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| NVENTI ON The present disclosure relates to antibodies, and

parti cul avbyoenise4sedi es that bind 5 to human 4- 1BB. BACKGROBNDI/053761 4- 1BB
(also referred to as CD137, TNFRSF9, etc) is a transnenbrane protein of the
Tunmor Necrosis Factor receptor superfamly (TNFRS). Current understandi ng
of 4- 1BB indicates that expression is generally activation dependent and
is present in a 10 broad subset of immune cells including activated NK and
NKT cells, regulatory T cells, dendritic cells (DC), stinulated mast cells,
differentiating nyeloid cells, nDnocytéE, neutrophils, and eosinophils
(Wang, 2009, I mrunol ogi cal Reviews 229: 192-215). 4- 1BB expression has

al so been denonstrated on tuﬁ%ﬂB%é%%Bﬂﬁ%Mﬁ&ﬁﬁykﬁﬁ, 2001, Aner. J din.

Pat hol . 115(4):543-549; Seaman, 2007, Cancer Cell 11: 539-554) and at sites
of 15 inflanmed or atheroscleratic endotheliun1&£kenkard, 2007 FASEB J. 21:
456- 463; d of sson, 2008, C chﬂ%%PSH:EﬂEJNY§§ELr§01). The ligand that

stimul at es 4rhtBResdnt @isclodurerBiBtdsi tg @ntbddles] BB articalafiy BhEsRied that ed | vat ed
antigep-presentin ells (APCs), nyeloid progenitor cells, and

hemat opoi &?W%’i%‘ﬁﬁ%el |'s. Human 4-1BB is a 255 amino acid protein
(Accession No. NM 001561; 20 NP %%% ‘Bhe conpl ete human 4-1BB am no
acid sequence is provided in SE@ ’BED The protein conprises a signal
sequence (am no1BBi(dist esfeded o ds CD) 37, TNAFRGET] ehy) isia trexsmabidnelpasteidaotai n
(169 amn
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2 recogni ;necglal %Jtr%i Juy nictl¥ rm(gﬁl S t()\ﬁ ing% teZOCO(ﬁ J Mol Med 84:726-736). This
dual acti V|yt>9 of"o4%y % aPs"ehe B8fa piel) cly provi de anti-tunor activity
whi | e danpeni nguraah o4+1BBnés s @65ebméwt acidhatoteian (Ameesssociat & ot 561;
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various di;5eases: 200use a8iblioto LifoUdhidd, GPREmerbrg Rgion (27 amino
acids), and an intracellular domain (42 amino acids) (Cheuk ATC et al. 2004 Cancer
Gene Therapy 11: 215-226). The receptor is expressed on the cell surface in monomer

25 and dimer forms and likely trimerizes with 4-1BB ligand to signal.

Numerous studies of murine and human T cells indicate that 4-1BB promotes
enhanced cellular proliferation, survival, and cytokine production (Croft, 2009, Nat Rev
Immunol 9:271-285). Studies have indicated that some 4-1BB agonist mAbs increase
costimulatory molecule expression and markedly enhance cytolytic T lymphocyte
30 responses, resulting in anti-tumor efficacy in various models. 4-1BB agonist mAbs have
demonstrated efficacy in prophylactic and therapeutic settings. Further, 4-1BB
monotherapy and combination therapy tumor models have established durable anti-
tumor protective T cell memory responses (Lynch, 2008, Immunol Rev. 22: 277-286). 4-

1BB agonists also have been shown to inhibit autoimmune reactions in a variety of art-



It is an object of the disclosure to provide an isolated binding nol ecul e
that binds 10 to human 4-1BB, such as an anti body or a binding fragnent

t her eof , WO 20ev(3268i ve thereof. It is another object of pChaBziiyei3ceure to
provi de a conposition conprising a binding nolecule that binds to 4-1 BB.
It is also an object of the present disclosure to provide nethods for
treating a disease and/or condition associated with or nediated by 4-1 BB
signaling by using one or nore binding nolecules of the disclosure. These
and 15ot her objects of the disclosure are nore fully described herein. In
sone aspects, the disclosure provides isolated antibodies that bind to
human 4-1 BB. In one particul ar é%pect the isolated anti body binds

human 4-1 BB at ne e conpri |drsi u 5 -.15 f SEQ
"D NG, 531N BRI BLY SO0 ORI NBR: § MeIHUed 6 Boay SIS aet he
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SEQ ID NO. 30, a CI%?S aci d sequence of SE D NO 31. In other
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sequence @feaSIﬁQﬁuaemraaée L- CDR2 ami no acid sequence of SEQ ID NGO 35, and
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the isolated anti body conprises: (apUMMARYDRL as 30 set forth in SEQ ID

NO 1, SEQID NO s set f n SEQ ID

NG 2. SEO ) D NDSTE OhiFet SEBR e o 1o Rt & KRR BRRSHEOEET Kt RO "SEQ
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aspect, i sol ate tibao S a as set forth in
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1D Nor'B0; clighiobRsiaf i s s oredi o DI e RE T NG 3. SEQ I D NG 17 o

SEQ I D NO 31; langdnfeusdpeets, eengisdcisese ptal)dednsdlate®PRhtivsdicethaf it ho Ih[]m§EQ | D

NG 6, SEQ I@Emg 220, or SEQID NO 34; (e) an L-CDR2 as set forth in SEQ ID

NO 7, SEQM 121, or SEQ ID NO 35; and (f) an L-CDR3 as set forth in SEQ
I D NO 8, SEQ |Ip d¥e pticusirQsp&rtNBedéolatet abtisddylbingg hivban 40IBB stadreepitvbeher

par 1 oul 2t BRRSSS Sk ST P LB g BBy RO
conpr 28i ngimbadintdnt e astilsaty comiprizes NhSEHLDR1NGhiho dui beduange as SEQ IDorth
in SEQ | DNIEBOZ%/ I—ﬁBBR%namlng%%?d gesqusé%%e fo? stéb IS ,\%E%d an'yqﬁ%DR?) amino acid
sequence of SEQ ID NO: 31. In other particular embodiments, the antibody comprises
the L-CDR1 amino acid sequence of SEQ ID NO: 34, L-CDR2 amino acid sequence of
SEQ ID NO: 35, and L-CDR3 amino acid sequence of SEQ ID NO: 36.
25 In another particular aspect, the isolated antibody binds human 4-1BB with a Kp
of 600 nM or less, 100 nM or less, 50 nM or less, 10 nM or less, 5 nM or less, or 1 nM or
less, for the human 4-1BB extracellular domain as measured with the BIACore assay
described in this disclosure.
In another particular aspect, the isolated antibody comprises: (a) an H-CDR1 as
30 setforthin SEQ ID NO:1, SEQ ID NO:15, or SEQ ID NO:29; (b) an H-CDR2 as set forth
in SEQ ID NO:2, SEQ ID NO:16, or SEQ ID NO:30; and (¢) an H-CDR3 as set forth in
SEQ ID NO:3, SEQ ID NO: 17, or SEQ ID NO:31.
In another particular aspect, the isolated antibody comprises:: (a) an L-CDR1 as
set forth in SEQ ID NO:6, SEQ ID NO: 20, or SEQ ID NO:34; (b) an L-CDR2 as set forth



15(b) an anti body or antigen-binding portion thereof, conprising an H CDRl
as set forth in SEQID NGO 15, an HCDR2 as set forth in SEQ ID NO 16, and
an H CDR3wezopa243erth in SEQ ID NO 17, and ( cpcanBzni/Hi306ly or
anti gen-bi ndi ng portion thereof, conprising an HCDR1 as set forth in SEQ
ID NO 29, an HHCDR2 as set forth in SEQ ID NO 30, and an H CDR3 as 20set
forth in SEQ I D NO 31. In sone further aspects, the disclosure

provi des an isol ated anti body, or antigen-binding portion thereof, that
specifically binds human 4-1BB, wherein said anti body or antigen-binding
portion is selected fromthe group consjsting of: (a) an anti body
or antigen bi ndi ng portion thereof, con"{prisi ng an L-CDR1 as set 25 forth in
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set forth,i SE

L- CDR2 as' '”E%d&)"\‘g élﬁﬂ ﬁ%weﬁﬁﬁ Skgd&&lb%s agg@n%% QID
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conpri,sing an H CDR1, as, set rth in SE n H as s
foprP h'Pn %EQ |g)ﬁba§6b°dé(rf’r r@l‘lﬁﬁkg'ﬁg'”gé’tortf%?{‘ﬁref’ﬂb%@”?'ﬂﬂ ﬂb%nﬁs as
set forthfdrth iBEEG D NQ:38, araA-CORDEZ sas fctdtin fSEQ ID INO: BEQndRND-GIBR3 asd an

L- CDR3 as set for | D NO 36; and (d) an antibody or
ant i gen- bPRIPHY MY %l? |”§r[|\%E r&f, conprising an H CDRL as set forth in SEQ
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binding portion thereof, that specifically binds human 4-1BB, wherein said antibody or
antigen-binding portion is selected from the group consisting of:

(a) an antibody or antigen-binding portion thereof, comprising an L-CDR1 as set

25 forth in SEQ ID NO:6, an L-CDR2 as set forth in SEQ ID NO:7, and an L-CDR3 as set
forth in SEQ ID NO:8.

(b) an antibody or antigen-binding portion thereof, comprising an L-CDR1 as set
forth in SEQ ID NO:20, an L-CDR2 as set forth in SEQ ID NO:21, and an L-CDR3 as set
forth in SEQ ID NO:22.

30 (c) an antibody or antigen-binding portion thereof, comprising an L-CDR1 as set
forth in SEQ ID NO:34, an L-CDR2 as set forth in SEQ ID NO:35, and an L-CDR3 as set
forth in SEQ ID NO:36; and



25In a further particular aspect, the isolated anti body conprises a VL
chain am no acid sequence as set forth in SEQID NO 9, SEQ ID NG 23, SEQ ID
NO 37, SBQoI22MGe485, SEQ | D NO 51, SEQ I D NO 56, SEQ | DPRNODIBI11/0337AEQ | D
NO 64 . In a further particular aspect, the isolated antibody
conprises a VH domain am no acid sequence as set forth in any one of SEQ ID
NGs: 4, 18, 32, and :43, and further 30 conprises a VL domain am no acid
sequence as set forth in any one of SEQ ID NGs: 9, SEQ ID NO 23, SEQ ID NO
37, SEQID NO 45, SEQID NG 51, SEQID NO 56, SEQID NG 60, and SEQ ID
NO 64. In a further particular a4spect, the isolated antibody is

sel ected fromthe group consisting of: ™ WD 2012/ 032433PCT/ 1B2011/ 053761 5

(a) an antibody conprising a. VH chajn am no acid sequence as t forth in
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NO: 23; 5@%‘%%%&9 h@cﬁﬂ/ conprising a VH chain amino acid sequence as set
forth in SEQ IR dahd3urand prtdulat hdbBctaNhROisdkied Sefbéanae sarckett frd@rthb in
SEQ ID_NO 37 or SEQ I D NO 56; and (d) an anti body conprising a VH
chai n 8ni AEPURGORSIS nce as set forth in SEQ 1D NO 43 and a VL chain ami no

aci d sequence @$ af ehtibaytdr anfigesrhbiPg NEkHBR thérE&, bodnphsiMgahH-CBIRQ 4dxdO 60,

or SEQ I D_NO. L In 41 further [ cul ar asp t he jsol ated
ont i body OV SER RO BrECli? i i SEb I RB sa R PR kA 2 aSt REE | s
encoded by SED @ NOI; &ICL-BDRY S€gstedar it SHY iBiNCFG,mldﬂszDaébet ﬁﬁ@ihﬁ
NG 25, SEQ_I D 39, SEQ I 1 47, or (i] |l eic acid sequences that
hybri di ze E@n@&ﬁosﬁ’ GH‘?@PH&B%%@? selJRef §r] %%Q%Pgdj(f'ﬁe 15 conpl enentary strand
of lsFQXf)l D EO 1b) aﬁilé@til{)@lyl\@%ﬁgerﬁﬁi@ﬁﬂn@ d&@:oﬁ&hg@bﬁ 5E§ph£1’n@\|6h4-7-CDR1 as sdtn ﬁ
sti ur r.parti r _aspec e i te ti Yy, .conpy i a VL chain
that s elRBUBEEY (61 CH5 e F ey BRAGR AL SRS B R Jengh BEEPRD Rz, SEQ
I D NO: 26, fépthQnl SEQITDA00:13E&h ILEI:L?I@I lh&,se‘BlﬁBltH iR HENITB, NSEQ, bR Lh@ﬁa,asﬁls'@ I D
NG 62, or_ S 0. | D NQ 66, or (ii)._a nucleic acj nces t hat
hybri di ze?%\?ﬂéﬁ%‘%ﬂ@% ?H%@ﬂ&ifié%%aﬁs?tcfﬁgh trb&%hi[)i\gﬂg?enent ary strand of
SEQ I D NO 12, @keh IaBtib\deZﬁ,anﬁﬁﬁ-biniN@p@ﬁionSE@echNﬁ?pﬂﬁng SF@-CDRIQHsut SEQ
I D NC, 28, SEQ | or S NO 6 n u r parti I, aspect,
{er e 1Be. SPBVNCRER I N3 o SRR Bods fortain S5t I AEkaEe oh ftiphp &5
cross- compgthein $EQ DI NDi3Ngah Q-CDR®MAsdsel Bthnint BEQNDI NOLssIt Batl-EPRaMs &mdy
selected from - 6032, - 7361 - 7480, - . - 7480. 2, MOR
7485, NCRITHEA S 0 NRKSR. PA&4h 5-CDRS 5 SELOH M ERLD NPOIEI ar aspect
there i s provi@dnantibsdy @tatigenbinbingpottitat th&iedtl SonPrising ak HYEDRII 40§ ON
human 4-1BB as f the anti Les djsclas in, In 30
onbodi ment @ i NG2E, T HrddRa e sehfrbar St TN 3 agn FRADRS Fet o t he
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In a further particular aspect, the isolated antibody comprises a Vi chain amino
acid sequence as set forth in SEQ ID NO:4, SEQ ID NO:18, SEQ ID NO:32, and SEQ
ID NO:43.
25 In a further particular aspect, the isolated antibody comprises a V| chain amino
acid sequence as set forth in SEQ ID NO:9, SEQ ID NO:23, SEQ ID NO:37, SEQ ID
NO:45, SEQ ID NO:51, SEQ ID NO:56, SEQ ID NO:60, or SEQ ID NO:64 .
In a further particular aspect, the isolated antibody comprises a Vy domain amino
acid sequence as set forth in any one of SEQ ID NOs:4, 18, 32, and :43, and further
30 comprises a V_ domain amino acid sequence as set forth in any one of SEQ ID NOs:9,
SEQ ID NO: 23, SEQ ID NO: 37, SEQ ID NO: 45, SEQ ID NO: 51, SEQ ID NO: 56, SEQ
ID NO: 60, and SEQ ID NO: 64 .
In a further particular aspect, the isolated antibody is selected from the group

consisting of:



WO 2012/ 032433PCT/ 1B2011/ 053761 6 In a further particul ar aspect, the
present disclosure provides an isolated anti body that binds human 4-1 BB,
conpri si Nyoaoteeme4sichai n variabl e region that is the preduwaB2i/ps3cel deri ved
from a human VH 3-23 gene, VH 1-69 gene, or VH 5. In another particular
aspect the present disclosure provides an isolated antibody that binds
human 4-1BB, 5conprising a |ight chain variable region that is the product
of, or derived from a hunman VL A3 or Al-13 gene. In some
enbodi nents, the isolated anti bodi es descri bed herein have one or nore of
the follow ng properties or characteristics: a) specifically bind to human
4-1 BB; 10b) bind to human and cynonol gus 4-1 BB; c¢) bind to human 4-1 BB
or cynonol gus 4-1 BB but not rat, or use 4-1 BB; d) are an._lgG h as
| gGl, 1g@, | g@é?”&”t'%{?‘mo”&ﬁﬁ'”@)a ¥ A0 ARINAAEIP SEAVERCE 35y Sah i”zé'%(g
ant i bodi e NO:4 and a V_IcRaip@ifin® 18 ke qPrRE 58 set fofth i SEQND Nb:9c! osure provi des
i rovi ded by the present

an antigen-bindin grtion 150f any, of the anti body

di scl osure. In(%s)(ﬂ%bg@%%f:%ﬂ?%r}gf‘&é’ CQﬁPiﬁB'HQWWcﬁeﬁﬁng(?r@q%ﬂf? PaFBr scFv
Lr agment .. ID NfO:18 Ay ?Wﬁhéiﬁfahﬂgi%@@E&Q.IeﬁcegbgeﬂgbﬂﬁﬁmEdil(NGD.SBt_re J|or ovides a
erivative oO (0] ,teantl,olespo,w e " the present 1 SCl] O e.

o ok ot hor GL bR enUbo B SREGet Bha Gyt ebd s o e de o SR g
that 20en(@aEs3aantiathahain®imiad adidise§oshteds O fdrBan-SEQM RO:Fst$ED Ibher eof

t hat bindhgfmgn é- 1BB, which is selected fromthe group consisting of:
(i) a nucl 20 @0fg sequence that encodes a VH chain am no acid sequence as

set forth in S@Qah@ntisdy, coblfdsing NG, EBain Skhd Bribi@eddencerasSi=@fdrth INGHES;
1) 5% OIS GThY SRR SR S5, D TR 10 R AR,
that hgbr Nd:3gSE@UENChE0NorBEQ Myelae4condi tions to the conpl enentary
SNth ggd CS)]IcEQaI Bulﬁllc;{gél, %%kgr 3 ﬁl:J nrﬁ%p%%t_, ?r?é isfof?qu[é[(J1 arlltlrgz)ogyl/E %rcl)v%e[g%ylgh’e psrgé%r!tD
disclosure comprises a Vy chain that is encoded by (i) a nucleic acid sequence
comprising SEQ ID NO:11, SEQ ID NO:25, SEQ ID NO:39, SEQ ID NO:47, or (ii)a
nucleic acid sequences that hybridizes under high stringency conditions to the
15  complementary strand of SEQ ID NO:11, SEQ ID NO:25, SEQ ID NO:39, or SEQ ID
NO:47.
In a still further particular aspect, the isolated antibody comprises a V| chain that
is encoded by (i) a nucleic acid sequence comprising SEQ ID NO:12, SEQ ID NO:26,
SEQ ID NO:40, SEQ ID NO:48, SEQ ID NO:53, SEQ ID NO:58, SEQ ID NO:62, or SEQ
20 ID NO:66, or (ii)a nucleic acid sequences that hybridizes under high stringency
conditions to the complementary strand of SEQ ID NO:12, SEQ ID NO:26, SEQ ID
NO:40, SEQ ID NO:48, SEQ ID NO:53, SEQ ID NO:58, SEQ ID NO:62, or SEQ ID
NO:66.
In a further particular aspect, there is provided an isolated antibody that
25 competes, and/or cross-competes for binding to human 4-1BB with an illustrative
antibody selected from MOR-6032, MOR-7361, MOR-7480, MOR-7480.1, MOR-7480.2,
MOR 7483, MOR-7483.1, or MOR-7483.2.
In a further particular aspect, there is provided an isolated antibody that binds to
the same epitope on human 4-1BB as any of the antibodies disclosed herein. In some
30 embodiments, the disclosure provides an isolated antibody that binds to the same
epitope on human 4-1BB as an illustrative antibody selected from MOR-6032, MOR-
7361, MOR-7480, MOR-7480.1, MOR-7480.2, MOR 7483, MOR-7483.1, or MOR-
7483.2.



I n sone other aspects, the disclosure provides an isolated nucleic acid

t hat 30encodes a VL chain of an antibody or antigen-binding portion thereof
t hat bi ndsohoarerns24831 BB, which is selected fromthe groepTaBdai/eidrelg of :
(i) a nucleic acid sequence that encodes a VL chain am no acid sequence as
set forth in SEQID NGO 9, SEQ ID NG 23, SEQ ID NO 37, SEQ ID NO 45, SEQID
NO 51, SEQ ID NO 56, SEQ ID NO 60, or SEQ ID NGO 64; WO

2012/ 032433PCT/ 1B2011/ 053761 7 (i) a nucleic acid sequence as set
forth in SEQ ID NGO 12, SEQ ID NO 26, SEQ ID NO 40, SEQ ID NG 48, SEQ ID
NGO 53, SEQ ID NO 58, SEQID NGO 62, or SEQID NGO 66; or (ii) a nucleic acid
sequences that hybridi zes under hi gh st®i ngency conditions to 5 the

conpl ement ary str nd of a nucleic Cld seq r?ce as set forthin S %d

NO 12, SEQ | D 'R@ Bhergariquigr qepad, th SRISSPH ‘KE?%‘S”GB@QJ depapdged S@%

NO 58, SE@dt Binti®hufan 401BEEQMIpEsiNgatifeavy chain varabiormionunithe thedsrp@edt f, t he
di scl osure provides a vector g risin of the nucleic qglds descri bed

herein. | A" 4eLYgd oy HBRN e, 98 Ke Vi ! s%? 8806 pfrovi fednathgy M cell

gorrpri si lﬂ@s@w tied pteb@ntv@igél@glﬁe %@é‘xﬁddsbzﬂdlsb%ltéﬁ Bntibodg hh;hcmrﬁdscmhén aarBEye
acterial or

n. . . I'n sone fur t.he |scl sure
provi dés 8”8%?‘%6@8& gin \%Wﬁl‘?srﬁﬂioiﬂﬁh?:td?riﬂ% ﬁbﬁaﬁw&ﬁ“v% 'YAt # BUEUPRs,
anti gen- bN@dB@gAp@B@bﬂ@S t hereof, or a derivative thereof, and a

pharmaceutical |y acceptable carrier. 15The discl osure f rt he rovi des
et hode. for &1 BT CRERGIHRI Pl GRS frionoas srspated frreRobard AL do;

conpri si nghorgl Bt ﬂne?,@@wmg]orbﬁert.é@ommménsa& effecti ve anount of a binding
nol ecul e of th di s re or E]har %uti cal conposition described herein.
The di scl osur €® StE’P‘E' ! %\‘WP(EI‘H Mt tikds of reducing tumor cell metastasis

in a ggbject, l@)@mﬂo&iuﬂganadimwhsﬁm@rghﬁg 1BB;sai d subject an effective anopunt

of a binding ec , armaceutica ositions descrl d herein.
In a further 2‘55’@5{] (?1“ (ﬂzgggé%ﬁmé’ W|%égggﬁh%% 'St Oéﬁlpuﬁ? TR bi ndi ng
mol ecul es, or @)a@@ahm@mh@ahg@m@@m|gee,rbrdg@¢rar{med herein, for the

manuf act ure of a {Epfor the trea lBt of abnormal cell gromh in a
subj ect in need &% I'“é‘af‘ anjibpdiesy g by mé%}pﬁ odiffre di scl osure provides a

]?' ndi ng mol eﬁulhe;on@rotﬁerm@éctacgaelbreslaht mgcrml | B bﬂoﬁl@ies aR aaﬁgerdlﬁiﬁ@lhg lpeﬂholger ein,
oru in the eat r ce rowt h i asu ect . in ne
{er 38" Broay obie By Plov PR by The o debt Fs g o o SP R MR e

mol ecul e anligen-PRdngpotivh iscRdb erastPofaginent, as described herein, for use in
t he treatnent of t unor, cel | tast asi s sub ect in, need t ereo{) In a

still further ASPBEMUNMRASEPER) ! §8FeéeBtr‘55§ﬁ'QFé‘§e Broyes griehKgVeOT eRL O fPRdi ng
mol ecul es anwod@smma\nd@caumecmésahwpaswreon descri bed 30her e| n, for the

manuf act ure ofI a nedi ar;ent fto trE %h t eart mern'gndof tnulm)r ¢ d n Irrlet as ?hSI sin a
subj ect in neelf $HBt &ier aspects, the disclosure provides an isolate ucec ac
20 encodes a Vy chain of an antibody or antigen-binding portion thereof that bind human 4-
1BB, which is selected from the group consisting of:
(i) a nucleic acid sequence that encodes a Vy chain amino acid sequence as set
forth in SEQ ID NO:4, SEQ ID NO:18, SEQ ID NO:32, or SEQ ID NO:43;
(i) @ nucleic acid sequence as set forth in SEQ ID NO:11, SEQ ID NO:25, SEQ
25 ID NO:39, or SEQ ID NO:47; or
(iii) a nucleic acid sequence that hybridizes under high stringency conditions to
the complementary strand of a nucleic acid sequence as set forth in SEQ ID NO:11,
SEQ ID NO:25, SEQ ID NO:39, or SEQ ID NO:47.
In some other aspects, the disclosure provides an isolated nucleic acid that
30 encodes a V| chain of an antibody or antigen-binding portion thereof that binds human
4-1BB, which is selected from the group consisting of:
(i) a nucleic acid sequence that encodes a V| chain amino acid sequence as set
forth in SEQ ID NO:9, SEQ ID NO:23, SEQ ID NO:37, SEQ ID NO:45, SEQ ID NO:51,
SEQ ID NO:56, SEQ ID NO:60, or SEQ ID NO:64;
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Figure 1 is four columm graphs show ng the nean fluorescence intensity of
unsti nul avedo(i3ask) and PHA stinmulated (light grey) priPERAB20PBM3761r om
human (upper 5 left), cynonol gus (upper right), dog (lower left), and rat
(lower right) incubated wth the indicated 4-1BB anti body or control

anti body conjugated to Al exafluor 647. The panel denonstrates binding to
human and cynonol gus PBMC stinul ated with PHA Figure 2 is two line
graphs showi ng luciferase reporter activity in 4-1BB expressing 293T cells
t hat have been stinulated with several ¢oncentrations of 4-1 BB 10
specific mAb or isotype control mAb. Thee | eft panel denonstrates reporter

activity in ceJls that express cynonpol gus 4-1 BB. The ri n
denonst ?/at es a@i BUENIG %F'CE%*FQ@”P g S@k%“gé% 3#@7&?1"‘9-{2’@%] h@@ﬁ%ﬁ@
expr essed|RNg:00,dSED | DINGYE 0BE@NDUWED 15306 F REDCOIFBPBEQ ID NO: BRosHSER 1H3A and

3B) are line graphs showi ng the concentration of human |L-2 present in cell
culture ‘80:1%B1 | owi ng 72 hours of stinmulation of human T cells with anti -

15 CD3 and sev@yalnuelercaid k&juenbss Bat AytidizeanindepHigasstrifgaaby pemtBtionsAoand B)
repres nt% an I ndi vi dual, donor.

. _Figure 4 is a scattergra oW ng the
P o o s oG eHER Mo & NUREC A RAUERG 28 6] Br mEEG TR
bﬁen t r eatsed) W N?:z%, %EB) ImAko I, SEQtlﬁmaom@gsDﬁgllpm:ﬁsﬁs%% |b3\1@5ﬁ,r35|@egl asd
t he percenta 0 expressi ng human in the peri phera 00
of i ndi vi leﬁ)al%sl\@é'fﬁééém(sgt udy days 24-28 that had been injected with six
rln' | }E” ngag Iﬁfgnt&'lﬁl!ﬁabr Bieets, W&F@@élﬁérpr@ﬁgddssa oactdrayqrﬁ)pr_wn@l army GtCt!hf@d W th
nmg/ Kg 4- ) or 1sotype control on da . otatistical sigpificance
nas e er BITIEE AR P ETARRIE dn B TORRT H5e0: Hie, Tadus pivides 4Bet 0
No HBRO r eéleesmprisirananipdithé hédtorstiescritdid hengif C1Saigh Wosthcelsi oai be ®bttgrialdpFi gur e

5is two col um“ul;@?lraphs showi ng the change in proliferating CD8 central
menory T CEMBAE(: several time points follow ng admnistration of 4-1BB mAb

in cylnorrgl gus |ﬁmﬁﬁea/d a;rth@atagpe%@s,sﬁ@m_c@sllj@qbrﬁbmﬂss b&ﬂ’&a@@@dﬁédtiﬁ@ ¢omebogitidnal

anl nal s esl gnat e as 0ose | evel -anli nal nunper) . .an 1S represent.e . as

i ntra-ani ﬁﬁﬁngﬁﬂ%fé‘yi ﬂf( ﬂ}?eaﬂtﬂﬂ%i@s’ @fﬁ“@@ﬂ-@?ﬁ'”eeﬁ’%@fﬁeF'}ﬂf?%Ofoa ;Sireavgivﬁdy
gunb)e/r {[(Hﬂﬁéofﬁe?rrul @@Mr&a@éuti&:@mj a@iepthbledsarsdrudy daly - #Ki -67+I Icel |s at pre
ose Ki -67+ cells at pre dose]*1001. CD8 central nenory c S re

ert 1Bl eu’Le B Rty terdoubufice pisions for Dobthe SREnY! SLORMIETE R aphs
ISh?\M ng th&bjgétomhhed)ﬂ]ﬁteﬁﬂ‘ﬂf, oa}drisingdcatjﬁﬁhigubrwtoatne@uts}amba[méﬂgactiwmﬁomlors (PC3,
eft panel; LOVO  right, pan an urman periphera 00 ,

D015/ D34 BInEEe) DalssH Y PoBeadHoN R N FERPCU R <C PO IR0 RIS wer o
inj e](c:t ed tha hlistdsowy kghefproviged ﬁﬁi%ﬂé@ﬂ{]ﬁucmﬁ%mﬁb&lm?ﬁ@t)as@.in a subjecti gure
7 Left panel i.s a scattergram show ng t per cent age .of PBMC that are
Losi 1 ve Banrtithd a0 REISTrE  S Fe Al B RO A BO g SIS R ¢ he
Br dU 20nuphaasicdeticanedmgoditiink aesdrpeti headimment of 4- 1BB knock in mice with
4-1BB mAb or VEhiﬁ%F contro

arouth of uri R TRFeaREct esie osk cepules abes s ARty BafY HOSE T nock
in mce aofatphemiaguiidd borhpssitionddesatiledl twsiactot that mamufadtud-ck aBBedi@dment
for the treatment of abnormal cell growth in a subject in need thereof. In a further
aspect, the disclosure provides a binding molecule, or a pharmaceutical composition, as
25 described herein, for use in the treatment of abnormal cell growth in a subject in need
thereof. In a yet further aspect, the disclosure provides a binding molecule, or a
pharmaceutical composition, as described herein, for use in the treatment of tumor cell
metastasis in a subject in need thereof. In a still further aspect, the disclosure provides
a use of any of the binding molecules, or a pharmaceutical composition described
30 herein, for the manufacture of a medicament for the treatment of tumor cell metastasis

in a subject in need thereof.



Figure 8 shows alignnents of Am no Acid Sequences of the heavy Chain
10Vari abl e Regi ons and Light Chain Variable Regions (wth CDRs underlined)
wi th Rel evanb12se438i ne Sequences. DETAI LED DESCRI PTI ON PETABREFDIIAN ONS
Unl ess otherw se defined herein, scientific and technical ternms used in
connection with the present disclosure shall have the neanings that are

commonl y under stood by those of ordinary skill in the art. Further, unless
ot herwi se required by context, singular terns shall include pluralities and
plural terms shall include the 20 singular. Generally, nonencl atures used

in connection with, and techniques of, cell and tissue culture, nolecular
bi ol ogy, i nmunol ogy, m crobiol ogy, genétics and protein and nucleic acid
chem stry and hybridi zati on descri bed herein are those well known and
commonly used in the art. As used herein, each of the follow ng

terms has t he rreani ng assmeREFGOEICRIPTIONIOF 2EEDRAWETESON. The term
"4-1BB anti bod refers to an anti body, as defi ned ereln capabl e of

bi ndi ng to hungdBUg- 188 Pec&piEp. graphs Sh?WE‘gt Frngean. &JOWG%H% ntensity gt

[ ﬁceﬁt or' uﬁéttInBuézSt@d (le(E@faﬁbmatmhMaleﬂ (hdree g&{yﬁ)%ﬂﬂﬁarﬁPBM(ﬁmm Qﬂggar(dppd’ﬂd ude
e uman re or an or1 or S | es

honol 08s %@r@&?moﬁegév%‘?%@ﬁfﬁeﬁo%ﬁ ﬂ‘at i&%fl( Weéé'gggf'?% ated ythdiPecl osed

helr3 ei 3 chi’éiéip4-bBBdar4|bé&Bof 6@1ﬂo$@ﬁnbcﬂ§ d@?fﬂj@éteﬁhag\lmlﬂﬁ& 6472 n;hé;ganeﬂgses,

a |n|ngm)ecuerra or u, - an may

ot oy DePen s PRtingfo By Salcionigis it Himl e WA

2012/ 032433PCTF@E%0211305\B(7Gihelgraphs srllo'U\h@g aﬂélieﬁésﬁs repﬁ)rteanﬂ:tlwﬁw inrg&iBB to

one or to nore t to at east on e t1ca jeCt

o he by eRupSsingaBaR 08 hafhaws Bedt st anter i soraih Sontaat Bl sttt - SEB oy o

t han aoe ep&diNinAbldrasdtgpancomesdmAs.” Theflet pah@ @nibn@ﬂlatég repdree Wehvityan

defi ned herFS1R whi ch u on

i 4-1 BB, 1
et vor oo ChlkPaert RiArlans T 1R et pApd dsrbbbr iy Bl Toedls ttongs
an activi bxprefs:un@hamnn E@r 'Ipfe&f@@%an@fefséed&@fold)étmﬁLﬂétlcﬁrﬂb@ﬂ@@)typleﬂ;@)hﬁtas63
r onot es, or e ess|.on o 0 acl
Pl ors to mot UPEIES A End SBY SEP i ofiohs hewiag e Caaarg 2o L BIMERdZr o
aci d anal passeAnid cambmmr@meduarmnmmgszhba:l& dfgttiiabon &f rIiI]nhany:ellsg\N'tHl@ntl 1g
nat ur currin m no ds. oCccC r m no |1 ds are those
Dotonds betrard A soueaBaias o Bl ShithgBe” Eachddad AchaS RrRerts; or
modi fi ed, aangimddwdbmyprol i ne, gamma- car boxygl ut arrat e, and

0- phos hoserin.. T term"am no C|daalos refe to co oun
have the. s DAYFRS dhanmatt i Siaed B S Ranslirant Jub GRT PR CaRoR aei d

but the Cﬂtcﬁnbﬁﬂj(ﬂ@ér s hoxyicg that pavé h@erN-tﬁeéfem wWigd 4aBBmAblSr |gd§tl9p®,coﬁ>tfo|5| de
chain functjon group has bee chem ified to ano r. functional
f oup. | ThEVter BRtEl Hpresed o et eomizs b CoR .o B TRdm RIS Phat
have 20st puheral bldvatof irsividifd Nsewmucferammtmdyaja@emrm theftesd ieeh igjbcteg withe of
an amino acid,. but that fU}I{lCtII ons simlarl %/ tegl a nﬁ%u:{gl Ié QCCtUI‘I’I {oE]g am no
acid. The S¥ePHOMTHYRFFPTLalaoq] MeNooUgRT", &el'st @ ek b 2paupeed gvi
ant i gen- biniyng-1B88 npkitor| isotype e;onlrdiﬂmnbgbrobjab/i ) Saﬁétngl 3ightishitce was
four-pol ypeptide chain stru sistin cal
chai nb. ande b NeadAne o gy NERaEH S e 8% RSP A0SR R sy
chai n by ml@mmelsahan/tzerdlnswhj‘ebtéel viitridimashddile. the two H chains are linked to
each her by ne o i sul fi onds dep ndin inJ otype
Fach PBavy chal BOod S B el Recra e, MoRrPaaF o PRYfeGAnBLERE oidle
herein as rﬁéri)ory T ceIIs at several time points following administration of 4-1BB mAb in
cynomolgus monkeys. Data is shown as columns representing individual animals
designated as (dose level-animal number) and is represented as intra-animal change in
the number of Ki-67+ cells relative to pre study number {[(#Ki-67+ cells on indicated
30 study day - #Ki-67+ cells at pre dose)/#Ki-67+ cells at pre dose]*100}. CD8 central
memory cells were identified as CD3+, CD8+, CD28+ and CD95+.
Figure 6 are line graphs showing the growth of tumors injected subcutaneously

with tumor cells (PC3, left panel; LOVO, right panel) and human peripheral blood



25 followed by a constant region. The heavy chain constant region is
conprised of three domains, CHlL, CH2 and CH3. Each light chain has, at the
N-t er m nWO 2012u8e43abl e regi on (abbrevi ated herein as VLPCTaBtoowess7éty a
constant region at its other end. The light chain constant region is

conpri sed of one domain, CL. The VL is aligned wwth the VH and the CL is
aligned with the first constant donmain of the heavy chain (CHL). The
pairing of a VH 30 and VL together fornms a single antigen-binding site. An
| gM anti body consists of 5 of the basic heterotetranmer units along with an
addi ti onal polypeptide called J chain, and therefore contains 10 antigen

bi nding sites, while secreted IgA anti bodi es can polynerize to form

pol yval ent assenbl ages conprising 2-5 of the basjic, 4-chain unjts along with
J chain. m”?fbli‘g‘%éﬁ%%éﬁﬂi ﬁ%ri}il'@ﬁ%‘?’éie ipiected Wit E0 ‘\VIQW‘:Qng tNﬁL'”Pl&aﬁe&@ can
be furthenpsubAbybrlgsy o.nt o regions of hypervariability, terned
conplenentarity determ.ning regions (CDR), |nterspersed w.th regjons that
are nore conse%9@8f7igﬁﬁﬁﬂ F?éﬁﬁﬁg?%ﬁ@Bé%BWQQGEPP?“ﬁﬁggéﬁﬁF&@ﬁ&%h@Eﬁﬁn be
det er m ne@ositietort thth KBS at cell sGFatd inarkeOBB NhdS M ke e orpoedtéd afie WRHGh are
wel | kpown to those of_@@?sh

Il in the ar See, e.g, Kapat, A, et al.

(1991) °Sequefesids gnalep Jolges dreafmgning %—dFBarnqc}ﬁt iy dise s ﬁ-?g%cnﬂ/t\mﬁ, u.s.
([gl’]ep?[1 t nEnt/glﬂi:LIeldEair%Ithﬁ’élflgﬁ‘ﬂLBﬁmlel i§%g%@?ph9%dﬂziﬂi%lgi? graﬁé/iroég rt/@ine&gelaﬁé@a

othia and Lesk, . Biol.. ; - , ., Ea nd VL i
conposed &m?rﬁﬂr&%‘:t%ﬁg%ﬁﬂﬂ‘ef’t&ﬂ}‘ ”\‘—‘FQg',%%r ‘F%ﬁbéhmf%%ﬂdatﬁ‘? ‘Efil"’g? ﬁ?%‘ﬂ&c?t&a
car boxy- t epmdentistionoftdress eldowi ng order: FR1, CDR1l, FR2, CDR2, FR3, 10
CDR3, FR4. Throughout the present disclosure, fthe three of the heav
chai h are ref YA bosaNsHBABRIENS ErRB oA RG0S BMEECoS G Far ISPVt HBAE hy ot
CDRs ab t haribhighRegib®i mndr EighteOpaIne ¥ atigbl@SRégiéARwitH -CIRE ,undbrinéd)ClaRg. The
vari abl e regions of the heavy and |ight chains contain a binding domain
t hat inteFﬁ%W@”V??mﬂﬁﬁ ZAYYYER. The constant regions of the antibodies may
medi ate the binding of the inmmnoglobulin to 15 host tissues or factors,
i ncluding various cells of the imune system (e.g., effector cells) and the
first conponent (Cl g) of the classical conplenment system Wthin |ight and
heavy chains, the variabl e andDETABEINDESERIRMONar e joi ned by a "J" region
of abqut 12 or ino acids, with the heavy chain also including a "D
regioﬁgof%abouFE¥®$gﬁg] re am no acids. See ge%erally, Fundanent al )
ITEWEOI ﬁgy CP Uﬁleéd:’a(bther\/\%/eb dfined 2Iﬁ‘é)‘gai@d.sc?&ﬂ£bl®/eéhd3_rte6r$nécdﬂ. férmélagaj )in

e L chain fromany yertebrat eci e n assigned to one of t
clearly dPaRTGeen (b RERIRE IBHE SR PANDALE MROBdS dheok HE SHmMBMci d
s;aqucra]nces uﬁdertsil@eglbyqpﬁs‘d famrﬁﬁh_@mémlsm ﬁeﬁ&ndi:mgmnurﬁlla& _aﬂgbms@eéqdire%@yence
of the constant donmmin of thejr. heavy chajns ,_antibodi es. ca
ossi gned CoMaRy e etas el dpoid el okt e ERd FilencPde OB o
?n][i EQ)di estnglélgf.\, Geadoally, gEmerg&ureasﬂdsengNboﬂ)ﬂwéii@gwhle,ww te&taiiqmsdﬁ,sdeg:aatjedha
al pha), elta), E (epsil.on), . a . a mu), . .respectively. The
| e nss teuesa s ayoe i uSPhy el ARRERL i oot Bebbii="ShibtloE ebe gen
| g&, | gGRuclaintadid)erhigtry e dgaidizaeay Yesdhived herefd are Ydoser @slpesduvehy. The
term "anti bod erivatjve" or "derivative" of an antibody refers to a
nol ecul e C@@"%ﬁ ﬂmﬁg"bgﬁéEWe of binding to the sane antigen (e.g., 4-1BB)
that the anti baslysdu inglsinf eachnst tedfllowingIerdis s the natinthgsegocmee with itihe
antib gy li.nked to an additional nolecular entity. The am no acid sequence
of thé& antlbeehi®fhat is contained in the antibody derivative may be a
full -1 ength hebwytetiadmBRahtidody'| esfes Mo langdiitibedaias, dedingd perdin, ashipablepsir t i ons
of a full-length heav in, an ortion or portions of the full-Ilength
|'i ght chaPH%"&éPfHT?P%§§%§§$@ﬁpié2811/053761 EZ of the antibody, any gther
fragment (s) of Thenteans 'HoBR; ad “4- BB cavsptoet freantd aekyhandeabipdditid grosdnt
nol ecul ar _entity may .b hem cal  aor. _bi ol ogi cal | ecul.e. EX | es qf
Naat ¢ 1 onaPoRiseidn Y Bflvds FERUrRA ddBeieenrEhsor Sl ps Ve s and
pﬁpti ggs, spe@eltsehdsrlﬁolbgsldﬁr@ﬁ. exccyrdsyly, @nbihb)iagirmséculalruﬂ; ddiesd @ﬁbl ottsumef gnds.
The additional nol ecul ar tity ma ve any utilit such as, fqr use as
A Getect | BRI, QD, SraBRp 4 TR Roi SR lbsr AL B e Praberies & tgdhe " The
am no aci chaeylsemag bofcompletdty ispesific foayhebieunadrt 4dB8darar mhy nkteskhitit $dzeies
addi ti onal | ecul ar_ entity by chem cal coupling, genetic fusion,
noncovaleﬁfgggéﬁe?%??%ﬂ$*r C%%Mermﬁse. The term "anti body derivative" al so
enconpasses chineric antibodi es, humani zed anti bodi es, and nol ecul es t hat
are 10 derived from nodifications of the am no acid sequences of a 4-1BB
anti body, such as conservation am no acid substitutions, additions, and
i nsertions. The term "antigen-binding fragment” or "antigen binding
portion" of an antibody refers to one or nore portions of an antibody that

. b e - g, o - I v



fragnents |inked by a disulfide bridge at the hinge region; (iii) a Fd
fragnment consisting of the VH and CH1 domains; (iv) a Fv fragnent

consi sti nyoab1d3es3¥L. and VH domai ns of a single arm of &oTABR01bOZBYe1 (V) a
dAb fragnent (Ward et al., Nature 341:544-546 (1989)), 20which consists of
a VH domain; and (vi) an isolated conplenentarity determ ning region (CDR).
The term "bi ndi ng nol ecul e" enconpasses (1) antibody, (2) antigen-binding
fragnent of an anti body, and (3) derivative of an antibody, each as defi ned
herein. The term "binding 4-1BB," "binds 4-1BB," "binding to 4-1BB," or
"binds to 4-1BB" 25 refers to the binding of a binding nolecule, as
defined herein, to the human 4-1 BB in Gnin vitro assay, such as a Bl Acore
assay as descrjibed in Exanple 6, with an affinity (KD). of 500 nM or |ess.
The term "chi n?§ @1ligR i A aperets o oge gh toawpreot@as}(Oﬂﬁé&e-c@r%??asséen%)rﬁfno

aci d sequencgainfiesticardojbétosn tief dregi@ntBaMay Bl SXBRPIESSan SWEierdS nleBAS ®nBavi ng
a variabl e region 30derived froma human anti body and a nurine

i mmunogl oBEMENt BoReteRgn PRY FlsMeNt. The term "conpete for binding" refers

tA of the int Ie_r gmo?i RAmofagbnist’ ?@Fe'rsﬁ;wg_aﬁndirﬁg hﬂﬁdulebiagd%ameg mgaeoilb,i w?iblggjpgar get].c
I rs a I PO C el es, r I ndl n W con ant.l bo | Inarng o
the fiPst %ﬁ"ﬁtﬁgdéd‘y%t(ﬁ.) ?ttr%lﬁ%tsaﬁé?@“’gﬁﬁst‘{s&%& @%B*‘E%‘F%PVG r BPUeS: n t he
presence @fdutés sep@hgandr ety C aimeasedort presbecddoNdi1BB, 06r 13)eerdHansés,

antibody in the WO 2012/0%ﬁﬁ§3PCT/182011Q3537 13 absence of the second
ant i body. MPFRASEFIRIPREES VY INGHEES &e RS NG tHP-t he second antibody to its
epitope is alm®R deaheshadl sxidtaereasedaturlly Recitieg ang syathetidiémfror sdidsaaki body,

can, but need not, be the case. That is,. a first antibo can inhibit the
i mg. oMol asating Seb R 1 Aang BB I It fRaion SRR R PBody

i nhi bitdi ngatubely icoghiring agfind Beids. Ndtunasy oadUrtidp diyinotadidsSare@R@sCéncoded piyt ope.
However , a?ere each ntibogy deteﬁtabl dnhibits the bindigg @% he ot her
anti body W% HENEY 9Ffas BBt 8HdNosthel ey 305 Hials gife 1atgr dHPded. o8Ot esser
gxt gnt , t P@drﬁmdr&ﬁféi gémﬁfaazaﬁﬁixﬁ}glUtérﬁ'eﬁé,Qﬁﬁih@@Ffﬁﬂim"semd ITheaer ?tnh@ds atior
inding of their respective epitope(s). .The term"epitope" refers to a part
of "an ant PASRSY 4R 6 SMERITEBOHG (316 ANt Ut Dot GeRth R St
t hereof ) hanesdly doputiagesnisaacibeut digredeieindl darsuxy GPcip, A MsteanihAlcarAigbds or
nonconti guous am.no aci ds juxtaposed by tertiary foldi of .a protein.
o't ophs BEtRed oo ATChons SRR Den GhnRat panled i Moster HrSed
exposur e ymupemakuterm g amil o/ abiti smikhetice’agefergi foopesnitalr sodpdyidé andti rave Hol di ng
are typically lost on treatment with depaturj ol vents. _An epitope can
Mot ude v atdue e arter SR B e Seobel chamiel Aitgee T80 Shud'art bR
conf or mat fugvetionddimosgts tofa ribedrannbdtufhgsPéaiho atidconf or mat i on of epi t opes
i nclude, for exapple, x-ray.crystallogra and 2-di nensi onal. nucl ear
mgnet; ¢ resoienEan aatbod i o s tespa R i g o Bieolttt ATKETHEAG P
Mol ecabar pBiteih gigy ,imiInoglebulinGhating MosdsicsfouEgoly kel 6 Joh aitnstie curgl esngigtiflg
epi tope on_an anpti, i S ey m ned,, .ant.i bodi 0, that. epLtope can be
Goner ot eqd S HEnli& heapy dFt ShaihF e SR cbemaiomar b Phns Hedamarati B 20
and char a¢itkesd ta ahi HBhaih baohe Bodhles divsayfidal®adelhii tdatwo Hdhamsrire dnkealtout
desirabl e epitpgpes. Fromthis inforpation, it.is then possible to
Conpet it oan oBBF Bt priaron mot welbd BRidrafensntisbrare PeniEnan BoesGror
approach heaacbhsinehdshist the N-deraonduct vatidss regiomghbbrcdntest behes ag ovif)i nd
anti bqdi es that conpetitively bipd with one another, i.e., the antibodies
comedd { HOHEN A HeTE kSR | GBR AP PRSI RUen i GG iR g
domains, Cn1, Chz and Cus. Each light chain has, at the N-terminus, a variable region
(abbreviated herein as V) followed by a constant region at its other end. The light chain
constant region is comprised of one domain, C.. The V_ is aligned with the Vy and the
C_ is aligned with the first constant domain of the heavy chain (CH1). The pairing of a Vy
30 and V| together forms a single antigen-binding site. An IgM antibody consists of 5 of the
basic heterotetramer units along with an additional polypeptide called J chain, and
therefore contains 10 antigen binding sites, while secreted IgA antibodies can
polymerize to form polyvalent assemblages comprising 2-5 of the basic 4-chain units

along with J chain.



25 anti bodi es based upon their cross-conpetition is described in PCT
Publ i cati on No. WO 03/48731. The term"germine" refers to the

nucl eot i owoxetussas of t he anti body genes and gene segiremiIB2as0iney are
passed from parents to offspring via the germcells. The gernline sequence
is distinguished fromthe nucl eoti de sequences encoding 30 antibodies in
mature B cells which have been altered by reconbi nati on and hypernutation
events during the course of B cell maturation. The term
"glycosylation sites" refers to amno acid residues which are recogni zed by
a eukaryotic cell as locations for the ?ttachnent of sugar residues. The
am no aci ds where carbohydrate, such ad ol i gosaccharide, is attached are

typi cally aspar agi ne WO 2012/ 032433PCT/ 1B2011/ 053761 14 |i nkage

P oo L PRy BRa reons A bo, rhen AURY M de B0 dRaons £ BYRESTIIN: o1 { o
?f ﬁt t ag:hm?ﬁmadiq@n}pm&ﬂdladt%/_déieﬁﬂﬁaﬁr@dre@wna (@Bfkl)l,ei_l’li_ﬁespfél?se@rﬂ/iﬂ?re@?dnd&hat{eﬁéer red
(0] ereln as a COS all on site seqgque e 0] cosylation site
sequence e RPN dt%fln%é@me&’toﬂbrﬁgl .S('-Qﬁénﬂ}@-%@P—reé'f’”sﬁgfh-%ﬁ?ﬁfm',”eﬁhere X
tmay be ﬁma_siﬁ trfj&mawa@@venf)@hm;ralmm Qy@ttéind,tshr)]oth Bfﬁ)hibﬁl’alré\hélﬂkrWVfﬂ tb{l@oserie

ernms " nked" and "Q-1inked" refer to m cal group that serves as
t he at?acﬁh@d? @Pt@gbegﬁéeﬁgt bafq rAhn?b@ﬁl@ggﬁh%ﬁﬁgggﬁﬁn@:Eﬂﬁﬁ”?égidue.
N;Iti nﬁeg w&@h&ﬁ@'bﬂ h|r:ﬂetreaa@,hrlensih Hd[t@blg_tl]_hsi.m@ﬁhﬁﬁnpréaltrﬂahd H&ﬁﬂn%ﬁf'b@s,a{ e
attache ro . hydr ox oup. The term" can,.occupancy" _r ts to
The o ot NP oy fibokyap2e CRand 5nd amkass Y Bifle a4 IR T, Pl
(iie.i_trﬁalgﬂmmaa?@it\&eisi@mm@t u@ioedhneel @Rg\ltlagdefduhg:{%,aarrﬁngéd lfas tandivg? ”
potenti a COS atl on sites on a pPepLi e, | r..n - )/ Site
D e panay e D b ARmioe Mo B PIeS shere or R 1y BBk eke. Shel 45l o te)
Si ]Ees 10an dwapq;lmlpiwﬁomoat 08 b thdﬂié&l@sm‘@,i té Yhree CDRs of thehégiyrohamost cel 1"
refers to ce ul ar te C nagl neer e t e at rot el ns,
e rern rdgfenicad b CYRn MRS il iR GGt thel SrdrERRR i Berful™ 1

| i mtati oghai6Wré usfetted &b bs,L-€DR1, LICDRA|dnan_-COIR3UT The ¢atidite dgjidnsesk theom

rodents (rats, mce, quinea pigs, or hanster sych as CHO BHK, ]
5p27 0. “vibpe 0 fii ol g bifag R Hiet pUSrgBauih G AN Pns et
Cﬁl |' s, andogthitsregiony of sr@ar«m'tiohiﬁ@ rAay ﬁm%;g@mecbigaihgaif t@e}ﬁ irﬁglhhoglietd.jlihitﬁsue.
The term enconpasses not only. the particul ar subject ce ut. al so e
MDA R LSS gt ML R T 1 B S R e e R L
succeedi ngn@enerigsticonpodeitt (Oky)eft fherclasical complemeangistemmentain light lanences,
entical to the parent but . ar till

such progen .not be i 1.,
“ncl uded RPYH Greinie ec@rbls g fanstant reoiRBR ereained by "y regioR o aBoth 121k ran
ant i body" moeé amind gcide) wathtthd Beavyl dhawhalshincheingrd 1D7aegith B0 ab@itd Ose ausgaces of

the |ight chains and, heav hains are fromthe hu i nogl obul j;n 25
Gones. A ATHASGRT st SO Do LS SR REGRs i bR Rt £ b duced
in a pous@avémPeessPNYe (1g8h). or in a hybridona derived froma nouse cell.

H ti bodi b ' i et f i.n th t.
The.ter m * humalie bahaR TBoY YPOPURLS TS gt PRI BAUy AP Y ai ns
am no aci distieditgoess caityd apaf areinambaanbavedi dothe seigueesequinbesTaniherd

ti bod 3 t ai | f. the CDRs f -h i |
o body R, e, hangiingion g rlting Do R RRACOR P A BN By Bt B
am no aci theirelseaiy eshather (OKH) daitibodied Laaanbea Bt sigraesdly tos different elasses or isoffpes.t erm

Ty i R
m 2%11%@ oaaggﬁd?ga/al(awgﬂ,é&@@ﬁﬁ)lsj(gpé\m_ ,X(4@@m|4?na),|\m M&ﬁ),lrhf%clﬁ@ﬁ- Ill'hean? .
- 2. ese_anl,l | eS e | n.any. SS e.Jd., , s
N om. 196 2SS & 2bogtd Gaboke TouRt lPufitlioh B2 sbisses 1861 b3, M | 0
aII_five Ghﬁ&ﬁBSbﬁhﬁkmh&M@B@?@cﬁamﬁ,?ﬁih?uE?b?dWequencgs for t he VL agd|VH
r ns. Furt r 1 ) t1.bodi.e 0 ne . G, SS e . | n.an upcl ass
(0™ gt | ofte e cattiiony St wlye "o e Tt Y Felt R PR maRaltve
t Ee | G sumlisasaoa@gacoﬁmasisgso &][eté;at)tﬁﬁbeﬁgl_dnn(eag.,l zl:ﬂBBD _tr&‘mbhié ast&mlh ytblimrs_ tba\ée
t he sane am,no acl sequences or e a .reagl,ons. ne m no Cl
sequences B¢ SPRBIFEANA 'H8iaﬁ'dc,58ﬂB‘?%ﬁto‘cyr?eeg?’gﬂgg-‘éF”‘?‘?ﬁﬁ%ﬁ”é‘ﬂa'it'%agi"é%e‘i“ "t he
five cl assatity. abe rhiho aid BedUemicé aufrthe gaRtibUYC ltieet Sie sconeaieedk movie Bintiiddg art .
As exanpl gl‘ivatti\r}g rr%g Bg aaﬁjlllgensg?rg%%g\(ff%hgl];\, y}gll-length light chain, any portion or

portions of a full-length heavy chain, any portion or portions of the full-length light chain



10 human 1gGl and 1 g& constant regions are provided in SEQ ID NGs: 69 and

71, respectively. The am no acid sequence of the full |ength heavy chain
for the IwQ2opui3edlass of each of the illustrative anti bediras2aisoprenvi ded in
t he di scl osure. The term "isol ated anti body" or "isol ated bi ndi ng

nol ecul e” refers to an anti body or a binding nolecule, as defined herein,
that: (1) is not associated wth naturally 15 associated conponents that
acconpany it inits native state; (2) is free of other proteins fromthe
same species; (3) is expressed by a cell froma different species; or (4)
does not occur in nature. Exanples of isolated antibodies include a 4-1 BB
anti body that has been afflnlty purlflé using 4-1BB, a 4-1BB anti body t hat

has been erat ed by i domas o her cel i invitro, and 4-1BB
ant i body gg %P%rﬁ”éflqtﬁ néﬁ%ﬂ‘?r&{sk@gﬁi‘ r?é.‘F'bO‘Jy Or%}??ec‘%’BP'ﬁ{e’ qrifipody- eghﬁum ei c
acid" ref ga&t.@mal andle6lIF entREinthy"bé eCuhemiehl gepiegal FidBuledr Esdmblastdfc
origin, conbi nati on thereof, i ch |s se aratedfromother nuclelc

aci d nol eé‘[ﬁ& g5Har; entifieR Melfdgr eng%,g&upgf K ALids AePUIARS ProtRgs

exanpl e, \duch é’seQ@Zy@hetsO af foadsy, SMNAchdrhigalt &smpoungel atredaddifisHal deseduie! ei c
acid | ecul.es which 25 are separated fromthe hrormsorre h V\:hlr?(h t he

genomi DRAY SMARLNAVEI Y HUEcPUiedS T8 EFRrashPyS etgﬁlonl egit L Me™El ¢ acid

is free Obhém@nw otMhieEdpeld Hiert! Yhelaaiiko béig s@@@ér@b%f@ﬁla{ﬂmtub@d;ﬂnay be
sequences Io$9ted e nhucl ei c terest.

the 5' nd 3' ends of .
T o v alshad gy dikec§ Tas ed Bl malruar Saitk DY ghetiashoosine: gStath dugiar
Sntl bodyt naﬂccﬁra{ehgeassdt@taa?mctcbrorbthmt eei’isl'htahet?ﬁnﬁr gantibd?yreémamvé’o b{gg
| SSOCl atl on rate constan (0] artil cul ar an|0yan| racti on.
e Do o oRgmiisEes TNBOTh anLerlih HhrAR s SBLASorAon e Io fiah Hre

parti aol aﬂem’ddl ﬂﬁ@ﬁ){‘n(ﬂfﬂdag@rfs omﬂweraamhd) abid delquérscesiral nadBf amiBbdy)eutiataso of
kd to ka(C kdlkrz anéi ressgg as a nolar concentration (M. KDis
Used as aCHISEL{AEN PG a0 syt ANSABNY (58I 4985433PCT/ 182011/ 053761 16
antihblodybs b:j nmhewgarm'agﬁ%enbbmh@gagm@hmrr ‘arlt rg@nsmm@bormbebmn bhlﬂ)dd?rg g
tl t nd the antl bo r t a ni t et en anti bo
and the afRIPgdn oTEGr MaRa RUETS afPrsselbou e e d o ahies Bind(Rfge andgen' O
di ssoci at it tieoastibany bbhdyds (81y,e4-1 BBt IEyanh;ﬁle@oﬂ'&htlgeﬁuﬂ)lﬁdmgmfag@l%ﬁt"tdﬁ@ﬁ an

antib with a.mcro dISSOCIatIOI’l onst ant | u for _ 5
o D38 o St B e e P oGS & A sEen Er g e Canr e e BB Gt one

met hod foandetardamaing fihe KRS fedyraetiti Boslyalest bygrbeitnenspiisingc gvgpliFasmn
resonance, typically using a biosensor systemsuch as a Biacore(r) system
An assay ﬁﬁ@@éﬂfﬁr“@k%bhg swdfide| ixdorEt Meshisge redi@; Aiba &ddegaent cansidiser i bed
in the Ex 0, PN VF% fers to
any ani malgmwégm é?%h1 &F]r%mé maﬁjf? assrteoné&n%p%f%%rwngmm S T%‘@ O%
humans; | abeleaarey §f aarantiapdy. SYchdAl fragment (W asd et ali fyadwes ?éﬁ&4énﬁ4ﬁéé9§ﬂ)gs
donEStZDC AR ABdoPsidCd aa§H 86%§|n QQQ@A) Jﬁ?&bkﬁ coﬁ%ﬁéﬁ&vtaﬁ?@@t@rmﬂ?@ g,ohorses,
and pigs; and captlve w1l d animal's such as Tions, tigers, eleph and
the |ike. (GBB)-term " m)nocl onal antibody" refers to an antibody obt ai ned
froma popul at{@N erkd “e.fndmgb%réealbalelnxomé@;g@n@?%t@m Kedidiger-bifding! he

i ndi vi dual anti bodi es conpfi sing OFu ation’are 1dentical except fo
possi bl e fragmeal afpneRdbedy Agd (ﬁ)tdsflvaiwg ﬁ@ﬁnwyb@cbraééf@ﬁﬂed herginnor
amount's. - NoNOoglORRh GRLNG A 5 Aifudh ABBY EEhS 164-1BBLNG hibed adgal nst
a S|ngle antigenic site. ernore, I n contrast F ycl onal _anti body
prepafat i mfgrs\/tﬁutf@blnwag @ﬂé bmdfrfgemlﬁt:ularﬂs %ﬂi'@pé@etﬁw de thedhusepil 4rdBBd Aher ent
det er m nant iro 20542 BLAPRES BIAGRE BsSNRCHARAbFRIEBAMYC bWl 5@%%@ gaginst a
single determ nant on the antigen. I'n addition to their specifici

monocl onalf 2210 MA@r ¥ssar e advant ageous in that they may be synt he5| zed
uncont am nat edry ieniniel HoeP: rolie Rl AitBbay MRAShRAGLs alhhd1gtigt 0 be
construed as requiring production of the antibody by any particular method.
For exanpkequanges Aeives Ifonndiferent arieiabspesiep. sshmsdpesectpving a yasiaphs "ﬁg'l@m doma
met hodgl ogy Riq fFH?‘N a%n%%tub‘éd%d@ﬁﬂm@é fﬂ@rﬁ&nc@%uﬂﬁ%&%t'@b ipcteri al,
eukaryotic animal or plant cells (see 816, 567) .
Monoci onal antTfEﬂ)@T'@sC%Qetﬁlf@ob“b@”g sréfeéi% Edthﬁr'@iﬁf%H@Ig@f Byex aibagies ibthati es
usi ng. the ol RRTH USRI AERRGH DR drdt BnfaRsieonibrls 81 bina NEUAR ® scBBrd BRfbchIS
(1991) and Marks et 2:581-597 (1991), for exanple
30The t er bipsieg ehihe st apfoogy Yithnigs coggaten epitaner is rfletedtab i de@pasachinding eas e
condi ti onpldyeRcdTBIMHR) secoffl @nbdd) ERYRB4 't&%&bmgﬁbaéf'tﬂél ﬂFé’t‘eanQB&ﬁ/t |n0tfnet he

di sease, or preventing the mani festation of clinical or subclinical

synpt ons t her eof . The term "reconbi nant anti body" refers to an

anti body that is prepared, expressed, created or isolated by reconbi nant
means, such as antibodies isolated from



WO 2012/ 032433PCT/ 1B2011/ 053761 17 an animal that is transgenic for another
speci es' i mmunogl obul i n genes, anti bodi es expressed using a reconbi nant
expr essi omoverm3e438r ansf ected into a host cell, anti bodipes/IBBOI/B33¢6 from a
reconbi nant, conbinatorial antibody library, or antibodies prepared,
expressed, created or isolated by any other neans that involves splicing of
5 i mmunogl obul i n gene sequences to other DNA sequences. As used herein,
"sequence identity" between two pol ypepti de sequences indicates the
percentage of am no acids that are identical between the sequences. The

am no acid sequence identity of polypegéides can be determ ned
conventional Iy using known conputer prograns such as Besffit, FASTA, or
BLAST (see, e.g. arson, 0 Enz 183: 63- 98 199 Pear son,
Met hods Nﬁhs%lcglc?f t%§2sef88 ﬂ@g?(gbo ; aligrp &’ﬁulWh@fe the bingingpp 8268?‘%90”‘1

215: 403- 4 1Rtiol9 99)ts eﬂd@@@lso@et@tady M&@Asea ||Aﬂ1ecb?re&ﬁce o?ﬁte?rﬁﬁ‘&garﬁlé@é%/
(1997)). WWen using Bestfit or a ot her _sequence a | B géeggﬁ

det er m ne Cahebfidice ’b(ﬁr b¢ dif 575 elfFbit & fist %f‘tbt?(’diyn%"’t”a @'t 19 14 €al to
a refer eneeccm dhiba®) © |t:‘seé11||l©6§wthblht€thﬂae“e@6ﬁd 8hifooRl entitstinSthe bindidg of e
percen%ag, |dent|t% is calculate

ver 1 t he ful en th of  the
ref er edce ﬂtpoétbf IS ERGREFIVE ERAPS: eeja PF‘F ‘Fﬂ?ﬁnﬂ”&é@’f! %Fﬁa@t’)”ss‘t&'téf t he
t ot al nunt}ﬁarbuﬁam@m the cedrchntiBsd cidumsuts todrhe: &&ope e\m@heretquleét@@nerg&e@tbt owed.

This afore t|o tho ni t he percentage o
ot woon_ p ol Faser iy ﬂmt’%saﬁreeset {6, fefossreoptneie tt*t%aﬁﬂeqtt%r SopngHgi ant s

t her eof dbsmbmsaﬂmbmkagnopabp term"specifically blnds or speC|f|caIIy

bi nds t o, eference to, 0O interactjon of a bindin | ec
Bt et her 6 g GG SbiighS s erer 1a PatsoL fin P LHR A A5 1 RGRY Fas 2gtocsy
antigeo), brrﬂfr@rfsagtntent reeréd®) bintly. oEputobes bamden@rrrre@ll et frent eontibseus aimunate
bet ween an gn en OF i nterest from an anlgaﬁﬁ@$ s and t e a t|
or t hol ogu&Cf$ ShTIAPNHGUQUS AMIBR PRSP JUXPORRY d @Wé?ﬁas?é qteigs &Fu ons.
Q‘ 4dlBB blrf]mdieaqzmlcg%wueus enﬁ@& gmtj@ a@%@jldallﬁaéthebldhdeims@@%me?taﬂtﬁlBﬁEgoi t
inds to huma at ercent o e
ot " o FONTs aEitEDE daioRt (oanee by Hstivs dainacrs oy Rh S Aerihant v suoay
. Bi Edl ng demta.h:tg‘ §dl\tahts)fAnaépltaﬁé bﬁ@tﬂ\wudem?@@sd&?ﬂdeﬁs aeajmuglf&@swea tmlard;aeknovm
int art nmet ho i ncl ud stinu
o G SPPE Coplet Batan, MBI (s St ponTor AL (o SPLoRES A | e
scanﬁ ggmrteampleseireﬁt;wgtellgggmnmd Z)dlme‘.heioﬁéltrllm%lgy;‘rf@gﬁdlﬁ: feSorianice. $&,er ence
to the i nteraction,. of _a. bi , as in rein, (e.qg.
| badoy ei-Plope M Stpap Brla Medis 1R et idho SLE 8. 1 Mafad
ability oEdt kodei. nd])rroe mbeeed eputdpeobrsenlamhg\at e baemaﬁed ,adntidbdibg em tindt
interest froman ani nal ci es %su as _human, 4 {%ﬁend di ff erent
anti gen f FBIRACHEN erb‘?ﬁ?t |©-gpH 'P% & EGRHIYES ?ﬁ?ﬁﬂ*ﬁe 8 e”&%‘POen set
of condi tba@sChaﬁaoterﬂzaaBm bjfruﬁtlbgd@@hﬁﬁyﬂeﬂsd 2luhiath trﬁomﬁteﬁt ablt yddsiraplet o
hunman 4-1 B 012/032?33P [ 1B2 11/0535%% 18 |fttt bi nds t hgnag)4-1 BB
at an EC56P CPP&P r BB INTABaiar (R (et PSRIRICEe S MRE VRV §E" BIURALEE B hunan
CD40 or hbnﬁmgCBl% &Sm@e‘e;ﬁttdﬂilenea\nl Ipp&batm wlédhﬂavasm&yts to condt]'dﬁe%rbﬁm
"treat" tre r eat me nce t certain disease
cond t 1 onPRBa el i 1ot S ERes mtlctpbhENTSE i et ol et BE: s
t][t]e rrammbntutﬁ)dFavadng)egét&)rdjmmﬁf ® thondltigeronA thtethd&]Ethpa&breceys foemafningg” aI f
ef fect,_ma ncl u uce requen r. severit or .nore ons 0
Che. qPSonpatiniies Basl BT et ieehtatind R Gtsstbed n PCE ARbICARF A TRl 5t o
by the nuu&esssand/or activity of inmmune cells, and the Iike) or arrest or
i nhi bition of her. devel ¢ 0 e di.sease, condi.t or, di sorder.
1t he cont oxt T8 P gET T o0 ARER 4 s remiar e aaa e RSy iser i o
10 eff ect andygehackeyaenisndy bieylane p@fssefderbﬂneﬂiargﬁtQ\mb loffeprirgjovie akle @farrﬁa‘,ﬁn‘.er
cells, qﬁh of cancer cell lnhlblt%Pﬁ_ ﬁeoccprrfnce of canc i
reducti on OF FHIMINGSEILFAE ﬁxﬂtsﬁ'ﬂgt'ﬂée Qe fhe giucle o&&ﬂ“%?%%lo 68 the
nﬁmmlso Thetitefdfesctin cantube Bi tEBr vl deiveVvbear a:tteyattbw&ecd?@hsmiﬂmmhe i f
the ma unman nay no | vigor or vitality or
decreased%ﬂ%ﬁwuggagSﬁfgﬁpFweg@?ﬁﬁﬁ@ﬁékgﬁﬁﬂﬁﬁﬁﬁ9 W%n? or response ¥o
therapy. 15 A:rrteatgnatgly@jsytatlbdneutesr' refeuimtaranm&y?ﬂ%testxm(ae wihitr 8 secdgnized nor
size or t ur ca a abor at or aneters t unor
Torkers of) BeianPInARESs fraolatt ke dep B o SR g Segitied kB HHED Bbichi T
may obser \Aeefewarbelsymatteesaah dg eljosaeuharites | is deacradnamkitygitalgraspbragest - such
as white blood cell count, red blood cell count, platelet count,
erythrocyte sedinentation rate, and various enzyne | evels. Additionally,
the 20 clinician nmay observe a decrease in a detectable tunor narker.
Alternatlvely, other tests can be used to evaluate objectlve |nprovenent
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25 nucleic acid nolecule by a reconbi nant techni que, such as ligation or
reconbi nation. This allows the foreign nucleic acid nolecule to be

mul ti pli ewlo208se43@d, further mani pul ated or expressed iPaTaBosD33¢el | or
organi sm A vector can be a plasm d, phage, transposon, cosm d, chronosone,
virus, or virion. One type of vectors can be integrated into the genone of
a host cell upon introduction into the host cell, and thereby are 30
replicated along with the host genone (e.g., non-episomal mammalian
vectors). Another type of vectors are capable of autononous replication in
a host cell into which it is introduceq (e.g., bacterial vectors having a
bacterial origin of replication and epiéonal manmal i an vectors). Anot her

specific type of vectors capable of directi t he expression of expressible
foreign nh%‘{)aé?ie?: %‘i”@s(%["ﬁ‘k\ﬂﬂg)cﬁnfjhtggﬁoﬁlr‘@ @h&%@?géﬁyhﬁ%‘nﬁﬁ %eé'f'?\é'tg of
2012/ 0324 3aR8pMeHB2ObicAMBE6AaIdd by anvayuklicd of emmetadids, re¥PEE &S heRinvaschors. "
Expressi op vectors general | "hﬂ\éﬁe control sequences %}Pg]t ﬂl’l ve ex&é,esm on
of the exp?¥Lsyglien g't?r%q&ﬁ”%uc dyeasylgion gie3aaupnerRator olinked glygpsyiadion
"tr aniscri g&: i-m%-x%‘drﬂbﬁvﬁ\'sn@(-ﬁ’hﬂﬂbvher“e@ﬁ&ﬁﬁ;ﬁb@fan@%i‘ lﬂ?al &%@aaﬁdriabamimgcidgd?t -
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The term “illustrative antibody” refers to any one of the antibodies described in

the disclosure and designated as MOR-6032, MOR-7361, MOR-7480, MOR-7480.1,
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NO 8, SEQ ID NO 22, SEQ ID NO 36, or SEQID NO 55. In a further aspect,
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wherein said anti body conprises: (a) aHI_SH-CDRl as set forth in SEQ ID NGO 1,
SEQ ID NG 15, or SEQ ID NO 29; (b) an CDR2 as set forth in SEQ ID NO 2,
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or a binding molecule, as defined herein, that: (1) is not associated with naturally
15  associated components that accompany it in its native state; (2) is free of other proteins
from the same species; (3) is expressed by a cell from a different species; or (4) does
not occur in nature. Examples of isolated antibodies include a 4-1BB antibody that has
been affinity purified using 4-1BB, a 4-1BB antibody that has been generated by
hybridomas or other cell line in vitro, and a 4-1BB antibody derived from a transgenic
20 animal.

The term “isolated nucleic acid” refers to a nucleic acid molecule of genomic,
cDNA, or synthetic origin, or a combination thereof, which is separated from other
nucleic acid molecules present in the natural source of the nucleic acid. For example,
with regard to genomic DNA, the term "isolated" includes nucleic acid molecules which

25 are separated from the chromosome with which the genomic DNA is naturally
associated. Preferably, an "isolated" nucleic acid is free of sequences which naturally
flank the nucleic acid (i.e., sequences located at the 5' and 3' ends of the nucleic acid of
interest.

The term "k;” refers to the association rate constant of a particular antibody-

30 antigen interaction, whereas the term "ky" refers to the dissociation rate constant of a
particular antibody-antigen interaction.

The term “Kp” refers to the equilibrium dissociation constant of a particular
antibody-antigen interaction. It is obtained from the ratio of kq to ka (i.e,. ka/ka) and is

expressed as a molar concentration (M). Kp is used as a measure for the affinity of an
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I D NO 36; and (d) an antibody conprising an L-CDR1 as set forth in
SEQ ID NG 34, an L-CDR2 as set forth in SEQ ID NO 35, and an L-CDR3 as set
forth in SEQ ID NGO 55. In sone further aspects, the disclosure provides an
i solated antibody that binds 10to the human 4-1BB, wherein said antibody is
sel ected fromthe group consisting of: (a) an antibody conprising an
H CDR1L as set forth in SEQ ID NO 1, an'f+ CDR2 as set forth in SEQ I D NO 2,
an H CDR3 as setféthln?s D NO 3 as set for n SEQ I D
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NG 64 preparations which include different antibodies directed against different determinants
20 (epitopes), each monoclonal antibody is directed against a single determinant on the
antigen. In addition to their specificity, the monoclonal antibodies are advantageous in
that they may be synthesized uncontaminated by other antibodies. The modifier
"monoclonal” is not to be construed as requiring production of the antibody by any
particular method. For example, the monoclonal antibodies may be prepared by the
25 hybridoma methodology or may be made using recombinant DNA methods in bacterial,
eukaryotic animal or plant cells (see, e.g., U.S. Pat. No. 4,816,567). Monoclonal
antibodies may also be isolated from phage antibody libraries using the techniques
described in Clackson et al., Nature, 352:624-628 (1991) and Marks et al., J. Mol. Biol.,
222:581-597 (1991), for example.
30 The term “prevent” or “preventing,” with reference to a certain disease condition
in a mammal, refers to preventing or delaying the onset of the disease, or preventing the
manifestation of clinical or subclinical symptoms thereof.
The term "recombinant antibody" refers to an antibody that is prepared,

expressed, created or isolated by recombinant means, such as antibodies isolated from
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30 particular human germ i ne i mmunogl obulin sequence may contain am no acid
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commonly referred to "expression vectors." Expression vectors generally have control
sequences that drive expression of the expressible foreign nucleic acids. Simpler
vectors, known as “transcription vectors,” are only capable of being transcribed but not
translated: they can be replicated in a target cell but not expressed. The term “vector”
5 encompasses all types of vectors regardless of their function. Vectors capable of
directing the expression of expressible nucleic acids to which they are operatively linked
are commonly referred to "expression vectors."
The methods and techniques of the present disclosure are generally performed
according to methods well known in the art and as described in various general and
10 more specific references that are cited and discussed throughout the present
specification unless otherwise indicated. Such references include, e.g., Sambrook and
Russell, Molecular Cloning, A Laboratory Approach, Cold Spring Harbor Press, Cold
Spring Harbor, NY (2001), Ausubel et al., Current Protocols in Molecular Biology, John
Wiley & Sons, NY (2002), and Harlow and Lane Antibodies: A Laboratory Manual, Cold
15  Spring Harbor Laboratory Press, Cold Spring Harbor, NY (1990). Enzymatic reactions
and purification techniques are performed according to manufacturer's specifications, as
commonly accomplished in the art or as described herein. The nomenclatures used in
connection with, and the laboratory procedures and techniques of, analytical chemistry,
synthetic organic chemistry, and medicinal and pharmaceutical chemistry described
20  herein are those well known and commonly used in the art. Standard techniques are
used for chemical syntheses, chemical analyses, pharmaceutical preparation,
formulation, and delivery, and treatment of patients.
As used herein, the twenty conventional amino acids and their abbreviations follow
conventional usage. See Immunology--A Synthesis (2nd Edition, E. S. Golub and D. R.
25 Gren, Eds., Sinauer Associates, Sunderland, Mass. (1991)).

B. BINDING MOLECULES THAT BIND TO HUMAN 4-1BB
The present disclosure provides isolated binding molecules that bind to human 4-
1BB, including 4-1BB antibodies, antigen-binding fragments of the 4-1BB antibodies,
30 and derivatives of the 4-1BB antibodies.
B-1. 4-1BB ANTIBODIES
In some aspects, the present disclosure provides an isolated antibody that binds
to human 4-1BB at an epitope within amino acid residues 115 - 156 of SEQ ID No: 68.

In some embodiments, the isolated antibody comprises the H-CDR1 amino acid
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sequence of SEQ ID NO: 29, H-CDR2 amino acid sequence of SEQ ID NO: 30, and H-
CDRS3 amino acid sequence of SEQ ID NO: 31. In some other embodiments, the
isolated antibody comprises the L-CDR1 amino acid sequence of SEQ ID NO: 34, L-
CDR2 amino acid sequence of SEQ ID NO: 35, and L-CDR3 amino acid sequence of
5 SEQ ID NO: 36. In some other embodiments, the antibodies described herein above
have one or more biological properties described herein below.
In other aspects, the disclosure provides an isolated antibody that binds to
human 4-1BB, wherein said antibody comprises: (a) an H-CDR1 as set forth in SEQ ID
NO:1, SEQ ID NO:15, or SEQ ID NO:29; (b) an H-CDR2 as set forth in SEQ ID NO:2,
10 SEQ ID NO:16, or SEQ ID NO:30; and (¢) an H-CDR3 as set forth in SEQ ID NO:3,
SEQ ID NO: 17, or SEQ ID NO:31.
In another aspect, the disclosure provides an isolated antibody that binds to
human 4-1BB, wherein said antibody comprises: (a) an L-CDR1 as set forth in SEQ ID
NO:6, SEQ ID NO: 20, or SEQ ID NO:34; (b) an L-CDR2 as set forth in SEQ ID NO:7,
15 SEQ ID NO:21, or SEQ ID NO:35; and (¢) an L-CDR3 as set forth in SEQ ID NO:8, SEQ
ID NO:22, SEQ ID NO:36, or SEQ ID NO: 55.
In a further aspect, the disclosure provides an isolated antibody that binds to
human 4-1BB, wherein said antibody comprises: (a) an H-CDR1 as set forth in SEQ ID
NO:1, SEQ ID NO:15, or SEQ ID NO:29; (b) an H-CDR2 as set forth in SEQ ID NO:2,
20 SEQ ID NO:16, or SEQ ID NO:30; and (¢) an H-CDR3 as set forth in SEQ ID NO:3,
SEQ ID NO: 17, or SEQ ID NO:31; and further comprises: (d) an L-CDR1 as set forth in
SEQ ID NO:6, SEQ ID NO: 20, or SEQ ID NO:34; (e) an L-CDR2 as set forth in SEQ ID
NO:7, SEQ ID NO:21, or SEQ ID NO:35; and (f) an L-CDRS3 as set forth in SEQ ID
NO:8, SEQ ID NO:22, SEQ ID NO:36, or SEQ ID NO: 55.
25 In some further aspects, the disclosure provides an isolated antibody that binds
to human 4-1BB, wherein said antibody is selected from the group consisting of:
(a) an antibody comprising an H-CDR1 as set forth in SEQ ID NO:1, an H-CDR2
as set forth in SEQ ID NO:2, and an H-CDRS3 as set forth in SEQ ID NO:3;
(b) an antibody comprising an H-CDR1 as set forth in SEQ ID NO:15, an H-CDR2
30 assetforth in SEQ ID NO:16, and an H-CDRS3 as set forth in SEQ ID NO:17; and
(¢) an antibody comprising an H-CDR1 as set forth in SEQ ID NO:29, an H-CDR2
as set forth in SEQ ID NO:30, and an H-CDR3 as set forth in SEQ ID NO:31.
In some further aspects, the disclosure provides an isolated antibody that binds

to human 4-1BB, wherein said antibody is selected from the group consisting of:
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(a) an antibody comprising an L-CDR1 as set forth in SEQ ID NO:6, an L-CDR2
as set forth in SEQ ID NO:7, and an L-CDRS3 as set forth in SEQ ID NO:8;

(b) an antibody comprising an L-CDR1 as set forth in SEQ ID NO:20, an L-CDR2
as set forth in SEQ ID NO:21, and an L-CDR3 as set forth in SEQ ID NO:22;

5 (¢) an antibody comprising an L-CDR1 as set forth in SEQ ID NO:34, an L-CDR2
as set forth in SEQ ID NO:35, and an L-CDR3 as set forth in SEQ ID NO:36; and

(d) an antibody comprising an L-CDR1 as set forth in SEQ ID NO:34, an L-CDR2
as set forth in SEQ ID NO:35, and an L-CDR3 as set forth in SEQ ID NO:55.

In some further aspects, the disclosure provides an isolated antibody that binds

10  to the human 4-1BB, wherein said antibody is selected from the group consisting of:

(a) an antibody comprising an H-CDR1 as set forth in SEQ ID NO:1, an H-CDR2
as set forth in SEQ ID NO:2, an H-CDRS3 as set forth in SEQ ID NO:3; an L-CDR1 as
set forth in SEQ ID NO:6, an L-CDR2 as set forth in SEQ ID NO:7, and an L-CDR3 as
set forth in SEQ ID NO:8;

15 (b) an antibody comprising an H-CDR1 as set forth in SEQ ID NO:15, an H-CDR2
as set forth in SEQ ID NO:16, an H-CDR3 as set forth in SEQ ID NO:17; an L-CDR1 as
set forth in SEQ ID NO:20, an L-CDR2 as set forth in SEQ ID NO:21, and an L-CDR3 as
set forth in SEQ ID NO:22;

(¢ ) an antibody comprising an H-CDR1 as set forth in SEQ ID NO:29, an H-

20 CDR2 as set forth in SEQ ID NO:30, an H-CDRS3 as set forth in SEQ ID NO:31; an L-
CDR1 as set forth in SEQ ID NO:34, an L-CDR2 as set forth in SEQ ID NO:35, and an
L-CDRa3 as set forth in SEQ ID NO:36; and

(d) an antibody comprising an H-CDR1 as set forth in SEQ ID NO:29, an H-CDR2
as set forth in SEQ ID NO:30, an H-CDRS as set forth in SEQ ID NO:31; an L-CDR1 as

25 set forth in SEQ ID NO:34, an L-CDR2 as set forth in SEQ ID NO:35, and an L-CDR3 as
set forth in SEQ ID NO:55.

In a further aspect, the disclosure provides an isolated antibody that binds to
human 4-1BB, wherein said antibody comprises a Vi chain amino acid sequence as set
forth in SEQ ID NO:4, SEQ ID NO:18, SEQ ID NO:32, or SEQ ID NO:43 .

30 In a further aspect, the disclosure provides an isolated antibody that binds to
human 4-1BB, wherein said antibody comprises a V| chain amino acid sequence as set
forth in SEQ ID NO:9, SEQ ID NO:23, SEQ ID NO:37, SEQ ID NO:45, SEQ ID NO:51,
SEQ ID NO:56, SEQ ID NO:60, or SEQ ID NO:64 .
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In a further aspect, the disclosure provides an isolated antibody that binds to
human 4-1BB, wherein said antibody comprises (1) a Vy chain amino acid sequence as
set forth in SEQ ID NO:4, SEQ ID NO:18 , SEQ ID NO:32, or SEQ ID NO:43, and (2) a
VL chain amino acid sequence as set forth in SEQ ID NO:9, SEQ ID NO:23, SEQ ID
5 NO:37, SEQ ID NO:45, SEQ ID NO:51, SEQ ID NO:56, SEQ ID NO:60, or SEQ ID
NO:64 .
In a further aspect, the disclosure provides an isolated antibody that binds to
human 4-1BB, wherein said antibody is selected from the group consisting of:
(a) an antibody comprising a Vi chain amino acid sequence as set forth in SEQ
10 ID NO:4 and a V| chain amino acid sequence as set forth in SEQ ID NO:9;
(b) an antibody comprising a Vi chain amino acid sequence as set forth in SEQ
ID NO:18 and a V. chain amino acid sequence as set forth in SEQ ID NO:23;
(¢) an antibody comprising a Vi chain amino acid sequence as set forth in SEQ
ID NO:32 and a V| chain amino acid sequence as set forth in SEQ ID NO:37 or SEQ ID
15 NO 56; and
(d) an antibody comprising a Vi chain amino acid sequence as set forth in SEQ
ID NO:43 and a V| chain amino acid sequence as set forth in SEQ ID NO:45, SEQ ID
NO:51, SEQ ID NO: 60, or SEQ ID NO: 64.
In some embodiments, the antibodies described herein above, including
20 antibodies described with reference to epitope binding and antibodies described with
reference to specific amino acid sequences of CDRs or variable regions, have at least
one of the following functional properties: (a) bind to human 4-1BB with a Kp of 500 nM
or less; (b) have agonist activity on human 4-1BB; (¢) do not bind to human CD40
receptor at concentration up to 1000 nM; (d) do not bind to human CD134 receptor at
25  concentrations up to 1000 nM; (e) do not bind to rat, or mouse 4-1BB at concentrations
up to 100 nM; (h) are capable of inhibiting tumor cell growth; and (i) have therapeutic
effect on a cancer. In some further embodiments, the antibodies specifically bind to
human 4-1BB with a Kp of 500 nM or less, 100 nM or less, 50 nM or less, 10 nM or less,
5 nM or less, or 1 nM or less, for the human 4-1BB extracellular domain as measured
30 with the BIACore assay described in this disclosure. In still further embodiments, the
antibody is a human antibody or humanized antibody that specifically binds to human 4-
1BB with a Kp of 500 nM or less, 100 nM or less, 50 nM or less, 10 nM or less, 5 nM or

less, or 1 nM or less, for the human 4-1BB extracellular domain as measured with the
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BIACore assay described in this disclosure. In some further embodiments, the antibody
is @ human antibody that specifically and selectively binds to human 4-1BB.
In other embodiments, the antibodies described herein above comprise a heavy
chain variable region from a particular germline heavy chain immunoglobulin gene
5 and/or a light chain variable region from a particular germline light chain immunoglobulin
gene, such as an antibody comprising a heavy chain variable region that is the product
of, or derived from, a human Vy 1-69 gene, Vy 3-23 gene, or Vy 5 gene. Exemplary
antibodies include MOR-7480.1, MOR-7480.2, MOR-7483.1, and MOR-7483.2, each of
which contains amino acids that derived from human germline V5 gene.

10 In still other embodiments, the antibodies described herein above comprise a
light chain variable region that is derived from a human V. A3 gene. In yet other
embodiment the antibodies described herein above comprise a heavy chain variable
region that is the product of, or derived from, a human Vy 1-69 gene, Vy 3-23 gene, or
Vu 5 gene, and further comprise a light chain variable region that is the product of, or

15  derived from, a human V. A3 gene, wherein the antibody or portion thereof specifically
binds to human 4-1BB. Exemplary antibodies include MOR-7480.1, MOR-7480.2,
MOR-7483.1, and MOR-7483.2, each of which contains amino acids that derived from
human germline V46 gene and V| A3 gene, respectively.

As used herein, a human antibody comprises heavy or light chain variable

20 regions that is “derived from” a particular germline sequence if the variable regions of
the antibody are obtained from a system that uses human germline immunoglobulin
genes. Such systems include immunizing a transgenic mouse carrying human
immunoglobulin  genes with the antigen of interest or screening a human
immunoglobulin gene library displayed on phage with the antigen of interest. A human

25 antibody that is “derived from” a human germline immunoglobulin sequence can be
identified as such by comparing the amino acid sequence of the human antibody to the
amino acid sequences of human germline immunoglobulins and selecting the human
germline immunoglobulin sequence that is closest in sequence (i.e., greatest % identity)
to the sequence of the human antibody. A human antibody that is “derived from” a

30 particular human germline immunoglobulin sequence may contain amino acid
differences as compared to the germline sequence, due to, for example, naturally-
occurring somatic mutations or intentional introduction of site-directed mutation.
However, a selected human antibody typically is at least 90% identical in amino acid

sequence to an amino acid sequence encoded by a human germline immunoglobulin
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gene and contains amino acid residues that identify the human antibody as being
human when compared to the germline immunoglobulin amino acid sequences of other
species (e.g., murine germline sequences). In certain cases, a human antibody may be

at least 95%, or even at least 96%, 97%, 98%, or 99% identical in amino acid sequence

5 to the amino acid sequence encoded by the germline immunoglobulin gene. In certain
cases, the human antibody is identical in amino acid sequence to the amino acid
sequence encoded by the germline Ig gene. Typically, a human antibody derived from a
particular human germline sequence will display no more than 10 amino acid differences
from the amino acid sequence encoded by the human germline immunoglobulin gene.

10 In certain cases, the human antibody may display no more than 5, or even no more than
4, 3, 2, or 1 amino acid differences from the amino acid sequence encoded by the
germline immunoglobulin gene. Alignments of the amino acid sequences of variable

regions of the illustrative antibodies and the relevant germlines are provided in Figure 6.

15 In another aspect, the disclosure provides isolated antibodies that compete or
cross-compete for binding to human 4-1BB with any of the illustrative antibodies of the
disclosure, such as MOR-6032, MOR-7361, MOR-7480, MOR-7480.1, MOR-7480.2,
MOR-7483, MOR-7483.1, or MOR-7483.2. In a particular embodiment, the disclosure
provides isolated antibodies that compete or cross-compete for binding to the same

20 epitope on the human 4-1BB with any of the illustrative antibodies of the disclosure.
The ability of an antibody to compete cross-compete for binding with another antibody
can be determined using standard binding assays known in the art, such as BlAcore
analysis, ELISA assays, or flow cytometry. For example, one can allow an illustrative
antibody of the disclosure to bind to human 4-1BB under saturating conditions and then

25 measure the ability of the test antibody to bind to the 4-1BB. If the test antibody is able
to bind to the 4-1BB at the same time as the illustrative antibody, then the test antibody
binds to a different epitope as the illustrative antibody. However, if the test antibody is
not able to bind to the 4-1BB at the same time, then the test antibody binds to the same
epitope, an overlapping epitope, or an epitope that is in close proximity to the epitope

30 bound by the illustrative antibody. This experiment can be performed using various
methods, such as ELISA, RIA, FACS or surface plasmon resonance.

The 4-1BB antibodies described herein can be in any class, such as IgG, IgM,
IgE, IgA, or IgD. It is preferred that the 4-1BB antibodies are in the 1gG class, such as
1gG1, 1gG2, IgG3, or IgG4 subclass, more preferably IgG2 subclass. A 4-1BB antibody
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can be converted from one class or subclass to another class or subclass using
methods known in the art. An exemplary method for producing an antibody in a desired
class or subclass comprises the steps of isolating a nucleic acid encoding a heavy chain
of an 4-1BB antibody and a nucleic acid encoding a light chain of a 4-1BB antibody,

5 isolating the sequence encoding the Vy region, ligating the Vi sequence to a sequence
encoding a heavy chain constant region of the desired class or subclass, expressing the
light chain gene and the heavy chain construct in a cell, and collecting the 4-1BB
antibody.

Further, the antibodies provided by the present disclosure can be monoclonal or

10  polyclonal, but preferably monoclonal.

Examples of specific isolated antibodies provided by the present disclosure
include the following illustrative antibodies: MOR-6032, MOR-7361, MOR-7480, MOR-
7480.1, MOR-7480.1, MOR-7480.2, MOR-7483, MOR-7483, MOR-7483.1, and MOR-
7483.2. The nucleotide and amino acid sequences of the heavy chain variable region,

15 full length heavy chain for the 19G2 subclass, light chain variable region, and full length
light chain of these antibodies are provided in this disclosure; an index of the SEQ ID
NOs for these sequences is provided in Table 1. The amino acid sequences of the

CDRs of these illustrative antibodies are shown in Table 2.

20
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Table: 1. Index of SEQ ID NOs

Antibody Chain Full length Variable Region
Amino Acid | Nucleotide | Amino Acid | Nucleotide
SEQID SEQID SEQID SEQ ID
NO NO NO NO
MOR-6032 Heavy 5 13 4 11
Light 10 14 9 12
MOR-7361 Heavy 19 27 18 25
Light 24 28 23 26
MOR-7480 Heavy 33 41 32 39
Light 38 42 37 40
MOR-7480.1 | Heavy 44 49 43 47
Light 46 50 45 48
MOR-7480.2 | Heavy 44 49 43 47
Light 52 54 51 53
MOR-7483 Heavy 33 41 32 39
Light 57 59 56 58
MOR-7483.1 | Heavy 44 49 43 47
Light 61 63 60 62
MOR-7483.2 | Heavy 44 49 43 47
Light 65 67 64 66
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Table 2: Amino Acid Sequence of CDRs

Antibody CDR Sequence SEQ ID NO
MOR-6032 H-CDR1 NSYAIS 1
H-CDR2 GIIPGFGTANYAQKFQG | 2
H-CDR3 RKNEEDGGFDH 3
L-CDR1 SGDNLGDYYAS 6
L-CDR2 DDSNRPS 7
L-CDR3 QTWDGTLHFV 8
MOR-7361 H-CDR1 SDYYMH 15
H-CDR2 VISGSGSNTYYADSVKG | 16
H-CDR3 RLYAQFEGDF 17
L-CDR1 SGDNIGSKYVS 20
L-CDR2 SDSERPS 21
L-CDR3 QSWDGSISRV 22
MOR-7480; H-CDR1 STYWIS 29
MOR-7480.1; H-CDR2 KIYPGDSYTNYSPSFQG | 30
MOR-7480.2 H-CDR3 RGYGIFDY 31
L-CDR1 SGDNIGDQYAH 34
L-CDR2 QDKNRPS 35
L-CDR3 ATYTGFGSLAV 36
MOR-7483; H-CDR1 STYWIS 29
MOR-7483.1; H-CDR2 KIYPGDSYTNYSPSFQG | 30
MOR-7483.2 H-CDR3 RGYGIFDY 31
L-CDR1 SGDNIGDQYAH 34
L-CDR2 QDKNRPS 35
L-CDR3 STYTFVGFTTV 55
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Antibodies of the present disclosure can be produced by techniques known in
the art, including conventional monoclonal antibody methodology e.g., the standard
somatic cell hybridization technique (See e.g., Kohler and Milstein, Nature 256:495
(1975), viral or oncogenic transformation of B lymphocytes, or recombinant antibody

5 technologies as described in detail herein below.

Hybridoma production is a very well-established procedure. The common
animal system for preparing hybridomas is the murine system. Immunization protocols
and techniques for isolation of immunized splenocytes for fusion are known in the art.
Fusion partners (e.g., murine myeloma cells) and fusion procedures are also known.

10  One well-known method that may be used for making human 4-1BB antibodies provided
by the present disclosure involves the use of a XenoMouse™ animal system.
XenoMouse™ mice are engineered mouse strains that comprise large fragments of
human immunoglobulin heavy chain and light chain loci and are deficient in mouse
antibody production. See, e.g., Green et al., Nature Genetics 7:13-21 (1994) and

15 WO2003/040170. The animal is immunized with a 4-1BB antigen. The 4-1BB antigen is
isolated and/or purified 4-1BB, preferably 4-1BB. It may be a fragment of 4-1BB, such
as the extracellular domain of 4-1BB, particularly a 4-1BB extracellular domain fragment
comprising amino acid resides 115 — 156 of SEQ ID NO: 68. Immunization of animals
can be carried out by any method known in the art. See, e.g., Harlow and Lane,

20 Antibodies: A Laboratory Manual, New York: Cold Spring Harbor Press, 1990. Methods
for immunizing non-human animals such as mice, rats, sheep, goats, pigs, cattle and
horses are well known in the art. See, e.g., Harlow and Lane, supra, and U.S. Pat. No.
5,994,619. The 4-1BB antigen may be administered with an adjuvant to stimulate the
immune response. Exemplary adjuvants include complete or incomplete Freund's

25 adjuvant, RIBI (muramyl dipeptides) or ISCOM (immunostimulating complexes). After
immunization of an animal with a 4-1BB antigen, antibody-producing immortalized cell
lines are prepared from cells isolated from the immunized animal. After immunization,
the animal is sacrificed and lymph node and/or splenic B cells are immortalized.
Methods of immortalizing cells include, but are not limited to, transferring them with

30 oncogenes, inflecting them with the oncogenic virus cultivating them under conditions
that select for immortalized cells, subjecting them to carcinogenic or mutating
compounds, fusing them with an immortalized cell, e.g., a myeloma cell, and inactivating
a tumor suppressor gene. See, e.g., Harlow and Lane, supra. If fusion with myeloma

cells is used, the myeloma cells preferably do not secrete immunoglobulin polypeptides
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15 B-2. ANTIGEN-BINDING FRAGMENTS
In some other aspects, the present disclosure provides antigen-binding fragments
of any of the 4-1BB antibodies provided by the present disclosure.
The antigen-binding fragment may comprise any sequences of the antibody. In
some embodiments, the antigen-binding fragment comprises the amino acid sequence
20 of: (1) a light chain of a 4-1BB antibody; (2) a heavy chain of a 4-1BB antibody; (3) a
variable region from the light chain of a 4-1BB antibody; (4) a variable region from the
heavy chain of a 4-1BB antibody; (5) one or more CDRs (two, three, four, five, or six
CDRs) of a 4-1BB antibody; or (6) three CDRs from the light chain and three CDRs from
the heavy chain of a 4-1BB antibody.
25 In some particular embodiments, the disclosure provides an antigen-binding
fragment of an antibody selected from: MOR-6032, MOR-7361, MOR-7480, MOR-
7480.1, MOR-7480.2, MOR-7483, MOR-7483.1, or MOR-7483.2.
In some other particular embodiments, the antigen-binding fragments of an 4-
1BB antibody include: (i) a Fab fragment, which is a monovalent fragment consisting of
30 the Vi, Vu, CL and Cy1 domains; (ii) a F(ab'), fragment, which is a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii) a Fd
fragment consisting of the Vy and Cy1 domains; (iv) a Fv fragment consisting of the V_
and Vy domains of a single arm of an antibody; (v) a dAb fragment (Ward et al., (1989)
Nature 341:544-546), which consists of a Vy domain; (vi) an isolated CDR, and (vii)
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30 Amino acid substitutions encompass both conservative substitutions and non-
conservative substitutions. The term “conservative amino acid substitution” means a
replacement of one amino acid with another amino acid where the two amino acids have
30 similarity in certain physico-chemical properties such as polarity, charge, solubility,
hydrophobicity, hydrophilicity, and/or the amphipathic nature of the residues involved.
For example, substitutions typically may be made within each of the following groups:
(a) nonpolar (hydrophobic) amino acids, such as alanine, leucine, isoleucine, valine,

proline, phenylalanine, tryptophan, and methionine; (b) polar neutral amino acids, such
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WO 2012/ 032433PCT/ 1B2011/ 053761 40 may be a prokaryotic cell, such as a
bacterial cell. Introduction of the reconbinant nucleic acid construct into
t he host wel2b1208eu3Be ef f ect ed by cal ci um phosphat e tran®CeaB20n)s3DEAE,
dextran nedi ated transfection, electroporation or phage infection. Suitable

prokaryotic hosts for transformation include E. coli, Bacillus subtilis, 5
Sal nonel | a typhi nurium and vari ous species within the genera Pseudononas,
Streptonyces, and Staphyl ococcus. Manmal i an host cells for expressing

a binding nolecule of the disclosure include, for exanple, Chinese Hanster
Ovary (CHO cells (including dhfr- CHO.cells, described in Ulaub and
Chasin, Proc. Natl. Acad. SCI USA 77: 2%16- 4220 (1980) used with a 10 DHFR
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To create a scFv gene, the Vy- and Vi -encoding DNA fragments are operatively

25 linked to another fragment encoding a flexible linker, e.g., encoding the amino acid
sequence (Gly, -Ser)s, such that the Vy and V| sequences can be expressed as a
contiguous single-chain protein, with the V. and V4 regions joined by the flexible linker
(see e.g., Bird et al., Science 242:423-426 (1988); Huston et al., Proc. Natl. Acad. Sci.
USA 85:5879-5883 (1988); and McCafferty et al., Nature 348:552-554 (1990)).

30 The present disclosure further provides a vector that comprises a nucleic acid
molecule provided by the present disclosure. The nucleic acid molecule may encode a
portion of a light chain or heavy chain (such as a CDR or a variable region), a full-length
light or heavy chain, polypeptide that comprises a portion or full-length of a heavy or

light chain, or an amino acid sequence of an antibody derivative or antigen—binding
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ant i body,wonroen3z4pen- bi ndi ng portion thereof, present i RCTABZI1COIBPESItioN.
As used herein, the term "excipient" neans the substances used to formul ate
15 active pharmaceutical ingredients into pharmaceutical formulations; in a
preferred enbodi nent, an exci pient does not lower or interfere wth the
primary therapeutic effect of the active pharmaceutical ingredients.
Preferably, an excipient is therapeutically inert. The term "excipient”
enconpasses carriers, diluents, vehiclﬁg, solubilizers, stabilizers,
bul ki ng agents, acidic or basic pHadjusting agents and binders. Excipients
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Addltlonally or alternatively, the recombinant expression vector can encode a signal
peptide that facilitates secretion of the antibody chain from a host cell. The antibody
chain gene can be cloned into the vector such that the signal peptide is linked in-frame
25 to the amino terminus of the antibody chain gene. The signal peptide can be an
immunoglobulin signal peptide or a heterologous signal peptide (i.e., a signal peptide
from a non-immunoglobulin protein).
In addition to the antibody chain genes, the expression vectors of the disclosure
typically carry regulatory sequences that control the expression of the antibody chain
30 genes in a host cell. The term "regulatory sequence” is intended to include promoters,
enhancers and other expression control elements (e.g., polyadenylation signals) that
control the transcription or translation of the antibody chain genes. Such regulatory
sequences are described, for example, in Goeddel (Gene Expression Technology.

Methods in Enzymology 185, Academic Press, San Diego, CA (1990)). It will be



15 about 1 ng/m to about 5 ng/m, or about 2 ng/m to about 4 ng/m.
Regardl ess of the buffer used, the pH can be adjusted to a value in the
range frowoabou324830 to about 7.0, or about 5.0 to aboutC&aB201whih6lan aci d
or a base known in the art, e.g. hydrochloric acid, acetic acid, phosphoric
acid, sulfuric acid and citric acid, sodium hydroxi de and potassi um
hydr oxi de. 20l n one aspect the present invention relates to a
pharmaceutical conposition conprising: 0.1 to 1 ng/m of L-Hstidine; 1 to
5 ng/ M of L-Histidine nonohydrochloride; 50 to 100 ng/m of Trehal ose
dehydrate; 0.01 to 0.1 ng/nL of D sodiénlEDTA di hydrate; and 0.05 to 1
nmg/ mL of pol ysorbate 80; at a pHin th 9range of from4.0 to 7.0. 25In a
parti cul ar enbodiﬁgn%, tg$ concentration of the binding nolecule conprised
YAAO 8%

in the coRPYsFeiss ligg 1o dhe #b thah §SigR GTdhe AXRIESSIAYRFPTONCIHABEE 10

to a{)out 42 g|édron o{ F}egulatdr? s@@?grﬁ@é, Ry a%;_fembajn @{éﬁ@éﬁtmrﬁsithé broibaIbf e Ng

agen Cco rse | e CO Sl 0 ccordai.n 0 1e I nvent) o IS

hi stidi ngﬂeﬁﬁqeﬂ,tg B? H@”@‘QE&E‘%&*}G %V%-O? %egm%%@@mé@?ws@m X@%’%lous

hi sti di netddulatbryfdeguendds BN naeehaliae st fcen eQbre@siS@GHdlUrti_ea@i;ﬁll_l g@n@ué figgt. 1N a
I he .

articular, enhodi pent, the buffering agent is L-histi In a
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about 50 eMarerd 86rvedmidnt @y@hrdblodipus MBI BImRIH Wifus24® QEVMIB] bdddbvRis,t he
i nvention, may be chosen fro he fol | ow anges: from3 t \é‘%’Q or. from4
to o In 4 fati SNRVnEDBAT oMl (BIVEE) ARG Paleme. AEAHKY-oBKrdt 5. 0
to 6.0 or réguflory seffsHced tndytbeastied S§UBRHsShé OB Gien PronfdibsdrdegBbin thehstef. anges

may be necessary to inprove solubility or stability of the polypeptide or
ot her conpdh&HtEer.grIvIREN: BiRpRETS FURPOSEdI R SSAKEEHB JPMhEiferent saUEBRpBSNt i on

conpritges a3 O BRS PR syb i, SRt ShtaiR® k¥ RINBES Borlthers\el ¥S8r frahdte?0. I n
a particular enbodi nent, 'the palysorbate 80 is at a concentration of 0.01

to 10 ny/ @Nd the ngdemnipg)/rrpegfof diumanoT gek lawsemia vifus YR TdiBkRharente! aht
| east one (gigaPMol. 201, BRIMBIde8ag2l.n the conposition according to the
invention is selected fromthe group of salts, for exanple, sodium_ 15

chloride, saccRaddties to theanibediechimgritestand spouaienieaUensas: hifiTxpreseions,
such as akgitbisnBa &t PsidifinaflSequeRcds, RaER b Yb@ientsd i FRjilate Adplib&mlorone
stabilizer is at a concentration of 10 to 200 ng/m, 20 to 156)ng/n1, or 50
to 10(35n'gmﬂ vector in host cells (e.g., origins of replication) and”selectable marker genes. The
selectable marker gene facilitates selection of host cells into which the vector has been
introduced (see, e.g., U.S. Pat. Nos. 4,399,216, 4,634,665 and 5,179,017, all by Axel et
al.). For example, typically the selectable marker gene confers resistance to drugs,
such as G418, hygromycin or methotrexate, on a host cell into which the vector has
20 been introduced. Selectable marker genes include the dihydrofolate reductase (DHFR)
gene (for use in dhfr- host cells with methotrexate selection/amplification) and the neo
gene (for G418 selection).
For expression of the light and heavy chains, the expression vector(s) encoding
the heavy and light chains is transfected into a host cell by any suitable techniques. The
25 various forms of the term "transfection" are intended to encompass a wide variety of
techniques commonly used for the introduction of exogenous DNA into a prokaryotic or
eukaryotic host cell, e.g., electroporation, calcium-phosphate precipitation, DEAE-
dextran transfection and the like. Although it is possible to express the antibodies of the
disclosure in either prokaryotic or eukaryotic host cells, expression of antibodies in
30 eukaryotic cells, and typically mammalian host cells, is most typical.
The present disclosure further provides a host cell containing a nucleic acid
molecule provided by the present disclosure. The host cell can be virtually any cell for
which expression vectors are available. It may be, for example, a higher eukaryotic host

cell, such as a mammalian cell, a lower eukaryotic host cell, such as a yeast cell, and



As used herein, the terns "chel ating agent” generally refers to an

exci pient that can format |east one bond (e.g., covalent, ionic, or

ot herw saeyoteo12z3esBal i on. A 20chel ating agent is typi caCrgBzinm3véident at e
ligand that can be used in selected liquid conpositions as a stabilizer to
conplex with species, which mght pronote instability. Oten, conpounds
that can act as a chelating agent wll have electron-rich functional
groups. Suitable electron-rich functional groups include carboxylic acid
groups, hydroxy groups and am no groups. Arrangenent of these groups in

am nopol ycar boxylic acids, 25hydroxypol ycarboxylic acids,

hydr oxyam nocar boxyli c acids, and the ﬁﬁke, result in noieties that have
the capacity to bind net ent invention i s not
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20 D. COMPOSITIONS

In other aspects, the present disclosure provides a composition containing a
binding molecule provided by the disclosure. In one aspect, the composition is a
pharmaceutical composition comprising a binding molecule and a pharmaceutically
acceptable carrier. The compositions can be prepared by conventional methods known

25 inthe art.

The term “pharmaceutical composition” and “pharmaceutical formulation” refer to
compositions comprising any of the binding molecules, any of the antibodies, any of the
antigen-binding portions thereof, or a derivative thereof, as described herein together
with one or more pharmaceutically acceptable excipients, diluents, or carriers as

30 required to prepare the dosage forms for the effective delivery of the binding molecule.



salts, e.g., include alkali netal salts (e.g., sodiumor potassiumsalts),
al kaline earth netal salts (e.g., calcium, and salts can be prepared using
ot her weawbyotradeg3netal ions. As is known in the art, rh@mBzuurs7ef the
salt and the nunber of charges to be neutralized will depend on the nunber
of carboxyl groups present and the pH at which 25the stabilizing chelating
agent is supplied. As is also known in the art, chel ati ng agents have
varying strengths with which particular target ions are bound. By way of
further illustration, suitable salts of EDTA include dipotassium edetate,
di sodi um edetate, edetate calciun1disogiun1 sodi um edetate, trisodi um
edetate, and potassium edetate; and a Suitable salt of deferoxam ne (DEF)
i s deferoxam ne nesylate (DFM. 30Chel ating agents used in_the invention
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S0l it ise. S8he Bhi g thar g BapaR XS FEATadetc oo priafansn JF of ProaR o

sol utions eﬁ@ﬂdih&enpreﬁnp@(c&ﬁbrbkdo@aglﬁarlfm)'éﬁéﬁ iﬁlgrf‘emm&ﬂmbltmﬂ)erj/ thetrdeutiegtiedted

anount I n a ropri ate car ler,. (0] sterililzatl on . .

ot | ¢ PEe R SRR AR e p GRA nGisiebfR e el R St B HeParsieReReth ¢ he

ggti 3odyh'rrntaaera1 sémrdién;e’ m&imqih' aesééweé%rri@@nﬂm{emss, a/eba&ispfs@ihﬁp%rgismbimeﬁ,ym f
an ot r carriers. In the case Sterile (0} ers r. t reparation o

oot O Blia daeglen st ot BasiE SEradsRY AR AR O e e PN BAriet B

f Ir eezeodr yﬂddgg s@bstepmgl presdritdmh sharmiaeudcal fpawiktionads drhindmedtior @nintgidedi ent

plus any a esir

ti I d.ingredient. froma previqusly sterile-filtered
Sol ut fon (Tdlte8t TarHBOYIRONNS GEasEse FOvREthE PHPCORpaE: PPORLCE AR 156
prepared byngderens ivengdfe tfoc homgn eshdkadimal adminisradon,. .25 GRAS eligdtanvesanount
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25 184, incorporated herein by reference.

The term "pharmaceutically acceptable carrier" refers to any inactive substance that
is suitable for use in a formulation for the delivery of a binding molecule. A carrier may be
an antiadherent, binder, coating, disintegrant, filler or diluent, preservative (such as

30  antioxidant, antibacterial, or antifungal agent), sweetener, absorption delaying agent,
wetting agent, emulsifying agent, buffer, and the like. Examples of suitable
pharmaceutically acceptable carriers include water, ethanol, polyols (such as glycerol,

propylene glycol, polyethylene glycol, and the like) dextrose, vegetable oils ( such as olive



dependi ng upon a nunber of factors, such as the specific binding nolecule
and carriers used, dosage form and desired rel ease and pharnmacodynam c
char act erwet202#32438 one enbodi nent, the conposition conpCraBp®1&033761di ng
nol ecul e wherein said binding nolecule concentration is between 1 to 100
ng/mM, between 5 to 50 ng/m, or between 30 10 to 22 ng/m . The anount of
a binding nolecule in a single dosage formw || generally be that anpunt
whi ch produces a therapeutic effect, but nmay al so be a | esser anpunt.
Generally, this anmount will range from about 0.01 percent to about 99
percent, WO 2012/032433PCT/182011/053721 46 from about 0.1 percent to
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25 In a particular embodiment, the concentration of the binding molecule comprised
in the composition according to the invention is in the range of about 10 to about 22

mg/ml.

In another particular embodiment, the buffering agent comprised in the

composition according to the invention is a histidine buffer, for example, a L-
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5 conbination with one or nore additional therapies or therapeutic agents
for separate, sequential or sinultaneous adm nistration. The term

"addi tiomaD 20tee32a33” refers to a therapy whi ch does not pPerpBmy1/653061ndi ng
nol ecul e provided by the disclosure as a therapeutic agent. The term
"additional therapeutic agent"” refers to any therapeutic agent other than a
bi ndi ng nol ecul e provided by the disclosure. In one particular 10 aspect,
the present disclosure provides a conbination therapy for treating cancer
in a manmal , which conprises admnistering to the mamual a therapeutically
effective anount of a binding nolecule Qrovided by the disclosure in

conbi nation with one or nDre additionaﬁ t herapeutic agents. In a further
enbodi ment, the mammal is A wi de variety of cancer therapeutic
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used in the conbination therap %'%or treati n& 20cancer i ncl ude
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Chelating agents used in the invention can be present, where possible, as the
free acid or free base form of the compound (e.g., referred to interchangeably herein as
“‘EDTA” or “edetate”) or as a corresponding salt form (e.g., the corresponding acid

20 addition salt or base addition salt, such as disodium edetate). Suitable acid addition
salts, e.g., include alkali metal salts (e.g., sodium or potassium salts), alkaline earth
metal salts (e.g., calcium), and salts can be prepared using other weakly bound metal
ions. As is known in the art, the nature of the salt and the number of charges to be
neutralized will depend on the number of carboxyl groups present and the pH at which

25 the stabilizing chelating agent is supplied. As is also known in the art, chelating agents
have varying strengths with which particular target ions are bound. By way of further
illustration, suitable salts of EDTA include dipotassium edetate, disodium edetate,
edetate calcium disodium, sodium edetate, trisodium edetate, and potassium edetate;

and a suitable salt of deferoxamine (DEF) is deferoxamine mesylate (DFM).

30 Chelating agents used in the invention can be present as an anhydrous, solvated
or hydrated form of the compound or corresponding salt. Where the chelating agent is in

a solvated or hydrated form, it can be present in varying states of solvation or hydration



plicamycin (M THRACIN), mtonycin (MJUTAMYCIN), and bl eonyci n ( BLENOXANE),
vinorel bine tartrate (NAVELBINE)), vinblastine (VELBAN), vincristine
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genti t abi ne (GEMZAR), hydroxyurea 5 (HYDRA), nethotrexate (FOLEX, MEXATE,
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(ALI MTA); (4) Pyrimdine antagonists, such as 5-fluorouracil (5-FU);
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The conbi nation therapy for treating cancer al so enconpasses the

conbi nation of a binding nolecule with surgery to renove a tunor. The

bi ndi ng mebeolms243ay be admi nistered to the mammual bef oreT/IBMMI/NEB7610r aft er
the surgery. 25The conbi nation therapy for treating cancer al so enconpasses
conmbi nation of a binding nolecule with radiation therapy, such as ionizing
(el ectromagnetic) radiotherapy (e.g., X-rays or gamma rays) and particle
beam radi ation therapy (e.g., high linear energy radiation). The source of
radi ation can be external or internal to the mammal . The bi ndi ng nol ecul e
may be adm nistered to the mammal beforg during, or after the 30radiation
t her apy. The bi ndi ng nol ecul es aft conpositions provi ded by the
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absorpti on descorPospeNgi c fornul ati on or dosage form used, type or
severity of the disorder being treated, the specific s ction, aand
condi 1 ons. of BAUNGAIPERISS 0 R Be el royPStons VB BV DRURSE | ed

in the ar UusabeurbearrmuséﬂuﬁoamépmbI &a@idsﬂctarvaharmmmsesoéuoa ¥ @éthianging
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ed
t her ap8ut P8 'Bhr?%sé%p%?e é § LANCH tel‘i‘ AP &HC3ABY G rﬂ%%‘?{c?%eégh‘?rﬁ%ne
r;afSponse eﬁhar{dny’mmbl affddcy, ﬁﬁ‘freo:ttngvajt@mmte"di@e?asaﬂmmpumbthtahaépécss
e ective in sti tln evokKl n I nNcreasli ng, .| rov] ng, oOr ntlng any
response Ji° A b, s ieee R RO o sisol Db BRSing e o o
a "ther ap@uannmbhmae&érﬁmsuﬁcﬁsam?uné as;ba:ft ftny pae_munmuséldsatre b&)vmfsfa membtj t 3
cause any Qr ener | e ect, | el n treate
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cells, t h of canc ells, inhipition of rrence can
educt i on H6 ISGPT B dbe: SR alotu Braebin et B SGnT 00 Saearet VPOBE ¢ he
manmal . Tbmbbbmfeaumeuhe ®ilding ebfeealel iwea anmmtag@ilsta #r dorBB eafiodimashits, uttgal |y
ranges fraom ab % 001 to 25 about 500 ng/ kg, and nore usually about 0.01
t o about U8t he body wei ght of the mammal. For exanple, the
arr;)l;nt can bg Iabswte 8mBodimkk, thk djl‘grbrbgr ﬁ?a oayided, A5ven‘@yt3kgf calfggmﬁl'k@e 40

t he ma enbodi nent s
er agdor 1A P ded: whEhd ARl 3br Stp e e b Y oh ST S AngeTor
about 0. Obe-treéﬂadn@/ kgvafted adty areietiod mbwﬁétﬁbyrﬂmlscloé;UTeSCm@rTQiéMf such
enbodi nents, the 30 Fhera eutlcag effective amount of a 4-1BB ant body
is in theC PFGR MFUEHHY GhERS . Sug %Pﬁ?ﬁ eBI5dSA ABP YA ek ?%é’”}?éﬂ . The
preci se dosmgeniae\saiallto@utmeroatdmama’ger@ul camindnes, ragd i deyocketiaomia)) exvdoyar a

per son Skl| ed int ctors h as
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adnlnlstr%tlon %912/0324333$T/182011/05%761 53 un@ on of the

t reat ment °Yhe ??QP? ScuPd™ addi ¢ CEWIFNIHEY IRy efPITRE ¢ H asias,

wei ght, con@hdromyxoucgeﬂmomhs he;aiebhi amtboprasprgmrﬁdlcelal tuhriosd, ocwortmfroﬁaln&)nmtl ent
bei ng treat andI i ke f ctor f known in thF Hﬂf@ ar ﬁ A bi ndi ng
mol ecul e §M L%%B\é‘? T%n oF Oagraam?y Q&?ﬁaﬁﬁoﬁa& JBRaRLIPrYise NEEOH TR, 5
| nt er val s Ebgrighe @i (tEg\hreg @Iesmsmﬁmddecetlf:mumeo;alnmreomave&leinycarrmntsbd:ry ,asever y
three nonths or yearly. An exenplary treatnent reginen entails

adm ni strati on once per week, once every two weeks, once every three weeks,
once every four weeks, once a nonth, once every three nonths or once every
three to six nonths. Typical dosage reginens for a 4-1 BB anti body incl ude



10 intravenous adm ni stration, using one of the follow ng dosing schedul es:
(i) every four weeks for six dosages, then every three nonths; (ii) every

t hree weel®;20(2i324333 ngy/ kg body wei ght once foll owed byPCTABZHYOI3Gely wei ght
every three weeks. The present disclosure is further illustrated by
the foll ow ng exanpl es which should not be construed as further limting.
The contents of all figures and all 15references, patents and published
patent applications cited throughout this disclosure are expressly

i ncorporated herein by reference in their entirety. WO

2012/ 032433PCT/ 1B2011/ 053761 54 EXANPLgﬁ EXAMPLE 1: CGENERATI ON OF FAB
FRAGVENTS THAT BIND'TO 4-1 BB Certain ti bodi es provided by the present

i nvention re o gajohé ener at ng 5 from Fabs that bind to human 4- 1BB.
The Fabs ’Ba%e 5] pRYG©Ees p PAIPIRStS ASFoC PEafvb BSHeRIIM AR CAL

GoLD(r) pbwdrobn&ﬁ@er Ymédglldtﬂé/ﬂt@ﬂa§l| tRérdainbNgSEMBNhBGadN epeddindriagnd
cells expressin uman 4- 1BB. , These Fabs i ncl ude t hose that ar deS| gnat ed

as "Fab- 60¥2Ngl0 iary qdgnomggo PINeANa: Fasigoraas  HEMHYNASYBRT es

MOR- 6032, cmpﬁag/ﬂa .omaez, 7ér&9doraé1§i MeRnirdihasdi gedtomasl | derindids @RR, 1 aatli on
were 10 gener at e ron1"ng 6032, " "Fab-7361," "Fab-7480," and "Fab-7483,

r especti vaNYOMRRe CAIRCHD M AI9gS B, S6HRE FHCNt A 1§ IPPHeMBhEPIACTNA £BIGNI™i on
and heavya@aajoardrr&fmaable‘aorhmmm atoma@ﬁ!naE@{bcamdnfb%nt inﬁa%hnélonpdsrﬁa@mblno
on an eav I n varil abl e

aci d sequen ht chain variable re
region, gg%sie?' O%Ll'r9f'br8 agninf qSFﬁ%“tf%é?’i“@% RAIR B‘dk?rqené‘t%?é'gfggﬂ% icglerestalwhi ch
shar es t heasan® [IWENEsrides smumrr@eehemtbébumae adeﬁorgmtheaﬂangfontdﬁeheﬁatbcellaearr 15

exanpl e, Fab-7480 d antj bod 748 ve identical o aci d sequences
For "hel r CRERNCh APFPTAT PAbIerEg o GAGTHOSH 1O n oaRPABF @ Peg 201,

respeddi vahyiosarcoma; Ki dm@eyptér@em @hdhl & auﬂyey sdéasatiromd, hendtiueicargnanm) cept
(Knappi k et al 2000, $ﬁg géqS%; ﬂnd e oys the
CysDi spl a@WT%@Hﬂ’BPo@ 1”8F‘S' ICQ |Cﬁb°"1 Fal"% e BGBI‘?”S’ ddr Fers:
(Lohni ng, h&\@aﬁﬂdgﬁ&@&%ﬁcerﬁuwﬁh 6L dute Naﬁwcghecs (@h@homéstm)\ I&er(hfla pacdter m ng
sel ections t si.ngle sub-librari a r|5|n éVHl VH2,
Ve VHA, TUBSIS RESIoRE BelaRRo o YIRS B R oG8 es o
perfor m ng/nﬁﬁioeylttd QLkebitd n(g.gc,orSelz@@d sphig®e pand shaifjhage Iéoufenﬁub)e diwbnicound
of pa are g%{per éN&fK 7411 Ftalned from Progen,
el ol Ber dveldgytraltysEion erelbeeicBer Jran doatiee UL QIR ERI RN SHR &2 me
Rot he, et Hodbkin'd . lyMphomBi @ ce@Irafta, 3m§coslsl 8dngb?fd8, and myelSpldiférgivase
panni ng rforned,usin @@?lnant human 4- 1BB- Fc éR&D Systens, Cat.
No. 838- 4BSOIemoURGNTINT (RYPIoPTSTatEs ) BRSSPt B7t1 1POEIHETSS ElaavPLE
2. CHARACHEBIofIBrDsINthr&inbbAEmia, and chronic myelocytic leukemia); skin cancers such
as basal cell carcinoma, squamous cell carcinoma, melanoma, Kaposi's sarcoma, and
20 Paget's disease; head and neck cancers; eye-related cancers such as retinoblastoma
and intraoccular melanocarcinoma; male reproductive system cancers such as benign
prostatic hyperplasia, prostate cancer, and testicular cancers (e.g., seminoma,
teratoma, embryonal c¢arcinoma, and choriocarcinoma); breast cancer; female
reproductive system cancers such as uterine cancer (endometrial carcinoma), cervical
25 cancer (cervical carcinoma), cancer of the ovaries (ovarian carcinoma), vulvar
carcinoma, vaginal carcinoma, fallopian tube cancer, and hydatidiform mole; thyroid
cancer (including papillary, follicular, anaplastic, or medullary cancer);
pheochromocytomas (adrenal gland); noncancerous growths of the parathyroid glands;
pancreatic cancers; and hematological cancers such as leukemias, myelomas, non-
30 Hodgkin's lymphomas, and Hodgkin's lymphomas.
In some other embodiments, the disorder is an autoimmune disease. Examples
of autoimmune diseases that may be treated with the binding molecules include

autoimmune encephalomyelitis, lupus erythematosus, and rheumatoid arthritis. The



The characterizations of the four Fabs described in exanple 1 were

determ ned in the assays descri bed bel ow usi ng the nonoval ent Fab-format
conpri si yoaoRzals24savi ng a Fl ag/ Hi s- Tag. 52A. Affinity DeCenptmnecs3rét h
Solution EquilibriumTitration (SET) Method The affinity (as
expressed as KD) of the four Fabs was determ ned using the SET nethod using
an instrunentation from Meso Scal e Di scovery ("MSD'). Mononer fractions of
anti body protein were used (at |east 90% nononer content, analyzed by

anal ytical SEC, Superdex75 (Amersham Pharmacia) for Fab, or Tosoh G3000SWKL
10( Tosoh Bioscience) for 1gG respectively). Affinity determ nation
in solution was basically perfornmed as™tescribed in the literature (Friguet
et al. 1985), In order to inprove the sensitivjty and accuracy of the SET
met hod, ig”\%@ PPIEFHEE SRS PONSRY K’Sté‘?%é”{}%ﬂm%ﬂnt(éu‘ﬁtis B@%@a %@M@P gy
(Haenel eth@hic g#@9ersusd-hdstilidedbe,goat - anti - human (Fab)2 fragnment specific
anti bodi es (Di anovaﬂ were | abeled with MSD Sul f, -TAGT%NHS- Ester rg Meso

Scal e Di scoverl{?,a'l%iqu"?éﬁp%tu{rﬁg‘? pl’\ﬂﬁ?”l@ﬂ?'o%‘é&fﬂ‘f'ﬁ% # dNRAAY L GO PRFNG; an
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mcrotiLter, plates an . W V. 0 and 0. 0 e as assay
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a concent gahkeosmpBbdimeas! tHd Hindms ndlediuds id Rar-1BR RKPeSst of diByenbinbing

wi t hout antigen re_used to determne B. values; wells with ass buf fer
wer e used Tegagt BFFCh@NAARR FSTRAL 54 PUmandl ¢ tiesrembpdinents e Riting
(final conmmstuleaisi 2NBB mgbRisPantiodflor vwAl AniBn-binbdgraghene thsasofi MHeb@tad
overni ght jat room tenperature. The Fab concentration applied was S{m lar to
or bel ow t{{H12BKPAcIEBUMD, eSS fydf dIRBIPICA: ¥arqfers CeRa"ed SR 05
pg/ M 1bunmatokingl Bicreasifi3SmpadVing)-/onelulginentims dbptréshonye oniaghmbmnand imheaked
with 3% BSA.in PBS for 1 hour. After washing the plate with as as)(J Euffer,
the equi | Phied "EAMPIUE GRRUSE MaYsi%e? CEIFeBRESE (-4 'é“e(d*ﬁie%L fePSwel 1)
and i ncubajtetbxicom Bfhphboyé esedidietiplorvastunigal adpphdergid. aftibbbe rvedated
Sul f o-tag | abel e;d dgt ection anti bOdﬁrg oat,_anti - human (Fab)2 2( [ n.a final
dilution 6tSPSB%E)1508 WAY Buded Yt fHe dBiYat@mui "ESRNBE eB*FBPSP i n on
an Eppendenfargiaaleat of idAuigoMsponse includibtiesreseshCDg+ tHedaplTatel astitpading 30
ect rochem | um nescence ai gnal s

e o Bt o BPRRISUR FPYOHEich SH1S1 T8RN0 K EUE R ESBInSE Go8 by svesse
Gai t her sbusigg AMRIMBEAY. in W 802003 AA38METehB2RIWORSF6de Shiled in theTe dat a
model o FORUDSIELEPRY HALSCble- PO hOTBEUISE SHETF TGP IS KB dBT was
used (Haeagdmpie &l2 prafd@hion)anshressibrd oeduraceoisdivival tod tdibabasmiref afimald, 1996,
J. Mlec. arlﬁ%:o%g'prgéUSC:[ior?)i}n£r1n5u6n-e406e11)p§rolﬁer\a{tign,Ber;%%esgilc:)ﬁbc]ftc:ell gurface markers, and
20 cytotoxicity. Typically, methods of the disclosure enhance the immune response by a
mammal when compared to the immune response by an untreated mammal or a
mammal not treated using the claimed methods. In one embodiment, the binding
molecule is used to enhance the immune response of a human to a microbal pathogen
(such as a virus). In another embodiment, the binding molecule is used to enhance the
25 immune response of a human to a vaccine. The binding molecule may be a 4-1BB
agonist or antagonist. In some embodiments, the binding molecule is a 4-1BB agonist.
In one embodiment, the method enhances a cellular immune response, particularly a
cytotoxic T cell response. In another embodiment, the cellular immune response isa T
helper cell response. In still another embodiment, the immune response is a cytokine
30  production, particularly IL-2 production. The binding molecule may be used to enhance
the immune response of a human to a microbial pathogen (such as a virus) or to a
vaccine.  The binding molecule may be a 4-1BB agonist or antagonist. In some

embodiments, the binding molecule is a 4-1BB agonist.



Blr max,Vab j, + x + K- Aleab], + x + K,,)2 -4x[Fab] ,2[Fab j, Applied
total Fab concentration x:Applied total soluble antigen concentration

(bi ndi ng woter)o3Bax: Maxi mal signal of Fab wi thout antPGenBAAKDE3AL i nity
Results are presented in Table 3. 2B.Biacore KD Determ nation on Direct!
Coated Antis en 15For KD determ nation, nononeric Fab fractions (at |east
90% nononer content, analyzed by anal ytical SEC, Superdex75, Anmersham

Phar maci a) were used as analyte. Binding to i mobilized anti gen was

anal yzed using a Bl Acore3000 instrument (Biacore, Sweden). The kinetic rate
constants lcon and 'Koff were determned with serial dilutions of the 20
respective Fab binding to covalently i bilized antigen CD137/ HUMAN 4-1BB

using the Bi acore 3(%00 |r%str rrent B| ac re, Rg 3 % ﬂ ?\‘3 For‘a coval ent
antigen i mobi Ini PRGISIIs B d nd"8oBPIN9g BAETHIEE r I Vva Cused.
Kinetic Wﬁdﬁl“fﬁéi@ﬂteﬁor\@eéﬁn@ﬂﬂﬂhefdbyﬁ&sacﬁﬁn(si&HMME&liﬁnaw \XntH‘ronéWﬂMrblaG
3mM EDTA; 5% at a fl rate o 1/m nute usjin
concent rataggm%”aigh?ré‘ﬁﬁ f’r@gaﬂ?rﬂ)% %fbgl‘?l’arl?? to @@0 ’El\ﬂnoﬁ?é PReek ! Bnprfa?‘?ﬁi for
each concartlslreoprovidss la Gbmbinatiorf @hdrawyg dwiiiyh aompeisss a3b|ﬁdlﬁgtrﬂ§Ie0ule in
G yoi S HEPBRELE U GBe Mo o GpaI B | PBRIPRNE [GGoRBREUI es.
1 gGs wer eséqueemtaled SifuganaYue Saddfinidtrtibns EMRG terbh Fpd didnal &1e!rz§b4y” demRed toyaof
P TrRPR K A LT TR M TR LN A
eval uat ed thigagrgitia dgemal FAt téink mwnaatrw@deutuata el feferpa bRy thidapantl t he
Censor or amBoeRBoY e i, MIoeALs, AT URAoRY ot CRRRRUTS: 11T BacFisplar
Resul 18 akspdgut.ehepresént ﬂlsEI@blhre pPovides a combination therapy for treating cancer in a

mammal, which comprises administering to the mammal a therapeutically effective

amount of a binding molecule provided by the disclosure in combination with one or

more additional therapeutic agents. In a further embodiment, the mammal is a human.

A wide variety of cancer therapeutic agents may be used in combination with a

15  binding molecule provided by the present disclosure. One of ordinary skill in the art will
recognize the presence and development of other cancer therapies which can be used
in combination with the methods and binding molecules of the present disclosure, and
will not be restricted to those forms of therapy set forth herein. Examples of categories
of additional therapeutic agents that may be used in the combination therapy for treating

20 cancer include (1) chemotherapeutic agents, (2) immunotherapeutic agents, and (3)
hormone therapeutic agents.

The term “chemotherapeutic agent” refers to a chemical or biological substance
that can cause death of cancer cells, or interfere with growth, division, repair, and/or
function of cancer cells. Examples of chemotherapeutic agents include those that are

25 disclosed in WO 2006/088639, WO 2006/129163, and US 20060153808, the
disclosures of which are incorporated herein by reference. Examples of particular
chemotherapeutic agents include: (1) alkylating agents, such as chlorambucil
(LEUKERAN), mcyclophosphamide (CYTOXAN), ifosfamide (IFEX), mechlorethamine
hydrochloride (MUSTARGEN), thiotepa (THIOPLEX), streptozotocin (ZANOSAR),

30 carmustine (BICNU, GLIADEL WAFER), lomustine (CEENU), and dacarbazine (DTIC-
DOME); (2) alkaloids or plant vinca alkaloids, including cytotoxic antibiotics, such as
doxorubicin (ADRIAMYCIN), epirubicin (ELLENCE, PHARMORUBICIN), daunorubicin
(CERUBIDINE, DAUNOXOME), nemorubicin, idarubicin (IDAMYCIN PFS, ZAVEDOS),
mitoxantrone (DHAD, NOVANTRONE). dactinomycin (actinomycin D, COSMEGEN),



2C. Binding of Fabs in ELISA Assay 5The binding of the four Fabs were
determ ned using standard ELI SA techni ques on directly coated human
4- 1BB/ Fc.wBeswa3g43are presented in Table 3. 2D. Bi ndi ngPofi/IBahs033n61FACS

assay The bi nding of the four Fabs was determ ned using standard
FACS assay 10 techni ques on HEK293 cells stably transfected and expressing
human 4-1BB as well as 300.19 (rmurine B-cell line) negative control cells.

The results are presented in Table 3. Table 3. Binding Properties of Fabs
Fab Bl Acore Affinity KD [nM SET Affinity Ko [pM ELISA Assay EC50 [nM
FACS Assay EC50 [nM Fab-6032 66 Not nggsured 1.0

plicamycin (MITHRACIN), mitomycin (MUTAMYCIN), and bleomycin (BLENOXANE),
vinorelbine tartrate (NAVELBINE)), vinblastine (VELBAN), vincristine (ONCOVIN), and
vindesine (ELDISINE); (3) antimetabolites, such as capecitabine (XELODA), cytarabine
(CYTOSAR-U), fludarabine (FLUDARA), gemcitabine (GEMZAR), hydroxyurea
5 (HYDRA), methotrexate (FOLEX, MEXATE, TREXALL), nelarabine (ARRANON),
trimetrexate (NEUTREXIN), and pemetrexed (ALIMTA); (4) Pyrimidine antagonists,
such as 5-fluorouracil (5-FU); capecitabine (XELODA), raltitrexed (TOMUDEX), tegafur-
uracil (UFTORAL), and gemcitabine (GEMZAR); (5) taxanes, such as docetaxel
(TAXOTERE), paclitaxel (TAXOL); (6) platinum drugs, such as cisplatin (PLATINOL)
10 and carboplatin (PARAPLATIN), and oxaliplatin (ELOXATIN); (7) topoisomerase
inhibitors, such as irinotecan (CAMPTOSAR), topotecan (HYCAMTIN), etoposide
(ETOPOPHOS, VEPESSID, TOPOSAR), and teniposide (VUMON), (8)
epipodophyllotoxins (podophyllotoxin derivatives), such as etoposide (ETOPOPHOS,
VEPESSID, TOPOSAR); (9) folic acid derivatives, such as leucovorin
15 (WELLCOVORIN); (10) nitrosoureas, such as carmustine (BiCNU), lomustine (CeeNU);
(11) inhibitors of receptor tyrosine kinase, including epidermal growth factor receptor
(EGFR), vascular endothelial growth factor (VEGF), insulin receptor, insulin-like growth
factor receptor (IGFR), hepatocyte growth factor receptor (HGFR), and platelet-derived
growth factor receptor (PDGFR), such as gefitinib (IRESSA), erlotinib (TARCEVA),
20 bortezomib (VELCADE), imatinib mesylate (GLEEVEC), genefitinib, lapatinib, sorafenib,
thalidomide, sunitinib (SUTENT), axitinib, rituximab (RITUXAN, MABTHERA),,
trastuzumab (HERCEPTIN), cetuximab (ERBITUX), bevacizumab (AVASTIN), and
ranibizumab (LUCENTIS), lym-1 (ONCOLYM), antibodies to insulin-like growth factor -1
receptor (IGF-1R) that are disclosed in WO2002/053596); (12) angiogenesis inhibitors,
25 such as bevacizumab (AVASTIN ), suramin (GERMANIN), angiostatin, SU5416,
thalidomide, and matrix metalloproteinase inhibitors (such as batimastat and
marimastat), and those that are disclosed in W02002055106; and (13) proteasome
inhibitors, such as bortezomib (VELCADE).
The term “immunotherapeutic agents” refers to a chemical or biological
30 substance that can enhance an immune response of a mammal. Examples of
immunotherapeutic agents include: bacillus Calmette-Guerin (BCG); cytokines such as
interferons; vaccines such as MyVax personalized immunotherapy, Onyvax-P,
Oncophage, GRNVACH1, Favld, Provenge, GVAX, Lovaxin C, BiovaxID, GMXX, and
NeuVax; and antibodies such as alemtuzumab (CAMPATH), bevacizumab (AVASTIN),
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obt ai ned woaem2d3gs3panni ng as descri bed herein, includi n@CFaB206083761

Fab- 7361, Fab-7480, and Fab-7483, were selected for conversion into full

| ength antibodies in IgGl and g4 formats for further characterizations as
described in this exanple. The four illustrative antibodies identified in
this exanple, ie., MR 6032, 20 MOR 7361, MOR-7480, and MOR-7483, were
converted from Fab-6032, Fab- 7361, Fab-7480, and Fab-7483, respectively.
The antibodies in 1gG format were expr‘%zsed and purified, and then
characterized in ELI SA, FACS, and | uciPerase reporter gene assays.

cetuximab (ERBITUX), gemtuzunab ozogamicin (MYLOTARG), ibritumomab tiuxetan
(ZEVALIN), panitumumab (VECTIBIX), rituximab (RITUXAN, MABTHERA), trastuzumab
(HERCEPTIN), tositumomab (BEXXAR), ipilimumab (YERVOQY) tremelimumab, CAT-
3888, agonist antibodies to OX40 receptor (such as those disclosed in

5 WO02009/079335), agonist antibodies to CD40 receptor (such as those disclosed in
WO02003/040170, and TLR-9 agonists (such as those disclosed in WO2003/015711,
W02004/016805, and W0O2009/022215).

The term "hormone therapeutic agent" refers to a chemical or biological

substance that inhibits or eliminates the production of a hormone, or inhibits or

10  counteracts the effect of a hormone on the growth and/or survival of cancerous cells.
Examples of such agents suitable for the methods herein include those that are
disclosed in US20070117809. Examples of particular hormone therapeutic agents
include tamoxifen (NOLVADEX), toremifene (Fareston), fulvestrant (FASLODEX),
anastrozole (ARIMIDEX), exemestane (AROMASIN), letrozole (FEMARA), megestrol

15 acetate (MEGACE), goserelin (ZOLADEX), and leuprolide (LUPRON). The binding
molecules of this disclosure may also be used in combination with non-drug hormone
therapies such as (1) surgical methods that remove all or part of the organs or glands
which participate in the production of the hormone, such as the ovaries, the testicles, the
adrenal gland, and the pituitary gland, and (2) radiation treatment, in which the organs

20 or glands of the patient are subjected to radiation in an amount sufficient to inhibit or
eliminate the production of the targeted hormone.

The combination therapy for treating cancer also encompasses the combination
of a binding molecule with surgery to remove a tumor. The binding molecule may be
administered to the mammal before, during, or after the surgery.

25 The combination therapy for treating cancer also encompasses combination of a
binding molecule with radiation therapy, such as ionizing (electromagnetic) radiotherapy
(e.g., X-rays or gamma rays) and particle beam radiation therapy (e.g., high linear
energy radiation). The source of radiation can be external or internal to the mammal.
The binding molecule may be administered to the mammal before, during, or after the
30 radiation therapy.

The binding molecules and compositions provided by the present disclosure can
be administered via any suitable enteral route or parenteral route of administration. The
term “enteral route” of administration refers to the administration via any part of the

gastrointestinal tract. Examples of enteral routes include oral, mucosal, buccal, and
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osmotic pump. The suitable route and method of administration may vary depending on

10 a number of factors such as the specific antibody being used, the rate of absorption

desired, specific formulation or dosage form used, type or severity of the disorder being

treated, the specific site of action, and conditions of the patient, and can be readily
selected by a person skilled in the art

The term “therapeutically effective amount” of a binding molecule refers to an

15 amount that is effective for an intended therapeutic purpose. For example, in the context

of enhancing an immune response, a “therapeutically effective amount” is any amount

that is effective in stimulating, evoking, increasing, improving, or augmenting any

response of a mammal's immune system. In the context of treating a disease, a

"therapeutically effective amount” is any amount that is sufficient to cause any desirable

20  or beneficial effect in the mammal being treated. Specifically, in the treatment of cancer,

examples of desirable or beneficial effects include inhibition of further growth or spread

of cancer cells, death of cancer cells, inhibition of reoccurrence of cancer, reduction of

pain associated with the cancer, or improved survival of the mammal. The

therapeutically effective amount of a 4-1BB antibody usually ranges from about 0.001 to

25 about 500 mg/kg, and more usually about 0.01 to about 100 mg/kg, of the body weight

of the mammal. For example, the amount can be about 0.3 mg/kg, 1 mg/kg, 3 mg/kg, 5

mg/kg, 10 mg/kg, 50 mg/kg, or 100 mg/kg of body weight of the mammal. In some

embodiments, the therapeutically effective amount of a 4-1BB antibody is in the range of

about 0.01 — 30 mg/kg of body weight of the mammal. In some other embodiments, the

30 therapeutically effective amount of a 4-1BB antibody is in the range of about 0.05 — 15

mg/kg of body weight of the mammal. The precise dosage level to be administered can

be readily determined by a person skilled in the art and will depend on a number of

factors, such as the type, and severity of the disorder to be treated, the particular

binding molecule employed, the route of administration, the time of administration, the
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Anti bodi es (FACS Assay) 25The selectivity of antibodies for 4-1 BB was
assessed wQanrg324st racel | ul ar domai n protein of 4-1BB &od/Bhens3tenbers of
the TNFR superfam |ly. These receptors included CD40 ( TNFRSF5) and OX-40 (CD
134, TNFRSF4). 1gGs were used for FACS binding characterization on negative
control HEK293 cells, as well as HEK293T-h4-1BB WO

2012/ 032433PCT/ 1B2011/ 053761 59 cells stably transfected and expressing
human 4-1BB, and 300.19 stably transfected cells expressing OX-40, and
300.19 cells stably transfected and exgr essing CD40. The FACS bi ndi ng
results for antibodi es MOR-6032, MOR-7 %1, MOR- 7480, and MOR7483, all in

| gGl fornmgt, are _presented . in Table 5. .signjificant bindjng to OX-40 or 5
CD40 was NBH?@PR‘/é’Ei e tegheeiit rta?i%@“f?ﬁ %lgg““j?ﬁgﬂothﬁf\ﬂpyo%ﬂﬂﬁﬁdr a{g‘? §°t A&t t he
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rel ated fa%& ]Jﬂrgnbers tested. Table 5. Binding Selectivity of Antibodies

(1gGl) in@ 053, Walh kgL the medical arts.

A binding molecule or composition is usually administered on multiple occasions.

5 Intervals between single doses can be, for example, weekly, monthly, every three

months or yearly. An exemplary treatment regimen entails administration once per

week, once every two weeks, once every three weeks, once every four weeks, once a

month, once every three months or once every three to six months. Typical dosage

regimens for a 4-1BB antibody include 1 mg/kg body weight or 3 mg/kg body weight via

10 intravenous administration, using one of the following dosing schedules: (i) every four

weeks for six dosages, then every three months; (i) every three weeks; (iii) 3 mg/kg
body weight once followed by 1 mg/kg body weight every three weeks.

The present disclosure is further illustrated by the following examples which

should not be construed as further limiting. The contents of all figures and all

15 references, patents and published patent applications cited throughout this disclosure

are expressly incorporated herein by reference in their entirety.



HEK293T 4-1BB EC50 [nM parental HEK293 300.19 OX-40 300.19 CD40 300.19

parental MOR-6032 0.6 - - - - MOR-7361 0.8 - -
WO 2012/032433 PCT/IB2011/053761
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EXAMPLES
EXAMPLE 1: GENERATION OF FAB FRAGMENTS THAT BIND TO
4-1BB

Certain antibodies provided by the present invention were originally generated
5 from Fabs that bind to human 4-1BB. The Fabs were selected from a phage display
library, the MorphoSys HUCAL GOLD® phagemid library, following alternating panning
on 4-1BB FC and cells expressing human 4-1BB. These Fabs include those that are
designated as “Fab-6032,” “Fab-7361,” “Fab-7480,” and “Fab-7483.” 4-1BB antibodies
MOR-6032, MOR-7361, MOR-7480, and MOR-7483 disclosed in this application were
10  generated from “Fab-6032,” “Fab-7361,” “Fab-7480,” and “Fab-7483, respectively. The
amino acid sequence of the light chain variable region and heavy chain variable region
of a given Fab are identical to the amino acid sequence of the light chain variable region
and heavy chain variable region, respectively, of an illustrative antibody the designation
of which shares the same numerical number with the designation of the Fab. For
15 example, Fab-7480 and antibody MOR-7480 have identical amino acid sequences for
their light chain variable region and heavy chain variable region, respectively.
The phagemid library is based on the HuCAL® concept (Knappik et al., 2000, J.
Mol. Biol. 296(1):57-86) and employs the CysDispIayT'\’I technology for displaying the
Fab on the phage surface (Lodhning, WO 01/05950). HUCAL GOLD® provides the option
20 of performing selections with six single sub-libraries each comprising one VH (VH1,
VH2, VH3, VH4, VH5, VH6) master gene combined with all seven VL master genes or
performing selections using combined phage pools. Phage for the 1st round of pannings
were prepared by Hyperphage (M13KO7Aplll, obtained from Progen, Heidelberg,
Germany). HuCAL GOLD® is described in detail in Christine Rothe, et. al, J. Mol. Biol.
25 (2008) 376, 1182-1200.
Solid phase panning was performed using recombinant human 4-1BB-F¢ (R&D
Systems, Cat. No. 838-4B; Minneapolis, MN).



- - MOR-7480 0.6 - - - - MOR 7483 0.5 (+) - - - 103E. Characterization of
| gGs in Luciferase Reporter CGene Assay | gGs were al so characteri zed
for bi ndiwg@ 20re/8243a8ci f erase reporter gene assay usi ng HEKZABIMIds31@B cel | s
in a plate bound assay, a sol uble binding assay, and cross-I|inked binding
assay. Table 6 sets out the results of the luciferase reporter gene 15
assay for antibodies MOR- 6032, MOR-7361, MOR-7480, and MOR-7483, all in
|gGl fornmat. Table 6. Characterization of 1gGlL in Luciferase Reporter Gene
Assay Luciferase reporter gene assay of 1gGs Anti body
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EXAMPLE 2. CHARACTERIZATIONS OF FABS
The characterizations of the four Fabs described in example 1 were determined
in the assays described below using the monovalent Fab-format comprising a Fab
having a Flag/His-Tag.
5 2A. Affinity Determined with Solution Equilibrium Titration (SET) Method

The affinity (as expressed as Kp) of the four Fabs was determined using the SET

method using an instrumentation from Meso Scale Discovery (“MSD”). Monomer
fractions of antibody protein were used (at least 90% monomer content, analyzed by
analytical SEC; Superdex75 (Amersham Pharmacia) for Fab, or Tosoh G3000SWXL

10 (Tosoh Bioscience) for IgG, respectively).

Affinity determination in solution was basically performed as described in the
literature (Friguet et al. 1985). In order to improve the sensitivity and accuracy of the
SET method, it was transferred from classical ELISA to ECL based technology (Haenel
et al. 2005).

15 1 mg/ml goat-anti-human (Fab), fragment specific antibodies (Dianova) were
labeled with MSD Sulfo-TAG™ NHS-Ester (Meso Scale Discovery, Gaithersburg, MD,
USA) according to manufacturer's instructions.

The experiments were carried out in polypropylene microtiter plates and PBS pH
7.4 with 0.5% BSA and 0.02% Tween 20 as assay buffer. Unlabeled human 4-1BB was

20 diluted in a 2" series, starting with a concentration at least 10 times higher than the
expected Kp. Wells without antigen were used to determine Bn.x values; wells with
assay buffer were used to determine background. After addition of, e.g., 30 pM Fab
(final concentration in 60 pL final volume), the mixture was incubated overnight at room
temperature. The Fab concentration applied was similar to or below the expected Kp.

25 Standard MSD plates were coated with 0.05 pg/ml human 4-1BB in PBS (30
pL/well), incubated overnight, and blocked with 3% BSA in PBS for 1 hour. After
washing the plate with assay buffer, the equilibrated samples were transferred to those
plates (30 pL per well) and incubated for 20 minutes. After washing, 30 uL/well of the
MSD Sulfo-tag labeled detection antibody (goat anti-human (Fab); ) in a final dilution of

30 1:1500 was added to the MSD plate and incubated for 30 min on an Eppendorf shaker
(700 rpm).

After washing the plate and adding 30 pL/well MSD Read Buffer T with
surfactant, electrochemiluminescence signals were detected using a Sector Imager
6000 (Meso Scale Discovery, Gaithersburg, MD, USA).
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The data were evaluated with XLfit (IDBS) software applying customized fitting
models. For Kp determination of Fab molecules the following fit model was used (Haenel
et al.,, 2005) and modified according to Abraham et al. (1996, J. Molec. Recog. 9(5-
6):456-461):

B 2
y=B__ - [ 2[F231§ T ([Fab | +x+ K, —J(Fab], + x+ K ,)* - 4x[Fab], )]

[Fab]: Applied total Fab concentration
X: Applied total soluble antigen concentration (binding sites)
Bmax: Maximal signal of Fab without antigen

10 Kp:  Affinity

Results are presented in Table 3.

2B. Biacore Kp Determination on Directly Coated Antigen

15 For Kp determination, monomeric Fab fractions (at least 90% monomer content,
analyzed by analytical SEC; Superdex75, Amersham Pharmacia) were used as analyte.
Binding to immobilized antigen was analyzed using a BIAcore3000 instrument (Biacore,
Sweden).

The kinetic rate constants ko, and ko were determined with serial dilutions of the

20 respective Fab binding to covalently immobilized antigen CD137/ HUMAN 4-1BB using
the Biacore 3000 instrument (Biacore, Uppsala, Sweden). For covalent antigen
immobilization standard EDC-NHS amine coupling chemistry was used. Kinetic
measurements were done in HBS-EP (10mM HEPES; pH 7.4; 150mM NaCl; 3mM
EDTA; Tween20 0.005%) at a flow rate of 20 yl/minute using Fab concentrations

25 ranging from about 16 to 500 nM. The injection time for each concentration was 1
minute, followed by at least 3 minutes dissociation phase. For regeneration, one or more
5 ul injections of Glycine/HCI pHZ were used.

For Kp estimation of whole IgG molecules, IgGs were injected as samples on a
F1 sensor chip with a low density of covalently immobilized human 4-1BB (approx. 130

30 RU) using a 2" serial dilution with concentrations ranging from 16 to 500 nM.

Sensorgrams were evaluated using a bivalent fit model a qualitatively compared to rank

the corresponding Kp values.
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15 EXAMPLE 3: CHARACTERIZATION OF IgGs
Several Fabs obtained from the panning as described herein, including Fab-
6032, Fab-7361, Fab-7480, and Fab-7483, were selected for conversion into full length
antibodies in IgG1 and 1gG4 formats for further characterizations as described in this
example. The four illustrative antibodies identified in this example, ie., MOR-6032,
20 MOR-7361, MOR-7480, and MOR-7483, were converted from Fab-6032, Fab- 7361,

Fab-7480, and Fab-7483, respectively. The antibodies in 1gG format were expressed

and purified, and then characterized in ELISA, FACS, and luciferase reporter gene

assays.
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t hat wer ergdigingeshd Betidigridd, givh-reba@diny \tarﬁdutahisemrslgsmaaror Adjtent

S B S RS b Pk D) B (1 o

Mor eover, a th3¢.dcheragbatioh oMaBs T4 BOISAAsivepar ed by starting with the

| i ght chainvrlablerelo nce .of MOR-7480.1 (SEQ | D NQ an
reverting Las GEKVES VPl o, Kl tibeo NARS AracelrEaied %bﬁﬁ@%%@%@ﬂ% ' ned"
versi on ofnduERﬂMchie%I great edathDRellp8Table Mdsio eqaroad tHiy ELISAbBiaHAYt at i ng

Sequance. "L der fhtbATes MR ERE WBR b AR ALy R OMRTT R T ToRT |

ger m R2oe ¥Y@mzt.on of the antibody chain and t hen changi ng the desired am no
acids in the CDRs, or any conbination of nutations starting from any
version. To produce MOR-7483.1, Q at am no acid residue nunber 1 was

returned to the gerniine EabladdBikdiay chgGM iatEiL(BAlﬂsse@fsi due nunber 19 was
retur ned o R The twn am no anit d roci dAliac + at were channad ir the heavy

chain variabl e A’Q'BP@% can he 93%’?18%5 1§%rl ng tMé’“%‘aeanﬁp@ of [MOR7483 ( SEQ
ID NG 32) with MOR-7483.1 (SEQ | BONOME) . In the light chain variable

regi on O'F MOR- 7483 fl\ln a-ho actl de |n fhn ER1L rngl oh {D1Q !:Y’ A135,

Oy

R195, 521T), M@haﬁq% aci ds in th@ %RZ regi gn ( A425, V45L) and one in the
FR3 regi on (E8OMR-7361 0.3 -

MOR-7480 0.7 +)
MOR-7483 0.9 -

3D. Binding Selectivity of Antibodies (FACS Assay)

25 The selectivity of antibodies for 4-1BB was assessed against extracellular domain

protein of 4-1BB and other members of the TNFR superfamily. These receptors
included CD40 (TNFRSF5) and OX-40 (CD134, TNFRSF4). 1gGs were used for FACS
binding characterization on negative control HEK293 cells, as well as HEK293T-h4-1BB



15 were reverted to germine sequence. The eight am no acids that were
changed in the light chain variable region can be seen by conparing the

am no aciwo=emmsese of MOR7483 (SEQ I D NO 56) with that Pofi/IBIORI/U=B3A. 1 ( SEQ
| D NG 60). Moreover, a third version of MOR-7483 was prepared by back
mutati ng L45 of the light chain variable regi on sequence of MOR-7483.1 (SEQ
I D NO.60) to the 20 germine V45 to produce MOR-7483.2 (SEQ I D NGO 64).
EXAMPLE 6: | N VI TRO PROPERTI ES OF ANTI BODI ES, | NCLUDI NG GERMLI NED VERSI ONS
Bi nding Affinities of Antibodies (Bl Acore Assay) Binding kinetics of
certain antibodi es binding human 4-1BB g/ere measured by 25 surface plasnon
resonance (SPR) technol ogy using a Bi af8re 3000 i nstrument (GE Heal thcare).
Reconbi nant, human 4- 1BB/ Fc i mera. tein ¢ risi m no acids 24 - 186
of SEQ | DORS SBBY S oIS NP BRI 1) LB, P 20078 sBbiyrangiRgled

| yophi | i Zeglspsx@hk@isihgi@x-40i 58@BUG A9 icBlisastatl firehsfeotet aindi gxprekbidg 0N The 25MM

FEPES P Bl RIMICIE. O SRS At R A1 el SRS,

(44.8 kDa)74&t Qi idegchyorinite, HREDHrEyEHieH. T SEMopagificant BihdingeormX-aowre was

cl eave treat nt wi .t h Bovi ne . Fact rce, #3252 in 150 nM NaCl,
25mM H PE Sérvﬁﬂﬂ%@l‘}f” ré“%&%tﬁ&loégg%&?@oﬂﬁrat'ﬁgé'#&lt%ﬁﬁ“@m’@ii de,
using a ZQrétemearanu@adld Qforat sebatBvaniférng-a BBY% dragd otheXaelbRdp@infiaGhémhbetd per
100 pg 4-1BB chinmera). The 4-1BB portion of the WO

2012/ 032445881/ 182011/ 053761 63 nol ecul e conprises am no acid residues 24

t hough 186 of the Tusesn Bqﬁdlulﬁﬁsg@@m\ay@mﬁij.miegmg@qpmF,qestprssg\pre carried out

at 25Cin a runpningbuffer comrising 150 Na.Cl 25 HEPES nl—l 0 6 MM

MyC12, 0.005% pot§BerBat b HEK294Rd| 0 @rﬁ‘i@?%bd@%@z €00 %ht | 598i1€s| wer e

i mmobi |i zed by standard am4ne|330upl i MEK293 a |(@%-49ensaDabi p| parehfaE
Heal t hcare) using a 0.1 rr%/rrL solution of the antilbody in L0 nM spdi um
acetate at pH 5.0. The 4t R4 njected at| a range of copcentrations from
80 nMto 0.16 niyoraéox® 50 plggn nufe fTow ratle, for] 3.6. mnutes fo|l owed by
a 26 mnute dissgciation period using the Kiniect feature pf the Biacore
3000 i nst r umeintMORE ound c,(bff’rpl ex was"regenerdated by a 1 mnuate pul se of
10 nmM phosphorigorCr4ol N| Wateg . Data anal ysijs was | 10 perfprmed uUping the
Scrubber 2 sofftware (Biolpgic Software) Sensograns were fj to a sinple 1:1
Langmui r bi ndi nYORotA83. The &t i bpdi e*her e |shown [to reversiblry bjnd to
reconbi nant human 4-1IBB. The results (average val ues) are presented in
Table 7. Binding to the extracel lular domain of 4-1 BB (ELISA assay) Human
4-1BB1PgGlFc chrdehasadierzntioy ot lafs in Mdiresadidportenfignedssavis r esuspended
wi t h Dul becco's Phosphate Buf fered Saline (DPBS) contai ning 0.1% bovi ne
serum al bumin (BSA) to 0.2ng/ml and diluted with DPBS to a fi nal

concentr at i on l@soverg alsg/chpractqrined tqwﬁhﬁmgwmlwe@se@semer IpreaeEsaywer e
coated wi {,§in+ERBoBPhaMHE ol if BRIAEHSITR d'sohy BB RBnGRESa), 61 N9 enpty
well's for specific binding controls an |ncu at ed C overnight. The
4-1BB sol atqseﬁnmbln@ﬁ@@ewya?f@bhr@sqﬁ avidhe yesulds oDthedusifer@se Reraster peRes wi t h
0. 2nl 1pashs fBﬁéntt)Bd.%%th%e@z %QoRWs@ﬁBﬁbR 94amn@mﬂtﬂ7mge %lnfrt @61( 5% BSA,
0. 05% Tween-20 in was added to all | s and 1 ncubated at 4C for 1
hour wi t hfefingt.ng. The bI ocki ng buffer was rermved and pl ates washed three
times with 0.2mL wash buffer. Serial dilutions of the 4-1BB test anti bodies
were prepared in DPBS and 0. 1nml diluted Ab was added per well. Plates were

i ncubat ed 1.5 holable6- Q'Earﬁ@ieﬁtﬁatt'@hﬁfetg@ﬂmaeUC'mﬁeb%@RP”@GG@t‘?ﬁﬁS%s r enoved
and the plates waphed thre dfbfggg rIhdriEr Bedd s JBY Ter per vel | .

Hor ser adi sh perox| dase |abe goat anti-human'1g ECab')2 specific
F(ab')2 antibody [Jadktibedy mmnl@iﬁ@s@@tﬂdh slgde (36-0osk-invedt Crove, PA) was
diluted 1:5000 w T pRBS 3 added Q- tntper wett-——Thg plates were

i ncubated 1 hour at room tenperature and washed with 0.2nl per well wash
buffer. 30 0.1nl SlM@BI-l&BWI\/B m criowel | | per oxi dase gﬁbstrate (Ki rkegaard &
Perry Labs, it hegt >M5R9748|6LJ) was —gdded—pnd_ingubated for—20 m nutes at
roomtenperature.| The reaction was stopped by adding an equal| vol une of 2M
H2504 and absor bapceM@®&s7483ad [at 450 nm pn a Myl ecul a#+Devi cgs Spectra Max
340 (Mol ecul ar Dewteces;—Sunnyvate—CA—The+esutts—arepresented in Table
8. WD 2012/ 032433PCT/ 1B2011/ 053761

20 EXAMPLE 4. STRUCTURAL CHARACTERIZATION OF ANTIBODIES MOR-

6032, MOR-7361, MOR-7480, and MOR-7483




64 Ligand Conpetition Binding (ELI SA Assay) Anti bodi es were tested
for their ability to block the binding of the human 4- 1BB I gGlLFc chi nera
to pl at e wountk/i3e8nbi nant 4-1 BB ligand (4-1 BBL). ReceribiitBzni/oisaemn 4- 1BB
| i gand (Bi osource/lnvitrogen, Carlsbad, CA) was resuspended to 0.2 5 ng/nL
in DPBS + 0.1% bovine serum al bumn and then diluted to 1 pg/nL in DPBS.
Nunc- | nmuno Maxi Sorp surface 96 well plates were coated with 0.1 nL/well of
the 4- 1BBL solution overnight at 4C. The follow ng day the 4-1BBL sol ution
was renoved and 0.2 ni Bl ocking buffer (1% bovine serum al bum n, 0.05%
Tween-20 in DPBS) added and i ncubated gb roomtenperature for 2 hours.
During the bl ocking step the 10 anti bo st ocks mere diIuted in a range

from8 ng/nL t / in S Recaombi nant human 4- I Fc (R&D

Systems, M nne ﬁiﬁ)ﬁ’fgg ‘W_ d%&& ‘%@?@’ﬁéfﬁ é%lmf"&sg ?W@'FrH_S Eﬁo %’géecerg?)’.e@%

gozi ggLselfqugn rglmaﬂtlﬂnt hg®2 cang.u@ﬁ@b tiaclQding mbg&es rzdeaﬁﬁﬁed:;é% ?P@:ked

- C ed, t ! ed t tines t was uf f er

(0. 05% ngﬁ 26‘%%‘%@%3)""%0@@ '%‘%utﬂﬁ@D\%@r SCIKES 18°8BAg wi t h

glo pL 4-1B%_h%y%dcmghgehanm(%blewgahe@r #He wmmBHO (DCEZde RI7BGE, f\/l(fjl)”R -148&0,hour s.
ates _were S escri ped, previ ous rseradl s e S¢

ant i 6xPi sﬁﬂﬁﬁ@&%gégé?ﬁﬂoﬁ@dﬂ? THREAIgS eLEn ¥’ RGeS B aggfv\?ﬁl éﬁ&ﬁé@%@‘l‘%‘leﬁas

di | uted 1'ar1@%ré %@Bﬁ&d Sfhgdtapdar lma\l/x@é‘qmbhm@teeahuqne@n added to the wells

of the mashed ate Ignd i ncybat e roon1 ratagf for hour . ?Iates

were washed as P?”é@”&&%‘?‘g 5eeenses BLtﬁ 7 Yarebleiegionofina
added to emgh N@Ivgx chBiel df ieli@2eslibalass, QigM e edrRibly @gfoar arQ&fumléngttreeightThe

reaction s stopped wi 5 e at ead
ot o vehae i s bbb MQ%QZ% HoR el R RSE 1 SR Sab o
8]; 2ﬁ$DEC'h&BR-@ﬂ8:$SNR&a¢483/1 tathf\/IO‘mwékmgla%proiﬁhe?] spmﬁi @wds{u@ -%”T'@“"‘*(*E’,LX') ty
(0] t he ex np, es WwWasS neasure to enmagg utinin

Ot i at ol EGp A 37 s sF e rEea R et 3Rl o (RED of hunen.
cynonol gus nonB&Yip4rion ogf, th@ogIOFaeotszr abavyCehdis im@iumog®blial edqameortdithg t o
the procedure described. bel o

0x105ce||s/t#$§é shed 30
once 1 - cBMHAGTaD GBS PESnoa By BB e Ao 156
pl/tube oMQ@R©R32 Fedoy chdin mmnesjgavectegmhf Gonmohurhad gl cti v-69aat Dbodi es
at 15 pg/rnL (100 s added W? | e al an th Iabebf peci es
apect b’ euBen Tath ki huar sBHTIES, +Feano eol SRPRs i PGRI BT (R Hi peq
are as fohboms FITC anti - human CD3e (BD Pharm ngen, #555332), FITC
anti-rat CD3e Phar m n , %g%%&%, FI TC anti - ﬁ?
20121 032433PCT] FBE0 FPOYS P egHORAR, V- EsALEnET Yena s Kebaveerrsl GPBD
Serotec, #sv %rerram@n#rwww Ghe ,defihddBioandfi thtéog CRe HADDRSedrt ecCDR3
#NCA1774F) and P g# Igﬁgsn/c d9P3e % har m ngen, #552851). The
cells V\eréqmeﬁ H’””ﬁ R R Wi 5PEEREY e ant i bodi es on ice for 30
mi nut e, washe(dombar&entofrme RIDIR-7 851U s pand eklih Nmbhudoglobwas Beqianté ab ther
anal ysis. knAcl)’]v% gn S{;te?rhlpr{erll%munogp%aﬁnuRggvyac%%lnage%lug%geds emon%trate%etﬁat tﬂe
7361 heavy chain utilizes a Vy segment from human germline Vy 3-23, a D segment
from the human germline 2-8, and a JH segment from human germline JH 4a.
Further analysis of the MOR-7361 Vy sequence using the Kabat system of CDR
25 region determination led to the delineation of the heavy chain H-CDR1, H-CDR2 and H-
CDR3 regions as shown in SEQ ID NOs: 15, 16 and 17, respectively.

Comparison of the MOR-7480 and MOR-7483 heavy chain immunoglobulin
sequences to the known human germline immunoglobulin heavy chain sequences
demonstrated that the 7480 and 7483 heavy chains utilize a V4 segment from human

30 germline V4 5, a D segment from the human germline 5-18, and a JH segment from
human germline JH 4a.

Further analysis of the 7480 and 7483 Vy sequences using the Kabat system of
CDR region determination led to the delineation of the H-CDR1, H-CDR2 and H-CDR3
regions as shown in SEQ ID NOs: 29, 30 and 31, respectively.



Di cki nson FACS Cal i bur and FlowJo 8.8.2 software. |solation of Human T
Lynphocyt es. Human whol e bl ood was col l ected into syringes containing 1 nL
0. 5M EDTAvendizdsess3t ransferred to Sigma Accuspi n tubes @Brgemwi/&37eiloui s,
MO) for the isolation of peripheral blood nononuclear cells (PBMC) 10 as
described by the manufacturer. The PBMCs were washed twi ce with DPBS
containing 5 nM EDTA and T | ynphocytes were isolated using a T cell
purification colum as described by the manufacturer (R&D Systens,

M nneapolis, MN). Briefly, PBMCs were resuspended in 2 nL of columm buffer
and | oaded into a pre-washed T cell isqlation colum. PBMCs were incubated
for 10 mnutes at roomtenperature and Tt 15 cells were eluted with col um

buffer, washed _one tine d ) d TCM at 106¢cel | s/ consi sting of
RPM 1640 (St gRabasoloet B1e MR eHg! Ciasd St DR 109 Pad IOBo e Mk o
(Si gma, Sthaibkatihfunodfobulmnsbduedtds BNhBekrodnMdmart-igeesine LithnitMoglopem fgHt! i n
O L Ao b e o 08 0 PR Ra o b 57"
Hi cksvi | | @tiliZ¥g Vvesgrestt lieat Bemam gs@dline MBGidndad & S&dmeragiehahiesn hevbdine ( BD;

Frankl iLn bglégs NJ) and then spun at 1500 x g for 20 m nutes at room
terrperétu “YTubes were shipped overnight at 4C. The PBMC fraction was

Ic:o: : ected fL OFTIFLﬁrﬂﬁr %myéigggmeamdwmeq eeq;%&&uﬁﬁé@mé@dt@ﬂgrzn%fwmrﬁ. L
ol l owi ng the sh step, ‘e _coun an ea e X S
b t§esuaredit HREMBHo Tote Sptaeaan ehie EIoaNSr GHR1. GRRE 14 GHEs s
Logi S, :\/D}eMFHseemmmehdsm () M?gfpe‘,et, ahd Q,wismltilsay.um (Sigma, St Louis, M)
and L-glutamn 2 , .HEPES .., penicillin 00 ,, Stre nyci n
(50 pofn) - pur CHes By HmoLS ORI o kng ekl el SRR B eq
with 30 pgddidn féraindionays td mFidédM'oﬁgpﬂ@S_SCDRmfr_]-GDﬁQ ok Lidmﬂateg' s of
Cani ne PBMCs Canj ole 0 rawn i nto heparinized 30 vacutainer
Cubes ( BDAS BhosiT SEG AR AL o) PEaat T2 GRaeR i thr BBS cont ai ni ng. M
EDTA. After m Rirti@r aflalfdis of tHeOR-7480ev dquedcevasing aeekathdt \systaresfeatDRY er
3nL Lynphol yt e- Mamal rlane Laboratorie West , d |
cont 1 T LoD S i T80 A deEaon Shke LTRRbeMEHA wrd LasHegions
col | ect edaswhsketh $EQ B NOd: B4 PBS anad6) espediesided to 2x106 cel ls/mL in TCM
contai,pi ng PHA_at 10 pg/.nm__ (Renel xa, WD 2012/032433PCT/ 1B20 053761
56 ko3 The carimthener@iin ot feclORs AR s onglve C5itg 4o feba sSvPREoranR
anti body kigish agtetdyindtionvied yo theRkeliyeation of thel SOD&H| ITOR2 &Kad LB Eregldat whol e
bl ood was drawn |n h iniz v tai ner. tubes (BD;, Franklin Lakes, NJ)
and dil ut &3 SE@%”W%ﬁQﬁgg@oﬁﬁ’afﬂiaﬂggg’ TRPCAVRHTA. After mixing, 6 nL of the
di luted bl ood was carefully |layered over 4.5ml Lynphol yte- Manmal (Cedarl ane
Laboratori es, t Y., entrl r inutes at 25C.
The PBMC i nt er%@%ﬁg C%Mﬁp\ﬂ'ﬂfv&géhé@g% gggﬁmﬂEé%éoé%(f'@Pesu%%nded to
2x106¢e6l | s1or-7483 TCM cont ai ni ng PHA at 10 pg/nL (Renel, Lenexa, KS). The
cells were cultured for 48-72 hours prior to test] ant | i,hdi ng
by {1 ow 100yt dierrgpr © minintize Bihiaddsniis ft oS, WOk dio,es AekaRed
The anti badiigsgliesesevdraiuatinbachi rdidues Weee utasd aadk ¢y gerndling dBRusmdeh abi gh
affinity, ile binding to do I 4-1. BB 0, bserved at
concent | afdBHS rottunsresie bR TRbe Frbisreii RoR t el B s Higfired by
Bi ndi ng Atdtumirg &% ainbgdsidnin thedFRs rédibraodite) hdalyi Bpidile chain to germline
25 sequence. More specifically, Q at amino acid residue number 1 was returned to the

germline E, and K at amino acid residue number 19 was returned to R. The two amino

acid residues that were changed in the heavy chain variable region can be seen by

comparing the amino acid sequence of MOR-7480 (SEQ ID NO:32) with MOR-7480.1

(SEQ ID NO:43). In the light chain variable region of MOR-7480, five amino acids in the

30 FR1 region (D1S, 12Y, A13S,R19S, S21T), two amino acids in the FR2 region (A42S,

V45L), and one in the FR3 region (E8OM) were reverted to germline sequence. The

eight amino acids that were changed in the light chain variable region can be seen by

comparing the amino acid sequence of MOR-7480 (SEQ ID NO:37) with that of MOR-

7480.1 (SEQ ID NO:45).



ka (M1 S-1) kd (S-1) KD (nM t112 MDR7480 (1gGl) 3.6 x105 1.5 x10-4 0. 42
82 min MR7480 (1gG&) 4.5 x105 2.3 x10-4 0.57 50 min MOR-7480.1 (1gGl) 1.2
0.3 x106 WOR012013183810-3 8.4 1.4 1.2 min MOR 7480.1 (| g@2)I82041/0537646
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Moreover, a third version of MOR-7480 was prepared by starting with the light
chain variable region sequence of MOR-7480.1 (SEQ ID NO:45) and reverting L45 back
to V to produce MOR-7480.2 (SEQ ID NO:51).

A “germlined” version of MOR-7483, designated MOR-7483.1, was prepared by

5 backmutating two amino acids in the FR1 region of the heavy variable chain to germline
sequence. The germlined versions can be prepared by starting with the germline
version of the antibody chain and then changing the desired amino acids in the CDRs,
or any combination of mutations starting from any version. To produce MOR-7483.1, Q
at amino acid residue number 1 was returned to the germline E, and K at amino acid

10  residue number 19 was returned to R. The two amino acid residues that were changed
in the heavy chain variable region can be seen by comparing the sequence of MOR-
7483 (SEQ ID NO:32) with MOR-7483.1 (SEQ ID NO:43). In the light chain variable
region of MOR-7483, five amino acids in the FR1 region (D1S, 12Y, A13S, R19S, S21T),
two amino acids in the FR2 region (A42S, V45L), and one in the FR3 region (ES8OM)

15  were reverted to germline sequence. The eight amino acids that were changed in the
light chain variable region can be seen by comparing the amino acid sequence of MOR-
7483 (SEQ ID NO:56) with that of MOR-7483.1 (SEQ ID NO:60).

Moreover, a third version of MOR-7483 was prepared by back mutating L45 of
the light chain variable region sequence of MOR-7483.1 (SEQ ID NO:60) to the

20 germline V45 to produce MOR-7483.2 (SEQ ID NO:64).

EXAMPLE 6: IN VITRO PROPERTIES OF ANTIBODIES, INCLUDING

GERMLINED VERSIONS

Binding Affinities of Antibodies (BlAcore Assay)

Binding kinetics of certain antibodies binding human 4-1BB were measured by

25 surface plasmon resonance (SPR) technology using a Biacore 3000 instrument (GE
Healthcare). Recombinant human 4-1BB/F¢ Chimera protein comprising amino acids 24
— 186 of SEQ ID NO: 68 was purchased from R&D Systems Inc. (#838-4B). The
lyophilized protein was dissolved in a buffer containing 150 mM NaCl, 25mM HEPES pH
8.0, 6 mM MgCl,, 0.005% polysorbate 20, and 0.5 mM sodium azide to a final
30  concentration of 80 nM based on the predicted molecular weight (44.8 kDa) provided by
the R&D Systems. The Fc portion of the molecule was cleaved by treatment with Bovine
Factor Xa (Pierce, #32521) in 150 mM NaCl, 25mM HEPES pH 8.0, 6 mM MgCl,,
0.005% polysorbate 20, 0.5mM sodium azide, using a 20 hour incubation at 22°C with a
3% Factor Xa (3 pyg Factor Xa per 100 ug 4-1BB chimera). The 4-1BB portion of the



X106 1.2 0.1 x10- 2 8.7 1.0 1.0 min MOR-7480.2 (1gGl) 9.3 x105 4.1 x10-4
0.4 28 min MOR-7483 (1gGl) 6.0 x105 4.4 x10-4 0.73 26 m n MOR- 7483 (1gQ&X)
3.0 x105 80201324831.3 1.3 m n MOR-7483.1 (1gQGl) PCT/IB2011/053761
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molecule comprises amino acid residues 24 though 186 of the human 4-1BB protein.
Binding experiments were carried out at 25°C in a running buffer comprising 150 mM
NaCl, 25mM HEPES pH 8.0, 6 mM MgCl,, 0.005% polysorbate 20, and 0.5 mM sodium
azide. Antibodies were immobilized by standard amine coupling to a CM5 sensorchip
5 (GE Healthcare) using a 0.1 mg/mL solution of the antibody in 10 mM sodium acetate at
pH 5.0. The 4-1BB was injected at a range of concentrations from 80 nM to 0.16 nM, at
a 50 yL/minute flow rate, for 3.6 minutes followed by a 26 minute dissociation period
using the Kinject feature of the Biacore 3000 instrument. The bound complex was
regenerated by a 1 minute pulse of 10 mM phosphoric acid in water. Data analysis was
10 performed using the Scrubber2 software (BioLogic Software). Sensograms were fit to a
simple 1:1 Langmuir binding model. The antibodies were shown to reversibly bind to
recombinant human 4-1BB. The results (average values) are presented in Table 7.

Binding to the extracellular domain of 4-1BB (ELISA assay)

Human 4-1BB IgG1Fc chimera (R&D Systems, Minneapolis, MN) was

15 resuspended with Dulbecco’'s Phosphate Buffered Saline (DPBS) containing 0.1%
bovine serum albumin (BSA) to 0.2mg/ml and diluted with DPBS to a final concentration

of 0.03 ug/ml. Nunc-Immuno Maxisorp 96 well plates were coated with 0.1ml per well of

the recombinant 4-1BB chimera leaving empty wells for nonspecific binding controls and
incubated at 4°C overnight. The 4-1BB solution was removed and the plates were

20 washed three times with 0.2ml wash buffer (0.05% Tween-20 in DPBS). 0.2ml blocking
buffer (5% BSA, 0.05% Tween-20 in DPBS) was added to all wells and incubated at 4°C

for 1 hour with mixing. The blocking buffer was removed and plates washed three times

with 0.2ml wash buffer. Serial dilutions of the 4-1BB test antibodies were prepared in
DPBS and 0.1ml diluted Ab was added per well. Plates were incubated 1.5 hour at

25 room temperature. Antibody solution was removed and the plates washed three times
with 0.2ml wash buffer per well. Horseradish peroxidase labeled goat anti-human IgG,
F(ab’)2 specific F(ab')2 antibody (Jackson Immunoresearch #109-036-097, West Grove,

PA) was diluted 1:5000 with DPBS and added 0.1ml per well. The plates were
incubated 1 hour at room temperature and washed with 0.2ml per well wash buffer.

30 0.1ml SureBlue TMB microwell peroxidase substrate (Kirkegaard & Perry Labs,
Gaithersburg, MD) was added and incubated for 20 minutes at room temperature. The
reaction was stopped by adding an equal volume of 2M H,SO, and absorbance was

read at 450 nm on a Molecular Devices Spectra Max 340 (Molecular Devices,

Sunnyvale, CA). The results are presented in Table 8.



8.0 x105 0.022 28 32 min 15 Table 8: ELISA Binding and Ligand Conpetition
Val ues Bi ndi ng ELI SA Li gand Conpetition ELISA Anti body | sotype EC50STD
(nM % mewoiz2ntevase433on | C50STD (nM MOR- 6032 1gGl 0. 071 @C0AB2010053761

0. 1530. 067
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Ligand Competition Binding (ELISA Assay)

Antibodies were tested for their ability to block the binding of the human 4-
1BB_IgG1Fc¢ chimera to plate bound recombinant 4-1BB ligand (4-1BBL). Recombinant
human 4-1BB ligand (Biosource/Invitrogen, Carlsbad, CA) was resuspended to 0.2

5 mg/mL in DPBS + 0.1% bovine serum albumin and then diluted to 1 yg/mL in DPBS.

Nunc-Immuno MaxiSorp surface 96 well plates were coated with 0.1 mL/well of the 4-

1BBL solution overnight at 4°C. The following day the 4-1BBL solution was removed
and 0.2 mL Blocking buffer (1% bovine serum albumin, 0.05% Tween-20 in DPBS)
added and incubated at room temperature for 2 hours. During the blocking step the
10 antibody stocks were diluted in a range from 8 ng/mL to 6 pg/mL in DPBS.
Recombinant human 4-1BB_IgG1Fc (R&D Systems, Minneapolis, MN) was
resuspended to 0.2 mg/mL in DPBS + 0.1% bovine serum albumin and then diluted to
0.02 yg/mL in DPBS. The blocked 4-1BBL coated plates were washed three times with
0.2 mL wash buffer (0.05% Tween 20 in DPBS). 60 uL antibody dilutions were added
15 along with 60 uL 4-1BB_IgG1F¢ chimera and incubated at room temperature for 1.5
hours. Plates were washed as described previously. Horseradish peroxidase anti-
6xHistidine tag antibody (R&D Systems, Minneapolis MN #MABO50H) was diluted
1:1000 in DPBS, 50 pL of the resulting solution added to the wells of the washed plates,
and incubated at room temperature for 1 hour. Plates were washed as previously
20  described, 50 uL TMB substrate solution was added to each well and incubated at room
temperature for 20 minutes. The reaction was stopped with 50 uL 0.2N H,SO4 and
absorbance at 450 nm read using a Molecular Devices plate reader. The results are

presented in Table 8.

25 Species Cross-Reactivity of Antibodies

The species-cross reactivity of the exemplary antibodies was measured using
phytohemagglutinin (PHA) stimulated primary peripheral blood mononuclear cells
(PBMC) of human, cynomolgus monkey (cyno), dog, and rat. Cells were isolated
according to the procedure described below. Cells (~5.0x10°cells/tube) were washed

30 once in cold wash buffer (PBS, 2% FBS and 0.02% sodium azide) and 100 ul/tube of
Alexa Fluor 647 conjugated control or 4-1BB reactive antibodies at 15.5 ug/mL (100 nM)
was added to each sample along with labeled species specific T cell marker antibodies.
The T cell marker antibodies utilized are as follows, FITC anti-human CD3e (BD
Pharmingen, #555332), FITC anti-rat CD3e (BD Pharmingen, #559975), FITC anti-
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rabbit CD4 + FITC anti-rabbit CD8 (AbD Serotec, #MCA799F and #MCA1576F), FITC
anti-dog CD3e (AbD Serotec, #MCA1774F), and PerCP anti-human/cyno CD3e (BD
Pharmingen, #552851). The cells were incubated in the dark with fluorochrome
antibodies on ice for 30 minutes, washed three times and resuspended in 0.3 ml wash

5 buffer for analysis. Antibody staining was measured and analyzed using a Becton
Dickinson FACS Calibur and FlowJo 8.8.2 software.

Isolation of Human T Lymphocytes. Human whole blood was collected into

syringes containing 1 mL 0.5M EDTA and then transferred to Sigma Accuspin tubes
(Sigma, St. Louis, MO) for the isolation of peripheral blood mononuclear cells (PBMC)

10 as described by the manufacturer. The PBMCs were washed twice with DPBS
containing 5 mM EDTA and T lymphocytes were isolated using a T cell purification
column as described by the manufacturer (R&D Systems, Minneapolis, MN). Briefly,
PBMCs were resuspended in 2 mL of column buffer and loaded into a pre-washed T cell
isolation column. PBMCs were incubated for 10 minutes at room temperature and T

15 cells were eluted with column buffer, washed one time and resuspended TCM at
2x108cells/mL consisting of RPMI 1640 (Sigma, St Louis, MO) supplemented with 10%
fetal bovine serum (Sigma, St. Louis, MO) and L-glutamine (2 mM), Hepes (10 mM),
penicillin (100 U/ml), streptomycin (50 ug/ml) (Gibco, Grand Island, NY.).

Isolation of Cynomolgus PBMCs. Cynomolgus whole blood (Bioreclamation;

20 Hicksville, NY) was collected in sodium citrate CPT vacutainer tubes (BD; Franklin
Lakes, NJ) and then spun at 1500 x g for 20 minutes at room temperature. Tubes were
shipped overnight at 4°C. The PBMC fraction was collected from the CPT tubes and
washed 2x with PBS containing 5mM EDTA. Following the wash step, PBMCs were
counted and readjusted to 2x10°ells/mL in tissue culture medium (TCM). TCM

25 consisted of RPMI 1640 (Sigma, St Louis, MO) supplemented with 10% fetal bovine
serum (Sigma, St Louis, MO) and L-glutamine (2 mM), HEPES (10 mM), penicillin (100
U/mL), streptomycin (50 ng/mL) purchased from Gibco (Grand Island, NY.). Cells were
stimulated with 10 pg/mL PHA 2-3 days to induce expression of 4-1BB.

Isolation of Canine PBMCs. Canine whole blood was drawn into heparinized

30 vacutainer tubes (BD; Franklin Lakes, NJ) and diluted 1:2 with PBS containing 5mM
EDTA. After mixing, 4 mL of the diluted blood was carefully layered over 3mL

Lympholyte-Mammal (Cedarlane Laboratories, Westbury, NY) and centrifuged 800 x g
for 20 minutes at 25°C. The PBMC interface was collected, washed twice with PBS and
resuspended to 2x10° cells/mL in TCM containing PHA at 10 pg/mL (Remel, Lenexa,
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KS). The cells were cultured for 48-72 hours prior to testing for antibody binding by flow
cytometry.

Isolation of Rat PBMCs. Rat

vacutainer tubes (BD; Franklin Lakes, NJ) and diluted 1:3 with PBS containing 5 mM

5 EDTA. After mixing, 6 mL of the diluted blood was carefully layered over 4.5ml

whole blood was drawn into heparinized

Lympholyte-Mammal (Cedarlane Laboratories, Westbury, NY) and centrifuged 800 x g
for 20 minutes at 25°C. The PBMC interface was collected, washed twice with PBS and
resuspended to 2x10°cells/mL in TCM containing PHA at 10 ug/mL (Remel, Lenexa,
KS). The cells were cultured for 48-72 hours prior to testing for antibody binding by flow
10  cytometry.
The binding results are provided in Figure 1. The antibodies were found to bind
to the human and cyno 4-1BB with high affinity, while binding to dog and rat 4-1BB was
not observed at concentrations of 100 nM, the highest concentration tested.

Table 7: Binding Affinities of IgG Antibodies (Biacore)

Antibody ka (M" s7) ka (s7) Ko (nM) | taz2
MOR7480 (1gG1) |3.6x10° 1.5 x10™ 0.42 82 min
MOR7480 (IgG2) |4.5x10° 2.3x10% 0.57 50 min
MOR-7480.1 1.2 £0.3x10° | 9.8+ 8.4+ 1.4 [ 1.2min
(IgG1) 0.15x10
MOR-7480.1 1.4 +0.06 1.2+0.1x10 [ 8.7+ 1.0 | 1.0 min
(IgG2) x10° 2
MOR-7480.2 9.3 x10° 4.1 x10™ 0.4 28 min
(I9G1)
MOR-7483 (IgG1) |6.0x10° 4.4 x10™ 0.73 26 min
MOR-7483 (1gG2) |3.0x10° 3.8 x10™ 1.3 1.3 min
MOR-7483.1 8.0 x10° 0.022 28 32 min
(I9G1)
15
Table 8: ELISA Binding and Ligand Competition Values
Binding ELISA | Ligand Competition ELISA
Antibody Isotype | EC50+STD % max IC50+£STD
(nM) inhibition | (nM)
MOR-6032 IgG1 | 0.071+ 0.029 10042 0.153%0.067
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In order to determine the epitope binding region of the 4-1BB agonist antibodies,

a series of mutations (Table 9) were made to the human 4-1BB extracellular domain to
the published dog 4-1BB sequence (Ref. Seq. XM_845243).

Table 9. Mutant of Human 4-1BB Extracellular Domain

Mutant of
human 4-1BB
Amino Acid Changes
extracellular
domain
Hud41BB N&E | N30K, A56T, G57S, R60K, T61A
Hu41BB
NSE.1 N30K, D38G, N39K, R41K, S46l, A56T, G57S, R60K, T61A
Hu41BB
N30K, A56T, G57S, R60K, T61A, K69E, R75K, E77V
N&E.2
Hu41BB
L24l, P27S, N42S, T89I, P90S, S100T
N&E.3
Hu41BB L241, P27S, N30K, D38G, N39K, R41K, N42S, S46l, A56T,
N&E.4 G57S, R60K, T61A, K69E, R75K, E77V, T89l, P90S, S100T
Hu41BB
K115Q, C121R, R134Q, R154S, V156A
N&E.5
Hu41BB
S161A, P162S, D164G, L165F, A169T
N&E.6

All human-to-dog mutations were prepared by Gene Dynamics LLC, (Portland,

OR) in the retroviral expression vector pMSCVpuro (Clontech Laboratories Mountain
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View, CA). Additionally the full canine ¢cDNA sequence was prepared via gene
synthesis corresponding to Ref. Seq. XM_845243.
Viral preparations were established by transient transfection of roughly 40-50%
confluent 293T cells in T-75 flasks. Following culture, the viral supernatant was then
5 sterile filtered, and subjected to concentration. The concentrated virus was collected
and stored at -80°C.
Logarithmically growing 300-19 cells were transduced with retrovirus using 1:250
dilution concentrated virus plus 8ug/ml polybrene in complete DMEM. Following a 24-
hour incubation, 2ug/ml puromycin was added to the cultures and maintained during the
10  course of the study.
Positive expression of the 4-1BB receptors by the puromycin selected pools was
confirmed by staining with 1ug/ml polyclonal goat anti-human 4-1BB antibody (R&D
Systems Inc.) plus 1:200 dilution PE labeled donkey anti-goat 1gG (H+L) F(ab’);
(Jackson Immunoresearch Inc.). In order to determine recognition of the mutant 4-1BB
15  receptors by the test antibodies the puromycin selected pools were stained with 100nM
dilution of the unlabeled primary antibody on ice for 30 min, followed by two washes with
FACS buffer, and 1:200 dilution species specific PE labeled donkey anti-IgG (H+L)
F(ab’),. Cells were analyzed by FACS using a BD FACS Calibur and FlowJo 8.8.6

software.
20 Relative staining of each cell pool is summarized in Table 10.
Table 10. Relative Staining of Each Cell Pool
Ab
2] " — o\ ™ < o) © m
ERERE R -
Tz |z |z |z |z |z 03
Goat pAb + + + + + + + + +
BBK-2 + + - + + - + + -
JG1.6A + + - + + - + + -
4B4-1 + + - + + - + + -
6032_G1 + + + - + - + + -
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7361_G1 + + + - +/- - + + .
7480 G1 + + + + + + + + +
7480.1_G1 + + + + + + - + -

7480.1_G2 + + + + + + +/- + -

7480.2_G1 + + + + + + + + +
7483 _G1 + + + + + + +/- + +-
7483 G2 + + + + + + - + -

Differentiation of binding between antibodies having similar sequences (MOR-
7480, MOR-7480.1, MOR-7480.2, MOR-7483, and MOR-7483.1) was discovered within
the mutations of clone N&E.5, suggesting that the determinants for antibody recognition
lie within the mutated region.

In order to determine the relative affinity of these antibodies for human 4-1BB
extracellular domain and the mutant of human 4-1BB extracellular domain, mutant
N&E.5, a dose response FACS curve was determined for each antibody. Alexa Fluor
647 labeled MOR_7480, MOR_7480.1, and MOR_7480.2 were diluted in FACS buffer
from 1uM in an 8 point 1:5 dilution series and used to stain parental 300-19, hu4-1BB,
hu4-1BB N&E.5, and dog 4-1BB cell pools. The cells were analyzed by FACS using a
BD FACS Calibur and FlowJo 8.8.6 software. The geometric mean fluorescence of
each receptor expressing pool was normalized to staining of parental cells and
expressed as fold staining and an EC50 for dose response was determined. The EC50
summary is shown in Table 11. Greater than 5 fold decrease in binding for both
MOR_7480.2 and MOR_7480 for the human 4-1BB mutant N&E.5 was noted.

Table 11. Binding ECso (nM) of Antibodies
4-1BB Mutant

Antibody (1gG1) Human 4-1BB N&E.5
MOR_7480.1 7.916 n/a
MOR_7480.2 0.510 2.730

MOR_7480 1.68 12.29
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Agonist Activity of Antibodies (Luciferase Activity Assay)

293T cells expressing human 4-1BB along with a stably integrated NFkB
luciferase reporter were prepared. Cells were harvested, washed and resuspended into
phenol red free complete medium (DMEM containing 10% fetal bovine serum, HEPES
buffer, nonessential amino acids and L-glutamine) at density of 0.6 X 10%cells/mL. 50pl
of cells were plated into each assay well of a white 96 well plate (PerkinElmer, Waltham,
MA). Test antibodies were added to each well in the presence 2.5:1 ratio of a cross
linking antibody Fab’ goat anti-human 1gG Fc (Jackson ImmunoResearch, West Grove,
PA). The plate was incubated 5 hours at 37°C. 75 ul of Bright-Glo Luciferase reagent
(Promega, Madison WI) was added and the amount of luciferase activity was measured
using a Packard TopCount NXT scintillation counter.

293T cells expressing cynomologous monkey 4-1BB were prepared by viral
transduction and selection of a stable pool with 2ug/ml puromycin. Cyno 4-1BB
expressing 293T cells were plated in a T-75 flask to roughly 60-70% confluency then
transfected with 10ug pLuc_6xNFkB plus 0.1yg pRL-CMV as a transfection control.
Transfections were performed using Fugene 6 transfection reagent (Roche Indianapolis,
IN) at a 6ul Fugene to 1 ug plasmid DNA ratio according to manufacturer instructions.
Cells were harvested the following day washed and resuspended into phenol red free
complete medium (DMEM containing 10% fetal bovine serum, nonessential amino acids
and L-glutamine) at density of 0.6 X 10%ells/mL. 50ul of cells were plated into each
assay well of a white 96 well plate (PerkinElmer, Waltham, MA). Test antibodies were
added to each well in the presence 2.5:1 ratio of a cross linking Fab’ goat anti-human
IgG Fc antibody (Jackson ImmunoResearch, West Grove, PA). The plate was incubated
5 hours at 37°C. 75l of luciferase assay reagent was added and the amount of firefly
luciferase activity was measured using a Packard TopCount NXT scintillation counter.
Additionally, 75ul of Stop & Glo reagent was added to assess the renilla luciferase
activity. The amount of renilla luciferase activity was measured using a Pakcard
TopCount NXT scintillation counter. Results are presented in Figure 2.

Adgonist Activity of Antibodies (primary T cell IL-2 release assay)

Nunc Maxisorp 96 well plates were UV sterilized prior to plate coating. Test antibodies
were diluted in PBS to 60 pyg/ml. 0.2ml of the diluted Ab was divided to 2 wells of a
polypropylene 96 well plate and serially diluted 1:3. 50yl of the diluted Ab were added

to the sterile Maxisorp 96 well assay plate and immediately 50l of 20pug/ml anti-human
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CD3¢ clone UCHT1 was added (Biolegend San Diego, CA). All plates were then
incubated overnight at 4°C. The following day, Ab coated plates were washed 1x with
PBS and 0.15ml RPMI complete media was added to the wells of the Nunc Maxisorp
plates. Human T cells were isolated as described previously elsewhere herein and 50ul
5 purified T cells at 2 x 10° cells/ml (100,000 cells/well) were added to each well. Cells
were incubated at 37°C, 5%CO, for 3 days. Supernatant from each well was collected
and either assayed immediately or stored at -20°C prior to assay. Supernatants were
diluted with complete media prior to IL-2 ELISA assay (R&D Systems, Minneapolis,
MN). Results are presented in Figure 3.
10
EXAMPLE 7: HUMAN LEUKOCYTE EXPANSION INDUCED BY 4- 1BB
ANTIBODIES IN VIVO
The lack of detectable cross-reactivity of the 4-1BB antibodies with the murine 4-
1BB and the requirement for the presence of human immune cells required the
15 development of models for the in vivo functional assessment of the 4-1BB antibodies.
Mice with the NOD genetic background carrying the severe combined immunodeficient
(SCID) mutation and deficiency in the IL-2 receptor common gamma chain (commonly
termed NSG) are able to support the engraftment of large number of human peripheral
blood leukocytes (huPBL) and maintain engraftment for at least 30 days (King, 2008,
20 Clin. Immunol. 126:303-314). This mouse model, also known as huPBL-NSG model,
was used to assess the functional effect of in vivo systemic administration of the
antibodies on human immune cells. Specifically, 6 million freshly isolated human
PBMCs were adoptively transferred via intraveinous injection into NOD.Cg-Prkdc>®
12rg™"¥/SzJ (NSG) host mice. Nine days post PBMC injections, the animals were
25 administered a single 1mg/kg dose of MOR7480, MOR7480.1 or 1gG2 isotype control
antibody via intraperitoneal injection. At day 24 to 28 post PBMC engraftment, PBMC
were stained with antibodies to human and murine CD45 assessed via flow cytometry.
Forward and side scatter profiles were used to determine a lymphocyte gate. As shown
in Figure 4, MOR7480 and MOR7480.1 were able to enhance expansion of human
30 leukocytes as evidenced by increased proportion of human CD45+ cells in the
peripheral blood of engrafted mice. For each group, n26 mice.
In addition, MOR7480.1 ftreatment of cynomolgus monkeys increased
proliferation among cytotoxic central memory T cells (CD8 Tcm) in PBMC samples.

Cynomolgus monkeys (2 animals per dose level) were given a single intravenous
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injection of MOR7480.1 at the indicated dose. PBMC were harvested 7 days prior to the
antibody dose (pre dose) and on the indicated study days relative to administration of
MOR7480.1 (on Study Day 1). PBMC were stained with antibodies for CD3, CD4, CDS8,
CD28, CD95, and Ki-67 and analyzed via flow cytometry. Data was collected on a
Canto Il (Beckton Dickinson) and analyzed using DIVA software (Becton Dickinson).
CD8 central memory cells were identified as CD3+, CD8+, CD28+ and CD95+. Data is
shown for individual animals designated as (dose level-animal number) and is
represented as intra-animal change in the number of Ki-67+ cells relative to pre study
number {[(#Ki-67+ cells on indicated study day - #Ki-67+ cells at pre dose)/#Ki-67+
cells at pre dose]*100}. As shown in figure 5, A 1.5 fold or greater increase in
proliferating central memory T cells during the first 7-13 days of study was noted in at

least one animal of all groups treated with 0.3 mg/kg or greater.

EXAMPLE 8: ANTI-TUMOR ACTIVITY OF 4-1BB ANTIBODIES (IN VIVO
MODEL)

PC3 Human Prostate Cancer Model.

The lack of rodent cross reactivity of the 4-1BB antibodies prevented the use of
standard murine syngeneic or human xenograft tumor models for the assessment of
anti-human tumor efficacy of the antibodies. Accordingly, a novel huPBL-SCID-Bg
xenogenic tumor mouse model was generated using a SCID-Bg mouse (CB.17/lcr.Cg
Pkrdc*“Lyst?9/Crl), which harbors the beige (Bg) mutation lack murine T and B
lymphocytes and functional NK cells. The anti-human tumor efficacy of the 4-1BB
antibodies was assessed using this model as described below.

The PC3 human prostate or LOVO human colon cell line was obtained from
American Type Culture Collection and was cultured in RPMI-1640 (Invitrogen) enriched
with the following Invitrogen supplements: L-Glutamine, Sodium pyruvate, non-essential
amino acids, penicillin/streptomycin, Hepes, and 10% heat inactivated fetal bovine
serum (FBS; Cat. No. F2442, Sigma Aldrich). Cells were grown to confluency in T-225
Falcon flasks. Subsequently, cells were trypsinized (Trypsin 0.25%-EDTA; Cat. No.
2500-056, Invitrogen) and growth was scaled up in Hyperflasks (Cat. No. 3319 Corning
Life Sciences) for three days. Trypsin was used to harvest the cell line which was
washed 3 times in ice cold PRMI supplemented with 10% FBS. No greater than 300 ml
of peripheral blood was collected from healthy volunteers.  Peripheral blood

lymphocytes (PBMCs) were isolated from heparinized blood using Accuspin tubes in
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accordance with the manufactures’ protocol (Cat. No. A0561-100x 15 ml, Aldrich).
Counted cell suspensions were combined such that each mouse received an injection of
1.5x 10° PBMCs and 3 x 10° tumor cells in a single bolus injection of 0.2 mL in PBS.
The combined cell suspension was washed twice with cold PBS, placed on ice and
immediately injected into prepared mice.

For each mouse, a 0.2 mL volume of the combined cell suspension was injected
subcutaneously into the right flank of the animal and given a single dose (0.2 mL) of the
4-1BB antibody or control antibody by subcutaneous injection into the left flank. Tumor
measurements were made via Pressier caliper twice per week for the duration of the
experiments and body weights were also recorded. Tumor volume was calculated using
the following calculation: length x width? x 0.44= volume (mm®) Mice were removed from
the study in the event that the tumor volume reached 2000 mm? or an animal lost 20%
of body weight before termination of the experiment. On day 23 mice from all groups
were euthanized in accordance with procedures outlined by the IACUC (Figure 6).
Percent tumor growth inhibition was measured on the final day of the study and is
calculated as 100-{1-(Treated finai day/CONtrol final day)}. Similar results were observed
when tumors were measured on day 6 post injection, and the animals were randomized
according to tumor volume, and given a single 4-1BB mAb dose on day 7 post

implantation. For most studies, each group contained 8 mice.

EXAMPLE 9: IN VIVO ASSESSMENT OF ACTIVITY OF 4-1BB ANTIBODIES IN
HUMAN 4-1BB KNOCK IN MICE
Generation of human 4-1BB Knock-in mice

To better address the immune modulating activities of anti-human 4-1BB
monoclonal antibodies that do not cross react with murine 4-1BB, a mouse model in
which the mouse 4-1BB gene was replaced by the human 4-1BB gene was generated.
Bacterial artificial chromosome (BAC) clones carrying the human or murine 4-1BB
genomic fragment were ordered from Invitrogen (Carlsbad, CA.) and used to construct
the 4-1BB targeting vector based on the Red/ET recombination technology (Zhang,
1998, Nat Genet 20:123-128). First, a retrieval vector was assembled on the pBR322
backbone such that, when opened by Xba1 digestion, the two murine/human chimeric
homology arms (400 bps each) will retrieve from the human 4-1BB BAC clone the
19,994 bps of human 4-1BB genomic sequence beginning with the translation start

codon ATG located in exon 2 and ending with the stop codon TGA in exon 8. Second, a



+1- 7483 &R + + + + + + - + - Differentiation of binding between
anti bodi es having simlar sequences (MOR7480, MOR-7480.1, MOR-7480. 2,

MOR- 7483, warnd12¥38¥33483. 1) was di scovered w thin the nut aCrapmioHscéione
N&E. 5, suggesting that the determ nants for antibody recognition 5lie

wi thin the nutated region. In order to determine the relative
affinity of these anti bodies for human 4-1BB extracel |l ul ar donain and the
mut ant of hurman 4-1BB extracel lul ar domain, nutant N&E.5, a dose response
FACS curve was determ ned for each anti body. Al exa Fluor 647 | abel ed

MOR 7480, MOR 7480.1, and MOR 7480. 2 V\?re diluted in FACS buffer 10 from
luMin an 8 point 1:5 dilution series fid used to stain parental 300-19,
hu4- 1BB, hu4- 1BB N&E. 5, and dog 4-1BB cel | s T | s Were anal yzed
by FACS uSPagyen B%pf—%é@”c‘é?ﬁsﬁﬁg WKlg™ FhR ViRt éh%o%]‘gﬁ)g PIHBOIGSOMEST i ¢
mean fl uobeshesIeE and el BETEPbase PARY &PS8) agsm@hce/morﬁ@bg@sl antréro2

dose T oapSHRUETES CHAIGPHTABA- 1HRGPEES O B EOHHAR, TSI IFET AT AR,
Geater t Ittﬁgetédfrﬂb h &l ALt R@8 ehuintanbd- nsBr@nf)ﬁfc RadrhieliIBtafveilinZstéme. Maky 480
for th 2] t4i %ﬁfﬁ% mit a? 1%2 r‘r’1vas nortngr(?t c:eqr?bllne t%% ngcl)rrq]dcllnn exEreCSS(s)loanM of
Ant|b0|e Ar'i?fB wllv gmic fgg ying y P

cassette was targeted into a murine BAC clone to replace the murine 4-1BB gene with

the modified human 4-1BB genomic fragment from ATG start codon to TGA stop codon.

This BAC targeting vector was electroporated into a mouse embryonic stem cell

line on the C57BL/6NTAC background (PRX-BL6N #1, Primogenix, Laurie, MO.)

10 following a standard protocol and clones surviving G418 (also known as geneticin)
selection were screened by two Tagman assays against intron 2 and exon 8 of the
murine 4-1BB gene to identify clones that had been modified at the murine 4-1BB locus
by a homologous recombination mechanism Of the 116 ES clones screened, 7 clones
were found to have lost one allele of the murine 4-1BB locus (targeting efficiency 6%).

15  Karyotype analysis and in situ hybridization (FISH) were performed by Coriell Institute
for Medical Research (Camden, N.J.). For clone LH15, 19 out of 20 cells were 40 XY,
and for LH80, 20 out of 20 cells 40XY. In both clones, FISH using a murine BAC clone
carrying the 4-1BB gene as a probe showed one signal of 4-1BB hybridization on each
of the chromosome 4 pair in the region of band E2. No signal was seen at any other

20 locations.

Both clones LH15 and LH80 were injected into blastocysts of the BALB/c strain
and embryos implanted into the CD1 pseudopregnant female mice to carry to term.
Male chimeras were mated to the Ella-cre mice on C57BL/6 background to remove the
neomycin resistance cassette and mice homozygous for the human 4-1BB gene were

25 used in study.

4-1BB Agonist mAb mediated lymphocyte proliferation.

The ability of 4-1BB agonist mAbs to induce lymphocyte proliferation was
assessed in 4-1BB Knock-in mice. 4-1BB Knock-in mice were dosed via intraperitoneal
30 injection with 30 mg/kg of MOR7480.1 on study Day 0 (for weekly dosing animals
received 4-1BB mADb injections on Day 0 and Day7). 24 hours prior to sample collection,
animals were injected intraperitoneally with 2 mg BrdU. At the indicated day post dose,

peripheral blood samples were collected via intracardiac puncture. PBMC were stained



4-1BB Mutant N&E. 5 MOR 7480.1 7.916 n/a MOR _7480.2 0.510 2.730 MOR 7480
1.68 12.29 WD 2012/ 032433PCT/ 1B2011/ 053761 70 Agoni st Activity of

Ant i bodi esoQhiaiztBase Activity Assay) 293T cel | CeAproaysinet human
4-1BB along with a stably integrated NFkB | uciferase reporter were
prepared. Cells were harvested, washed and resuspended into 5 phenol red
free conpl ete nedi um (DVEM cont ai ni ng 10% fetal bovine serum HEPES buffer,
nonessenti al am no acids and L-glutam ne) at density of 0.6 X 106cells/ni.
50pl of cells were plated into each assay well of a white 96 well plate
(PerkinEl mer, Waltham MA). Test antib gies were added to each well in the
presence 2.5:1 ratio of a cross Iinking anti body Fab' goat anti-human |1gG

Fc (Jackson, | nmunoResear ¢ t ve, 10 PA). The ate was incubated 5
hours at Wianyeodigs againsf EQ@YEE“o%g&%é a%%a%%%#e REgXoMASi son W)
was added RaBditd dre preseHid i®Fiduke? berage activity was neasured using a
Packard TopCount NXT scintillation counter. 293T cel | s expressing

cynonol ogous nonkey 4-1BB were prepared by viral transduction and sel ection
of a st able gEAYonMtinhAR P@bizieduticOmot Bfficdyno 4- 1BB 15 expressing 293T cells

were plated in a T-75 f]ask t |y 60-70% confl cy then transfected
Wt h BBy pLUCARRNEIOB eleaS o MG ARL! iow cascssed Muhd B BATPeh CBRE oo

Tr ansf ect BaBS-ONH/IBc,REMERNEEE liHS ittt hEsl Beaeefyildcrds frsirar theagasiminRoche

| ndi anapol 1 Fu ratio according to

is. | at a 6 gene to.1 | asm d
o aap SAVA) move BoriSet it lefhrase ity B PRl ior e e R G Ve
fi‘tgod/ ][eSUiSIﬂgrﬁld@fCh-ilBlBQn@fkﬁﬂﬂiicé.%iﬁb%ﬁN&@.rmiﬁdeo_ dﬁﬁgioﬁﬂmrﬁa\@é' | 0Whah ni ng
ofeta oVvI ne erum noness ti a no ac¢l ds a - ut am ne at
G £ 2o e PSacht SBPToRTREY BA100 gy clabreralie 2 ofas Badtifiner BAGIPRE ay
wel | ab aanhigiven AGingsd injdetiat ef th@aididardd dose,of WalBEhakb. WAmor Siegstwagnt i bodi es
were added to egch wel | int resence ?2.5;1 rati o of ss |inking Fab'

he . Cr
goat anti 2R¥ATERT PEeY ERIPSHMEBRYY ﬁhWéBﬁhrPﬁﬂWﬁﬁﬁgé\é{ﬁ?%%nﬁ”WEY G ove, PA).
The pl at e tamminatiog.LR&uRSl are presented in Figure 7 panel B.




25 5 hours at 37C. 75pl of luciferase assay reagent was added and the
anmount of firefly luciferase activity was neasured using a Packard TopCount
NXT sci ntwDl2atzmee3sdount er. Additionally, 75pl of Stop &PGraBr@a@®nél was
added to assess the renilla luciferase activity. The anmount of renilla

| uci ferase activity was neasured using a Pakcard TopCount NXT scintillation
counter. Results are presented in Figure 2. 30Aqoni st Activity of
Antibodies (primary T cell 1L-2 release assay) Nunc Maxisorp 96 well

pl ates were UV sterilized prior to plate coating. Test antibodies were
diluted in PBS to 60 pg/m . 0.2m of thg diluted Ab was divided to 2 wells
of a polypropylene 96 well plate and sé ially diluted 1:3. 50pl of the
diluted Ab were added to the steri j sor wel | assay plate and

i medi atel y 50pl of 20pg/nil anti -h%ﬁ@tﬁﬂ%o'égﬁf%BMBBPCT/ 1B2011/ 053761 71
CD3c cl one UCHBEQWaNAHdadHRi of morsh3dadntibb@go, CA). Al plates were then
i ncubat ed _overni ght at 4C. The foll ow ng day, Ab coated plates were washed
Ix with PBSYAN 0. 15nL RPM conpl ete nmedia was added to the wells of the
Nunc Maxisorp plates. Human T cells were isolated as described previously
el sewhere herein and 50p1 5Spurifi Tcells at 2 x 106 cells/m (100, 000
cel | s/ Rel 1) “wePeQad it H‘Céﬁ%%O(/\Mﬁ%'G@Iqrg'b e incubated at 37C, 5%C2 for
3 days. S@eardeNYAokpneach well was coll ected and either assayed

i mredi ately or stored at -20C prior to assay. Supernatants were diluted
with conplete nedia prior to IL-2 ELI SA assay (R&D Systens, M nneapolis,
M\) . Results agEQPD@RERIHEADRS JFINDRB032 adfbdd¥AMPLE 7: HUMAN LEUKOCYTE
EXPANSI ON_| NDUCED BY 4-1BB ANTI BODI ES I N VI VO The | ack of detectable
cross-reaBﬁNﬁﬁ%G%FDHhe 4-1 BB antibodies with the nmurine 4- 1BB and the
requi ngnent for the presence of human i mmune cells required the 15

devel opnent of _npdels for the jn vivo functional assessnment of the 4-1BB
ant i bodi es. "M SEQP NP 4 HENR@OCK T RAUERCH AR TMRT-GVZE APIRRIVE he severe

conbi tned Uvmn@@@AEvgnﬁessokD)soWG?Nwmls«WRQAe@QGL:HWM@mIPlelﬂaTt .
receptor commn, ganma in 0 n erne re e. t o suppor e
Cror ot ¢ e AN O G AR ot e A Bk S B s RS et
and mai nt gamysengraftment for at | east 30 days (King, 2008, 20 din

| mmunqgl.. 126: 303-314). This nouse nodel, also known as huPBL- NSG nodel , was
used '8 assess the functional effect of in vivo system c adm nistration of
the anti bodi-esspq |DWNS At AGid@dduenceSprellflicdginl Heavh ONaln (lgBR)fof REIR-Y

i sol ated human_PBMCs were adoptively transferred via intravei nous injection
i nto NOD. Cg- Pr#2 antRad% gt m wil / SzJ° (NSG) host mice. Nine days post PBMC

i nj ect i ongVASOGARUKRP BSSY KL/S CRNEGE Bit 83 BAI SAY ROAP e QU WG Fes Fad T
MOR7480, MIR7480.1 or_l qG&2 isotxpe control antibody via intraperitoneal

i nj ect i onANMAQRRAGRVIY] %?@SJ&T@ %%@?%WQAMR@%‘%{%TW th
anéI i b_Qgi eﬂwtstsbﬁﬂkgﬁbv?ﬂ?bdﬂﬁtéd%%a@ﬂlﬁddfﬂéé}(ﬁ;ﬁims_@élﬁsg@htﬁ)ﬁvfhﬁ&@y@ésfvytvEM%F d
and side scatter profiles were use 0 determne a ocyte gate.

shown in Ffi%tﬁrr“(é’hﬁ,Srﬂ)ﬁ’ﬁ*f%@“?a\fﬁ‘}pwmmpréT;@P@kQ@P@”P%VqEWHgY%Edg‘ié/ﬁg{w‘éi on of
hulmlan 30l ?ﬁgmm@@m@@efwsgmml gmﬂpa&wlhgwdfryfalg@dkgpﬂsmlz i&lit@gh;ﬁépdwmr@ﬂﬁ'*
cells in e periphera ood of engr ed m ce, For eac roup, mce.

In additi 8HYS”R){YF@&%’J%’GWPé%&%@H?y%tPg@@’ﬁSW'B@bEV%WEV P?%’%@ﬁ%@‘&hytqks'
proliferakispgk anong cytotoxic central nmemory T cells (CD8 Tcm) in PBMC

sanpl&s. Cynonol gus nonkeys (2 animals per dose level) were given a single
i nt r a¥8nous

SEQ ID No 6: L-CDR1 of MOR-6032 antibody
SGDNLGDYYAS

SEQ ID No 7: L-CDR2 of MOR-6032 antibody
30 DDSNRPS

SEQ ID No 8: L-CDR3 of MOR-6032 antibody
QTWDGTLHFV



WD 2012/ 032433PCT/ 1B2011/ 053761 72 injection of MIR7480.1 at the indicated
dose. PBMC were harvested 7 days prior to the anti body dose (pre dose) and
on the i mipeat2ad2s8udy days rel ative to adm nistrati on eCTVMBRIABB7d1 (on
Study Day 1). PBMC were stained with anti bodies for CD3, CD4, CD8, CD28,
CD95, and Ki-67 and analyzed via flow cytonetry. Data was collected on a 5
Canto Il (Beckton Dickinson) and anal yzed using DI VA software (Becton

Di ckinson). CD8 central nenory cells were identified as CD3+, CD8+, CD28+
and CD95+. Data is shown for individual aninmals designated as (dose

| evel -ani mal nunber) and is represent eg as intra-animal change in the
nunber of Ki-67+ cells relative to pre gtudy nunber {R#Ki -67+ cells on

i ndi cated stud d\(m - #Ki -67+ cells at N2 dosey#Ki -67+ 10 cells at pre
doser 1001, As SROMR NaS-Argp 48l Seqlenee $iofico! BIOT0032 &ptivasr case i n

prolifer aTDIEIQTC@%‘V@‘J/AP@@NQI§CS@DN$;GEWYM®NVQ®MPG@AP\7L\ZJ3D@)%NRP§GIPt udy
was noted _in at |east one aninmal of all groups treated vmth 0.3 ng/ kg or
greater. E)%Eﬁﬁse*%GNN\ﬁer%ﬂ/@AER@ﬁRX\ﬁG&%i&%ﬁ@ Bs (1N\VI'VO 15
MODEL) PC3 Human Prostate Cancer Model . The Iack of rodent Cross
reactivity of the 4-1 BB anti bodies reven the use of st uri ne
syngeng&i ¢ or h%'?érp%)n AR RGiRBIed Ftﬁ’ﬁief‘%te '@‘éggé'ﬁéﬁ g% - human
tunmor ef fi cacyabotifie antl bodi es. Accordl ngly, a noveI huPBL- SCI DBg 20

xenogenrc n r srn u

(B 1771 PR aPB T ne S SNt ATk Rt Gt B S BB e  on

| ack nuri ERFE@NB@VTNMSGMEHKDWTM@@TLMF@GG$KL &op kléépshﬂfP’ﬂ
tunmor efficac oLq{}yhe -1 BB a CLgS assessed ﬁJSI n th s mpdel as
descri bedPB¥# gl gﬁMWﬁW §B8Y }éetHPS e YRBSRIS R "gﬁ BUFFVE9e was
obt ai ngd &fverivagtecAneri can Type Culture Collection and was cultured in
RPM - 1640 (I nvitrogen) enriched with the followi ng | nvitrogen suppl enents:
L-d utam ne, Sodi um pyruvate, non-essential am no acids,

peni cill'in/st re@@ommj’ m NdeR&sAci@Beqldide e el of MER-63H adtibbey al bovi ne serum
(FBS; Cat. No. F2442, g Aldrich). Cells were grown to confluenc in
T-225 Fal %HQQF%@“C%‘H SHTEHTIY)Ia3BPRLCIRBTAICRY IR0102gClge83A9EFIRCIg
0.25% EDTég &@ttttamttatga@tt%ﬁgébtgéﬁcaég&b@tg@@e@@gtmga@g @d@%t@@t@b@éwp in

Hyperfl as Cor ni Cl ences for ree da psin

n :
was uded Et@ggé‘rtg‘ég?tatt?‘i‘%gﬁﬂqag tﬁcﬁ%g%ﬂ%grgﬁ%’étt%%ﬁ %a%gﬁ%‘?ag?ﬁ‘ 08%9 %‘6‘ d PRM

suppl emeng glaorgédaa?&%/gdg‘;i’a@cga&ga@éc@gb@rgtbn@ttgcgagbgrﬂageétgaggagya&jgeégtthb@tegl was
col | ect ed rom hea q?l unt Peri pheral bl ood |ynmphocytes (PBMCs)

ver e i sol HPEPCERAFHCAE Prcoe agﬂ‘i?od usi ng Accuspin tubes in WO
2012/ 032433PCT/ 1B2011/ 053761 73 accordance with the manufactures' protocol

(Cat. No. AO056 ri edc | S si,ons were
combi ned such %ﬁéqgi\gb% %‘G?@ g%%&?%}‘é‘ﬂ‘cﬁn’ hPEM&%%§#f£”fg99<y 106 PBMCs and 3
x 106 20UWQTateﬁ@d;da%tgaﬁcc’%ag@@g’lﬁ{t@g}ﬁgdgégttgd’ab@é?ggt@ga@égc@c@aﬁtcgtglagﬁlé&ga'fﬁﬁctt

conbi ned cel | ens on was washed tw ce w aced on ice and

5i mredi at Qﬂgﬂaftﬁlfjaé @Hggtﬂ?‘@gﬁr%aﬁéP%C@gﬁ?%@cgccag“‘ﬁ%ﬁ“t@%@a'ﬁﬁ%@%g CCEHPD i

vol ume of gthecsgebigeathge dtc@@@@ggtmaw@gﬁgb&cﬁ}‘éc@ﬂtd@@@@d&%?@(byijaﬁgihd”lt0 the
right flank of the a t he 4-1BB

ven
anti body @ﬁawﬂ?reraﬂaﬁfngssﬁqsgs?ﬂmﬁeﬁrﬁ%ﬂggq%ﬁw&%ﬁ‘qﬂﬁewtﬁ% Ceft flank.

Tunor neasurenents were made via Pressier caliper twice per week for the
durati n of th ts and bod ' S e al so .recorde Tunor
Tol rwas. cal SERAPSI NG RaRds SerattagT XN Lenalf Ha® Sl hFcTRpoams
0.44= vol une (aBpdM ce were renoved fromthe study in the event that the
tunor vol une reached 2000 nmB or an ani mal | ost 20% of bod vve ht before
t er mi nat i GRIBHCIHEILLAGIIIIrIRIIaagI9a843A5899HCEECTICINPEPPI0RY ©99a

eut hani Zeégt?ﬂzttﬁﬁﬁﬂi’f@@mtdﬂbé@tg@@d@@@@bﬁ?@t@gghﬁgbgmﬁféa@wgétbggdgﬁﬁi&t(c%wﬂte 6) .
15 Percent tumr@%tomh i nhi bition was neasured on the final g%{of t he

study and tqasacigreanliat ey cagaapirapqaqeepRlde e R (PSP O 839385 ATPEraGadRaip ey ) ) .
Sim |30 rgaa&tg@gdégmgcm@gtrgwgbtmtg@acgtgmmgdgeg@mstyaggagymtgbaggt@tgat@aﬁ

injection, and t re random zed accordi n(g( urmr ol unme, and
gi ven a s9A% Cé?aﬁg%ééc 9%‘299 Ag11C a5 CHaq58R 9IRS GHACET 9958FC‘¥%Qca§9udl es,
each gr OUQg@eﬁj@toﬁgé‘@éc&d@cg@ccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtggaact

caggcgctctgaccagcggcegtgcacaccticccggctgtcctacagtcctcaggactctactccctcagcagegtagtga

ccgtgccctccagcaacttcggcacccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggac



20 EXAMPLE 9: I N VI VO ASSESSMENT OF ACTIVITY OF 4-1 BB ANTI BODI ES | N HUVAN
4-1BB KNOCK I N M CE Ceneration of human 4-1 BB Knock-in mce To better
addr ess twe 20rmm3gs3nodul ating activities of anti-hunman 2CTBB2012653M@noc| onal
anti bodi es that do not cross react with nurine 4-1BB, a nouse nodel in

whi ch the nouse 4-1BB gene was repl aced by the human 4-1BB gene was
generated. Bacterial artificial chronosone (BAC) clones carrying the human
or nmurine 4-1BB genom c fragnment were ordered froml nvitrogen (Carl sbad,
CA.) and used to construct the 4-1BB targeting vector based on the Red/ET
reconbi nati on technol ogy (Zhang, 30 1%%8, Nat Genet 20:123-128). First, a
retrieval vector was assenbled on the R322 backbone such that, when
opened by Xbal digestion, the two nurine/ human chjneric honol o arnms (400
bps each) aﬁﬂ?qagﬁ 8@@%96%99%%g%ﬂ%ﬁt%c‘i@éa%@éc@%ﬁ@gQar?@gtfégtg tige of

human 4- 18&:0@@@@&@@%@@@%@@&%@ ﬁé&cm@a@t&&@tgdg@mg@gga@gtgag@dabg@éyﬂon ATG
| ocated i n exon endi n%;vmth e sto%ﬁco on In exon 8. Second, a

VO 2012/ 089%§9RESFPES AR A IR0 99GANR0RIoRA BRIPERAIAGRAAISEAI0PRIGAYNRY t he

contr ol ofttcééb@gBﬁ&t@&gt@g@a@@é&ca@a@c%&@ﬁb@ga:btgagubafabggﬁgagg@tade@@td@aée
pairs ébps of sequences hormlcgagous tointron 2 seqatrjggnces of the hunman

4- 1BB gendYCHTPCIIaE ‘?Cﬁa%‘%"ﬁ? G2gAARALEREHLRARLEITIIHCIWF GRAAIRTRERI t he

retrieved gtymacé’fgdcc&%t@%@Qgﬂg‘gabétggmga&waggta@gbotgmcsfgeagéicaéaag@t;itdtac& t he
retri eved human 4- 1BB nom C a?ﬁrrent carr neoggm n ex SSI on

cassette W%é?ﬁ@%&tggﬂg@g%ﬁgﬁﬁf;? 8995R6°19% %a 80?8%‘?9&8 PRl %- 1BB

gene wit hctcbgad@dllctﬂt(ﬁldcthwﬁﬁgba‘ég&C&B:g@a@:ﬁ@gégf:é@gjgj@ﬁbcég’gg@hé\?é@:t&toﬁtgct@0d0n
to TGA stg&gcod n. This BAC targeting vector was el ectroporated into

a nouse e 9*(%?@3‘%%??9%3@@?‘3%0 AR IORRIASSTBICLEFICIBHERYr ound ( PRX- BLEN

#1, Pronogeni x, Laurie, M) 10 follow ng a standard protocol and clones

surviving 418 K S ticin) n \ screened t wo
Tagnman assays %’é@l ﬁg\{ {]”hm&%%g ge%%}?eé’?gf”?ﬁ ?%ﬁﬁ{éhﬂn f?Mg%@&{Z to
identify clonesntibéy had been nodified at the nurine 4-1 BB | ocus by a
honol ogous, reconbj nati on nechani sm the 116 ES cl one ree Iones
Y R e O A K I et S et o g
effici enCbg@%@tattal@cttléﬁggt@&oa@eagadaab&@ggc@gydgmgacttgngdwélgat@aﬂ@éato@cédﬁta@m vver e
perfo dbg/ Cori el | {nstltutefor Medi cal Res arch q&% F? .). For
cl one1ga190 tgerogaecIstt aﬁeg%aé?qaécwaC%awcgam gagratiaggggcas 38%?9981’59% cells
40XY. In g@égﬁtggbnmmtgcdagsutgg@btwt@tmmtttgegtaﬁgéggb@g&cg@dgtmac@ttt:if@gtéaglzc BB

nal of B. hybridi zati on on of the

gene as rob sho d, one C

O ompeonERaS IR SRt ot i Srhcor St s P AR dh o SO, ot her
20l ocat i o@gtgacttctacccg@ga@c@@t@é@@tdgld&t@gmcbw@gw@b@dgmaegg@@gagtggagjacaaé ocysts
of the BALB/c strain and g n(;p ant ed |tnt§) g}seud %r g ant
femal e m 8%03:08“8%&%39?‘?%9"?%‘?%0 ICORF RO AL S’é‘gﬁgﬂé‘éﬂ% a %Efe mce
on C52BL/ acéxﬁa@gt@oagmbdceggtematgtab@ggm@@mcgtggag%ga@tagt@g@cc@magadt@ttoand mce
honozygous for the human 4-1 BB gene were 25used in study. 4-1 BB Acioni st
mAb nedi ated | ynphocyte proliferation. The ability of 4-1 BB agoni st mAbs

to induce | ynpseQYDNPTHRI HICDRM dfaMIOREE36asMEBSHd i n 4-1 BB Knock-in nice.
4-1 BB Kn%g)@@@ém ce were dosed via intraperitoneal 30injection with 30

ng/ kg of 1 on study Day O (for weekly dosing aninmals
25 - SEQID No 16: H-CDRZ2 of MOR-7361 antibody
VISGSGSNTYYADSVKG
SEQ ID No 17: H-CDR3 of MOR-7361 antibody
RLYAQFEGDF
30

SEQ ID No 18: Amino Acid Sequence of Vi of MOR-7361 antibody
QVQLVESGGGLVQPGGSLRLSCAASGFTFSDYYMHWVRQAPGKGLEWVSVISGSGS
NTYYADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCARLYAQFEGDFWGQGTL
VTVSS




received 4-1 BB mAb injections on Day O and Day7). 24 hours prior to sanple
collection, animals were injected intraperitoneally with 2 ng BrdU. At the
i ndi cat edwoOay12p62433dose, peri pheral bl ood sanpl es were eorBuieNsvéia

i ntracardi ac puncture. PBMC were stained 75 with antibodi es agai nst CD3,
CD4, CD8, and BrdU and assessed via flow cytonetry. Results are presented
in Figure 7 panel A 4-1 BB Agonist mAb nedi ated anti-tunor efficacy
5Anti-tunor efficacy of MIR7480.1 was assessed in 4-1BB knock in m ce using
B16 - OVA/luc, a nelanona |line that has been engineered to express the

oval bum n (OVA) nodel antigen and luciferase (luc). One mllion tunor cells
were inplanted on the flank of 4-1 BB KRock in mice. Animals were

random zed based on tunor size on when tunors reached approxi mately 50-100
mB (generally 7-10 days post tunor inoculation) 10and given a single

i nj ection of tHeQiIDMEH: athif®AeidFeqftedceRH Fub endiHM¥avs CReiNRBHBSessed
using caliper neasurenent two to three tinmes per week until study

term nation. REST{L1HWORNesented in Figure 7 panel B. WO

6%1?2% 8334@@@@@%%/@5@@@@@&@@%ELY\%I_HNGR@EQBKGLEWQSVI_SiG@@'Sl of

Q| PGF A@M'%&@%&Hﬁ%@%%@%@%@%% 10

858_b&gg%@%m%ﬁﬂIé’bcé%@%@ﬂ%bbWé)vd\@ggQ&'@thﬁ{ﬂv%@g@z@yslssvvtvpssnfg

AWA@FQ@%WFW%E%@%K@@%W#@pemm%@?‘@vﬁgﬁ%@%ﬁ@%vss 15

SEQ | D No vBgveinhdk@kpheé dinSteaisomeaqelnfikdykcihve Al ha gridiitk §dpare sy viAdlgstdenetk  MOR-
nqvsltclvkgfypsdiavewesngqgpennykttppmldsdgsfflyskitvdksrwgggnvfscsvmhealhnhytgksl

10  slspgk

SEQ ID No 20: L-CDR1 of MOR-7361 antibody
SGDNIGSKYVS
15
SEQ ID No 21: L-CDR2 of MOR-7361 antibody
SDSERPS

SEQ ID No 22: L-CDR3 of MOR-7361 antibody
20 QSWDGSISRV

SEQ ID No 23: Amino Acid Sequence of V| of MOR-7361 antibody
DIELTQPPSVSVAPGQTARISCSGDNIGSKYVSWYQQKPGQAPVLVIYSDSERPSGIPE
RFSGSNSGNTATLTISGTQAEDEADYYCQSWDGSISRVFGGGTKLTVL

25

SEQ ID No 24: Amino Acid Sequence of Full Length Light Chain of MOR-7361
antibody
DIELTQPPSVSVAPGQTARISCSGDNIGSKYVSWYQQKPGQAPVLVIYSDSERPSGIPE
RFSGSNSGNTATLTISGTQAEDEADYYCQSWDGSISRVFGGGTKLTVLggpkaapsvtlfpp
30 sseelgankatlvclisdfypgavtvawkadsspvkagvetttpskqsnnkyaassylsltpeqwkshrsyscqvthegst

vektvaptecs

SEQ ID No 25: Nucleic Acid Sequence of Vy of MOR-7361 antibody



6032 anti body QVQLVQSGAEVKKPGSSVKVSCKASGGTFNSYAI SWRQAPGQALEWEE | PGFGT
ANYAQKFQGRVTI TAD ESTSTAYME LSS LRS EDTAVYYCARKN E ED GG FD HWGQGTL 20
VTVSSast kypaofpisagsssr st sest aal gcl vkdyf pepvt vswnsgal t sgvirCirgBuhgyesgétys| ssvvt
vpssnfg tqgtytcnvd h kps ntkvd ktverkccvecppcpa ppvag psvilf ppkpkdtl m

i srtpevtcvvvdvsh ed pevqgf nwy

vdgvevhnakt kpr eegf nst frvvsvl t vvhqgdw ngkeykckvsnkgl papi ekt i skt kgqpr epqvyt | pp
sreem k ngvsl tcl vkgf ypsdi avewesngg pen nyktt ppm dsdgsfflyskltvd

ksrwgqgnvf scsvm heal hn hytgksl slspgk 25 SEQ ID No 6: L-CDRl of MOR-6032
ant i body SCDNLGDYYAS SEQ ID Ng L- CDR2 of MOR-6032 anti body 30
DDSNRPS SEQ I D No 8: L-CDR3 of MOR- 6089 anti body QI'MWDGTLHFV WO

2012/ 032433PCT/ 1B2011/ 053761 77 SEQ ID No 9: Am no Acid Sequence of VL of
NOR- 6032 S§R99 g(&%t}ggjggaaagcggcggcggcctgg caaccgggcggcagectgegtcetgageigegeggectcegga

EL TQPPSVSHRAICKNAGEH (SN IOIR A A IS 3 iy o MGG Rf adi gttatctctggtictggt
ERFSGSNSGNTATLTI SGT%% FGGGTKLT Ami no

Aci d Sequéfcatefclatgl gﬂ%tﬁg?%g%TQQH?Cgﬁqa?%ttliﬁacﬂ}@ﬁaéﬁ‘é??aéﬁ? g&ﬁﬁ?taﬁtgcaaat

ELTQPPSVSMW&B@WMQ%%%R%BV@WX@@@W%gd?gatttttggggccaag
ERFSGSNSGNTATLTI SGTQAEDEADYYCQTMWDGTL HFVFGGGTKLTVLggpkaapsvt | f p

psseel ganRSR4C5O0I9Ra8YR95\FRv ank ads spvkagvet t t pskgsnnkyaassyl sI t pequkshr syscq
vt heg 10stvektvaptecs SEQ I D No 11: Nucleic Acid Sequence of VH of

Caggt goaat | dat TEAdP AR BUiseet Sasuense oo YO TAR BB aget geaaageot co

Caggt gcaat t ggt
g9 gatatcgaactgaccoagccgccttcagtgagcgttgcacoaggtcagaccgcgcgtatctcgtgtagcggcgataatatt

oot o CygyPangesgtatitfibdtaccageadi AR ah ARGt G AT O Ao 99t &

tt t ggaect gegloadgyas@RaraveRatdahcafYgcaaaot HaacatdRESEBIGILRATIERPEFHAS ACCIC

t at at
ggaact gagagR9eg i ialgeratdianaigatdiayt t%%@i%@&%&%&@‘i%&gﬁ%ﬁ%%&ﬁ89&?%gt ggttt
tgat ca ttggggccaaggcaccctggtgacggttagctca SEQ ID No 12: Nucleic Acid
Sequence of VL of MOR-6032 anti body 20
Gat at cgaact gacccagccgcectt cagt gagegtt gcaccaggt cagaccgecgcegt at ct cgt gt agcggcgat
aatctt - SEQ ID No 27: Nucleic Acid Sequence of Full Length Heavy Chain of MOR-7361

ggt gat %at t at gct t %t t)ggt accagcagaaacccgggcaggcgccagttcttgtgatttat gatgattct aat
cgt ccd cag d

gcat ccCcggeagggidatiggiogasides SaRRIGEUTAGRACERHLIFoetggeRabagac@BEGEagaCc99aay

gaagcggat HRCPooR AR laCP i aRaGss aRaoE T 99ePRaRYlFlSpRY Ut Rt ot 98k ac c gt ¢
ctt 25- Shgrddiddatthljcgbbtab&it§aadebebgbitacemercebatulitgdeangidictigauytgdanal n of

MR- 6032 gaacagcctgegtgcggaagatacggcecgtgtattattgcgcgcegtctttatgctcagtttgagggtgattttiggggccaag
20  gcaccctggtgacggttagetcagectccaccaagggeccateggteticcccctggegecctgetccaggagcacctee
gagagcacagcggccctgggctgectggtcaaggactacticcccgaaccggtgacggtgtcgtggaactcaggegctc
tgaccagcggcgtgcacaccticccggctgtcctacagtcctcaggactctactcecctcagcagegtagtgaccgtgccectc
cagcaacttcggcacccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaagacagttg
agcgcaaatgttgtgtcgagtgcccaccgtgcccagcaccacctgtggcaggaccgtcagtcticctcticcccccaaaac
25  ccaaggacaccctcatgatctcececggacccectgaggtcacgtgegtggtggtggacgtgagccacgaagaccccgagg
tccagttcaactggtacgtggacggcegtggaggtgcataatgccaagacaaagccacgggaggagcagttcaacagca
cottccgtgtggtcagegtcctcaccgtcgtgcaccaggactggetgaacggcaaggagtacaagtgcaaggtctccaac
aaaggcctcccageccccatcgagaaaaccatctccaaaaccaaagggcagccccgagaaccacaggtgtacacec
tgcccccatcccgggaggagatgaccaagaaccaggtcagectgacctgectggtcaaaggctictaccccagegacat

30 cgcegtggagtgggagagcaatgggcagecggagaacaactacaagaccacacctcccatgetggactccgacgget
ccttcticctctacagcaagcetcaccgtggacaagagcaggtggcagcaggggaacgtcttctcatgctcegtgatgeatg

aggctctgcacaaccactacacacagaagagcctctccctgtctccgggtaaa



ant i body

caggt gcaat t ggtt cagt ct ggcgcggaagt gaaaaaaccgggcagcagcgt gaaagt gagct gcaaagcct cc
gga WO 2012/032433 PCT/IB2011/053761
ggcacttttaattcttatgctatttcttgggtgcgccaagcccct gggcagggt ct cgagt ggat gggecggt at c
attccggottt

t ggcact gcgaatt acgcgcagaagt tt cagggccgggt gaccat t accgcggat gaaagcaccagcaccgcegt a
tatg 30

gaact gagcagcct gcgt agcgaagat acggccgt gt att att gcgcgcgt aagaat gaggaggat ggt ggi ftt
gat catt
ggggccaaggcaccctggtgacggttagctcagcctccé&caagggcccatcggtcttccccctggcgccctgct
ccagg

agcacct ccgagagcabRdPIUR EENiie G Sygrerregdct &erelt Lty Shee g MR dd8 bt c gt gg

aact antibody

caggcgct ct gaccagcggcgt gcacaccttcccggct gt cct acagt cct caggact ct act ccct cagcagc
tag? gg ggtatcgagctggcc%a ccgccttcagtgagcgq gca caggtcaga(%gcgcgtatgtggtgtagcggcgataatatt geageg

ccgt gccct ggrasansiyiic0gaceuesnrataaacidtongagAt AasMAgtERAgERacARRAAIIt 9g
ac  WD_2012/032433PCJ/ 1B2011/ 053761 78

aagac aat t Qﬁﬂewgaﬁ‘f%twf%@%ﬁ‘éﬁﬁwe%@P%@é%&%&ﬁ%@@?%@%@é@%‘éﬁ%@g%‘égt cttc
ctcttcc gaagcggattattatigccagtcttgggatggttctatttctegtgtgtttggcggcggcacgaagttaaccgtcctaggtcag
ccccaaaacccaaggacaccct cat gat ct cccggacccct gaggt cacgt gcgt ggt ggt ggacgt gagccacg
aag

accccgaggt ccagstQapN(zl: a8 WIRPEOJORL ABAINIOFE 24 1At ; (MO RFIB0 2aMIIR-A48 Jaggagce
ag _ .

tt caacagcacgt tMQ&'@ﬁj’g} %%%gﬁéé@@é‘&é@qycgt gcaccaggact ggct gaacggcaaggagt acaag
tgcaa1b STYWIS

ggt ct ccaacaaaggcct cccagcccccat cgagaaaaccat ct ccaaaaccaaagggcagccccgagaaccaca
g

gt gt acaccct gcCSEQAD NLIH S TIFRIAG IO RIS ANIORY B4 812 g (GO B8 D @E MICgV 48 aggcet t €
tacc ,

ccagcgacat cgccwp&jéﬁsgﬁa%agééa’?ﬁaewccggagaacaact acaagaccacacct cccat gct gg

a KIYPGDSYTNYSPSFQG
ct ccgacggcet ccttcttcct ct acagcaagcet caccgt ggacaagagcaggt ggcagcaggggaacgtcttctce

at gct c¥cgt gat gcat gaggct ct gcacaaccact acacacagaagagcct ct ccct gt ct ccgggt aaa 10
SEQ ID No 14: Nucleic Acid Sequence of Full Length Light Chain of MOR-6032
ant i body

Gat at cgaact gactcade et t SR RAYMPRIAEONPG E 4Pt MBI L M6t cggcgat
aatctt MOR-7483.1; MOR-7483.2 antibody

ggt gat t at cttcttggtaccagcagaaacccgggcaggcgccagttctt gt gattt at gat gattct aat
cgtccctcaég%%m%b%

gcat cpgggaacgct t t agcggat ccaacagcggcaacaccgcgaccct gaccat t agcggcact caggcggaag

Sgagcggat t at't aPEgde A4 AFYRaLGYSearertec i ¢ HART A SN BeGEa Y aaccgt t

Ctt ggt CagCt/QLVQSGAEVKKPGESLKISCKGSGYSFSTYWISWVRQMPGKGLEWMGKIYPGDSY

Caagge 00 R PN ST HE B TS PRGNS RSB ARRSI ARG PR R R A RS 991 919

tctcata

agt gactt cisacccgggagccgt gacagt ggcct ggaaggcagat agcagccccgt caaggcgggagt ggagacc
ac
cacacgétccaaacaaagcaacaacaagtacgcggccagcagctacctgagcctgacgcctgagcagtggaagtc
cc 20 - SEQ ID No 33: Amino Acid Sequence of Full Length Heavy Chain (19G2) of

acagaagct acagctgcca 'QW aa%gaagcaccgt ggagaagacagt ggcccct acagaatgttca
SEQ I D No 15: 0 3B PRRY | body SDYYMH 25- SEQ I D No 16: H CDR2
of MOR- 73@lv@nadedrVv ik SGESENIBOKESYIKEF S BRI $IWVIRMP GKIEH EPRAGRIY MRS Y 36 1

anti gogy Y, @%@é@%ﬁlﬂg !@ &2 @gl ch_ Aﬁig ﬁgggégﬁi @f Vg ng\)%CR- 7361
t
ﬁfl]'YIYA%S{//K@BEthW%&W%W&%mwngy&%fgw@c

2012/ 032433PCT/ 1B2011/ 053761 79
nvdh psntEV(H(tverkccvecppcpappvagpsvflfppkpkdtlmisrtpevtcvvvdvshedpevqfnwyvdgve

vhnaktkpreegfnstfrvvsvitvwvhqdwingkeykckvsnkglpapiektisktkggprepgvytlppsreemtkngvsilt
clvkgfypsdiavewesngqgpennykttppmldsdgsfflyskltvdksrwgggnvfscsvmhealhnhytgksislspg
k



SEQ I D No 19: Ami no Acid Sequence of Full Length Heavy Chain (1gQ&) of

MOR- 7361 anti body QVQLVESGGGELVQPGGSLRLSCAASGFTFSDYYMHWRQAPGKGLEW/SVI SGSGS
5 NTYYADSVRGRETI3SRBNSKNTLYLQWSLRAEDTAVYYCARL YAQFEGDFWEBGTIB2011/053761
VTVSSast kgpsvf pl apcsr st sest aal gcl ykdyf pepyt yswnsgal t sgvht f payl gssgl ysl ssyyt
ypssnfg tqgtytcnvd h kps ntkvd ktverkccvecppcpa pi:wag psvflfppkpkdtl m

i srtpevtcyvvdvsh ed pevqgf nwy

vdgvevhnakt kpr eegf nst f rvysvl t yvhqgdwl ngkeykckvsnkgl papi ekt i skt kggpr epqvyt| pp
sreent k nqgvsltcl ykgfypsdi avewesngqg pen nykttppm dsdgsfflyskltyd
ksrwgqgnyfscsvm heal hn hyt gksl 10sl sp%k SEQ I D No 20: L-CDR1 of MOR-7361
ant i body SCGDNI GSKYVS 15 SEQ ID No 21: £-CDR2 of MOR-7361 anti body SDSERPS
SEQ ID No 22: L-CDR3 of MOR-7361 anti body 20 QSWDGSI SRV SEQ I D No
23: Am no Acid Sequence of VL of MOR-7361 antibody D E

LTQPPSVSVAPGQ@RDmN L- @SRMWBMMR\M@BW@%@BO PEMOR-7483;
RFSGSNSGNTATLT| SGT. OQEVDGS! SRYFGGEGTKLTVL 25— SEQ | D No 24: Anino

Aci d Sequence MPRF%?’ ALM\%E{ ?’&ﬁ”t'?ﬁ’fy in of MOR-7361 antibody DI E
LTQPPSVSVARBMIARICSASED NI GSKYVSWQQKPGQAPVLYVI YSDSE RPSG  PE
RFSGSNSGNTATLTI SGTQAEDEADYYCQSWDGSI SRVFGGGTKLTVLggpkaapsyt | f pp
30sseelgankat | ycl i sdf ypgavt vawkadsspvkagyet tt pskgsnnkyaassyl sl t peqwkshr sysc
qvt hegst vekt V@EQGFISNO $Q -CDRILFARORNUEH A0 RACI 89, SRMIR 7880.2f MPR-1f83MOR- 7361
anti body WO 201 03243 CT/ 182311/ 053761 80

caggt gcaattggt'&@ E‘E@gbi%%dééé gf’(j‘fa% accgggcggcagcect gegt ct gaget gcgeggcect cc
gga QDKNRPS

tttaccttttctgattattatatgcattgggtgcgccaagcccct gggaagggt ct cgagt gggt gagecgttatc
tct ggttct ggt

agcaatigcect at-t asEQIDNATE: dt-garsdy MaRi74BeareR 1488CH MIDR Fa80.2 gaasaBcaccct gt at
ct gcaaat

gaacagcct gt FEGPHAYat acggecgt gt at t at t gcgegegt ct tt at gct cagt t t gagggt gatttttg
gggccaag

SEQ ID No 37: Amino Acid Sequence of V| of MOR-7480 antibody
DIELTQPPSVSVAPGQTARISCSGDNIGDQYAHWYQQKPGQAPVVVIYQDKNRPSGIP
15 ERFSGSNSGNTATLTISGTQAEDEADYYCATYTGFGSLAVFGGGTKLTVL

SEQ ID No 38: Amino Acid Sequence of Full Length Light Chain of MOR-7480
antibody
20 DIELTQPPSVSVAPGQTARISCSGDNIGDQYAHWYQQKPGQAPVVVIYQDKNRPSGIP
ERFSGSNSGNTATLTISGTQAEDEADYYCATYTGFGSLAVFGGGTKLTVLggpkaapsvtif
ppsseelgankatlvclisdfypgavtvawkadsspvkagvetttpskqsnnkyaassylsltpeqwkshrsyscqvthe

gstvektvaptecs

25 - SEQ ID No 39: Nucleic Acid Sequence of Vi of MOR-7480; MOR-7483 antibody
caggtgcaattggticagagcggcgcggaagtgaaaaaaccgggcgaaagcctgaaaattagctgcaaaggttccgg
atattccttttctacttattggatttctigggtgcgccagatgectgggaagggtctcgagtggatgggcaagatctatccgggt
gatagctataccaattattctccgagctttcagggccaggtgactattagcgcggataaaagcattagcaccgcegtatcttca
atggagcagcctgaaagcgagcgatacggcecatgtattattgtgecgegtggttatggtatttitgattattggggccaaggcea

30 ccctggtcaccgtctectea

SEQ ID No 40: Nucleic Acid Sequence of V| of MOR-7480 antibody
Gatatcgaactgacccagecgcecticagtgagegttgcaccaggtcagaccgegcegtatctegtgtageggegataatatt
ggtgatcagtatgctcattggtaccagcagaaacccgggcaggcegccagtigtigtgatttatcaggataagaatcgtccct



5 gcaccct ggtgacggttagctca - SEQ ID No 26: Nucleic Acid Sequence of VL of
MOR- 7361 anti body

gat at cgaawOgarasapsdcgcct t cagt gagcgt t gcaccaggt cagaccgcgc@ratBoagvIpragcggcegat
aatatt

ggttctaagtatgtttcttggt accagcagaaacccgggcaggcgccagttcttgtgatttattctgattctgag
cgtccctcag 10

gcat cccggaacgct tt agcggat ccaacagcggcaacaccgcgaccct gaccatt agcggcact caggcggaag
ac

gaagcggattattattgccagtcttgggat ggttctat t8£§ct cgtgtgtttggcggcggcacgaagtt aaccgtc
ctaggtcag - SEQ ID No 27: Nucleic Acid®%equence of Full Length Heavy Chain
of MOR-7361 15anti bod

caggt gcaapﬁ%gﬁa&ﬁﬁ%%?@&éﬁgm@@E@%‘@Q@%&@%@%@ﬁ&@@%@@&%@q@?@%ﬁﬁgﬁ@%gcct cc
gga gacgaagcggattattattgcgctacttatactggttttggtictctigetgtgtttggcggeggcacgaagttaaccgtccta
tttaccttttctgattattatatgcattgggtgcgccaagcccct gggaagggt ct cgagt gggt gagegttatc
tctggttctggt

agcaat acct at-t asgQIgNAHC NugrRARAAIE Sehlidrica et ALl L &aftlgHaalpehdie ggaapacaccct gt at
ct gcaaat

gaacagect gcgt gUEFaEHRY MUGEEH 8%t t gcgegegt ettt at get cagt t t gagggt gatttttg
gggccaag 28ggtgcaattggttcagagcggegeggaagtgaaaaaaccgggegaaageoctgaaaattagetgcaaaggttcegg

gg? ggct 9t ga?t%gﬁ%c%ac C’;[tggcg%%({'c?ttggg(;:tgggcc%aggtggc%gg%agg8g5t8’;[cbacggc’[8§aqtégggcaggactg’;[a C%Iégéztaggagca
gagagcac agaggcteticogatitorciagtitaggirayfgadtstiegeqtasbgesatgtadcgogtegasst caggce
gctc

t gaccagc g§tHgPEAACH0RPRIcIRg A Oge A AR I YSg 9L TIee At eR A 99 eEREe% 0t gaccy

tgcceto  cectggtcaccgtotectcagectccaccaagggeccatcggtettccccctggogecctgctccaggageacctccgaga

cagcaacttcggcacccagacct acacct gcaacgt agat cacaagcccagcaacacca caa acagt
tgg ggcagcggcc tgggctgcctggtc aggactgct?c ccgaaccg gacgg%(t:cg?ggaactc 8809%% gaccg g

agcgcaaat abtgicgigeacicacRgaagetacaedcaRRaLRIcHcIgaGagoGagigaeaitgictreigd t cccce
CaaaacC

ccaaggac a@é%tfctgﬁ?ﬁ‘éf’%‘i3&8@66%?59?@@9%18%%}9%9@@8?@@3?%@5‘&3@3%6?%8@@68% accccg

agg caaatgttgtgtcgagtgcccaccgtgcocagcaccacctgtggcaggaccgtcagtcttcctcttccccccaaaacccaa
;ggagt O A A R e Y S R S o G S BT Gt s s gsgliay!  caaca

cgt t ccgt gyfgiacantaiytpacasuticegbgcaasaogrybiatiggeanggsqprgoagicaccaghgannaggt ct

aaaggect cLeuaioaIoRasatercAsaasalo A RrrRlaerIARsAaNE O AR CAATlaNeaaREEEaRBRY L acacc

C ggcctcccagcccccatcgagaaaaccatciccaaaaccaaagggcagccccgagaaccacaggtgtacaccctgec
L A A S 8 s A8 A AR S S S e Bt St A S A SRS Cardge ©29°9
cgccgbggagyiggaqgserradt 41geRagcaYa gantasatanpagRrcacertitgRricggi@gacte cgacygg
ct

cet t ct t ccCl P AR A B PR 0ag RG T8 AR G E S AegCEatoPEaI# cegt ga

t gcat g aggrtghosacaaacartagRgagagaogigectgjotaet gt ct ccgggtaaa WO

2012/ 032433PCT/ 1B2011/ 053761 81 SEQ I D No 28: Nucleic Acid Sequence of Full
Length Light Chain of MOR- 7361 ant i body

gat at cgaact gaccgsagrogis 42:a0gl e gcig iSegoatdeag Flult agAgth Mt Chaheif MPRI7age ggcgat
aat at ,

ggt t c%gagt at gt ?0PY gt accagcagaaacccgggecaggegecagt tctt gt gatttatt ct gat t ct gag
cgtccct Caga@tcgaactgacccagccgccttcagtgagcgttgcacoaggtcagaccgcgcgtatctcgtgtagcggcgataatatt
PR o A s T e A A R et o e S

gaagcggat t;agsgéatdcgggmggatté@g;gam@dagt:@gdatacaocg@@tcg@tga@gag@mga@%ﬁﬁg@maccgt c
cta tca
R i e e %9%HW@&&}Q@@Q@%QQ%@@@%@%C%B b R

of MOB97480; MOR-7480.1; MOR 7480. 2; I\/ER 7483; MOR-7483.1; MOR-7483.2

VDR 7480, 5 ‘NOREG4BN0 RoAnasoy Sepbrncral o MR ga TRAOE pasp S NSRS

7483.1; MOR-7483.2 antibody



SEQ I D No 32: Am no Acid Sequence of VH of MOR-7480; MOR 7483 anti body
QVQLVQSGAEVKKPGESLKI SCKGSGYSFSTYW SWRQVPCKGLEWMEKI YPGDSY TNYS PSFQGQVTI
SADKSI STWOLQABB2438ASDTAMYYCARGYG | FDYWSQGTLVTVS S 25 PEE@BIDI/NE37A&3: Ami no
Acid Sequence of Full Length Heavy Chain (l1gQ&) of MOR- 7480; MOR 7483
anti body QVQLVQSGAEVKKPGESLKI SCKGSGYSFSTYW SWRQWPGKGLEWMEKI YPGDSY TNYS
PSFQGQVTI SADKSI STAYLQASS LKASDTAMYYCARGYG | FDYWEQGTLVTVS 30

Sast kgpsvf pl apcsr st sest aal gcl vkdyf pepvt vswnsgal t sgvht f pavl gssgl ysl ssvvt vpss
nfgtqtytc nvd h kpsntkvd ktverkccvecppcpa ppvag psvflfppkpkdtl m

i srtpevtcvvvdvshed pevgf nwvd gve

vhnakt kpr eeqf nstfrvvsvl t vvhqdw ngkeykcﬁf}snkgl papi ekt i skt kggpr epgvyt| ppsreem
t kngvsl t

cl vkgf yps FVRRARGRgHENRT R BIRA G S PF R LUV YIRINNG G -y FLQLGRESRRRY t gks|
sl spg k WAYZPEHAERVBSROKSISPAMIGWSST EASHI AV ARG MG I W EEPRY Tofs

MOR- 7480; MOR- 7480. 1; MOR 7480.2; MOR-7483; MOR-7483.1; MOR-7483.2 anti body
SCDNI GDQY}§H 5 SEQID No 35: L-CDR2 of MOR-7480; MOR-7480.1; MOR 7480. 2;
MOR- 7483; MOR-7483.1; MOR-7483.2 anti body QDKNRPS 10- SEQ ID No 36: L-CDR3

O b a i AN ariion AR Seerensetd Tl LPBofyeav Chain (562 o2 1P
o E;&QPNQSVSVAW@GS@M@@@YAFMWWLM@@&WS@

vty JfelldeS s era e %%%ﬁéﬁ%’%&%%éﬁ%@?m CTop
Eg\é\c@ﬁgﬂwwﬂs LWWX@W\%FS@(GFFDYWGQGTLVTVS

R ooal oo Rk PR A A P A S e N5 G 1N SR by Ay et s atiies hr sysc
ﬁ/\& ht; 411 gg F we&imngttégﬂ@véﬁ:cv&ﬂacb@mg@Qﬁlfdﬁu@{dahﬁsnﬁ@vmv@aqmev@ﬁwwdgoé

gt o ant MR YT b e gyl SRR s SRpY PR RRS RS s ot  oc

g clvkgfypsdiavewesnggpennykttppmldsdgsfflyskltvdksrwgggnviscsvmhealhnhytgkslisispg
atattccttttctacttattggatttcttgggt gcgccagat gcct gggaagggt ct cgagt ggat gggcaagat
ct at ccggg

gat agctat accaattattct ccgagcttt cagggccaggt gact attagcgcggat aaaagcatt agcaccgcg
tatctt

at ggadgagcct gasagdgArtm gy eedRposerca Mgt e NQUR G- AegiRabt t t t gat t at t gggg

ccaaggca 3VECTOPPSVSVERERTASITESGDNIGDQYAHWYQQKPGQSPVLVIYQDKNRPSGIP
ERFSGSNSGNTATLTISGTQAMDEADYYCATYTGFGSLAVFGGGTKLTVL
SEQ ID No 46: Amino Acid Sequence of Full Length Light Chain of MOR-7480.1
antibody
20 SYELTQPPSVSVSPGQTASITCSGDNIGDQYAHWYQQKPGQSPVLVIYQDKNRPSGIP
ERFSGSNSGNTATLTISGTQAMDEADYYCATYTGFGSLAVFGGGTKLTVLggpkaapsvtif
ppsseelgankatlvclisdfypgavtvawkadsspvkagvetttpskqsnnkyaassylsltpeqwkshrsyscqvthe

gstvektvaptecs

25
SEQ ID No 47: Nucleic Acid Sequence of Vy of MOR-7480.1; MOR-7480.2;
MOR-7483.1; MOR-7483.2 antibody
gaggtgcaattggticagagcggcgcggaagtgaaaaaaccgggcgaaagcctgaggattagctgcaaaggttccgg
atattccttttctacttattggatttctigggtgcgccagatgectgggaagggtctcgagtggatgggcaagatctatccgggt
30 gatagctataccaattattictccgagctttcagggecaggtgactattagcgeggataaaagcattagcaccgegtatcttca
atggagcagcctgaaagcgagcgatacggcecatgtattattgtgecgegtggttatggtatttitgattattggggccaaggcea

ccotggtcaccgtctcctca

SEQ ID No 48: Nucleic Acid Sequence of V| of MOR-7480.1 antibody



SEQ I D No 40: Nucleic Acid Sequence of VL of MOR-7480 anti body

Gat at cgaact gacccagccgcectt cagt gagegtt gcaccaggt cagaccgecgcegt at ct cgt gt agcggcgat
aatatt WO 2012/032433 PCT/IB2011/053761

ggt gat cagt at gct cat t ggt accagcagaaacccgggcaggcgccagttgtt gt gattt at caggat aagaat
cgtccct WD 2012/ 032433PCT/ 1B2011/ 053761 83

caggcat cccggaacgct t t agcggat ccaacagcggcaacaccgcgaccct gaccatt agcggcact caggcgg
aa
gacgaagcggattattattgcgctacttatactggttttggttctcttgetgtgtttggcggecggcacgaagtta
accgtccta - SEQ ID No 41: Nucleic Acid gequence of Full Length Heavy Chain
(lg&) of 5MOR-7480; MOR-7483 anti body8

A e e S e e e

a: a: tecett Fét@é@@aﬁ:@ég‘t%@&édﬁgﬁ@@@cﬁng@dﬁﬁﬁﬁgw@ﬁ@t@tﬁtﬁaﬁg@@@éﬂggCaagat
ct at ccggg

gat agct at 2ECHSFTRICH TG SRAP PG RPAGAGICIRPRRICYL Gt azrealedfI%gE accgeg
tatcttca ccaggccatggacgaggecgactactactgcgecacctacaccggcettcggcagectggecgtgticggeggagggac

at ggagcagcct gaaagcgagcgat acggccatgtattattgtgcgcgtggttatggtatttttgattatt
chggg ag%aggctgacggt%ctg g g9 g gtgcgegtgg g9 g 9999
ccctggtcaccgtctcctcagcct ccaccaagggcccat cggtcttccccect ggcgecct gect ccaggagcacct
ccgaga ) . . .

gcacagcggecct gagt g HhMNuslelyadd Rearence ofEHL beatiyHegut Ghanllg§aaet caggeget ¢
tgacc MOR-7480.1; MOR-7480.2; MOR-7483.1; MOR-7483.2 antibody

O 0o S B e 2L S5 L A5 B e S Aol A B0t ocee

aact t gggc aeticagreattatatitdigaqo ol gitg et §aRrgsfociasasiagiabggentrggaagt t gag
C
cgaat gt t gPBEegRIRCRUEHE CEIRACH CagedrCRIY B JRiRACAERAATPEcRIBEERCOrYRIclE® cccaaa

acccaa 15 atggagcagectgaaagegagegatacggecatgtattatigtgegegtggttatggtatttitgattattggggecaaggea

ggacaccet gal gatcl sceanacesel dagat cacl acatagt gt agecq gagecacgaadaceeegago!

gt caact ggbangbggRouisaheagrei 4oatieat GoaRagagAeRgERRIBATEagIARIdRRaCagCAC
gcgt gt ggt CHERAGOIICR CaLCH g gt e A e g E e S e HiGRARYG AT P I9RSCAIGE RS}t ct ccaa

Caaa aacttcggcacccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaagacagttgageg
cctcccagccccecat cgagaaaaccat ct ccaaaaccaaa cagccccga ccacaggt gt acaccct
gg %aaatgt(f\ge%gtcgag%cccaccg?gcccagcaccacc?g?ggcgggacc tcagtcgcggtﬁ:cccccagaqacgcaa 9

Cccatzg CCyggaaagosigaciasgRecci@iiotagsiet @asigbuset gl gracEagatoct gamteagcgacat
cgc

cgt ggagt g§HeRATOtRrela e aroldaegi95aal0rcRAYAHRRAS OB IRIRAAE FRtIcggeRAceEY hic g gt ¢

ctt 20 ccgtgtggtcagegtectcaccgtegtgcaccaggactggetgaacggcaaggagtacaagtgcaaggtctccaacaaa
cttcctctacaggcaagct caccgt ggacaa caggt ggcagca aacgtcttctcat gctccgt gatgca
Lgagg ot oBEE kAR Er AR A G AL TR AL L E L g AR e 5 s

Nucl ei ¢ Actcht&RgygigagabaddabbadaeagdtbaddciiatctigbaggtcadagybiRtdcbBOagtaacdtcdgody

g A 0 R E G H AT Ssa g Gt L aha aa e S A A SRR I oG L o 99° 9%

ggz gat cagtatgaberRich At @rcay §agRIaELYRIYCAGRYIGFREcat it gyt jtyaycagass aagaat
cgtcc

caggc%‘?cc8%%38@%‘???"3@??@6%a@@ﬁ%“c“éﬁ‘éﬁ’é@%&%‘&%@@gaccct gaccat t agcggcact caggcgg

aa

Secgeago0aat! Al 90as LIS LLSLSRNHEL P R ASSRRESERp pocat 2
EVQL VQSGAEVKKPSHESbER) SCKGSGYSFSTYW SWRQVPGKGLEWVGKI YPGDSY TNYS PSFQGQVTI
SADKSI STAYL,[%/\ES bﬁKASDTAWYCARGY I FDYV%;TLVTVS S 5-t SEQ I D No 44: Am no
Aci d Sequ@HTECHICIHFLFCAdSHELIRIGE AR AtSRGPFFIgY cy g cegpeagcateacciygadeyngagaa

MOR- 7480. 2atchfidgadddiachyccddoglatbaycagadydebqifty agagecccgtgotggtgatctaccaggacaaga
EVQLVQSGAEVKKPGESL Rl SCKGSGYSFSTYW SW/I GKGALEWMXKI YPADSY TNYS PSF |
SADKSI STATUGIES RSP ARMACARSPECFIRS GpFgRaCogecaccCigaccaicageigtas

Sast kgpsvtpdgipcstygicagicaboatikidyirapsthyreosarbicay bigh craydttsgeddasbgay yt ypss

nfgtqtyte caagctgaccgtcctaggtcagcccaaggcetgcccccteggtcactctgtticccaccctectctgaggagcticaagecaa

caaggccacactggtgtgtctcataagtgactictacccgggagccgtgacagtggectggaaggcagatagcageccc



10 nvd h kpsntkvd ktverkccvecppcpa pi:wag psvflfppkpkdtl m

i srtpevtcyvvdvshed pevqgf nwvd gve

vhnakt kpreeghresisp43gysvl t yvhgdw ngkeykckvsnkgl papi ekt i skiPkgaproepossyél ppsr eem
t knqvsl t

cl ykgf ypsdi avewesnggpennykt t ppm dsdgsf fl yskl t ydksr wgqgnyf scsvimheal hnhyt gksl
slspg k 15- SEQ ID No 45: Am no Acid Sequence of VL of MOR-7480.1 anti body
SYE LTQPPSVSVSPGQTASI TCSGDN | GCDQYAHWYQKPGSPVLVI YQDKNRPSGE P
ERFSGSNSGNTATLTI SGTQAVMDEADYYCATYTGFGSLAVFGGGTKLTVL  SEQ I D No 46: Am no
Acid Sequence of Full Length Light Chain of MOR-7480.1 anti body 20 SYE
LTQPPSVSVSPGQTASI TCSGDN | GDQ%AHMWQQK@@CBPVLVIYQDKNRPSG P E RFSGS NSG
NTATLTI SGIQAM D EADYYCATYTG FGS LAVFGGGT KLTV%_)%%aEtEEa svtlf

ppsseel qadiCae99I0PRYPFIRPLIRLAGRAACEPRACIFIHRE SRAPPEFETRRACs hr sysc
qvt he gst vejstyaRiResgtd§aagdiic@atddablgctadagelteh §it€actehdaSnfiiagbaRgRigaydd gaf

MOR- 7480. 1; MOR-7480. 2; MOR-7483. 1;, MOR-7483. 2 anti body

gaggt gcaafedgetrcagsydiflfeggaagt gaaaaaaccgggcgaaagect gaggat t aget gcaaaggt t cc

g9
atat og! LU oL agt 3L QOBE L 5L AGH'SEHSA IS MSRIARI LSl 99 g9gcacga

ctatccygggt 3

gat agct at aYEATOPESNVSVEFGETA SITCIHEIIN GRUOt/AJAN Y aldkausQs B Yay vaEmgRP s @graccgcg
tatcttca

at ggagcagE GGG Gt BB GO R AT Y GRS GEGSEANEPER Yt t t t gat t at t gggg

ccaaggca ccctggtcaccgtctcct c;a SEQ I D ;\Io 48: ;\Iucl ei ¢ Acid Sequence of VL of
MOR- 7480. 1 ' VWD 2012/ 032433PCT/ 1B20 0537

Aot Acgagot gacteaiBA s ARGt Be0 Rt SHe Fol L eagh el Chgeal MRRT 4% c ggogac
aa 10 antibody

cal 0000 R APPE Pt PAS TR ST BB R TR FERAGSSS b RIS b4 & i 99acaa

ga
accggccCcagrFPGENIGNIATCOSCIOAQMEADYCEAT 9IGH GSRAVAGCEIETIATUL hgakrps@mgcggca

c .

ccaggccat §SREG Gy SIsIRPoady YRS sREPa et GBIk BRS SR WS Ry A g c ggagy
gac 5 caagsteesgé&acta - SEQ ID No 49: Nucleic Acid Sequence of Full Length
Heavy Chain (1g&) of MOR- 7480. 1; MOR-7480.2; MOR-7483.1; MOR-7483.2
ant i body

gaggt gcaat t ggt SE@JIB IO NegaamtiQ Sagqasrae of V0 cOMAFRIT430gaggiolrgct gcaaaggt t cc

g? aéL ? cct t PPCRERANCIIRC T FICEIT g ORI RIFG I LG RILY RGP PP TRy c aagat

ct at ccgggtatcggegaccagtacgcccactggtatcagcagaagcccggecagagecccgtggtggtgatctaccaggacaaga

at agct at accaattattctccgagctttcagggccaggt gact att agcgcggat aaaagcatt agcaccgc
? at c?t ca accggcccagcggca(%cc%c agcggt%ca%g gcaggac"ac%gcggcaac C cc%%cctgacca agcggeac gcg

at ggagoagecifRaRYGIRBOGRacHORERL GiattatdBhgnBagt-astiat ultRLbtddgasdat t 9999
ccaaggca

ccct ggt calePIEP e cct ccaccaagggeccat cggt ct t cccect ggegecect get ccaggageacct
ccgaga

geacagegacco aggg! 8RS8 EARAORSH B5L LSS SFRAREIRABRLALISS) ROREsAARgacact
agcggcgt gcacacgitbe@gggct gt cct acagt cct caggact ct act ccct cagcagegt agt gaccgt gecc

tccag
aact t gagcé@%té%‘&&8%&%@@8@@8%&’&8{9&@&{9@98%%88%@88%“@&6@8%‘&6@@@8%?&6%%?agt t gag
cg catcggcgaccagtacgcccactggtatcagcagaagcccggccagagceccegtggtggtgatctaccaggacaaga

caaat gttgt tC%a t%cccacc taqgccc? caccacct tggcaggacc tcagtcttcctcttccccccaaa
acccaa atcggtccagtggcatccctgageggticagecggcagcaacagcggcadcaccgccactctgaccatcageggeac

gggc accct egddiptatygauyaggeugactapacgtgaaottacaic geitegh CIRegHSRLIGERRYIFRC Cgaggat
gt t caact g§PAHRTGACH oY F Y LERICICScHCto8 A St s cRFCee Y Jeaagcaiortaacageac

gtt 280 caaggccacactggtgtgtctcataagtgacttctacccgggagecgtgacagtggectggaaggeagatagcagecce

cogt ot 99t gpacgl el eacsal el gcaceagaac! 99t aaacadeaggant acasgl gegang ot coaa

ggcCt ©CCagRuceRgaggeRRtaRh ciRagaacRLaRaggicAYCsIgsaRIageaRgRgaaidacaccct g

cc
cccat cccg§RHgesarsadifaaccaggt cagect gacct gect ggt caaagget t ct accccagegacat
cgc

cgt ggagt gggagagcaat gggcagccggagaacaact acaagaccacacct cccat gct ggact ccgacggcet ¢
ctt

cttcctctacagcaagct caccgt ggacaagagcaggt ggcagcaggggaacgt ct t ct cat gct ccgt gat gca
t gagg 25 ctctgcacaaccact acacacagaagagcct ctccct gt ct ccgggt aaa




- SEQ ID No 50: Nucleic Acid Sequence of Full Length Light Chain of
MOR- 7480. 1 ant i body
agct acgageogapasagdcccccagegt gt ccgt gagecct ggccagaccgcecagcatBaacdipcalgcggegac
aa 30
cat cggcgaccagt acgcccact ggt at cagcagaagcccggccagagccccgt gct ggt gat ct accaggacaa
ga
accggcccagcggcat ccccgagecggt t cagcggcagcaacagcggcaacaccgcecaccct gaccat cagcggca
o
ccaggccatggacgaggccgactactactgcgccacct%saccggcttcggcagcctggccgtgttcggcggagg
gac

t t t t ctcgat tctgtt tcctct tt
caaget 9accot coL AgGh GRS CREKY GRISEAEIIORE % MSRI5ES b anhissgrooaoct t o

caaggccacaqyggt/giFgtrot cat aagt gact t ct acccgggagcecgt gacagt ggcct ggaaggcagat agcag
cccc WO 2012/ 032433PCT/ 1B2011/ 053761 86

gt caaggcgggagt ggagaccaccacaccct ccaaacaaagcaacaacaagt acgcggccagcagcet acct gage
CtgacgcctgagcasEanaui&y¢aﬂ@gaang@gagﬁhﬁqqamgkmaaa&&bgﬂﬁﬁggagCaccgtggagaag

R Sabe. BReaTs el iR a A AR B AP ATV el ©f

GDQY ARV QEKPERSNA N ORKNBESGAR DEADY Y CSTYTFVGFTTVFGGGTKLTVL _
ERFSGSNSGNTATLTI SGTQAMDEADYYCATYTGFGSLAVFGGGTKLTVL  SEQ I D No 52: Anino

Acid Sequence of Full Length Light Chain of MOR-7480.2 10anti body SYE

L TQPPSVSVSPGQTEED | BEMN AmikdANIA DS (& 2BV YV ¥h FRIDINREREINRf MOR-7483
ERFSGSNSGNTATLTI SGTQN\/DEADYYCATYTG:GSLAVFGGGTKLTVqupkaaps vtlf

ppsseel gankat | 8PPLYf ypgavt vankadsspvkagvet t t pskgsnnkyaassyl sl t pequkshr sysc

gvt he 1gst MLWW§vA§GQ$EQ|$@B@DN5@DQwﬂwYQQKPGbA€mmm@mRF\éG|@f
MOR- 7480. ant i bod

agct acgag%mwz%ycga@J%%%%%%&%M@@@g&gngﬁwgcggcgac

aa ppsseelgankatlvclisdfypgavtvawkadsspvkagvetttpskqgsnnkyaassylsltpeqwkshrsyscqvthe

;Ztcggcgagg% h&;g&gfactggtatcagcagaagcccggccagagccccgtggtggtgatctaccaggacaa

accggcccagcggcat ccccgageggt t cagcggcagcaacagcggcaacaccgccaccct gaccat cagcggcea

c 20 . . .
ccaggd@at ggacgiggdRdtd Nusieicydid Saaianse £ Vg SEMPE (B3RPt c gt gt t cggcggagy
gac ) t(::ac'ci:gC%?@ﬁa@@a%cggE@dcﬁlgd‘éggdg;%gttgﬁ\db@b@jgﬁcaﬁﬁbébc%u@ft@ﬁgtéﬁcgﬁb@dtaétgﬂﬂgt h
Lig ain o ant |
agct acgag89@3@@8@&9&?&88@@?&9@69%ﬁ?@‘r“@%@&%%&CQ@%@@%E@@@WE%Q%@%%@F@&‘%Eggcgac
caggcatcccggaacgctttagcggatccaacagcggcaacaccgcgaccctgaccattagcggcactcaggcggaa
catcggcgacca t acgcccact tatca cccggcecca ccccgacgg% 8t9aa%at ctaccaggacaa

ga gacdaagcdgattattatt c ctacttata S[:ttz% ?g% ttactactgtgtttggcggegg cgtccta
accggegcagcggcat ccccgageggt t cagcggcagcaacagcggcaacaccgccaccct gaccat cagcggea
c o , ,

ccaggccat ggacgﬁﬁaé@d\gﬁ%é\{%@i%ﬁ%§88‘(‘:‘?r§8é’5E@'bk?Q%@b@QbQE?'@QEM&RgH%gcggagg
gac antibody

caagct gacc tccta%gtca Cccaa CCCCCtC tcactct ttcccaccctcctct ag{gagcttca
agccaa 30 tatcgaactgaccc gccgcc gcgttgcac ggtcagaccgcgcegtatctegtgtageggegata

Caaggccac@gtga%gtawc@da@ggtaa@@agéda@b@g‘g@@me@e@@b@@@aﬂb@Q@étmwmat agcag

Stc gga&écg6@%@’@5@8@%@88@3%@8@té"‘f‘%8%&3@%&8%%&6@8@?%3@%@@8%@%9&6%ae?cct gagc

Ct gacgcct gagsrgtgpaaghtriasagargtytenigstioasraetigcfedgoi@pagesrogecagytggagaag
a cagtggcccctaca aat ttca WD 2012/032433PCT/ 182011/ 053761 87 SE ID No

55: L- CORITHCIRGFSIYH ‘é‘:tcﬂmfﬁ‘?tﬁ&@@ﬁacc%ﬁc‘ﬂég%% 5PRYC6BRPEISPRER RS
cataagtgacttctaccogggagccgtgacagtggcctggaaggcagatagcagccccgtcaaggcgggagtggaga

ccaccacaccctccaaacaaagcaacaacaagtacgcggccagcagctacctgagectgacgcoctgagcagtggaa
30 gtcccacagaagctacagetgecaggtcacgcatgaagggagcaccgtggagaagacagtggeccctacagaatgttc

a

SEQ ID No 60: Amino Acid Sequence of V| of MOR-7483.1 antibody



SEQ I D No 56: Ami no Acid Sequence of VL of MOR-7483 antibody 5 DI ELTQP
PSVSVAPGQTARI SCSGDN |  GDQYAHWY QQKPGCQRAPVWI YQDKNRPSGE P

ERFSGSNSGNOAT12MI3SE3 QAEDEADYYCSTYTFVGFTTVFGGGTKLTVL  SEQPCIDIBRN1HTI3764T1 NO
Acid Sequence of Full Length Light Chain of MOR-7483 antibody 10 DI ELTQP
PSVSVAPGOTARI SCSGDN | GDQYAHW QQKPGQAPVWI YQDKNRPSG P E RFSGS NSGNTATLTI
SGTQAE DEADYYCSTYTFVG FTTVFGGGTKLTVLgq pkaapsvtl f

ppsseel gankat | ycl i sdf ypgavt vawkadsspvkagyet tt pskgsnnkyaassyl sl t peqwkshr sysc
gvt he gstvektvaptecs 15- SEQ ID No 58: Nucleic Acid Sequence of VL of

MOR- 7483 ant i body

Gat at cgaact gacccagccgcectt cagt gagegtt gcéécaggt cagaccgcgcgt at ct cgt gt agcggcgat
aat att

ggt gat cagtIFGPFERRV GG RY A 525N GG LYY gERTI P QP P Y YARRKNRRYFI: aagaat
cgtccct ERFSGSNSGNTATLTISGTQAMDEADYYCSTYTFVGFTTVFGGGTKLTVL

caggcat cccggaacgct tt agcggat ccaacagcggcaacaccgcgaccct gaccatt agcggcact caggcgg
aa
gacgaagcggattattattgctctacttatacttttgttggifttactactgtgtttggcggcggcacgaagtta
acﬁ;igac ]E alvzug_ ggglll)?lo'\gt%%éip% gii?%e%uér?éedof%ﬂlﬂgrqgtﬁ L(l:ght 'c::'ﬁlaujn 0%??(9&{94%&_qht

Gat at cgaact gacgftipggggcct t cagt gagcgt t gcaccaggt cagaccgcgcegt at ct cgt gt agcggcgat
aat att

ggt gat cagtAFyC FERRVGHSIRRAHAJSRARNERE LYY JERGIF PP YL YA RRKENREIG T aagaat
cgtccct 2ERFSGSNSGNTATLTISGTQAMDEADYYCSTYTFVGFTTVFGGGTKLTVLgqpkaapsvtlf
Gt O R B A RS RS ST RRSS MR oo a0gca
gacgaagcggsefveiaidmédsgct ctacttatacttttgttggi fttactactgtgtttggcggcggcacgaagtta

accgtcctaggtc

agcccaaggct gccccctcggtcactctgttcccaccct cct ct gaggagctt caagccaacaaggccacact gg
tgtgtct - SEQ ID No 62: Nucleic Acid Sequence of V| of MOR-7483.1 antibody

cat aagt gacttctacc agccgt gacagt ct ggaaggcagat agcagccccgt caaggc agt gga
ga gtg %\gctacgagc%gga%gcaggccgccgagcgggtgcgg?gag%gctggc%aggccgc agcgtcacct cagcggcggaggg gtgg
ccaccacac ggfcggRpocaApaAGC o iR RGIIIIEFRIGGRIC L EsidBRAgRt g ecgoatgrRAcagt gga

a 30

gt cccdtagdSRaCarRgg gt GUR e B Y RN E SCE R RS I eERG S aR oG e8eCEE agaat g
ttc a WOc2dhRkt&3a4633 0§00 Ea0thdigohBitaataddtdRYGiT{IRRD G HIcEIATL I 650
GDQYAWW%&G%SPVLW YQDKNRPSG P

ERFSGSNS A GTQAMDEADYYCSTYTFVGFTTVFGGGTKLTVL 5- SEQ ID No 61: Anmi no
Acid Sequence of Full Length Light Chain of MOR-7483.1 anti body SYE

R SCONSCATATL S S BN RET I FORBTFORRHAFLEnaT AL 6 MPR 7483 1

ppsseebgankat | ytibbagf ypgavt vawkadsspvkagvet t t pskgqsnnkyaassyl sl t peqwkshr sysc

gvt he 10gstvektvaptecs SEQ ID 6?: Nu?I ei ¢ Acid Sequence of VL of
NOR- 7483, fggﬁfga@&&?cccagccccccagcg gtccgtgagccctggccagaccgccagcatcacctgcagcggegacaa

AgCt acgagchigggafaagaftasc et 4t SRaY4aReceig 5 RICRAAtFAgabcaRgherR@acggcgac
aa
cat cggcga@EpCErage e aG G A I AU ERAT G B AR LA Ca LA EE g eP et MR g gacaa

ga 15 ccaggccatggacgaggccgactactactgctctacttatactitigttggttttactactgtgticggcggagggaccaagct
209 A g toage e bt e A A R I R da 6 eSS g a8 90992

ccaggccat ggeagRageeiatiaanjaanitacicggaict fthacddiddogigogagdoabaebesicet @daegg cggagy

gaccaagct gaccgtccta
cgggagiggagaccaccacaccctccaaacaaagcaacaacaagtacgcggccagcagctacctgagectgacgec

tgagcagtggaagtcccacagaagctacagctgccaggtcacgcatgaagggagcaccgtggagaagacagtggec
cctacagaatgtica
30
SEQ ID No 64: Amino Acid Sequence of V. of MOR-7483.2 antibody
SYELTQPPSVSVSPGQTASITCSGDNIGDQYAHWYQQKPGQSPVVVIYQDKNRPSGIP
ERFSGSNSGNTATLTISGTQAMDEADYYCSTYTFVGFTTVFGGGTKLTVL




SEQ ID No 63: Nucleic Acid Sequence of Full Length Light Chain of

MOR- 7483. 1 20anti body

agct acgageogapasagdcccccagegt gt ccgt gagecct ggccagaccgcecagcatBaacdipcalgcggegac
aa

cat cggcgaccagt acgcccact ggt at cagcagaagcccggccagagccccgt gct ggt gat ct accaggacaa
ga

accggcccagcggcat ccccgagecggt t cagcggcagcaacagcggcaacaccgcecaccct gaccat cagcggca
o
ccaggccatggacgaggccgactactactgctctactt%bacttttgttggifttactactgtgttcggcggagg
gaccaagct 25

gac0gt Col 00 CQOG A ins ROk LSS 5Pl L SRGRTAH BRLR I TRIAIgH) gacocea
cacact ggt gt gt caiidbapgt gact t ct acccgggagccgt gacagt ggcct ggaaggcagat agcagccccgt
caagg

cgggagt ggRgatd REERVRVRRL LRI 4R SLANAIY Y R e BYY YUY QRIEIRESFE  t gacgc
c ERFSGSNSGNTATLTISGTQAMDEADYYCSTYTFVGFTTVFGGGTKLTVLggpkaapsvtlf

t gagcagt ggaagt cccacagaagct acagct gccaggt cacgcat gaagggagcaccgt ggagaagacagt ggc
" et aBagRRTIREITEAR S YCIOABOP Y R B S VAAD YO LIS TSRO LGRS BFCHER. 7483, 2
anti body {yiekV4RESVSVSPGQTASI TCSGDN | GDQYAHW QRKPGQSPVWWI YQDKNRPSG P
ERFSGSNSGNTATLTI SGTQAMDEADYYCSTYTFVGFTTVFGGGTKLTVL WO

2012/ 032433PCT/ 1B2011/ 053761 89 SEQ ID No 65: Am no Acid Sequence of Ful
Lengt h Li ght. Goa@ND®o dEIRuérE3AC 884 iidHeE 0 BY BLIQRPEMSVSRHEbAY! TCSCDNI
GDQYAHWY QKPGOSPVVVI YODKNRPSG P

ERFSGSNSGRIAFEHIGISH SRS 9 PGogteE T AR RICP UR FYFRIEATRAAaPFIgcgacaa
Sppsseagl qaatléggdg\a@&égs@ﬁgwm@gmw@dgéw h§dJeBEpRaidigRbIayt flghpmakshr sys
cqvt he gstvektvaptecs. SEQ ID No 66: Nucleic Acid Sequence of VL of

MOR- 7483. gc%g»gtcp 9gcatccccg gcggttcagcggcagcaacagcggcaacaccgc accctgaccatcagcggcac

agct acgagetyreesagacyag§enigcatatigesiuagntctipigetRaiatdstanegiargataagacggcgac

aa 10
catcggcga@é%ﬁ*ﬁﬁbcccactggtatcagcagaagcccggccagagccccgtggtggtgatctaccaggacaa

ga
R e G e e e 0 S ey
ccaggccat ggacgagipeggact actact gctctacttatacttttgttggi fttactact gt gtt cggcggagg

I e 2o oo TS bSack b o T S oS adaataa onot

agct acgagehigggsuaatiftacyecaR iRt At aab §aRecsdcesgRoCtEFAGRatcarLbesR@CggCcgac
aa
cat cggcga@EHCEagee el cg G A PG AUFERAF G 8 C AR LA Ca LA B R g kP et MR g gacaa

ga 20  ccaggccatggacgaggcecgactactactgctctacttatacttttgttggttttactactgtgttcggeggagggaccaagct
L e e e e

Ccaggccat 9gaRURNG G HAbataatitacicalaictfhacddiddoatdoaaydcabaebesicat dfdaeggcggagy
gaccaagc

gaccgt cct S8R RAGHRIAG e E AP AN AR F R YR AR PRI 93 95H 93¢ Sag e caa
caaggc tgagcagtggaagtcccacagaagctacagctgccaggtcacgcatgaagggagcaccgtggagaagacagtggec
gggg;tzggt %}:tg;[:acga%%tt%ggt gacttctacccgggagccgt gacagt ggcct ggaaggcagat agcagccccgt

cgggagt ggagaccaccacaccct ccaaacaaagcaacaacaagt acgcggccagcagct acct gagect gacgce

c . .

t gagcagt ggadgt eeead e dmrafeidredu e dtraytidBBgageaccgt ggagaagacagt gge
c 25 cct aeapeairgiatitanfedisQdpEarypagifcdnAmigirepdpneisSastidendierqekgvfitiRedsstenie BB
ronscyni vat |1yl nf ertr sl qdpcencpagt fedon ay cspeponsf sgagadrcdi orggkavirtr

c dcmogb hc bgageppapaephiogyrdtidisgoreees aifgmdakin@ipenpu et deicrsbosgkar dvvegp
spadl s

SEQ ID No 69: Amino Acid Sequence of Human IgG1 Constant Region
astkgpsvfplapsskstsggtaalgclvkdyfpepvtvswnsgaltsgvhifpavigssglyslssvvtvpssslgtgtyicn
vnhkpsntkvdkkvepkscdkthtcppcpapellggpsvilfppkpkdtimisrtpevtcvvvdvshedpevkfnwyvdg



30pgassvt ppapar epghspqgiisfflaltstallffiffltlrfsvvkrgrkkllyifkgpfnrpvqgttqgeed
gcscrfpeeeeggcel SEQ ID No 69: Am no Acid Sequence of Human | gGlL Const ant

Regi on WO 2012/032433 PCT/IB2011/053761
ast kgpsvf pl apsskst sggt aal gcl vkdyf pepvt vswnsgal t sgvht f pavl gssgl ysl ssvvt vpsss
lgtqtyicn

vnhkpsnt kvdkkvepkscdkt ht cppcpapel | ggpsvfl f ppkpkdt | m srt pevt cvvvdvshedpevkfn
wyvdg WO 2012/ 032433PCT/ 1B2011/ 053761 90

vevhnakt kpr eegynst yryysvl tyl hqdwl ngkeykckvsnkal papi ekt i skakgqgpr epgvyt | ppsre
ent kng vsl tcl ykgf ypsdi avewesngqpennykt pyl dsdgsfflyskltydksrwyggnyfscsvm
heal hnhyt gksl sl's pgk 5- SEQ I D No cI eic Acid Sequence of Human | gGl

Const ant Regi o CCACCAA%&
CTGGGGGCA@\

TQmaW@WﬁW%%Estm healh nhytgkslsls
CTGICCTACAGT CCTCAGGACT CTACT CCCTCAGCAGCGTAGTGACCGTGCCCTCC

AGCAGCT T GREEACCCAGACCT ACAT CTGCAACGT GAAT CACAAGCCCAGCAACA
CCAAGGT GGACAAGAAAGT TGAGCCCAAATCTTGT GACAAAACT CACACATGCCCA
€€

C
%@mm Region

GAGGTGCATAAT
GTGTGGTCA

: &
CAAGT WWWWWQ GCACACCTTCCCGG

AGACAT A A G AT CACOR AL §6OCTGCOCTOO

CAGCGA@ATW@@@GWG@@CAWMAAGCCCAGCMCA

SEA WN&UQ@TT@E@CDAND 71:

Q?t E;’pé\i'f gﬁiﬁ@} ‘§§é§§§ @%ﬁ%é%&ﬁﬁ@%@ﬁp@w&%@%@%t Jpssn

fgtqtyt Cn‘GGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGGTACGTGGACGGCGTG

ks S KR RYRRRRERARDY AORENE L LK DL A LRSI YL XXX ARABERGE Y 49

pi ekti Skt @TEEIEXCCHTOEmRr GOQVs CTr GCACGEGEAGTTeaRSINEGCAAGGAGTA

R e e e e e e

GCCTCCACCAAGEE XX XGCGEHLI GGTCTACBABEYEICCCCATCCCGGG

TGACCOT GO PA AL T I AN OB RASACHEET TEEIGA AR OTTCTATCC

2012/ 2824 3NASTEABRDE OO TEAABTIGGGAGAGCAATGGGCAGCCGGAGAACAACTACAA

GO CT TR AT ACACET R CEARCCT AL ACAAEECCAGERRCR TATAGCAAGCTCA

GAG@K@@NE GCRGICA(

T:@(IGCTCCGTGATGCA

ACCCTCAT : > C : y
ACGAAGACCCCGAGGT CCAGT TCAACT GGT ACGT GGACGECGT GGAGGT GCATAA

WML IO e
TCT CCAACAASGE XIS A Wﬁ@@@%@%@%ﬁ%v&@pssnfgtqtytcnv

ACQGAACCA éE_Jed pevgfnwyvdgvevh

CCGT GGAGT GekiREraeiASKTT WW@W@%@W@Wppsreemtknqultcl

CCATGCT CT%ACGGCTCCTTCT
GAGCAGGT CREATBP ESA"T‘

30

ealhnhytqgkslsispgk

SEQ ID No72: Nucleic Acid Sequence of Human |gG2 Constant Region
GCCTCCACCAAGGGCCCATCGGTCTTCCCCCTGGCGCCCTGCTCCAGGAGCACCT
CCGAGAGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAACCGG
TGACGGTGTCGTGGAACTCAGGCGCTCTGACCAGCGGCGTGCACACCTTCCCGG



15 CACAACCACTACACACAGAAGAGCCTCTCCCTGTICTCCGGGTAAA  SEQ ID No 73: Amino Acid
Sequence of Human Lanbda Li ght Chai n Constant Region
ggpkaapsywbi2ppasesBgankat | ycl i sdf ypgavt vawkadsspvkagyet PCpaRya nodsyaassyl sl t
pegwks 20 hrsyscqvt hegstvektvaptecs SEQ ID No 74: Nucleic Acid Sequence of
Human Lanbda Li ght Chai n Const ant Regi on
GGTCAGCCCAAGGECTGCCCCCTCGGTCACTCTGT TCCCACCCTCCTCTGAGGAGC 25
TTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACT TCTACCCGGGAGCC

GTGACAGT GGCCT GGAAGGCAGAT AGCAGCCCCGT CAAGGCGGEGAGT GGAGACC
ACCACACCCTCCAAACAAAGCAACAACAAGTACGCGEE%AGCAGCTACCTGAGCC

TGACGCCT GAGCAGT GGAAGT CCCACAGAAGCTACAGC PECCAGGT CACGCATGA

AGGGAGCA GIT
20121 0324 SIFCHIHANG) 66 5006 A G AN 4 K PEBCRGIAGRRABEET SRHCTCC
anti gen- bWcaﬁ/{(mvm@d3QACBMMCTM)&Ce'rrGf@aic;GmtsA’o@A(\zAA@ccmmmnehi ndi ng
portlon C rs : set ; an
DR a LA GEToRA B AT N eA 85 CLRAA BT e tORECRS TBACGAR SR TERCSED 1 b
:}'Q Bﬁ; _ (d)AGD)BI\CLGAIDBEG&ISMG?RCCGﬁOACSEQ‘HdCT@ﬂ?GCCGEAMAC(@%@ACSEt
orth in : - s rth | .
102, The aRCGSIBAT A TaHe e gerAs e TR BT Bec T BT TSR Ger ei n
said anti hOBAAGACEBLTICHETG PCOAGTYCRACTOBT AT PEGAESGCHTCGABITGEATAR aci d
sequence 33 QS LREARALRRTRERANB A AcTTCAACAGCACGTTCCBTGTEGTCAGE
GTCCTCACCGTCGTGCACCAGGACTGGCTGAACGGCAAGGAGTACAAGTGCAAGG
TCTCCAACAAAGGCCTCCCAGCCCCCATCGAGAAAACCATCTCCAAAACCAAAGGG
10 CAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCGGGAGGAGATGACC
AAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTACCCCAGCGACATCG
CCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGACCACACCTC
CCATGCTGGACTCCGACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAA
GAGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAGGCTCTG
15 CACAACCACTACACACAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

SEQ ID No 73: Amino Acid Sequence of Human Lambda Light Chain Constant
Region
ggpkaapsvitifppsseelqankatlvclisdfypgavtvawkadsspvkagvetttpskgsnnkyaassylsltpeqwks
20  hrsyscqvthegstvektvaptecs

SEQ ID No 74: Nucleic Acid Sequence of Human Lambda Light Chain Constant
Region
GGTCAGCCCAAGGCTGCCCCCTCGGTCACTCTGTTCCCACCCTCCTCTGAGGAGC
25 TTCAAGCCAACAAGGCCACACTGGTGTGTCTCATAAGTGACTTCTACCCGGGAGCC
GTGACAGTGGCCTGGAAGGCAGATAGCAGCCCCGTCAAGGCGGGAGTGGAGACC
ACCACACCCTCCAAACAAAGCAACAACAAGTACGCGGCCAGCAGCTACCTGAGCC
TGACGCCTGAGCAGTGGAAGTCCCACAGAAGCTACAGCTGCCAGGTCACGCATGA
AGGGAGCACCGTGGAGAAGACAGTGGCCCCTACAGAATGTTCA
30



3. The antibody, or antigen-binding portion according to claim1 wherein
sai d anti body, or antigen-binding portion conprises a VL region amno acid
sequence WO 29e403188orth in SEQ I D NO 45. 4. The anti boag¢T/1B2011/053761

anti gen-bi ndi ng portion according to claim1l1, conprising a VH regi on am no
acid sequence as set forth in SEQID NO 43 and a VL region am no acid
sequence as set forth in SEQ I D NG 45. 5. The isolated anti body, wherein
said anti body conprises a heavy chain amno 20 acid sequence as set forth
in SEQ ID NO 44 and further conprises a light chain am no acid sequence set
forth in SEQ ID NGO 46, with the provi 58 that the Ctermnal |ysine residue
of SEQID NGO 44 is optionally absent. 2 6. The isolated anti body according
to any of clains 1 to 5, which is an | g&, 7. A pharnaceuti cal
conposition conprising an anti body, &L%‘é{vl?i gen-bi ndi ng portion 25t hereof,

accordi ng1t o cA@isdRtdd StidBey, dr BRtgerasiedihy patibl tREESPIVRGLR LT AntBody, or
antigen-binding portion comprises:

(a) an H-CDR1 as set forth in SEQ ID NO:29;

5 (b) an H-CDRZ2 as set forth in SEQ ID NO:30;
(c) an H-CDR3 as set forth in SEQ ID NO:31;
(d) an L-CDR1 as set forth in SEQ ID NO:34;
(e) an L-CDR2 as set forth in SEQ ID NO:35; and
(f) an L-CDRS as set forth in SEQ ID NO:36.

10 2. The antibody, or antigen-binding portion according to claim 1 wherein said
antibody, or antigen-binding portion comprises a Vy region amino acid sequence as set
forth in SEQ ID NO:43.

3. The antibody, or antigen-binding portion according to claim 1 wherein said
antibody, or antigen-binding portion comprises a V_ region amino acid sequence as set

15  forth in SEQ ID NO:45.

4. The antibody, or antigen-binding portion according to claim 1, comprising a Vy
region amino acid sequence as set forth in SEQ ID NO:43 and a V| region amino acid
sequence as set forth in SEQ ID NO:45.

5. The isolated antibody, wherein said antibody comprises a heavy chain amino

20 acid sequence as set forth in SEQ ID NO:44 and further comprises a light chain amino
acid sequence set forth in SEQ ID NO:46, with the proviso that the C-terminal lysine
residue of SEQ ID NO:44 is optionally absent.

6. The isolated antibody according to any of claims 1 to 5, which is an 1gG2.
7. A pharmaceutical composition comprising an antibody, or antigen-binding portion

25 thereof, according to claims 1-6 and a pharmaceutically acceptable carrier.



