WO 2013/ 008171PCT/ 1 B2012/ 053502 1 Anti bodies that bind to OX40 and their
uses Rel ated application This application clainms benefit of US
provi si oD 2aploBat i on No. 61/506, 491 filed on 5July 1PCTABA12/0%8502 of
which are hereby incorporated by reference in their entirety Field of the
I nvention The present invention relates to antagonist antibodies or
fragnments thereof that bind_ tq human OX40. Mire specifically, the present
invention relates to an Amtibedies ghathind go, A X40.and theirdises 10 t her eof t hat
binds to human OX40 conprising a heavy chain CDRL conprising the amno acid
sequence of SEQ ID NGO 1, and/or a heavy chain CDR2 conprising the am no
aci d seqiRuisted applitftionD NO 2, and/or a heavy chain CDR3 conprising the
am no acid sequence of SEQ ID NO _3; and/or conprising a light chain CDRlL
conpri si ng th& higApREcaionlamg herdi OBUSSEQYlFIDnN@PPhle@ﬁ&‘i%ﬁl Op A hiilegha n
co I Si{N h or a light
CCDR%hai ] Cg%fysn Sot %11% ?chaa?é Hergg)gﬂlg&ibgaaggedn g(f)efrfggN% 1r§%ﬁ&g§ Bankut oond
of the Inventl on OX40 |s a rrenber of the TNFR-superfanm |y of receptors and
was first identified in 1987 as a 50 kDa gl ycoprotein expressed on
act i vat ed'icddaf the buentionrom t he rat (Paterson DJ et al., 20(1987) Mol .
| munol . trac n f OX40 is
conposed "0 PR VYo & RS AREGL KM oplstRE o QG TRt AR Bind o R
Cterm H@X@M(ﬂ@@ﬁéﬁfffﬁcaﬂb @E pAdsent iNvR03) reTit@d’l@Sananﬁif‘gbﬁm arﬁbbdy 8rffraghfen?6) .
The ligand for OX40 is Ox4QL éCD252) and 3 copies of OX40 bind to the
t riHeri c thargpfribattbendsde umae @pmg@dwpvmha@c@@&mnmsmgmbmmzacge

2006) St t - 5b d to
honever _arUEP s TanS hATTA 4 poBdeniR Ry S pHips B AMET i RER
(2001) J.of BEIMTBDNO VEAIRsS: hedPpehay € PR3- cohpri k@tﬁm&notampseqﬁeﬂa@bf SEQ ID

constitutively expressed on nave T cells but is induced after engagenent of
t he T- CelNO: F?e@e@’poﬁor(lm@n)g a ipehpis QDB comdesipe dwsminu ket sequenet @ID

expr esseq,af oW ng act.i vat.i.on; it i ,,O_,'
o0 nor Nk 8hu v de PR cPrp BN By AR bbt e pR BN ng' ¥
thejy 30%15&1401/@11 ?Mha%@RB%o%ﬁﬁlﬁgm%b@bM sByucasd bVt @D+ T cel I's and
to alimted extent, by activated CD8+ T cells (Sal ek-Ardakani S et al.

(2006) Curr. Inmmunol. Rev. 2: 37-53). Summary of the Invention WO

2013/ 008 1 CT/ | (}éé/ 535?2 2 The present disclosure relates generally to
ant agoni st AW B ents thereof that bind to human OX40, net hods
for thei r0UERAMAHMOG AME PSER-sUPGTAE NG BRI Bhs tifseRIchMBedP408mRdh at ed
di sorders. The antagoni st anti bodi es or fragnments thereof of the present

i nvent i o0tk gljpdopebicio ehpreased OX40t wted @Rt adorslls fiom dmtratiBelicrsen &b db, not

shogy 290N &) Gu S22 1981-00). The extracellular ligand binding domain of OX40 is

composed of 3 full cysteine-rich domains (CRDs) and a partial, fourth C-terminal CRD
(Bodmer JL et al., (2002) Trends Biochem. Sci. 27: 19-26). The ligand for OX40 is OX40L
(CD252) and 3 copies of OX40 bind to the trimeric ligand to form the OX40-OX40L complex
(Compaan DM & Hymowitz SG (2006) Structure, 14: 1321-1330). OX40 is a membrane-

25 bound receptor; however a soluble isoform has also been detected (Taylor L. & Schwarz H
(2001) J. Immunol. Methods, 255: 67-72). Unlike CD28, OX40 is not constitutively expressed
on naive T cells but is induced after engagement of the T-Cell Receptor (TCR). OX40 is a
secondary costimulatory molecule, expressed after 24 to 72 hours following activation; its
ligand, OX40L, is also not expressed on resting antigen presenting cells, but is following their

30 activation. OX40 is expressed mainly by activated CD4+ T cells and to a limited extent, by
activated CD8+ T cells (Salek-Ardakani S er al., (2006) Curr. Immunol. Rev. 2: 37-53).

Summary of the Invention



5activate human OX40 on binding. In one aspect, the present disclosure
provi des an antagoni st anti body or fragnment thereof that binds to human
OX40 conpwD20mgos17heavy chain CDRL conpri sing the am noPatilB2Ezoiséice of
SEQ ID NO 1, and/or a heavy chain CDR2 conprising the am no acid sequence
of SEQ ID 10NO 2, and/or a heavy chain CDR3 conprising the amno acid

sequence of SEQ ID NO 3; and/or conprising a |Light chain CDRL canpri si ng
t he ani ndhs@rearerictitrépivee shatespensrpline antagogirlrbogies o Heemprip fhegoRshat bind

oo comtd it ROnRA: REMTNGED LR LRt @ WRas Bt t-Glthe PRI

aspect t heedptabeinérdenyERt AmapopisovhtitRgiad nr fAagagan itikedddl tHeqaysenr inf ¢mgaent

t hereof that binds to human OX40 conprising a heavy chain variable region
sequence Uead bpid teihggap (XX Hhira gntagpsticertibpdies yid dpytshpwagomstiq ¢ffegtsranforer
aspect the.pr } i .provi des an antagoni st anti body or fragnent
thefsgof Eg%‘?ateg;ﬁ%gén ng\ﬁﬁlr}ﬂr%abg&b%o conprising a heavy chain variabl e
framework region that is the product of or derived froma human gene
selected from 20 the group consi stigj% of : 1GHV2-70*10 (SEQ I D NO 19?1,
| GHV2- 7040 eng Spest) then@seniglisclosgrpoyiges) @ ggmonispanicyody py fragimppahgegfighgtsEQ
ID NO 2 1 (0F , . o1l furt pec h
oresent PR T A0 Gl g Rca e P bR 1D PERmERRE i

25conpri sif SEQAITNEEAY Y, aliddrh 1RatpeneeCORIInS et theadfonidel terke ¢B SHQADOf
SEQ I D NO 32 and wherein the heavy chain variable framework region
conft i seNQ@t2, japd/et a bervyahpind 1Ak dompdiing Swtanbno feid sequsaceefryide BgMn?g heavy

2 Tur t hor a8 SutbRTEY R R R b S Rb U RER O UG S B or

fragment ahler e @bht dhain ODRASoMPrikiv e HXA0 a6idTBicttHer SEQIDNOChadIovAr i abl e
regi on sequence conprising the amno acid sequence of SEQID NO 8. In a

further digpedrain GPRGreegwrisingriheaminoricisksgqianes oAREQIDAYON st ant i body or
fragnent thereof that binds to human 0X40 conprising a light chain WO
2013/ 008171PCT/ 1B2012/ 053502 3 variable framework region that is the

Prouct Qf 2 Glirugt@hipetiht PRER MTEDN GRARIS %h%ﬁttag&ligtra(ﬂﬁbéd}eorqfa%%n@@l@&ioﬁti ng
of : | GKV3-11*01 (SEQ I D' NO 24), |GKV1-39*01 (SEQ ID NO~ 25), | GKVID- 39*01

( SEQ | D N@&t bsls to h@aruBOXKHE2mPSEQR labeh chai) vaiatle rekvs sapreade (BEDSHT O

28). 5 | furth t i ti i ] t i st
ant | body 387 P N RRE it 13 aRE 7% B e BeF Pt bBRerd GiveBB e PERR D i
regi on t RataobSist MEbOAPSUBLonint HerddefHay 8dl [PRMIBR40 @aﬁﬁﬁéﬂ@_éhwﬁlaaﬁﬁm

I D NO 24) and wherein the light chain variable framework regi on conprises
at | east veneblafriamewadi wrndhdtiis tciporduct onrtdes vabiromspomainrggné s oo irkm

10regi on of the |ight chai labl e _regi o] i (\ne
ant Tboay 54 b ponPiae SEIEENZ 7B SECER AP Tt B Soh b7 BRSSO
ant i body 10UV AGMBRSEONE RO! 2 HNAEHYLIES9 { GEOUFENO 02 Oark ORIV S 7081 1a(zsm§vy
chai n sequence selected fromthe group consisting of SEQ ID NOS: 32, 33,
34, 35, 3BN@72Bnd 38. In a further aspect the present 15i nvention provides
an antagoni stic anti body or fragnent thereof that binds to human OX40

In a further aspect the present invention provides an antagonist antibody or fragment thereof

25 comprising a heavy chain sequence comprising the amino acid sequence of SEQ ID NO: 32
and wherein the heavy chain variable framework region comprises at least one amino acid

modification from the corresponding heavy chain variable framework region of the

corresponding murine antibody.

30 In a further aspect the present invention provides an antagonist antibody or fragment thereof
that binds to human OX40 comprising a light chain variable region sequence comprising the
amino acid sequence of SEQ ID NO: 8. In a further aspect the present invention provides an

antagonist antibody or fragment thereof that binds to human OX40 comprising a light chain



conprising a light chain sequence selected fromthe group consisting of SEQ
| D NOS: 39, 40, 41, 42, 43, 44, 45, 46, 47, 48 and 49. In a further
aspect thOpRPBg®RL71i nventi on provi des an ant agoni st ant PODAB20a2/0335¢gment

t hereof 20t hat binds to human OX40 conpry sing: (a) a heavy chain sequence
conprising the am no acid sequence of SEQ ID NO 37 or 38; and (b) a |ight
chai n sequence conprising the am no acid sequence of SEQ ID NO. 47, In a

further aapelle femevgrean thajvelheirsilust ohardles vehiramtadysnstene seletehb o or

f ragment bt R i .@q@"_ j
variabIet@%@%oﬁtgﬁg%?ggﬁﬁgﬂgﬁzﬁgﬁﬂg§§g%§%ﬁ§%% éncgﬁge ;@%2%@¢¥Qn1 h%ﬁgroup
consi st i NGKof1ISER01DSNQED §8): 260 IGKY 3anic:080SEQNDaNHuzt)had IGKMSc20+0hESEQ
present invention provides an antagonistic antibody or fragment thereof

t hat bi nd® N@: Himan OX40 conprising a light chain variable region

co ising the am no acid sequence selected fromthe group consisting of
SEQ'1 D NOCS: 60, 86, 87 and 89. 30 WD 2013/008171PCT/ 1B2012/053502 4 (a) a
heavy chah b fvdtidr aijicet the @r3entGovERLibS pRYiddd @n aRTaPeniAGint bsBasaRpencat thSkQY | D
NO 58 or 59; and (b) a light chain variable region conprising the am no
aci d seqeempesipg adrll ¢ipiNariabl. rapey ek regionthat kdhepiodu¢e! of dyeigd famyent i on
provi des.a b5t iG. i A t hat_ hi 0 man
oxa0, iR S RORIST a0 bip Y o8 25 BRTERL el Bah R BT e

ant i body rbasn B6mpesciBdicadt ©de eMint R BblYicaedi fbihhe éd}re@?cfﬂdiﬁﬂgf'iﬁim@«ﬁ@%ﬁ t he
present invention provides an antagoni stic antibody or fragment thereof

t hat0 bi ndegipnohiirbishooa vaitableaigion Rethgspirbepding mpringastipodyuman | GHGL Fc
region, wherein the antibody is conpetent for 10cytotoxicity nmechani snms
such as anti body dependent cellular cytotoxicity (ADCC). In a preferred

aspect, the ralcaggsiht praaditidayio prdvied AR Rhtabhaseaiibédiadr Rigadst therdapman
0X40 has a non fucosylated | GHGL Fc regi on and exhi bits enhanced

Fc- medi attlesd bods ¢ bxinen OX4hweonanswes heachchag sspamce seleeicd frorhide gedpect , t he
di scl osure of.th i gyent i l,so,descrd bes.apt agoni stic hunmani zed
ot bodr sgngfnerf SHFRTRS BECHE 5RTS B P GRET. B r BB R PPt v
OX4f) as th!ik%nﬁ@ﬁ FR)S/EH&@ dh raﬂtagéﬂimr dn‘ﬁb@dﬂ} d')m;ﬂgYne;%t g}erefoﬂ}ﬁlit Bindt td Basdn ORY0 of the
0X40 binding affinity (KD) of the corresponding chinmeric antibody or have

at | east cenpiisiakenighbehai sphaence Xdloctbil fgimige gfduprionsistingm)l U D d6p@ded).t o

the corresp Lng, chi peric,antj hody. In a further aspect the 20present
inventio%jﬁgggﬁd%§4§nﬂgﬁ?a ﬂ%% "anti body or fragnment thereof that binds to

an epitope within the second domai n of human 0X40 extracel |l ul ar region. The
di scl osure of the present invention also provides isolated nucleic acids
encodi ng lanatintediagscathd pfasagjmevengon hevedsk an hatagdiisidintibodyuereragdiXaothesee€t or s

and2d~| ost tl(l:aet gnsds (%(()) ngll’lilrf b?&o comprising:
(a) a heavy chain sequence comprising the amino acid sequence of SEQ ID NO: 37 or 38; and

(b) a light chain sequence comprising the amino acid sequence of SEQ ID NO: 47.

In a further aspect the present invention provides an antagonistic antibody or fragment thereof
25 that binds to human OX40 comprising a heavy chain variable region comprising the amino
acid sequence selected from the group consisting of SEQ ID NOS: 58, 59, 79 and 80. In a
further aspect the present invention provides an antagonistic antibody or fragment thereof that
binds to human OX40 comprising a light chain variable region comprising the amino acid
sequence selected from the group consisting of SEQ ID NOS: 60, 86, 87 and 89.
30
In a further aspect the present invention provides an antagonist antibody or fragment thereof

that binds to human OX40 comprising:



25t he nucleic acid or the vector. Conpositions conprising the antagoni st
anti body or fragnent thereof and a pharmaceutically acceptable carrier and
i mmunocomWOgata®swenpri si ng the antagoni st anti body or PCagrme/oisher eof
linked to a therapeutic agent are al so provided. The present disclosure

al so provides nethods for treating 0X40 nedi ated disorders. In one
30aspect, in an in vitro nodel of alloreactive T cell activation and

prol i f er 40 dRcavichan VRy#RIRn FRJAC IRt EgRe AN CihIPIYPRE GO RER HENER OB BBdy or
fragment thegegff efficiently inhibits MR in two different individuals
(responders),” wth an EC50 val ue of approximately 100ng/ nL. Furthernore, in
a xenogenbyga gpafchaivermsiuible i@sén c@apidinnhe amimdalid f@ueddel DG D YR, WO
2013/ 008171PCT/ 1B2012/ 053502 5 versus host di sease (GVHD) observed after
bone nmarrow transplant in human patients, an antagonistic antibody or

fragent yf h%ﬁr‘ﬁ%r a?p%tcte@éi)}’eig;ér#%?e%?éﬁﬁ{o@cﬁe@(O'Q taé{aﬁ&g %{Plbo%y Jn?ﬁl%?({offl

di scl osure a rovi S an I S1 ng

ant i body tﬁ@mlﬁdrsa@hﬁﬁhrsmdmr@ﬁéremah@@ﬂim@slybbmpnws aammdmgm@m:gigmtvalefr@ﬁ t he
treatment of an 0X40 nedi ated di sorder. Brief Description of the Figures
Fi gure 1:thqamtibpily bestnopiigranedigteficly SrOxa¢ity astiniy | In Adurthes @siast thamrespirrayention

- hi
measur eq P50 PePhig TS o EF RO st TR LR E T e PRI v e
0. 01ny/ mhhtl@(fdy]d@ﬂlpﬁrll@ésa&ffurﬁzirﬁm%ﬁ% Yeadi vaia?elﬁ Vil dneib&dysit @GPt fOET €

i ncubated with 2ng/ nl of reconbi nant human 0X40-his tagged protein coated
ovetthi ghteyttoxdatyi mechagsmysi¢h a5 aatibodyBlapendst @efllvéaa@woaml@tydef@@@) dxa0 was

det ect ed hor ser ero Idl HRP) - con

(5 © comm sttt gL RPEA AN AED R B4y B A SR MRS el Rlras BUAERMPOKUBRAY:

| nhi bi t oryhoafri@symted TGET Mes te@mlq%d@@ﬁbﬂf@n&ﬂc&?@@ﬁﬁéﬁ%@d cytth®hiast i on were
eval uated by bl ocking ELI SA. Various concentrations (ranging from10 to

0. 01ng/ niechfnigme sycblaa MO st ogr ans) and 2F8 (white histograns) were
i ncubated with 2ng/ mlL of reconbi nant human 0X40- Fc tagged protein coated
overnight at 4Cin a 96-well|l plate. After five mnutes, a fixed

conpent r a4 hRh&fas lﬁ%H@Mbﬁh@@fﬂ@%ﬁ&@ﬂﬂﬁ&%ﬂbﬁﬁﬁ@d@%&@bs&ﬂagﬁﬂﬂknﬂ) was
added to each well and incubated for 30 minutes at room tenperature.

Bi ndi ng SRMax4EL antéogxar frasmdets dered thes bitgl Bt e il dffinibRPhuRY (Pelizs e
way m xeq, | yapROCHS GSash QRitoNy B, MRas Ul 8dh 9% o3 A OWRAL tiing affinity (Kp)
of the corresponding chimeric antibody or have at least equivalent or higher OX40 binding
affinity (Kp) when compared to the corresponding chimeric antibody. In a further aspect the
20 present invention provides an antagonist antibody or fragment thereof that binds to an epitope

within the second domain of human OX40 extracellular region.

The disclosure of the present invention also provides isolated nucleic acids encoding

antibodies and fragments thereof that bind to human OX40, vectors and host cells comprising
25 the nucleic acid or the vector. Compositions comprising the antagonist antibody or fragment

thereof and a pharmaceutically acceptable carrier and immunoconjugates comprising the

antagonist antibody or fragment thereof linked to a therapeutic agent are also provided.

The present disclosure also provides methods for treating OX40 mediated disorders. In one

30 aspect, in an in vitro model of alloreactive T cell activation and proliferation (mixed
lymphocyte reaction; MLLR), an antagonistic antibody or fragment thereof efficiently inhibits
MIR in two different individuals (responders), with an ECs, value of approximately

100ng/ml.. Furthermore, in a xenogenic graft versus host reaction, a model for allogenic graft



25i ncorporation. Bars show the nean 3Hthym di ne incorporation (counts) of
at least triplicates standard error of the nean. |sotype control

(trast uzuwalpiznesit7positi ve control (efalizumab) are shoRraT/IBi02013602 st ands
for only effector cells. Effector + target represent a measurenment where
ant i bodi es have been om' tted. 30Figure 3: Flow cytonetry anal ysis of
chinmeric 1D4 anti body St ai ni n on human activated peripheral bl ood
nononuc| &8FsuEBpyt §1S(3’FSB %@Psm Alter hoap marropy $ansglaamndIvatas eHeWs the

2013) oo 13 iee LD bbSEREh P TR S B KRR MRV IO Esgion, e ¢ype

of cells stained is indicated. Human PBMC were activated with PHA and IL-2
for 48h prior measurenents. (B) Staining on activated cynonol o%?s nonkey

PBMCs. B.Trlp@|pﬁ@e@tfdl%qh@ueqﬁlﬁﬁaprpwdﬁmt%m Hoes elonayrdver sgusriong thagnsibody
evaluat e ri r NCS)
el 2t e i AR o R R A TPORIS] S8 S o

3x106 celnh@heeedisoddetired for 50 hours in the presence of 10ng/ ml of PHA and
100U/ nl of rhullL-2. Activated PBMCs were incubated with 25ng/ nl of either
control antibody (upper profi I e (i)) or biotinylated sheep anti-human 0X40

ant i body ( or biotinylated chinmeric 1D4 anti body (I ower
profile (Ti #esg]iéﬁ{l@;ﬂ%g&gfﬂl ach anti body to 10cynonol ogus 0X40 was det ect ed

with str @ﬁlﬁ‘é' 14i(8) BRect-bindiiELELIS Sohfinmeobili At RbohBEANE AGMaNEAXY0-hiENt s of
anti-0X40 anti bodies. Data are expressed as nunmber of response (abbreviated

RU; 10y axiBapdipg of ehipperi¢ REG NG} D4 mpidhodien on hygman\X 4G wes mdS}lrQﬁhb}i@nﬂCé Ki-hek.a.

15FIG 4

Toa ohi ot reacthRuidfaniite BO5PR) BRI AEd, 8P ARGl 5 \IE,
and VH5/ White fristaordhid) weX tamb L& @fth%@hnmﬂl@&ﬁﬁblﬁéﬂﬂ@maﬁm M \géc@) and
good bi nders (VHgl VL9 and VH//VL9). FIG 4E - VH/ based humani zec%

ant i bodi @soteip@Pr@] of¢nighy/peY (L9 ar%stléBkatemeﬁlmgyﬁﬁaolpemthés t@ P08
PR NI ST A (R W T T N
15 ELISA on immobilized recombinant human OX40-Fc. Inhibitory effects of chimeric 1D4
and 2F8 on OX40/0X40L interaction were evaluated by blocking ELISA. Various
concentrations (ranging from 10 to 0.01mg/ml) of 1D4 (black histograms) and 2F§ (white
histograms) were incubated with 2mg/ml of recombinant human OX40-Fc tagged protein
coated overnight at 4°C in a 96-well plate. After five minutes, a fixed concentration of
20 biotinylated recombinant human OX40L (0.04mg/ml) was added to each well and incubated
for 30 minutes at room temperature. Binding of OX40L to OX40 was detected using
Streptavidin-HRP.

Figure 2: One way mixed lymphocyte reaction (MLR) measured by *H thymidine

25 incorporation. Bars show the mean “H-thymidine incorporation (counts) of at least triplicates
+ standard error of the mean. Isotype control (trastuzumab) and positive control (efalizumab)
are shown. Effector stands for only effector cells. Effector + target represent a measurement

where antibodies have been omitted.

30 Figure 3: Flow cytometry analysis of chimeric 1D4 antibody
(A) Staining on human activated peripheral blood mononuclear cells (PBMCs) and

HPB-ALL cells. Histogram plots show the fluorescence intensity (X-axis) and relative cell



5B) variable region of 1D4 with selected gernline frameworks (IGHV 2-70*10
(SEQ ID NO 2519) and I GKV3-11*01 (SEQ ID NO 24)) fromlIVIGT and

back- mut aweaosaosel e regi on variants (VHL (SEQ | D NO 2P2EY/IB2#20{35E2Q | D NO
77), VH3 (SEQ ID NO 78), VH4 (SEQ ID NQ 79), VHS (SEQ ID NO 80), VH6
(SEQ ID NO 58), VH7 (SEQ ID NO 59), (VL1 (SEQ ID NO 30), VL2 (SEQ ID NO
81), VL3 (SEQ ID NO 82), VL4 (SEQ.ID NO _ 83), VL5 (SEQID NO 84), VL6
(SEQ | D Nembgsi% of/max eegmts + ¥ 'N@S)-g'élﬁ,tmﬂ_@ ceBEstringsd ondigpgd)upoPBRES | p

NO  60) I ] ar ) | . WD
2013/ 008#%%%%%@%%%% @%‘#}éﬁ%ﬁ%r %%lrg%ngﬁgsbi lity measurenents of
humani zedBaStdinidg4a Revatedtyhomdlogikian®ei- RBMCaBidding bs theghthéderent i al

scanning calorinetry. Data are expressed as excess nolar heat capacity
(abbr evi apBpdggo crranglagspdX40 waggydyatghby tevnsstoatetyePqphgsal 8ood5Fj gure 7:

Epi tope r [ HAN i S..FI Q [ I - QX4

ant 1 At Mo SRR SR e Sk B R HOBT AR A 3 Rnaboebig i
Exanpl e onkiguiic3:8L0° Mikedert yamphoee yirsoneantin e fiMdike sREENE/ad obPHAHINI

t hym di ne i ncorporation. FIG 8A and 8B show the results of m xed

| ynphocytl@0¥&akefirbwlls 3. gktivlsd BN a e iaeHsresl witloIHa/pil off pitkar &0060 was
measur ed by, 3t hym dine incarporatipn.. The. garaph ow..1 h bsal ut e..count s
vai ves 1 Rty bETRNE ) PSR RT B hser “Bu P BRDDAEOGHbA: QROBHkEnE

sti mul at gfi))&eblotinyRled oRirh&eiy Db NaitRay edweBMosilc @i)). Biaamilor et aitibbdy @St
anti bodi es were done with responder cells m xed with heterol ogous

st i Hul at syn@rnoegus GRE0 pas detecied pomtsiroptaviden- P&} i zumab (anti LFA-1

anti body). 15 Figure 9: Xenogeneic graft versus host reaction nodel. This
figure shows the percent survival within groups of eight animals for each

ment i onegrigaRd: Susface PRitnfontreséiitinte RRAsurkifnt Lot 10 XMt drihodied DB dlcat es

the last day of treatnent. No nortality and no synptons were observed in a
group of expussiedrpadimbetbigomwonss (ablrevmaled RUraY agis v dmer(Ecaiissed PBMCs ( not

20shown) . [ cri.ptjon he invention The present disclosure
rel ates t%gg ééﬁﬁ&tﬁ é‘ﬁbg?dé' |Se@4a ¥agments thereof that bind to human
OX4fx 25 pihess evm 1 WMBRnOX4E hR81 HeRshi QT RitiBodiRE I M IR BcH@T) VAN DI chim&@hor s,

and speci es honol ogs of human 0X40. Accordingly, antibodies of this
di scl osuddGrdly ; examples olgiaor baslers; VEMOEE4. ATV I VRISOXUY, dnd dHITyedi es ot her

t han hu certain enbodi.nent ant i@@%ﬁkn& be .conpl
spoci 11 TGr grEXBh P o RO Y S He st (v Ee%es or
and VH7/VL9).
FIG. 4E - VH7 based humanized antibodies.
20 FIG. 4F - VH6/VL9 has best binding properties over 1D4 chimera and humanized variant
VH7/VLO.

Figure 5: Sequence Alignment. Alignment of the heavy chain (FIG. 5A) or light chain (FIG.

5B) variable region of 1D4 with selected germline frameworks (IGHV 2-70*10 (SEQ ID NO:
25 19) and IGKV3-11*01 (SEQ ID NO: 24)) from IMGT and back-mutated variable region

variants (VH1 (SEQ ID NO: 29), VH2 (SEQ ID NO: 77), VH3 (SEQ ID NO: 78), VH4 (SEQ

ID NO: 79), VHS (SEQ ID NO: 80), VH6 (SEQ ID NO: 58), VH7 (SEQ ID NO: 59), (VL1

(SEQ ID NO: 30), VL2 (SEQ ID NO: 81), VL3 (SEQ ID NO: 82), VLA (SEQ ID NO: 83),

VLS5 (SEQ ID NO: 84), VL6 (SEQ ID NO: 85), VL7 (SEQ ID NO: 86), VL8 (SEQ ID NO:
30 87), VLI (SEQ ID NO: 60) VL10 (SEQ ID NO: 88), VL11 (SEQ ID NO: §9).



300t her types of non-human cross-reactivity. The conplete am no acid
sequence of an exenplary human 0X40 has Swi ss-Prot accessi on nunber P43489
(TNR4 HUNKN20BHQ817D NO. 12). 0X40 is al so known as CD132CTHBERSPEBS02ACT35 or
TXGP1 L. Human 0X40 is designated Genel ) 7293 by Entrez Gene, and HGNC:
11918 by HGNC. 0X40 has al so been WD 2013/008171PCT/1B2012/ 053502 8
designated CD 134 (cluster of differentiation 134). 0X40 can he encoded by
the gene d&l&redmé‘%h@amvmhé\tn nyegsurgmentsof huumapized gt Xthanti-patibody

creomes iy 1R M PGl S B B BOR XIRCBIL, [

her ei n egutdsaheidrihgaagaciganbbrivdamd CPA#L/mhd1/°0PLY @ilbﬁvm@qq)@mml Ko@) y
i ndicated. The term "0X40 |igand" or "OX4COL" are used herein equivalently
and include 0X40 ligand, specificall y human 0X40 ligand. OX4OL is a nenber

R I RO T e 1 i

been desi g at'ed tiation e sequence
dat abase \a¢6/&3 9icphiopuipdaed OEEEESLLOaésayw&ahmme)scmed@ﬁsaﬁﬁpl(eum prot). OX4QL is
expressed on the surface of activated B cells, T cells, dendritic cells and
endothelial cells. 15The term "anti body or fragrrent ther eof that binds to

human 0X erein includes t4.bodi es nt. t her egf. t hat
bi nds o e A3 HihFh ik LEFeBaE ol 35 fshRer by, AR relifefRliod (ko
of 500 nMi@r 8A @58 SBRh&W ehdikVts2AMNEOTym RS8yte FRLBoPfrEMaHBRInYel 460 dBNIror

| ess, nore preferably 120 nMor |ess, even nore preferably 110 nMor |ess.
Thel® er mThaprelfeadiionmas megireer by ﬂemildtnnamcomm@sort olhewarephs 0@ 'thd sspluties

ti bodi t 20 di f
"ont agontaptie iRt Boay GRO T BETRAT st e fe gy PRYGs prmutator

equi val entliywaRdnitdi)ditlecatd BMOQ M ddrattidns widRak hfisddidsir®ubad@itgnd/ or
neutralising the biological signalling activity of 0X40, for exanple by

bl ocki ng rérpnadergeldy mswed syithnitdterblogovsedunilaigr BBNHIsn @h©p0@t)<\4ﬂ)c021£rot wapXx40

|l igand and t hus.i n r .reduci ng the signalisation pathway triggered
by 0X40 Eﬁﬁ}zélfnalbr{ bﬂ[:,lf\ gﬁ&fl Yduci ng an 0X40-medi ated cel | response Iike
| ynphocyt e prollferatlon cyt oki ne expression, or |ynphocyte survival. The

term "anti body" as referred to herein includes whol e anti bodi es and any
anti gen lFigldierﬂg Mbga@ﬁmgnait vm‘sm' Ik eeactiahrlmdehélﬂé&)ﬁgurﬁmhdmtﬁlb potyrit refers

to a glycopr i ast t heav cha ht
(D) 2 chal SaRi Srbatabes Sisgy Sl Bt b i By,

fragment (Lhehe@ficd FRE %d?c%‘é’s%h@ﬁ@! g‘o’i t&QﬂMn‘t Wm@ftal@t Qﬁ@\% sfrﬁﬁt'oﬁls\’x@éré abl e
regi on (abbreviated herein as a heavy chain constan region. The

heavy chabeserved in a group of two 1rradlated control animals that did not received PBMCs (not
20 shown).

I-’

Detailed description of the invention
The present disclosure relates to antagonist antibodies and fragments thereof that bind to
human OX40.

25
The term "human OX40" as used herein includes variants, isoforms, and species homologs of
human OX40. Accordingly, antibodies of this disclosure may, in certain cases, cross-react
with OX40 from species other than human. In certain embodiments, the antibodies may be
completely specific for one or more human OX40 proteins and may not exhibit species or

30 other types of non-human cross-reactivity. The complete amino acid sequence of an
exemplary human OX40 has Swiss-Prot accession number P43489 (TNR4_HUMAN; SEQ ID
NO: 12). OX40 1s also known as CD134, TNFRSF4, ACT35 or TXGP1 L. Human OX40 is
designated GenelD: 7293 by Entrez Gene, and HGNC: 11918 by HGNC. OX40 has also been



WO 2013/ 008171PCT/ 1B2012/ 053502 9 constant region is conprised of three
domai ns, CHl, CH2 and CH3. Each light chain is conprised of a |light chain
vari abl e wegoogebbr evi at ed herein as VL) and a |ight elaIB2YNSEENt
region. The light chain constant regiongs conprised of one domain, CL. The
VH and VL regions can be further subdivided into regions of

hypervariabilit termed 5caonpl enentarity determning regi ons (CDR) with
are hyperfuenae] EDI i &b ol e Gon hyb Behi ik chgnskd PEASEET on and/ or
usual Iy far. I fined | oops, interspersed with regions that are
nor e conggglg}é%%c{?grbﬁggh{?g%gmrk regions (FR or FW. Each VH and VL is
conposed of three CDRs and four FWs, arranged fromamno- termnus to
carboxyterm nus in the followi ng order: FW, CDR1l, FW, CDR2, FWB, CDR3,
FW  The 12iusoof Gaatag 4] disecis Cogonmagses pllgNowger anyrd upiiacoyerediadigles pag
consgitu ".Non- [, o0 " - @ an' ~Q% o ¥H VL as
r ef § r edtpt(8 ngﬂog?lg?g& he h,‘[h glrgl%%ﬁ%(g\%}eg%als nh(%}ggrﬁ?? 4§D’$ rda)@r?g)lv&? kogégl}égﬁ%ugs

r ef er r ed ahReliel hefBye @OVt QN0 Aaf 'hifareOKe ) Yif,no0 BBerwivds petific ity mdibhrd.
four) heavy chain franmework regi on sequences (e.g., 15framework 1 (FW),
framework 2 (FW2), framework 3 (FWB) and/or framework 4 (FW)). Preferably

mor e pr ot Sranry R0 R SREO R’ AREUR R TR PERAL R oL B Fleahd e

regi on" apedidAlmachal €ei(li gy, OMUPL. iSEmeAB P tIOTHH ®p&fam®yend kwBo t hree
and/or four) light chain framework re%izon sequences ée. ., framework 1
(FWO , f kapwnes Rp3 FVRSI2. (Petvitnsialsg beoy feaggnatadd/1a? 2\‘068&1?@%& fuflerqntigign

Pr ef er abl he .light chain.,variable region.fr rk compr.ise FwW
il or - Pag) G Be P o Bl R R g RS U R EERY PG of e
heavy andUhipghy. GRAINE kpRERdDNAnOERHCBGL aRRica B bals, T 0EIeY, aedditivickils anl
antigen. The constant regions of the antibodies may nedi ate the binding of

t he 25i mendoheloaelisn to host tissues or factors, including various cells of
t he i mmune system (e.g., effector cells) and the First conponent (C q) of
the classical conplenent system Antibodies are grouped into classes, also

ref gy red ihe (@ 1a50bYBRES fr@fcd ettt tadbaee nusnainl gxhy" 4shRed RASIantua&gl on.
Human constant |ight ‘chains are classified as kappa (CK) and | anbda 30(00

| i ght channlodi¢deanyiragheinhteeaoé thak hinds fo emasOXA0 eiglhyumae X016 )solagahma (y) ,

al pha (a)., or .epsilan. , defi t he .ant.i 'S isotype as. | D,
oG 1 garonghav b a PRy By Gy SR RS PRG0N 4SS HBE R erE ity
any of th&16}RSS aRorepE@abIS UBG hBFSESssOEvdnmRPedehbly N MAebi Red iy ke
chem cal and antigenic characteristics of their constant WO

2013/ 0081 zitCiy pBRAOIALOFBFOH that binds to human OX40" includes antibodies or antigenic

20 binding fragments thereof.

The terms "antagonistic antibody" or "antagonist antibody" are used herein equivalently and
include an antibody that is capable of inhibiting and/or neutralising the biological signalling
activity of OX40, for example by blocking binding or substantially reducing binding of OX40
25 to OX40 ligand and thus inhibiting or reducing the signalisation pathway triggered by OX40
and/or inhibiting or reducing an OX40-mediated cell response like lymphocyte proliferation,

cytokine expression, or lymphocyte survival.

The term "antibody" as referred to herein includes whole antibodies and any antigen binding
30 fragments or single chains thereof. An "antibody" refers to a glycoprotein comprising at least

two heavy (H) chains and two light (L) chains inter-connected by disulfide bonds, or an

antigen binding fragment thereof. Each heavy chain is comprised of a heavy chain variable

region (abbreviated herein as VH) and a heavy chain constant region. The heavy chain



10 regions. The known human i mrunogl obulin isotypes are 1gGlL (I GHGL), |g&
(16HX), 1g&8 (1GHE3), 1gHA (1GHHA), 1gA (I1GHAL), 1gA2 (I1GHA2), IgM
(reivM, 1wD2013@eR)71 and 1 gE (1 GHE). The so-cal | ed humanPCRIB2ZIOZDIBY | n
pseudo- gamma | GHGP gene represents an additional human i mmunogl obulin heavy
constant regi on gene which has been 5sequenced but does not encode a
protein due to an altered switch region éBensnana Met al., (1988) Nucleic
Aci ds Resonstaryaiommegmprised efghics domamsvi HY. GH2and &1 EY Fach light chaigiivn, t he
human i i = . ing, f s for

al | heachgﬁﬁg%gﬁkl @Eﬁ%@9?%§@¥%?g§h§§%gﬁ?§8gg%ﬂﬂ%ﬂ§%§$§£§ ﬁﬁ%ﬁ rames for

i ts heavyosonsténibdn. dberighsclRltadetapt @RinMs danpidised ofbheBordhingOLVWeRd VIWidnl al |
human i mrunogl obul in constant 10dormains with the predicted structural

f eat ur es VITRRionagen be brdier phéidddgainracivsoelypecnaripiiin: istcter ein as | gGE
b 1 s B ek TTHE ARk AERE S RKE SR [ERAMSREAIYED Conee

(I GHEP1 amblvdaHERR) genTB€o dn@foncindss ubksllyierniosicteanyodinedusad, fin@rspersed

t herapeuti c purposes. In humans this class conprises subclasses 1gd, 1g&,
| gG3 and Wiageiops thet ae Map sorsersd, tegeghrnewerkgpgenadReer WY Each g’&ar}d
| g&b, | G %§§. h rm;:"chi i nt | y" .as rei;n i ncl udes
antibodigg?ﬁﬁ%aﬁpé %ﬁg£sg%ﬁ§2?@i§%%ioﬁ’%%%gé%gggl%Fggd§§$@%£§¥§g%¥3ne

speci es adehihlkein CRNSIIBWIng @GérOTWSIE QUIRIC €W ANEDRETWEACDRANFWAOTHE im§ideci es,
such as an antibody in which the variable region sequences are derived from
a 2Bhousacidriedisngss AoVl HEWE oW Bamd FWdi ablfogdbtienagtuigike qwniIal regiom e
human antd body. rm." hu i.zeqd,.ant i pody" or "humani zed anti - 0X40

ant i body"n %'e%tgg%%he%égirﬁgl%c%sorgl ?ilsbrgc‘ﬁrrgét(i) Wi ch CDR sequences derived
fromthe germine of another mammalian species, such as a nouse, have been
grafted onto human framework sequences. Additional framework 25region

nodi f i catlheigmiranechmeangblehiramevherk iegram’ 4srrafenigd hregegaeeQeRiwNer | as
within the se Uﬁ‘?r}cgg derived fromt e.ﬁgﬁrm i nrg( of. anot her Kamml ian
speci es. MO hE Py By RRESS dpY/Or iR ficayy el TamGwatk iRl RIYCAeS ks t he

pol ypept itd@gewonRl (ERPIfragewdiR 2\HW GHRamMborkaN@ V) dndyod RRgQRW i prwamai ns.
Fab may refer to this region in isolation, or 30this region in the context
of a ful IPr¢feragtythahedviystiginorriabie idpoayirimagomkrrompyiges FW1, FW2 and/or FW3,

2013/ 008171PCT/.1B20 2 to.the |ast t tant r.egi
omnogl SBUF PR aRa S o gad e Pyt tahC bl bl bR ERR R B e SERL Pt
regi on i ILASGLABH hiy dmiseonebr ok %«erg?,gdl\r}l@,l\ﬁwo@ngeé DRy dd e bhge dhange N

termnal to these dorains. For |IgA an Fc may include the J chain. For
| gG Fc donpmioslesgiomgnogicoblgld. rraevairkd (EWJaniramewarkd EVgamtram8wky® and

CheboundbPrandRrpracka Ly M a ety e il P ey b oo
region i goppHads mwaetwagddlop FOBITREIS Bri&abIJ¥ee1 FRZG afd FRZ30 to its

carboxyl -term nus, wherein the nunbering i s according to the EU nunbering
system For human 1gGl the Fc region is herein defined to conprise residue

P232 to its carhoxyl-term nus, wherein the nunbering is according to the EU
uber | nd Tey SRR Wbiatian e S Tt SnginGedipr gl forRga drasa i with
63(1): 7%ﬁ%ﬁﬁgen’.:q“hér@(yns’fa%ft FJgi&n@ of MeSantibodies may mediate the binding of the

25 immunoglobulin to host tissues or factors, including various cells of the immune system (e.g.,

effector cells) and the First component (C1q) of the classical complement system.

Antibodies are grouped into classes, also referred to as isotypes, as determined genetically by
the constant region. Human constant light chains are classified as kappa (CK) and lambda

30 (CM) light chains. Heavy chains are classified as mu (w), delta (5), gamma (y), alpha (o), or
epsilon (g), and define the antibody's isotype as IgM, IgD, IgG, IgA, and IgE, respectively.
Thus, "isotype" as used herein is meant any of the classes and/or subclasses of

immunoglobulins defined by the chemical and antigenic characteristics of their constant



region in isolation or this region in the context of an Fc pol ypeptide, for
exanpl e an anti body. The term "hinge" or "hinge region" or "antibody hinge
regi on" hwoebrs/iosiiudes t he fl exi bl e pol ypepti de conpri #ChgBrhzo:BMN0 aci ds
between the first and second constant degeins of an 15antibody. The "hinge
region” as referred to herein is a sequence region of 6-62 amno acids in

| ength, only present in IgA 1gD and |1gG which enconﬁasses the cysteine
resi dues "¢Hens- e haeve hempsnmaagaiotudigiprdypesarefellrHpe D dae2 (Y& donai n

ends at irkdon ; t I fgkﬂl (o] '
position%%§§@i¥ﬁ5§’#%%pgggggﬂgg§%§?§g§§%%ggg |§Qﬁ%#%?éﬁ%g¥§§%§%?gﬁﬁ%clude
posi ti onsn@2IE (I02ED. Tie dog&alled homas InfnbRSdlobulin [g&ldo-gmh@e éGAGMe@n20nunber i ng
is according to the EU nunbering system (Edelman GM et al., supra). The

t er m " par@eseatitangdijronglrhunsarismunogioh by hesyyicopstad gegiee gengsr it hisheendess
an_unmodig pr‘eﬂc dt§89syno%@éod'e% %{;‘8&6@1‘&%% YidFRAL 1 & e%;%ng%&%r G NR Y @f ! ant.
Sai d parent anti body may be a Hat ur a y OCCUurring an b0 y, Of a varidnt or
engi neer g8 Naiclic AtidaReatiaidl 8 y)82Jacein of Mg indn Hedy. swhrhesdiomnhd body nmay
refer to the antibody itself, conpositions that conprise the parent

ant i body hugyanimeaaglnbulirpgudeguamedGigdt 2andes aren readipy frapss Epplldsayy: 0X40
anti body" rein A t.an . anti O | ul i t binds
urman 06T S a0 T PR RS AR AR el S ROSL L' 0 e
ant i body'doagindeacodeqiréleth dotndiRaRhicR aldl WOR wafht 4l DRGyandmohiiBdHlie bodstdnt t hat
bi nd to human 0X40 and that can 30be nodified to generate a variant,

spell f i calompinspyethilie prrsliciert ststiyaliprruigs. this addigeny] hequdpganmasetEpais” var i ant
anti body" qr "antibo ar i . used .herein includes an antibod
sequence THard Brred Yo 3EIGHGP. Sl BhalRo S ot BBy SR EnET R0 R R ete o
at | east sg&ifasafie ROMMOIRALR AOHLAIRGY dd3eQARAPAROEsi b4 FCind PMsichd s gdeon
conpared to the parent. The variant anti body sequence herein wl|

pr ef er abl(JCIHERE e I(HIEPDathe Fboelassge e mess copmenbrusbil jorgherbpeasic patposes. 90%
nore preferabl t least about % am {,d ue identity wwth a

par ent at Pogey BlsqiBR TbmPRT Bty el n X g RFEHENER S BNkl Bty

itspd f, CORPASdstsubassePIERTl SO, tdreranidRagy 1¥@si ant, or the 5amino acid
sequence that encodes it. The term "am no acid nodification" herein

i ncludes an am no acid substitution, insertion, and/or deletion in a

| ti | . By."am id.substitution” " bstit ut.i " h i
P M R et b L s e R ARG e iR b oy R B e R ' "

parent 1QpalevBeRtd 89128 aHRNER: Webils ANPHEHn At RQiGE iuericel a®RAPEESrokhe
substitution R94K refers to a variant polypeptide, in this case a heavy

chai n varnathbespeeianswdr & anggitibodywiarwlaeh thejvariable cdgietheeqaengicnmealeavedlysinta on
945%? replaced with a lysine. For. the precedi&gieé?ngie 94K i&gicates t he
subst i t utTYRC BRURREY NS J1F CORSRTREIQN PORICARRS apofeTivRd gt HBWB Hiibery;,

mul tiple substitutions are typically separated by a slash. For exanple,

RO4K1L78V refers to a double variant conprising 15the substitutions R94K
and L78V.ThByerimthunenered dniimslgl br dnemanrzet ians-€rX4(bamitibady usededbereinnnélsdayeant

the addition of .an _ami aci d at articular position in a parent .

ol ypept FHEDBEBALET FOR Extsrpreter AL S e g RaTicgH aPeder R PaeGR sy
posi tion Q4 ;BYmoR ARkl éﬁﬁl&@%h@mhnﬁﬁl vk Qﬁheﬁ&spﬁgﬂtigﬁaﬂ Slathewdrreant
the renoval of an amno acid at a particular position in a parent

pol 3pept irceos egpddvagonshoay exangd @jthiRdde hdesi yaatesrkt sequahedsedsivorll of widltigi ni ne

at position
P the CDR sequences derived from the germline of another mammalian species.

The term "Fab" or "Fab region" as used herein includes the polypeptides that comprise the
VH, CHI, VL, and CL immunoglobulin domains. Fab may refer to this region in isolation, or

30 this region in the context of a full length antibody or antibody fragment.

The term "Fc" or "Fe region", as used herein includes the polypeptide comprising the constant

region of an antibody excluding the first constant region immunoglobulin domain. Thus Fc



2094. As used herein, the term "conservative nodifications" or
"conservative sequence nodifications" is intended to refer to amno acid
nodi fi catworne1xdest7ido not significantly affect or alter PChABMi120535¢2
characteristics of the antibody containipg the am no acid sequence. Such
25conservative nodifications include am no acid substitutions, insertions
and del etions. Mdifications can be introduced into an anti body of the

i nvent i orcBip e thengsiiyorartintderaen inawpeglpPwinalogiains of deh, 1gb, and B yppdteed
nmut agenes;j - j at. nesi s, r.vatil v ! b - }
subot ¢ it e R Lo e B BB B i SRR Mo A AR hinge N, o
am no acitgntigeditd tesh@shaigs. &os (dA hat Ie3M,de mhainoludEai )l dhas. Obr R, Fo aci d
resi dues 30having sim|ar side chains have been defined in the art. These
fam | i es cPAEHRIaMERHNesloRelig domping Charsimea 3 ppd Cagagings3 (rZpnd (yad ppgthe hinge
argipni ney histi-di o] [ ' ( LG aci | ut.am c
rerd, " ovseEh b BBha ) RO B khRaR AR) Wiibuen BRASIALEEEL fre BRI 7
serine, tniuyeQRy,tigs hdiArosGieay € yisdie Fo esgid iy pb@plyak)ined el paise fdsiiReca2Ms
(e.g., alanine, valine, |eucine, WO 2013/008171PCT/ 1B2012/ 053502 13

i sol euci MEP23) b its@arbqsbymauany beseinthe mimbirie)is agrerdng roathe keonwnksinghai ns
(e.qg., thr iRe, i i S9! ine) . a ti ] chai e.g.,

tyr 051 ne By iRiiES: R SR e Rl A AT S SRR AN

aci d r esicgihegyMethinGs, WiRrdibRe R@iRRs e & acobiditgnotthel: UnameahK sysegh ons of an
anti body of the invention can be replaced with other am no acid 5residues

fr olfl t he (Edetmas (dd et iai (AOFAATroq/Nathdeadhacidl $ar Y arBi%odir mapaticfaant thant i body)
can be tested. for. retained function. For all.human i nogl obul i n _hea

chai n_ congtahi a8 Wit e Sont Ry WERRAG EERRRBE g BT oo

(Edel man GM et al., (1969) Proc Natl Acad Sci USA, 63(1): 78-85). 10For the
human kappa i munogl obulin |ight chain constant domain (1 G&GKC), nunbering is
accor di ndhederrhdunge(jon Unbgs icaypns 95 taspibodyBrsmepgioivhercinaincludeyibe dlpxibior t he

hunman | anbda i nogl obuljn light.chal n const ant domai ns (I 1, .1 GLC2,
"G s, e Reb TR b PR N L B R il it g
systent hLaikd@behe Bingd re%ioni’ ad A9810d tSPAHANERS cQhicnPé AloRINS 62 hilTRéNRIRGA Cal
interest. Sth Edition - US Departnment of Health and Human Services, NH

publ i cat ilength ogly-[3estn) indg Adkd tandolglh, bidbeencampaskesithe tygine resiogs7tharratgeNat |
Acad Sci JUSA, 84(24):. 9Q74-8 and.F ipne B.et al. 1985 (o] t cad
Sor ush, et Sitking SRt B LA Girt et b P BRI T B b s
that nedigiegoanhivesns i REURIEBYsHieh23eSTIRRE6! fol(Liht ¥n®odd hRRSLE RULAT

anti body for a particular antigen. In naturally occurring antibodies, the
ant i gen- bliehigkdg is¢lode poiging 221 G022 n Iy@i | @3 (d3rhimkGlhavhaehithe

specificity: one. located in t heavy chajn VHi’ﬂang he other |ocated in
Thedl | ghinoibafine pogsords t e S abgBetag SRl B RM I sy 7 ost de i
only one of the two domains as in single-domain antibodies from

25heavy-chain anti bodies found in canelids. The V regions are usually about
110 am ndhadérds"pacmgantzddy ton'pasnt ohimnedgohwial' gs isedaereamincbideesches of

am no acid seqguence cal | ed framework regions FRS% of .15-3Q0 am no a igs
epar at oA B HOLEBPoPeidn St DFSRY ETay P ATy esTo g RYSET YRPPLb! o
regions” hate Affudny scRMNPURBLES or ARGriark38 NARLAR] SordOBE RaaRfaat i ve
heavy and I'i ght chains conprise four FRs, |argely adopting a beat-sheet
con?i gur atcwnng eatindgt Raferdiyantibody may refer to the antibody itself, compositions that

comprise the parent antibody, or the amino acid sequence that encodes it. By "parent anti-

0X40 antibody" as used herein is meant an antibody or immunoglobulin that binds human

0X40 and is modified to generate a variant. By “corresponding murine antibody" as used

herein is meant a murine antibody or immunoglobulin that bind to human OX40 and that can

30 be modified to generate a variant, specifically the murine antibody 1D4 as disclosed herein.

The term "variant antibody" or "antibody variant” as used herein includes an antibody

sequence that differs from that of a parent antibody sequence by virtue of at least one amino



30 three hypervariabl e regions, which formloops. The hypervari abl e regions
in each chain are held together in close proximty by FRs, and wth the
hyper var ivbl2e1yw@gi7ons from t he other chain, contribute POTHR1f/0F358t i on of
the antigen binding site of antibodies ee Kabat EA et al., supra). The
term "hypervari abl e region" as used herein refers to the am no acid

resi dues WO 2013/008171PCT/ 1B2012/ 053502 14 of_an anti body which are

r esponsi BFE mestiligaiiongampaieddp . parené Hgpwrioniandbrdy seansnss hgeHevdl | y

conpri se ! Ml ron" or
P s S R T DR e R
anti gen nesoghut Y% .anfrod addl kequandetiibitg ouithi A grdi abetodyGedunas canidoirg t o
Kabat (Kabat EA et al., SUPH%Q" 5 A nunber of CDR definitions are in use
and are eAUYHPRAYIEET HethgaRlborydSRAMRPsHioRs EQrBprisiag thesedbasly veagliepcBe
varigbili I ) only used (Kabat EA et al., supra). Chothia
reféfs iﬁéﬁ%ggg?%&¥%@§Vg%§%F%%gg$ the structural loops (Chothia C & Lesk AM
(1987) J. Mol. Biol. 196: 901-917). The AbMdefinition is a conproni se

bet ween t he Kabat and the 10Chothia definitions and is used by Oxford

Mol ecul arl'hs toxpMiagnne padynadsieralipp niereisfipciages appENRG peideubsatutign, insqriggg)

Proc. Nat . SCi_. c.9268-72: «Nartin Al t..aln. . » )1). t hods
Enoyiol - A B0 pon i g dR By MR LB b Tl on, W bigh ™) 28°
136; ReesicAh Bimaht the (df8&mehnoSinednine heidMe d pEticiREp)sitidi @tagiafenBt r uct ur e
Prediction. Oxford University Press, Oxford, 141-172). The contact

def lthi t i oalypartidseseauanee anth|apothat arogeetyl. ey el ithensuRmitationRI4K cafoggy aJ .
Mol . Biol,. .262:.732-745).and is,based .on an.analysis of.the _.avail ab

o ox_SeP iR RgRERRGAM wivdsd neR SBB R af b A RRR: Rk G P B ¢ ne
CDR by | Mskhing at pd@idndeik nalacen &ithl NMybine Grnend §iscddif uxaiiplQ 4R YEdieaTtd the
(http://ww. ingt.org) is based on the | MGT nunbering for all inmmunoglobulin
and T celshbstigeept @ povtiRESH ONE olfysiag. Fog plechusposes My Jultiflesubstietinng aronal

| MunoGeneTi informatio tem(r), VP. et al 0(1991) Nucleic
ac s redsTisyy PRy 5 A3 b, REIEAREN el BtounE R ETeb N Gng)
219t21;  kef §@RGulYh(ROUAL Ind\NUTE 1 By ARiAS a8 $nseARnl bi "iBQFiSh" ds@kéPRGeilRs
(2003) Nucleic Acids Res. 31(1): 307-10; Lefranc MP et al., (2005) Dev.

Conp. | nmaot the 2d¢i8pn off 85aR0W;ackeais pAtetulagipositipR 00 pardrti pofypapiedd sequence.

Functi on Genomi €S roteom cs, .6(4): 253-64). ALl Compl.epentarity
et or m TG RGN GrE P RO BPLEBIBE o FRE PR O4nEY I HVEREFEACEAPE. Hel i ned
pr ef er abl ye1ag¢&P i@l K@eih MFhEAD thelfdmovalr drallagifonad At & patiduespdsAfongash of
these CDRs are as follows (nunbering according to Kabat EA, et al., supra):

LCDR1: 27aB2{ pdlgpReide 5S@pes, FRGBRBIPIE RIG7 desHiBRE tho@:gBn Henieine silpd&iticnd

H X 9%—102. The "non-CDR region” of the VL region as used herein

co i se fhe anino acid sequences: 1-26 (FR1), 33- 3049 (FR2), 53-88 (FR3),
and 98- approximately 107 (FR4). The "non-CDR region" of the VH region as
used herein conprise the am no acid sequences: 1-25 (FRl), 36-50 (FR2),

58- 92 ( FR8)ysedherei) e tappioxiaraateleymddiBcatiord) or "Wiiservative sequence

2013/00811%@$TL182Q12/05 025%5 The .CDRs, of the.present inventijon
compr | Se MEEHER TCEHEREAT BEH4P AMAS bR BROUHE UG GRUREAT SRBGBI Tt ons
and have yapiapl %nﬁ&%%@ra&t%ﬁkt%%? tl?csanfti%dllfé’&ﬁaiﬁ&gﬁﬂé ardifio 36id sk&ddRée. $46r ©6,
LCDR3: 89-97, HCDR1: 26-36, HCDR2: 47-65, HCDR3: 93-102. These
25 conservative modifications include amino acid substitutions, insertions and deletions.
Modifications can be introduced into an antibody of the invention by standard techniques
known in the art, such as site-directed mutagenesis and PCR-mediated mutagenesis.
Conservative amino acid substitutions are ones in which the amino acid residue is replaced
with an amino acid residue having a similar side chain. Families of amino acid residues
30 having similar side chains have been defined in the art. These families include amino acids
with basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid,
glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,

threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine, valine, leucine,



5extended CDRs are nunbered as well according to Kabat et al., supra. The
"non-ext ended CDR region" of the VL region as used herein conprise the

am no aciwogetpmses: 1-23 (FR1), 37-45 (FR2), 57-88 (FRBY/IBz2i033802
approximately 107 (FR4). The ™ non-extenciiéed CDR region" of the VH region as
used herein conprise the am no acid sequences 1-25 (FR 1), 37- 46 (FR2),
66-92 (FR3), and 103- approximately 113 10 The term"full length
ant i body"iSAIcipseprofas, eﬂhﬁnY Hanineaaethipaingy.y Ear prched stdechpas (a4t BEconHe,

nat ur al I l.e nst ant
regi ons. Q’Iﬁ'gllrlé)ggfg& ne%rl{ﬂna% Qﬁ Bt wﬂqu(e%q?‘l 31%391? 1railgfl)l trﬁ;ran(gjlfzhceélﬁ the full
| engt h amfsdtiday. Ih‘ustdie dr @fore hmﬁ@ dctd @sidety Wik tendDRORgios$ 6r withinwhe

i dentical pairs of two imunoglobulin chains, each pair having 15one |ight

an(cji one HEEAW ek EIZONS Ohap ant f/OéH&lﬁve@ﬁw%bwpi%%w@w&mmm%ml ns VL
1
oS BB ER s IR Ry PR SRR OB B

Ilamas h@edaot idaakdeBinoionh. consi st of only two heavy cha| ns each heavy
chain conprising a variable domain attached to the Fc region. 20 Anti body
fragments include, but are not limted to, (i) the Fab fragrrent consi sting

of VL, VlPI' %h gn%' ﬁ] he'a\rf]C 1119 SF%PIdOI% gs Eaig -r%_'"s CIO}dIB ?tﬁg
fragment consi's | ng o nd Onwl NS, P% it

consi sti rguofuritheinYlsyaand” mﬂe@lﬁﬁa{}m el @1%9519}@ mt Ab@pl%l IISA/)63U)97818®)
fragment (Ward ES et al., (1989) Nature, 341: 544- 546) whi ch consists 25of

a slthgl e Fpaticdtyman kappa mqra@nqgiobﬁlﬂla@mbh@@m ¢onsiapbdemain (K dgme Apmeeits iSsi ng
two |i nked Fab | ecul e scFv wherein a
VH donmai A°4n n§t?/ﬁ%n%%nur‘?(‘ 2el‘gISVS %’ed (lg@e%gan EM gPdcél PR’ I‘(Whl c% al | ows the

two domains to associate to forman antigen b| nding site (Bird RE et al.
(1988) Science 242: 423-426; Huston JS et al., (1988) Proc. Natl. Acad.
Sci . USAlog8c legrg-gahda invnimoghibapedighi chagi egkencdrannan RIGHCHel(d.C2,

PCT/ U59 6 d di triabodi es"” |.t | ent

ul 1 spedt T e gt JOLER PhRBR RS et O BROR PR amrEba e ol T i nger
P (2000) (Nebhiods.fnzymoh) s&RBhcA® phein VOO AadkicdilbicaesmRi@tonl Us
(1993) Proc Nat|. Acad. Sci. USA, 90: 6444-48) and (ix) scFv genetically

WO 2013/ 0BBATDPCRI1B20h 2hBlBEGR Stevicass¥H] poblidatios aiBl-6R42) adidffaeibeshby

ti body ( Col MJ & 7
159- 163 DETHETa i SRRZLLER Naron (ol APl ar e R 0P
bi ochem ¢adgsePeRtNiDALad SSUIS A, § oW 84he-9g nteraction of an antibody Fc
region with an Fc receptor or |igand. Effector functions include

FcyR-nedi ated effector functions such as ADCC (anti body dependent

hatfboyt dOE T S R el e iR SemapT ot DESRGR oY B itk SC RS
C corrpl e e A8 LIS A AKAG 1Y) parbiue! KRELAMN ALK IR AIbanRE, body

may be altered’by altering, i.ée anci ng or reducing,” preferably
enhanci nghe QIngl&fOfHdmg yitegbngikte oﬁtvm Mdtivlefctﬂmaams tbhtf deCino spardlieiyube louabd ais an

Fc receptor or h nent E% af fi Wi | | energrl Ly be
Vari od_ YN G (HEBI MeGHby Mataus Ihdae G o e chiedieise 1 ¢
i's appropfd @lursf\’/e QH@mtJ]ﬂ‘g{ Shd & tﬁé o SUShERE a@ﬁ&%r@@' bbMaidlanliBAREs RAR Of
the site | aswt bl e way Is also envisaged that an alteration in the
bi n2h ng hbsvytchaonarttibved@m founddy cdmoelidsh€heViregbmr aronbwetlylaboutddd anoho adider
ni ficantl h
signifi C?or}g, )a{ncs coens?s}/g re‘atlvgllyr{nvan%nt stretches of amino acid sequence called framework
regions (FRs) of 15-30 amino acids separated by shorter regions of extreme variability called
“hypervariable regions” that are 9-12 amino acids long. The variable domains of native heavy
and light chains comprise four FRs, largely adopting a beat-sheet configuration, connected by
30 three hypervariable regions, which form loops. The hypervariable regions in each chain are
held together in close proximity by FRs, and with the hypervariable regions from the other
chain, contribute to the formation of the antigen binding site of antibodies (see Kabat EA et

al., supra). The term “hypervariable region” as used herein refers to the amino acid residues



affinity but may alter the geonetry of the interaction rendering the

ef fector nmechanismineffective as in non-productive binding. It is further
envi sagedwOhat3/@s17e¢f f ect or function nay al so be alteredPoy/IBWdR/HIBEY a site
not directly involved in effector nol ecy}e binding, but otherw se involved
in performance of the effector function. By altering an effector function
of 20an antibody it may be possible to control various aspects of the

i mune r &§p® ﬁ%@”dé vanclb@{ﬁa%epwgblé forspggeeRisiling. Vhe IPBG’%V&F@%}EW%%g%FY%”He

i mmune s ef ig] i» apy.

As used %é#@ﬁh¥%%%go?§§§$Q%§ﬂg%ﬁ§%la?ﬁgmﬁgﬁgﬁééﬁhﬂyhéfgggé ?gﬁgﬂ |gﬁé such
as al | er gyer Bbiag toh highe CeRPencdetiBilOY Bhdisit ivoIbedin PSigen ASdgniant Hdr sleases
aSSOCIated wi th autoi munity and inflammation. As used herein, the term
"subj ect vaipRle demaing AYmAeHRhs ECoidng terkabaAKabat EAT#enls gied nonhuman ani mal

i ncludes all vertebrates, e.g., mammuals and non-mamual s, such as 30nonhuman
primates, sheep, dogs, cats, horses, cows, chickens, anphibians, reptiles,
etc. Prefenabbyt dfitOE Ubfiidbnd fe hnarand AR dncOXA sahérbddTES Kab¥definition is
2013/008171PCT/182012/053502 17 In a first aspect the present invention
provi des basrdanmt wgemics Wamh%@aéf isghe ﬁmmﬁéwvomlﬁelﬁ%ﬁKaﬂawaEA 57 el sSupi@)-human

0x40 Co&ghoﬁhygeﬁ%/s DR HI%IIQC quigh'¢ @5%‘{1 ogms ﬁcﬁ‘%ﬁ% &Ci&kszx%g%‘?ﬁ 1of

SEQ ID or a heavy am no acl uence

of SEQ | MNOBid2, 1961dHDO1A). mﬁammh@ﬂ’mm c@ﬁmmﬁe BetweBe (Rt A Ee
sequence of SEg | D NO 3; 5and/or conprisin i ght chain CDR1 conprising

t helani né’hethiy %féqu@?ﬁoﬂéldo$ u%EnglQXfN@ Mﬂlecalﬁ i 6b1\4aar1t1ibgﬁ1’ meHeliing epiRpare

conpri si t a / h hai n
cors compltiTACR A%t 1980 B TaG a8l 3551 BT i er ) AGR! of

enbodi ment e 1t Metratsagepnst. 268t 100¢5y3; QTedérE@QJ'ﬂEéﬁalt e pfmibamahads 11 pehuman
0X40 10conprises an extended heavy chai n CDRL conprising the am no acid

sequence 186; IBRQ AReNa:, (19)6) &n&%aﬁe@Me&Edn@écPrh@av&nmaﬁ FradbRRc O si ng
the am ng,acid ue f, SE /or a extend d. heavy chain
cora” comp GG Fe Gg: L o Seh benubits iBRERRD BN NGRS ot ses
an gxt endpfcthiih RONRL 41.. €PI%E) ¢ OB iB3bINY6L: h@z@%ﬁ&hd%'bﬁlsea%ﬂthﬁ'ﬁﬁ@lyﬁlﬁ obtEe | D
NO 16, and/or an extended |ight chain CDR2 conprising the am no acid

15s equen@@allﬁokSE@plﬁx Nactugs anrdalle imthediotemdadabanghtheddinnic@BR3he o bsi ng

ant i body T8 ¥ 3R Re daR ISR e T oRa6 BoAE T COBA Héauy
EEZ: 2 CDRAsQIUhE SO {0 ek M6 ALt SRAUIGESR 2Rl T%%@réc@p“@\/ REGORERY I
species (IMGT®, the international InMunoGeneTics information system®; Lefranc MP et al.,
20 (1991) Nucleic Acids Res. 27(1): 209-12; Ruiz M et al., (2000) Nucleic Acids Res. 28(1):
219-21; Lefranc MP (2001) Nucleic Acids Res. 29(1): 207-9; Lefranc MP (2003) Nucleic
Acids Res. 31(1): 307-10; Lefranc MP et al., (2005) Dev. Comp. Immunol. 29(3): 185-203;

Kaas Q et al., (2007) Briefings in Functional Genomics & Proteomics, 6(4): 253-64).

25 All Complementarity Determining Regions (CDRs) discussed in the present invention, are
defined preferably according to IMGT®. The variable domain residues for each of these CDRs
are as follows (numbering according to Kabat EA, et al., supra): LCDR1: 27-32, L.LCDR2: 50-
52, LCDR3: 89-97, HCDR1: 26-35, HCDR2: 51-57 and HCDR3: 93-102. The “non-CDR
region” of the VL region as used herein comprise the amino acid sequences: 1-26 (FR1), 33-

30 49 (FR2), 53-88 (FR3), and 98- approximately 107 (FR4). The “non-CDR region” of the VH
region as used herein comprise the amino acid sequences: 1-25 (FR1), 36-50 (FR2), 58-92
(FR3), and 103- approximately 113 (FR4).



20CDR2 conprising the am no acid sequence of SEQ ID NO 2, and a heavy
chain CDR3 conprising the am no acid sequence of SEQ ID NO 3 and/or a

| i ght chawe 2CBRD8onpri sing the am no aci d sequence of SBEQIBIMNG3SER a
l'ight chain CDR2 conprising the amno agid sequence of SEQ ID NO 5 and a
i ght chain CDR3 conprising the am no acid sequence of SEQID NGO 6. Mre
preferably the antagoni st anti body or fragnment thereof that binds to
25human 0X40 conprises a heavy chain CDRL conprising the am no acid

sequence qf . 10 GPR2 Rl | d
sequencejg]f:@gg +fgh%%es ,t I%ﬁgﬁ?ﬁ”égegﬁgﬁau n %&éﬁ){é%rggiﬂgﬁﬁ%ﬁg%ﬁ% acid
sequence atfreihEididnd NE¥iniBo@ywhdahalvé ghtiabthd@maiCiRldues apfdil®iWvigL.CDOR 1a24-86, aci d
sequence of SEQ ID NO 4, a light chain CDR2 corg)risin the ami no acid
sequence %D%%gﬁ-‘[ﬁ, NEDR3: 89187 414 PRt 26R6i HCEBR c@?rﬁ@lg%@%h@-é%ﬁ% aci d
30seguen I . / 7 B20 Q hat
i £1'pi e CaisPlgsRS B mticn AP SR L 0 TG ol taRied R
speci fi CiR bas@d AnhaVTaagiom a¥dd heetluednasise eeaminorackagidnees: KI-pgka A et
al ., (2000) Br. J. Cancer, 8%32): 252-260 (describing the production of a
humani zedlBhk B7ED3BRANOV BSdYRAS 1apg Ysmipprovimatebally ¢k nlhganpedskendshal’ R

CDR3 of .l ne 7 0 _ant i Ki-4):. i.hoer SH. et -1 { Mol .
i o1 208 NS0 VR p AR AR Lohbiis B Ao S RagBhoes D3 1PRY) 3.
(EGP-2) amt(FRedice92usRAg aal y3-tdpprdxeayilychai(PREPR3 sequence of the parental

murine MOC-31 anti EGP-2 antibody); Rader C et al., (1998) Proc. Natl. Acad.
Sci llUsA, 95: 8910-8915 (describing a panel of humanized anti-integrin avl33

ont 501 5009 AR S0l OB DnERLLIR! SR SRl ™

conpr i sesaturdlibsdlbgies] F6@EIUENC UL iA@uding vaiiRTe san@indaandqioapall exahple,
bi ndi ng the sane epitope as the parental nmurine antibody wth affinities as

hi gh or hit gleer meamanals, nslydarenmedns wod mec, divfubdengfh aBthodnsf BedeGalass isa1994)

J. Am Ch S 116: 61-.62 i scl osing.that t ! .d : id

Uhe. most ST AT SHE T RS B AR B diehceh B BRYE he
pregent ioR¥ERhi A q‘%%&@%aﬁ[\&c@%ﬁ%@%a@m&mﬁﬁ MfuddesReh doRatnsbimgnd 0
human 0X40 conprising one or nore heavy and/or 1ight chain CDR3 donains, in

parti cul 4., eodpadhdienyy ¢heavgonaprasing iGDRBagbyhtin siomgins Nkl h 6Crloi dHE équdnce

of SEQ I D 3 [or light chai.n CDR3, conprising,the 1.no..aci.d sequence
of SE0 | BUBHEC RS st Bl el Ranas g Rt B oo

Wt hin sQpRsi&mPedlyRatBavysitathsi 8 Mbhwecnd B PRRH Sy FRPRIdof aPatPdBePlo DT e
heavy and/or |ight chain CDR3 dormain froma non-human anti body (a) are

capabl e dfie Corggemi ng for binding with; (b) retain the functional
ch cteristics; (c) bind to the sane epitope; and/or (d) have a simlar
bi ng affinity as the correspondi ng parental non-hunman e.g. nurine

ant i body.Apblly fraf MEAD IR PEG tard 018 HMIRIAGD! () (Y B OB R¥AGEH AT VL, VI,
ant agoni st anti body or fragnent thereof that binds to human OXZ%O conpri sing

a heavy ¢Haaml VHI idaimkmsyiagiudmgdalmddabedbiptii) shenlgl frigmenricomsisimiga! segvidnce

of SEQ ID 7. In another_aspect the. present inventi rovi des an

ant agont B diutino i MegetEnore o RAT T Waend S BHDXA 8 | si ng
a light %Hﬁl!béhy‘g’@"v% ARlA L t BRANEDNE & cﬁ.?@S@?Nﬁﬂlré,*3%1?‘512!405’4@%&115&)%'1‘%@03

of SEQ ID . I'n sone 30enbodi nents the antagoni st antibody or fragnent
t hetfeof tofiatsingliendsiable, tiGab')Q Xd@meotspa bivelsnalripmaany cahpiisiny awo hitted rabgi on

LT R R R SR KE T S TN S
NO. - 8. linked by a peptide linker which allows the two domains to associate to form an antigen
binding site (Bird RE et al., (1988) Science 242: 423-426; Huston JS et al., (1988) Proc. Natl.
Acad. Sci. USA, 85: 5879-83), (vii) bispecific single chain Fv dimers (PCT/US92/09965),

30 (viii) "diabodies" or "triabodies", multivalent or multispecific fragments constructed by gene

fusion (Tomlinson I & Hollinger P (2000) Methods Enzymol. 326: 461-79; W(094/13804;
Holliger P et al., (1993) Proc. Natl. Acad. Sci. USA, 90: 6444-48) and (ix) scFv genetically



WO 2013/ 008171PCT/ 1B2012/ 053502 19 I n anot her aspect the present invention
provi des variants of an antagoni st anti body or fragnment thereof that binds
t o human W842013/00B11$ t he present invention provides anti IpCwiIBR1YS3Fe2agMeENnt S
thereof that have an ami no acid sequencg,of the non-CDR regions of the
heavy 5and/or light chain variable region sequence which is at |east 80%

i dentical (having at |east 80% am no acid se%gence |dent|t g to the am no

aci d sequiiedo 81 See oxaiiEmriagbahs CotomIe Mgrigtiatlo k1 P gNetEhai n

vari abl e q figehe parent antagoni st antibody of either the
heavy or B{ﬁt@&}ﬁ{'ﬂc%s Pﬁﬂf%s@ 6t3ﬁ]of ei ther the heavy and |ight variable region
sequences as in SEQ ID NO 7 or SEQID NGO 8, respectively. As well

anti bodi es or fragnments thereof that 10have an am no acid sequence of the
non- ext ended CDR regi ons of the heavy and/or |ight chain variable region
sequence i L, 8Q%.] t i t he
mon-oxt erad ieptieBhr RAby RN R 15 RAR <P et FURL G

sequence igtrathién padnedtibady E@mgmtwﬁman b@d:xceptf)r@iligmﬁﬂ lfifetdrearytions idchelel i ght
chain are provided by the present invention. Preferably the am no acid

sequence lcgérrgdigiedellecr ThaniogpRidhegignsCpntdrdy Hepandent ceBunadinetbd CDR
h
B T A e e L N

in parti %ddadte&@t%ctdfqﬁmmg bucBils @DEA (©ém Bfﬂé’[ﬁéhtm@ptﬁldEﬂtfdyt(ﬁbbhaﬁyﬂﬁ%eﬁB&Si

particular 99% including for exanple, 80% 81% 82% 83% 84% 85% 86%
87%0 88ufugtien of gumntghpsky ngyydke adigozl bgzman%%a gdemcing o4 redgome.ggeksrahhd  100%
| dentity K honD espect o an guenc 0. defined
horor . 2eRbanstiRlRa bl &t hERRERAy 18 A AR haRehf SRENSHRS: 1BeddS e

that ar e cofpiincnatompddent. BendA aﬂﬁmy &hu aBhdriiodye wnetirb@glmylﬂghﬁé egéctbhat

binds to human 0X40, after aligning the sequences and introducing gaps, if
necessar ynolc@ﬂfablhd@\gélt@ rad pfhiinease pas @@r@p@@qu@n@@e thegesite iof yntergsiagd yé@@fence
identity be det.er mi ned by .stand t hods used to
conpar e’ ¢hEsitir SV e seRaet SR -af als AR Res B B PTR LY pHEEE aes.
25U NG 3i1€ BAHH MlibBUPQD: &P FHeeldr il RBluTke@hoFARF SignifiventROthY BOShI aslif €

aligned for optinmal matching of their respective am no acids (either along
the full affemgthut ofayatier e gmﬁrﬁ@fqbem@rgctmn rghdsmig e dhqpeléccietegchimed porti on

f Th d faul t | t

and”a deriEuEE BaRaT g uehRer R A PR e b G ipEe t o B R uar o

scoring nBbeXite28®yPRNILe Mdcalot aireoﬂy(laaﬁ%d i!nrbﬁ%tcﬂo@ﬁlo@efcuiaertﬁﬁ@lh? but
|

30Sequence and Structure vol 5, supp. "3) can be used in conjunciion with
t he conputlerwpe mgvmé\md 1F<p¢rf@mmmp¢ ef tht kHeger tweation. @evmtltﬁmyg amelfdseordanaivhat ed
as:,the total (gl B ntlca nPtches rrultlglled %1 100 and then

di vitied B9 2Ptk dHn&? ‘EH%SS é‘hbﬁ?n{{f’ YHEUP BRRGEY © QRgyPOnNSe, €.g.
2013/ 0081331%[%@;';{(:%]@%9 Bt Q %ogQre‘%tﬁ(;Hs%f?ﬂ@nﬁﬁh&@?geﬁpﬁﬂh%B%lﬁl@%eﬂﬁfﬁpﬁr of

gaps introduced into the 1onger sequences in ordér to align the two
sequencesfiettn isdimeneembodithemys t he present disclosure thus provides an
ant agoni stic anti body or

As used herein, the term “OX40-mediated disorder” includes conditions such as allergy,
25 asthma, COPD, rheumatoid arthritis, psoriasis and diseases associated with autoimmunity and

inflammation.

As used herein, the term "subject” includes any human or nonhuman animal. The term
"nonhuman animal” includes all vertebrates, e.g2., mammals and non-mammals, such as
30 nonhuman primates, sheep, dogs, cats, horses, cows, chickens, amphibians, reptiles, etc.

Preferably the subject is human.

Anti-OX40 antibodies



5fragnment thereof that binds to human 0X40, wherein the antibody or
fragnment thereof conprises a heavy chain variable franework regi on sequence
whi ch i s WO 2084981770 % i dentical to the framework regi orCapuaressef SEQ I D
NOS: 19, 20, 21, 22 or 23 and/or a light-chain variable franework region
sequence which is at |least 60 %identi caY to the framework region sequence
of SEQ ID NOQS: 24, 25, 26, 27 and 28. In sone enbodi nents the present

di scl osura {6y ReRACHES PEGFERIHPUIEAN PETEdes i apHEInist antibadneinfragnyat gsreof Hht

bi nds tof | [ frag f .Ses a
eavy. chiihs AP va &SRB e B AR R R e A0SR R 8

i denti calof SB.Qt IMeNDr an@asrk eagy chinis EMPRENDEnpefsingithe hikinNQ@cidl@qadidé of SBQIDght
chai n vari abl e framework regi on _sequence which is at least 65 % identi cal

to the fNAFEWORKOF aBroN chaigidrka compeety iho oo pad samenss efrHddP NEdpect t he
Phat bi ndl/Bh b RRRREYYERE a0, R REORRAHE uBmiRGt SolehRITIIQ ARG L,

descri bednsmph dighihafnul DR Ico®Pripih | Shadtgnido Aeidwyquehad of YRQITBMNG: § samewor k
region that is the product of or derived froma human gene sel ected from

t he groupizBbeisinstPRg comprigmyshergning acgseqymenet SEQID)NO| GHv2- 7001 (SEQ | D
NG 20), IGHV2-70*13 (SEQ ID NO 21), 1GHV2-5*09 (SEQ ID NGO 22), and

| GHV2-70*11 (SEQ ID NO 23), preferably a heavy chain variable franmework
regi on thakorhé ctbedipic@BUBE arhe st d8HiB0de Gr Fiia@meMUABBo OB M ihdSHY Zuddh TX4LSEQ
ID NO 19). The heavy chain variable framework regi on may conprise one or
mor B (e. gompyrs, antaggendedhhesay shain 6fDR bermpriyars/dhc ehanhadid spasgegelol SEG B

sequences £e.g. ., framework FWL) ., anmewor.k (EVR), _.f.ramewor FV\B)
andor 1 PeBERYaF BT Peblntbhin (RE R bl wel SIRAR S Qose
human genpNOPI£hed/BbAY ettbiRlch @y Ghrl ODR3ChARHEInE @eH HRind LaiARWRIdcEOMPT | Ses
FWL, FW2 and/or FWB, nore preferably FW, FW and FWB present in the

product SHEQID HékilYeehd ermemprisesarexgended §ehtedriod PR gpmpasige thepneionsfidt i ng
f 1 GHV2-70*10 . 19 | GHV2- 70* 01 E . 20)., |.GHv2-70*.13
CE0 1 b Resveds S aboBShes ety el Bt ain PR e Brbing 1 A0 Bt

23) 15 Heawyqehad 6f SE@MBWRD KL 7 S@V RRAn SRAYEALRs @BaiH STSR DESBprikih NGk UAEnFWd
(position ?L to position 25), FW2 (position 36 to position 49), FW

(posi ti one@@neolpgs@iPovO9W) and FW4 (position 103 to WO

2013/ 008171PCT/ 1B2012/ 053502 21 position 113), wherein the am no acid
position is indicated utilizing the nunbering systemset forth in Kabat. In
sone enbegiERBLShE Mapsfs aRtibyST RS HCRt RERYT BEshialk @HuhRALYX A cdha%IERt

t hereof, 5wheréin the antibody or fragment thereof conprises a heavy chain

vari abl e htagnebaor KDRé gomprisingthd aminhecidrsodusnte of SloQ IRE¥Ovba Heronehwiman gene

ogtibn cGtT SEIEI e el i NG Gt P RGHD RCEak e Py ebg (DR 70T

cor r espoRgipsie MYarkiiBiaBid%aiiabl 8t SE@MBWANK3 LeghoMiaf chhg (IR T eshandhNg
y

0]
murine anti body.
the amino acid sequence of SEQ ID NO: 4, a light chain CDR2 comprising the amino acid

sequence of SEQ ID NO: 5 and a light chain CDR3 comprising the amino acid sequence of
SEQ ID NO: 6. More preferably the antagonist antibody or fragment thereof that binds to

25 human OX40 comprises a heavy chain CDR1 comprising the amino acid sequence of SEQ ID
NO: 1, a heavy chain CDR2 comprising the amino acid sequence of SEQ ID NO: 2, and a
heavy chain CDR3 comprising the amino acid sequence of SEQ ID NO: 3 and a light chain
CDRI1 comprising the amino acid sequence of SEQ ID NO: 4, a light chain CDR2 comprising
the amino acid sequence of SEQ ID NO: 5 and a light chain CDR3 comprising the amino acid

30 sequence of SEQ ID NO: 6.

It is well known in the art that the CDR3 domain, independently from the CDR1 and/or CDR2

domain(s), alone can determine the binding specificity of an antibody for a cognate antigen



10 I n sonme enbodi ments the present disclosure provides an anti body or
fragnment thereof conprising a heavy chain sequence conprising the am no
aci d sequEAee13afsBEQ | D NO 32 and wherein the heavy ch&Cm/IBzp/eisbe
framework region conprises at |east one;@nm no acid nodification fromthe
correspondi ng heavy chain variable framework region of the 15correspondi ng
muri ne anti body. Preferably the amno acid nodjfication conprises an .am no

aci d subshl that PTEHIRe aHodiss sa1 Brediséatly beasraed ey ing BesIpebiglingsPesdhenst i ng
of 23, 3 , | %1 ' ' il

cel oot ed T SymBOTACE IS, RESHERED Kifka 3D0F, BEDS) BET, EAREE
20pr ef er 88R2)a2522p6N@eagcibthgns piddaoti @br, a iedngied ahhie Ta®0 naibady dsip@snlyitkn of
each group nmenber is indicated according to the Kabat nunberin

Speci fi cderyy ¢ wiahls destain YbH3FalearinenEdAp?( adody Kardh ;ri%eib@qgéH etal.,

subsgituti elect - I St - : : j

SN and GOR) ToVEF SR, PO TS B0 RARU RS o Pl R A e oup
consi st i ngtieddids2A3mg @3pehehvhBihairRBIOR3 sb@diNc@ntihb padntahherigas (33 Gniis t he
nost preferred am no 25acid substitution wherein the am no acid position of

each gr od{$Erdpnebodyd Rader €t et @0 raphNatlo Acie Skban, AAMPaPiS9d5 | n anot her
aspect t esent_ | nvent] Vi t j.sti e i.bo f ment
Choreof (hapnEREdoapd iR L BER RO B AR DR N Bl hE

f r amewor Kafigge ODRN@mdis of henudpaadust o o3 deibbdedMO00 Whrdi BRIA ri@hker

sel ected fromthe group consisting of 1GKV3-11*01 (SEQ ID NO 24),

| GKMIL- 39+ptibqdsEompD s disdict s¢quryarrrgdgthe ($RY dompjarand gypablagpfsnding g2 ( SEQ
ID NO 27) and. | GKV3-20*0 SEQ | D.NO, 28), .pr.eferabl 1.1 ght ain

var | abi o PRI G R Ry f e P MRt Pyl Moo iR Renialyene
| GKV3- W@ ihkIn Q08T 1REehAsIBZ202 /(05859 2A A2 Chdh03od. IER 11181 M2 (dRéHbsing Migat kieght

chain variable region franmework regi on may conpri se one or nore (e.g., one,
two, thr é@dRhdompinfpseyijley thgmosmgiigczfnﬁ aominbvtion teghbgensigdieptes (e. g.,
framework 1 (FW), framework 2 (FW2), framework 3 (FWB) and/or framework 4
(FW)) present in the product of or derived fromthose human genes.

Prefer ablAtcbhgndly, 9hd prebhidic hveN@dd fblhRlef 88i100ick hAIMBWH KNS BHERIOE SRS binike FU2
and/ or FWB, nore pre]?erably FWL,” FW2 and FWB present in the product of or

derived fmonnOXdfheompyene @wloamadhéavymntiee lightahpinddABB slbimags o pegictiier01
(SEQ ID NO._ 24), .1 GKV1- 39% SEQ.I.D NO 25), | GKV1D- 39* I 1 26),
| GKV3- 11¥6‘§1Pf1§é%h13?5y j 1%13&3%@8@%%3% CEES YR %%E‘ﬁ&rf a‘%ﬁéﬁ n

f ramewor Kifhfeaiagﬂc@ml{%ﬁfp@gmg&h@ﬁﬁﬁo%fdegeaudnes bEIEQIMINOPE SRR tHe t O
position I0 23), FW2 (position 35 to position49), FWB (position 57 to

posi ti on ag8hodyrie capable (fhasiing Erhvagint@X 4o W ithiorsome@@)bodwhents iswcht ingerdivic no

acig position.is indicated utilizing th nber. temset forth in

ket - 1 ARSI R S of e e aapdr L SBipd R E b e Hm 2P BgEY o1
fragment JhhRsRQh) AeeommId S DehpRiihd BMbiddhd Withah) ARiS tid @ABWALK region that
is the praoducat%]qo%c or Q%Qgri ved fpr%cl)rf;é humlanmggenle ?(lbca?(VB-lll*Ol (SEQ I D NO 24)
and wher eharatthestidsgle) binHad thewamie@&pitepd, padfemel) kaveegiionlacoinpmig séEnintasliteast
one am no acid nodification fromthe corregﬁandi ng framework region of the

li ght ch&PHeSPRP{igR PAcPRYNYRIEPaR R WBHPeABBREY ng nuri ne antibody. 20In sone

enbodi nents the present disclosure provides an anti body or fragnment thereof

25 In a further aspect the present invention provides an antagonist antibody or fragment thereof
that binds to human OX40 comprising a heavy chain variable region sequence comprising the
amino acid sequence of SEQ ID NO: 7. In another aspect the present invention provides an
antagonist antibody or fragment thereof that binds to human OX40 comprising a light chain
variable region sequence comprising the amino acid sequence of SEQ ID NO: 8. In some

30 embodiments the antagonist antibody or fragment thereof that binds to human OX40
comprises a heavy chain variable region sequence comprising the amino acid sequence of
SEQ ID NO: 7 and a light chain variable region sequence comprising the amino acid sequence

of SEQID NO: 8.



conprising a light chain sequence conprising the am no acid sequence of SEQ
I D NO 39 and wherein the [ight chain variable franework region of the

i ght chawo 288¢erice conprises at | east one am no aci d RO@AIBLAADI3GR from
the corresponding |ight chain variable fgamework region of the
correspondi ng nurine anti body. 25 Preferably the am no acid nodification
conprises an amno acid substitution at am no acid position selected from
the group consisting of 1, 33, 34, 46, 47, 54, 56, and 71 and/or a deletion
at am no ably . ' ' it Ut

2 no. actatpnft¥Rkich 88 ofdten Y R EHA Mo BT Bty TSI el

54, 56, alii’tde(Ythhzﬁm)ﬁﬂdS ito Autieh X400 TBRathe prasan idgindop pivided AnBodidrnst
preferably an amino acid substitution at am no aC|d]805|t|on 46 and/or 47,

wher ei n tFemgRiseererithatpes an gRinefackkbserueyice opthegeperDR gegip tfdbelicax¥cor di ng
to tyhe Kapat, ﬂgkﬂ'%%glln{‘\%p?@?g %ﬂ ?e%lua%fa%%c}fﬁ‘a?%aﬂ%od/ Rl ﬁ%in%”at %Q{P“ SES

an am no acid ect rom group conS|s 33M

34H, 46P,804/Mhind4kid s'é@lﬁ;ncaﬁﬂ:nﬁl@) 89&;3/31@@18)15&&@%&1&%0& Zbiélﬁﬁﬁ@ER%g%ﬁéfof @ad/ or
a deletion at T31, Er eferably an am no acid substitution selected fromthe
group comsdetandipréithchpg vaahle rsgpn sapPncegithe Barent a@@soalﬁaanrﬂzvdy fogither

R LR TR N

wher ei n tslmmm)a 7a 9 PE3 NO: @) r3pectiacly. 45 Mep aﬁaﬁ&ﬁés dr&ﬁa@mdtsqﬁére@k that
according to the Kabat nunbering. In sone enbodi nents the antagonistic

ant }(body heye &1t aargmmpldt swana@ﬁe of tigtnopicrtpsdedbChREngaiooxalthe apityi r dighiechain

chain variabl,e fra i,on ct _of or,derived om a
ronan oonat QU s SIARhte pRROR ol Rk s LERuT BARE Tt S FehesF R ™S,
V2- 10701Qa-ckh@d ODNQegidf) of e héHyladd 0Pl ﬂdﬁah@an&ﬁ])e,reg@n %q@@n&e&ﬁ(ﬁlé D NG
22), and V2- 70*11 (SEQ ID NO 23 and a hpg@% chai n variabl e framework

f

regi on t ipatent gntagnaish potchasty ob titiar thichdaypdr bclaumam pyandeddsl the prderitr om

25y 1 BPagh g1 el he 98 | peierdd B bt b RGE 7 hfe o
I GKM3- 20°6RinREQDRBNGhs 8Bthe hBLv§TAHAP hlgh@chﬁﬁ@éylaﬁl@ﬁégloﬂ %@@meﬁs ddlehdi amewor k

region that is the product of or derived from human gene 7010 (SEQ I D
NO  19), Saffd neore p@tﬁftraldbiat least & Va bhé mios aprelsoabky atégaSb%%hmtpartssuﬂdli%&r oguet of

d d_f SE nbj
O Pemuy Pk RO BSOS sl ich e OF al ROt B in R For R SR ket
of or deriyed 2§, 5% dRid, e88nt sdv gy, @%@@%9%3@@%09@% Supr ;BRANGYProF0f Jeoght
chain variable region franework regions which are present in the product

200f or él)é % \98% PP Grantl 1408 ddenthy maorgelngys with mesportdd ag apie aidscgnesepassed

by e pr i nvention. Germ jne. DNA seqgyences for human heav and l'i ght
ohatth v R RS Heguiestielhl BBinatH e oS e mageb ot e e ne

S equenc e igaiapagign ﬁl@\éﬁiak@mteanﬁﬂo&m MR Blercdt (AWNAY &LIRBnan OX40, after

25cam ac. uk/vbase), as well as in Kabat EA et al., supra; Tonlinson |M et

al ., (199Hpnidg thﬂ]dequ@cod andaﬁﬁ‘odutﬁ@-gk@& 1&11@:6@@1(}/, JPhchetveahe maXih9d pergent. J.

| munol . 24: 827-836. As anot her exanpl e, i ne, DNA uences for
human he AT g TP IS PG HEGEAES Pl A Pt T ere.
Genbank dafaRARPuscd® BoARAL RYsiAIAGG N pblIfoPEARE RNl RELTE pd &%Rreev' des
an ant agoni st antlbody or fragnent Peof that binds to hunag ,

whet%ei n atsingeasimpner mbgmm@uhleaS/BLAB&"mF@[STsAawd/potypaptideeas:talignedfdr t he

L 9N el P GRTPLRES B saet, one aTL0, aEid ol RO by o
intr Oduc%e(ﬁlﬁﬁces or along a pre-determined portion of one or both sequences). The programs
provide a default opening penalty and a default gap penalty, and a scoring matrix such as
PAM?250 (a standard scoring matrix; see Dayhoff MO et al., (1978) in Atlas of Protein
30 Sequence and Structure, vol 5, supp. 3) can be used in conjunction with the computer
program. For example, the percent identity can be calculated as: the total number of identical

matches multiplied by 100 and then divided by the sum of the length of the longer sequence



WO 2013/ 008171PCT/ 1B2012/ 053502 24 nodi fication(s) and the effect on

anti body binding, or other functional property of interest, can be

eval uat edwpr20i3mogi7iro or in vivo assays. Preferably con®eTuB01%@53502

nodi fications are introduced. The nndif%&ation(s) may be am no acid
substitutions, additions or deletions, but are preferably substitutions.
Typically, no nore than five, preferably no nore than four, nore

5pr ef er abYi{himficerighadsaan ah e nupheiolaspe ntiodpesddpioyhe lpnger ssdpenges ingsdernpst
preferably, ng i, thaR,QRe am no acid nodifications are perfornmed within a
CDR region. Tn certarn e odi nents, framework sequences can be used to

engi neer variable regions to 10produce variant antibodi es. Vari ant

anti bodi es of the invention include those in which nodifications have been
nmade to flR aprBoemROGESNE e Pigsanh Hischopprg Hasgrowies an aptagopisiigpptgivdy Ohe

properti f i I . (i i are nade
to ecreZ%gRFHgagﬁﬁﬂﬁ%g@ﬂ¥%$ﬁ¥8%@q#%él3%%?%%B@ﬂﬁﬁgé$%§§%%%gﬁﬁgﬁ§%§pproach
i's to "backiptb@taicadnehi viribee frirasRwarkgibestqlives Which ieat ¢kr BE@Aaelitgl
murine sequence or to "backnmutate” one or 15nore framework residues to a

cor r es pordihedragesvark regieeepdaence of PRESID NOS: 1%r20het. Bspedtantivs apiebsednpin
di scl osurg pnoyl,des, AN anhadana! WicAnt LASKY 68 % [LAMIPR! b RSREQht NaforDi nds
) ereln at least one of the ranewor

to human regi on sequences of
t he heavyeghatdoVsEOabINOS:€0l 05 2% 27 hed D8ITARDHE dmBOdinkatith®prebénd diselvkure
t her eof conprises at 20l east one am no acid nodification fromthe

cor Hespomaoidesfananagenigti ayjibody of fragraciékaygofdhaiibindsde hampe Oy wheisin thpe
cor r espondj gy Mg ANHEROFY Brel e1aBl Yt e aminoqacld medidi cation s an
amino aci"d" SUBsti LM O Ty pr ATy “Ro yshain REIblTEMER O FERIGn STAUT o o

t han fi veyhig Bfaelcaltl Mo RlcAmdaEtd AdfrahRWork fRIR Ri@hes aPSNQND NOT &) ARG a
three, even nore preferably no nore than two, nost preferably no nore than

one ami ndightéhdimpatiabledaamark segionSqpendeorineltiswi tdabtrdSalo fidentspldp kha egi on. I n

sonme enbodi nents the present .di re,provides an antagonistic anti body
or frag Wﬁ“ﬁéﬁ&eﬁoqaﬁﬁ?e%‘?ﬁﬁgtég[bﬁﬁﬁa%l'omo, wherein the amno acid

nodification of the framework regi ons of the heavy chain variable region
conprise an amno acid substitution at am no acid position selected from
t he gr oupn eortbérsispes thefprognt BSeticagroGdes BongazdnBUs artriddyke fragmentileredhi no

acid position of each p. menber is indicated 30acc in 0 the Kabat
unber | ngia Bk & FEEm AP Ra A ShuhSheat paROERTRESE AR et oo
t he heavyghaier ¥ahpAahhea hedhyQRadNariable fARY oRE FdidRARhtit ARro@lcest &d from
t he group consisting of 23, 35b, 50, 60 and 62. re preferred am no acid

subst i t utdeons! lgdmtaHainfangeeaedléctedigimnke goup hensneiag i dOHNVA- U ) 4DE@ IPYDon

of “Bhe, “3hBdcHhEO8E,SERoR SAESeSloNTRER R S NG Y Rty B diag ™
am no acirg Ngbsth)i éﬂatmpﬁoilhe(stqmwz &3?’,%Qéf91ﬁ§ly%fhetat3fcﬂh%9\/éﬁa%ﬁa' n

vari abl e region. The present disclosure also provides an antagonistic
ant i body femefwoalg reenin thitas gefprotat obomdisived fiShumeman02éa0 IGIHYE: B 10 43 EQdRst

one of t f rk regi.on sequences of the |ight chain variable region of
the nunmiQel aks fsouy Sohi P e kB DL 815 P SBE ™ UF8ere e B no
aci d modigfb CiitdeQRdfof B5Tr] ﬁh%v? Chdif SRARGLAGrE fo%rEEWnKesr(%%{,cffhn@wéﬂ@? (haht
chain variable region of the corresponding murine antibody. Preferably the
am Ifo_ ac ifuhmmglirlt 2 cBWM20,fransevaork 3r(Fﬁ\b3_)anﬁ/dr stk (IOM4 ppddsont iamheaprodectaci d
del etion of -(I)}/ Bér?v%ldlf%’m those &n%ar} ge%gs.slgréferagiye&ee Eleaallovl}y Chaih variable region framework
comprises FW1, FW2 and/or FW3, more preferably FW1, FW2 and FW3 present in the
product of or derived from a human gene selected from the group consisting of IGHV2-70*10
(SEQ ID NO: 19), IGHV2-70*01 (SEQ ID NO: 20), IGHV2-70*13 (SEQ ID NO: 21),
30 IGHV2-5*%09 (SEQ ID NO: 22), and IGHV2-70*11 (SEQ ID NO: 23). Heavy chain

framework region sequences as used herein include FW1 (position 1 to position 25), FW2

(position 36 to position 49), FW3 (position 66 to position 94) and FW 4 (position 103 to



10nore than five, preferably no nore than four, nore preferably no nore
than three, even nore preferably no nore than two, nost preferably no nore
t han one woi20/@8i7d nodi fi cati ons are perfornmed w t hin &CTABRIEBNOIROY egi on.
In sonme enbodi ments the present disclosg{e provi des a humani zed anti body or
fragnent thereof, wherein the am no acid nodification of the franmework
regions of the |light chain variable region sequence conprises _an amno acid
15subst i PAtitien 14D): HheisH he pmippagid P%ﬂ@uw&@ge@ YigingBe grebpritonsiest $5hg of
1, 33, 34,446, k&l 54, 56 and 71 and/or a deletion at ami no acid position
31. More pre errea’ am no acid nodifications of the framework regions of the
| i ght chain variabl e regi on sequence conprise a deletion at Y31 and/or a
substitution selected fromthe group consisting of a 1Q 33M 34H, 46P,
47W 54L In s@Be gRgodiments ghipigbrat glsﬁloﬁlﬁé PEildes an@ntbeshsardragmest theigeh gr oup

me roi i.ndi cat. I ring. . fer

i o, acienoa e Bapropg e el U R RRal PaM R R th
vari abl e @i 1B psREIVESGE deaq firsid handalgehd I WR-70310 e81) UD ND:SIYpsid t ut i on
selected fromthe group consisting of 33M 34H, 46P, 47Wand_71Y, whereas
46P, andMdrerdia thahepey ghain vaiable frymey ek eegiercomprises geleastione pieinasiq he
humani ze At | fr thereof .of th r nt 4 nvent i may
conpriseq%%ﬁ%%Rgg¥§%%%ﬁf$g%§@%%%§%ﬁﬁgFmgWQI g%%éﬁ%f‘“%%aﬁgﬁg&ggethe heavy
chai n varbabdpendigginQitinseduense as set out above and amino acid

nodi fications of the framework regions of the light chain variable region
seglence as set out above. The present disclosure also provides an

ant agoni stic_anti bod r.fra t thereof .that bj.nds tao 30 h n_PX40 t hat
compr 1 sedr RSO brR woe AR Ay g R bt R el ST PEIE Rebns i st ng
of SEQ I RoNEBsin29.he®B; chath sediencé Bompsiaf theBninpheiligb@fhye seSEOTBNGI32M t he
group consisting of SEQ ID NOS: 58, 59, 79 and 80 and nore preferably from
t he gr oupndoisiost thedicafy SRD vaDaNegGranggyak de b corhisgs aidedst oak gvinosgide al so

provi des an,.ant.agani sti c anti body,or fragment :

D075 008 PR B0 T Eo80 53RN REP et ARG A (hoigh RO ¢ ha

comy i Se%oﬁg@oﬁﬂ‘ﬁqg%ﬁin@ vardAabl e region selected fromthe group consisting
of SEQ I D - 30, 60, 81, 82, 83, 84, 85, 86, 87, 88, and 89, preferably

selected fromthe group consisting of SEQ ID NOS: 60, 86, 87 and 89, nore
pr ef er abl EQ 1D NGO 60..1n.some enbodi nents the t agonj.stic anti bqdy or
Fr agment YHEREbT % AR oDy SRR TR0 SR S e BB M RAPRr § abi o
regi on sebeigbgdelbd@MrbRAnIERMP c6MIFInStIrNY, Hb, FEQ, By NEF:62280rOFefcPibly 17

78, 79 and 80, and a light chain variable region selected fromthe group

consi st i poind aBEEPYiHOMNGElec®a fropdthe@toupBdnsi8dng 423, 85b, V600 81 6Bdnosand 89.
Gv t hat each of .these heav nd .l ight chain variahle pegion sequences
cartbi nd ORI RAG I PHECHRATY SR A ER AT P apPR6 S5 eg BT SE ences
can be "m ¥ag.20%:0RHBM theliRatal fdhSerBRt §pecRANG hLindb AGdMRI BB of the
i nvention. 0X40 bi nding of such "m xed and nat ched" anti bodi es can be

t est ed usbmgrisdsenbinndd agd asistpgiodesierict écbmethg .group doheistixarii 3Ss 35U, 48bre
enbodi me ant agoni stic anti body .or fragnment thereof that binds.to
uman OBt B R PG ER ey it aubRig o CEPER 1w BwhoRHE Y oup
consi sti ng o8 SERLEPLEINRSH TP §6 @0 dhP Y622 ’\Qhéi‘eals'%@BG%‘ﬁferﬂnd/s@f)fe@QJre% anfiflh ON
sel ected fromthe group consisting of SEQ ID NOS: 60 and 89. In nore

pr e1%r r edc@rsobditntgnt wherba thasmgonicst pasitamtdf lbadygronp ieageenstindibeedof t hat

bi nds to human 0X40 ri ses. a heavy chain variable region conprising the
am no aciifc¥ ﬁé‘hﬁ@ Ig?%g‘g‘@@iﬁ’q}?n&a 58 and a |ight chain variable region
conprising the am no acid sequence of SEQ ID NO 60, a heavy chain variable

region conprising the am no 20acid sequence of SEQ ID NO 58 and a |ight
chai n vardn afdtkerraspgod thequegeni imvergiontpeodddsrem amcigdnistic antibody or fragment thereof

that binds to human OX40 comprising a light chain variable framework region that is the

30 product of or derived from a human gene selected from the group consisting of IGKV3-11*01
(SEQ ID NO: 24), IGKV1-39*01 (SEQ ID NO: 25), IGKV1D-39*01 (SEQ ID NO: 26),
IGKV3-11*02 (SEQ ID NO: 27) and IGKV3-20*01 (SEQ ID NO: 28), preferably a light

chain variable framework region that is the product of or derived from human gene IGKV3-



sequence of SEQ ID NGO 89, a heavy chain variable region conprising the

am no acid sequence of SEQ ID NO 59 and a light chain variable region
conpri si yorhss/@mgi7mo aci d sequence of SEQ I D NO 60, or PATHB2MY/0%38e n

vari abl e region conprising the am no ac'?% sequence of SEQ ID NO 59 and a

| i ght chain variable region conprising e am no acid 25 sequence of SEQ ID
NO 89. Most preferred is an antagoni stic antibody or fragnment thereof that

bi nds t o IAGHRIPIEXHY N A i ded ighhcienvariabiaicaion 4 ranny sk Fegdinoiay eQrBRie P Er om

the grou St : . i i ari abl e
regi on c%rrrpﬁ{r%?glter'éj’ @%é%omﬁﬁge g@ﬁ%ﬁﬁ%ﬁ@@é 8@%9%%098@11%@%&?3%%& esent
di scl osuenaweok prBW 10leBandw@R Lagwil) strartewadki 3@WY3 aidfor agrenorkt herwdf) t hat
bi nds to human 0X40 t hat conprises a heavy chain sequence selected fromthe

group comE§ssrtipdghcorrodmof pr dgosed srpm thgse lmymamgeneg dreigrably{he Bght haigf er abl y
| ected fr. .St | : d
ror & ot AT T BRSNS RHL09A, PR A By ey 3 SR

2013/ 008 hikd POI3 p:B2h 24 BB PSR 20t INQSiival/framch hddhan Tdee prle@s&ntrodlitBewapre al so
provi des an antagoni stic anti bodé. or frag,rrent t hereof that binds to human

0X40 t hatcorpFing o 853 A 101G REQIRING: 3bgllahya-39&0 b 631 1P N Nl (Fr o lip-39701
i sti i ' . : N : , 49,
CDor or ablEIPIROLYT, Ryl of nd o Mg arfina {0 AP g ;2. 92
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chalth segqdedd¥2 seissonedd P posiiondd) g Wdgpewine St jorpsdfonSBrrnd) Wekstpospion 3§,
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cons: ot i Nopaiei R SefNug o §lcd B B0 GINERGE GEATEEY fLhBIhL SRR
G ven t hatt eaghn Rhbithese heavy and |ight chain variable region sequences

can bind to human 0X40, the heavy and 10light chain variable region
sequences can be "m xed and matched"” to create anti-0X40 bi ndi ng nol ecul es

of the invention X40. bi ndi n f such "m.xed an t ched"” antibodi es can
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fromthe group consisting of SEQ |ID . 47 d . In nore eferred
enbodi meATEoR R B AGORI TG A BHE ASELP O e Y AR HER e HAT BT IS t o
human 0X48yi600Ptht: $igkt élaﬁle@a\fﬁéb@}é‘%iﬁn SEMERBAS FORIME inSir@ ahliBof/M no acid
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acid sequence of SEQ I D 20NG 47, a heavy chain sequence conprising the
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conprising the am no acid sequence of , or a heavy chain
sequence vdenpn il lndpt theen amiabhde Gaonevedgqegne ef tie IGRQHaD NQuerB8 camgriseslat ght

chai n sequence conpri.sing,.25the amno acid sequence of SE NO. 49. Most
ot of or t oqF Lo ATRAD AT SH T SR { By BT AGRE AN HOILBr I e HAR ¢ o
human 0X40,;GOBPIhE Sb& @n@ﬁgwrﬁg%{%&gquence sel ected fromthe group
consisting of SEQ ID IQOS: 7 and 38, and a |ight chain sequence conprising

t he2%am no aci d sequence of SEQ ID NO 47. 30ln one enbodi ment of the
present discl osure, the aptagani st anti body or. fragnent thereof .is a nmurine
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2013/ 008 H¢bRGT A1BRD L 2LWAFBSMRn 31, more preferably an amino acid substitution at amino acid
position selected from the group consisting of 33, 34, 46, 47, 54, 56, and 71 and/or a deletion
30 at amino acid position 31, most preferably an amino acid substitution at amino acid position
46 and/or 47, wherein the amino acid position of each group member is indicated according to

the Kabat numbering. Specifically the amino acid modification comprises an amino acid

substitution selected from the group consisting of 1Q, 33M, 34H, 46P, 47W, 541, 568, and



28 The present disclosure also provides a nonoval ent anti body or fragnent
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decr ease jghgibhol ogical half life of the antibody. Mre specifically, one
or nore amno acid nutations are introduced into the CH2-CH3 domain
interface region of the Fc-hinge fragnent such that the antibody has
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30 In another aspect, the present disclosure also provides an antagonist antibody or fragment
thereof that binds to human OX40, wherein at least one of the heavy chain CDRs and/or at
least one of the light chain CDRs comprises at least one amino acid modification. Site-

directed mutagenesis or PCR-mediated mutagenesis can be performed to introduce the



lgG as described in U S. Patent Nos. 5,869,046 and 6,121,022 by Presta et
al. In a further enbodinent Fc region is altered by replacing at |east one
am no aciworesvmsEgiwith a different am no acid resi due POTAB22/0335&
effector function(s) of the antibody. F i exanpl e, one or nore 15am no
acids selected fromam no acid residues 234, 235, 236, 237, 297, 318, 320
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whi ch af I Nni 'S a tere can c receptor or the C

Cor‘rponentmtﬁfdueﬁl’rﬂlhe mERkificalibh®) Appbeasind sidlasstiiubens, addifivid hefeld@haibut i n
U. S. Patent Nos. 205,624,821 and 5, 648,260, both by Wnter et al. In
anot her a@caprgicaablyppbsuutipny. d Yareaky nadners e fever prglarallyma maie thasfebry B9rdues

329,45 331 o fer such
that’ ¢ ho PonerbSdy e il BRSGSE Mk AuRubiy ARt B 08 ASH i ERe R
conpl eﬁemﬁoréﬂﬁﬁﬂﬁh@ Aigy iad modtﬂowoﬂscaaé:perf&hiea vapi &R k&gichescri bed in
further detail in U S Patent Nos. 6,194,551 by Idusogie et al. In another
exanpl e, one or nore amno acid 25residues within amno acid positions 231
to 238 in the NNtermnal region of the CH2 domain are altered to thereby
alter the ability of the antibody to fix conplenent. This approach is

descri bedn tetdihembbdinReik, Rataby ikt seQien¥2bh238dd DyenBa@BEYar@bleatgiohdtoy et
anot her exanple, the Fc region is nodified to increase the ab|I|ty of the

ant tbody presiuse diraang aeiadiss dY aide éﬂ@@smes(gélthwmwntwvml@dﬁ @ptoin(vAoeC) and/ or
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the immunogenicity of the antibody. For example, one approach is to "backmutate” one or

more framework residues to the corresponding murine sequence or to "backmutate" one or

15 more framework residues to a corresponding germline sequence.

Thus in a further aspect the present disclosure provides an antagonistic antibody or fragment
thereof that binds to human OX40, wherein at least one of the framework region sequences of
the heavy chain variable region of the humanized antibody or fragment thereof comprises at

20 least one amino acid modification from the corresponding framework region of the heavy
chain variable region of the corresponding murine antibody. Preferably the amino acid
modification is an amino acid substitution. Typically, no more than six, preferably no more
than five, preferably no more than four, more preferably no more than three, even more
preferably no more than two, most preferably no more than one amino acid modifications are

25 performed within a framework region. In some embodiments the present disclosure provides
an antagonistic antibody or fragment thereof that binds to human OX40, wherein the amino
acid modification of the framework regions of the heavy chain variable region comprise an
amino acid substitution at amino acid position selected from the group consisting of 23, 35b,
48, 50, 60 and 62, and wherein the amino acid position of each group member is indicated

30 according to the Kabat numbering. Preferred amino acid substitution of the framework regions
of the heavy chain variable region are at amino acid positions selected from the group
consisting of 23, 35b, 50, 60 and 62. More preferred amino acid substitutions of the

framework regions of the heavy chain variable region are selected from the group consisting
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of 23S, 35bG, 481, S0H, 60N and 62A, whereas 35bG is the most preferred amino acid

substitution of the framework regions of the heavy chain variable region.

The present disclosure also provides an antagonistic antibody or fragment thereof that binds to
5 human OX40, wherein at least one of the framework region sequences of the light chain

variable region of the humanized antibody or fragment thereof comprises at least one amino
acid modification from the corresponding framework region of the light chain variable region
of the corresponding murine antibody. Preferably the amino acid modification is an amino
acid substitution and/or an amino acid deletion. Typically, no more than six, preferably no

10 more than five, preferably no more than four, more preferably no more than three, even more
preferably no more than two, most preferably no more than one amino acid modifications are
performed within a framework region. In some embodiments the present disclosure provides a
humanized antibody or fragment thereof, wherein the amino acid modification of the
framework regions of the light chain variable region sequence comprises an amino acid

15 substitution at amino acid position selected from the group consisting of 1, 33, 34, 46, 47, 54,
56 and 71 and/or a deletion at amino acid position 31. More preferred amino acid
modifications of the framework regions of the light chain variable region sequence comprise a
deletion at Y31 and/or a substitution selected from the group consisting of a 1Q, 33M, 34H,
46P, 47W, 541, 568 and 71Y, and wherein the amino acid position of each group member is

20 indicated according to the Kabat numbering. Most preferred amino acid modifications of the
framework regions of the light chain variable region sequence comprise a deletion at T31
and/or a substitution selected from the group consisting of 33M, 34H, 46P, 47W and 71Y,
whereas 46P, and/or LA7W are particularly preferred. In some embodiments the humanized
antibody or fragment thereof of the present invention may comprise amino acid modifications

25 of the framework regions of the heavy chain variable region sequence as set out above and
amino acid modifications of the framework regions of the light chain variable region sequence

as set out above.

The present disclosure also provides an antagonistic antibody or fragment thereof that binds to
30 human OX40 that comprises a heavy chain variable region selected from the group consisting

of SEQ ID NOS: 29, 58, 59, 77, 78, 79 and 80, preferably selected from the group consisting

of SEQ ID NOS: 58, 59, 79 and 80 and more preferably from the group consisting of SEQ ID

NOS: 58 and 59. The present disclosure also provides an antagonistic antibody or fragment
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thereof that binds to human OX40 that comprises a light chain variable region selected from
the group consisting of SEQ ID NOS: 30, 60, 81, 82, 83, 84, 85, 86, 87, 88, and 89, preferably
selected from the group consisting of SEQ ID NOS: 60, 86, 87 and 89, more preferably SEQ
ID NO: 60. In some embodiments the antagonistic antibody or fragment thereof that binds to

5 human OX40 comprises a heavy chain variable region selected from the group consisting of
SEQ ID NOS: 29, 58, 59, 77,78, 79 and 80, and a light chain variable region selected from
the group consisting of SEQ ID NOS: 30, 60, 81, 82, 83, 84, 85, 86, 87, 88, and 89. Given that
each of these heavy and light chain variable region sequences can bind to human OX40, the
heavy and light chain variable region sequences can be "mixed and matched" to create anti-

10 0X40 binding molecules of the invention. OX40 binding of such "mixed and matched"

antibodies can be tested using the binding assays described e.g. in the Examples.

In some embodiments the antagonistic antibody or fragment thereof that binds to human
0OX40 comprises a heavy chain variable region selected from the group consisting of SEQ ID

15 NOS: 58 and 59, and a light chain variable region selected from the group consisting of SEQ
ID NOS: 60 and 89. In more preferred embodiments the antagonistic antibody or fragment
thereof that binds to human OX40 comprises a heavy chain variable region comprising the
amino acid sequence of SEQ ID NO: 58 and a light chain variable region comprising the
amino acid sequence of SEQ ID NO: 60, a heavy chain variable region comprising the amino

20 acid sequence of SEQ ID NO: 58 and a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 89, a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 59 and a light chain variable region comprising the amino acid
sequence of SEQ ID NO: 60, or a heavy chain variable region comprising the amino acid
sequence of SEQ ID NO: 59 and a light chain variable region comprising the amino acid

25 sequence of SEQ ID NO: 89. Most preferred is an antagonistic antibody or fragment thereof
that binds to human OX40 comprising a heavy chain variable region selected from the group
consisting of SEQ ID NOS: 58 and 59, and a light chain variable region comprising the amino
acid sequence of SEQ ID NO: 60.

30 The present disclosure also provides an antagonistic antibody or fragment thereof that binds to
human OX40 that comprises a heavy chain sequence selected from the group consisting of
SEQ ID NOS: 32, 33, 34, 35, 36, 37 and 38, preferably selected from the group consisting of
SEQ ID NOS: 35, 36, 37 and 38 and more preferably from the group consisting of SEQ ID
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| i ght chaiumas €IENGEnEREPE hedvi@htil8equin0Osa&iidl B6€eNngeu torSE@n) Bf BIGQ B/ .
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a0 whi (R BRP RGBSt s AR RRY LRARTE SRR b Rl (L gl
car bohydreah 8e ﬁsfewafsiﬂg@healsihaﬁ?a@lsay@désbﬁbmrin klﬂa@;ﬁ@n&ﬂ%' on |l acks fucose
(referred herein alternatively as 25"non fucosylated"). Preferably the

anti body conprises a human 1gGL (1 GHGl) Fc regi on, wherein the mature core

car bohydrat e struct.ure tached.t.o t uman | I .Fc region | acks
Fucose.  Npr s paPafThe BTRGERLE ahbRe R ERebti bkt e b bR | oot
(1 GHEL) @Xa[(ﬁ@ﬂﬁise QERIyEhhiRQcqRinYE &1&%@&@&&@@@%6{3 abRistink WESRarANHRehed
to the human I g (I GHGL) Fc region |acks fucose. It is known from

W03/ 03583 5in¢ Rat andaclkehy théin sapeniaseBotedHwmrtitegrevcomeistag bohlyQIRNOS: 47

t t t hed to the h 1 1gG_ F i h A . i
Further anBad mence Rt bRimeRs el GohG 0 PR B AERE AR ol b he °
present i REhOBHNEN OXMdofiRPises IMRY chfFledulfFGhbingr&ideadé SRino eI &gleﬂcee

mature core carbohydrate structure attached to the human IgGlL (1 GHGL) Fc
regi on | atREQGUIrNOe 37 whép dght chitd 20Ul 081 PRI MERAOARAQSE 38R0t e ID

ant | ody&\} .czbi ng fucose exhi bits enhanced ADCC.conpared (klgjt? \r.ent

b 700 G BBy G U CORERRBE T TSRS Nyl e T R A e e 2
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engi neered or nmutant host cell that is deficient in fucose netabodlism such

that it begweace edupethabhi hmino {od sdiqeenmeath SEQ B) NQud8eydl atlighiprhatnreieqsence

expr esse%omprising the amino acid sequence of SEQ ID NO: 47, or a heavy chain sequence
comprising the amino acid sequence of SEQ ID NO: 38 and a light chain sequence comprising

25 the amino acid sequence of SEQ ID NO: 49. Most preferred is an antagonistic antibody or
fragment thereof that binds to human OX40 comprising a heavy chain sequence selected from
the group consisting of SEQ ID NOS: 37 and 38, and a light chain sequence comprising the

amino acid sequence of SEQ ID NO: 47.

30 In one embodiment of the present disclosure, the antagonist antibody or fragment thereof is a
murine antibody, chimeric antibody or a humanized antibody, preferably a humanized
antibody, more preferably a monoclonal murine antibody, a monoclonal chimeric antibody or

a monoclonal humanized antibody.
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cyt try anal ysis. Suitable asgays. are described in detail in the
Exaﬁgfes.angﬁim aﬂzﬁg]ﬂ %PP?.&??%%“?%%@IP; binding affinity Iike KD) of the
anti bodi es al so can be assessed by standard assays known in the art, such

as by Scatchard or Bl Acore(r) system analysis. The relative binding
af fi ni ty IKaddaon bealgsiseiys ¢gmoyiishaordandlcontipe the fronevas s aysoknowWwDR N t he

art. 10l n a further,. aspect. the present invention provides antagoni s
Nt bodi dsrs FUGHERET HdPigRicb Y MG oh A OsRS S it b CHOB B o
Human M )fggﬂoﬁ-,}f QQE/V[B a1tBeRfeldr Abré Miohd? pPofeRRE ofaRenABHly. TRMR et Ralf-

hi gher degree ﬂﬁan reconbli nant humani zed ant i1 body efal i zumab. Reconbi nant
hunzmi z edifarbimpbaiyene fiahtion, Falbechptodbintimgt fvel/ @Rt gen-defeudéntt colulinayphodyite

;ggg;[. ::“02-&&5 gr%@%%%@%ggéc%eor} t}}é invérﬁio%agayb‘t?e c %Enricl:a?gf n?gc}ifigci] 83. ngF(%lscauorr%%iore
chemical moieties can be attached to the antibody) or be modified to alter its glycosylation.
Each of these embodiments is described in further detail below. Modifications within the Fc
region as outlined below are according to the EU numbering of residues in the Fc region. In
30 one embodiment, the hinge region of CHI is modified such that the number of cysteine
residues in the hinge region is altered, e.g., increased or decreased. This approach is described

further in U.S. Patent No. 5,677,425 by Bodmer et al. The number of cysteine residues in the

hinge region of CHI is altered to, for example, facilitate assembly of the light and heavy



15 In a further aspect the present invention provides antagonist antibodies
or fragnent thereof that bind to human 0X40 and which are also able to
recogni sewoynmoBygus nonkey 0X40. Bi ndi ng of an ant agomC3B2120$35020X40
anti body to both human and cynomol ogus pgripheral bl ood nonocucl ear cells
(PBMC) can be carried out and neasured according to Exanple 4 20and shown
in Fig. 3, The anti body was found tq recogni se 0X40 exgressed on the

surface ShaiRABYR 1BHEAEPRORBPBE IR TRkl 4t aniikod Ip preiRgcmbodimeni ®atF ng
that thi ﬁ@%&%@&iﬂxf Q?En@%g; gs'r@&ﬁ&h!té’ ﬂec%a%gﬁ{e})lggll%éichfha@ff Hdrok lﬂ%ran;f}lﬁ&?ft the

;
present in on provi des’ antagoni stic anti s or fragnent ereof

25t hat  biMicketspedificaly, O64d mrd apad acddl haatiodsramr iEbicedints el @DCHET M wi th
an affinity (KD) of 500 nMor |ess, preferably 200 nM or |ess, nore

pr ef er abldpMRBYINiage ragegisof %F%hmg@fr@g@@wuméiahme@rmb@bshas EVBHTesor e

referabl 8 : . Pl - nce PR
ot ol b LA Sl BTG, D AL R, SpRapnce 3FF
Swi t zer | appioatlyiscagdribed Mgfirher @il Hadys. Piest 6. &, BISIF4A iowptded «COWh an@sear ch
grade sensor 30chip (CGE Healthcare Europe GibH, d attbrugg, Swtzerl and;
BR- 1000- Empodimdit.ghe arttody Hanodifish sviarease it ool ldeePridpusapproaehas| ul ar
domai n I e I det aj | | | X and
o TS TRR LB e AhlfREy5 ORLYL e BT PIRTH G B4 48P

af fini ty TPB5aS UrEEBNESddd&iteg iR XAS. PG No0E, 272525 So Ward ATtedive4d in€ase
2013/ 008171PCT/ 1B2012/ 053502 33 receptor domain, |ike the extracellular
dordl n, et biglogicr] kalblifey thaianbadyecdn be aliened widain the § Tk ol €L yggigrytogen@ina | f
t he domai_n_woul d be .am.no-t.erm nally fused to an-i nogl obul.;.n Fc portion.
n-a o o By PRl PR ) BTl ton BE ook PG HaUMEH Shtd SebaR Fhocy
or fragnmagt, ishrRe@Medtihats. mateal NSs. &, 8doa@Stand $2020f0200s 18640 ARl an@ir@éf | ni ty
(KD) of the 5corresponding chinmeric antibody. Preferably, the humani zed

ant i body egyoflimaapirtaredioreis @bered by deplinimsat 109¢4 onepmino agidi rosiflenvwithp diffdrent t o
t he correspondi.ng chi nerj c .anti.body. " jval ent. affinity" i s neant an
a1 ity SUBRGEE Rl 25 R AR R R TbAS A Rk Sl St e BFR0R ¢
Qf Ii"e. CAHI&S &Qdilﬁde!&téamrdfﬁ AmEnPdtid fé@ﬁl}ies M ezpraeker bbby dge3r ARIEND can

i nvention provides a humani zed anti body or fragnent thereof that binds

human 0X40 repladedavithohiligiveant afriordcidresidag suchahas aha axhodd hasganchicraerafignity

tibody.. | . d f th t ti [ sti
ant i bod 48 B Pl HEMTRH REEF nethnpienlF B ERE Rk SR PBPEET AbE ¢ ha
have a bieﬁ@&tegnggfnhitai\x;hych(a}fﬁ?)mpfs alibRdeh 8¢, fbﬁ&@mgﬂ%,ﬁh%@mem&%tﬁa%pr I ess,

nmore preferably 90 nMor |ess, nore preferably 80 nMor |ess, even nore
pr ef er ableympongmobeorhglement. Fhismppwacter doscridgd firmfrathpr detabm Res Batanicléosy. SPR)

on Bl Acore( i nst tQ& Heal t hcare Europe H d attbrugg, .
Sni Rror | A B e SUFTRD: RHEPURYFBod o Sopibr GPEA i BrBEE tRETrskar ch
grade sensEeg Mo {idao #eRl bHG@: 825U APMIGIDHan B ALIREWAGH M ERRT 4 AR;
BR-1000-14) with a reconbi nant nonoval ent human 0X40 receptor extracel |l ul ar
domai n ( 8BQ redNGuch Mat twedtibedyalmalajtted 43 qdending e/ omrefixadpl esolbhechd 6 and
asillustratfdinFig. 4. 20 .. . . o -
complement dependent cytotoxicity (CDC). This approach is described in further detail in
U.S. Patent Nos. 6,194,551 by Idusogie et al. In another example, one or more amino acid
25 residues within amino acid positions 231 to 238 in the N-terminal region of the CH2 domain
are altered to thereby alter the ability of the antibody to fix complement. This approach is
described further in PCT Publication W094/29351 by Bodmer et al. In yet another example,
the Fc region is modified to increase the ability of the antibody to mediate antibody dependent
cellular cytotoxicity (ADCC) and/or to increase the affinity of the antibody for an Fcy receptor
30 by modifying one or more amino acids at the following positions: 238, 239, 248, 249, 252,
254, 255, 256, 258, 265, 267, 268, 269, 270, 272, 276, 278, 280, 283, 285, 286, 289, 290, 292,
293,294, 295, 296, 298, 301, 303, 305, 307, 309, 312, 315, 320, 322, 324, 326, 327, 329, 330,

331, 333, 334, 335, 337, 338, 340, 360, 373, 376, 378, 382, 388, 389, 398, 414, 416, 419, 430,



A further aspect of the present invention provides antagonistic antibodies
or fragnents thereof that bind to human 0X40 and whi ch have good thernal

st abi | i t ywolze132ogr7e¢f er r ed enbodi nent, an ant agoni sti c hkGRAB242/033502 body or
fragment thereof that binds to human 0X40 has a FAB fragnent
thernostability tenperature greater than 70C, preferably greater than 75C,
nore 25preferably greater than 80C and even nore preferably greater than
85C. For 4§f‘|eﬁ3553f%7’6‘\38 PAB3Y. rldghanproach &y dasiibadi forthes 1g PP BWicREn scanni ng

cal ori et are used, whereas a md-point nelting tenperature
of the Fggﬁppggggaﬁy?%%%bntext of a full-length IgGis identified. These
kind of calorinmetric neasurenents are known to the skilled person and can
be carried out according to e.g. Garber & Demarest (2007), BBRC, 355:
751-7, adbepresherdisheissccHbrigvidss mx apg aisic apHbedyorragment eregl thayjgnds to

2013/ 008 P 5 i i 7. . h
oo oo A X B AN RDO b Doty i @GR OL TR il e

and rat sesdesvdesn@ddiol@ompBkBanPs@yEe NEige dempitigaly thd (I Nebighg, Belhdpenas
then performed to test the reactivity of an anta?onistic humani sed ant i body

on the huegen.oba0Hxesige and Haregiayfiom humgan Ig&id Il hend vherain thebingd and
: ; § N IRt el - . .
ant agoni SUFLY SATPLERy “Bre Pl Bl R LB OGP AP ARlat MR b Bl ="

donai n ofanfibBoMNin@Xhé BEEDIcUadbnti€gif@NlendiheinBbESL A parfiMentjrefrad So
provi des antagoni stic antibodies or fragnments thereof which can be used to
supht ess humanized peighody on ragmpt thgrpedcthatdfindsrio Auman 6R1Er qommisHgrAneqypic

ti-0X40 10ant i bod: ted i le.8 d i
ot o mogarag oS SRS BeREn e Rl IO RER TGRS bR B S H Bher 1y
E et al. ,(Idﬁ@@g%@‘hl NOSPEstithA0h 3hd thé@91D8d CHRIRIM BurfakBsenGIK4) 1976)

Adv. | munol. 23: 7-202). PBMCs fromtwo unrel eated donors were m xed,
resul ti ngoimprisdser heavy okain saqueficeToowiismgdhdlaningragidi seavace ohSBE Iip NO: 57

| h t .l ddi ti th di f.f t f. t f isti
ooy 3 R tebitiss bomeEr B e Elh bR o b pBNG LG ey
forfmt, achPRuhYaRsWeat@ghit 9@lar LOHEL nd PRI AL AN okiB S nebIRHERs JuoR uat |

to further determ ne the contribution of cytotoxic nmechani sms such as ADCC
on t he i PG commparsfl tvhiRanFTEeni distaat bedyseri fragmentithicreetl thanbind 9 xyomzan QX 40y

fficiently inhibited MR in t i fferent individual d i.t h
Ecs0 val QUL kMR o LB e h B B HECH ST BHBTeR sty
differ en%ﬁe@ﬁﬂqwg;cg?) it gs é&ﬁﬁ%&d Qf ant 441 03RO Rt 1b A0 WP ﬁ‘él%mél’_ﬁ thd¥GoifthSt

i ndi vi dual (responder , T cell reactivity was efficientlTy inhibited by

t he | gGl bindsGhimam X 4g@Hat(CnGHEAErsenim Bedyotfpie vatiantiwidh regaril e thehmaeditiédk
cyéﬁioxi nmechani sns are not critical for this individual. For the second

i ndrvi dudfPPr@Sp8RTERB) the 1gGL (I GHGL) format achi eved nore than 60%

i nhibition, whereas the 1g&4 (1GHx#) format only poorly bl ocked the MLR In
bot h individuals, the non fucosylated IgGlL (1 GHGL) format was very

25ef f ect ithe patsentrthsdbdsuiaajsdviRyidEh ais entagminticsiniibellyoatfmgtieat thhieot thianlgngs0

activation nma sufficient in so jndividuals to inhibit MR but this
o feot cIHTBR O an HihahmRtsd B et aReP oy Rt B chiF Cypohydiate
Ther ef or %trﬁ&ﬁreta!?ﬁcﬁédQ§&Mﬁnﬁf1§@qfd I‘Egiroﬁ 1k Eﬁok@@effefr@@h%ﬁeﬂﬁﬁﬁ'ﬁ%lﬁ%

di sorders, where the disorder appears to be 1 ndependent of the patients
0X41 costnomufwbeylstedt) abaterablythepatibaht @nwirtsks 4 bum X0 le@GHed s Forediavel s,

pi ncs Ut ORAD HHERARTCT SN HHBR® AR e hatRa SRR g
D ovi des an ARt Saner S M B R ST RRRATF R LS Rk L0 Por
t he treat(l@nG1 pFc egpat whatkinsthe hewturn gorfercarhohpd@té4@uomech ataekbddb sior ldenan
Further mzl)éél (ItGh}(I-:‘G )algci r%giton 13\./(\:11% %12:]629{%0 ig ]kzg'vlar?-{r/o]ﬁlB\%foOlO%//&SS%gg %hat lack of fucose in
30 the mature core carbohydrate structure attached to the human IgG Fc region may enhance
ADCC. Thus in a further embodiment the antagonistic antibody or fragment thereof of the
present disclosure comprises a human IgG1 (IGHG1) Fc region, wherein the mature core

carbohydrate structure attached to the human IgG1 (IGHG1) Fc region lacks fucose, whereas



35 may have | ow expression | evels of 0X40. Preferably the antagonistic
humani zed anti body that binds to human 0X40 conprises an I1gGlL (I GHGL)

regi on. Nvoeopy@swnabl y t he antagoni stic humani zed anti IpeagB2ha05350Nnds to
hunman 0X40 conprises a non fucosylated LgGl region. 5In a further aspect of
the present invention, the effect of an antagonistic antibody or fragnent

t her eof was dennnstrated in a._xeno nelc raft versus host reaction

whi ch Scitls #tibedykeking decsis exhibited (R opBRice. O Ty Ié'ﬂ‘“‘r“éé&@?@ﬁe‘br ow des
bone. mar AP gd s ARGl Mokl %%?%{Iegﬂé@ﬁ%%@n%ﬁﬁ RN TS S

| ynphocytfesose Brepfirek oidplan(a) dsawnemempisder@ng meapdseccllghitis tefidient 10fRuse

host cells which gives rise to severe inflamuatory synptons. As descri bed
in Exanplieetahokisgt sepibat it hars gedugedabul ity 401 is unghle k0 Tugosrgisrreieine enpistssiized

ant i pody ftﬁé%é’i é%& @Qﬁlgﬁ %p&ﬂ?ﬁﬁdquég%lﬁé? SPRiLY Bﬁeggﬁr ?%éa%@ S eﬁé’t;&'?b gﬁf‘pg)trsf—on at

a dose o risi anti em)ns rat

ef ficacy tﬁahamlcﬁmbf@hdvra) of RcsREONmstth fubevidRy eifliyﬁnd;i\(ﬂppés)&hﬁﬁﬂdtldha@t al .
(2011) Bull. Cancer, 98(8): 889-99; Sinpson D (2001) Expert Opin.
15Phar rra@é@lﬁen of Q(er%m@l@m@wlrawmeg after weompinantpxpfessip A @ AP aivaenlated he

Present LANGBHR RE) 780, ATISIRRNT) LG, e IBRTSIIoH OECE,

Prefer ab|fﬁcosﬁldf&1nP1%fefrﬂﬂy Qsedaire tldehoantibdeasyd ﬁm@@kbwsﬁ WEDUII5931 8,02
four-fold inprovenent in survival nedian (days) conpared to the

adm i st meathesly dgscripediielengmage ¢ @r,éi%%%ﬁapboha@rrﬂiﬁs SOP M2 wnan bnaitNishiypel body
to a subj | d 20i nprovenent in survival nedian (days
o SRORER I Hidefhabl' T 3 ol avention (S

conpar ed f Enbrel (r). The present invention

t herefore provides an antagoni stic anti body or fragnent therefore that
bi nds to human 0X40 that is nore effective than Enbrel(r) in treating a
pat i ent ilshpevided & dicopresent 'mﬁlpﬁ@sis angntayeast annbedydirtfiagmeni theigakthbeen

L Popent i e RS BN B LT Datont BaflifoPOS: 55 sARP SRR nedhs -
284p5 51, h&\gzélﬁmaarﬁﬁ)le%kquené@ ridBh OO amlibli®d secﬁZﬂc% FSEQ TeNeS. aradidr can

be concl ud from Exanple 9 hat ant agoni stic anti bodi es and fragnents
t her eof dlfic lighs chrieyenable Sﬂq@ﬁmqem@rrm@wgﬁbe agoriasid ssqednce of SEQADONAS.nYylshruman
0X40, since [

no, Wor seni n .he. GVHD was observed in $ %@h Ther ef or e,
the pr esé)ﬁ‘fVliler?vbe‘/n‘h3 8i® 6’\%6& 87 I hibrEh2ed bRt 1B8aY of “IP?“LE t EREFSH D e
that bingg thé)hﬁmaﬁmmé}gceﬁat@fexg&%ﬁumpaoﬁﬁn%ﬁgﬁ ns Bdune bIAWAGhliNddypreided
bi ndi ng. Nucl eic acids, Vectors and Host

2013/ 008 b7 IRQTL B2 012N OSBE FOParBeulTHey apraambndy @hnsmsai@tﬂle hedvyahpmowaiidels
|Sﬁ%?ted nucl ei c_aci ds ncod|Q% he antl ﬁ?97 &&n@pts t her eof that
o REHEASORI0 ik PB A SO STSb N b7 SR 8 BH46 aci d or
the vect Qhrialh SeifdRiotnRGIndSheBNinRSicRY £888Hce bR SPOADENOE | Fhis kﬂ&cﬁlc%%llon
lysate, or in a partially purified or substantially pure form A nucleic
aci d i s 'orspitgeaed thcrunianeP¥é0 pdlypeptide can be identified by any suitable epitope mapping
method known in the art in combination with any one of the antibodies provided by the
present invention. Examples of such methods include screening peptides of varying lengths
25 derived from OX40 for binding to the antibody of the present invention with the smallest
fragment that can specifically bind to the antibody containing the sequence of the epitope
recognised by the antibody. The OX40 peptides may be produced synthetically or by
proteolytic digestion of the OX40 polypeptide. Peptides that bind the antibody can be
identified by, for example, mass spectrometric analysis. In another example, NMR
30 spectroscopy or X-ray crystallography can be used to identify the epitope bound by an
antibody of the present invention. Once identified, the epitopic fragment which binds an

antibody of the present invention can be used, if required, as an immunogen to obtain

additional antagonist antibodies which bind the same epitope.



S5substantially pure" when purified away from other cellul ar conponents or

ot her contam nants, e.g., other cellular nucleic acids or proteins, by

st andar d wechm/gsEs, includi ng al kaline/ SDS treat nent, ESTIBWamoE3se, col umm

chromat ogr aphy, agarose gel el ectrophor%l s and others well known in the

art, see e.g. F. Ausubel, et al., ed 87) Current Protocols in Ml ecular

Bi ol ogy, G eene Publishing and WI ey Interscience, New York. A nucleic acid

of the 10i nvention can be, for exanple, DNA or RNA and may or nay not

contain i preferred enbodi nent, the nucleic acid is a
cDNA nol é:th %ﬁﬁﬁﬂg{b@? mé&ﬁ% t he invention can be obtained using

st andar d Stmidecldssdys bo ovad@ite thecblirmm:gJQﬁh@ J thecdibsdien asdird g.gf lémbd QRYOanrd
heavy chains of the antibod encodi n VH and VL 15segnments can be

obt ai ned KBYW iy Hg el inoleri r%%@mﬁiﬁs BENAIC] S¥isign i Rilguaad ey
ant '5f)°d' %gtoﬁ%hg RELsit rsqmaefa Q&Qie?&iﬂeh% Seggﬁnl R (1;& p{eﬁe antil}@ngg phage

di spl ay t uesy, one e nuclelc acrds enco y can be

r ecover edidetiogne gl,eblhdhbg afﬁmtyﬂke KBt drabs amibodies hd wah Bg a@mg@ Bouanduta! ei c
acid into host cells are well known in the art, and wil| vary with the host
cel | use@ssaYélémﬂww«atbe pitciugllas Bydcaeharder BIAC@ret edsten olydgexthaislativadi at ed

{ranst eck Oy, GRMALKTLANRSRNALEL B SELAL 8Lk e R ALELUIED! ATyt reat rent,

pol yet hyl eni " e rans ction, ransfecti on,
protoplast fusion, electroporation, vi raI or phage infection, encapsul ation
of the polynucleotide(s) in |iposones, and direct mcroinjection of the DNA
inty nuclI@ia funther pepecicihs resentiayARHPR arpvédss |a9tag@rr1@tws¢né1@pd1@horrr@i@grb@téhemér

tran5|ent sta | e. eferr u u of th entlon
b oS hoo ah ikt Hufin DXL GRS nEE Tl a TR R R o MR
consi sti %s@cﬂep@ﬂénk Babkép:to 32igh3Bdegddo tha® rec@ﬁﬂonﬁﬁt lﬂﬁﬂarﬁ&daalﬂﬂb Nggéfb]l@zu'nlﬂht

chai n sequence selected fromthe group consisti of SEQ 39, 40
41, 42, AgcomhinanHunpgized antin@lyzpielizagabpindtsde lahkﬂ seubuma@f ](Yglpﬂmst}é@ul es of

From ¢ he HOUB el TRge b 4R arraalR gt iyt Bty B g RyPRo™ " *

and{9r the light chain variable region selected fromthe group consisting
of SEQID NOS: 30, 60, 81, 82, 83, 84, 85, 86, 87, 88, and 89. WO
2013/ 00817 apgticr mmmems@rz 1@%@@@?@‘%@@ angdmbtanabodes erdrapmenetienfolt he

i nventio e thos t ain variable region of

8 and/ or %%i’mﬁietg m&ﬂ’i&l %& oﬂi’?o f 156%9”39%1& Iaonlﬁﬁ(ligg%codl ng
the heavyighai Bf é[@éﬂté’éﬂnﬁ‘st&%ﬁhmﬂ%ﬂifmay Etgbétﬁ'ﬁm%lﬁ hd Syrd&ioth 8 prepgalof SEQ
I D 5NO 9 and/or DNA encoding the light” chain variabl e region conprising

t he nucl é)ﬂquanord)cselq@rmde(RﬂMSE@nw NOried Qut alnﬁrn@apured wmaﬁnglmﬁfeimplaél d
cul es of, t he. e re those encodin eav | n.vari.abl
oGRS DN ol g BGAHE B RaCTRgie COXA St arotE B PG of
SEQ I D N@unfafl an& cého n%@gﬁ@ﬁ&ﬂde%%ﬁ@?eﬁ?%ﬁﬂo@%hﬁm%f E%Palt%hlﬁ %Hﬂﬂ%l q@Eprising
the nucleic acid sequence of S 61 or 62 an§ encodl ng the

10l i ght chasmeacarée pbviperticegi on conpri sing the nucleic aC| d sequence of SEQ
ID NO 63, which are
In a further aspect the present invention provides antagonistic antibodies or fragment thereof
25 that bind to human OX40, in particular human OX40 in isolated form, with an affinity (Kp) of
500 nM or less, preferably 200 nM or less, more preferably 150 nM or less, more preferably
120 nM or less, even more preferably 110 nM or less e.g. measured by Surface Plasmon
Resonance (SPR) on a BIAcore® instrument (GE Healthcare Europe GmblI, Glattbrugg,
Switzerland) by capturing the antibody on a protein-A coupled CMS research grade sensor
30 chip (GE Healthcare Europe GmbH, Glattbrugg, Switzerland; BR-1000-14) with a
recombinant monovalent human OX40 receptor extracellular domain (SEQ ID NO: 11) used
as analyte as detailed in Examples 5 and 6 and as illustrated in Fig. 4. “Monovalent” as used

herein in relation to affinity measurements using OX40 receptor refers to a human OX40



nost preferred. Once DNA fragnents encoding VH and VL segnents are

obt ai ned, these DNA fragnents can be further manipul ated by standard
reconbi nawo 2DNABEehni ques, for exanple to convert the PEYABrARDIBS62QI On
genes to full-length anti body chain gen§§, or to fragnents genes
corresponding to the fragnents described supra |Iike Fab fragment genes or
to a scFv gene. In these mani pul ations, a VL-_or_ VH encoding DNA fragnent

i s oper at'§4Fa1%Y dpmaioe ke @eﬁﬁgﬁq?élﬂlabﬂwnﬁma@?f@ﬁtﬂﬁ‘éﬁbb‘amgz%%fﬁélrﬂﬁtﬁ“é%?srﬂt
such as 0

"operati \QZX& %H%g ¥ﬂfe cg&yazlg;évg{@ﬁjet |1§6(§% nllaq]?ylfglegtg)n en eag%lgbﬁr%gl;@that t he
two DNA %aftf@g rrﬁatpSefarrr@i dspeaiedie prsbnttidaintibh praide’ @ haeiadizse guiehcgsrencoded
by the two DNA fragnments renmain in-franme. The isolated DNA encodi ng the VH

regi on céﬁga@nb@ﬁ%f thatretagnsat igasy 3% phths eV Yindmgiah iy &ohpl Bser at i vel y
| H
const ant VP ERE R TPl BRE-6%, B GRS A B0 R IRt

const ant birklYihdmhag€es) iR ciiioBnt alfibinetoahd cdiBBporlifh chikebatnbddet Bal .

supra) and DNA 25fragments enconpassing these regions can be obtai ned by
standard P@RV%lﬁlﬁlaifﬁmtyam Bantpafl bmal%taatris vothst arnge et e ehhedX4h | gGl

(o) MR RS P g bl S ol o b B B, ot

pr ef er abliyven§o@provfed a(hhadﬁlz):d GRG0 @@t @herEO tha Hhdly Hummno heavy
chai n gene, the VHencoding DNA can be operatively |inked to another DNA

mol K ul e haghenalbiait gha@rth&y cc@rrpép%hwcmmanﬁ aipody ot pipferreé ginsat of thepicsait at ed
DNA encodi ng..t he VL onyv rted f i ght chain
gene (as Vo/eeg 10% antag&glg anr{ boalétﬁ SF r{a%rgen@) ft t%%t%é cy 10 &umaan%?| (L 1% 0V1de

VL- encoditing hbNfa bmdﬁlrgcamﬁty ofrtpi@ﬁm(ﬁlegaclsyéfeﬂ@w ngo hMgd}tles@h@bfé constant
region, CL. The sequences of human lIES%ht chai n constant regi on genes are

knovvn in praﬁ@amyw/rowlmpzm@BM@.@m 504 08 &:st. kgcmmorq greterablyy /() nMatrdessEA et

, supra.) and nts the ons can obt ai ned
by st anasimeseyrabBY ST S SPRRETS A b B EwREN P cha n
conpd ant Hagh&Qie EaRdpP EndbHk APRALRAG | ﬁﬁ%ﬁaﬁ(ﬁﬂ@tcﬁﬁﬁm \ﬁﬁi%ﬂb@dﬁ&% pRIInA
kappa constant region. To create a scFv gene, and VL-encodi ng DNA

t he
f r agment soapled 6PET wstard! grafl¢ svneet chep GanbiehlgrcaferagnpnEmbhk 6datihguge. f | exi bl e

W and VO SuERE ST B8 T BeBEhma SRRt Bl OXITS B R or ot ei n
Wi th the Vla@ndlaVhibhe@i (SE? moeqh el Bearfall R hioa&aﬂédnh%fxaﬁl RS 58 6 anBlasd RE
et al., (1988) Science, 26; Huston JS et al., (1988) Proc. Natl.

Acad. Scilllusggkd i8Fig. 4879- 83; IVbCafferty J et al., (1990) Nat ure, 348:
552-554). Various techni ques have been 10devel oped for the production of
ant? ody fragnments of antibodies. Traditionally, these fragments were

derived W ﬁlr@l"epﬁs%@étﬁf'ﬂ% ﬁb%?fn‘v@tﬂld?lfprbﬂhéscént {sRedh@Sodi S8R fra8m@nts (NREAFTOL O
Ket al., (1992) J. Biochem & Biophysical Mthods, 24: 107-117 and Brennan

M et al . thqtD885p h8oiae iPe40 @RIGvhigl h@)e. goddwearawa) stalhibeye Irf a plgfmrwgrrcb@dirrmw be

d d di tl host | Is b
P agment &0 Aoy Y B RoH T Bby h L b4t U araaXay B ol
above. Al %fﬂaﬁ{ t'h&?ﬁdétabﬁ?t? | A RUFERLSh&RT) RS sﬁﬁr?ﬁgf (gYeafe?%Yle]rSQ@ hbem E.

coli and chemcally couple o form F(ab)2 fragnents’ (Carter P et al
(1982) Blmﬁmblyrgnd:abwharﬂm(’cmﬂeizﬁﬁnoreﬁorefemhlymgreat@r thaoBA%?. Fappragihof Hﬁb )2
fragments_can @ i sol ted rec{a]l from reconbi nant host cell gul ture.

Ot her t edH8PHEECHISt H&Y i nging SAOTIRSHY MESYRRARLS Atk ¥s¢ b‘?éheé??ﬁé‘r ent
to the skhililRehiREAGEd fehPRBure bPHRUNES nEFRCHIiFRH Sxt JERAGull-length IeG is

identified. These kind of calorimetric measurements are known to the skilled person and can
be carried out according to e.g. Garber & Demarest (2007), BBRC, 355: 751-7, as further
30 described in Example 6 and shown in Fig. 6.

In a further aspect the present invention describes antagonistic antibodies or fragments thereof

that bind to an epitope on the human OX40 extracellular region. As described in Example 7



20anti body of choice is a single-chain Fv fragnent (scFv), see e.g. WO
1993/16185; U.S. Pat. No. 5,571,894 and U.S. Pat. No. 5,587,458. The

ant i body woagmmes17may al so be a "linear antibody"”, e.g. PCagBuageisseed in
U S. Patent No. 5,641,870, for exanple.,Jhe nucleic acids that encode the
anti bodi es of the present invention may %e i ncorporated into 25a vector,
preferably an expression vector in order to express the protein. A variety
of expr e shPWEEIGES . P8Y OpBOLR 9f| the Eyr fgmaiss of dePI4P PekasebHar IEgion st on
vectors ' - i ' s C - vectors
Wi ch 1 e b e A o e et S X B3t o
be conpatHIbbA wistthent frefonasd toctebtl thd yepetvithhufsinweekofistic imedryedahybakiedsi on
vectors, which find use in the present invention include but are not

301 i m t edupgn{heexireilanagpe pr QXa) sxeagsHelasregipn and fawhamain acgjimesric
bacteri a,_ .1 - 10 .d | . i in the
art.S o vE RS HpS e S PR lRel b PR 3hERy |1t

ot her w seyhi¢th@abpsmithihithdlsedsd domiihef pu@se xXdorxeatdlvmrfr@fioexpr essi ng

anti bodi es. WD 2013/008171PCT/ 1B2012/ 053502 39 Expressi on vectors
typically conprise a protein operably |linked with control or regulatory
sequence t.abl e rs, f usi r r it gnal

ol emont 5. Ty oS s o e s B RN o8 o B Tn e i g

pl aced i nk&l @ suppretd idineredcibh 9 Nkicprevd dfinaRRbbEkiCRGh i fedamtidDXgguence.
The term "regul atory sequence” is intended to i1 nclude %géonnters, enhancers

andlbt hernhqshyasasi tovied o MR (e¢ekemmple eusgd as gl vdenyodsl podloseaghae $)cellhat

Fequl at ofy b RaRd BT RGO FBREY Pieh PP G A B KPP Ry 3 Bpore <"

Expr essi gn&ie6RuoY2gY076)RIdROBgminkb] B8z Y 1p209Y PBBEC's AR erdtE£85donds
Diego, CA (1990)). Cenerally, these expression vectors include

t ranscri ptaromatedaredulting ms thgtac oyraion oé dideds end/a prodifespiconaefi dlyomdoaysesy It i nked

he 10nucl ei ] di i bod d typical | i

to the noutitil fire Suler R SBTMNEL A aRALH B rfiH R ARAS Byipbaf RRECP ! &1 €

trafscri @ésit&mIth@ra@ay{)@r%mtdcga@h) foREEH, 85Bh YudSAHRNTaS] (TG NG aRA @ADL er
In

sequences, ribosomal ing sites, transcriptional start and stop
sequencedgG4 (Jaiibht foonatl tosiuether dgtetimstedhe sedubyicws!l catatoxeqmaplarsngysuch as

activator ences. .As is 0..kno in the art, expr j on..vectars
ot cal | MEGHERS TmutFot # RO IHE SR il e FRRERE) FoobrEefiGans:
transf or nRdb RS Rtk o GRMirah NhDYidulg (RXRIRISS) AMhIRH N alucsel 85rbRihaagnes
are well known in the art and will vary with the host cell used. For

exanpl e, 109 piwal.|Jowdver delresitalshevadar digicrapendensodingos thebinmhaeidke titddugs,

A1 1] t hot te, ) host 1. i.nt.o.which th
voctlbr haschd et teal bpurgr 1 S sl iRy o s yaRbE Pk e ¢ he
di hydr of qb@t erCIRIHCERIEGH A RN4 B8BB o4y RFmyS Sndibaiidftha tﬁ@ax(totgﬁk fechhiting

met hot rexat e 20sel ecti on/anplification) and the neo gene "(for
sel ect i on)e n@uiitiedlIfer thoshdigeluhk Foothe sé@nid nglividuagxX prspasieny) thhdg@NAGHG)he

vectors herein are prokaryo .yeast, ar high u cells. Suitable
br okar yotgana grinpisdahiis A it etsass o BT Ruah ol oG e or
gr am posiyfd%ed Q{e%ﬂlé.smsbotﬁ Rl BARIR IS ndAVuBEQRAGL lglql 31Ga6 1 F HEhalRiSvery

Escherichia, e.g coli, Enterobacter, KIebsi a, Proteus, Sal nonell a,

e. 025 Saleffociglel aainhibi:[ing MLR. These results indicate that blocking OX40 activation may be
sufficient in some individuals to inhibit MLLR but this effect can be greatly enhanced by
additional cytotoxic mechanisms. Therefore for the treatment of patients suffering from OX40
mediated disorders, where the disorder appears to be independent of the patients’ OX40
costimulatory status e.g. patients with low OX40 expression levels, administration of an

30 antagonistic antibody or fragment thereof that binds human OX40 and which has enhanced
cytotoxic mechanisms may be particularly effective. A preferred embodiment of the present
invention provides an antagonistic humanized antibody that binds to human OX40 for the

treatment of a patient suffering from an OX40 mediated disorder. Furthermore, the patient



typhimurium Serratia, e.g., Serratia marcescans, and Shigella, as well as
Bacilli such as B. subtilis and B. licheniforms, Pseudononas such as P.
aer ugi noswp 2arshoBt7n ept onyces. Suitable E. coli cloning RoIUB2012e33dee E.
coli 294 (ATCC 31,446), E coli B, E cqli X1776 (ATCC 31,537), and E coli
WB110 (ATCC 27,325). In addition to prokaryotes, eukaryotic m crobes 30such
as filanmentqus fungi yeast are_suitable cloning or expression hosts.

gi or. . .
Sacchar omjaydave éve TN lpyeleonAsA0 Jarisrably (he gatagonigtic umapiead anghefhnthit

used ano otic | FGr i . ..ot her
goner o Smss Yo B Al RAS BT (RNIERTII, MBS Ep T RE Rl
Schi zosatehanotd yewsdp o &indKkdfveiroOXAO £ ohipsitS d mudl fucksyttdd Iet¥Dregion.

2013/ 008171PCT/ 1B2012/ 053502 40 lactis, K fragilis (ATCC 12,424), K
bul gari cus (ATCC 16, 045), K. w ckerami (ATCC 24,178), K WaltH (AJCC

56, 500), r 0, . K

mar )5(5? anu sh)}l;g?llﬁr%\%? g%%&%g&} éég%%n?f &Vgﬁ@an pt)}alfes‘%fgér%lE QP%DE%?@B %8 f ?Irlttlg) r%l di‘d g;agmem
Tr i choderigedsiessi@moaR2A44Piad) xenbigtHecQsaof de Bl absa realEéNan vhmSIaD mlseh as
Schwanni onyces 5occidentalis; and fil anmentous fungi including Neurospora,

Peni ci | | Mg rerensyibyed withbmmap " BAdperigiy readtiqnaypyideiemodd far thajalogeaiseralt A
ni ger. - SUlLAbh & HRRks ?ﬁ'\)}ﬁ)f &l g ﬁé%%é%{a%wotfra&s% %tﬂu?%%'p%ﬁel&@. h'ds
I nvention are deri ve& rom-mnmu ?I ceﬁ ular “organi Sns. Exarrp es o0

i nver t ebmaddRl, tahdas PBMECYGR] PlafiplocqRd i feeetlacRuhsh a dEMNTRIHUS Hacidt aei r al
strains and variants and correspondi ng@tﬁ)er m ssive insect host cells from

host® sudkruse hgiseldprbich ehyes gisp er Waere sailapphrionaymptawe &ss dageygediin Example
it Aedes . al.bopi ' : hi | | 1 frujitfl
(e o e PR AELRC 0 bkt B B REORH P TPV BRP Bt 1)

t ransf ectyun gétentBUbpebedaNAGVEID Ractié atexRIPbE1 niche. KirprRine®N thi®f
Aut ogr apha ca‘?(i;forni i[:)g NPV and the Bm5 strain of é(v)l%nyxrprmrig%Pv, and such

f15vi rus e@nﬁ’@@rfilyltsﬂ@mpyletmte%abfﬁeé @fflégapx/thrao Enbreé@%@frwgintmd wr@ad@m}fs’éﬂb
i . P . ,
L P AR T TAEELD CHRALDED BBl SR RGBT o

exprEssi MhatholiRE 2TD: ML 1 ANMTHhEeHE S @hrdffifed AMRREIOR, AE PribfigTaRbY

20manmmal i an host cell's which include Chinese Hanster Ovary (CHO cells)
(i ncl udi mgodédsran agr@otieti¢ sntibddy or irhgrdernt thevpdfdbds bidg tchagim OXA0(and 8GictPisoc.

Natl. Aca Sci., USA, 77: - 422 sed with a FR sel ect abl e .mar ker,
by | s BRSBTS SR BB R B B2 St
601-621) mesNﬁ@irfWﬁJuﬁ?ﬂ‘@ld(iﬁl:pfo'ifem@Qsin(‘sﬁwi@cﬂ Miaégaaﬁ%rﬁparwmqﬁé hingi@facioh or
use with NSO nmyel ona cells, another preferred e€xpression systemis the GS

25gene expressicoMosytemtdy, sdmossidition INMBIIDAAER o tubjodl fesats)in awpodeldd1036

t o, Bebbi.ngt on) and EP338841. (t 9 Bebbi ngt on When .reconbi. hant ..ant i bod
Lot o an P hafog Rl P R DB the 1O ERET B BRRE ATk D7 ouced
by cul't Urp.ké?sgnttiﬂﬁ'enlf'i%ﬁtth&@ﬂofesprf)ﬁﬂesaarpﬁftﬁgbqislﬁf: ahtiBBRly N Ffab @b Bitheb R r@tHaPWinfiOT

expression of the antibody in the host ce Q!)s or, ‘nore preferably, for
secr et i ono bimam©Xantthdsosmoratitectihethan Hnbred™ metdiating i pandrit shtht G¥Hhostd/@elt | s

a1 e 3007 QUi RSB B SRRIS 1 hOL bRLIZNS LA RS 53 b3 i to hurr
antibodies worsen GVHD in allogenic mouse GVHD models (Valzasina B et al., (2005)

25 Blood, 105(7): 2845-51; Blazar BR et al., (2003) Blood, 101(9): 3741-8), therefore it can be
concluded from Example 9, that antagonistic antibodies and fragments thereof of the present
invention show no agonistic effects on binding human OX40, since no worsening of the
GVHD was observed in the model. Therefore, the present invention provides a humanized
antibody or fragment therefore that binds to human OX40 that does not show agonistic

30 activity on binding.

Nucleic acids, Vectors and Host Cells



in a variety of nedia. Comercially available nedia such as Ham s F10

(Sigma-Aldrich Chem e GrbH, Buchs, Switzerland), Mninml Essential Medium

(MEM Si gwe-2813d08h Chemi e GrbH), RPM - 1640 ( Si gma- Al dr iPC/IBXa2B5@hH,

Basel , Switzerland), and WO 2013/008171RCT/ 1B2012/ 053502 41 Dul becco's

Modi fied Eagle's Medium ((DVEM Signma-Aldrich Chem e GrbH) are suitable for

culturing the host cells. Antibodies can be recovered fromthe culture

medi um usihggresent izl Pups Deepiavisas isplatedtuslsisrsidigasodintic gapdes #sy be

oper abl y .l pl ihedt AHHRAMRRAMAXAS BOBR! G BLARHL PonBlisiAD BoTXBRRSS e
pari an e 'l ke. S

protein, I'cation, screening, display, ust on partners
may be | iagkled thovdche. B ety adéqgmense preként an vholkeells éguedtBsate, ldrén hi nker
sequence will generally conprise a small nunber of am no acids, typically

| ess t hamattisHy paritipboighibpianily nurgfeams Argleig acd iseisokdefl” oryrsnderdy | | nker
sequence . e . I resi i . wi | |
oo e Sy 85 Rt B Sy ORI e SREAGELL Q.
sequencesg. dipythdieclisiethaseit hdiesiSprofears, Bxanmlaed tcahiguaspincludiicenk SagSeIc e
conprises the am no acid sequence GGGEGS. A fusion partner may be a

t ar get i ngreamesit.gri&ll bardjue webimmgro@pioaEpBy.agaiopoas) clastoplineasascthera el
fusion partners.to a desir ul a I to the e cel.l ul ar
medi a. A;% HIB\gE I??lglv?mml’ Flé‘jiteh% Pgr u?%ceg’rett gli"nédg?fgbt%?ﬁlﬁémggatg%ﬁ% éﬁ;Mr?%fuitaér get a
protein tBoldey ahfechey Pugichiat afd Wileg IARidrRngs, oW Y 5B iAGaucRiic hdid of thiae

perid)l asm c space, |ocated between the inner and outer nenbrane of the
cel 10 A figngan paiy baa&9r aragplel BHVper BNSeapdandseonihat 1@ sep@ssingon agsiueckes o
protein that. enabl es..purijficatjon and/or reeni ng. Such fusion partners
Pncl ude BUtCSPET RAPO SNt B SRR ATV REEGI™ 1S~ t ags) (Tof exanple
H6 and H1O or other tags for use with Imobilized Metal Affinity

Chromat ography (I1VIAC) systens (e.g. Ni+2 affinity col umjggg, 20GST

f usi ons, NuBRI¢ gidsopighe Sveertpon ¢ig, betobtaBIRshigatdndgidanpleenlachigery sshugnese of

the bacteria nzyne..Bi ,A,.. and i tope.tags, whi ch are target b

ant bodi 6 EPRAGHRHRL ML RERL PPRab AR MR PR BB P AR | be
appreci ateendits Eosobidihéd BPsthitlabPCR el pli$ie sttt &Qﬁ)m%l&ﬁg@@f iduck Oror
purification, for screening, or both. 25Construction and Production of

Ant i bodi estili¢shddiies] jemanamauinagabwnlst 2enediboa Oe.pobisipephicdalispiay be
bt ai ned by i i sati f imal J.. by .adm ni steri
AL T I TS C AN R

and rout ije,PrHcaabthsds F8Rud R RIR R ubandbie akidqhoRoperclIvBRRL A kivRngl ogy
(Weir DM (ed.), Vol 4, Blackwell Screntific Publishers, Oxford, England,

1986) . 30hhary andmmi hyodidudthahiostedel usedy dlaclamquea bindluds, butiasenot tiatisd teheep,
co canel s or pjigs, may_.be i ni zed. wever,. mce, . rabbjts, piqgs and
POt | e R e Al oo e o et RSl Cadiim ohlarts PdieRl

produced @i cWildnidhe HRRIR] AR &Jo%g%&i.eqﬂ@cﬁatlé@ QU fE@ioh hoRIpldst RdioRer son.

I n addi tional "anti bodi es can be produc by enzymatic or chem cal cleavage
of WO 2Qk8frOpB8ATARPCTANBZI0AYY DEREOR, ehRapsulation of the polynucleotide(s) in liposomes,
and direct microinjection of the DNA into nuclei. In the case of mammalian cells, transfection

may be either transient or stable.

25
Preferred nucleic acids molecules of the invention are those encoding the heavy chain
sequence selected from the group consisting of SEQ ID NOS: 32, 33, 34, 35, 36, 37 and 38
and/or the light chain sequence selected from the group consisting of SEQ ID NOS: 39, 40,
41,42, 43, 44, 45, 46, 47, 48 and 49. Preferred nucleic acids molecules of the invention are
30 those encoding the heavy chain variable region selected from the group consisting of SEQ ID

NOS: 29, 58, 59, 77, 78, 79 and 80 and/or the light chain variable region selected from the
group consisting of SEQ ID NOS: 30, 60, 81, 82, 83, 84, 85, 86, 87, 88, and 89.



natural ly occurring anti bodi es. Humani zed anti bodi es of the present

i nvention may be constructed by transferring one or nore CDRs or portions
t her eof fworeoMHostTd/ or VL regi ons from a non- human ani NnRCT(IB20g2/p535euse) to
one or nore framework regions from humarp, VH and/ or VL regions. Optionally,
human franmework residues thus present in the VH and/or VL 5regions may be
repl aced by correspondi ng non-human (e.g., nouse) residues when needed or
desired for decreasing i munogenicity of the anti body and/or rmaintaining
bi ndi ng i.0j i I .am [ ' - . in, the
Cors' may TEee e el R el bnleR S R AR A o i PRI R o
of the pregentf $PQENINONS a@liolde peapahed vassed rahion HESS@RADENOE7, efg. DNA

non- human nonocl onal anti body prepared as descri bed above. DNA 10 encodi ng
t he heavynesdng thgheaoreiiai varablssedionedmpdsieahepacisistagihwduence wf SHE Thbn-

hu hy R . fg Rt er - e t in.non- ine (e.g.,
uman) | Aoa AR GEGThe 3L AP H AR o SR AR IR I HAREbE

t echni quesquehos ofeX2QPO N O 10). M@abef@rdihiviiid si@pioldeary of dihvidtivaatcabbs
regions can be linked to hunman constant regi ons using nmethods known in the

art (see cacqgling the eavyghaiy vangblegegag o58HQIE N1 38 ¢r Bt anglfor therlaght chaine a

humani zed 1 i body, | X reghan ; i nserted |nt man

{1 amevor KT E 0t Hot & BRAE Tohe eng M fnepBile 1 AASTEAG il Rl

5, 225, 53%0in@rihp ey nucticladill SequBadcI TS HWE NS 30,0182 andobBNVER0d e GBS, 762
and 6,180,370 to Queen et al). Humani zed anti bodi es of the present

i nvEht i ofighbshabevatighistiegion sgmprigng ihe nusleihameb seqrozecd pEQ I 68] which are he
heavy chain va%iagle region is selected based on honol ogy consi derations
bet ween 63Féﬁfﬁgp acceptor nol ecul e vari abl e regions and the heavy chain
vari able region of the murine antibody. Gernline candi date hunman acceptor
nol ecul es are preferred to reduce potential inmunogenicity. Gernline

dat abase®$ e &N diragmenisfenenstindo¥bhand dqu sgrrents digpbiewad, theseddyh fragameasdanf

he h hai n F\W\B i pally i he 25 . F
Sei ect o gr i AgRLRT S AEag Bl bRy R0 B GTEREE S i,
haves beerafl@lk ¥ashiT SR (JRIISBIRR RSha@F ki aEndTDbRGYHENEAR R ALGAdiar
e

anti body sequences which have been derived fromthe sel ected gerniine
mol ecul e t9 therfragntnirelesdded suparikgd ab degmepiuganns acioacby gemsl. tibess ar e

referably sel.ected om i he sa vy chain class as..t.he murine or
P beut o gt VE O VIR R PRE Yol iR Spfadu e pii O o RgPRR
30r egi on Rk rehen¥ilind enSQAN o, 86 £-an FBEPAHAT N sEANS LR LAk eR®Id Plker.
sel ection of the human acceptor nol ecule for 'the heavy chain variabl e
rﬁgion eﬂ@d&ﬂho?mbu@y?WﬁnFBR,w@ngdhlﬁ@ﬁQfmﬁxtﬁhfﬁﬂuﬁﬂMemdmnﬁmtﬁ@ﬁ@QﬁH%Aand
t he uma acce or. nol.ec . uman acc or an
0131 000 THE T Fanis 1BH Gadn ! S T Cat Suckpdt bhaed Bu il wa s pdinegynts
horol ogy (SG&HGH flathel MRe NoBRAIDNALAPARR. 1RIVIIMEH Sl colddalas %%ﬁg@dggas

t he Kabat and the public NCBI databases may be used as well. Humanize
ant i bodi dsagfchahezepe s eptrativate hitkiop thrayHbmcoding DN/ teghonive D8N A nidiecubunman

5acceptor no.ecul e for. the |ight chaj i ahl egion is sel ected based on
ool bgy cBoHuRGRSY £ Bris cosvab Bp o Chll SEBISTDr PhoreaunedS olfirt B85
regi ons %HQnthﬁthéybﬁ sﬁRﬁhﬁw%ﬂﬁHﬁﬂhﬁ@é@&??@&@ﬁtﬁ@@tﬂM%Mﬂ%)gﬂib@@@y-

Germ i ne candi date hHuman acceptor nol ecul es are preferred to reduce
potZnt i alfragmenegennpdsting ti@se ndgions caababbismsd hy standatd PAIR ahpléfintatibo.dihe

sequences Lat, read LIy ouah L1g. P! (R SRS IR, s LN, Rk
(IGHG4), IgA1 (IGHAT), IgA2 (IGHA2), IgM (IGHM), IgD (IGHD), or IgE (IGHE) constant
region, but most preferably is an IgG1 (IGHG1) constant region. For a Fab fragment heavy
chain gene, the VH-encoding DNA can be operatively linked to another DNA molecule
30 encoding only the heavy chain CHI constant region. The isolated DNA encoding the VL
region can be converted to a full-length light chain gene (as well as a Fab light chain gene) by

operatively linking the VL.-encoding DNA to another DNA molecule encoding the light chain

constant region, CL. The sequences of human light chain constant region genes are known in



10CDR3 sequence. For selection of a FW region, databases of mature

anti body sequences whi ch have been derived fromthe selected gerniine

nol ecul e wanrtoiz®08war ched or anti body sequences whi ch haveThBEn2/a%356ved from
the selected germine nolecule froma h?gan donor can be used. Hunman
acceptor nol ecules are preferably selected fromthe sane |ight chain class
as the murine donor nmol ecul e, and of the same canonical structural class of
the vari a &t ©5¢ egi- &ibaf LA Keadlmirpive BgdONAdarnisencaapsyiag these regions can
consi der gt.i f liectd he. hu - cll.e: e light
chain va?’%ggﬁneﬁ g)r isgagld?%cf?@gg%gﬁ%ﬁggyme%&P%lﬁ%%lﬁ%hgt {vf\}éagltgil%hgh{r]mri ne

donor nolceadthe régich tdebdwitappa ac epdacondir eedien, prifemblyade@pi oonsaint tdaachy
nol ecul es are preferably sel ected by honouﬁg%»searches to the V-BASE
dat abase, Togtenton pdiv gpacdbayak agd M--grcoding dragmeatstane opainivedy gy to

dat apase - - ods f - I, Z]: QH%? nt i body
are%gescﬁP@gérﬁ%?%%ﬁgngﬁ%gﬁ%¢%ﬁ%?%% a%%rga%ﬁﬁggﬁgﬁﬁm#ﬁgﬁﬁgggent ?%@%ntion
provi des Sar)Beduah tha0thepVHda VIgseqler@Bt agott ipred saalndsi da0ay g@vus fsingrEain t her eof
that binds to human 0X40 conprising culturing a host cell conprising an

i sol at ed Pr®gitic Weth dhea¥lang Ydbesigiras d9tacdabt dig dleidlq bnkenfscpedy Ford RE#gfent

t hereof t i h 0 Fed, V I Si i sl ateed cleic
acid encégﬁﬁggfﬁgaﬁgg%égﬁ?gpféﬁgﬁﬁgﬁga@ﬁgﬁﬂﬁpggﬁgh%ﬁtﬂg%ggfL?ﬁ%¥%§i% S to
human 0X48; srChltaity § bea/NWDIm) Sadst, B48S5EXPIHSBRGEBNELHhh@eaRdveedy produced.
Preferably the antibody is isolated. For host cells, nucleic acids and
vectlr s, dendopndder deeodusten absiidodnfagaenls eblantibegdicaskhpdiiondlly Hesthucl ei c

aci ds can_he obtai ned. by, .e, 30conpbi nati on, of..reconbi nant

fechni qudztieBRoBRESH RupSaPreshiabRTRer BhnPl Rk SRR IR PR Mg Kt o
Morri son gh, (19985). BRdhent & %ghysl&q) Rletitdid, 28 101t hand Bwddnbn &M aRQVBI85or

exanple, to express the antibodies, or antibody fragnments thereof, DNAs
encodi ng Sewnee, Z290¥1 -l Howeserg these frggmeramlanrmge pledbeps, digatly beregbmiinaed by

standard nol ecul.ar bi ol.ogy techni ques WO 2013/ 71PCT/ 1B2012/ 053502 44
(g PEREII P ETBR B BB SHERenS PR L BT AbHETPRG PERRr coses

t heant i imeicQTiiscids8l #5h:. ANSmbRIPDNAS- SAMDRchREEH bedirkdilQedRetaHSUCh as
eXpr essi on vectors. The eXpr essi on vector and eXpPr essi on contr ol sequences

are chosenlitod beengioathatdupled todfarm K(ak')elxgpmessss GrrthoBer ¢el(199%3ed. The
ant i body J.i ght, chai n f he antj body heav hai n,.gene can be inserted
it o st Aeeiiior AoPs- RO A pR b e e E B e 6 bt o ¢ he
sane exph&isbeirMeIGRIm rebbbaRhi RAMYeIDENES. Wiker BHRIJuBdrdr MOpbBgRYRITESSi 0N
vector by standard nethods (e.g., ligation of conplenentary restriction

sit es on anheodyrtdgheuis wélie dppagnentthaskdlledepragrtjoner. Iippthat erabatlimegiatthon i f no

restriction sjtes are.present).. | i ght heav i | egi ons
o “Athe arttitiahi GEnGeSi Bade kbiiaty Tesrpb foduce Lrod PRI f I SRt
ant i body NgeResy1®b4aRY U19aRk. NRAYs8738RY PRe AXibbay BhEhAS hdiemd Bt L18%RF essi on
vectors al ready encodi ng heavy chain constant and |ight "chai n const ant

regi ons oehtibdy” des.i asdbscsmdyip ). S.udient Bt 516He, 8V feegmenpe.i s operati vel y
linked to the CH1 segnment(s) within the vector and the VK segnent is
operatively linked to the CK segnent within the vector. 15Characteri zation

and Puri fipeabiRR £idsAdenfH iRt _%Pth%fpﬁ'&@ﬁ‘ti iRGeriBh @ﬂe@éﬁr@&a&é@m@e

performed using assays to neasure binding to human 0X4 nd/ or assays to
meadur e tahec@bipréfesabtyoanbixpodssivh eedsomidi onderad epidS thopiotesn.| A gamely oOX4C0L. An
exanpl e of a binding assay i.s an ELISA, in particular, usin% a fusion
protein WPWEﬁﬁ%}hV%&%%g’eh‘ﬂﬁé eE Prafifi EKPTES Ik BICS H0R UCHRrS BIaYtceEPrishd

enpl oyi ngel@—r@ﬁf&hﬂiﬁ%&&ﬁ— SRORIGNN vectors or vectors which integrate into a host genome.

Expression vectors are constructed to be compatible with the host cell type. Thus vectors,
preferably expression vectors, which find use in the present invention include but are not

30 limited to those which enable protein expression in mammalian cells, bacteria, insect cells,
yeast, and in in vitro systems. As is known in the art, a variety of expression vectors are
available, commercially or otherwise, that may find use in the present invention for expressing

antibodies.



20 anti body to detect anti-0X40 anti body bound to the fusion protein. An
exanpl e of a blocking assay is a flow cytonetry based assay neasuring the
bl ocki ng Wb 2008408171 gand fusi on protein binding to 0X40 ®AThBIERO0B3BER cel | s.
A fluorescently | abelled secondary anti hody is used to detect the anmount of
0X40 ligand fusion protein binding to the cell. This assay is |ooking for a
reduction in signal as the antibody in the supernatant bl ocks the binding
of |i gand™PIrstigh vespisdYRIFHIOMPRAD2 PIOin Opablydinksd Mathgrngolrgesilagyassay
is an as r [N i i ..nal T

e o S e DR R S b
measur i n@ink&y Mmetdings meQo RO (Rtnuokic Asd Bplass ayto hdtin@vahlualatiogshipheith
functional activity of anti-0X40 antibodies e.g. the reduction of T cel

act i vat i GROEENUSfRRACINPSEBIENGCy A EERt ECoRisQY iSeHCpRA Ry idendgé seiichide i n

Exanpl es 8 -i | f r [ ti y be
a0l bt od Phy A pAReqHEallP iler APPSR is B B MY
art. Stangiakcdntpslithd irgatiipionn@tithadstiomet td an@hvdgrahiageaghisacH egliaiogues,

i ncluding i on exchange, hydrophobic interaction, affinity, sizing or gel

h
filtrati GPYUCAPRS arfe@@ﬁ@}@m phgzampleaty Geqfldel(Geae Eapiepsphde¢huolnessMgthedsm at
101 B <5415 BL T ASLETR: RSB0 CRIBHIRBHNEERL RRI Rt 4o

FPLC and ircatron me I'nc ophore

i munol ogkedts influ@Eiristaptichal ali @rgRitisnal 26k AbRyaIRIAS QEUSHIRDIY BRI QURS .
Utrafiltration and diafiltration techniques, in conjunction with protein
content r avtlgle, acyl encadigs thesetippdy, Tad pigrtypigalbyerpramtaicio dhekost ed] eeddéel host
cells can_be own_.i.n e.4q9. spi.nner-flasks far nocl onal , anti bod

Spur i 11 cARPoR e Rt er R I P e Rl sEidietecs may

af fini ty igd@mbRelcrREYucHds hifisoial Bindms 8RBTSR iOROR BRAIadd sﬂp%@(ﬁi vay
NJ). Eluted antibodies can be checked by gel el ectrophoresis and high

per f or margeslpiienal sfad ind stap cenuepess, asl enhgigee opaativeipr soyupnest ehs sdlswrknobody of

the present, invention is thus an.isolated and/or purified antibqgdy that

bi ndb ¢ o PiK: s ero e iRRNBEan EguPad s ROLEkRR L BT IS ML esent

| NVENt | OReIBERIN SR FnaIdrAed RELQ BEILcoltIn@Hel RPAYsIOK vattd! 8ABRIMN dehed 80fwelihat
bi nds to human 0X40, linked to a therapeutic agent, such as a cytotoxin, a

drug (e. dgnowann theratrandupnessarih thedrostacallagicdtlox enemEacthipically thgatlegabkice
referred to herein as 15."i ngconj ugat es" nmunoconj u es that include
e or - SHEREEBE BYTTFS T woaF LPran e Se0% | SR T et ey oach Ao
cyt ot oXi GeRURPWHidACthe JESoaY bRGEMrolial. P&f&@ﬁrsa@aaa@!mg&er%%n&- inclgbid i)
cells. Exanples include taxol, cytochalasin B, gramcidin D, ethidium

br onmi de, dénerifplate neilvatasg ¢ DhIFRg teopododiese it dhivplasst ddls withoethetrxege
vi npl astine, .col chicin, doxorubicin, da uhbi ci n, di hydroxy anthracin
di oﬁL ms%%éﬁ?%ﬂg}caﬂ??)kﬁnaﬁ%?% ge&ﬁ(ﬁgﬁ%%isgreﬁon}- 20dehydr ot est ost er one,

gl ucocorticoids, procaine, tetracaine, |idocaine, propranolol, and

puromyci n and anal ogs or honol ogs thereof. Therapeutic agents al so incl ude,
f or exanplugablahvstrretlatvoklanes (rexpressingthedd¥ Axathe, veStornigreia propokimete,

o Nl oguanlne, CBrABTe, Sy AbuRlourpcll, decabacinc), byl auing sgents
and | Orm%ﬁd-hﬁkﬁné g@h‘p)legaﬁif@ [)Pﬁljaﬂlslﬂﬂﬁme%ganl?slﬂﬁ# Mr%&ample, Enterobacteriaceae such
25 as Escherichia, e.g., E. coli, Enterobacter, Klebsiella, Proteus, Salmonella, e.g., Salmonella
typhimurium, Serratia, e.2., Serratia marcescans, and Shigella, as well as Bacilli such as B.
subtilis and B. licheniformis, Pseudomonas such as P. aeruginosa, and Streptomyces. Suitable
E. coli cloning hosts include E. coli 294 (ATCC 31,446), E. coli B, E. coli X1776 (ATCC
31,537), and E. coli W3110 (ATCC 27,325). In addition to prokaryotes, eukaryotic microbes
30 such as filamentous fungi or yeast are suitable cloning or expression hosts. Saccharomyces
cerevisiae, or common baker's yeast, is the most commonly used among lower eukaryotic host
microorganisms. However, a number of other genera, species, and strains are commonly

available and useful, such as Schizosaccharoriyces pombe; Kluyveromyces hosts including K.



25di bronomanni tol, streptozotocin, mtonycin C and cis-dichlorodi am ne
platinum (Il1) (DDP) cisplatin), anthracyclines (e.g., daunorubicin

(former| ywoaoamsaegriin) and doxorubicin), antibiotics (e. @CT/I82a2/)3380R/Ci N
(fornerly actinomycin), bleonycin, mthyanycin, and anthramycin (AMO)), and
anti-mtotic agents (e.g., vincristine and vinblastine). O her exanples of
t herapeutic cytotoxins that can be to_an antibo of the invention

| i nked d
i nel ude B0 okoaraile (MECC dRidahdarmisarisus MibEaE el Ramickatimie Al s and
i ncl ude _ A6i | _ _
Commecst SARTRRK Pl O 3BBOG, R s R AREATIEL A6 30E] ROMEAORIIR. S | ©

can be | iMmketxtousntiobeo(ras00226)he;chiaveinior@RMEBRSS30J0); iGukeldat Ecbinleaay
available in the art. Exanples of |inker types that have been used to WO
2013/ 00817aPCHPRA3DYD] NB38gPrd 614 §Hj NG Hate igmeses Sedvasw s aHoas body

i nclude, t are.. 1 im - : i . rs,. dj sul fides
and pept i%aa 1o Aok 8 el JSUERERDEZp s PRUIBN, nEDhPLEu ), o

exanpl e, ASp&eapisinbke stch Bl avagmsay A. aiepH Wi thin the | ysosomal conpart nent
or susceptible to cleavage by proteases, such as proteases preferentially
expressed in tunor tissue such as 5cathepsins (e.g., cathepsins B, C, D).
For furtRer di SS1,0 t . Of t ot.0xi-ns i hkers a 2t s for

conj ugat i PP s s kRETeB or e b UE o bl ISR iy ©
(2003) Adivulti€dkidhr BedanismsREXamBids oflifQerdebpite F&IRI thclBde friPdnd inePE:3)k. Cancer

| mmunol . | mmunot her. 52: 328- 337; Payne G (2003) Cancer Cell, 3: 207-212;
Al | Eh TMNuowoys gnlovehstrags gaeé varignts agiocorrpg@nd pegieanispivg ikee hogeelIR)

(2002) rr. in..lnyestig. ugs . .1089-1Q91: Senter PD & .1QSpri nger
O, (200 R0 Hietg® BaR Ryt tEse gD A B8 Elm et A5t ene

i nvent i onRp&fusdbs§Etd)] DKREpHIR BelafshaOBE{HNELY) BRI BRAbYOmBaNMkNab&nCyt ot 0Xi C
radi ophar maceuticals, also referred to as radi oi nmunoconj ugat es. Exanpl es
of radi oadanitified| A yrapeof vindtstreian fcbfetra@@ﬁfrj:t@rgaaré@ubléﬁlmvaill@bfgi gag ckamplastee L-

di agnosti.cal | r, therapeut.i.cal | y.j.pclude,, but are t limte

od nexa. it QoG PRbE RSN F e e S PG s R S p M pgna sueh
15r pgli Of RAURGARAUEALSRS, Ak ustyabl ireh@tion of BRodptera FrsgipBlda e, Plant cell
radi oi munoconj ugates are comerci ally available, including Zevalin(r)

( EDEC Pharheiceaf ¢a@hsjorarbtBexsosbdan) pqt@os.i traah anthwbawpicembksy bantlisidys| ar
met hods ﬁgq be used to prepare radi oi nmunoconjugates using the antibodies
of the i MV&fition. The anti body i nmmunoconj ugates of the invention can be
used to nodify a given biol ogical response, and the drug noiety is not to
be construed as limted to 20cl assical chem cal therapeutic agents. For
exanpl e, Hdvecdlsdgr enprassipg mheeyrebanbinprtenebediey ofghé inyepiandee pedgeldlsi ng a

desjfed biol ogical activity. . Such protej i L for. .
enryhat i it ESs et e ROV ABERO e L Fecrl ClnS R e, ™"
ricin A (FGUHNTRBRFHEX A O GY CHARMT AGITDE)IRNE NatlR ARERLSRE NISALCHY: 831 d-unror

necrosis factor or interferon-y; or, biological response nodifiers such as,
for exanmple(, dsydrpiiblaiIPIAER stlatteble endckers 4.2 44 destiihed i3 Kaunfroan BUKS Phazp PAl L- 2") ,

Lot UGS G B L BITARE G R RheR Al B i g, et
growt h faghpns, fEfﬁé&rku/i@lPﬁ%d rﬁ§e11nié15! @M;&ﬁ%ﬁ& e[{ragxlrr EYr SiAGGAES i the GS

anti bodi es are we nown, see, . 0., , "Monocl dnal Anti bodi es
For23 nmurzetaexpetssiog sg¥tedrdigsostad inCAMEE 87/0441€r @pyWilsonn WBOMOAdOBotal Ant i bodi es

And Canc%{ebgﬂlgo%?)a/ﬁd 5%3? SfSﬁll ?to%eb%ln'g’[ong .e\g/%ég ’recgglbin%ﬁtg azntf?)gdyg Qlan%g arRe' Liss,
introduced into mammalian host cells, the antibodies are produced by culturing the host cells
for a period of time sufficient to allow for expression of the antibody in the host cells or, more
preferably, for secretion of the antibody into the culture medium in which the host cells are

30 grown. Host cells useful for producing antibodies that bind to human OX40 may be cultured
in a variety of media. Commercially available media such as Ham's F10 (Sigma-Aldrich
Chemie GmbH, Buchs, Switzerland), Minimal Essential Medium (MEM; Sigma-Aldrich
Chemie GmbH), RPMI-1640 (Sigma-Aldrich Chemie GmbH, Basel, Switzerland), and



Inc. 1985); Hellstromet al., "Antibodies For Drug Delivery", in Controlled
Drug Delivery (2nd Ed.), Robinson et al., (eds.), pp. 623-53 (Marcel

Dekker, 1WO.20388%)71 Thorpe, "Antibody Carriers O Cytot @KiraBAg2ni3s02 n
Cancer Therapy: A Review', in Mnoclonal;Antibodies '84: WO

2013/ 008171PCT/ 1B2012/ 053502 47 Bi ol ogi cal And dinical Applications,
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Ross WC (sﬂaii&ﬁ)ipkamnr}ﬁnhﬁcﬁmnmétﬁads 119- 58 In anot her aspect, the present
i nvention provides an antagoni st 0X40 anti body or a fragnment thereof that
bi nds to human 0X40, adm ni stered together with a therapeutic agent, such
as cyt l k 10
A e R e e A S AT

provi des peotcialp@ffidation, scefing, cas;pmmﬁ@aeuthecahsl@om@ﬁrstmgnbe e d aieng t he
ant agoni st _anti body or fragnent thereof, of the present invention, and a
phar mace@piibady spquinse pradinkes sagperses. gdinkeoegaerice vaHeenaiglly erenpiess agmellor a

15combi naf,, o0, of anﬁﬁ@%ﬁdst ledlly. 1R ot t/aIlfaﬁ{h%P%ﬁ 1o%”&‘1n‘i’<9f~serﬁaey a?po Slsed,

i I’TTTUI']OCOI’]] ugates O era IC ag Suc

cyt ot oxi Myprafy, Llﬁlkéﬁseﬁuenc@sﬂaﬂermﬂéﬂ@@ ttplw BS§HBtahd @fsistani BrlddtQbtion. a%s WeBEs | bed
supra. For exanple, a pharnaceutical conposition of the invention can

confti se aapieewisdratthess skflled i s ary chﬂmdmmﬁ@imﬁ }S@glﬁtl% )marytb&tusw #d to

di fferent i topes onthetar ant i or th

et vi ¢ defBER ka8 £5hBh8 ShSokiRERs bt R ERD RO SRR GG
adm ni st e Adidnpae@BihREbd & fhr fdliRb AP Yignal BquencOHAL d‘l‘l@&té/‘dritﬂbo@ji heramggents. For
exanpl e, the conbi nation therapy can include an antagoni st 0X40 anti body of

the presentociaddntivn padbioredsswid belbarllecsion one e kewracghelar madikafrrest ory or

| munosuppres . s nt a used here har maceut.i c pt abl e
carror~ TRRER dalS uh o i BRI RS RGLHE Pl el AR s i PREMO
antjdact gxd gjowﬂnﬂleéq@t o HIdYARE pagaNSic shaL! PBAEd %@e&bﬁ@ﬁﬂ{dr QRd g@kayi ng
agents, and the |ike that are physiol ogi cally conpatible. Preferably, the

carrier imenghrancadythe ¢dl. A ﬁlsma\p@rm@rsmay alsa b seswbiage, thahigbeedeangopisde or
relde dm nistr ono

P el onproedldna s SRR EE TR RO R Rier s irbytif Rurering MR bl §E 480

i.e., 30amitdaadpoRhistiome pR% QRIUEa) & for FRYmPR HEMED1h Br AhdRLES foRbsd Witpr ot ect
the conpound fromthe action of acids and other natural conditions that may

i nact i vatlentdhdized Aaandilinkhi§inerngogiapky (I ACcopteats|(e gcHi'T aﬁmstylcnbltrudb

ste u ions or, dispersi and sterile powders .for

oxt Khpor SHdo 0 pS QP uEa Sirei By IaSiay BERuEH & ente RS tpectefial
2013/ 008 LALRCT B R2 Q424 @?é%s%ﬂi APEUr8t&by AMBHoURE (BF cfile UBRAN EadHag-
agents for ‘pharmaceutically active substances is known in the art. Except
i nsof ar aagsamy tbe hkenAis onibibe applicaiaed baglerst skidled ncidepet susheagsinndy hchesebudt i ve
conpound,. use. there in the @rr‘%? rmaceutical conpositions of the invention

is conteﬁ%ﬁ% atl@hg‘fﬂ%ﬁ@ﬂ’tﬂ&r i ve conpounds can al so be i ncor por at ed

into the conpositions.

25 Construction and Production of Antibodies
Antibodies generated against the OX40 polypeptide may be obtained by immunisation of an
animal i.e. by administering the polypeptides to an animal, preferably a non-human animal,
using well-known and routine protocols, see for example Handbook of Experimental
Immunology (Weir DM (ed.), Vol 4, Blackwell Scientific Publishers, Oxford, England, 1986).

30 Many warm-blooded animals, such as rabbits, mice, rats, sheep, cows, camels or pigs may be
immunized. However, mice, rabbits, pigs and rats in particular mice are generally most
suitable. Antibodies can be produced as well by recombinant DNA techniques known to the

skilled person. In additional antibodies can be produced by enzymatic or chemical cleavage of



I n anot her aspect, the present invention provides a conposition conprising
an i nmunoconj ugate conpri sing the antagoni st anti body or fragnent thereof

t hat bi ndwot013meserm 0X40 |inked to a therapeutic agent &0d/1B2012/053502
pharmaceutical |y acceptable carrier. Impinoconjugates and therapeutic
agents which can be used are as described supra. 10 In another aspect, the
present invention provides a conposition conprising the antagonist anti body
or fragmiatirdlercepringfantipedies: Hoarnized gaiading aieceseat neMiWgRPY Pses

anot her i . act .V Pr.ef .

phar mace st TAar Ty thdFRY e e 6F (RAEEDRS U B RIGR et R Blurer Ml prelyns,
human 0X4m bhoahumaabhgiésil ¢.ageohseditots) orafore TrauiRey olb Bgpiak €8 hemagent e. g.

a glucocorticoid such as predni sone. A pharnaceutical conposition of the
i nvent i odnéiey VA regioph Anigeallyy. fHaapieBGhosaresiduaciiBppigbin itahe \dk pedpt VL

Ex aro| . . . i d . :
ol bl o denivITAERr BlLETky RSEERh AN AP L) RSCHE R Eest B B i
bi sul f at @lesizQSodiletmaIeiaminfubiédicity Sabk amtiteul hhd/er @nthtdifigg bink@ig {Bpitwi | -
sol ubl e anti oxi dants, such as ascorbyl palmtate, butylated hydroxyani sol e
(BHA), béinpoanlsd nhydrexey eotinfeisad (Bidups pleasit ihiha CRRRopyy beyeplaged with human

| pha-t : i.ke; and,: hel at.i
o P OSORARE S B0 ot R PP PR SR A RS PRE BT SHSTA

acid, phegphqiéneeatdondithahhonbticgal daKBHBI BEpAEd Sdddsalbed adEUE PI$AaNd
nonaqueous carriers that may be enployed in 25t he pharnmaceuti cal

confbsi t icoersling the heavyrapddighbehaimimnmaeo ahehudins cat bragtstinegipche ngrswmags

gl ycerol , pr. | ene. gl yco ol yet.hyl ene gl ycol. nd.the |ike d,.

2 tabt e PR LR en GGl EoBRR g ihine, S5 im Rl Wlin

i nj ect ablseqRhganishg@ednehsl msldEhadsoBEPWch@iyeet Bor Bafiped, td thdhdiatchika be

mai nt ai ned, for exanple, by the use of coating materials, such as |ecithin,

by the mahhbalyameenevandbde regipub catdbplarleddd bumpn eonstant hegiang sisingfmethods

di spersigns, and b he us f, 30sur f . e c sitions may al so
contai n J05 b0 dhihs RubiTu L BLbar PR B8 AR o RGP E TSI Ry T Byen
andi i spehebiy, ABENE 8 DPFRWRRChPPe RiseRidaRONCIRuRLN MABEPOK IRMe THEhSBKNB n
ensured both by sterilization procedures, supra, and by theinclusion of

vari ous amthcluictser ¢-al UandPatent Nbuhgdad, S dfyenVanterf, end Bxabpicat NpaSalén 01;

chl or obut (BN o or bj I 2013/ 008171PCT/ 1B2012/ 053502 49 and
the Ii ke%%y9§$§g6%@%i§¢§%¢@ d@eflﬁéf’lﬁde i sotoni c agents, such as
sugars, sodiumchloride, and the like into the conpositions. In addition,

prol onged absorption of the injectable pharmaceutical formnay be brought
about by Humeanizedlangbehesod! thgpresent whicohomdehape abisornpted omegure thedgmahum num

nong, stearate an | atin.. 5 Therapeutic and .ot her uses The antagoni st

et itbodt dsckaror dhae e B e IV RO SHE AT ST 5 T0r PR RRAROER vi vo

di agnost icgn @idat IR HRRAUA Ip6icktihll dcbdRSr oAl Vg HidR o Hind RO RlehedNcHaf£at ment
of 0X40 nedi ated di sorders. For exanple, these nol ecul es can be

adni ni st ereablt ccgo@l dfsthe mucind ot dyi Gennlinecandidaxr hiian aoseper niadedulayare

subjects, e.g., in vivo, to treat, prevent and to di agnose a variety of
0XA0- modrdrii! Biretiarieniis raoseticln soplng fuRtsimic S PROT P T ent s
havi ng dig @feﬂ@és%hi@gdcﬁh%fgpk'heo@ﬁﬁ%f L hA ) ¥h i1 f@gﬂnaahﬁgagiaﬁg gt - The
ant agoni st anti bodi es of the present I nvention can be effective in treating
pat2%nt s GIki® pepdsrt Faf setdagdm o0XEW 4ce gion nddtatasesyol s ata sntibvalyseguantes r ed

subj ects w%ri(ﬁl I?al{fe ger? Qgrivieg%rlolfllgﬁle%e tei:t%& tggrmeﬁ(rﬁarnﬁglg(i:qu ca%l be searched or antibody
sequences which have been derived from the selected germline molecule from a human donor
can be used. Human acceptor molecules are preferably selected from the same heavy chain
class as the murine donor molecule, and of the same canonical structural class of the variable
30 region of the murine donor molecule. Secondary considerations for selection of the human
acceptor molecule for the heavy chain variable region elude homology in CDR length between

the murine donor molecule and the human acceptor molecule. Human acceptor antibody



15l ow | evel of 0X40. A "patient"” for the purposes of the present invention
i ncl udes both humans and other aninmals, preferably mammal s and nost

pr ef er ablwolrsne8171 Thus t he anti bodi es of the present i RCEABO0FBE2 bot h
hunan therapy and veterinary applicatiops. The term"treatment” or
"treating"” in the 20present invention is neant to include therapeutic
treatnent, as well as prophylactic, or suppressive neasures for a di sease

or di sor detleculgspge piebiratdy seipted byhemelesy starddriths ¥tBAPE databiseadithoneh body
prior to [ el ' As
anot her é@gﬁg%g?£§%§§£g§?%?égﬁﬁgﬁfg%i%%?%ﬁt%?%gﬁgéﬁ?%ﬁ%ggu%%?%ﬁag$inica
mani festation of the disease to conbat the synptons of the di sease
conprises treatnment of the disease. "Treatnment” and 25 "treating"” also
enconpas $&snaniuedanybedies frihepresant Aventigtpay pe epnsiiyeled piherimiedugrnt he

di sease i | C I : inistration of an
ant  ody " Pel TR RS bl R T Ry B R UeSOTLDUSLET" T

possi bl e cahat@nmois befweehipdicadhl Byeméansleadld vagitiapgioatehd aidithongtihiine

di sease, conprises treatnent of the disease. Those "in need of treatnent”

i ncl ude rvare sceany 4By THEDE ARtihady. desdpscapdidye Semge pccegtor wll¢cules afhose
prone to | th I S r.di.sord i.ncl,udi h i i t he

i sease. Sromragedio POl SRR Ry T el RE LA LPRE0 Mok hebne
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transpl ankkej ection, cardiovascul ar 15di sease including i schaem c di seases
such as nyocardial infarction as well as atherosclerosis, intravascul ar
coagul ati on, bone resorption, osteoporosis, osteoarthritis, periodontitis,
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( ). ¢ o)rlgtvgcgtgr (I:ocmprlls?ngoasr{ isgla%d\ﬁlelgle{ctalcfd egn%gc%)ng the antagonistic antibody or fragment
thereof that binds to human OX40 so that the nucleic acid is expressed and the antibody
produced. Preferably the antibody is isolated. For host cells, nucleic acids and vectors, the
ones described above can be used. Expression of the nucleic acids can be obtained by, e.g. a
30 combination of recombinant DNA techniques and gene transfection methods as is well known
in the art (e.g., Morrison S (1985) Science 229: 1202) and as further outlined above. For
example, to express the antibodies, or antibody fragments thereof, DNAs encoding partial or

full-length light and heavy chains, can be obtained by standard molecular biology techniques
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t hei r nedinkeht thefKagegmephwihinites/edctorcan t hen be 15l inked to certain
di sease synptons. Alternatively, the antibodies can be used to inhibit or
bl ock 0X40 function which, in turn, can be linked to the prevention or

ane|§ or atdRFaderiefidrPand Phﬁﬁ@%rﬁ&@hﬁ@xm AR(i&ded NPl i cating 0X40 as a
medi ator of the disease. This can be achieved by contacting a sanple and a
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of the invention for the antibodi es of the invention can be used to
spe0|f|cahdyum@nECrwmmma1empﬁe@5ﬂamldmemhedsmpkaugzuﬁmm@hwésex@dmwan be

used to detec at i ent ing |o si.on | evel 0X40
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a reduction in signal as the antibody in the supernatant blocks the binding of ligand fusion

25 protein to OX40. A further example of a blocking assay is an assay where the blocking of
costimulation of naive human T cells mediated by OX40 ligand fusion protein coated to a
plate is measured by measuring thymidine incorporation. As an assay for evaluating the
functional activity of anti-OX40 antibodies e.g. the reduction of T cell activation the human
Mixed Lymphocyte Reaction (MLLR) as described in Examples 3 and 8 can be used.

30 Antibodies of the present invention may be isolated or purified in a variety of ways known to
those skilled in the art. Standard purification methods include chromatographic techniques,
including ion exchange, hydrophobic interaction, affinity, sizing or gel filtration, and

reversed-phase, carried out at atmospheric pressure or at high pressure using systems such as



30(c) determ ning the nunber of 0X40 positive cells in CD4+ and/or CD8+ T
cells and conparing this nunber to control levels. In a preferred

enbodi merwg 2a13/00817¢xpr essi on | evel of 0X40 is indicatedPoy/IB1Z/NESSE@ASE |in
the expression | evel of 0X40 positive cglls when conpared to control |evels
of up to 10 % nore WO 2013/008171PCT/ 1B2012/ 053502 52 preferably of up to

20% and even nore preferably of up to 30% The approach of determ ning 0X40
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vitro. For exanple, conpositions of the invention can be tested using flow
cyt onet r jaBtibediesy selectedbhqst eddlsisan §F SEVgsiirees. pRnPefelasks fFinpnoclonal andibody an
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for the twigaporRiM AckpldtofX{#harediaaPBcatthy 89 NI&Eluled aftibddidshan be chattedent t he
present disclosure provides the antagoni st anti body or fragnent thereof for
use as a 2ebdpciEnpRatesis And bighmevipaeanc iqnidehpmaaiagiaplly Wangyaparifys At peferred

ant agoni . i ra t. reaq N o .. ting an
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supra. Thamapt@gani st anti body of the present invention may be particularly
useful for treating 0X40 nedi ated di sorders independent of the 0X40
cost mul atory status of a patient. In a preferred enbodi ment, the
antagoniit antiboqéﬁgr fragnent thereof can be used for treating an 0X40
medi at ed QYUY Pei n a patient expresses a |ow | evel of 0X40. 20 As
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co- adm nistered with one or other nore therapeutic agents, e.g., a

cyt ot oxi d¢hesgdrihat bandsdehomax OX4gbriteddp adherppawiinogenpiuek 8s ¥ eytaigant, a diige

anti body can _be |linked to tge agqﬁtt%as aah%nnungcon'uggtgtag descri bed
supra) of“Eaf’ BBTHANURPETEPEST SEFAPQER PRORPRELS SRt MR AR R Per case
(separ at eig@afsion|ushicdt TaMunoddifu ARt RAMEIERMDIL S Ak Y16l ArdRf@rg 1o af t er
or concurrently wth the agent or can be co-adm nistered with other known

t her api egs "enmgunotannanticyeamoa or tyietoapyageat igcludesay agemsnhat 30dsrnmental to

adm ni strati f the antibody, the dos rranges f.r.omabout. 0. 0001 to 100
N I A R e TR s T A L B S
exenpl ar ¥nfeligatARthydif ShdPosRIBL @hdposRE M iRESkna ViR a SMe o @ iciNeRikordGE, every
two weeks, once every three weeks, once every four weeks, once a nonth,
once everdpudrppininhdihgdrogyeethsgar fionhmeexaotr@eponthisnycithecti©mycin D, 1-

201296 008]('12}]1';/3 rot/eg’tgsztgr]é%é,og‘rfgc%ggrti%gids, procaine, tetracaine, lidocaine, propranolol, and

puromycin and analogs or homologs thereof. Therapeutic agents also include, for example,
antimetabolites (e.g., methotrexate, 6- mercaptopurine, 6-thioguanine, cytarabine, 5-
fluorouracil decarbazine), alkylating agents (e.g., mechlorethamine, thioepa chlorambucil,
melphalan, carmustine (BSNU) and lomustine (CCNU), cyclothosphamide, busulfan,

25 dibromomannitol, streptozotocin, mitomycin C, and cis-dichlorodiamine platinum (II) (DDP)
cisplatin), anthracyclines (e.g., daunorubicin (formerly daunomycin) and doxorubicin),
antibiotics (e.g., dactinomycin (formerly actinomycin), bleomycin, mithramycin, and
anthramycin (AMC)), and anti-mitotic agents (e.g., vincristine and vinblastine). Other
examples of therapeutic cytotoxins that can be linked to an antibody of the invention include

30 duocarmycins, calicheamicins, maytansines and auristatins, and derivatives thereof. An
example of a calicheamicin antibody conjugate is commercially available (Mylotarg(R);
American Home Products). Cytotoxins can be linked to antibodies of the invention using

linker technology available in the art. Examples of linker types that have been used to
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i nt r aor bief 4, "Menockoaal aptRodics for Ipmupaierecting Ph haves [ feaarer khesapdt-rbcheal |
30 Monoclonal Antibodies And Cancer Therapy, Reisfeld et al., (eds.), pp. 243- 56 (Alan R. Liss,

Inc. 1985); Hellstrom et al., "Antibodies For Drug Delivery", in Controlled Drug Delivery
(2nd Ed.), Robinson et al., (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody
Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in Monoclonal Antibodies '84:



15subcut aneous, subcuticular, intraarticular, subcapsul ar, subarachnoid,
intraspinal, epidural and intrasternal injection and infusion.
Al t er nat iwel2g13/@s17ant i body of the invention can be adm BRCIiIB2082/0585& a non-
parenteral route, such as a topical, epjdermal or nmucosal route of
adm nistration, for exanple, intranasally, orally, vaginally, rectally,
sublingually or to icajg[)s//.61 20Article of manufacture and kit | n another
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and a | abel or package insert on or associated with the container.
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pl astic. The contai ner holds a conposition that may be effective for
treating the condition and may have a sterile access port (e.g., the

contai ner may be an intravenous solution bag or a vial having a stopper
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| abel or package insert may indicate that the conposition conprising the
ant Hyoni st antibody nmay be used to treat an 0X40-nedi ated di sorder. WD
2013/ 008171PCT/ 1 20%%/0535 55 Moreover, the article of manufacture may
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ant i body. Jhe articue ﬁf nanugﬁcture én this eﬁbodinent gf t he di sclosure
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di sorder. Such therapeutic agent may be any of the adjunct therapies
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anti-pl at el et .agent, chenot her apeuti c. agept. 10an anti - angi ogeni c agent,
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antibody of the present invention combined with at least one other anti-inflammatory or

immunosuppressant agent.

25 As used herein, "pharmaceutically acceptable carrier” includes any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying agents,
and the like that are physiologically compatible. Preferably, the carrier is suitable for
intravenous, intramuscular, subcutaneous, parenteral, spinal or epidermal administration (e.g.,
by injection or infusion). Depending on the route of administration, the active compound, i.e.,

30 antibody or immunoconjugate, may be coated in a material to protect the compound from the
action of acids and other natural conditions that may inactivate the compound.
Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and

sterile powders for the extemporaneous preparation of sterile injectable solutions or



Also within the scope of the present invention are kits conprising the
anti body, the conpositions or the inmunoconjugates of the invention and
i nstruct iwex0fimsise. The kit can 20further contain onePgdAB2A2I0§35020nal
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and are not to be construed as limting in any way the renmai nder of the

di scl osure. WD 2013/008171PCT/ 1B2012/ 053502 56 Exanpl es Exanpl e 1:

Gener at i @i agfBers8p&@eNhO Presdnt iMDEELoBHY daL FBEMPIMGoracdmmradices 5To produce
t he reconbi nant human 0X40-Fc protein, a cDNA for the human TNFRSF4 was
pur chas e dMRGASITBBENEM TSI REEC ARAERINSt apdmpE s TrHeRRoChemef thahbindsetorhamyan,

This c e t ng regi on of
t he hu%%ﬁqexﬁegc&luppf‘%n?%& F%F%%UF@SK%Q%TW g%@g separate PCR
reacti on,Imihi@obshjli &8isQRd MhergpDBEnkOfAich Ebh POBIctiaens RS k)pmas
anplified by PCR adding a 5° GSGGEG |inker 10and a 3" SA-6xH s I i nker and

resttiction sites for cIonl ng The two resulting products were then fused

u3|ng ov rIa ext en anki n |mar stricti. nS|tes
for " SubedninRpe A BRE B0 piere Bt PRSI B P fan S bl &2 ahodhil Su ' o
t he pcDNAgtiBddy)orFraasiEhcihbicondi AY bds@demychliby wthmqaﬂhé}«@on@ﬂs@ anofdt t zer | and,
Cat. No. V795-20), containing the human CW pronoter with the |Ig donor

accept or pharargmmcatlff petete azanty Breferalds ¢hd dnether nhan@a%m&@lémctﬁg 2498% onehy Ori P
sequence Koo t he 5Vv40

ooy MR MRl Nsspyhe bt QX0 gl 8 i BPRNRRahn B Gel e, bed

by § m D1su re@ive agbQ08 ) B QL&GRARlsucPhiOfteddife) : 1620-2. Thi s recombi nant
pl asm d allowed for expression of the human TNFRSF4 extracel | ul ar domain -

Fc fusion protein in nammllan cells with secretion into the cell culture
medi um drj ven b natlv a tide o n 20TNERSF4 pr ot ei n.
For t ecortbl Tameugtac sy Gat ef B in iR by Plavd ik oh bR P EaoH it " vect of
was transteptdt: ddMoRidaHs E%E&%bléﬁ‘bﬁ piaRiachuHEN 2R3 fifb1b andAlGdatphes: (@BL
1573) using jetPEITM transfection reagent (Pol ypI us-transfection S A

Stras bourvgiterlsphlﬂmtﬁeantldmlantsmmtbas a@oxmsmmcgsteBaélsfdiroclswrltifzeodilandblsulﬁ‘dﬁ@ cel
culLpre SURcnalan he oLLeclad ol el K5 S5, S0d, LU et B oo
s s et B g e, g
Swi t zer | dewdthin, propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as
citric acid, ethylenediamine tetraacetic-acid (EDTA), sorbitol, tartaric acid, phosphoric acid,
and the like. Examples of suitable aqueous and nonaqueous carriers that may be employed in
25 the pharmaceutical compositions of the invention include water, ethanol, polyols (such as
glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof,
vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper
fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by
the maintenance of the required particle size in the case of dispersions, and by the use of
30 surfactants. These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of presence of microorganisms

may be ensured both by sterilization procedures, supra, and by the inclusion of various

antibacterial and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid,



To produce the reconbi nant human 0X40-his protein, the extracellular region
of human TNFRSF4 (SEQ ID NGO 11) was anplified by PCR adding a 3' GSG 6xH s
| i nker arwlO2013a®8t7icti on sites for cloning. The PCR pro@GEiBHaS053502
subsequently cloned in the nodified pcDNA3.1(-) plasmid described above.
This reconbi nant plasm d allowed for the expression of the human 0X40-his
protein in manmalian cells with secretion into the cell culture nedia
driven byng Hhe I Itweaysiliprb deseptle pinglude HetaimesnENERBRS SUEET SOfBei n

product i the 0 . 0 h350 i ctor was
transfec?gﬁn%%T%ﬁ%%%g%%@?ﬁ%%ééﬁg@ééaﬁEﬁagggﬁgéﬁ?@ifggg%gﬁh%ggﬁw%él 1573)
usi ng j etilj&ttdie phansbeatcabiormeageit broiglt ypbut drytiiainsfugiohiod Agéntwhich delay
Strasbourg, France; distributor: Brunschwi g, Basel, Switzerland). The cel
culture & ﬁépﬁ@t%ﬁbaﬁ&@néﬁﬂn@%m@&e@PV@nééﬁgﬂafter transfection and purified
usi a N2+ NTA affinity purification 5colum (H Trap N 2+- NTA sephar ose
col um; GE Heal thcare Europe GtbH, d attbrugg, Switzerl and) operated on an
AKTA FPLQHeyspeiic(dad dthet idesar e Europe GrbH, d attbrugg, Switzerl and).
Reconbi nant human 0X40-Fc and 0X40-his proteins were found to be 95% pure
as j udgedhsypnapmismatibodipgolf the preaent pfenBp Haemaiesd” vitoahespivat e buf f er
saline (PB ri.or us : i nant s 40-.F J { A in
PBS ves. riebatl P Gl S TR RGP ISR R R El O EnetaeE

Swi t zer | aigrdei € fFor &22R00Qhesa mebleiul@Bdh St admasierpl €P&IBAn cUlige GAWI K @Neas
transferred to 0.5 nmL insulin syringes (BD Pharm ngen, Allschw |,

Swi t&er | afe) onnduBanBrRICelni hll & afd Eeat, metane prdiodEenpes & virmty ol 2&40-
sub-cut aneousl y.i n t he,back ,15f.00t pads, the ,base,of .the.tail ,and, t he neck
or'en 56" PSR g dab TP RRGC SR0AE BRMR iR RIS nfht aBBEEDS o0
weeks | atneddiaed by OXEL0 S48 HyAMNUT mediaR0di@aRkraNThd ifadamahttsr:s Of the

i njection. The presence of circulating anti-hunman 0X40 anti bodies in the

i muni zedrespnisavension cambe oifienialb untreatingyadente gidepndgn afshawOBKEt es coat ed
with the reconbj nant. hupan 0X40-hi s, protei.n. A serial dilution (from 1:100
Yo' 1: 100y B RsRape: ThPe RafodsirBURaE DRt din taibs Bt dt 'bound
ant{odi gsyw\BiceodOkact ed using a goat anti-nouse H+L whol e nol ecul e- HRP
(Sigma- Al drich Chemie GrbH, Buchs, Switzerland). A final sub-cutaneous
boost with 50 lig of antigen without adjuvant was perfornmed in aninals
di spl ayi ng,the hest anti-hu 0X40 25| serumtiter. three days before
Saori 11 cd THITHRTE BEPE PRI AR ARG AR EHT RYE AT by ary 5 ApT
popl it ea'pr&@ﬁb%ﬁhﬁhinﬁls'aMHB{'bsf‘@‘éF‘e‘%aMﬁhﬁfmﬁ&l. Irg6d 8d ahGHREGRATRe Frefind HvBn&s] |

i's y

suspensi on by turbing the nph node architecture with two 25G needl es
in a DNAdevq Rabhemph tymapytdnd ye(eBohyeipplicatiGns. R kereuZreatment” or "treating” in the

20 present invention is meant to include therapeutic treatment, as well as prophylactic, or
suppressive measures for a disease or disorder. Thus, for example, successful administration
of an antibody prior to onset of the disease results in treatment of the disease. As another
example, successful administration of an antibody after clinical manifestation of the disease to
combat the symptoms of the disease comprises treatment of the disease. "Treatment” and

25 "treating" also encompasses administration of an antibody after the appearance of the disease
in order to eradicate the disease. Successful administration of an antibody after onset and after
clinical symptoms have developed, with possible abatement of clinical symptoms and perhaps
amelioration of the disease, comprises treatment of the disease. Those "in need of treatment"”
include mammals already having the disease or disorder, as well as those prone to having the

30 disease or disorder, including those in which the disease or disorder is to be prevented.

In a particular embodiment, the antagonist antibodies are used in vivo to treat, prevent or

diagnose a variety of OX40-mediated disorders. Thus the invention provides a method for



30Swi t zerl and) and col | agenase (Roche Di agnostics (Schweiz) AG Rotkreuz,
Switzerland) solution. Single cell suspensions were fused to a nyel oma cell
| i ne X63AE0.26B3081mvuse BALB/ c nyel ona cell 1ine; ATCC a®ca&dBioozroisserber: CRL
1580; Kearney JF et al., (1979) J. Imuggl. 123(4): 1548-1550) at a ratio
of 7:1 (fusion partner-to-harvested |ynph node cells) WO

2013/ 008171PCT/ 1B2012/ 053502 58 with pol yet hyl ene gl ycol 1500 &Roche

. . oly 0. (R
Di agnost il€3iIShASHY neaatedrdisqeegiin a saRice e ragByd compriypsamigistarnge the

| at ed i ] . I i ni i
0211150, el L35, DALLOTUAL 45 SO LB TRNSS, TEROREAGES, 0
fetal bovHxempiey OXIOFESliatBAAsbRlbariatlodd @ssctiBas Glvial Gactétitd fuinggl,and pasitic),

L-glutam ne, 100U/ nl (Bi ochrom 5AG GCermany) penicillin, 100 ps/nil
st r ept omgBilefoxiishedkrasprcmtsd wih i{agtion, akaisHEPEDatqich ity athng chde | |

S Coor 1 Shfueitgb gt REEER OFRE IR el ATREL LG, DAy PG 00
G owt h f asflimbdoybisdveto disegse, Crih@fsclivendel plckye dMilnis| B&@Onie FDaRAE) coeliac

10Approxi mately 800 wells fromthe fusions were screened by ELISA for the
pr esence defeasepdbladdar disesse.rialosislal disepspnerirnaiy 0sAHEIShYase e, sHBIChi ndi ng of

human OX on i r tqLr... Pos v I X e jected to
oo, T oundasrons BRIkSR 5 1 e S e aRp i SRR R R ARG
chai ns veKeitic) iaecheansli sed gnarthtod, 2foadas ef Be céﬂtfdﬂbﬁwﬁ@[}ﬂle&@ﬁé@t‘i@sj ng of
the VH and VL chains of the anti-0X40 antibodi es from hybridoma cells For
eacH posisyiteiaisychsas ragltiple sslebesid bipas (tush a4 sRIMIQAEPUS eafplzaneagosus) and Guillain-
reverse-tyanscribed,into cDNA.and VH and,VL genes were respectivel

arpl i 11 edby S PERICr AT BeRaliS diaaniiy bem ey o dhe Fhba - Paakidivass or
(pDrive \I%Qtn@ﬁhro@t N obehicHRSRIRE b & RO purpwlal mieamdis&@é,.peh%hig%a1124),
allow ng for the \ sequenci ng of individual PCR products and the

det er mi narinwwy biliarsohohosy, spiepilosb.cakrddeynafWetracsetranulematoyiss pagoreastis, Thi s

vector allowed for blue/white sel.ecti LB- agar. pl at.es contai ning | PTG
and % gattpRa ey RSB EE RVER o FHBRRNL B SHOE e AT, on o
X-0p by didegscin@éding iRBRMIMd A scadde SR Ycafdli ARS8 as WeR Y ROSIkEV®sis,
(white) bacterial clones were prepared and sequenced using standard DNA

sequenci nergyriaviar sogpadaion; borfegesdarpleony estteporpas lobepathrNb3paiodoMiBt wd, T7 or
5P6) . DNA seg}ieﬂccgs v&r e fi n‘gltl y ?ubcl oned into an expression vector for
r econbi ndNPOLNPPELE pERGFOPRIUSOPTRG Gy of interest in mammalian cells.
30RNA isolation Total RNA was isolated from 2-10x106 cells using the
RNeasy M ni Kit from Q AGEN (Q AGEN AG, Honbrechti kon, Sw tzerland; Cat.
No. 7410&)thacaemglangOidOtrheslistethdif acicumeluds infiy@oRe (3rah I8¢ LPCTYngB:0W?2/ 053502
59 20 parasitic), endotoxic shock associated with infection, arthritis, rheumatoid arthritis, asthma,
bronchitis, influenza, respiratory syncytial virus, pneumonia, chronic obstructive pulmonary
disease (COPD), idiopathic pulmonary fibrosis (IPF), cryptogenic fibrosing alveolitis (CFA),
idiopathic fibrosing interstitial pneumonia, emphysema, pelvic inflammatory disease,
Alzheimer's Disease, inflammatory bowel disease, Crohn's disease, ulcerative colitis,
25 Peyronie's Disease, coeliac disease, gallbladder disease, Pilonidal disease, peritonitis,
psoriasis, vasculitis, surgical adhesions, stroke, Type I Diabetes, lyme disease, arthritis,
meningoencephalitis, autoimmune uveitis, immune mediated inflammatory disorders of the
central and peripheral nervous system such as multiple sclerosis, lupus (such as systemic
lupus erythematosus) and Guillain-Barr syndrome, Atopic dermatitis, autoimmune hepatitis,
30 fibrosing alveolitis, Grave's disease, IgA nephropathy, idiopathic thrombocytopenic purpura,
Meniere's disease, pemphigus, primary biliary cirrhosis, sarcoidosis, scleroderma, Wegener's

granulomatosis, pancreatitis, trauma (surgery), graft-versus-host disease (GVHD), transplant

rejection, cardiovascular disease including ischaemic diseases such as myocardial infarction as



protocol; sanples were quantified using a NanoDrop ND- 1000
spectrophotoneter (WTEC AG Littau, Switzerland). One step RT-PCR 5The
total RNAWPrepawstiions descri bed above were further rev@c3aBimanisse2 bed
into cDNA, and the VH and VL fragnments were anplified by PCR using two
different mxtures of degenerated priners, each one allow ng the recovery
of all the different subfamlies of npuse imunogl obulin heavy chain

vari abl e Yala§rigtresclerrplsy dHraypicalan seasplabing; ReTCUrOIRiEN. PYERPOFPiDPstpppsthrits,

recover yggfloﬁﬁltlmgcm @lg%gggﬁljoﬂl %]tl 1ccgal n kappa vari able fragnents

and vari n kappa ju regl ons. The priners used for
reverse transcription and anpl i f| cation were synthesized by Mcrosynth
(Bal gach, Switzerland), and were HPLC purified (Tables 1-4). Both

r ever se- threlpaed Ol oncdigier! diemdgrnse be treaed yathwas entihedy of thedwinHon tgneous| v

i o I Seled OFRDPRE R BB RTsmar thli bl AN HRTRE SR Oliis. prorias.

each nRNAsthhas@OPiDe IMELrifheasiseat-aiease (GURID G athercatib@sisngd ﬂmrbeﬁelaeA
i ndi vidual reverse-transcription and anplification of either the VH or the

VL fragmeattisulappregersid @3 ¢a mergredisasdiry eubq ieasedrINpR fcrastibodit @rthe gvantiomal

vol une of. X 0 of a 5x stock solution of Q AGEN OneStep
RT- PCR Bu%g %gh&t 10331%65@\61}1 at a concentration of 10mM 30 of priner

mx at a concentration of 10[tM and 20 of Q AGEN OneStep RT-PCR Enzyne M Xx.
The final 20m xture was then placed in a PCR tube, and cycled in a

PCRG herrﬂ&}y@lr@ﬁnt(lsvwa alsopedades\aaraniibed o0 o8, inBhoURagen it prar brtigdads,

Rei nach, §W'at Oecr @dghusiar;‘g?gthe following settings: 25 40 cycles: 30 mn at
50 C 15 MR AiOYEE Y42 Y-C 30 sec at 55 C1 nmin at 72 C 3010 nin at
72 C Hold at 4 C WD 2013/008171PCT/ 1B2012/ 053502 60 pDrive cl oni ng

In one embodiment, the antibodies of the invention can be used to detect levels of OX40, or
levels of cells which contain OX40 on their membrane surface, which levels can then be

15 linked to certain disease symptoms. Alternatively, the antibodies can be used to inhibit or
block OX40 function which, in turn, can be linked to the prevention or amelioration of certain
disease symptoms, thereby implicating OX40 as a mediator of the disease. This can be
achieved by contacting a sample and a control sample with the OX40 antibody under
conditions that allow for the formation of a complex between the antibody and OX40. Any

20 complexes formed between the antibody and OX40 are detected and compared in the sample
and the control. In light of the specific binding of the antibodies of the invention for OX40,
the antibodies of the invention can be used to specifically detect OX40 expression on the
surface of cells e.g. can be used to detect a patient having low expression level of OX40. The

antibodies of the invention can also be used to purify OX40 via immunoaffinity purification.

25
Thus the present invention also provides an in vitro screening method to detect a patient
having a low expression level of OX40, comprising the steps of:
(a) purifying peripheral blood mononuclear cells (PBMCs) from a patient blood sample;
(b) subjecting the PBMC:s to flow cytometric analysis; and
30 (¢) determining the number of OX40 positive cells in CD4" and/or CD8" T cells and

comparing this number to control levels.
In a preferred embodiment, a low expression level of OX40 is indicated by an increase in the

expression level of OX40 positive cells when compared to control levels of up to 10 %, more



PCR products were run onto 2% agarose gels. Follow ng DNA el ectrophoresis,
the fragnents of interest (-450bp) were excised fromthe agarose gels, and
further eworastmsi7asi ng the Macherey-Nagel Nucl oSpi n Ex®PcagB20i2/0335e2 250
(Macher ey- Nagel, Oensi ngen, Switzerland; ;£at. 5 No. 740609.250). For DNA
sequenci ng, the extracted PCR products were cloned into the rescue-vector
descri bed above (pDrive vector, Q AGEN AG Honbrechtikon, Switzerland; Cat.
No. 231129ferahly afRie £BTrand eveit Bofhreterabbypf upriopiie. skhegipproash of {4t BHNAG,

Basel , i e ! i DF t ' Rasiz j
o oIS oni eg% V)\E%(gé)l(? 3‘?&? ar g%ﬁrg\l/l gf Crllelsggﬁl?eddgﬁ %t?h%l}@lﬁ%ﬁ ?\P\egt% S@WP%’ QF gmy_gf
Luri a BenhaiadykBY. dref] @o0SUpil. expningdundlt 113100/ nl anpicillin seeded in

Macher ey- Nagel Square-well Bl ock plates (Macherey-Nagel, QCensingen,
Switzerland; Cat. No. 740488.24). The next day DNA miniprep extractions

o e R SRR DM S S R "

anal ysi s achanpdsescimed &ith eirafcatic DNAageGuencd agite. HonexiMfle semirRitiongof
service conpany Fastens (Plan-les-Quates, Switzerland). The standard
priners: thg Byetionganbydestefusingppweytemaeisdsgys.( Tabl e 5). To anal yse the DNA
sequences, the Cl one Manager 9 Professional Edition (Scientific &

Educati onal Software, NC, USA) and the BioEdit Sequence Alignnent Editor

(Hal I, TAheHa88t dWitdsureRitEer proVids thSke ok anfrolB) amiogy Us fdemédt diiretg of
expression vector for reconbinant chineric antibody expression 25For

r ecdhbi nape nesdiqagiest Yl the useaehrigl dngagorist andibody ar fragieit dreronliin He PrHPasPnVL
fragnents _.were.far ted as. chineric. nogl ohul i ns (usi.ng assenbl y- based
por et hohd BT i RS TE R DR AR B IR S DR S R i R

nuri ne  heayyntGhall shukaprodabethd ARk AniktSantivs@bort feagntt@t thersan fdrgd adgavy chain
constant domains (yl, hinge, y2, and y3 regions) and a |light chain where

t he nuri meedidagtent. dded proyisied abithe pfovent dis¢lesure ssetic prfagory ganbddypp dragaxst ant

30domain (Cl Q. PCR-. assenb] ed rine riabl.e and hunme nstant, parts were
ubsequerty PO FREST ot ed® SRaL R B AP0 B B B

t hergmodi faketic BAENAIUribed Y8FHOThE ARARB NI LAKIRAS DT ARV LA veAli € 1 wth
the difference that a human i mmunogl obulin |ight chain kappa | eader peptide

was enpl epdgutaslydis¢fublioptigataignOXde mediaesl dikgders Wdependent of the 0X40

2013/ 008171PCT/ 1B2012/ 053502 rotein, production of the jmmunogl obulin
cand! dat SONTRIAGE QAR O E PREnbn Rege kG R REN S s b TOBRR Wor o

co- transfipehRf: hbledr SsRansd iR SHOREE AR EPTIrdBMIREEin «fkicd©73) . The

cell culture supernatant was collected after five days and purified using a
Prot ei n Axpfefienrtlgw pavel 6 @Xd0.on col uim (H Trap Protein A sepharose col um)
op;aé(?t ed on an 5AKTA FPLC system (both from GE Heal t hcare Europe GrbH,

€] brugg, Switzerland). Table 1: primer Mx VH - back

As previously described, antagonist OX40 antibodies of the invention can be co- administered
with one or other more therapeutic agents, e.g., a cytotoxic agent, a radiotoxic agent or an
immunosuppressive agent. The antibody can be linked to the agent (as an immunoconjugate as
described supra) or can be administered separate from the agent. In the latter case (separate

25 administration), the antibody can be administered before, after or concurrently with the agent
or can be co-administered with other known therapies, e.g., an anti-cancer therapy, e.g.,

radiation.

30 For administration of the antibody, the dosage ranges from about 0.0001 to 100 mg/kg, and
more usually 0.01 to 10 mg/kg, of the host body weight. An exemplary treatment regime
entails administration once per week, once every two weeks, once every three weeks, once

every four weeks, once a month, once every 3 months or once every three to 6 months. The



GTGATC GCC ATG GCG TCG ACC GAK GTR MAG CTT CAG GAG TC GTGATC GCC ATG GCG
TCG ACC GAG GIB CAG CTB CAG CAG TC GIGATC GCC ATG GCG TCG ACC CAG GIG CAG
CTG AAG SR/ TATC GCC ATG GCG TCG ACC GAG GIC CAR CrCrapiuegidsiC GIGATC
GCC ATG GCG TCG ACC CAG GTY CAG CTB CAG.CAR TC GTGATC GCC ATG GCG TCG ACC
CAG GTY CAR CTG CAG CAR TC GTGATC GCC ATG GCG TCG ACC CAG GIC CAC GTG AAG
CAR TC GITGATC GCC ATG GCG TCG ACC GAG GIG AAS STG GIG GAR TC GIGATC GCC ATG
GCG TCG Antbaavs aalinadinareteiet on apdiinie ogrsions Injotyabristeesy spexle A0RLeneNGTG

GreATC it 6 e TG AR N e ARt SER IR LR

TCG ACC GAGIEERICARNEKTriET BloGARVES (BREATyEEthoATGeGuE TG ACPGAR IGERMAAG
CTT CTC GAR TC GTGATC GCC ATG GCG TCG ACC GAA GTG AAR STT GAG GAR TC GTGATC
GCC ATG arxthoreaigsess isadvert taashio TR Hamasambedy epcantaatone! AretdctdOfce Acc

SaR T oPeRTERE TR R AT W R E ARG LR AR R R AT . 57 &

primer Madmitistereti @ watdaiGET CLAGCATTHICRAGEGH GRicHERe RACHEEn CAGEGTraGaT is
CCTCCACCACTCGAGCC CGA GGA GAC TGT GAG AGT GGT CCTCCACCACTCGAGCC CGC AGA GAC
AGT GAC cxpmirdorrcantmacreancy damadogonghechdtiifapchaanitody in §2 prbeite 3

P M o B TP R S 06 S A O S

TC GGOGGTRy@ec HaGc@pYuRT T RABNIGHGT G rORORI GREAGETe AGC GAY ATT
GIR ATG AS‘\;ImiCAG (':I' 3 ﬁ@l%a-GCCGgglATT |VACr5 ATR AMC C%E?FC GCCGGTGEC

ccrltace @Ammwemgekar@emm@n@nmtm@@@mp%@@ @m%$wm@1me ACA CAG

G CT ACETIRA 18-Sl e melor i . itk gl et

GCT AGC GA% BTG IATRIATGrGAR: A FRHGTIHETIEGT A Ti B TGAGE_CAG
KC GECGEGET Cfgl' AGC GAY ATT GIG ATA ACY CAG lrmg % GICT AEBC GZ\Y ATT

GIG ATG AOCIGAG ONer@BBASFGEC GCT AGC GAY ATT GIG ATG ACA CAA CC
GBOGGTGGCGCT AGC GAY ATT TTG CTG ACT CAG TC GBCGGTGGC GCT AGC GAA ACA ACT
GTG ACC CAG TC GBOGGTGGCGCT AGC GAA AAT GTK CTS ACC CAG TC GBOGGTGGCGCT ACC
CAG LT Gleludbibsadbleveior @ivtucliGe Tx%cﬁelﬂs 1@rﬂh8ﬁﬁu$cd& iYkhe pHaBhMREGcaATCCTGAC CC
GGC CGC ACG TTT KAT TTC CAG CTT GG ATGCTGAC GC CGC ACG TTT TAT TTC CAA
CTT TG AT@BP@i@)mf@}I)I@@Dt ACEITTMEAR: CIEAGAGS GTTIHEB ammrmo:f @Bcagde CCC

X TAG CHC AT SO0 TG T . S 0 BT M2

2013/ 008L4d&HeTd toh ORRASIEH ali M TFAIR GO RTAG Xic to the patient. The
5P6GATTTAGGTGACACTATAG Exanpl e 3: Biol ogi cal characterizati on of anti-human

0X40 ant isbledicé dogxd Bvshedl dﬂp@nd\npQrb@mneDe@feIdtarmapOELneSAfact@AntCﬂlbb@B/thﬂ| ters,
spe (ficity .an roduct.i on hybri domas and reconbi nant anti bod

ot acBrY B PaRR e Ry s Ogs PERE PRrPR AV BE R oves Mol Tcr ot ¢ er
p| ates (GaghAlwddsn, mdisld druh@kisVMRBnARe rK O ex SMIZATh@pic el £1i60&F ed Wi th
100 [fl of recombi nant human 0X40-his at 2 ig/ml in PBS (see Exanple 1 for
t he genermatnigempddyetihthe didfiohios thertahanany,. ot]i&rallr@ vmma)unds:amumefdateﬁds omegght at

4C and Weret en.bl oc dW|th PBS 2% .BSA 10 eSerumAIb m ne,. . PAA
Cabor at ofh ELTPBALTV ORI A OHPoN O TG Al (R weiZht. cortiion

general health and prior medical history of the patient being treated, and like factors well

25 known in the medical arts.

A "therapeutically effective amount” of an OX40 antibody of the invention preferably results
in a decrease in severity of disease symptoms, an increase in frequency and duration of disease
symptom-free periods, and/or a prevention of impairment or disability due to the disease

30 affliction. The ability of a compound for the treatment of an OX40 mediated disorder can be
evaluated in an animal model system predictive of efficacy in human. Alternatively, this
property of a composition can be evaluated by examining the ability of the compound to

inhibit cell growth, such inhibition can be measured in vitro by assays known to the skilled



for one hour. The bl ocking solution was renoved and t he hybri donma
supernatants or purified antibodies were added. The pl ates were i ncubated
at RT forwBQorsoest’es, then washed nine tines with PBS 0POTABIMZEI35E0
(Signma-Aldrich Chemie GrbH, Buchs, Switzerland) and a Horseradi sh

Per oxi dase (HRP) | abel | ed- Goat anti-nmouSe H+L-detection antibody (Sigma-
15Al drich Chem e GvbH, Buchs, Switzerland) was added at a dilution of

1: 1000. P&cyEpPRt Opeebomdimanntkilt i theriavaid beakle & deteaunesuehsmounts hapest

. y i i hu t] .
(51 orma: AB Rl BnEii ARE R0t SR Ay TP B A U par il e
used as tchmpdsdtiectt @nteuttadboglytratfdnatesteder e i ncubated for 30 mi nutes at

roomtenperature (RT), washed nine tines with PBS 0.01% Tween-20 and the
TMB substrate 20(Bi o-rad Laboratories AG Reinach, Switzerland) was added

to t | . t i . S i di 4,
.8 P S AR 2 g PR
di stri butreites M alibfikis@dsionlisidgashe cDwhdrz of h aunibty ofFimgthiogs lfvvahiawke tilads Wik

chimeric 1D4 anti body and the chineric 2F8 anti body recogni ze the 0X40-his
coat ed pmstepigciary byyackitgdonisang therpgaand/phamode ebrdsnintatioiuydhvax40 |i gand

Lol 1 CRRIGh) VA BERSIBL R LU PSRN R GRE, (Ton

ext racel ligd-ahuspolitf, i@radeanaln@tragdrisndl si&dkamebud) upmm of NERIrpadeh@ai doutes of
30( nunbering according to the Uniprot Q6FGS4 sequence) was amplified with
f | aHki ng adnmistgtnOEs evameT by Bretpnes 3gososMpreqiretesed srtesi af @gminipgation

resulting P roduct enconpassi,ng.an ASA |inker an 8-H s seqguence
atits st BROERRRS IR Rs e Bl Ao €155 BRe P Rers

vector f mgdleb BVAdrhi@g@Atiéd Bkt thad eMeABanBRpRYI adBifihiszelidRRal§dyiNjetgorr CW
pronoter, a Bovine G owth Hornone poly-adenyl ation, and the nmurine VJ2C

| eader pepdingdudes, withope limhiatien antegvicoprss oftrapiyecylae iamerrl, ipirghedah. For

reconbi nant protein. pr ction, .the reconbj nant vector was transfected into
cuspens ot R R Iu g gt el RE AR, Sl et S8 i ot Pt Tm

tr af!§f ecCliRhtdRaae @ﬁbcﬁlﬁ’@dm{? iﬂ!ﬁaﬁtfcﬁlﬁifs@ﬁédp@mﬁla@sﬁbaraoﬁhéi@,siﬁ%ﬁﬁmalféﬁd\ﬁ@ﬁ and

di stributor: Brunschw g, Basel, Switzerland). Cell culture supernatant was

col | ect edntfstesnal fitjocsiodapd infnslopuhitdrnaorelys angnizbody of diennyengiphicain b
purificati,on.colym (H Trap Prgtein A sepharose colum; 10GE Healthcare
B ope. Gt e VB4 el S Pt B 360 BBt R ki Rer B Sy PEm ( e
Heal t hcargmby RGP Ekarkp1at ihRiraay, Syunfyzeargf(@mg) rectally QubBRgdafly detopidriipe i f
the generated anti-0X40 antibodi es ‘can bi ock the bi ndi ng o% 0¥(40L to the
0X40 receptor, a blocking ELI SA was devel oped. N nety-six well-mcrotiter

pl at es 15( tgr, USA distributor VAR AG Nyon, Switzerland) were coated
Wi t 100%‘%&8%‘8#@?%5%?“%%n 0X40- Fc (see Exanple 1) at 2 ig/ml in PBS.

Pl at es wap gndRGURAIRINAN 8F HedliclAtired tn BRIV RaduRR P Lok R dn MHenEBSHiXP0 BSA

at RT for one hour. The bl ocking solution was renoved and the hybridonma
super nat antisodyror praginehediemnt, ithroding® sitener dhdethtocoijeggit af de ifFiengomfarut es

et Bl T Ll SRl a B Sk, ol 0, 06/, 20vee
nine ti MeSmprise a container and a label or package insert on or associated with the container.
25 Suitable containers include, for example, bottles, vials or syringes. The containers may be
formed from a variety of materials such as glass or plastic. The container holds a composition
that may be effective for treating the condition and may have a sterile access port (e.g., the
container may be an intravenous solution bag or a vial having a stopper pierceable by a
hypodermic injection needle). At least one active agent in the composition may be the
30 antagonist antibody described herein. The label or package insert may indicate that the
composition may be used for treating the condition of choice, such as cancer. In one
embodiment, the label or package insert may indicate that the composition comprising the

antagonist antibody may be used to treat an OX40-mediated disorder.



with PBS 0.01% Tween-20 and HRP-streptavidin (Sigma-Al drich Chem e GibH,
Buchs, Switzerland) was added at a dilution of 1:2000. Plates were

i ncubat edwbap13@0817iinut es at RT, washed 9 tines w th PBSPOTOB2G1Z/0&3802- 20 and
the TMB substrate (Bio-rad Laboratori esS$G Rei nach, Switzerl and) was added
to the plates and the reaction stopped after 6 mnutes by 25addi ng H2504.
Absor bance was then read at 450 nm by a mcroplate reader (Biotek, USA,
distributor: WTTEC AG, Littau, Switzerland). Figure 1B shows that the
chinmeric t ' e} ct. . wee nd
OX4QL in %93%‘?3’ ‘Qgggﬁé‘!eﬁfﬁﬁ%&ﬁaﬁté@? %&%‘6 g%gl Q% Lagtdg{{?trgtgbﬁgl eg t\P(:'?flndt?)l o%&ouﬁs not

abl e to kbealel Reréing whaeihitincdigposaim OXpoisantle X4 dnistAQtibhiyeierdvh x@d (b)
Lynphocyte Reaction (MLR) Blood fromtwo different donors was collected in
t hr ee 10 arfecamdigontsinet pathyg qompopitiogcentaied theagini wegaiguhaermyosgiogcegiprises

20157 005t At TEgs HEs Es hETARRR i dd T SR PReRLEEI T IR e
used as teathgaimenebf the dRBMSEre(rhgy fupher @mpso agacierne M eaticadk s te @ t he 2

donors were purified using 50 nmL Bl ood- Sep-Filter Tubes (distributor:
Br unschwiagd s@g8eé comgpjitionsgan Re psqdon|comibigtion & e afRetlimediadidiseasedt i ons.

Cells werge t ith Ro ] r Lal. ti. M, PAA
Labor at orcﬁlsé)é&%g%gg g}ﬁﬁr%%ﬁ%\é%%nrt F%‘/s"\éng‘a Bfr)]%\?viﬁtd ﬁ%g{) tﬁlé%@.eg a%é“@’g&r gletfl gfel | s were
i ncubat eghraveliing 36118/ (81, @fthihiboryic iaBerfe, {nSinginBlakled b dneniothetapbitic Bieahs,
Switzerland) for 30 mnutes at 37C. Cells were then washed 3 tines wth
RPMO wi t BBantiERGogeMC peentspantidrapna xempoeisl, b catdigpiotRENL, andjon PRSIAPAA
Labor at ori.es, Paschj.n Austria)., 2mM L- t am onza, Leuven | gi um,
roou . shireere Fcidt QoL il A BT DR PR o ety )
I'n 1096 wekdle & Bt tr& AR BdyruRh&t @k PR secbhasadhir@erontaddrica@ipligingdy, S0° 000
target cells and 80' 000 effector cells were distributed in a final volune

of 100 [ frhamenceeietllya¢deptabieeuigndretiag factepiostatie WatsdordijieeidndsViles added to

the wells., Plates re i.ncupated for. 7 days at 37C.in 5% incubat or .

Soven: dayBoipaisr iR CuliE KRR a0 Rlind R MUY LR GRS G o
3H thym e n{adnglakd dbsER fbm d&h@bcal ahd 8er Bh&hdMst, ineRIdi MBS uPREvest ed
and incorporated 15radi oactivity was quantified on a Wall ac beta counter.

Fi gure 2 dghows fillvat nedsdese idheringesiD4 anti body is able to block the MR in a
dose dependent manner to a higher degree than the positive control. Exanple
4. 20Bi nding of anti-hunman 0X40 anti bodi es on human and ot her ani nmal specie

act i vat edypeiiRiahabcdpl 0P theRORALURL &RTonGRE kit RBMsingdke hhiagythenmet ry Human
cells Filters containing human | eukocytes were coll'ected fromthe Bl ood

Col | ect i enm@esitiens drrithennimui@irangeles Fothd snvesupn amt inginebtip@e i uee. dde kit can

Tr a%gf usifo Sangui ne et Lagcgig.atagi re dte Seféol grgi c, 25rue Sophi e-Miiret 29,

CH-2300) [VEHT OIS WETRAE GEA P RO AYASHRIS £ SUF R 8% LT BYNBASKPPIES TGS R 60
cytotoxic agent or a radiotoxic agent, or one or more additional antagonist antibodies of the
invention (e.g., an antagonist antibody having a complementary activity which binds to an

epitope in the OX40 antigen distinct from the first antagonist antibody).

25 Without further description, it is believed that one of ordinary skill in the art may, using the
preceding description and the following illustrative examples, make and utilize the agents of
the present disclosure and practice the claimed methods. The following working examples are
provided to facilitate the practice of the present disclosure, and are not to be construed as
limiting in any way the remainder of the disclosure.

30



mL of PBS containing 10U/ nL of |iquem n (Drossapharm AG Lucern,
Switzerland). PBMCs were then purified with 50nL Bl ood-Sep-Filter Tubes
(di stri buworoi3®osrtschwi g, Basel, Switzerl and) foll ow ngPERABIEAZDIBSEX ' S
instructions. Cells were washed 3 tinmesgith Roswel | Park Menori al
Institute (RPM, PAA Laboratories, Pascfsn ng, Austria) nmediumw th FBS

30( PAA Laboratories, Pasching, Austria). Cells were resuspended at 3x106
cells/m in RPM, 10% FBS (PAA Labor 3*8MRes pasching, Austria ), 2mv

U tragl utam ne (Lonza, Leuven, Belgium, 100U nml penicillin, 100 ps/m
streptomycin (Bi ochrom AG Berlin, Germany), 10 ps/ml of Phytohemaggl utinin
(PHA;  Si @ixanf@lélli ch Chem e GibH, Buchs, Switzerland) + WO

2013/ 008171PCT/ 1B2012/ 053502 66 100 U/ nL of rHu IL-2 (Proleukin, Novartis,
Basel , Sfreneeatigihand sereeping ofymopsganti-humpprOX4) autibodigen, Swit zer | and).

Forty-ei ght . I I .ed
oyt ot 1o SRrOGE T B GhpinAR i PatARAGPL BERFES AOATOE KSR NS s,
cel I I'i ngurdhasa fEan 118 8bGeneSarvhdmgnvoNR XPRBOBTIFEB OB BRrli) GieAahd W Ulivr en

GrbH, Braunschwei g, Cermany) were cultured in RPM, 10% FBS. 2x105 cells
wer e di sttPNgytvag usad ag agemplala o\ (Foampldyphe DN /4 vabng mezeeefi theyeyman
Switzerl nd rif 1 O r r nts
vere di saanoy T SO SR (310 B SRR it S Sl R s BRaErSALE
descri beadfbaumun 1401 HBB/E@siaad; 143B45Ab. kyag eipEfigd BPRCRGdam dES GRS BGE 1atker e
were resuspended in 50 [fl of FACS buffer (PBS, 2% FBS, 10% Versene

(1 nl t r ogad a SUSAYOxfilis hinkgypneHresrictioni sray fog clobimga ntich e ye s pdictowergn
appropriate isotype control or 2 fl..o .PE- | abel | ed cQ rcia

ane hundhTsSeh ARt G300 e Bt Pabelinb e RS AMATRIERAR Bles or

Swi t zer | apskequdaglonindBh® aldbdicied ataethIRh c}Pretlion{@SortasédCéh tha@sDBIC 3 WO)
times and resuspended in 50 [fl of FACS butfer. An anti-hunman

| gG Phy c péasitidhfriop IpFitoBen Bhogorendes Bagll) Seitnsrland, Suit.11¥e rV B3 c0) diontpimdg 1/ 200

d.to det he chi mer,i tib d the. isot t ol
ant i body MOBTGHAL PORE T B e da R GRE ABeh Bl R RS RBA 1 Us
r espsspengggbnt 924989 fthe wriﬁse@n@ytk@dns@n% Anal @oed Jovirbines BACIOFSIsH U mRNt

(Cyan, Beckman Coulter International S. A, Nyon, 20Switzerland). Cynonol gus
nmonkey prSiVf@repherdet,and Wireo$ e bbp@dpd fvedrie Bermantingersningnkeydes¢rdistdiyriaich Pr gm

i bour g AR el body Ak 6 bR SRR B T bR
Bi 0sci encgghe H¥nSCINER SFAW that 81 & Wbknaid Woc ThsiG ploRSh WedamhieGen Wiishyigh L of

bl ood and the mixture was |ayered on the top of' 10 ml of a 85:15 Ficoll:
PBS m xt we@c{@Enkethk chit awlairEmedpen Gy, byGhanatreusggnal Bwitide of Herdd)manSanpl es

[ d f Om t t t i th b k. The PBMC
oval vad ot P, S (s SHb el T PR i e Ha T e P 8B 8L pended
al 3106 veabh ikl bRl 100 MRSk 69 EAGhES ddi A0y BV PR

Laboratories, Pasching, Austria), 10% FBS (PAA Laboratories, Pasching,
Austri a) usiNgnetBEE Erttanafecton ragcant (et yrl PABahsédntioatSoh |, 8gasbPares hirange; Austri a)

1mM Sodi um Pyruvat e (PAA Laborat.ori.es sching, Austria), 2nmV
U1 g1 ULIRHSHEOT s e PaTciry CEHoR md ol G WPeBe e Sy A eéafany)
100 ps/ ;8 iga GPiRIMARS JuBirRg N5iAP A% ein A affinity purification column (HiTrap Protein A
25 sepharose column; GE Healthcare Europe GmbH, Glattbrugg, Switzerland) operated on an
AKTA FPLC system (GE Healthcare Europe GmbH, Glattbrugg, Switzerland).

To produce the recombinant human OX40-his protein, the extracellular region of human
TNFRSF4 (SEQ ID NO: 11) was amplified by PCR adding a 3> GSG-6xHis linker and

30 restriction sites for cloning. The PCR product was subsequently cloned in the modified
pcDNA3.1(-) plasmid described above. This recombinant plasmid allowed for the expression
of the human OX40-his protein in mammalian cells with secretion into the cell culture media

driven by the native signal peptide of the human TNFRSF4. For protein production, the



WO 2013/ 008171PCT/ 1B2012/ 053502 67 Cermany). One nL of the cell suspension
was distributed in a 24 well plate (TPP, Trasadi ngen, Switzerl and) and

| Qug/ mL oWORB¥S/PHA M Si gna- Al drich Chem e GrbH, BuchspCBdBroazpi3aeed) 100
WnL of rHu IL-2 (Prol eukin, Novartis, Basel, Switzerland) were added.
Cells were incubated for 50 hours at 37 Cin 5% CQO2 incubator. Activated
PBMC 5were cqllected and resuspended in PBS/ 2.5% FBS (FACS buffer). Fifty
t housand r%f@lm@nqnh VERIOT W4 t&fﬂSfﬁA iggpeenyien-adented HEE A% elln (AIG6 npgiber v

bott om pl %§9 y or

bi otinyl a Pg%’ %g%t ?ﬁ%‘%fg%?ag u&ﬁkﬁ§%§8%§2§é$§%%$8 hti - human
0X40 rai Rﬁacemlstheemr (IBDntha&g;uﬁrs@leSwuﬁérlaadh\mhb pelSwﬁlhzeslhI&mh)taWae added to
the wells at 25 Iq&apﬁ Sanpl es were incubated for 20 mi nutes on ice and

t hen cel |C§11qcmweﬁ1\é3 § pEer tfanéfetcn%@dmrﬁleééuswgra/i@s -DUP¥ dfinyy, gusifegion ncubat ed

ai 1 0t on PR dLARENE RIA SRR SRR ORI W CRIRR Bl &7 o

then res meaﬂadi) ioperdf¥d dnfan K TRACS.(bsifsfeat (GIPHeplitttbateWdropt denbal, (ﬂaﬁi@hggm of
2 [Tl (PI1; qna-Aldrich Chem e GrbH, Buchs, Switzer|and) was added in each
sanpl e t &vakerwb. Resambirant bum@eDP%OV%raéldéNé‘llQrmé@rwnﬁ Mg oynd e 99% Cyan,

chows t naE e Hd Sed T Ao Buflyr pAMERY obb e AR o Bl HR SBIC 00

the surf aeBSppridiuran and cynonnlogus nonkey actlvated | ynphocyt es,
resPectlver, thus provides for cross-reactivity properties highly desired
forlbrug devel opment. 20 Exanple 5: Klnetlc bi ndi ng afflnlty constants of

t he chi tor ext ul ar

surf ace HeaSnBtpAUSERTK | Boa R EERR SRS PR PR eb P ORTRE) ™

wer e rrea%ﬂlhﬁﬁheqa juR Rt(P1iOnifs, St F adl, %ﬁvmdyomuwﬁ cARuldiee abpRpftd hitet i di ne
t agged human 0X40 recept or extracel lul ar donai n as described in Exanple 1

as anal yteelulmawas' @wfﬁr@dvte 0e mbnekubinsprieges éBBle@Un@gQr@Gﬂlsemﬁllwﬂtzehﬂ@ad)e

Bl A t I M t.h -t

Bi aEval udP Baldar enEL Chr b SRR el ?fe%ﬂe%é?laé“@@eb&?%r chi p
(CE Feal th&ipiR, fHemaReof@dHil i ahd RICHSEih ¢ dethb dR[IsiRR HORAr. Tk

activated by injecting 35 [fl of a 1:1 N hydroxysul fosuccinim de (NHS)/ 1-

Et hy1- 343mmunmtahym ams repprtop e weeksdaldi wrth dlec sapravedvind pi ai2CEDEG) theshmt i on
(v/v; fI/ n.fl.owrate; on flow paths 1 and 2). Protein-A (ref. P7837;
Si gma- AI PHER t‘i‘lJFe%OB GrbH, WD 2013/ 008171PCT/ 1B2012/ 053502

The presence of circulating anti-human OX40 antibodies in the immunized mouse sera was
20 evaluated by direct ELISA using plates coated with the recombinant human OX40-his protein.
A serial dilution (from 1:10° to 1:10%) of the different mouse sera was added to the plates and
the bound antibodies were detected using a goat anti-mouse H+L. whole molecule-HRP
(Sigma-Aldrich Chemie GmbH, Buchs, Switzerland). A final sub-cutaneous boost with 50 ug
of antigen without adjuvant was performed in animals displaying the best anti-human OX40

25 IgG serum titer three days before sacrifice.

Animals were euthanized and the inguinal, axillary, brachial, popliteal and sciatic lymph
nodes were collected to prepare a single cell suspension by disturbing the lymph node
architecture with two 25G needles in a DN Ase (Roche Diagnostics (Schweiz) AG, Rotkreuz,
30 Switzerland) and collagenase (Roche Diagnostics (Schweiz) AG, Rotkreuz, Switzerland)
solution. Single cell suspensions were fused to a myeloma cell line X63AG8.653 (mouse
BALB/c myeloma cell line; ATCC accession number: CRL 1580; Kearney JF ef al., (1979) J.
Immunol. 123(4): 1548-1550) at a ratio of 7:1 (fusion partner-to-harvested lymph node cells)



68 Buchs, Switzerland) was diluted to a final concentration of 50 ps/nml in
acetate buffer pH 4.5 (G, BR-1003-50; one pH unit bel ow pl) and
subsequernwbyoinestyil i zed on the previously activated CMPCIARHA2/03H02p by
injecting 35 pi on both flow path 1 and (5 [tl/mn); this corresponded to
approxi mately 1500 response units (RUs) The protein-A-CVb sensor chip 5
was then deactivated hy ectin of et hanol am ne solution (50/ mn).

Lo oy Brerestcabd ST Race D g sy i A, Reereny cpw i arongns. o,
10 mM pH‘hJ—: tfﬁ%ed%ﬂse‘gv?ﬁ 1%5&%% 56) wreﬁI ?ﬁ&torﬁ? Erg?gs%%ﬁ ai%ﬂoﬁge%?dar.ﬁ)}%ﬁes in

nol ecul es ore a neasur enen t est
was perf Q)MEM by meﬂlmtmngogermd Byead, Swineelahd)asupplomehted dvathylt0e, e31dldbosinki xed
gquantity of protein-A captured antlbody at different flowrates (5, 15, 30,

]islo 75 [ 5P GBS PAA hi‘t??)fawli\?ﬁa??%h@goﬁuﬁtﬁ% , @AM At glutaminge d 08 /gl (Beshetin _
10 e o ARG T, HRRPRE reriOludh [ REbEyTRES AR S duetigTer

concent r alnivarogeh ALS Budtl, SwhiStan®), 50 e B- rﬁéﬁptbaﬁanoBE&gﬁl@lAlaﬁch 0h&dieM Hepes,
0.15 M NaCl, EDTA 3 mM 0.005% Surfactant P20, pH 7.4). 2§)\b11t0f this

di | ut ed $iBei Righe, Switverslgodn AT (S#%ré@ﬂ@rl@rﬁlﬂ%eﬂr@bﬂp%@qhs zerlged) and
t I / 0 |1 t hi
S Y N M O e D SRR

extracel lular domain was injected at different concentrations (50 nMto 0.4
on 20 the flowpath 1 and 2 (flowpath 1 bei nE used as reference) at a
@ 1 / mAPproamateht &0 wlﬂSeﬁroréém]fumomvvﬁ@ sstesned bsh ?Sa%@rMPrﬁ@Qémﬁ moesy

(sensor yrarhing 5ok hiaf OR4BART By e Bt o8 SRR HeE R

with 25 massivt ks hefe expandec@auRtbitatd t&@m%ﬁ@dsl d}%ﬁb@bnmgr@@m@w chllected
protein-A captured anti body at the begi nning of each neasurenent, the Rmax

val ue wagnédic heavy ahlighit shaing weictdonetiand seduanéedn times were of at | east
300- 600 seconds. Measurenents were perfornmed in duplicate and incl uded
zero-concentration sanples for referencing. The Chi 2 val ue represents the
sumpf sqianffle di fferences between the experinmental data and reference data
at each point; while the 30 plots of residuals indicate the difference

bet ween t(Heniwgpe segneringofcthe 8k aad 08 daains dbtheemtinOFdantibadiehérom t . Bot h
Chi 2 and I’ﬁEJ dual gal ues were used to evaluate the quality of a fit between
the expem Y2 §dfa and i ndividual binding nodels. WO

2013/ 008 ¥4 RedH HBAATAL QeRekd 6%%1‘1%1%5 Ul RATERNA Wal §rapardioremRekel fhndéticliciates
with the captured chiferic 1D4 anti-human 0X40 anti body i mobilized onto

t he prot eDNMagé NébanchL;geaﬂzsdwmheespectmbr arapli fidef et P@Rn@hftsag@&dpﬂ@dmm wWeK40

rec tor extracel |l ul ar donal S ana 9 116
th st g0 e BT D@ At BIAGERLAR, AR RS RS ASREE el

antl body WBMM}I@IHM@%F he ankia- @é{fﬂ%ﬂmg%df MRi8uANPCROPNAHEN AMClopdi ng

sel ection of human acceptor frameworks, back nutations, and nutations that

subst ant idaterpinagombhmand/ or palyplooukty ktthe sdbéatai lrrbgmppmpeﬂfhmsecmcﬁr dilormed for

CDR- gr af t ed ,accept or. fra rks js descri.be rei t he r.eshaped
vars St WS B bl BT et plofes GRS [ Bl i kb Bp o
framewor kg, Blugrb@HuséL%h d%%@@@gﬁl Ctlﬁe Lécﬂé:]}z&%ﬁﬁg) RbcaRkiThd Hasmids

vari abl e genes fromthe i nogl obul i and m)use (the
| 1 VASGT ddtoabaeeitife Hevhitax baatatal ahales wdvtimoGenell aod seqfcocadatision s&lyléardrﬂ()N)A;

( EBBS)H e A sRei 5 fOf)t he yegonTaciians A i PhOBLT. K¢ & SHD-ANds
Res. 29( %} ue%QJs were %%nggﬁoc%ﬁe& %QZQ%}I %ﬁb Vé%%ldf% E%%mbl?h%(ltléxprégl%njoq ’the

Lefranc I\/P et al 185-203; "Kaas
al ., (Zoaﬂmbcﬂycﬁﬁmta@stmmﬁmmmamﬁb Genom cs & Prot eom cs, 6(4):

30 RNA isolation
Total RNA was isolated from 2-10x10° cells using the RNeasy Mini Kit from QIAGEN
(QIAGEN AG, Hombrechtikon, Switzerland; Cat. No. 74106) according to the manufacturer’s



20 253-64) or the VBASE2 (Retter | et al., (2005) Nucleic Acids Res. 33,
Dat abase i ssue D671- D674) or the Kabat database (Johnson G et al., (2000)
Nucl ei ¢ AFOA813R®817128: 214-218)) or publications (e.g., PKahB201E#s538e2 al .
supra) may be used to identify the humapg,subfamlies to which the mnurine
heavy and |ight chain V regions belong and determ ne the best-fit human
germine franework to use as the acceptor nol ecule. Selection of heavy and

i ght ch&fe{oo8y sHnRist Wekediratbed uppe aNanappp il bhi0R0 tsheeorslometar) G be
used as ased upon sequence honol ogy and/or a match of
structur ?C%’]%Etﬁ% %ﬁgl}f@ CDR2 regions to help preserve the appropriate
relative presentation of the six CDRs after grafting. For exanple, use of
the 11 VIGI database indicates good honol ogy between the 1D4 heavy 30 chain
vari abl e QsarRE-Pékewor k and the menbers of the human heavy chain variable
domgj n syhf am . H.agh | . dentities th n

fr anbwor 1 TSR KNA IR BRTRCARLER: B0E AEN Lo Sl MU TNANY seq
I D NO 1%%e VHGIMAT? 0% OhetSHQrd dhNDiedH3) RCR GhiMg 1w O Hilferdridhx tukk sNOde Zehkrated

| GHV2-5*09 (SEQ ID NGO 22), and | GHv2- WD 2013/008171PCT/ 1B2012/ 053502 70
70*11 ( SPQmer.Nexchoane giqwisg (i sdeorayi Ay dledierdibeicdeubtapnibigiod TRUsST or

have o sSRIGACE P gk P By et vusie nily SeindRb i ERATa 2

sequence thd@bidry o0hil A B8baREndA%bulreBaR Chhiviedappa SaldbldGadhiénts an®variable
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i dent i t yyimaipacoskvesing*tha Q16£¥§N OnNGep2 8I-PER . 1804 QHRENT Y5, Eigmbyeelitikiong
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regi on. Anfplifisatidnuefemthgedhe At iob by Vbflragments. gagmbtodd RN slissplyedario iMgsar ed

Var abl e b 8 AT HRah o AR B ERER AR ERsEngt BN e
hybri d hegexiphar PereBh@ll ey dampiNTMes i Dasebnethitaien lag MHAMISAY ¥ SfdbNmix

variabl e domain | GHV 2- 70*10 wherein gerniine CDRL and 2 where respectively
r epl aced af arcon@htinbav pf ¢HiaMnar@DRI Al AGEBdneSten BA R Hazgogint The quehce

to e human acceptor framewo was identified f he | ear ghes
et oned 384D AS hermelae ot § B MirHaoG s Sy o bRy Eh PR AP
sequence yhaydodW 1RO Ra@i¥béaiPicd Ad, rRmRR! St Rk AN LsinkMe M%@n%@ﬁ%gs and
best matching JH to human acceptor is refereed herein as heavy chain

variable domain VHL with SEQ ID NO 29. Simlarly, the human-nouse hybrid
| i ght chain vari abl 8 domagqo(l:lsed for this first humani zed anti body
candi dat e had huna 8241%01 framework regi ons, 1D4 nouse CDRs, and best

15 min at 95 °C

25
40 cycles: 30 sec at 94 °C
30 sec at 55 °C
1 min at 72 °C
30 10 min at 72 °C

Hold at 4 °C



30mat ching JK to human acceptor, and is refereed herein as light chain
variable domain VL1 with SEQ ID NO 30. The first humani zed anti body
enconpasswogoMseimd VL1 i s abbreviated herein VHL/ VL1 &0TilBzudy/0535800

2013/ 008171PCT/ 1B2012/ 053502 71 Product %Qn of the first humani zed anti body
prototype Coding DNA sequences (cDNAs) for VHL and VL1 were synthesized in
a scFv format by GENEART AG (Regensburg, Gernmany) thereby allowing for a
single to enconpass both variable domains (SEQ ID NO 31).

-
| ndi vi du [ [ r ' ' - t
by PCR 2t P o O CEM BalBE Belt P BNE BNA SRR RS, |
cDNA sequeriaef(s) (uRiohp) RER assestblrynt eéehidagisesgeld;iandl fuythet baraanplgihe theavy
and light chain cDNAs were |ligated in independent vectors that are based on
a nodi fi edaghexAggel Veelpdpindixiiact Hdiel0 @kcherspNaggh@gnsipenheviimapd:drait er
and Bowyi - nyl .at [ | . I.gh '
speé?fic%gggwgﬁﬁg?ﬁgagépgﬁﬁ?§§%¥3§ggf%%d%bﬁgﬁaégggénggggygggﬁéaﬁgﬁgﬁ%ﬁﬁé by
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t he kappa |ight chain constant domain cDNA using BanH and Bsi W

restrict i(c gﬁz%ﬂ%ﬂta@ﬁ;trwﬁfqr@e@ Hatohdigvk. etailiPPettrain dInydeaesp Ads Basel,
engi neer d . ) I i f the heavy chain variabl e donai n cDNA of
interest%{%‘ﬁEZ g%k%?%%P%ﬁg%?%%xgsequence encodi ng the human | GHGL CH1, | CGHGL
hi nge region, IGHGL CH2, and | GHGL CH3 15constant domai ns using BanH and
Sall restriction enzyne sites. In both heavy and |ight chain expression
vectlbrs, Misipren pxiraciigs driven by the nmouse VJ2C | eader peptide contai ning

the BanHl, site. The BsiW restricti.on en ite i ed in th appa
const ant TagpoNisr ShE R g, BEY O (S s KIAIF D 1 3 Khe
| GHGL CHBegl@AR(IMB) Aldhen Vipdldhdntan tiilo dyoas tardisili@nddeded i deBerehINagel
co-transfecting equal quantities of heavy and |ight chains vectors into

suspensi Gquagaptledledkkplors EBNahereeNagel( Npagaedn, ceritdedgubs Gaindler 74CRI8-2H0852)

i Lyet hyl eni nj PEl . Sigma,. Buch i tzer| and i call i
of oo o ME SR GBkeb SR SiprepchErRyoBY STy PRAA] bR e RISy MAG
trapsf ectppd il kN (R1aBNAePRbedTl BErkIReR OSWRIMaRE GR, NbI74062@Xpr essi on vect or

encodi ng the heavy chai’n and 50 |ig 250f expression vector encoding the
| i ght chain. Wen reconbi nant expression vectors encodi ng anti body genes

are intrqduced.int 3Ihe host lcel | s, antibodies are produced by further
culturinggwg—gélg)—g—ﬁ@‘f—é—ﬁ%ie e ias enge ¥ of 4 to 5 days to allow for secretion into
the cul t wagprRde s@ﬁxf&EbNAZ&aueﬂdﬁkgaﬁrh%%Nm §dqgendidbdifice SosipRny PHGHS
Switzerland), supplenented with 0.1% pluronic acid, nmM gl ut am ne, and

0. 25 i g/ ritlagdereObain)Swigorlanid At 3t08UPCTA:1M20E2/ BB3602 1772 SP6 were used
20 (Table 5). To analyse the DNA sequences, the Clone Manager 9 Professional Edition

(Scientific & Educational Software, NC, USA) and the BioEdit Sequence Alignment Editor
(Hall, TA (1999) Nucl. Acids. Symp. Ser. 41: 95-98) were used.

Cloning of expression vector for recombinant chimeric antibody expression

25 For recombinant expression in mammalian cells, the isolated murine VH and VL fragments
were formatted as chimeric immunoglobulins using assembly-based PCR methods. These
chimeric antibodies consist of a heavy chain where the murine heavy chain variable domain is
fused to the human Ig(G1 heavy chain constant domains (y1, hinge, y2, and y3 regions) and a
light chain where the murine light chain variable domain is fused to a human kappa constant

30 domain (Ck). PCR- assembled murine variable and human constant parts were subsequently
cloned into a modified mammalian expression vector based on the modified pcDNA3.1(-)
vector from Invitrogen mentioned in Example 1 with the difference that a human

immunoglobulin light chain kappa leader peptide was employed to drive protein secretion. For



exchanged i nto phosphate buffer saline prior to assays. Binding to human
0X40 was neasured by SPR as described in Exanple 5. Back nutations of
grafted hwoenidosrmewor ks 5Since straight grafting of CPR3/IB2a2BBEER nouse
anti body led to a candi date havi ng no bhpding to human 0X40 (Table 6 and
FIG 4), nutagenesis wherein human residues are substituted for nouse
residues was initiated, This process is called back-nmutation and is the

most  unpPEYFBPaRIUstiph Bt iEINAZIoheiheaRditiacat saval ernhbeotitsial ansighbodi es.
L necesehidhesl PR A Qv@&tdofﬂr@%gc%%@g%Féﬂ%ﬁsigﬁ.'aﬁ LPAER! 26 &T@@hu%ﬁwmr k
e ody a to

resi dues Trom nouse anti nee e retarned in order to
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resi dues Hrtaad aHumpyarrifigationreeduran {Hidrahiojgae A sepRasescaod RS bt 9hddy

e - var TSb e e st aeh A CALIER AT EOR ORIRE LG R, SRy 1y

have the hi ghest inpact on antibody affinity. 15 To identify residues that
may inpact the nmost CDR conformation and/or inter-variable domain packing,
a 3D noddiabie}: privaes/Miix\WH - back of variabl e domains was cal cul ated using

the struc " Ag r H%ﬁ; I et al.,
(2006) BI gﬁﬁ%wmﬁq(gg%@%%ft@%@@ﬁ&k%ﬁ%sw ss%@ge@%edgggsy. org) set in
aut omat edGmoperC Meteh120aud yeGa@CloneG I e et ¢ at OAGarcubset  of
positions based on their putative influence on CDR rg%i ons and/ or heavy

chai n- | i ghtl (@Rl HGLaATAbOE (g Moo 4k KgLG Titils (dGbaal ARSI ti ons

consi st ed VAak i | A : 4 60, and 62 as
vl as vatCgEfte RRo R ERRG FoB A PERAG Qe g el ntiar; Og5 *ana"7s
(Kabat nugerATOGCE ATEHATT POGtACE tese (bee K AGIUaE OAS, CARIIE chain
position Y31 found in the VHL/ VL1 anti body was deleted in sone

25candi dafd A Fu i KeAThubbEh Ted AahdiMatekY baded TonCaarG aBsIConbi nat i ons of

Uri/ L1 astBOl e BaREET R Ry G S S R ARG ki Refhods descr bed
above. HugaQZRd AT WHepgCerndGdet e GAGIET@ Y SUGIQTGIPAREIC  bi ndi ng
affinity by SPR as described in Exanple 5. WD 2013/008171PCT/ 1B2012/ 053502

73 ni ne cad§iAEt €8 (AT (ot GHoWw ¢y (bh MdFHg AWGHYKRG TEXGAG dhd anot her

Thoned 1 nE e LA L ARD R 6 ARG SO b AR ST OB USRER anl'y two
ant i bodi egTOA Ve and; MHH M8 AhowAK a9Rd ANMA TG (1@ biAramCO0X40. Bot h

humani zed anti bodi es had back nutations at variabl e 5heavy chain positions:
23, 35b, 60GAL; (MKdAGR: Gl Va6 SOCEAGEREG el € T80 8iI1G AR TG3, 34, 46, 47

ana iz Ve Cslel e o TR G RECAGE IR oS T gk CHE T KB 3PS, o7 " ™™™
Sur pri si nginG AT OGO AhrdGrerrovescaid ARIAIR NG bumanrOXdr qyer 1D4 chineric

anti body and the VH6/VL9 variant. The binding affinities of these hunmani zed
ant i bodi e&'Tarl'c (i ATL eACChTTaAEC LAA W TH AR STAMGAGLGABfT(S el ect ed

e R e e A s N
di f T erent (g SRAMRIOATERERU TRETACC RS PO endl cACERREES mel ting
profiles are characteristic of their isotypes

GTGATC GCC ATG GCG TCG ACC GAT GTG AAC TTG GAA SAR TC

GTGATC GCC ATG GCG TCG ACC GAG GTG AAG GTC ATC GAR TC

Table 2: primer Mix VH - forward
CCTCCACCACTCGAGCC CGA GGA AAC GGT GAC CGT GGT
CCTCCACCACTCGAGCC CGA GGA GAC TGT GAG AGT GGT
CCTCCACCACTCGAGCC CGC AGA GAC AGT GAC CAG AGT
CCTCCACCACTCGAGCC CGA GGA GAC GGT GAC TGA GGT
10



15(Garber E & Demarest SJ (2007) Bi ochem Biophys. Res. Commun. 355:
751-7), however the md-point nelting tenperature of the FAB fragnment can
be easi | ywpaemtiogi7ed even in the context of a full-| engPRTIIBEB12/68862

m d-point nelting of FAB portion was us to nonitor nonoclonal stability
of the humani zed candi dates. 20Cal orinetric neasurenents were carried out
on a VP-DSC differential scanning mcrocal orineter (McroCal, Northanpton,
UK). The cell volune was 0.128 m, the heating rate was 200C/ h, and the

excess prﬁ%wg:gq#\@ﬁﬂg@%tvﬁ%bgégp.s. i. Al antibodies were used at a

concentration (pH 7.4). The nol ar heat capacity of
anti body @aEKGESTGH 64 TXGCAHRATA BOICAG UTGEIANIT CAGeCSanpl es cont ai ni ng
identical buffer fromwhich the anti bodé 25had been omtted. The parti al

nol ar  heaP &t GGeSCdMIGRErAA YL E (FMeS TheteC 4P y,ed usi ng st andard
d j trati
pr ocedur eg}%cgﬁ‘ggig}'e?@@f Af\@ﬁlppﬁ[a%(allf G%Gc]grrwgcﬁdcg@@oncen ration

normal i ze ei ng er anal'yzed using a n-Two State nodel in the

sof t war e QUMGEOTHGOCCHUABAI GAY AVET GG YVIREAVLIC KB r agnent di spl ayed a
single transition at 76.3C with a 30shape and anplitude consistent with a

cooper at i VEHFECHnGCIMER GAYFRhE(HR HpTohdeM EedG b a conpactly fol ded
FAB f ngi I h i i ful at
B PO MO RN R RAAGRTR DMPIOREIR, Vap oacoess g ©

retainin e ‘humani vari ant showed a good

thermal sGallGGTHGC WOT2AG8/CAFINTPCH G BAQLANIDBAQ2T¢4 Tabl e 6: humani zed
anti human 0X40 anti bodi es Humani zed anti body variant (I GHGL) SEQ | D NGCs
Mut at i ons CUYGOETELEKG EMGC GAY ATY CAG ATG ACA CAG AC

GGCGGTGGC GCT AGC GAY ATT GTT CTC AWC CAG TC
GGCGGTGGCGCT AGC GAY ATT GWG CTS ACC CAATC
GGCGGTGGC GCT AGC GAY ATT STR ATG ACC CAR TC
GGCGGTGGC GCT AGC GAY RTT KTG ATG ACC CAR AC
GGCGGTGGCGCT AGC GAY ATT GTG ATG ACB CAG KC
GGCGGTGGC GCT AGC GAY ATT GTG ATA ACY CAG GA
GGCGGTGGC GCT AGC GAY ATT GTG ATG ACC CAGWT
GGCGGTGGC GCT AGC GAY ATT GTG ATG ACA CAA CC
GGCGGTGGCGCT AGC GAY ATT TTG CTG ACT CAG TC
GGCGGTGGC GCT AGC GAA ACA ACT GTG ACC CAG TC
GGCGGTGGCGCT AGC GAA AAT GTK CTS ACC CAG TC
GGCGGTGGCGCT AGC CAG GCT GTT GTG ACT CAG GAATC

Table 4: primer Mix VL - forward
ATGCTGAC GC GGC CGC ACG TTT KAT TTC CAG CTT GG
ATGCTGAC GC GGC CGC ACG TTT TAT TTC CAA CTT TG
ATGCTGAC GC GGC CGC ACG TTT CAG CTC CAG CTT GG
ATGCTGAC GC GGC CGC ACC TAG GAC AGT CAG TTT GG

Table 5: sequencing primers
M13-Fwd GTAAAACGACGGCCAGT
M13-Rev  AACAGCTATGACCATG



expression (ng/1l) Binding to human 0X40 VH1/VL1 32,39 N.A./N. A 40 No
VH1/ VL2 32,40 N.A./L33M 21 No VH1/VL3 32,41 N A /F71Y 17 No VH2/ VL1
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T7 TAATACGACTCACTATAGG

SP6 GATTTAGGTGACACTATAG

Example 3:
Biological characterization of anti-human OX40 antibodies

OX40-specific Antibody Detection ELISA:

Antibody titers, specificity and production by hybridomas and recombinant antibody
candidates were determined by a direct ELISA. Briefly, 96 well-microtiter plates (Costar
USA, distributor VWR AG, Nyon, Switzerland) were coated with 100 pl of recombinant
human OX40-his at 2 ug/ml in PBS (see Example 1 for the generation of the OX40-his
protein). Plates were incubated overnight at 4°C and were then blocked with PBS 2% BSA
(Bovine Serum Albumine, PAA Laboratories, Pasching, Austria) at room temperature (RT)
for one hour. The blocking solution was removed and the hybridoma supernatants or purified
antibodies were added. The plates were incubated at RT for 30 minutes, then washed nine
times with PBS 0.01% Tween-20 (Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) and a
Horseradish Peroxidase (HRP) labelled-Goat anti-mouse H+I.-detection antibody (Sigma-
Aldrich Chemie GmbH, Buchs, Switzerland) was added at a dilution of 1:1000. To detect
recombinant chimeric antibodies (see Example 2) that possess a human Fc, a HRP-labeled
rabbit anti human IgG antibody (Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) at a
dilution of 1:1000 was used as the detection antibody. Plates were incubated for 30 minutes at
room temperature (RT), washed nine times with PBS 0.01% Tween-20 and the TMB substrate
(Bio-rad Laboratories AG, Reinach, Switzerland) was added to the plates and the reaction
stopped after six minutes by adding H,SO,4. Absorbance was then read at 450 nm by a
microplate reader (Biotek, USA; distributor: WITTEC AG, Littau, Switzerland). Figure 1A
shows that the chimeric 1D4 antibody and the chimeric 2F8 antibody recognize the OX40-his

coated protein.

OX40L blocking ELISA:
The recombinant human OX40 ligand protein (OX401.) was generated as followed: the cDNA

for human TNEFSF4 (clone name: IOH46203) was purchased from imaGenes (Berlin,
Germany) and the extracellular portion (amino acids 51-183) of human TNFSF4 ligand
(numbering according to the Uniprot Q6FGS4 sequence) was amplified with flanking



33,39 T235/N. A 13 No VH2/VL2 33, 40 T235/L33M 17 No VH2/VL3 33, 41
T235/ F71Y 14 No VH3/VL1 34, 39 RSOH/ N. A 23 No VH3/VL2 34, 40 R5CH /L33M
WO 2013/008171 PCT/IB2012/053502

64

restriction sites. The resulting PCR product encompassing an ASA linker and a 8-His tag
sequence at its 5° end was subsequently cloned into a modified version of the pREP4 vector
from Invitrogen (Invitrogen AG, Basel, Switzerland) carrying a CMV promoter, a Bovine
Growth Hormone poly-adenylation, and the murine VJ2C leader peptide to drive the secretion
5 of the recombinant protein. For recombinant protein production, the reconbinant vector was

transfected into suspension-adapted HEK 293 cells (ATCC number CRL 1573) using
jetPEI™ transfection reagent (Polyplus-transfection S.A., Strasbourg, France; distributor:
Brunschwig, Basel, Switzerland). Cell culture supernatant was collected after five days and
purified using a Protein A affinity purification column (HiTrap Protein A sepharose column;

10 GE Healthcare Europe GmbH, Glattbrugg, Switzerland) operated on an AKTA FPLC system
(GE Healthcare Europe GmbH, Glattbrugg, Switzerland).

In order to determine if the generated anti-OX40 antibodies can block the binding of OX40L
to the OX40 receptor, a blocking ELISA was developed. Ninety-six well-microtiter plates

15 (Costar, USA; distributor VWR AG, Nyon, Switzerland) were coated with 100 ul of
recombinant human OX40-Fc (see Example 1) at 2 ug/ml in PBS. Plates were incubated
overnight at 4°C and were then blocked with PBS 2% BSA at RT for one hour. The blocking
solution was removed and the hybridoma supernatants or purified antibodies were added to
the plate. Five minutes later, 50 ul of biotinylated-recombinant human OX40L at 0.04 mg/ml

20 was added to each well. Plates were incubated at RT for 60 minutes, then washed nine times
with PBS 0.01% Tween-20 and HRP-streptavidin (Sigma-Aldrich Chemie GmbH, Buchs,
Switzerland) was added at a dilution of 1:2000. Plates were incubated for 30 minutes at RT,
washed 9 times with PBS 0.01% Tween-20 and the TMB substrate (Bio-rad Laboratories AG,
Reinach, Switzerland) was added to the plates and the reaction stopped after 6 minutes by

25 adding H,SO,. Absorbance was then read at 450 nm by a microplate reader (Biotek, USA;
distributor: WITTEC AG, Littau, Switzerland). Figure 1B shows that the chimeric 1D4
antibody is able to block the interaction between OX40 and OX40L in a dose dependent
manner, whereas the chimeric 28 antibody is not able to block the interaction between OX40
and OX40L.

30
Human Mixed Lymphocyte Reaction (MLR)

Blood from two different donors was collected in three 10 mL. S-Monovette with citrate as an

anti-coagulant (Sarstedt, Niimbrecht, Germany). Cells from donor N° 1 were used as effector
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cells whereas cells from donor N° 2 were used as target cells. PBMCs (peripheral blood
mononuclear cells) from the 2 donors were purified using 50 ml. Blood-Sep-Filter Tubes
(distributor: Brunschwig, Basel, Switzerland) following the manufacturer’s instructions. Cells
were washed 2 times with Roswell Park Memorial Institute (RPMI, PAA Laboratories,
Pasching, Austria) medium without FBS. The target cells were incubated with 50 pg/ml of
mitomycin C (Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) for 30 minutes at 37°C.
Cells were then washed 3 times with RPMI without FBS and resuspended at 1x10° cell/mL in
RPMI, 10% FBS (PAA Laboratories, Pasching, Austria), 2mM L-glutamine (L.onza, Ieuven,
Belgium), 100U/ml penicillin, 100 pg/ml streptomycin (Biochrom AG, Berlin, Germany). In
96 well U bottom micro-plates (TPP, Trasadingen, Switzerland), 50’000 target cells and
80000 effector cells were distributed in a final volume of 100 ul to each well. One hundred
ul of antibody dilutions was added to the wells. Plates were incubated for 7 days at 37°C in
5% CO; incubator. Seven days after the start of the MLR, cells were pulsed with 0.5 pCi of
’H thymidine (Perkin Elmer). 18 hours after pulsing, cells were harvested and incorporated
radioactivity was quantified on a Wallac beta counter. Figure 2 shows that the chimeric 1D4
antibody is able to block the MLR in a dose dependent manner to a higher degree than the

positive control.

Example 4:

Binding of anti-human OX40 antibodies on human and other animal specie activated
peripheral blood mononuclear cells (PBMC) by flow cytometry

Human cells

Filters containing human leukocytes were collected from the Blood Collection Center from La
Chaux-de-Fonds, Switzerland (Centre de Transfusion Sanguine et Laboratoire de Sérologie,
rue Sophie-Mairet 29, CH-2300). Cells were removed from the filters by backflushing with 60
ml of PBS containing 10U/mL of liquemin (Drossapharm AG, Lucern, Switzerland). PBMCs
were then purified with 50ml. Blood-Sep-Filter Tubes (distributor: Brunschwig, Basel,
Switzerland) following manufacturer’s instructions. Cells were washed 3 times with Roswell
Park Memorial Institute (RPMI, PAA Laboratories, Pasching, Austria) medium with FBS
(PAA Laboratories, Pasching, Austria). Cells were resuspended at 3x10° cells/ml in RPMI,
10% FBS (PAA Laboratories, Pasching, Austria ), 2mM Ultraglutamine (L.onza, L.euven,
Belgium), 100U/ml penicillin, 100 pg/ml streptomycin (Biochrom AG, Berlin, Germany), 10
ug/ml of Phytohemagglutinin (PHA; Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) +



VH5/ VL5 36, 43 T235- R50H 560N-562A/ L33M L46P-L47WF71Y 2 Poor VH5/VL6 36,
44 T235- R50OH 560N-562A/ E1Q L33M L46P- LA7TW F71Y 2 Poor VH5/VL9 36, 47
T235- RSOWBe0N/B8ZA/ Y31ldel eti on- L33M A34H L46P- L47W F7 PYTABWAARSIHNIG/ VLS
37, 43 T235- S35bG R5OH 560N-562A/ L33M [A6P- LA7TWF71Y 0 N. D. VH6/ VL6

100 U/mL of rHu I.-2 (Proleukin, Novartis, Basel, Switzerland) in a 24 well plate (TPP,
Trasadingen, Switzerland). Forty-eight hours later, cells were collected and analyzed by flow

cytometry as described below.

5 HPB-ALL cells (T acute lymphoid leukemia cell line, from Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH, Braunschweig, Germany) were cultured in RPMI,
10% FBS. 2x10° cells were distributed in a 96 well V bottom plate (TPP, Trasadingen,
Switzerland), and centrifuged for three minutes at 1300 rpm; supernatants were discarded,

cells were collected and analyzed by flow cytometry as described below.

10
PBMCs and HPB-ALL cells prepared as described above were resuspended in 50 ul of FACS
buffer (PBS, 2% FBS, 10% Versene (Invitrogen, USA) with Sug/mL of chimeric 1D4
antibody or Spug/ml. or an appropriate isotype control or 20 ul of a PE-labelled commercial
anti-human OX40 antibody (clone 1.106, BD Biosciences, Allschwil, Switzerland). Cells were
15 incubated for 30 minutes on ice, washed two times and resuspended in 50 pl of FACS buffer.

An anti-human IgG-Phycoerithrin-PE (BD Biosciences, Allschwil, Switzerland) diluted 1/200
was used to detect the chimeric 1D4 antibody and the isotype control antibody. Cells were
incubated for 15 minutes on ice, washed once, resuspended in 400 ul of FACS buffer and
analyzed on the FACS instrument (Cyan, Beckman Coulter International S.A., Nyon,

20 Switzerland).

Cynomolgus monkey primary cells

Whole blood from Cynomolgus monkeys (obtained from Professor Eric Rouiller, Laboratory
of Neurophysiology, University of Fribourg, Fribourg, Switzerland), was collected in citrate
25 tubes (BD Biosciences, Allschwil, Switzerland). Two mL of PBS was mixed with 3 mL of
blood and the mixture was layered on the top of 10 ml of a 85:15 Ficoll: PBS mixture (GE
Healthcare Europe GmbH, Glattbrugg, Switzerland). Samples were centrifuged for 20 minutes
at room temperature without break. The PBMC layer was collected and washed three times
with PBS. Cells were resuspended at 3x10° cells/ml in Dulbecco’s Modified Eagle Medium
30 (DMEM, PAA Laboratories, Pasching, Austria), 10% FBS (PAA Laboratories, Pasching,
Austria), Non-essential amino acids (PAA Laboratories, Pasching, Austria) ImM Sodium
Pyruvate (PAA Laboratories, Pasching, Austria), 2mM Ultraglutamine (I.onza, Belgium),
100U/ml penicillin (Biochrom AG, Germany), 100 pg/ml streptomycin (Biochrom AG,



37, 44 T235- S35bG R50H- 560N 562A/ E1Q L33M L46P- LA7TWF71Y 0.5 N. D. VH6/ VLY
37, 45 T235- S35bG R5COH 560N- 562A/ Y3ldel etion-L33M F71Y 14 N.D. WO

2013/ 008 WORUIdoBZO12/ 053502 75 Table 6 (cont.): hunmani P€a/IB2IR/033802N 0X40
anti bodi es Humani zed antibody variant (|GHGL) SEQ ID NOs Miutations VH VL
Tr ansi ent

Germany). One mL of the cell suspension was distributed in a 24 well plate (TPP,
Trasadingen, Switzerland) and 10ug/ml of PHA (PHA/M, Sigma-Aldrich Chemie GmbH,
Buchs, Switzerland) 100 U/mL of rHu IL-2 (Proleukin, Novartis, Basel, Switzerland) were
added. Cells were incubated for 50 hours at 37 °C in 5% CQO, incubator. Activated PBMC

5 were collected and resuspended in PBS/2.5% FBS (FACS buffer). Fifty thousand cells in 50
ul of FACS buffer were distributed in a 96 well V bottom plate and biotinylated anti-human
0X40-chimeric 1D4 antibody or biotinylated isotype control antibody or biotinylated
commercial anti-human OX40 raised in sheep (BD Biosciences, Allschwil, Switzerland) were
added to the wells at 25 ug/ml. Samples were incubated for 20 minutes on ice and then cells

10 were washed two times with cold FACS buffer and then incubated with Streptavidin-PE (BD

Biosciences, Allschwil, Switzerland) at a 1:20 dilution for 15 minutes on ice. Cells were
washed once with FACS buffer and then resuspended in 300 ul of FACS buffer. Propidium
Iodide at a volume of 2 ul (PI; Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) was added
in each sample to exclude dead cells. Cells were analyzed by flow cytometry (Cyan, Beckman

15 Coulter International S.A., Nyon, Switzerland).

Figure 3A and 3B shows that the chimeric 1D4 antibody is able to recognize OX40 expressed
on the surface of human and cynomologus monkey activated lymphocytes, respectively, thus

provides for cross-reactivity properties highly desired for drug development.

20
Example 5:
Kinetic binding affinity constants of the chimeric 1D4 antibody for human OX40
receptor extracellular domain by surface plasmon resonance (SPR)
Kinetic binding affinity constants (KD) were measured on protein-A captured antibody using
25 recombinant histidine tagged human OX40 receptor extracellular domain as described in

Example 1 as analyte. Measurements were conducted on a BIAcore 2000 (GE Healthcare -
BIAcore, Uppsala, Sweden) at room temperature, and analyzed with the BiaEvaluation

software (BIAcore; v4.1).

30 A CMS research grade sensor chip (GE Healthcare Europe GmbH, Glattbrugg, Switzerland;
BR-1000-14) was activated by injecting 35 ul of a 1:1 N-hydroxysulfosuccinimide (NHS)/ 1-
Ethyl-3-[3-dimethylaminopropyl]carbodiimide Hydrochloride (EDC) solution (v/v; 5 ul/min
flow-rate; on flow paths 1 and 2). Protein-A (ref. P7837; Sigma-Aldrich Chemie GmbH,
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Buchs, Switzerland) was diluted to a final concentration of 50 pg/ml in acetate buffer pH 4.5
(GE, BR-1003-50; one pH unit below pl) and subsequently immobilized on the previously
activated CMS5 sensor chip by injecting 35 ul on both flow path 1 and 2 (5 pl/min); this
corresponded to approximately 1500 response units (RUs). The protein-A-CMS sensor chip
5 was then deactivated by injecting 35 pl of ethanolamine solution (Sul/min). Finally, two
injections of 10 ul of glycine solution (GE, ref. BR-1003-54; 10 mM; pH 1.5) were performed

to release non-crosslinked protein-A molecules.

Before affinity measurements, a mass transfer limitation test was performed by injecting a
10 fixed concentration of analyte onto a fixed quantity of protein-A captured antibody at different
flow-rates (5, 15, 30, 50, 75 pl/min for 2 min). Analysis of the on-rate slopes at different

flow-rates indicated mass transfer.

For affinity measurements, the chimeric 1D4 antibody stored in 1 x PBS buffer was diluted to
15 a final concentration of 15 nM in HBS-EP buffer (GE, ref. BR-1001-88; 0.01 M Hepes, 0.15
M NaCl, EDTA 3 mM, 0.005% Surfactant P20, pH 7.4). 10 ul of this diluted stock were
subsequently injected on the flow-path 2 of the protein-A CMS chip (30 pl/min) to reach 200-
250 RUs. Following this capture step, the recombinant histidine tagged human OX40
receptor extracellular domain was injected at different concentrations (50 nM to 0.4 uM) on
20 the flow-path 1 and 2 (flow-path 1 being used as reference) at a 30 ul/min flow rate. After
each binding event, surface was regenerated with glycine buffer pH 1.5 injected for 1 min (10

ul/min).

Measurements (sensorgram: fc2-fc1) were best fitted with a 2:1 bivalent analyte model with
25 mass transfer. To account for the experimental variations in protein-A captured antibody at
the beginning of each measurement, the Rmax value was set to local in all fits. Dissociation
times were of at least 300-600 seconds. Measurements were performed in duplicate and
included zero-concentration samples for referencing. The Chi2 value represents the sum of
squared differences between the experimental data and reference data at each point; while the
30 plots of residuals indicate the difference between the experimental and reference data for each
point in the fit. Both Chi2 and residual values were used to evaluate the quality of a fit

between the experimental data and individual binding models.
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Measurements were performed in duplicates with the captured chimeric 1D4 anti-human

0X40 antibody immobilized onto the protein-A sensor chip and the recombinant histidine

tagged human OX40 receptor extracellular domain as analyte. KD value was between 91 and

116 nM with Chi2 values < 1.25.

Example 6:

Humanization of mouse monoclonal antibody 1D4

Humanizing the anti-human OX40 mouse antibody 1D4 including selection of human
acceptor frameworks, back mutations, and mutations that substantially retain and/or improve

10 the binding properties of human CDR-grafted acceptor frameworks is described herein.

Design of the reshaped variable regions

Homology matching was used to choose human acceptor frameworks to graft 1D4 CDRs.
Databases e.g. a database of germline variable genes from the immunoglobulin loci of human

15 and mouse (the IMGT database (the international ImMunoGeneTics information system®;
Lefranc MP et al., (1999) Nucleic Acids Res. 27(1): 209-12; Ruiz M et al., (2000) Nucleic
Acids Res. 28(1): 219-21; Lefranc MP (2001) Nucleic Acids Res. 29(1): 207-9; Lefranc MP
(2003) Nucleic Acids Res. 31(1): 307-10; Lefranc MP et al., (2005) Dev. Comp. Immunol.
29(3): 185-203; Kaas Q et al., (2007) Briefings in Functional Genomics & Proteomics, 6(4):

20 253-64) or the VBASE?2 (Retter I ez al., (2005) Nucleic Acids Res. 33, Database issue D671-
D674) or the Kabat database (Johnson G e al., (2000) Nucleic Acids Res. 28: 214-218)) or
publications (e.g., Kabat EA et al., supra) may be used to identify the human subfamilies to
which the murine heavy and light chain V regions belong and determine the best-fit human
germlime framework to use as the acceptor molecule. Selection of heavy and light chain

25 variable sequences (VH and VL) within these subfamilies to be used as acceptor may be based
upon sequence homology and/or a match of structure of the CDR1 and CDR?2 regions to help

preserve the appropriate relative presentation of the six CDRs after grafting.

For example, use of the IMGT database indicates good homology between the 1D4 heavy

30 chain variable domain framework and the members of the human heavy chain variable domain
subfamily 2. Highest homologies and identities of both CDRs and framework sequences were
observed for germline sequences: IGHV 2-70*10 (SEQ ID NO: 19), IGHV2-70*01 (SEQ ID
NO: 20), IGHV2-70*13 (SEQ ID NO: 21), IGHV2-5*09 (SEQ ID NO: 22), and IGHV2-
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2- 70710 70*%11 (SEQ ID NO: 23), all of which having sequence identity above 73% for the whole
sequence up to CDR3. IGHV 2-70*10, IGHV2-70*01, and IGHV2-70*13 have a sequence
identity of 74%; while IGHV2-5*09, and IGHV2-70*11 have a sequence identity of 73.5%
and 73%, respectively.
5

Using the same approach, 1D4 light chain variable domain sequence showed good homology
to the members of the human light chain variable domain kappa subfamily 3. Highest
homologies and identities of both CDRs and framework sequences were observed for
germline sequences: IGKV3-11*01 (SEQ ID NO: 24) (65.3% identity), IGKV1-39*01 (SEQ

10 ID NO: 25) (64.9% identity), IGKV1D-39*01 (SEQ ID NO: 26) (64.9% identity), IGKV3-
11*02 (SEQ ID NO: 27) (64.2% identity), and IGKV3-20*01 (SEQ ID NO: 28) (62.5%
identity).

As starting point to the humanization process, human IGHV 2-70*10 (SEQ ID NO: 19), and
15 IGKV3-11*01 (SEQ ID NO: 24) variable domains were selected as acceptors to the 1D4
CDRs. IGHV 2-70*10 was selected over other human heavy chain variable domains for its

superior homology with 1D4 in its framework one region.

A first humanized antibody of human gamma one isotype was prepared (see below). The

20 antibody encompassed a human-mouse hybrid heavy chain variable domain and a human-
mouse hybrid light chain variable domain. The hybrid heavy chain variable domain was based
on the human heavy chain variable domain IGHV 2-70*10 wherein germline CDR1 and 2
where respectively replaced for 1D4 heavy chain CDR1 and 2. Best matching JH segment
sequence to the human acceptor framework was identified from the IMGT searches mentioned

25 above. The resulting human-mouse hybrid heavy chain variable sequence having human
IGHV 2-70*10 framework regions, 1D4 mouse CDRs, and best matching JH to human
acceptor is refereed herein as heavy chain variable domain VH1 with SEQ ID NO: 29.
Similarly, the human-mouse hybrid light chain variable domain used for this first humanized
antibody candidate had human IGKV3-11*01 framework regions, 1D4 mouse CDRs, and best

30 matching JK to human acceptor, and is refereed herein as light chain variable domain VL1
with SEQ ID NO: 30. The first humanized antibody encompassing VH1 and VL1 is
abbreviated herein VH1/VL1 antibody.
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Production of the first humanized antibody prototype

Coding DNA sequences (cDNAs) for VHI and VL1 were synthesized in a scFv format by
GENEART AG (Regensburg, Germany) thereby allowing for a single DNA sequence to
encompass both variable domains (SEQ ID NO: 31). Individual variable domain cDNAs were
retrieved from this scFv construct by PCR, and further assembled upstream of their respective
constant domain cDNA sequence(s) using PCR assembly techniques. Finally, the complete
heavy and light chain cDNAs were ligated in independent vectors that are based on a modified
pcDNA3.1 vector (Invitrogen, CA, USA) carrying the CMV promoter and a Bovine Growth
Hormone poly-adenylation signal. The light chain specific vector allowed expression of
human kappa isotype light chains by ligation of the light chain variable domain cDNA of
interest in front of the kappa light chain constant domain cDNA using BamHI and BsiWI
restriction enzyme sites; while the heavy chain specific vector was engineered to allow
ligation of the heavy chain variable domain cDNA of interest in front of the cDNA sequence
encoding the human IGHGI1 CH1, IGHG] hinge region, IGHG1 CH2, and IGHG1 CH3
constant domains using BamHI and Sall restriction enzyme sites. In both heavy and light
chain expression vectors, secretion was driven by the mouse VIJ2C leader peptide containing
the BamHI site. The BsiWI restriction enzyme site is located in the kappa constant domain;

whereas the Sall restriction enzyme site is found in the IGHG1 CH1 domain.

The VH1/VL1 antibody was transiently produced by co-transfecting equal quantities of heavy
and light chains vectors into suspension-adapted HEK293-EBNAT1 cells (ATCC® catalogue
number: CRL-10852) using polyethylenimine (PEI, Sigma, Buchs, Switzerland). Typically,
100 ml of cells in suspension at a density of 0.8-1.2 million cells per ml is transfected with a
DNA-PEI mixture containing 50 pug of expression vector encoding the heavy chain and 50 pg
of expression vector encoding the light chain. When recombinant expression vectors encoding
antibody genes are introduced into the host cells, antibodies are produced by further culturing
the cells for a period of 4 to 5 days to allow for secretion into the culture medium (EX-CELL
293, HEK293-serum-free medium; Sigma, Buchs, Switzerland), supplemented with 0.1%

pluronic acid, 4 mM glutamine, and 0.25 pg/ml geneticin).

The VH1/VL1 antibody was purified from cell-free supernatant using recombinant protein-A

streamline media (GE Healthcare Europe GmbH, Glattbrugg, Switzerland), and buffered
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exchanged into phosphate buffer saline prior to assays. Binding to human OX40 was

measured by SPR as described in Example 5.

Back mutations of grafted human frameworks

5 Since straight grafting of CDRs from 1D4 mouse antibody led to a candidate having no
binding to human OX40 (Table 6 and FIG. 4), mutagenesis wherein human residues are
substituted for mouse residues was initiated. This process is called back-mutation and is the
most unpredictable procedure in the humanization of monoclonal antibodies. It necessitates
the identification and the selection of critical framework residues from the mouse antibody

10 that need to be retained in order to preserve affinity while at the same time minimizing
potential immunogenicity in the humanized antibody. Table 7, Table 8, and FIG. 5 show
residues (Kabat numbering) that differ between mouse and human antibody frameworks.
Residues which may affect the conformations of CDRs or inter-variable domain packing are
of particular interest since these may have the highest impact on antibody affinity.

15
To identify residues that may impact the most CDR conformation and/or inter-variable
domain packing, a 3D model for the VH1-VL1 pair of variable domains was calculated using
the structure homology-modelling server SWISS-MODEL (Arnold K er al., (2006)
Bioinformatics, 22(2): 195-201; http://swissmodel.expasy.org) set in automated mode. Model

20 analysis allowed the selection of a subset of positions based on their putative influence on
CDR regions and/or heavy chain-light chain variable domain packing. This subset of positions
consisted of variable heavy chain positions: 23, 35b, 48, 50, 60, and 62 as well as variable
light chain positions: 1, 33, 34, 46, 47, 54, 56, and 71 (Kabat numbering). In addition to these
back mutations, light chain position Y31 found in the VH1/VL1 antibody was deleted in some

25 candidates.

Further humanized candidates based on various combinations of heavy and light chain
substitutions were prepared in the context of the VH1/VL1 antibody sequence using standard
mutagenesis and methods described above. Humanized antibody candidates were assayed for

30 their binding affinity by SPR as described in Example 5.

Production yields and binding properties of some of the humanized antibodies based on these

single or combination of substitutions are shown in Table 6. Out of the 28 antibodies shown,
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nine candidates did not show any binding to human OX40, and another group of nine had
weak to poor binding. VL9 based humanized antibodies showed the most consistently to
weakly bind human OX40 by SPR. Only two antibodies, VH6/VL9 and VH7/VL9 showed
good binding to human OX40. Both humanized antibodies had back mutations at variable
heavy chain positions: 23, 35b, 50, 60, and 62 and variable light chain positions: 33, 34, 46,
47 and 71 (Kabat numbering). In addition to these back mutations, both VH6/VL9 and
VH7/VL9 benefited from the removal of light chain position 31. Surprisingly VH7/VL9 had
improved affinity for human OX40 over 1D4 chimeric antibody and the VH6/VL9 variant.

The binding affinities of these humanized antibodies are summarized in Table 9.

Thermostability of selected humanized anti-OX40 antibodies by differential scanning

calorimetry

The thermal stabilities of the humanized antibodies were measured using differential scanning
calorimetry (DSC). Monoclonal antibodies melting profiles are characteristic of their isotypes
(Garber E & Demarest SJ (2007) Biochem. Biophys. Res. Commun. 355: 751-7), however the
mid-point melting temperature of the FAB fragment can be easily identified even in the
context of a full-length IgG. Such mid-point melting of FAB portion was used to monitor

monoclonal stability of the humanized candidates.

Calorimetric measurements were carried out on a VP-DSC differential scanning
microcalorimeter (MicroCal, Northampton, UK). The cell volume was 0.128 ml, the heating
rate was 200°C/h, and the excess pressure was kept at 65 p.s.i. All antibodies were used at a
concentration of 1 mg/ml in PBS (pH 7.4). The molar heat capacity of antibody was estimated
by comparison with duplicate samples containing identical buffer from which the antibody
had been omitted. The partial molar heat capacities and melting curves were analyzed using
standard procedures. Thermograms were baseline corrected and concentration normalized

before being further analyzed using a Non-Two State model in the software Origin v7.0.

Humanized variant VH6/VL9 FAB fragment displayed a single transition at 76.3°C with a
shape and amplitude consistent with a cooperative unfolding which is generally observed for a
compactly folded FAB fragments indicating that the engineering process was successful at

retaining FAB stability. Overall the humanized variant showed a good thermal stability.
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Table 6: humanized anti human OX40 antibodies

Humanized | SEQ ID Mutations Transient | Binding
antibody NOs VH/VL expression to
variant (mg/1) human
(IGHG1) 0X40
VH1/VL1 |32,39 | N.A/N.A. 40 No
VH1/VL2 | 32,40 | N.A/L33M 21 No
VHI/VL3 |32,41 | N.AJ/F71Y 17 No
VH2/VL1 | 33,39 | T23S/N.A. 13 No
VH2/VL2 | 33,40 | T23S/L33M 17 No
VH2/VL3 |33,41 |T23S/F71Y 14 No
VH3/VL1 | 34,39 | RS0H/N.A. 23 No
VH3/VL2 | 34,40 | RS0H/L33M 22 No
VH3/VL3 | 34,41 | RS0H/F71Y 18 No
VH4/VIA4 | 35,42 | T23S-R50H/L.33M-F71Y 15 Poor
VH4/VLY9 | 35,47 | T23S-RS0H/ 3 Weak

Y3ldeletion-1.33M-A34H-1.46P-1. 47W-F71Y

VHS/VLA | 36,42 | T23S-R50H-S60N-S62A/L.33M-F71Y 15 Poor

VHS/VLS | 36,43 | T23S-R50H-S60N-S62A/ 2 Poor
L33M-L46P-147TW-F71Y

VHS/VL6 | 36,44 | T23S-RS50H-S60N-S62A/ 2 Poor
E1Q-L33M-L46P-147TW-F71Y

VHS/VL9 | 36,47 | T23S-RS50H-S60N-S62A/ 6 Weak
Y3ldeletion-1.33M-A34H-1.46P-1. 47W-F71Y

VH6/VLS | 37,43 | T23S-S35bG-R50H-S60N-S62A/ 0 N.D.
L33M-L46P-147TW-F71Y

VH6/VL6 | 37,44 | 'T23S-S35bG-RS50H-S60N-S62A/ 0.5 N.D.
E1Q-L33M-L46P-147TW-F71Y

VH6/VL7 | 37,45 T23S5-S35bG-R50H-S60N-S62A/ 14 N.D.
Y31ldeletion-1.33M-F71Y
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Table 6 (cont.): humanized anti human OX40 antibodies
Humanized | SEQID Mutations Transient | Binding
antibody NOs VH/VL expression to
variant (mg/1) human
(IGHGI) 0X40
VH6/VLSE 37,46 | T23S-S35bG-RS50H-S60N-S62A/ 7 N.D.
Y3ldeletion-1.33M-A34H-F71Y
VH6/VLY 37,47 | T23S-S35bG-RS0H-S60N-S62A/ 3.5 Good
Y3l1deletion-1.33M-A34H-1.46P-1 47TW-F71Y
VH6/VL10 | 37,48 | T23S-S35bG-RS0H-S60N-S62A/ 0.5 N.D.
Y3l1deletion-1.33M —R54L-T56S-F71Y
VH6/VL11 | 37,49 | T23S-S35bG-R5S0H-S60N-S62A/ 5.5 N.D.
Y3l1deletion-1.33M-A34H-R541L-T56S-F71Y
VH7/VLS 38,43 | T23S-S35bG-148L-R50H-S60N-S62A/ 1 N.D.
[.33M-146P-147TW-F71Y
VH7/VL6 38,44 | T23S-S35bG-148L-R50H-S60N-S62A/ 1 N.D.
E1Q-L33M-1L46P-147W-F71Y
VH7/VL7 38,45 | T23S-S35bG-148L-R50H-S60N-S62A/ 1.5 Weak
Y3ldeletion-1.33M-F71Y
VH7/VLS 38,46 | T23S-S35bG-148L-R50H-S60N-S62A/ 10 Weak
Y3ldeletion-1.33M-A34H-F71Y
VH7/VL9 38,47 | T23S-S35bG-148L-R50H-S60N-S62A/ 3 Good
Y3l1deletion-1.33M-A34H-1.46P-1 47TW-F71Y
VH7/VL11 | 38,49 | T23S-S35bG-148L-RS0H-S60N-S62A/ 11.5 Weak/
Y31deletion-1.33M-A34H-R54L-T56S-F71Y Good
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Table 7: comparison of 1D4 and human acceptor heavy chain variable IGHV 2-70%10

frameworks
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Table 8: comparison of 1D4 and human acceptor light chain variable IGKV 3-11*01

frameworks

Kabat 1D4 CDR grafted
position IGKV
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Table 9: binding characteristics of selected humanized and chimeric anti OX40

antibodies.

Humanized variants SEQ ID Kon (1/MS) Kot (1/5) Kp (nM)
NOs

1D4 chimera 50, 51 3.4x10" 3.08x107 91

VH6/VL9 37,47 3.54x10* 3.56x107 101

VH7/VL9 38, 47 4.45x10" 3.12x107 70

5 Example 7:
Epitope characterization of humanized anti-OX40 antibodies.
To characterize the epitope of the humanized anti-OX40 antibodies, the VH6/VL9 antibody
was mapped to a define domain of the human OX40 extracellular region using various
human-rat OX40 chimeric proteins.
10

Preparation of human-rat OX40 chimeric proteins and ELISA

Rat and human-rat OX40 proteins were formatted as Fc fusions proteins according to the
method described in Example 1. For the ELISA, OX40 proteins were coated at 2pug/mL, in
PBS, overnight at 4°C on high binding 96-well plates (Coastar). The plates were blocked with

15 PBS 2% Bovine Serum Albumin (BSA) before incubation with the VH6/VL9 antibody or
isotype control antibody. The plates were then washed and incubated with goat-anti human Ig
F(ab”)2 fragment specific-HRP (Jackson ImmunoResearch Europe L.td, Newmarket, UK).
After washing, the plates were incubated with TMB substrate (Bio-Rad Laboratories AG,
Reinach, Switzerland) to reveal antibody binding. The reaction was stopped by adding 2M

20 H,S0O;4 and the optical density was read at 450 nM (OD 450 nM) on a Synergy HT2
spectrophotometer (Biotek, USA; distributor: WITTEC AG, Littau, Switzerland).

Results

Regardless of its origin, the OX40 extracellular region has been divided into four structural
25 modules referred to as domain 1, 2, 3 and 4 (Compaan DM & Hymowitz SG (2006) Structure,

14(8): 1321-30). Chimeric OX40 proteins corresponding to the extracellular region of human

0X40 (amino acids 29-214 of human TNFRSF4, numbering according to the Uniprot P43489
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Eurape Ltd, Newmarket, UK). After washing, the plates were incubated with
TMB 'substrate (Bi o-Rad Laboratories AG Reinach, Switzerland) to reveal
ant i body AbindinagLITAeydsqrefbined wasst ShicRepailily vl addvig/NAM AiHdsP4n aindai he
optical density was read at 450 nM (OD 450 n on a Synergy HT2

spect r opk&fHhettaeclippgegirn (abbrevigpd HHIP wah: SEA 1 NO:Ad). 1ay &(éﬂ extracellular
Switzerl and ul ar f it $500 1 gi e cel | ul ar
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domai n 1 RIRRISBOADANOCHIPHRRROMEL Hy Mowisuz, FEERRI80O)IDNOuSS yhe] RRMEB)
1321-30). Chineric 0X40 proteins corresponding to the extracellul ar region
of Human (BMQAD(ME0N Ho- dk¢ tpsulp of thivEIghS Anig raew T NHRSKZ; Apapbuequgtede dus ding to

the Uni preglttopl?ad'n%g'[?p%ng experiment, the VH6/VLO antibody was shown to bind the human OX40

protein but not the rat OX40 protein, indicating that there was no cross-reactivity to rat OX40.
It was found that the VH6/VLO9 antibody bound RHRR and HHRR but not HRRR or RRHH,
indicating that VH6/VLO epitope maps within the second domain of human OX40

15 extracellular region.
Example 8:
VH6/VL9 antibody blocks human mix lymphocyte reaction by killing and blocking
mechanisms

20 The potency of VH6/VLO antibody to suppress in vitro immune reactions was tested in a one-

way allogeneic mixed lymphocyte reaction (MLLR). The MLR is an in vitro model of
alloreactive T cell activation and proliferation (O’Flaherty E et al., (2000) Immunology,
100(3): 289-99; DuPont B & Hansen JA (1976) Adv. Immunol. 23: 107-202). When
peripheral blood mononuclear cells (PBMCs) from two unrelated donors are mixed, T cells
25 get activated through recognition of allogeneic major histocompatibility (MHC) molecules.
This activation results in proliferation of T lymphocytes. The MLR reaction has been widely
used to demonstrate the effect of T-cell targeting immunosuppressive drugs (Bromelow KV et
al., (2001) J. Immunol. Methods, 247(1-2): 1-8). Immunosuppressive drugs, such as
cyclosporine work mainly through inhibiting T cell activation. Besides testing the blocking
30 effect by the VH6/VL9 antibody, the contribution of cytotoxic mechanisms such as antibody
dependent cellular cytotoxicity (ADCC) on the inhibition of MLLR was also investigated.
Three different antibody formats of the VH6/VLO antibody were tested in this assay: an
IGHG] format (referred herein as VH6/VL9), a non fucosylated IGHG1 (Ig(G1) format



WO 2013/ 008171PCT/ 1B2012/ 053502 79 sequence)were constructed by exchangi ng
one or nore of the four domains between human and rat sequences. For
exanpl e, wheotioseni c RHRR 0X40 protein corresponds to POE/IB22/0548Q
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(referred herein as non fucosylated VH6/VL9), and an | GHG4 (1 g&4) fornmat

(referred herein
Mixed lymphocyte reaction

20 Blood from two different human donors was collected in three 10 mL. S-Monovette with
citrate as an anti-coagulant (Sarstedt, Niimbrecht, Germany). Peripheral blood mononuclear
cells (PBMCs) from the two human donors were purified using SOML Blood-Sep-Filter Tubes
(distributor: Brunschwig, Basel, Switzerland) following the Manufacturer’s instructions. Cells
were washed two times with Roswell Park Memorial Institute (RPMI, PAA Laboratories,

25 Pasching, Austria) medium without FBS. Stimulator cells from the two donors were prepared
by incubation with 50 pg/ml of mitomycin C (Sigma-Aldrich Chemie GmbH, Buchs,
Switzerland) for 30 minutes at 37°C. Cells were then washed three times with RPMI without
FBS and resuspended at 1x10° cell/mL in RPMI, 10% FBS (PAA Laboratories, Pasching,
Austria), 2mM L-glutamine (Lonza, Leuven, Belgium), 100U/ml penicillin and 100 pg/ml

30 streptomycin (Biochrom AG, Berlin, Germany). Responder cells were resuspended in RPMI,
10%FBS, L-glutamine, 100U/ml penicillin and 100 pg/ml streptomycin in 96 well U bottom
micro-plates (TPP, Trasadingen, Switzerland). 50’000 stimulator cells and 80’000 responder

cells were distributed in a final volume of 100 pl to each well. 100 ul of antibody dilutions (or



as VH6/ VL9 | GHA S228P). 1 GHGL (1gGl) anti bodies are known to be conpetent
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( Per ki n ELf®BYal of P Besild MILR bly reli OX40 costimulatory signal
between individuals, depending on the extent of allergenic reactivity and possibly other
costimulatory signals. For individuals poorly dependant on OX40-derived costimulatory

signals, elimination of activated T cells by ADCC mechanism is the main mechanism of

25 action of the VH6/VLI.

Surprisingly, the non fucosylated IGHG]1 format displayed a very potent ability to inhibit
MIR for both responders. This observation highlights the fact that even if a blocking
mechanism may be sufficient to achieve inhibition of MLR, addition or enhancement of

30 killing mechanisms improves the inhibitory effect of anti-OX40 antibodies. Such
enhancement is particularly useful when in treating OX40 mediated disorders regardless of the

0X40 costimulatory status of patients, e.g when patients have low OX40 expression levels.
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2013/ 008171PCT/ 1B2012/ 053502 82 Exanpl e 9: VHENL9 anti body bl ocks
xenogenei ¢ graft-versus-host-di sease Xenogeneic graft versus host (GVH)
reapgd i on prsueg nodel for the all ogeneic graft versus host di sease (GVHD)
observed after bone marrow transplant in human patients. The GVH reaction
5i s an adutimalsrthiiHe nrex ponie subristhally eraditedpefbroduingueonstipedd withB) onllant ack

the host human PBMC:s intraperitoneally. The mice were also depleted for mouse NK cells by twice

weekly injections with the TMbetal antibody. The treatment with VH6/VL9 antibody,
Enbrel® or vehicle was given i.v. weekly for five consecutive doses and started two days

20 before the PBMC injection. Animals were treated either with vehicle (PBS) or the VH6/VL9
antibody at 10 mg/kg or 1 mg/kg, or Enbrel® (a fusion protein of the human soluble TNF
receptor 2 fused to the Fc component of human IgG1, Amgen-Pfizer) at 8 mg/kg. The animals
were checked and scored three times weekly for GVHD symptoms including weight loss,
diarrhoea, fur aspect and general behaviour. Animals were ethically sacrificed if symptoms

25 were considered too severe.

Results
FIG. 9 shows that the VH6/VLO antibody very potently suppressed the GVHD reaction even
at the lower, 1 mg/kg dose. Surprisingly, the VH6/VLY antibody demonstrated improved

30 efficacy over Enbrel®, which is a recognized therapy for GVIHD in human (Xhaard A et al.,
(2011) Bull. Cancer, 98(8): 889-99; Simpson D (2001) Expert Opin. Pharmacother. 2(7):
1109-17). The median survival time of animals treated with the VH6/VLO antibody at 1 or 10
mg/kg was four-fold longer compared to the vehicle treated group (Table 10) and two-fold



envi ronment as a consequence of an all ogeneic or xenogeneic MHC recognition
(Murphy Wi et al., (1996) Semin. Inmunol. 8(4): 233-41). T |ynphocytes are
t he mai n wbf2et¥wws17¢el | s of GVH reacti ons. The i mMmunosuppcedBa0istency of
the VH6/ VL9 anti body was tested in a xegggeneic GVHD nodel based on the
reconstitution of SCID mice with human MCs. In 10this nodel, human PBMCs
and primarily the T |ynphogytes | aunch a strong response aﬁﬁénst t he nouse
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VH6/VL9 ' brel (r) or vehicle was given i.v. weekly for five
conég;ut?@%b %%ggua'd started two days 20before the PBMC injection. Aninals
were treated either with vehicle (PBS) or the VH6/VL9 anti body at 10 ng/ kg
or 1 ng/kg, or Enbrel(r) (a fusion protein of the human sol ubl e TNF

r ecept or Table,lMedianiservivalding Gnslays)f the indicatgdireapngeigrpepyer) at 8
ng/ kg. The—anrmats—werg checked—and—scored—thrge tines weekty for—GvHD
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behavi oyr. Animals werge ethically sjacrificed if| synpt 25we nsi der ed
too severe. Results F G 9 shows that the VH6/Vqu§ﬁﬁ%§ody vggvﬁggﬁenily
suppresseq, the GVHD repction. even at tne fower, L ng/Kg dose. Syrprisingly,
t he VH6/VE§r€ﬁ@FB denonsﬂ?gted inpro?@ 30efficac§§over Enbrgﬁgr), Mhi ch
is a recognizgg Hherapy for GVHD in human (Xhagrd A et al.,| (2011) Bul
Cancer, [98(8): §§9-99: Si npson D (2001) Expert [Qpin. Pharnmacother. 2(7):
1109- 17) , Jhe. .nedi /i i of ..ani mal geated with th H6/ VL9
ant1 boay PSR OBk A 8PS RO R CERLEF st Al of o
treated group (Table 10) and two-fold WD 2013/008171PCT/1B2012/053502 83
| onger conpared to Enbrel(r). In addition this result highlights that the
VHE!O/L9 anti body possesses no agonistic activity, since an agonistic
anti-0X40 anti body has been reported to worsen GVHD in all ogenei ¢ nouse
GVHD nodel s (Val zasina B et al., (2005) Blood, 105(7): 2845-51; Blazar BR
et al., (2003) Blood, 101(9): 3741-8), an event that was not observed in
5t he present study. Table 10: Median survival tinme (in days) of the

i ndi cated treatnment groups Treatnment Vehicle Enbrel(r)




1D4 (I ng/kg) 1D4 (10ng/kg) Survival median (days) 11.5 20.5 42 47.5
Vehicle: only PBS. 1D4: GBR 830-1D4 anti body; Enbrel (r) was the clinical
product . wWoopa0817008171PCT/ 1B2012/ 053502 84 C ai ns 1. PAR/IBXI 2GRSt

anti body or fragment thereof that bindsgfo human 0X40 conprising a heavy
chain CDR1l conprising the am no acid sequence of SEQID NO 1, and/or a
heavy 5chain CDR2 conprising the am no_acid sequence of SEQ ID NO 2,
and/ or a heavy chain CDR3 conpri sing {aimsyi no acid sequence of SEQ I D NO
3; and/or conprising a |light chain CDRL conprising the am no acid sequence
of SEQID NO 4, and/or a light chain CDR2 conprising the amno acid
sequence 10f  AmQntddoMNs! arfbibaddyl bofragnédnt gltedt ilgdt HindPRSh@@apPOXSDRGmphsing@i NO
acid sequence of SEQID NO 6. 10 2. The anti bodﬁ( or fragmant t her eof of
cl ai m 1, hamerdiam CHELgampHgiayg tsyarping gedrequanes ebPEQARPYPsband/onadedrychai n

conpy | -Si 1 [ f . in CDR2
CORL, oML 1% D5, LARRS, SRV SR RPN ot Dyl n S
conpri si MPRIeordpiidite heiachiseaiesamende SERQ I NO: 33 an@Bed @fiprE@ iR Shain
i ght chain 15 CDR1 conprising the am no acid sequence of SEQID NO 4, a
li ght ché&ilPR Comepiiongihesimee thé sevenes AR Hedlia e andier SEDUCINGDRS  and a
Hight chabp GRRS ifORhb 34098 15287 §1% 360 S MBNCL: Gl RERAIR NBmBising
the amino acid sequence of SEQ ID NO: 6.
10
2. The antibody or fragment thereof of claim 1, wherein the antibody or fragment thereof
comprises a heavy chain CDR1 comprising the amino acid sequence of SEQ ID NO: 1, a
heavy chain CDR2 comprising the amino acid sequence of SEQ ID NO: 2, and a heavy chain
CDR3 comprising the amino acid sequence of SEQ ID NO: 3; and/or comprises a light chain
15 CDRI1 comprising the amino acid sequence of SEQ ID NO: 4, a light chain CDR2 comprising
the amino acid sequence of SEQ ID NO: 5, and a light chain CDR3 comprising the amino acid

sequence of SEQ ID NO: 6.

3. The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment

thereof is a murine antibody, chimeric antibody or a humanized antibody.

20 4.  The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment

thereof is a humanized antibody.

5. The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment
thereof comprises a heavy chain variable region sequence comprising the amino acid sequence
of SEQID NO: 7.

25
6.  The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment
thereof comprises a non-CDR region of a heavy chain variable region sequence which is at
least 80 % identical to the non-CDR region of the heavy chain variable region sequence of
SEQ ID NO: 7.

30



3. The anti body or fragment thereof of clains 1 or 2, wherein the antibody
or fragnent thereof is a nmurine antibody, chineric anti body or a humani zed
anti body.w@Q4i3fee17ant i body or fragnment thereof of clai mPCI/IB2012P53deer ei n

t he anti body or fragnment thereof is a \r/]vﬁ gani zed antibody. 5. The anti body
or fragment thereof of clains 1 or erein the antibody or fragment

t her eof conprlses a heavy chain varlable region sequence conprising the
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h f
ther eo Qlflergefacb% rz[e %ﬁi%.v X‘ﬁ%ﬁﬁ 'sa’écﬂleﬁ& trfsﬁl%q}{e erhgllo a%%aﬁencg %lgé)tgd frowhi ch
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vari abl e regi on sequence of SEQID NO 7. WD 2013/008171PCT/ 1B2012/ 053502
85 7. The antibody or fragnent thereof of clains 1 or 2, wherein the

anti body gor frhagnEnidyoh @ e@bntaRPS FeSaid m%\ébelﬁﬂelh@a@agﬁﬁﬂ@qu&ﬁeprl si ng
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t he heavy chain. se ce .5 conmm r| S at | east 80
o 1 dent | OSTRSAPRETRER eRRr FaRas ?‘hﬁalheé%%“ SR MR e
sequence cBfsithe @@%H;N@gngewgn@%gel ected fromthe group consisting of
SEQ I D NGs: 35, 7 or ) 9. The antibody or fragnent thereof of

claims 1 or 2, wherein the antibody or fragnent thereof conprises a heavy

chai n var ab'Iﬁe b &g g&%g‘ﬁ@ﬁ%&%‘%ﬂ&dlﬁg 1%‘?9 @Hh@fﬁ tﬁ&hﬁlb%%%?ﬁﬁ ent
10sel ected fromthe group consisting of SEQ 79 and 80. 10.

The anti tnhniglofmonfpmgsrtelnﬁavy bletie ofiriabie mlgmnnseqﬂenoe c@npm\dmg enerarmimeacaahseqmeni;e or
fragment ther npri ses a non i O chain variabl e
reghon séglé %tﬁggm% ERIU Céff‘“?%%sﬁ% &Q’ﬂtﬁ f%g non- CDR regi on of

t he heavy chain variabl e regi on sequence sel ect ed from the group consisting

of SEQID NOS:. 58, 59, 79 and 80. 1511. The antlbody or fragnent thereof of
claims 118r 2hegpighodyer fmemartthaseelyoletaims d granthemar Be pntERor oF érésmantheavy

rumn gorkaSUTREDETERRGCER @ioh 0% phS il BEME oo S5 L [Ny
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(SEQ ID NO 22), and IGHV2-70*11 (SEQ I D NO 23%\. 2012. The anti body or
fragnment selgeled GPmoihe eraiprasngising of SHANEP NOS: ReSATPiandd)- or fragment t her eof
conpri ses a heavy chain variable framework region that is the product of or
derived from human gene |1 GHV2-70*10 (SEQ I D NO 19) and wherein the heavy
chalm varlilablTee pntaheyor kragmgitdhercoimdclams 1ar 2| whegringhe alai:{tthM oaéiagment

nodi ficatjon from.ithe corres ond| hai.n ari | e framework.region
of the cHPFEUSSRITIG HRIFIHE wf‘rb%ﬁarﬁ%%%& 3hian i B gk A e
thereof gfon¢h &lMEn éer@se?ecte%ﬁfnﬂﬁ% @m%isﬁe%iyf R 7-309BNSHG'AS &e5: 19)
conprises a heavy chain sequence co risin he am no aci d sequence of SEQ

ID NO 3GERE- W@ﬂésﬁelwﬁea@memmm?s (SHED EDNQrAOIHTY 261 ¢h(FsxHP i ses
at | east e, am ' i £ ign fromthe correspondi ng heavy chain
vari abl e “?&a%?@mﬂ?ﬁﬁ@&gf%&pﬁf&b@d Yo %)13/ 008171PCT/ | B2012/ 053502
20 12.  The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment
thereof comprises a heavy chain variable framework region that is the product of or derived
from human gene IGHV2-70*10 (SEQ ID NO: 19) and wherein the heavy chain variable

framework region comprises at least one amino acid modification from the corresponding

heavy chain variable framework region of the corresponding murine antibody.

25 13.  The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment
thereof comprises a heavy chain sequence comprising the amino acid sequence of SEQ ID
NO: 32 and wherein the heavy chain variable framework region comprises at least one amino

acid modification from the corresponding heavy chain variable framework region of the



86 corresponding nmurine antibody. 14. The humani zed anti body or fragnent
thereof of claim12 or 13, wherein the am no acid nodification conprises an
am no aciwooigost7ut i on at am no aci d position sel ect ed PCTOBR20E@S3SEr oup
consisting of 23, 35b, 48, 50, 60, and g2, wherein the am no acid position
of each group nenber is indicated according to the Kabat nunbering. 15.
The humani zed anti body or fragnment thereof of claim12 or 13, wherein the
ami no aciCATRENEING SYrHS BBPSP: ses an amino acid substitution selected from
the group consisting of 23S, 1035bG 48L, 50H, 60N, and 62A, wherein the
am no acid position of each group nenber is indicated according to the
Kabat nurider iThg humanikéd anfift®dant agayntahekobgh@aim ther edfwindreia ltiad amind a0fd 2,
wherein the antibody or fragnent thereof conprises a light chain variable
regi on sd&RfbAAOR SRBITISENEN RIREIOa#AIth SURETWI08 ¢y ENRRR 29ig gToS D SPiocike [ragn they 7,
The anti .agnent, ther eaf 9f ¢l ai . i n.the.anti or
fragjﬁrent %? rge)({)nfds([:lg %?i g%’s%g)’ %’gh-s @Dﬂiraegirg?h%}geégiﬂlleg {ngh%@]?g%??lggfgg%
regi on segupnaemvdliic hdicitaatact@admle 18hKitdentinbaing 0 t he non- CDR regi on of
the light chain variable region sequence of SEQ 20D NO 8. 18. The

anti body or fragnment thereof of clains 1 or 2, wherein the anti body or
fragnent .the DI | | i i e IS e 1 no. aci d
sequence 'Soi oaF ByTRTDE oGy b A bmEl b -RE NGRS PO R e g Rl G

49. 19. plhefi@dibh Rofyritds dn AGAB AtidtsiBsROfor0deldetcdl M 8he WOBPH Cbikidtne dri2ght
chai n sequence 25conpri ses a non-CDR region which is at | east 80% i denti cal

to tthe nGAPCDASL.YITbrPWY, and o2, griterain dhdhamino; asid govieeft ohcasborevic eestbet e

| i ght chai equence sel ec fromthe group consisting of SEQ ID NGO 45,
46, 47 ormdi]ﬁa.%ecgacco@gr.‘gt?ﬁgegﬁgﬁtﬁgal?eg?g'fragrrent thereof of clains 1 or 2,
wherein the anti body or fragnent thereof conprises a light chain variable
region seguence conprising the am no acid seguence' 30sel ected fromthe
group cor$i stthagnidfodgpQimPnpashergdf, ofghiimg? cagdwBeein tpantibody or fragment

2013/ 008Jf71P /182,012/10 5}(1)2 87.%%. The anti bodg or. .frg}%msnt thgr eof of
clains 187 CORREPE hIEHE AR MEENY SO FHYHSRE PREN BT ETHR? PSSR ASh- cor
regipn ofor LY WhNoehai n vari abl e regi on sequence which is at |east 80%
identical to the non-CDR region of the heavy chain variable regi on sequence
selected fromthe group consisting of SEQ ID NOS: 60, 86, 87 and 89. 522.

he ant E B0 1BL o RSP bR TRe S or TR o 20k eSSl M r B0 O
thereof comprises a non-CDR region of a light chain variable region sequence which is at
least 80 % identical to the non-CDR region of the light chain variable region sequence of SEQ

20 ID NO: &.

18. The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment
thereof comprises a light chain sequence comprising the amino acid sequence selected from

the group consisting of SEQ ID NO: 45, 46, 47 and 49.

19.  The antibody or fragment thereof of claim 18, wherein the light chain sequence
25 comprises a non-CDR region which is at least 80% identical to the non-CDR region of the
light chain variable region sequence of the light chain sequence selected from the group

consisting of SEQ ID NO: 45, 46, 47 or 49.

20. The antibody or fragment thereof of claims 1 or 2, wherein the antibody or fragment
thereof comprises a light chain variable region sequence comprising the amino acid sequence

30 selected from the group consisting of SEQ ID NOS: 60, 86, 87 and 89.



t hereof conprises a light chain variable framework region that is the
product of or derived froma human gene selected fromthe group consisting
of | GKV3-WO20B/OBEQ | D NO. 24), | CKV1-39*01 (SEQ | D NO PEFiB20128333@ 39* 01
(SEQ ID NGO 26), |OKV3-11*02 (SEQ I D NG, 27) and | GKV3-20*01 (SEQ I D NO
28). 1023. The anti body or fragnent thereof of clains 1 or 2, wherein the
anti body or fragnent thereof conprises.a |ight chain variable franmework

e

; g ]
regi on tRAt il8e aEbdy Galiagment thereefericlads fl o5 dh Whersh Heartihodrgsiragment ( SEQ
ID NO 2 el h i .gh [(PaPRVETA! r I cONpri ses
at | east DSTELASHAERE ThAhenr SRbn R n bl Rule B R bR A A R
regi on ofledsh®% ighnticahaihe noar(laRIregive gl e hefvyt dhaircwiriabRpegidh Bgushd ne
anti body. 1524. The anti body or fragnent thereof of clains 1 or 2, wherein
t he anti BBIE§CS Fropy he NP CORE P of Hp SE35: 90} 8187 28R&Pn sequence
conprising the am no acid sequence of SEQ ID NO 39 and wherein the |ight
chain variable framework region conprises at |east one amno acid
nmodi¥ i catZZonThe entiiods oc rgmepdheteigpficlayms Londi whesgin the hetitfodsigewegikertegi on

of the correspondi.ng murine .anti.hody. 20 .25 . T humani zed tibody, or

Pt agment BaETRMAPA i BRI e R andReiol Wy AR R ARS, A0 aRRSY O
conpri segrodia &AL odifel Wce el Fidnt el By on@i@iiigg)oﬁK}IdVﬁQ$i<®li @E\%Bﬁ (35 Qd?],f rom
the group consisting of 1, 33, 34, 46, 47, 54, 56, and 71, erein the

am no acildKpos?i0dnSER 1BNN: §Ye [pKMePbEY 0l $SEQADIe2h)akdeY diln02 SHOED

Kabat nunbering. i zed antibody or fragnment thereof of
claim 23%;(5' iﬂ%ﬂ&kﬁ‘gﬁéf’r(’t*ﬁg?%%m%@ %)m)di fication conprises an amno acid
substitution selected fromthe group consisting of 1Q 33M 34H, 46P, 47W
54L, 56S, _and. 71Y, erein the am no acid positjon of each gro menber is
ndlbat e acdb ARty o FEmRRGBECH S G g o 2vigherein the &f0aor HRefmen

2013/ 008}/ 1 2932 R 2fan §8rie rrlBEwDHIRBIA tmfg' WcO8f JrldBAPERNT

t her eof 01? 0%0%11%23 or %ﬁ gr elﬁetr%e am nogfgci no F?li)caﬁ)on rcom{};@r:racPses an
am no acifcbndbhm@an gened GKNA-hb*(AaSHEQUdENO: 24) 3, wivwdnein ehenlighheh@nivadatdei d

position is indicated according to the Kabat nunpbering. 28. The
ant i body [BMeMORg FREHIN QORYI BT AldFAsEPRE IR0 agdRetiHcativg TEm thss@redhonfinggnent

t her eof ' : : ' | S - ' aci d
sequence o RS B e Rl R AR S ARG SATPOAR R pAMRE S ence
conprising the am no acid sequence of SEQ I D NO 47. 29. The anti body
Ot L5200t RELRRodRor BhBhMn RSt % 300 BAM Ok TP AL, LS eOf
10conpri ses: a) a Heavy CRai n'vari apl' e region Sequence conpri signg t he

ani no acigkbrs@qeapeiScsaf 1i Hrehdil sdfden&BciiprSEQ thPaN@o £ scabehce OPBER 1D Ok
chain variabl e regi on sequence conprising the am no acid sequence of SEQ ID
NO. 60. P830d wheeeiHeilisbtighadt virrahipisameworkregon edmpses ghisagong painpsacid t o

29, wherej N At | east ﬁlge of the. h?.ai{ty chai n. gpl?,r& and/ or _at Ifet st one of the
light chaiHHEERET LEHH M SE RPN as e iR L YA 3G A e 51 ¢kt 16

corresponding murine antibody.

20
25. The humanized antibody or fragment thereof of claim 23 or 24, wherein the amino acid
modification comprises an amino acid substitution at amino acid position selected from the
group consisting of 1, 33, 34, 46, 47, 54, 56, and 71, wherein the amino acid position of each
group member is indicated according to the Kabat numbering.

25

26. The humanized antibody or fragment thereof of claim 23 or 24, wherein the amino acid
modification comprises an amino acid substitution selected from the group consisting of 1Q,
33M, 34H, 46P, 47W, 541, 568, and 71Y, wherein the amino acid position of each group

member is indicated according to the Kabat numbering.



31. The antibody or fragnment thereof of any one of clains 1 to 30, further
conpri sing heavy 20and/or |ight constant regions. 32. The anti body or
fragnent wbepsafsufi cl ai m 31, wherein the human heavy c®QIHB2NI2/HBIO0ON i S
selected fromthe group of human i nmunog{ obul i ns consisting of | GHGL, non
fucosylated | GIGL and | GH&. 2533. The anti body or fragnent thereof of any
one of clains_ 1 to 31, wherein the antibody is. a _nongval ent. anti body. WO

2013/ 008 £71 P&y hupanizedaihody gofragment fhegecd of clga3 oF 2t wlareinthe einesridof

any one >k al. - - t] q . i hody.
35 The At BAR sompllsctm ARG £l dbBoR I ArR0 KD R b, YRS HAGDCY
t he anti hodypossiobanindithicdadyorflihagerairtK Sat eahedinier om t he group consi sting of
Fab, Fab', Fab'-SH, Fd, Fv, dAb, F(ab')2, scFv, bispecific single chain Fv
di mers, diabodies, triabodies and scFv genetically fused to the sanme or a
di ff er enzgantthbasiibody 36 fradientandre &R \10m X, hdgrinthetah@h&Bf or@fagaiedt GBRoPT
claims 1 to 31, wherein the anti body 10conprises a variant Fc region which
conpr i sesomprisesast one amino acid nodification relative to the Fc region of

TN R R G N

37. The anbiiwdygor fragment thereof of any one of clainms 1 to 36, wherein
the anti body or 15fragnment thereof binds to human 0X40 with an affinity
(KD) of 1o h@htehaihsegienc@@mprivengatht pivonyacid sequepest SECHEY Mo 46f any one of
claims 1 to 36, wherein the antibody or fragnment thereof retains at |east
75% of the 0X40 binding affinity (KD) of the corresponding chineric

ant i body.29. Th89ntibbdg oafitpineaytha@reoff afatpmart, whestiedk aafib@tyyordremeht the@obfrs 1
to 36, wherei.n the antibody or 20fragnment thereof has equival ent or higher
0X4® bi ndPHGIE* i nity (KD) when conpared to the correspondi ng chineric

anti body. . I g . | gl lto
36, wher e(?)naﬁ%ﬁgygﬁa;ﬁn?g%ﬂa@@(ﬂﬁa% R)lg Slf%(i%&g g%%%ﬁﬁ&fﬁfg ra%%(t?g%? F‘irbt%gc/&{eeﬁp% ture
greater tN@ME/GGCEQHBINO:AY; amt | body or fragnent thereof that binds to human
0X40 and whi ch binds to the sane epitope as the antibody of anfy one qf

clai ms 1 (bkp Bght chain vagable reggpescgiench sOmpraAg tramiag eeideeruenras! Hdddl? N Wi ch
i's bound gy the antibody of any one of clainms 1 to 36.

15 30. 'The antibody or fragment thereof of any one of claims 1 to 29, wherein at least one of
the heavy chain CDRs and/or at least one of the light chain CDRs comprises at least one

amino acid modification.

31. 'The antibody or fragment thereof of any one of claims 1 to 30, further comprising heavy

20 and/or light constant regions.

32. 'The antibody or fragment thereof of claim 31, wherein the human heavy constant region

is selected from the group of human immunoglobulins consisting of IGHG], non fucosylated

IGHG1 and IGHGH4.

25 33. 'The antibody or fragment thereof of any one of claims 1 to 31, wherein the antibody is a

monovalent antibody.



WO 2013/ 008171PCT/ 1B2012/ 053502 90 43. An epitope of claim42, wherein the
human 0X40 extracel lular domain is domain 2 (SEQ ID NO 76). 44, An

i sol at ed wochsstei d encodi ng the anti body or fragnent PChgBmat/03502any one
of claims 51 to 41. 45. The isolated nygleic acid of claim44 conprising
DNA encodi ng the heavy chain variable region conprising the nucleotide acid
sequence of SEQ ID NGO 61 or 62; and/or DNA encoding the light chain.

vari abl e egilBfaeidhndyios fragmemdheiaed] dgpy qae alflymselgivele wheringspairadynege 63.
46. A ve 4sikng the isolated nucleic acid of claim44 or 45.

47. A hog]?%g ﬁﬂ%%%%$$sing the isolated nucleic acid of claima44 or 45 or
the vector of claim1546. 48. A nethod of producing an anti body or
fragnent thereof that binds to human 0X40 conprising culturing the host

cel I of JPai hhamighodypairagmentibeipelof agyone P%Clélﬁﬁr]e@gﬂd whgigin the aphqdydely

pr oduced. - : ' Bl 0X40
ncoted i3y it drfih T AR ah 4y GOTFChy L RRE 35 b Tk PO YR (T,
conposi t IFpab" s | Bispgifidendathdedy daherk F dgicids, trABo&6d arelf scBn gemvtiealdf

claims 1 to 41 25and a pharnmaceutically acceptable carrier. 51. An

i mrunocorfiggae tecamsor 8idiécreandbedybody or fragnment thereof of any one of
clains 1 to 41 linked to a therapeutic agent. 3052. A conposition

conpri sing the i munoconjugate of claimb51 and a pharmaceutically

accept abl3e. cahé kgiibody WP k3 ARG 1R GRY bB2OLA4BB3B03 19WheRdh thdAktibody
conposition of claim50 or 52 further conprising another pharnmaceutically
act e agemprises a wuiantFqusgiopaviig camppizses plgleath ooxanineegidmedifigitawrighfivg n a
subj ect, .the t hod npr.i sing..badm ni stering..tq the subject a .

Cher apeut’ U5 TR BRR of Uk i pisitedhe ikl sPSp PRk Bt Poniisgreigp any

one of cleahihs d1tdréd difector function compared to the parent antibody.

37. 'The antibody or fragment thereof of any one of claims 1 to 36, wherein the antibody or

15 fragment thereof binds to human OX40 with an affinity (KD) of 110 nM or less.

38. 'The antibody or fragment thereof of any one of claims 1 to 36, wherein the antibody or
fragment thereof retains at least 75% of the OX40 binding affinity (Kp) of the corresponding

chimeric antibody.

39. 'The antibody or fragment thereof of any one of claims 1 to 36, wherein the antibody or
20 fragment thereof has equivalent or higher OX40 binding affinity (Kp) when compared to the

corresponding chimeric antibody.

40. The antibody or fragment thereof of any one of claims 1 to 36, wherein the antibody has

a FAB fragment thermostability temperature greater than 75°C.

25 41. An antibody or fragment thereof that binds to human OX40 and which binds to the same

epitope as the antibody of any one of claims 1 to 36.

42. An epitope on the human OX40 extracellular domain which is bound by the antibody of
any one of claims 1 to 36.

30



55. The nethod of claimb54, wherein the 0X40 nedi ated di sorder is selected
fromthe group consisting of infections (viral, bacterial, fungal and

par asi ti cwp 2edO80%i ¢ shock associ ated wi th 10i nf ecti onpPCanBM2/H33802
rheumatoid arthritis, asthma, COPD, pelyjc inflammatory disease,

Al zhei ner' s Disease, inflammtory bowel di sease, Crohn's disease,

ul cerative calitis, Peyronie' s Disease, coehac disease, gall bl adder .

di sease, Pi | oM eRAIOPRios &R +heVhareif the dumga dp K44 iestraqelalaf dppmam issdpragie 2
adhesi ongqp qtg%@,7éype | Diabetes, |yne disease, arthritis,

meni ngoe ce%hali i s, autoi mmune uveitis, immne nediated inflanmatory

di sorders of the 15central and peripheral nervous system such as nmultiple
sclerosis, lupus (such as system c |upus_erythematosus) and Guill ai n-Barr
syndr one #4At 6y ieolated maeleici asid enepdingibmentihegaer frrgmentithirerlj gz ope ef Flaings

G ave' s digegse, |9A nephropathy, idiopathic thronbocytopenic purpura,
Meni‘ere' s di sease, penphigus, primary biliary cirrhosis, sarcoidosis,

scl eroderma, Wegener's granul omat osi s, ot her autoi mmune di sorders,
pancreatitis, trauma (surgery), graft-versus-host 20di sease ggyw@, .
transpl adf- r dhedselyad mugkeas goids eluchmdid sampripipg | 1A iAngnioditeatiei Beagly sdabes
such as myaGal dialy LBLAKEHL AR ARld. 2% ANELESE SEARIP NGIT BYICHLAL
coagul ation, bo resorption, OSteoporosis,’ osteoar Itis, periodontitis,
hypochl omiNAli écadidlg BUTQRY et iveriad ir€fon c&ipridihe mehhaebik @idkeuddce of
wherein the 0X40 nedi ated disorder is selected fromthe group 25consi sting
of 1thf ectSE6HhE) N@:1081 , bacterial, fungal and parasitic), endotoxic shock
associated with infection, arthritis, rheumatoid arthritis, asthm,
bronchitis, influenza, respiratory syncytial virus, pneunonia, COPD,

i di opat hige. pul vRen@kymbiibihg sieSisdlhRf hucleicpidagenim 44 dr4gsi ng al veol itis
(CFA), idiopathic fibrosing interstitial pneunonia, enphysema, pelvic

i nfl ammat ory di sease, Al zheiner's Disease, inflamuatory bowel disease,
Crohn's disease, . ulcerative colitis, 30Peyronje' s Disease, coehac disease,
gai | bl aciddr - Siss S SR Br il S BBl 2 SEETH: e PEIGCy TR s,
surg§ cal ggdhesi ons, stroke, Type | Diabetes, |yne disease, arthritis,

meni ngoencephal itis, autoi nmune uveitis, immne nediated inflamrmatory

di sorders of the WD 2013/008171PCT/1B2012/ 053502 92 central and periphera

nervous system such as l.tiple sclerosis, |upus h as st em.c,d upus
oyt nenatBeud mai efrerhiht B FrGyRar Bhemend e Gl RERE St harine
hepati ti §:0m{phpﬁlg%h1@ﬂri@ HERbdtlck® of GhRY 87 So Hab BRTRclel ARAINBRRH AR AN the

i di opat hic thronbocytopenic purpura, Meniere's disease, penphigus, prinary
biliary entibdiygireducsdr coi dosi's, scleroderma, Wegener's 5granul onat osi s,
Otgﬁ{ aut oi mune di sorders, pancreatitis, trauma (surgery),

gr -versus-host disease (GvHD), transplant rejection, cardiovascul ar

di sease M@?'%Qkﬁﬂb&&f&%ﬁ&h%ngﬁéﬁ%§ﬁﬁiEM@PU?@nﬂM@@ﬁﬂ@Eﬁk@k@ﬁ?ﬂ%ﬁ&ﬁﬁe@s wel |
as atherosclerosis, ‘intravascul ar coagul ati on, bone resorption,

ost eopor astlsic wst dadaithd4 ¢4, periodontitis, hypochl orhydia and
neuronyelitis optica. 1057. The method of any one of clains 54 to 56,
wherein the subject has a | ow expression | evel of 0X40.

50. A composition comprising the antibody or fragment thereof of any one of claims 1 to 41

25 and a pharmaceutically acceptable carrier.

51.  An immunoconjugate comprising the antibody or fragment thereof of any one of claims

1 to 41 linked to a therapeutic agent.

30 52. A composition comprising the immunoconjugate of claim 51 and a pharmaceutically

acceptable carrier.



58. The nethod of any one of clains 54 to 56, wherein the antibody has
enhanced cytotoxicity as conpared to the anti body havi ng human heavy chain
const ant wWO@IOBAHGL. 59. Use of an anti body or fragmeot/IBioae/esskonf any

one of clainms 1 to 41 as a nedi canent. 60. Use of an anti body or
fragment thereof of any one of clains 1'to 41 in the preparation of a
medi cament. for the treatnent of an 0X40 nedi at ed di sorder. 61. Use of an

anti body dr fPagBRLS E e e mat e Hgh eroRIPsiS a0 O thghplsmAcqutigal st ve
20medi at g g disorder is GVHD and wherein the antibody or fragnent thereof is
more efféctlve than Enbrel (r) at suppressing G/HD. 62. The anti body or
fragnment thereof of any one of clains 1 to 41 for use as a nedi canent.

2563. The anti body or fragment thereof of any one of clains 1 to 41 for use
in a met R4d foncthpeé ritieglinga RGO mecshideddiseridspindetubicsly them@tha%wrsﬁ@yng)r

L1 ool | ng "B g E g e ROtk Sy e B Rl

GVHD and tidresfeifany bee éndlaibedytoar. f ragnent thereof is nore effective than
Enbrel (r) at suppressing WD 2013/008171PCT/1B2012/ 053502 93 GVHD. 65.
An article of manufacture conprising the antibody or fragnent thereof of

any one %% gﬁ% H?%a}t}godto? cﬁmgf% h&g{]ﬁtﬂé 'd){éfbr}ngcil%tgéi ?mg}d‘%&% Lfg%cfgg f15 31 gl gtr(bu%

i nmunoconj ug claim treat nen

di sor der confiflingAfKhfecCRPViral QiR faal Barparaitid)! @doriic hbek eabeiatedanh one
of clains 1 to 30, the conposition of claimb50, 52 or 53 or the

i mifhoconpiggliane aghrils, shewmsioid élfthmtirﬁe aﬂh@&{(&@RD pelvigrinbaamaieedidistasel di sor der .
10 67. . ?ﬂz}lleémgl st IB?se%%ll% Qllgn ci%eéls 8hns (ihgea(se uri'cerarha VI n tlsa | ow

expr essi g~ peri pheral
bl ood nmorrepialcaanisesk, Ic%eﬁzl%aivgéaae fgamacmepaisb@etplwm dﬁs@m@' pam&lhﬁs subj ecti ng

the PBMCs to flow cytonetric anaIyS|s and

psoriasis, vasculitis, surgical adhesions, stroke, Type I Diabetes, lyme disease, arthritis,
meningoencephalitis, autoimmune uveitis, immune mediated inflammatory disorders of the

15 central and peripheral nervous system such as multiple sclerosis, lupus (such as systemic
lupus erythematosus) and Guillain-Barr syndrome, Atopic dermatitis, autoimmune hepatitis,
fibrosing alveolitis, Grave's disease, IgA nephropathy, idiopathic thrombocytopenic purpura,
Meniere's disease, pemphigus, primary biliary cirrhosis, sarcoidosis, scleroderma, Wegener's
granulomatosis, other autoimmune disorders, pancreatitis, trauma (surgery), graft-versus-host

20 disease (GVHD), transplant rejection, cardiovascular disease including ischaemic diseases
such as myocardial infarction as well as atherosclerosis, intravascular coagulation, bone

resorption, osteoporosis, osteoarthritis, periodontitis, hypochlorhydia and neuromyelitis

optica.

56. 'The method of claim 54, wherein the OX40 mediated disorder is selected from the group

25 consisting of infections (viral, bacterial, fungal and parasitic), endotoxic shock associated with
infection, arthritis, rheumatoid arthritis, asthma, bronchitis, influenza, respiratory syncytial
virus, pneumonia, COPD, idiopathic pulmonary fibrosis (IPF), cryptogenic fibrosing alveolitis
(CFA), idiopathic fibrosing interstitial pneumonia, emphysema, pelvic inflammatory disease,
Alzheimer's Disease, inflammatory bowel disease, Crohn's disease, ulcerative colitis,

30 Peyronie's Disease, cochac disease, gallbladder disease, Pilonidal disease, peritonitis,
psoriasis, vasculitis, surgical adhesions, stroke, Type I Diabetes, lyme disease, arthritis,

meningoencephalitis, autoimmune uveitis, immune mediated inflammatory disorders of the



15(c) determ ning the nunber of 0X40 positive cells in CD4+ and/or CD8+ T
cells and conparing this nunber to control |evels.
WO 2013/008171 PCT/IB2012/053502

92

central and peripheral nervous system such as multiple sclerosis, lupus (such as systemic
lupus erythematosus) and Guillain-Barr syndrome, Atopic dermatitis, autoimmune hepatitis,
fibrosing alveolitis, Grave's disease, IgA nephropathy, idiopathic thrombocytopenic purpura,
Meniere's disease, pemphigus, primary biliary cirrhosis, sarcoidosis, scleroderma, Wegener's
5 granulomatosis, other autoimmune disorders, pancreatitis, trauma (surgery), graft-versus-host
disease (GVHD), transplant rejection, cardiovascular disease including ischaemic diseases
such as myocardial infarction as well as atherosclerosis, intravascular coagulation, bone
resorption, osteoporosis, osteoarthritis, periodontitis, hypochlorhydia and neuromyelitis

optica.

10 57. 'The method of any one of claims 54 to 56, wherein the subject has a low expression

level of OX40.

58.  The method of any one of claims 54 to 56, wherein the antibody has enhanced

cytotoxicity as compared to the antibody having human heavy chain constant region IGHGI.

59. Use of an antibody or fragment thereof of any one of claims 1 to 41 as a medicament.

15
60. Use of an antibody or fragment thereof of any one of claims 1 to 41 in the preparation of
a medicament for the treatment of an OX40 mediated disorder.
61. Use of an antibody or fragment thereof according to claim 60, wherein the OX40
20 mediated disorder is GVHD and wherein the antibody or fragment thereof is more effective
than Enbrel® at suppressing GVHD.
62. 'The antibody or fragment thereof of any one of claims 1 to 41 for use as a medicament.
25 63. 'The antibody or fragment thereof of any one of claims 1 to 41 for use in a method for

treating an OX40 mediated disorder.

64. 'The antibody or fragment thereof of any one of claims 1 to 41 for use in a method for
treating an OX40 mediated disorder, wherein the OX40 mediated disorder is GVHD and

wherein the antibody or fragment thereof is more effective than Enbrel® at suppressing
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GVHD.

65. An article of manufacture comprising the antibody or fragment thereof of any one of
claims 1 to 41, the composition of claim 50, 52 or 53 or the immunoconjugate of claim 51 for

the treatment of an OX40 mediated disorder.

66. A kit comprising the antibody or fragment thereof of any one of claims 1 to 30, the
composition of claim 50, 52 or 53 or the immunoconjugate of claim 51 for the treatment of an

0X40 mediated disorder.

67. Anin vitro screening method to detect a patient having a low expression level of OX40,
comprising the steps of:
(a) purifying peripheral blood mononuclear cells (PBMCs) from a patient blood sample;
(b) subjecting the PBMC:s to flow cytometric analysis; and
(¢) determining the number of OX40 positive cells in CD4" and/or CD8" T cells and

comparing this number to control levels.



