture was aseptically renpved and an

aut omat ed Trypan Bl ue count was perforned. A series of
camera pictures and a conputer analysis algorithmare
used to identify and count the viable and non-viabl e
cells. For all counting nethods, percentage viability
was cal culated as the ratio of viable to total cells
mul tiplied by 100. Transfection of CHOKI SV host cells
On the day of transfection, cells growng in

non-sel ective nmedi um were harvested by centrifugation
and resuspended at a concentration of 1.43 x 107
viable cells/nL. For each transfection, approximtely
0.7 nL of the cel
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suspension and 40 ng of plasm d DNA were added to an
el ectroporation cuvette. The el ectroporation cuvette

wowr®7ttmes pl aced in the el ectroporati on appar aPCENRZNH7/850202

single pulse of 300 V, 900 nF was delivered. Follow ng
el ectroporation, the cells fr the cuvette were
distributed into 96-well plates at approxi mately 5000
host cells/well, using the nedi um CD- CHO phenol red.
The plates were incubated at 35.5 to 37.0 0OCin an

at nosphere of 10%v/v CO2 in air. The day after
IEFsdlgsisiafBroldn Avaffiiity pergfedeaniibedyredi um

phenol red/66.6 mMWBX, dded. h. wel | . . .
Thecoll GRoRER ST PRSP ARRIAT A0 EHSG DA S vpification
(RS S B P 8y LGSR S 5 001 10
Appabsimsatedd 109ld protéicéampld pankinect esladedortethegel and then

apparent approximately 3 to_4 weeks after

predosisedifoni0 V| Aftes nereaved of thn sampiaaPRbentieR strip,
B REh %355 L QSRR R B Sh BTN 200000 2B e The

assessnent.

IW?%? REdte e diCs ¥EEhNIrbdcetic 88 sdlphesaligylistaaid:anethanol

culture The 96-well plates were incubated for
sahpi@x andtthey sBainedawitheleomassi¢ Builbignt Blne R0 @t ngrmbers of

|1 ow ¢olony f t The j am ned
Crosmaissopies PP IEB90B7 18 e QPSR R P18 Reli Papy then
(ﬁé'sféﬁ)ngﬁ %\ﬁ? x‘tlﬁgd. %@Hﬁfmﬁéﬁ%f@ﬁ%@ﬁh GOBLPLO6OHMI Pfanidhe

we , an at onl'y one col ony was present in each
063/L1190%121).t ure supernatant was then assayed for

anti body production using Lonza's ELI SA assay for

assenbl ed anti body, described under "assenbly ELI SA".

The Eercent age confluence of the well was assessed at
GRIPLfE of sanpling. The val ue obtained by dividing

'1:"}26}61 &ﬁf@i&g ﬁli‘?e llﬁtoﬁg%_pg%t%g '})trg%qn %8{}{}4011’1%%&6 a(\f@ﬁ'dﬁrcgeg) {Hir 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
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
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

fragments.
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workdvExXowmmsl were |l eft to reach confl uence.

Cul tures of high ranking cell lines were expanded into
24-wel |l plates in the nedi um CD- CHQ phenol red/ 25

_ On rBEDNL2IY7/050202
confluence, this culture was used to inoculate a T25
flask in the rrediumCDCHO’ph red/ 25 mvvBX, whil st
the remaining culture was re- Eed wth fresh
CD- CHQ phenol red/ 25 mWBX, and incubated for a

r .l i i
PHLASTrESp 7 i ohbopSl s ubémemunpeaainion of o
pzaem;cmhs af ieath vemponastiredtiveitn ghe ooted istegrasal peatagrea.
for assenbl ed anti body. A selection of the nost

productive cell |lines was made. On reaching confluence
%%5@5% ?Lb he sel ected cell lines were
“ ayer and then re-fed with CD CHO 25
odckBArifle edialgsis bhehe BIG102embilbody petducad dbytetach cell line

the i ncubator for a further f
Whe paﬂbrmedtbs;h@dLBI g‘@%M%ms&&é gé@}qagé%gdﬁ%&[@gﬁ LR coupled
e .fla
BX‘E)‘@ ﬁ§{r5‘ﬁt18{}l tslﬁ’r ﬂi;@Euﬁsfpena on c&ﬁs I 55 a%zir Ierpreﬂectron

(':(ﬁif Fétﬁ'ﬁﬁ@nfv(rﬁﬁ‘ FRNMiVRH mbab. fMtasinstuihentwas Takibrated using a
suspension cul tures were inocul ated at a concentration

afixéd Dbglyeafl.skamdd®b viable cells/niL in 125 nL shake
fl asks cont ai ni_n

CD- 25 mWeEX ' . Lf .
Snsbody cens Dened oo Srapapels ke BOROS Protein A
Lo o Sl s e o
P«{]&Efeﬁ?vlﬁﬁﬁkdmlﬁ%}l@wdll foiltlon@al @l kelatiowe)X the rfggceﬂ_thlols using
Shake asks e ce th |1
Snismnbtate oG lignsasohaBds ISTEREoRo AR RL B (rALe 1 elyeanase

é@%ﬁ‘?@ C 205 C ¥ tl{ﬁlcggd PbtPecn Xwo Qéyé/ﬂsaﬁ"sﬁper dihydroxy

culture regine, until
PEREBCALE (sazgférrmm dugirk enghowateetmatecfoeVALIRETOF-MS
were obtain Assessnent of growth and productivity :
@matydis. | i nes in suspension culture

Results

Transfection of CHOK1SV host cells

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
antibody levels were produced 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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Fed- bat ch shake flask culture Singlet cultures of each
selected cell line were prepared in 500 nL shake

wo baghzosws t h 100 nmL of cell suspension usi ng QMIRNL2007/050202

SPE medi um The cultures were inoculated at 0.2 x 106
viable cells/nL and the headsggce of each culture was
equilibrated with 5% v/v CO2 1'n air. The cultures were
i ncubated at 35.5 to 37.0 OC on a shaking platform
rotating at 140 5 rpmuntil the viable cell

concentration, post peak, was |less than or equal to
Expansidh) 6f shadisl @ilbeles shdl suspensipn Klamtetipeached

Cufbueateftieniedtit O TG ARG Bireatinded g pgwel

i - . e r . .
OB oS AT Bl MNP ol n th 2

well plateddidredad afith Heeshuedanh drek'dvSrpowmbefoad @ssessing the
Furt her bol us, additions were de at. approxi mately,24,.
angibarly rodvstiveisarThe Selegtacfall nesadisPiAYsd & Fauge bhantibody
feed [(SFAL S i et centrations
@F’ﬁﬁf‘éfﬁt{oﬁ)gﬁ@?‘fg%&ggv‘?g@r gﬁggh g?EL wer e obt ai ned.
Sarmkes oPfhec 2B Lall Gmewtrith thk digldstanrpdagy ¢atcentrations, as

intervals, centrifuged and the supernatants stored. at
determsneChbyrassembks BJLA8A; sreranelastas for dnearoyaleatioy. The

Protein A HPLC. Harvest _
SeHGR Gwiburep e e ssf oy AL diffF illsuspension culture.
AU 1 GHbd bh&es¥iully 4 tbd abeabpairiohedlture and were selected

concentrations were further assessed for quality of
forcfuatiiarieveyu ption ire éetl-b Stolptwsunesr e assessed for
aggregate level s using the gel perneation high
performance |iquid chromatography (GP-HPLC) nethod

oLl OF 9%{21 Au@%@ﬁd&ﬁ%dz&@itﬁ%%k&%@tics of selected cell lines
charact®r sa |%n y reduced and non-reduced sodi um
O fRb e gHidedflasl qularey| ani de gel el ectrophoresi's

S RNE I RO T
tal/:ialﬁlqltte(ﬁniir? $e £BGEH MRl ﬂaéﬁ/&r@hra%i&ﬁét 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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ol i gosacchari de anal ysis. Cryopreseruation Cells were

cryopreserved at key points throughout the work
w@emgnzosne. The cells in grow ng cul tures wer ePCT/NL2007/050202

recovered by centrifugation and resuspended in a

cryopreservation m xture. Thig consi sted of the

appropriate grow h nediun1(92.g96v/v) and

di met hyl sul phoxi de (7.5%v/v). Aliquots of cells were

then distributed into | abelled vials, each aliquot

contai ning approximately 1.5 niL of cryopreservation

ORsHaéPerddtiliAPof thel At Bddy PuBfie@ flork féd-balch skdteEflask culture of

cells. The vials were then frozen in an automatic
splestadatifi(Bcell distes freezi ng machi ne and subsequently

3L Aot R R B AL B Bpt ppppprracion
whe %?ﬂﬁé@“sﬁ%%@tl@fot@ifn Alsephekbse MaeniabeRgshypsrioe %6

at the point e culture was passaged into suspension.
artedygjen ditet ProtemuAtmaurified astibodipsemereytheal analysediusing SDS

FRCR A LB Yibal a5 RS DG OURLEID A Ui SERPS gmalysed by

%ﬁﬁg‘%w@&r ﬁon-réd&ciﬁ%%ﬁﬁ&it%h% SRRAIRLN QBniPIBD Serat

neratron nber at tine 1 Xt= Viable cell
®ansanblato eacH otldrséxitibiting binnmtdctXintibodyalmmed e hpproximately
ﬁ[ﬂﬁﬁgf (rég% ggt gﬁg\!vL)S/ K(Lizlitziagne}li nrlr?noir b%r;ld s>W(iereD\?itsﬁ)le, 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 197, M92 and M59. These three ceH 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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The tinme integral of the area under the growth curve
(the tinme integral of the viable cell concentration

W@ bo@29840 cel | s. h/ L) was cal cul at ed by sunm npCT/NE2007/050202
area (approximated to a right angle trapeziun between
adj acent cell concentration ve)znl;es. The areas were
cal cul ated by nmultiplying the an of the two viable
cell concentrations (cells/nL) by the elapsed tine

o M A TP TS T g Bl e PR gfielaR soructures

ilBithe amhﬂmﬂggﬂoﬁhhteﬂdimm]ﬂe(tzh qedlglése Qe 6 GOFhand G1F, which are
appropri.ate.the overall specific production rate (qp .
tyRisah -I.m{sgd pbgeﬁqcbmﬁewégucéar%@meiyman#@mdle& Relatively
[ . lLysi Welo rati
5955 RO BB LR GRS G et evel o

CTRE b gl Pdhns e aSledefod antibody|defBrddsfreauadl] e 1i52.
overal | . The harvest specific production rate (

(Nigamgniosga8 (maincd) siraetusgs siere obaerveddntd} e@@m(lqeps at a range of

[ centratio he val ye of .t he, | VC at
10 A30N R EQaTEI ety MPY IS b el fofisd cgmperable
164618 bR BliatdaceRATUES aWd e HRIRIFING GoHSd MiEafibnEbf B d-Balata not
measur es assenbl ed human 1gG  This involved capture of
shewanbl ed anti body i n sanples and standard onto a
96-wel | plate coated with goat anti-human |1gG Fc.
Bound anti body was revealed with goat anti-humanlight

Cgﬁ#gg lj nked to horseradi sh peroxi dase and the
Tégeni c substrate tetranethyl benzi di ne. Col our

WHYA QRITY qq@aueé&pgregg;ﬁ Rkhi fed DOl MBRS sBfechid Fd¥ther

present I n"the sanp e concentration was
esral witivrm edisusialgsal by &RIETRLC utheclogaranaleedlarsweighaicomponents

| gG_standard (Lot number. LO7387/5/.2) Protein A HP.C
(bf%\a’@tww@nfé@nheaat FIaHCHERMGR Il pf sadey 2blioves wraleiphls. Al
sg%ﬁl% ﬁ?snpqué‘d ?el‘Uegs of under 25%, with the exception of L.52, 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.

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

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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Chr omat ogr aphy (HPLC) on an Agilent 1100 HPLC.

Anti body was sel ectively bound to a PORCS Protein A
w0 povonzdes ect i on col uimm. Unbound material was BECTINEZD07/050202

fromthe colum and the renaining bound anti body was

rel eased by decreasing the p f the solvent. Elution

was nonitored by absorbance at 280 nmusing a

mul ti pl e-wavel ength detector. Antibody was quantified

. , . .

e ORI pS bt U] PhaFRR AR afh: SRiibitedihe highest
hextéstcintibodyoedifdeateniorndfihel 23-cdll Kaes Bvahmited, along with

affinity purification Gravity fed rnp. Protein A
acgqitabis sravsih and predugtyquadity Cﬁ?@éi‘ﬁﬁé‘ém% 1205 -

| baf . el _
AL A PSR e S ] bR bR At cigaion of
thufth@nty Bhkdd 11 [Thes prhlohtéd)alont with hoaptableegroatthwasl
adjusted to pH 8.0 0.1 before application tg

th
prpdlﬁnmquaihfef charaptesistios (Kigure hiB)y Eoereferegedl bﬁéﬁ@é was
t ui i braty buffer.,.and eluted with 0.1 M
S\éﬁ‘%‘?fﬁgs 6*3? ?’Igﬁ Bg‘af'gg’ffgﬁfllﬁg&cofuﬁneel \lljmat es were
(gléri]g iigl_@g\%’ﬁg @xhohiBRPEIRX L HRY & ¥hddi harQedd ditiBodWl EdrsceBosstion of the

ysed agai nst Dul becco's phosphate buffered
tsadnitpehiee gelbharsevaluated, drig-had acsngabkaEraidl yud product

SDS. PACE anal ysi s af Prate{nA affinit j.fi
et oR e Gttt Qams casgasts filllinedfos gras solected
AN YSicSnl a@kglﬂai:éh finBurification. Electrophoresis

was carried out “usi ng to 20% precast Novex

pol yacryl am de gels. For reduci ng SDS PAGE, sanples

wer e reduced usi ng 2-per capt oet hanol and denat ured by
GDgpaesepveiom of BEptessS!IAef%e heated for 2.0 0.5

nut es_.bef o
L Tk
dhecte @Bl anles. arkbdatecksword eidued ing vapopt phasd figqnid gitrogen
refrigerators. Cell lines 1107, L25 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
IgG/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 CHOK1SV, 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 pg/mL were obtained.
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mer capt oet hanol is not added). Sanples were heated for
a standard tinme of 1.0 0.5 mnutes before they were

wo cmdazbsent o t he gel (4 ng per |ane). Fol | owi NBCT/NL2007/050202
el ectrophoresis, proteins were visualised by staining
for 75 mnutes with Coonassie Qri I'liant blue R250 and
destained with nethanol /aceti g aci d. | EF anal ysis of
ProteinA affinity purified anti body The cell culture
BRIRCEhrIE BLIALRRANER ({ﬁluéﬂﬂ ﬂhséiﬁgi%x 04 Dbt shake flask
Apuri'fication. IEF analysis was carried out using
cquliarreasHaagast eagibiddy @aksntratiodstin thelrafige of 121 to 1674 pg/mL

Approxi mately 10 ng protein sanpl e per. | ane | gade
werehtamage | W$M1W-Wﬁg§étmgﬁ ingxopss ot 1040 mg/L were

g | » Of e l.cati h Dy, - .
AR R o et BB TR h A i gt gpibedy g
dhceZrbiohs 3dre-seldited Br meldsichguality ¥adlyisis. aThe product quality
trichloroacetic acid: sul phosalisylic acid: nethanol
of grurifieshantibody roms earh of the selecsdnedkiinespias cogparable to each

SRR T PR B L e

A rSphGdsis( 40 idbeIdReFie fefus hﬁhl;/s%?%li s ehitideatithlysis of
003/ L11905/121). GP-HPLC The - HPLC net hod separ at es

munified antibodyfermeazbafithe nen selectest celklines showgd relatively low
component s, ch as protgin aggregates, are too |arge

@&%}1 VPE?%EQ%F%)W 9S€-Particles to any great extent
EpaIPRY ?é il %ﬁ%%@%ngﬁﬁg E%l@@@l?éljgglfows %! fo8'each of the

conponen such as protei nonmer. Sma

toprihesensld linkich as fragnents, penetrate the matrix
nore easily and eluted after the

noner.. hi .
TForseeulinge Lo dotored DA Weressyartal don i bepgvaluation
mongner fromb )
TR 20 AR PR QP PRced stk ot 20
fi'&?sf e A &1l Ené &e@Blch@sprebalredn dlipothiice @Bl litdsakemerenamed
0
DC1, DC2 and DC3 respectively.

(&)

Example 4

Determination of the kinetics of ch5D12 (PG100) and PG102 (I29L variant)

binding to human CD40-Fc by surface plasmon resonance (Biacore)

Materials and Methods

The kinetics of ch5D12 (PG100) and PG102 (I29L 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-Fc; R&D
Systems catalogue number 149-CD-50) was used as the target antigen in these

experiments. HuCD40-Fc (1pg/mL in 10mM acetate buffer, pH 5.0) was
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calibration markers. Undiluted sanples were injected
to give 50 to 250 ny | oads where the product
wa@oeoncaraspat i on was 1 to 5 ng/ nL (val i dated | oapCT/ADZ®7/050202
of Lonza's assay). The nol ecul ar mass range for the
GF- 250 colum was 4 to 400 k Sanpl e conponents were
detected at 280 nm and peak chfomatograns were
anal ysed usi ng Agi I ent Chenst ati on sof tware.
cbﬁ{)% ?tﬁ@ Mfth 34 ye5bBRvel QS{‘W%HQ .8&ti4teA Biacore
ne or aggreg tangent s
CMagimpd, veSQR 07 fnﬁlaﬁ Iamtmenpmmbbﬂlzraftm&a]npbboﬁ:lﬂﬁpé it Bor

Waémé’ééﬁiy%aﬁé’ﬂﬁ oa6roEs ohehPRIZ &%&%Bﬁ?éﬁﬁ Gamee
6 fonkvglo. TEE W B Wt pRepiiedy 1928RE RARLASE Buffer
(HERESDuffeel enling coytdvhiay Emuﬁdtww@ctant HBS-EP). Kinetic

M cromass(tm MALDI -LR coupl ed w th del ayed
amalysestwere. peuﬁ@rmm BE aﬂw rataefs3Gpbimin oSamples were allowed to

lqnﬁétf% it é:\;g ijsirs&t; u’i nm? ch;k%g%ﬁl%_ yggﬁe -’Elile chip
SSBRdar sk (HuH i'é?g%‘ilﬂérm ﬂék‘ 'BOféeEQndé A8masoR™M NaOH and a

supernatants using a POROS Protein A columm.
halsehhe ed-ehtadishedsinidBS-EBI foe étEemlaMfQﬂeanmcmrmf the next

SARR)PabTisRaafe 1Hab I CAL 0N abg DR g Mected,
PR LS SRt SRR LR ARSI AR R aytion ond

thayeleerasisg fer thibi duedndxyt bbrepdicatei d (super - DHB)

matrix on the target_plate for MALDI . TOF-
BIAcore control softwage vV grsmn 3.2) was used E(-)r data collection and

BlAevaluation software (Version 4.1) was used for analysis of kinetic data.
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
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
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:



anal ysis. Results Transfection of CHOKI SV host cells
The PGl02 gene sequence was used by Lonza to
wa@oengtizase: ed t he doubl e gene vector pPGL02/ DGW TINL2007/050202
shown) that was used to transfect the CHOKl SV host
cell line by el ectroporation. gix sets of
transfections were perforned E i ng the vector
pPGL02/ DGV and supernatants of 255 transfectants were
screened for antibody production in 96-well plates by
assenbly ELI SA. Detectable antibody |evels were
Lpmgadnwared 11y B8dd% of the screened transfectants. Forty

t hree_high ranki ng trans tants were selected for
furtﬁbﬁ&?&(ﬁ&hﬂgg in 24i) 4 pl ates. Expansi on of
t at |1c§8:glltddrl\?§§_and suspg%sii)g)qoag,f\gtlati on Cul tures of

e Sélected CHO cel Il "TT'nes were first expanded
kidnt o 52%7 wellg4 9! at es and 598 @lparided into T25 static
flasks. The remaining cells in the 24- well plates
KRr e 22BuXi% 8 Mr esh nedi dd7ahd0'ddr grown' before
assessing the anti body productivity. The sel ected cell
i nes di splayed a range of anti body concentrations
BivaBrd bindhel@®)®olel Fi gure 10). Cultures of the 23

cell lines wth the highest product concentrations, as
det erch5t2 (PGl y E )2 were sel ected for

o PEAL S R0ncr et M S5bnsi on cul tur .

141 ged xligresiwer e succesgf wlhipy gdapt ed to suspensi on
culture and were selected for further evaluation in

Ka2d- Ha2tk 1043 Rilifsdls. Eval ddtli wA03fRUke growt h and

productivity characteristics qf selected cell lines in
- Ba?2 i KEhKe f1ask cu&t?ﬁ’r’élossJ
KD 5.29x10°M 5.41 x 10°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 10-1© 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 109 M using the bivalent analyte model.

Example 5
Inhibition of ch5D12 (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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The growt h and productivity characteristics of the 23
selected cell lines were evaluated in fed-batch shake

wo bamgh2ammd t ure. Singlet cultures were prepar edPd DNLBEATNS0202

cell line. Two feeds, SF40 and SF41, were added to the
cul tures when the viable cell goncentrati on net the
feeding criteria. The prot oco'l7 used for the feed
regime mmcks as closely as technically possible,

ihRAE b ERBYN EG GF'%BB& { @hla0: JYk
1an procf%c?i vity data for ?ﬁﬂg’ 23 sel}@gt@%gﬁgell ﬂlﬁﬁggeasuredby
BAX@Spresented in Table 9. Protein A HPLC anal ysis of

t he harvested supernatants of the fed-batch shake

flask cultures showed that four cell |ines produced

' @Eﬂ ragfd ons of greater than 1000 ng/L.
%P#Hﬁ%gﬁﬁq tri}rogi uced the hi ghest anti body
JODesIBNéxtpebSing e 4n @D 40 Ghare ddbekddsaithobPsdfurhhg serum for 30

antibody purified fromfed-batch shake flask culture
min akresm demperniaue| The sadi-idiehpetaniibasdete mrurinpmAdy5D12

GBhe 7L bGP ERRR A P AR AGPSERNOR 6 20 wejm)
! A H | - . .
RRFRIS BN (1CR00) QUAPRTISTE02TE (R 8lL0) Or fogative control

chinsh abFik . anti-hud D&t ahtibody ¢ch EUN- Pr igdimi)Anputatid gdlume of 50
sampl es anal ysed DS PAGE, under non-reduci
Sc

by S
Hldheha neRanenaied Tor IL5 gmip BereopEh Pt FAGS Ruffer (1x

R8P R 03 R[S0 O g dpearted 3%
18 afedaRdasyRIdR AinSFACS batféhaugbohhaitraniyn 062x209 céis/mL. 50

visible on the gel image. Three bands wth nol ecul ar .
ulaefithred YeeH suspension2oas rided smehearetingubated antibody mixes to

P S SRR N MR COCERE, O, KOy G0 PA L 4 o
W, SRR A SCRSINAER A0y, g

R cél$ pbllet walsfreampérdedyin 19@utadf difuted 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 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

The anti-idiotype mAb 173-36-1 inhibited PG102 and ch5D12 (PG100) binding
to huCD40 expressed on JY cells in a concentration-dependent manner (Figure
13). The binding of chFUN-1 to CD86 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
mAb 173-3-1-mediated inhibition of ch5D12 (PG100) (Batch 1) and PG102



I gG anti bodi es under non-reduci ng conditions. The sane

hal f anti body is al so observed in the 1gGinter assay
wa@onrnzdsdy | AC). Protein A purified sanpl es anabgea200y/050202

SDS PACE under reducing conditions were al so

conpar abl e to each ot her, exhhﬁlting t he heavy chain

band at approxi mately 50 kDa d the Iight chain band

at apprOX|nater 25 kDa (Data not shown). |EF analysis

[ t B =

(Bant [ dy sa £§E dﬁ%%ﬁ?hg 7?%{: ggitsleééégﬁ%ﬁeﬁ’ gwo 65%th n=4).
Thes® naluatcﬁﬁmspﬁndrta kirgti-ptiofydeconcantiatins girappaoyimately 1.8

bands 33 or. and. 3 mnor bands) in the n 8. 15
reanb (3 2tré¥1 aﬁ‘ab19e12 showea Sésze@@w od pal cwb@teénaogﬁ%ﬁo values for

TR0 e SRR S 03 0T 06 e o v

cdlld and J4, al though these may not all be visible on
the gel inmage. digosaccharide anal ysis of antibody
The ol i gosaccharide anal ysis of the antibody produced
by each of the ten cell lines selected for further

eval uation in fed-batch shake flask cul tures

wasdet ermi ned by MALDI TOF- M5 The predom nant

ol i gosaccharide structures in the antibody obtai ned
fromthe ten cell lines were GOF and G F, which are
typi cal N-Iinked oligosaccharide structures observed
on anti bodies. Relatively |low levels of oligomannose
structures were detected with the highest |evel of

6. 7% of total glycans neasured for antibody derived
fromcell line L52. digomannose -5 (man-5) structures
were observed in all sanples at a range of 1.1 to 4.6%
of total glycans. Al of the sanples anal ysed
cont ai ned conparable | evels of oligosaccharides and
relatively |l ow concentrations of man-5 (data not
shown). GP-HPLC
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When anti body produced by each of the ten cell lines
sel ected for further evaluation was anal ysed by
WERHRPLB95 t he | ower nol ecul ar wei ght comnmponent BCT/NMAMEY/050202
were the least critical but a level of under 25% was
preferable. Al sanples displzf\%ed | evel s of under 25%
Wi th the exception of L52, whith displayed a | evel of
27.1% (Table 10). Two di fferent cal cul ati ons of
ERh@PRIG i ons of aggregate would not usually be used,
but “was deened necessary as LMAC | evel s varied so much
Bindiwgof el 26PGEA0) ared PRI ti € b#0Fadeteamaned by ELISA
excl uding the LMAC and | ooki ng only at nononer and
| ar ger peaks, denonstrated aggregate peak areas of

M&ésrihlanEMfHods &l | samples (Table 11). Level s of

under 5% are consi dered acceptable. Sel ection of cell
BLIS#splHtee Coghr BIABEA plate, Corniigchtabogyer mpaber B680) were

ool ST RS T ST Sy o or 00
SISE SO B PRS R I UBEAEh Ll S0, i

eh¥ronsnts Plerkeferasvidleed Satmeshitd 206 piswell wash buffer (0.05%
exhi bited the hi %hest harvest anti body concentration

Tovearn0 28 RR$). Subseguentdy,pdatas werecoblgckpd witle 20pndiwell
e I WL T A—.
U AT A GEAOPR S0 CORRi AR PSs yop
vwashbdc3 tigesd with whel baffer] Testemtiiodies €hiB)12 (et @) PE&102,
SR SaEBTE CERRL OV AeRe 14 D LINGS ERFPadH CGRLLR-) were diluted
1H%B¥ %a}lgé"btié’(%j}{g&&ﬂ‘iﬁ %‘1&%}18 %u(ﬁfertal?l%l 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 MgCls.6H20 in 1L H20 (adjusted to pH 9.6
with HCl). 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 3SM NaOH. Colour
intensity was determined at 405 nm using a micro plate reader (Biorad, model
550).
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twenty three cell lines evaluated, and had acceptable
grow h and product quality characteristics (Figure
woie)o7/129893 hi s basis cell |ine M5 was sel ect edPE@BENLE®7/050202
second back-up cell line. Cryopreservation of pre-seed
stocks Pre-seed stocks (20 vi.gls per stock) were
cryopreserved for each of the'*three sel ected cel
| ines. These stocks were stored in vapour phase liquid
nitrogen refrigerators. Cell lines L107, L25 and M5
were renanmed DO, DC2 and DC3 respectively. Di scussion
Resmiz@ Bi ol ogi es was requested to undert ake the
construction,_ selection and eval uatj on of

I g numbpe obinslepsnrngt expemments s@e@%dﬂaw?c? FQ@/IQAE&#OO) and

PR8N e LR 2 BARD SRR BB S D10

(I@g‘é&é‘ Ty ey IR (1R @%E- 180 cé‘ﬁﬁel B¢ fibeds ded ndY display APpreciable

cell line CHOKI SV, a suspension variant of the Chinese
bindingdo GR40+Fc( Cadyulatdd alufmamlmmdmc@d:en@ratmns for all

chem cal ly defined L 0 ent - f.
FPSHRaLE B BYEReHEsD i ablo s b gitfiE e e cgghes s
bS8l §6 the Half- 1%%4;1191‘5& blﬁdlﬂ%%oﬁ’@é&rﬁﬁhﬁ'fﬁﬁ dnf B&khe anti-CD40
secreted the antibody. Forty three cell lines were
aatihbdpbeadcHesrevpdoated. and productivity in 24-wel |

pl ates. Anti body concentrations of up to 120 ng/ nL
wer e obtai ned. Twenty three cell lines were eval uated
in singlet fed-batch shake flask cultures. Harvest

anti body concentrations in the range of 121 to 1674
ng/ mL. were obtai ned. Harvest antibody concentrations
in excess of 1000 ng/L were achieved for four cel
lines. The ten cell lines with highest antibody
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concentrations were selected for product quality
anal ysis. The product quality of purified antibody

wo cowmzmeh of the selected cell |ines was conpeeENLE0OC/050202

each other by reduced and non-reduced sodi um
dodecyl sul phat e pol yacryl am d%gel el ectrophoresi s and
i soel ectric focusing analysis. A igosaccharide
anal ysis of purified anti body fromeach of the ten
£18% cel | lines showed relatively |ow (<4.6%
evel's of oligomannose-5. GP-HPLC anal ysis showed t hat
Rindjng gfivk5 D B @1 G1 0 med FPSF IR (0 YudCdi4O0cexpressdd eméY welfs determined by
I;\@bee cell lines. Three cell lines (L107, L25 and M5)
e selected for further evaluation based on growth,
productivity and product quality data. Pre-seed stocks
of 20 vials_ of each cell line were cryopreserved. The
Materiadeland Methogds e renamed DO, DC2 and DC3

tively. le 4 De I At | j '
PBTSE beo TE oh FRLELTHAE BARShUE L PES, 5s B
AHIB05904dd Femyzi @) Sagema@amg disenaldadBI¥cRlle)were
Mat erials and Met hods The kinetics of ch5D12 (PAE OO

randsRerRd in PACS buffeinto) a bpmetintgation bl Aah0TRIs/més dhereafter,
SR S L5 SRR S GETAN  Ra PO  os
D
15yGDesmtiialyoh U N bbereph48d GDthe ronamtustaan asngd8-900 ng/mL
st FRouba el HLBUBIRE DI GPIS PEFG WP hRS ok 4 FACS
e LRt it b SR SRR Lol pellots merp posuemopded in
B0 ADIFEBAt hbPRia#AlRFITEVEhackéonl BAnfuriRdeséaich 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 (MFI)
than ch5D12 (PG100) and PG102. This is because JY cells also express human
CDs8e6.
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ki netic anal yses, dilution series of ch5D12 (PG QOO

and PGl02 (range 10.0 ng/nL to 0.313 ng/nL) were
w@e@pareos i n Bi acore Runni ng Buffer (HEPES- bufPer/an2007/050202

sal i ne contai ning EDTA and surfactant; HBS-EP).

Ki netic anal yses were perfor 2 at a flowrate of 30

nm./ mn. Sanples were aIIovvedn? bind for 4 mn and to

di ssociate for 5 mn, at the sane flow rate. The chip

%‘é%&ﬁg&z""as then regenerated for 30 seconds using 30nM
a baseline re-established in HBS-EP for 2.5
mn before injection of the next sanple. Alternate

es of PGL02 and AD12. (PGE e ect ed,
f})ﬁ:ng dﬂ%gé ﬁ%aéﬁ?liléftlﬁ:%ﬂf ‘g%ﬁlo‘%éGf% sQéé?e 51|ant) and ch6D12

T AT, 5 OB B

Ha¥ed sisedlys3 ]ﬁhd!@@oﬂ?@d()ﬁ(ﬂndi&iﬁ)t@ KPGGDO)th FA ) Gbells expressmg
Bl Aeval uation software (Version 4.1) was_used f

G40 yeassindrbited avitl eanabpotengy |bbr§hﬁaarrmre41@h§wm@é) 173-36-1.

I d ff

Tt thEehnee 3L Relinem e et s SE kG ng cpioD12
PPH0) HapBEe wassBi {o56. WE’(h&’S)ndrﬁM? L3 taf6. OJPS Y& respectively
b| nding for ch5D12 (PA'OQ0) and PGLO2 antibodies were

(©50.05) RAntibddg 40 32BRU,is de@pm:i againgt ththwariableuregiens of the

oﬁﬁﬂi&@é@ﬁ%@%&%@é@?ﬁ%m& IR, 5pd i o Bindin of

eﬁ?ﬁﬁ CEDBBY bch Dib3aY! ¥n BAEhEP @xﬁé’ﬁments the half-
E@ 5 i sp

anti od| es. ayed faster association
rangimakbecing Icomcelrat'mom bARGIRELA ¢EED m))(Pgmogm mas determined

12), al though th LI af f he
tan L3 @Saulas:atqfém%%h?amimé Gohlip PR e s FACS

agn'u rna rsl%éf ﬁgﬁ%ﬁrz} t%r ﬁél(rfr%n Ir hl???ﬁ?ﬁ@@%%@ w4€no significant
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, respectively (P>0.05, both n=4),

Q.

corresponding to approximately 30 ng/ml. Similar half-maximal binding
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.
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.
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ch5D12 (PG OO PGl02 ka 1.88 x 106 M1S 1 2.51 x 106

M1S-1 kd 5.07 x 10-4 s-i 5.96 x 10-4 s -1 KD 2.71 X
WOLO7MRIB7 x 10 10 M Bival ent binding (1:2) npcENL2007/050202

ch5D12 (PE OO PGl102 kal 6.41 x 105 M1S 1 7.82 x 105

M1S 1 kdl 1.60 x 10-3 s -1 2 %7 X 10-3 s-i ka2 1.21 x

10-3 RUs 1 1.31 x 10-3 RUs 1 K 2 2.55 x 10-3 s 1 2.24

X 10-3 s-i KD 5.29 x 10-9 M5.41 x 10-9 M Anal ysi s of

Elﬁﬁnﬁqg@ess of Fit for the two nethods indicated that
the data is better described by the bival ent binding

R U SRS DR e A P
egmriebding aamah CHDe0 diing aridtielled aanrGDehesiifddy) obt ai ned

for each antibody with the sanme nodel were conparable;
2.71 x 10 10 Mand 2.37 x 10 10 Mfor ch5D12 (Pd OO

e Rl R Y *10°M using he bi val ent -

Jahedli @Epuoelin-Berx aipisetrankfobiveidt hwunanfB dhbphablaR@id@ell line)
verel gpomp rolssanon dodibed thabordiobeim, Ahubha sontaiitss 10%
Ry TR SRS DN Ao 10 et
goasamyerh friohA kRikhuntidifkdhgtabsfHer 2ontaiahdds% CO2, at 37°C.
CD40- expressing JY cells, measured by

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
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
1pug/mL labelled ch5D12 (PG100) or PG102 antibodies, in the presence of
varying concentration (0-10 pg/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).

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
PG102 were 7.50 + 0.03 and 7.63 + 0.03, respectively (both n=4), whilst mean —
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FACS. Materials and Methods JY cells expressing human
CD40 were bl ocked with 5% human serumfor 30 mn at

WO ommireaper at ure. The anti-idi otype anti body POI/NL2ZG0NES0202

mAb 5D12 (clone 173-36-1) was pre-incubated at varying
concentration (0 - 10 ng/nL) wmgth either ch5D12
(PAOCO (1 ng/n), PGLO2 (1 m.), or negative
control chimaeric anti-huCD86 anti body (chFUN-1;

T R FA R AT PR AR a1
(PB300) anBI7G 202 were Y .54 ad0.0rh anl 6P 80025 mespelcmtvalyt (both n=4).
Wieperlos L uHES RORRERGH b1 PEDBSIELAHSD hE (PEIORL of
R T O L L b

Cells were incubated for 30 mn at 4 C before washi ng
with 4 mM FACS buffer/tube and the supernatant
Ek«®npled®d. The cell pellet was resupended in 100 ni of
di l uted goat-anti-human 1gG FI TC (Jackson

TnPobipihestddl- 8 eleabs fro@aTHIMNG. cell@9- 095- 127) in FACS

buffer (1:100) and incubated for 30 mn at 4 C. Cells
were washed with 4 ml FACS buffer and supernatant was
di scarded. The pellet was resuspended in 200 nL FACS

MQ&{I@MSM Pri¢pddant i body was neasured using a FACScan
| ow cytomater (Becton Dickinson). Results The

'ﬁg,t Gfu i o@ﬁ@}ﬂﬁ’ﬂwﬁé ed MLY usﬁ?g E@éﬁ%@@a faheERal

ng to huCD40 expressed s in a
blo:mmtsrt Baielftyn otleant,dAHPrhandrd yikiag L3|9é/ fnG)huIrTm cells were
bi ndi ng of chFUN-1

cytwred g Iggave ol Odlftled SDqlgegcg stMeal S(ﬁ\/[%r B S\i’%m%aker

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 108 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
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i nfluenced by mAb 173-36-1. There was no significant
difference in the bl ocking effect of anti-idiotype mAb
waZ®73®H895 on t he bi ndi ng of CD40-specific anti POUNER0I/050202
CD40 on JY cells. For exanple, the calculated |og I C50
val ues for mAb 173-3- 1-nedi atgd inhibition of ch5D 2
(PA OO (Batch 1) and PGLO2(Batch 2) were -5.74 0.14

and -5.76 0.11, respectively (p>0.05; both n=4).

SHRRRERYAS L] AEPEST e SRt MIRIAT39.8150 cells were

ati1ons approxi nat e

alipisted ta asémmn&aﬁﬂmmﬂyxdfO%alle/uﬂat ed - | ogl C50 val ues
for anti-idiotype-nmediated inhibition of ch5D12
(PA OO and PGL02 binding to JY cells. Exanple 6

d)&lg?,iﬂ?iﬁo%c%s?;g%% Féﬁ%@&&ﬁ@ mglﬁ(}@bmg wf?‘angL variant)

wADSEAAF AR A iR WémemrDMgn@ahﬂhmlmghwd WHI010 % foetal
were coated with [ COrL/wel |l huCD40-nmul g (Ancel |,

boarize sgrvem rtardbéaircfinabagyay @nncanémtmszyothegmngq 0 —PH®) ng/mL.

%t@gﬁyﬁr%‘%ﬁé :r&rﬁlé F tsﬁééax&‘pﬁﬁs)zar@rm%qe oy rg?prilcate to round
H%%Jxﬁ%(; ggx& gg%vl&}'%@ﬁ%e%QNdM’m R4S FPHERIAY orcpérasegL of THP-1

were | 200 m./wel I bl ocking buffer (5% B
detlaqeyaivalentRoc Ae lﬁ‘acdlsageuewalxhbéﬁ uized g tést seasple and 50 pL

B0l ) The g %}2&% WAt i PRIl The gellculture plates
Vg gaﬁ&a I&P il% ?Bfé\Rﬁ ﬁﬂﬁhéil;&gné\ﬁ%)%)a’t ,’ﬁ@@%n a@Rdmidified 5 %

con r| c anti ant i body

COFbinbip h\@lreefodlzﬂsthed in the range 0-1200 ng/rrL in
bl ocki ng buffer and transferred to assay plates in a
final volume of 100 ni/well, followed by incubation

for, 1 37 0 hum..d v, ‘
QB st erib el PO SRS TE ot ol hfurkiStBernatants
@Erelgﬁlﬁfe\&eéﬂd SQalsfaRt i tHu@nkadnieored eeicestitrerplate. 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.

Results

PG102 (1291 variant) and ch5D12 (PG100) showed similar inhibitory effects on
evoked IL-8 release by THP-1 cells (Figure 17). Calculated ~log ICso values for
the two antibodies were 8.42 and 8.28, respectively. These values correspond to

ICs0 concentrations of approximately 30pM.

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

lymphoid organs. No unexpected cross-reactivity was observed on either
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(Sout hern Bi otech Associ ates catal ogue nunber 2060-0)
diluted 1:1000 in bl ocking buffer. Plates were

wo pmab2asest for 1 h at 37 OC in a hunmd envi r onP&€nNL2007/050202

bef ore washing 3 tinmes with wash buffer and a further
single wash with PBS. PNP subsgfrate was prepared by
adding 1 tablet p-N trophenyl osphate tablets

(Si gma, catal ogue nunber N-2765) in 15 nmL PNP

[ : L1 . .
%@%&1 %‘F@éﬁ‘%&gﬁs &é%u%%g}’%%tsggdf Witk &gb@gd fo% %?2 and similar
rNRlisubsite chitained (deddadt ishowss audmlaﬁhgsthat ch6D12 (PG100) and
nL/well. Plates were incubated for several. mi hutes
PRaR2dinditay varigty o tissus sestions i1 arsimdlag faphiomn:
before the reacti on was stopped by addition of 3M
NaOH. Col our intensity was determ ned at 405 nm usi ng

Ald¥ £peebas safetpdad toRirabitty svaleatiod ®r feHd12 srdspeaformed in
nunber of independent experiments serially-diluted

chsmolgupehavyeysn in maiok Weekdy administration pbchPhd fornd weeks

bi nd bl q
WAPFLOVEHD Benpate e ROt GRS it ORGP A B STk Ly this
W%ﬁ&hﬁwﬂ'&%&&e%@a%lﬁ@d 1A &%Bl?@an prevent B-cell

maxi mal bi ndi ng concentrations for al
aoteatioreand obifaramoa?l. Sedetyrstiididseva®: rdneasecyfnrfﬁ’@éﬁﬁ using a

g)lé’lf’ff% gﬁgﬂ’ @?P%P&%gﬁrﬁ/ﬁgﬂg’ ’tneh S l l%@ﬁn%‘;(el;{ﬁrﬁsgg%{]p%y s%udy in
A PRI B0 RSP R R e
BysdRGEIMB;, 26iaalds 160 thdvkg hedsarfdDd6 expkessibngodey=e(3M, 3F) per

were washed with FACS buffer (Ix PBS, 1 %BSA and, 0.0
treatment SZO%)Plusub@ioﬁkﬁﬁﬁ{ZMang A8 FAFQYSEY SHAUDSLA¢hsactive

Weafment 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
immunohistochemistry.

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.
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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 DI5SD12 variants.

Mutant Step 1 Step 2

PG102 [29L-371 (L)] 129L+129Lrev n.a.

291-37V (IV) 137V+137Vrev n.a.

29V-371 (VI) 129V+129Vrev n.a.

291-37L (IL) 137L+137Lrev n.a.

29V-37V (VV) 129V+I129Vrev 137V+137Vrev
29L-37L (LL) 1291+129Lrev I137L+137Lrev
29V-37L (VL) 129V+129Vrev 137L+137Lrev
29L-37V (LV) 129L+129Lrev 137V+137Vrev
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Material s and Methods JY cells (Epstein-Barr

virus-transforned human B | ynphobl astoid cell 1ine)
wowere/1za8eswn i n |1 scove's Modi fied Dul becco' s MeRPETINL2007/050202

(1 MDM containing 10% heat-inactivated foetal calf

serum (FCS), 2 nM L-gl utam ne,and 50 ng/ nL gent anycin

in an air-humdified at rmsphe?%l containing 5% CO2, at

37C. Cells were harvested on the day of flow

cytonmetric nmeasurenents. Unl abelled ch5D12 (Pd QO

(Batch 4) and PGL02 (Batch 2) antibodies were used in

TAES SuRMBG lof SFERIS: prédibiivith Bith BICHORRI e §n COATF fetFiSifthisRake flask
PE- | abel twdresor m for direct determination of binding

AL D ‘ggqr:@;tngg (RepeetipwRateJK) Production Rate

eat RorEa@aion trati  olh esfia (gs overall)
10'1% s{mL. al ?ﬁ%‘ Hb 0 FEQM 'RQL p Ol h S mg710°cellslh

to JY Tel T OWeGdgRIGL Y. ANLT DOJ[ES Sk P
:&M‘?{%B | @Tﬁd W tv?abBEelby 1 p
or

6 : 6 &b v
| ng BASD 2 PGLOY! for |30 nPH at
in whi Tﬁr ?%égaﬁ/EIEan obézgy\ﬁdrEXPLL?%yafﬁmibﬁn?gra[ yilez o
using a FAGStan {f | owz2edonet gr (Bewton & Di ck#nson). 0.45
Frye thousgnd eventsiggnpl e [wer e geasuned apg anallyzed gy
using Cel| Qles.t_éxg__sit_warn (Becton—& Di-cki-nson)-
Resul t$ Unligbel Iled ct8D12 (RA OOf"land PGLO20Enti bedi es %43
arsprayed simtgr Tnnehitory chapacterifstrcg,in these g,
assays!(Figiire 16) an -lqg | ("—% val des for
i nB2bi ti on7ef 1 |ng/ nussh5D17 (PA@O) bijndi ng4sby 0.53
UIIIViISS?bei i eu'14.(65i]5[)j'2 k PG;zW amd 792 0.24 0.24
1,102 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
165 3.74 878 651 0.74 0.90
L56 8.52 1728 546 0.32 0.30
Me63 10.79 2465 444 0.18 0.18
G7 9.87 2058 376 0.18 0.20
G11 5.04 1145 310 0.27 0.30
11 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




PGLO02 were 7.50 0.03 and 7.63 0.03, respectively
(both n=4), whilst nean -1og |1 C50 val ues for

wo adwrh2aspdn of 1 ug/ m PGLO2 bi ndi ng by unl abebP¢BnL2007/050202
chs5D12 (PE OO and PGLO2 were 7.54 0.01 and 7.65
0.02, respectively (both n=4) OThese -1 og | C50val ues
correspond to PGLO2 and ch5D1% (PE O0O) concentrations
of approxi mately 20-30 ng/nL (i.e. ~130-200pM.
Exanple 9 Inhibition of IL-8 rel ease from THP-1 cells
Material s and Methods The functionality of PGL0OZ was
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tube. 40 nL of Hank's Bal anced Salt Sol ution (HBSS)
was added, and the cells were
Table 11: GP-HPLC Analysis (IlgG products only)
Sample Culture Rel_ative 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 L52 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



centrifuged at 1500 rpm (using I EC centrifuge) for 6
m n. The supernatant was di scarded. The cell pellet
wor®nesaspended i n pre-warned | MDVsuppl ement eRICIMNLEN01/050202
%-CS. The THP-1 cells and J39.8/50 cells were adjusted
to a concentration of 4 x 1059 ells/m.. For inhibition
assays the test sanple ch5D12"(Pd OO or PGL02 (I29L
variant) was serially diluted in warmed | MDM nedi um
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A previous tissue cross-reactivity study on human and
cynonol gus tissues showed that ch5D12 (PG OO bound to

wo be7azdshs surface of B cells and DCs in | ynphoPdI/NL2007/050202

organs. No unexpected cross-reactivity was observed on
ei t her human or cynonol gus tis yes. This study was
repeated for PGLO2 and sim |l ar“results were obtained
(data not shown) indicating that ch5D12 (Pd OO and
PGLO2 bind to a variety of tissue sections in a
simlar fashion. Also a previous safety and

t ol e alAnti-CP40\maAki ghatoh) f qr elog biaf-meaximat binglingd jn n
cynojmol gus nonkeys, in whijch wee g,?m‘ istration of
chb50 2 for 4 weeks was shdwn to blggy'ga e%’g wi t hout

any [si clesDeff (PE190) BatdH 1)mankeys. [ns54 Rigp3st udy, 4
funcpd evi-dence—was—ebta-ned—that—ehbb2—can

ti-onal —evi-dence—was—o6

pr eventh3R12dPG196} (BRigh Bn |and prol 7.58£&02n 27. Saf elzy
st udre T ' r[PGIOZ USin pre prol pnged
pr ot oc%‘?%gﬁlﬂ&e@?ﬂ%%&ﬁmek I nt riéﬂﬁg)sm oxicity
study trsEINPEEN0OYBaEKeyl W th a Wepko recovery 2
peripd was desi ﬂng;’i using-3 dose ‘!ﬂ:gz/e! S (0—25—ahd
100 frg/ kg RG102)(Batsh 126 nonkeys (6 ToBEOB4 (3M 3F) pér
t r eaprent =1l A—monkeys (ZIM _2F) asS TEeCOVETy 4
groups in urf‘(&‘éﬁhﬁ treat nent ar?rﬁ?i‘mé foll ow ng
neasurenent s were done: TK, antl-PGL02 response, flow

cytonmetry (including CD40 coat iagé; of PBMC), |ynph node
'Dables)3. Bum atagddcdldubxiedotoghadsmessmahbndingisongentration

Yolgs SoohPRL ARG DAL SR HE0F Risving o R LhIGTE as
gegtfségrrn\éﬁ%d b {PFE{%[? oﬁa\%a{é&(ﬂg%lﬁ theuRban 1St 6 eaR Gt ddd¥@Sminations.

era ectively these studies

b

PRERVakalesiEhmcadtdaforyst iarthe Bindarg @4ty abtbedubatch tested

as its parent antibody ch5D12 (P(f“gl O , ,hgqs} no . F
ik pBCAND CAdelwed byl ehey atrstiler BulEibinepmppyisons). For
Erg egr?cte?g —Il(r)]g Ia\ffc-)m%Z(imal binding concentration of 7.45 corresponds to a

concentration of approximately 35 ng/ml (~ 200 pmol).



Tabl e 6: mnutageni c oligonucl eotides. O igonucl eotides
used to introduce the nutations at amno acid
w@omrtizsas 29 and 37. Sense and anti sense (reviCT/NL2007/050202
ol i gonucl eotides are listed. Table 7: The creation of
doubl e mutants required 2 nmutagenesi s rounds. Below it
is listed which priner sets e used in step 1 and
step 2 respectively to cone to the additional DI5D12
vari ants. 88 Tabl e 8. Expression data as neasured by
quantitative ELISA. For each additional 5D12 vari ant

( 291{- 3Auti-CB40 B1AD (batah)371, +ey/half-haxkeal Bnding 9 3L
and |29L-37V), together wi th ch5D DI 5D12 and
PGLQ2 (129L variant), thelantibo éné{ﬁ:gﬁhatl onlin

t he |hahtB42 eGP dBatah djt |1 s shown. 88xgabl e 9: SLmTa2y

of grewt-h—&productivty—data—ot—CcHo-celHH—res—Hn
CDAGF *éﬁ@é‘?@i‘@”@r@ﬂt&h?f ask cul turesh® Tabl e 10: 2
GP- HIP | g LCIVWC Det ect ec

Tabl e%ﬁﬁ‘l‘%@‘%@&k%ﬁ% 32 >g(l aG |)or o?!ﬁ?s only) NDZNO%

Det ectoh@D12 (oGl @0)\Batchdymary of cal cukqted -1og 1/C502
val u L=l.di - tedinhibition-of-ghs5pbl2
(PG00 aRG1EBAIChINdi ng|to JY cel IB44 Data i ndi dat 2
t he frean Lol getermmations. — There SN
signifi can? g ﬁeg?“e%)ce in|{the inhi bi%"ﬂﬁy pot ency |of 2
the anti-idiotype with any of the antibody batches
tested (p>0.05, ANOVA followed by Tukey's test for
mul ti pl e conparisons). 92 Table 13. Surrmary of

| at e al,f - i.ndin tration
Thede éumnem%ifgcaé@é% et Rge Cangagpration
vk f6¢ ch8H 12 (PG100) and PG102 binding to JY cells expressing human
CDA40, 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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determined by ELISA. Data indicate the nean s.e. nean
of n determ nations. There was no significant

waledo7azeate in the binding of any anti body batBtT/NESWO050202

(p>0. 05, ANOVAfoll owed by Tukey's test for multiple
conpari sons). For reference, 8 -1 og hal f - maxi nal
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wo 200129895 M and X5 is G A V, L,

sG A V, L I, P F
M X4is G A V, L,

I, P, F, M PWY/NC200N050202
Q S, Tor Y. 5 A polypeptide according to any one of
clainms 1-4, wherein: XlisG,lé, V, Lor M X2 is G
A,V,L,IorMX3isG;A,9,L,I,P,F,MXis
G A V, L, I or M and X5is P, FW N Q S, Tor Y.

6. A polypeptide according to claim5, wherein: Xl is

L; X2isl ; X3is P, X4is M or Xis S. 7. A

109R pafbslad aa & b, ny. Heabtd, R .nderdsclmdsaBi.ZHauser and C.P.
wherein: 113 X1 is V and X2 is V; 8. _A polypept irlgle )
Gewnadn.di Teguency ketarogengityr andeneenhaliogenicty gf Togpllsepecific for

ol o BRSO e AR, ..
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X1 is L, X2isV, X3islL;, XisLand X5is F. 10. A

pol ypepti de conprising am no acid sequence 1 11 | |
WEEBX11BIRYSVY WK2R wherein: X1 is | and X2 i sSPOU/NL1007/850202

bi ndi ng body conprising a pol ypeptide according to any

one of clainms 1- 10. 12. An qgﬁl body conprising a

pol ypepti de according to any e of clains 1-10. 13.

An anti body according to claim 12, conprising a

tnEes f ' Rradi P

T M L Bo I A AT of AP RARGIONI p tacts
Chim Egp Dérenastioh (E298); 28:nk8%Rd90r egi on is a regi on that

is deficient in conplenent activation, preferably

human 1 gG constant region or a nutated human

Nty [
BB FEECe THREE B Vi M M IR 3R, FUPD ahan oD,

AaRghpSAThIsE Aembaskatiea@Td D0 and ICD 164 positive/cells an
anti body according to any one of claips 12-14.

16, A
peetiptic degions and kerptinpertgtnreduelien of chemobinasbip d 46k ligation

.clainms 1510, I NAdLAG. ccording to claim 11,
I%P%FBTJ'}&%E‘@WI‘?%M’ g@@é?@%to any one of clains
12-14 and/or a nucleic acid according to claim15. 17.
An ant agoni stic anti-human CD40 nonocl onal anti body
conprising a pol ypeptide according to any one of
clainms 1-10.
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18. A dei nmuni zed antagoni stic anti-human CD40
nmonocl onal anti body according to claim17. 19. An

w@eiagmspsti ¢ anti - human CD40 nonocl onal ant i bRCyNL2007/050202

according to claim 17 or claim18 conprising an am no
acid sequence 1 11 21 31 | 1 4,41 X6LGX7X8ASI SC RSSQS
LX9NSN GNTYL HWYLQ RPGS 4 1]51f 61 711 11 | PRLLI
YKVSN RFSGV PDRFS GSGSG TDFTL KI SRV EAEDX 10 81 91 | |
GVYX11C SQSTH VPWI wherein: X6 is N, Q S, T, Y, Wor
C X7isD E N Q S T, Y Wor C X8is N Q S,

T, Y, G A V, L I, P, FChinwWwor C X9 is G A V,
L, I , P, FF, M X10is G A V, L, I , P, F, M andl15
X11is N Q S T, YG A V, L, I, P, FMWwr C 20.

An ant agoni stic anti-human CD40 nonocl onal anti body
according to claim 19 conprising an am no acid

1sequengdlypeptide tombrising an amino acid sequence

1 11 21 31

I I | I
GFSX1S RYSVY WXzRQP PGKGXs EWXsGM MWGGG STDYS

41 51 61

I I I
TSLKS RLTIS KDTSK SQVXsL KMNSL RTDDT AMYYC

71
I

VRTDG DY

wherein: |
X1is G, A V,LLLP,FM,W,C,N,Q,S, T,Y,D,E, K, Ror H;
X2is G, A V,L,LP,F,M,W,C,N,Q,S, T,Y,D,E, K, Ror H;
X3isG, A V,LLLP,F,M,W,C,N,Q,S, T,Y,D,E, K, Ror H;
X4isG, A V,LLLP,F,M,W,C,N,Q,S, T,Y, D, E, K, R or H; and
X5isG, A V,LLLP,FM,W,C,N,Q,S, T,Y,D,E, K, Ror H.

2. A polypeptide according to claim 1 comprising an amino acid

sequence
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[ 1 1 | ELQLT QSPLS LPVX6L GX7X8AS | SCRS SQSLX9 NSNGN
TYLHW 41 51 61 71 1 | | | YLQRP GQSPR LLI YK VSNRF

WEOPMRBFISGS GSGTD FTLKI 81 91 101 111 1| | | | PSRVEAN07/050202

EDX10GV YX11CSQ STHVP WIFGG GTKLE | KR 21. An anti body
according to claim19 or cl ai1 20 wherein X6 is T or
S, XisDor Q X8is Qor P,,7X9 is Vor A Xl0is V
or L and X11 is F or Y. 22. An antibody according to

any onegq_f%ggajg)gggkl? %K@(%%g@l)‘(ESPTOKW $ BFSX R}YlS\@I W&;RQP

is P, X9 i 11 is Y. 23. A ce
conprising an anti body according to any one of clains
19-22. 24. A cell according to claim?23, that produces
sai d anflbody. 25. A céll according &b claim 167123 or
claim 21, that is a hybfi doma cel |, ? Chi nese hgmst er
ovary cell, an NSO cell or a PER-C6(tn) cell. 26. A

cel | acPOKIGXY EWXaGM N REGCSPSTDRSITSLIES RUTISEKDTSK
at the ... collection. 27. A cell culture conprising a

cell according to any one of clains 23-26. 28. A

2 col | accordith to any onear ol aime 161033 26 and 111
harvesting sai g anti bogyopfo sgi gl (r:rﬁl t u,rqe. -29. 22 |
anti body obtai nable by a nethod according to claim
28. 116 SQVXL EMNSIdRTRHTANYY ¢ ¥y RTRGMDYWERAGTTRVT VSS.
purified.

3. A polypeptide according to claim 1 or claim 2, wherein:

X1is G, A V,L,P,FM,W,C,N,Q,S, T,Y,D,E, K, Ror H.

4. A polypeptide according to any one of claims 1-3, wherein:

X1is G, A, V,L,P,For M;

Xois G, A, V,L, I, P, For M;

X3is G, A, V,L,L, P, F, M;

X4is G, A, V,L, I, P, F,M; and

X5is G, A, V,LLLLP,F,M,W,C,N,Q, S, TorY.
5. A polypeptide according to any one of claims 1-4, wherein:

X118 G, A, V,LorM;

X2is G, A V,L,Ior M;

X3is G, A, V,L,I, P, F, M;

X4is G, A, V, L, I or M; and

XsisP,F,W,N,Q, S, TorY.
6. A polypeptide according to claim 5, wherein:

X1is L;

Xa1is I;

X3is P;

Xsis M; or X518 S.

7. A polypeptide according to claim 1 or claim 2, wherein:



31. A pharmaceutical conposition conprising a
pol ypepti de according to any one of clains 1-10, a
wenditzegodbody according to claim1ll, an anti boRgT/NL2007/050202
according to any one of clainms 12-14, 17-22, 29 or 30,
a nucleic acid according to ﬁhgin115 and/ or a cel
according to claim 16, 23-26.-"32. A pol ypeptide
according to any one of clainms 1-10, a bindi ng body
accordi ®g; ' , an anti body according to any
one of g?é%ggﬁ@g@%%%@ﬁ7-22, 29 or 30, a nucleic acid
accor di Kgi$ b oddXmidb and/or a cell according to claim
16, 23-26 for use as_a nedicanent. 33. Use of a
pol ypep&i de VatrdKdilny;t o any one of clainms 1-10, a

bi ndi ng ac | hg. to claim1l, an anti body

accor di %89%%%@%%%?}“ aims 12-14, 17-22, 29 or 30,
a nucl eXg ;8 &hBXc Y. ng to claim15 and/or a cell
according to claim16, 23-26 for the manufacture of a

SmAdvadypeptidé eccaxding tn elpimgl, avksnepr om of an aut oi mune
di sordeg, angd/or an inflammuatory di sorder and/or for
reduci n§§3§fr ft rejection and/or for the treatnent of
CD40 pogxi,tis we Hapcers. 34. Use according to claim 33,
wher ei n sai d ‘aut oi mmune and/or an inflammtory
di sor deKsiis Fsml Xgise8, predenabhe Sgr oup of rheunat oi d
arthritis, systenic |upus erythematosys, .nultiple
Is & mlasg%ﬁld%gs?qrgl%,m BRY 086 ot ﬁﬁadmﬁ é—% » HESTEMY at opi ¢
der mat i i 3% : Ol g t is 3, wherein
sai d au%déi%?rrlﬁﬁg% 1%?3 o?gg‘h%ﬁﬁ?ll‘a%nn%tb%rlg‘% sorder
100ANsAlgpeptidé bampeisity ahdnelacill sepsmce36. Use
according to claim35, wherein said inflanmmatory bowel
di sease conprises ulcerative colitis (UC) or Crohn
di seasel( CD). 37. A gethod for providing an individual
wi th an™anti body conprising

l |
GFSXiS RYSVY WXsR

wherein:

Xiis Land Xsis I; or

X1is I and X2 is V.
11. A binding body comprising a polypeptide according to any one of claims 1-
10.
12. An antibody comprising a polypeptide according to any one of claims 1-10.
13. An antibody according to claim 12, comprising a constant region of a
human antibody, preferably an IgG constant region.
14. An antibody according to claim 12 or 13, wherein said constant region is a
region that is deficient in complement activation, preferably human IgG4

constant region or a mutated human IgGi constant region.
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providing said individual with an anti body according
to any one of clains 12- 14. 17-22, 29 or 30. 38. A

woredohoghspdr sel ecting an anti-human CD40 ant agpei/s1.2007/050202

anti body conprising generating a first cell line that
produces an original anti- hur{g%DCMO ant agoni st
anti body and determ ning the unt of original
anti body117 that is produced by said first cell line,

182t léﬂ _eﬁ&sdihg%ypa ééé aecdraﬁlgjs‘@aﬁy%@'ommms 1-10,

varil a omal n am no ‘ac uence 1 11 21" 31 |

aQiKirQ Eﬁﬁi’ﬁglb‘dﬂ?%cﬁﬂdﬁhg f@ﬁlé&r&ﬁ)ﬁlrﬁi/é&( SYANHRQY aktofding to
61 71 | |  PGKGP EWWGM MAGGG STDYS TSLKS RLTI S
ARPTPHR féf @anéa 11111 l 1 1 1 SQUSL KVNSL RTDDTAMYYC

D o : :

YRR TR ROt o A A o
biading body eﬂfédrdiﬁg%dclaﬁﬂ 1%, évh@/@d anlamtibodydccordingnid addy one of
= L; or X1 =L and X2 =V, said nethod further

cbam@rl%ﬂﬁ@rgié@m apickic acid w@rdméom dp.cell line
b A e K o B e
jperit £RBMing tBthriond5L¢lhiME 1-H®! etion, inversion,
an [ Or substitution of between

18. A deimmunized antagonistic anti-human CD40 monoclonal antibody
according to claim 17.
19. An antagonistic anti-human CD40 monoclonal antibody according to claim
17 or claim 18 comprising an amino acid sequence

1 11 21 31

| | | l

XeL.GX7Xs ASISC RSSQS LXoNSN GNTYL HWYLQ RPGQS

41 51 61 71

| l | l

PRLLI YKVSN RFSGV PDRFS GSGSG TDFTL KISRV EAEDX 0

31 91

| l
GVYX1:C SQSTH VPWT

wherein:

XeisN,Q,S, T, Y, Wor C;

X71sD,E,N,Q,S, T,Y, Wor C;

XsisN,Q, S, T,Y, G, A, V,L,LP,F,M, Wor C;
Xois G, A V,L,L P, F, M;

X1w0is G, A V,L, 1, P, F, M; and
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about 1 to 5 ami no acids when conpared to said
original antibody, wherein said nodification does not

weonsiltzsodf a nodification of the ami no aci ds BCT/NDE007/050202

position(s) identified by X1 and X2, and deterni ning
t he anmount of variant anti booM5t hat is produced by
said at |east one further celT"line, said nethod
further conprising selecting a variant antibody that

XYPRs RY ;s,chxatgqg vf,rTByEtPt]Iﬂq{/I wagr @l | east 50% of the

anmount "6f "ori'di nal” ahtibody.” '39." A" method according to
claim 38, wherein said ori gl nal anti body conprises the

o i At P kb i
L N

YY CSQ $THVP WIFGG dAKLE | KR. 40. mnret hod acc@1di ng
to claim38 or 39, wherein said i nsertl on, del etion,
i nver si d)n and/ or substitution of Between about!1 to 5

o St LY R e ARGl R R e

to the correspondi ng chain am no aci d sequence in said
original antibody. 41. A nethod according to claim 40,
wher ei n43ai d insertifh, deletiorglinversion, 71

I I I I
YLQRP GQSPR LLIYK VSNRF SGVPD RFSGS GSGTD FTLKI

81 91 101 111

| I I |

SRVEA EDX;oGV YX1:CSQ STHVP WTFGG GTKLE IKR
21. An antibody according to claim 19 or claim 20 wherein
XgisTorS,X7isDor Q, Xsis Qor P, Xgis Vor A, Xiois Vor L and Xi1is F or
Y.
22. An antibody according to any one of claims 19-21, wherein:
Xeis T, X7is Q, Xgis P, Xgis A, Xipis Vand X111is Y.
23. A cell comprising an antibody according to any one of claims 19-22.
24. A cell according to claim 23, that produces said antibody.
25. A cell according to claim 16, 23 or claim 24, that is a hybridoma cell, a
Chinese hamster ovary cell, an NSO cell or a PER-C6™ cell.
26. A cell according to claim 25 deposited under number ..., at the ... collection.
27. A cell culture comprising a cell according to any one of claims 23-26.
28. A method for producing an antibody comprising culturing a cell according
to any one of claims 16, 23-26 and harvesting said antibody from said culture.

29. An antibody obtainable by a method according to claim 28.
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and/ or substitution of between about 1 to 5 am no

acids is in said heavy chain am no acid segquence when
wa@eoparemes t o sai d heavy chai n sequence of sai dPEOI/NG200ah50202

anti body. 42. A nethod according to any one of clains

38-41, further conprising gerielr()ati ng an anti body

producer cell line producing said sel ected anti body.

43. A nethod according to claim42, further conprising

PSR AL e s iy pinde ont | Furen

34c dophlanmgateutidadicomgp@sition comprising a polypeptide according to any
one of claims 1-10, a binding body according to claim 11, an antibody according
to any one of claims 12-14, 17-22, 29 or 30, a nucleic acid according to claim 15
and/or a cell according to claim 16, 23-26.

32. A polypeptide according to any one of claims 1-10, a binding body according
to claim 11, an antibody according to any one of claims 12-14, 17-22, 29 or 30, a
nucleic acid according to claim 15 and/or a cell according to claim 16, 23-26 for
use as a medicament.

33. Use of a polypeptide according to any one of claims 1-10, a binding body
according to claim 11, an antibody according to any one of claims 12-14, 17-22,
29 or 30, a nucleic acid according to claim 15 and/or a cell according to claim
16, 23-26 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 CD40 positive cancers.

34. Use according to claim 33, 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.

35. Use according to claim 33, wherein said autoimmune and/or an
inflammatory disorder comprises inflammatory bowel disease.

36. Use according to claim 35, wherein said inflammatory bowel disease
comprises ulcerative colitis (UC) or Crohn disease (CD).

37. A method for providing an individual with an antibody comprising
providing said individual with an antibody according to any one of claims 12-
14. 17-22, 29 or 30.

38. A method for selecting an anti-human CD40 antagonist antibody
comprising generating a first cell line that produces an original anti-human

CD40 antagonist antibody and determining the amount of original antibody
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that is produced by said first cell line, said original antibody comprising the
heavy chain variable domain amino acid sequence

1 11 21 31

I | I I

QVKLQ ESGPG LVKPS ETLSI TCTVS GFSX:S RYSVY WX2RQP

41 51 61 71

I I I I
PGKGP EWMGM MWGGG STDYS TSLKS RLTIS KDTSK

81 91 101 111
| I I I

SQVSL KMNSL RTDDT AMYYC VRTDG DYWGQ GTTVT VSS
wherein X; and Xs are pair wise selected from the group consisting of X1 =1
and Xz =V;Xi=Land X =L X;=Vand X;=V; X;=Land Xa=L;or Xi = L
and Xo =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 Xz, 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.
39. A method according to claim 38, wherein said original antibody comprises
the light chain amino acid sequence

1 11 21 31

| | | I
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ELQLT QSPLSLPVTL G Q P AS ISCRS SQSL A NSNGN TYLHW

41 51 61 71

I | l !
YLQRP GQSPR LLIYK VSNRF SGVPD RFSGS GSGTD FTLKI

81 91 101 111

| | | |

SRVEAED VGVYY CSQ STHVP WTFGG GTKLE IKR.
40. A method according to claim 38 or 39, 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.
41. A method according to claim 40, 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.
42. A method according to any one of claims 38-41, further comprising
generating an antibody producer cell line producing said selected antibody.
43. A method according to claim 42, further comprising collecting said selected
antibody.
44. An anti-human CD40 antagonist antibody obtainable by a method

according to claim 43.



