Anti-CD37 Antibodies 5Introduction The present invention relates to immunotherapies that are based
on B cell depletion. In particular, the present invention relates to anti-CD37 antibody molecules for use
in such thera\%egmgi%gisr}zthe treatment of B cell malignancies and 1Oauto%]n8,rj1}%lr)12e %%r%gitggns.
Immunotherapy ‘using monoclonal antibodies (mAbs) has been emerging as a 'saite and selective
method for the treatment of cancer and other diseases. In particular, the role of monoclonal antibodies
in therapies that are based on B cell depletion, 15e.g. in the treatment of B cell malignancies, has
expanded since the introduction of rituximab (Rituxang), an antibody that is directed against the CD20
antigen on the B cell surface. Numerous studies have confirmed the efficacy of rituximab as a single
agent and in combination therapy in low-grade NHL (Hiddemann et al., 2005a; Hiddemann et al.,
2005b; Hainsworth 2004; McLaughlin et ak 4:298) PORagilsoeglidymphoma (Forstpointner et al., 2004;
Kahl et al., 2006; Foran et al., 2000; Howard et al., 2002; Romaguera et al., 2005), diffuse large cell
lymphoma (DLCL) (Coiffier et al., 1998; Feugier et al., 2005), and Burkitt leukemia/ lymphoma
(Thomas et al., 2006). However, only a subset of patients respond to therapy and the majority of those
eventually refapseafodwdrigmituximab treatment. 25Therefore, new therapeutic targets on B cells have
been sought that are potentially more effective than CD20 for therapy of B cell malignancies (Zhao et

al., 2007). The CPRYRARIGeHIZAi6R T SMEACE ARINBM I NAGI S8R A0k A CONsidered as a

target for B cell malignancies to the same extent as the B cell antigen CD20. 30CD37, a member of

the tetraspanin sd PRIV Re AT gRss ey inteatianrsliride MBiEQié Withadur ransmembrane

domains and tworexigagellwanleapsuciRRf-i5ialnagstene usivehitt xR ssadnmndnaitite Beells, with

highest exp ssioant levels oncﬁeg{ljpgleral blood B cells, reduced levels on plasma cells and
non-detectable 1VEE B8R EH LH! ﬁrg%ursor B cells in the bone marrow. Low level expression of CD37

has also been reported on resting and activated T cells, granulocytes, and monocytes. In B cell

neoplasm, CD37-expressian is mainl rved,i ressive non-Hodgkin's lymphoma (NHL) and
chronic lymphoid leu uer}r%%l%l%@Eg&%éﬁf@\%‘?ﬁ%ﬁ%ﬁ&%%&%@nﬂ%ng ) F?jﬂerli Oh mantie cell
lymphoma (MCL)Higlestpyrassibado@at e trasikess b emen antatirralisages. oy zantibddy-mediated

cancer therapy. 1GR3 {MasmirRldesrined0id 886.81d gharaciaized by (g fapuRg monocional
antibody MB-1 (Link et al., 1986). The physiological role of CD37 is unknown. Mice deficient for CD37

display no chringé€ifhdbeERAmEt CART eb MALERBIFIBb IR BN RS BrgaHe dhtHMWeRfe 15reduced
levels of I9G1 angattpruatrduk£elh mediatesuimptRareaciionsidsnabeloc) et mtenP) Studies with
CD374- T cells s ?$ taéaolef r CD37in %ﬁc Il proliferation (van Spriel et al., 290{42.{CD37
xpression on mATGHAATE SIS BRRRbTIL HS EALE SHALBRL T RGN O LHE D88 hpressed in the
majority of matureiid:iecibenalighanciesblikeiBurkith pynip hemaa fiel iddlafHyddphansecaxid lymphocytic
lymphoma (Link 1 . High level >D37 expressian have been obseryed.in hairy cell
leukemia and in S%;;g}kp ’ésg%% prgﬁrgf}fst %ft@?éf%r%%’ fr‘ﬁgﬁ%@tﬁé ’Itej]\%\ieauiﬁ](%i%féxs lff‘ferent subtypes of
non-HodgkiA% lyrmphiderra {Nphinohdientpoaritler ceHllyAiBROKI(MEL)226(SEhwartizaAlbiez et al.,
1986 Barcena ety 200%): @0 cBos ER.eA ROl 0 AN r i RoReRovPIng claime

CD37 to be a good discriminator between malignant CLL celis (high CD3/ expression) versus normal
peripheral blood (PBlyhtpHEEes o Ch TrusigirestioA)Be v Suakitidedemsy Binding of a
CD37-specific mA{eneancaneslls eaay.,tizm@rH@&@v@,mﬁglwmggeﬁc@ffﬁgﬂ@:@ﬁ@hcﬁﬁer the antibody
binds to the extracellular domain of the %DB? antigenl, it may activate the complement cascade and
lyse the targeted t@gﬁgpy and the majority of those eventually relapse following rituximab treatment.
25  Therefore, new therapeutic targets on B cells have been sought that are potentially
more effective than CD20 for therapy of B cell malignancies (Zhao et al., 2007).
The CD37 antigen is a cell surface antigen that has, to date, not been considered as

a target for B cell malignancies to the same extent as the B cell antigen CD20.

30 (D37, a member of the tetraspanin superfamily, is a heavily glycosylated cell
surface molecule with four transmembrane domains and two extracellular loops.

CD37 is almost exclusively expressed on mature B cells, with highest expression



Second, an anti-CD37 antibody may mediate antibody-dependent cell-mediated cytotoxicity (ADCC) to
the target cell, which occurs after the Fc portion of the bound antibody is recognized by appropriate
receptors on cytotoxic cells of the immune system. 5 Third, the antibody may alter the ability of B cells
to respond & rﬁ’?&%ﬁl%srlg)ther stimuli. Finally, anti-CD37 antibody may iniﬁg%éEﬁFB%ﬁlg?ﬂ?ﬁ‘%d cell death
(apoptosis). Anti-CD37 mAb MB-1 was evaluated in two radio-immunotherapy trials in 10B-NHL
patients (B-cell non-Hodgkin's lymphoma; Press et al., 1989; Kaminski et al., 1992). Therapeutic doses
of 1311-MB-1 were administered to 6 relapsed NHL patients in one trial and all 6 patients achieved a
clinical complete remission (CR) with a median duration of 7 months. Of note, two of the six patients

showed clinical régjrdssionermberdy apéPaghniistrstdtevtio Ay nisaacdls d88a@FMB-1 15suggesting
a direct anti-tumayeifes) of dhe.antbpdy-itseif Adhe saeondiiabirdion/agheted\iB:1 was applied for

the treatment of refractory NHL patients and resulted in 3 out of 9 evaluable patients with objective
responses of limitSBrgiHation GRamhse i bacnreried ph ottt hadpricdnt $Hhsient depletion of

peripheral B cellsafteldpjestiendattiedaceinpelatviBdsantipmydpsesivasy epaited. These
200bservations support the conclusion th -1 exerts a cyt ic activity on its own, In summary,
those cimcattia e B RETE TS0 1 P Ei5 EM O o o B LA and point o a
potential clinical reléxatie€@ilantHEDBYtherapy 7 25 esons expe fimedtal emidénsd with a CD37
specific antibody-like sing| in molecule (“Small Modular | noPharrpaceutical”, SMIP) that
eatment with 1 TR e s L R 2ot oweh n &
xenograft model imtibegyAntd apwsiteanisaidivty of the recombinant anti-CD37 SMIP Trul6.4 from

Tnibion was described recently (Zhao et al., 2004). Tru 16.4 30induced caspase-independent
apoptosis on primary CLL cells from tumor patients. Induction of apoptosis on these cells was greater
than that of RituxARsl %38 Bhiisarsbre tb Hae srddmtaEGiFad RicTDP B R he degree of
apoptosis inductigmysas siregtly proportionaie to CD37 cell surface expression and could be further
.enhanced by cross-Linking with an anti-human 1gG antibody. A correlation of CD37 expression and
ADCC was demonstrated on cell lines in vitro. In a Burkitt ymphoma mouse model (Raii) treatment
with anti-CD37 sdftw peveialleditheralpefiitD 57 effiedcy(Ahat @tkiic2007)r TheJeldptay provide first
evidence that CD37-targeting is a promisin roach for.targeted anti-:tumor therapy by induction of
apoptosis and A[?%de.g?‘r% lgo%%lﬁg ﬁ?ﬁpnadsc%fgfg s(i%nvyﬁsfﬁg?t e%ﬁ%‘?‘%ﬁ T isugr%e%)&ently expressed
on 10 tumof Bellsrinisederathoh OB owl lattaliganCiad! armdiotedatme noroadB lymphocytes and that

anii-CDS7-based jherany may.be-ARIPRISING apRreash fof isatingB.eellnaligpansies. The depletion

of CD37-positive hormal B cells'is not considered critical since clinfcal data from numerous patients
show that even profsHgeelideptiotorasf Bidi ab £ months with an anti-CD20 mAb does not
15significantly reduce IgG serum levels or increases the risk of infections (Van der Kolk et al., 2002).
Although the anti-CD37 antibodies or antibody-like molecules described above (MB-I and SMIP
Tru16.4) have shbWA aitRititOR ffeats TP EEcl hidighanE dscsma i thespomntialG Biget cD37,
there is a nged fok aliprnsie antiGRgtHinhibiirartolngravaithenapicbkhdsadianyBrsieihaepletion.

Summary 25It wagg obiact of the embpdiments discloged herelp [0.prayls AR GRRT antagonists
CD37 expression have been observed in hairy cell leukemia and in samples of
patients with chronic lymphocytic leukemia (CLL) and different subtypes of
non-Hodgkin's lymphoma (NHL) including mantle cell lymphoma (MCL)
25  (Schwartz-Albiez et al., 1988; Barrena et al., 2005). One report utilizing antibody
micro array for immunophenotyping claims CD37 to be a good discriminator
between malignant CLL cells (high CD37 expression) versus normal peripheral

blood (PB) lymphocytes (low CD37 expression) (Belov et al., 2001).

30  Binding of a CD37-specific mAbD to cancer cells may trigger various mechanisms
of action: First, after the antibody binds to the extracellular domain of the CD37

antigen, it may activate the complement cascade and lyse the targeted cell.



treatment of B cell malignancies and other disorders which respond to the depletion of CD37 positive
B cells.  Furthermore, it was an object of the embodiments disclosed herein to provide anti-CD37
antibodies with 30improved effector functions. In particular, the inventors sought to provide anti- CD37
MABSs with a‘ﬁ%%%”é’%ndent cell-mediated cytotoxicity (ADCC). To sgﬁ,‘é’%ﬁ%‘}ﬁgﬁﬁ‘é% underlying
the disclosure, a murine monoclonal anti-CD37 antibody was used as a starting antibody for
generating chimeric and humanized. anti-CD37 antibodies that are useful in human therapy. 5In one
embodiment, the present disclosure provides an antibody molecule that binds to human CD37 and that
is derived from a) a murine monoclonal antibody that is defined by i. a variable heavy chain comprising
the amino acid s8qemreanstisivalid SROPISNGY 2t i ibedadaptadipheetransdefdbrising the amino
acid sequence 5*&%{6%%@&&5%%9% obiL AR haman ARtiRedy. [Reraniing the same epitope

of human CD37 as the anfibody defined in a) or recognizing an epitope that is close to or overlaps with
said epitope; 15 RHEENERAAARABEIRTIIBE HRPTSRIERIFRETRIBH PHUTRIRSSH L tibday. As will be
understood from ghefalqwdings an antibody that is "derived” from another antibody, i.e. the starting
antibody, means that said antibody has been n.eratrﬁ by modificatign of the starting antibody as
Closcribed betow. 30 gHABH S S AH HEAE BhE C Sy T STERE Rl B BATEE humanized
antibody moleculgigativEthitbmtheEETing botipady definediogmiredntibdchiwith a related
sequence was dei%%ngtel 028.1 and described in WO 2005/017148. 25 The starting antibody of

r

category b) may, B3N ple, be selected from the CD37- specific antibodies that characterized, like
628.1, the CD37 antigen in the Third HLDA Workshop; these antibodies were designated HD28, HH1,

BIL4, FO7-306 (Ling:angdMackennan. 4982, Qihar RT-snssilic.anihadiss it ave been described
include RFB-7, Y29/55, MB-1, M-B371, M-B372 and IP0-24. 30According to Moldenhauer, 2000, and

Schwartz-AlSlez BriHLggntHhedd nonibodskd momahago2BrayscbgniZe tfeS#e or an
overlapping or clesg C337\epitaps-vtichivaizMieaBtal 4988 iindisates hal ipepitope is situated

in the carbohydrate moiety of CD37. A number of the above antibodies is commerci available, e.g.
I (SantaCrin) RIFBS T BHEEL 9 PSS (BOHOTERLS, M) (BB SRERRALy 5372
(SantaCruz) and ¥7®@ =24 dAhCamtidn OthendB3708peeifio-aniitiadiespatis B @idsys), NMN46

(Chemicon), and 6066 (Bioprobel \whether an antibody recagnizes the same epjiohe as 628.1 can
be determined by compe Rive i Ing agsays or by cross inhibition radioimmunoassays as described

by Moldenhtier stglesd087 dand Madkdmnhawfécrctzﬁ@@e amiB}dwiiy_c{ﬁ Exémpieqmbt_n’i{deﬁdixe binding may
be determined 'n‘?ﬁeéhﬁé’_ #jl&gagé%sfgpa{g&éezeme&%_?zeﬁae{s? QHERA{RRRNES: AR ith CD37
ELISA) and me I h

positive cells (Cell ELIS uring binding of biotinylated antibody in the presence of a
competitor candidafecahtibddyalurblferarisstnvalorticetmpesmwn b danisd dsutaBody-derived
fragment, the bi”ﬁﬂ&ﬂxﬁfs@%@Qb{,'Q@ﬁzﬁﬁﬁbbﬁﬁ)Ex%@&%ﬁi@%&@%b@&%@ﬂﬁﬁ@&@g?yé%t%ﬁ@ﬁisame epitopc)

is reduced in the case that the antibodies recoc%nize a shared epitope. To identi e (G28.1 epitope

peptide, fragment Gi A8 JyRFbiopridicdrascahstin i pratbifedidased #dmeRec B¥Fsequence
can be synthgsizegserprodusashanthihehindiog 0hGI8-1 taaaid paptidesiolipepiides

own. In summary, these clinical trials underscore the feasibility of CD37-targeting
for B-cell malignancies and point to a potential clinical relevance of anti-CD37

therapy.

25  There is experimental evidence with a CD37 specific antibody-like single chain
molecule (“Small Modular ImmunoPharmaceutical”, SMIP) that treatment with
that molecule induces apoptosis in vitro and delays Burkitt lymphoma growth in a
xenograft model in vivo. Anti-apoptotic activity of the recombinant anti-CD37
SMIP Trul6.4 from Trubion was described recently (Zhao et al., 2004). Tru 16.4

30  induced caspase-independent apoptosis on primary CLL cells from tumor patients.
Induction of apoptosis on these cells was greater than that of Rituximab and

comparable to that of Alemtuzumab, a CD52 antagonist. The degree of apoptosis



20 measured in an ELISA assay. Competitive binding can also be determined by FACS analysis, as
described in the Examples. An antibody defined in b) may be used in an analogous manner as G28.1
as a starting‘%tgta%%/ %Q{Jhe generation of chimeric or humanized amibo?}f{ﬂ?ﬁ%&é'ﬁ@ 4,2\4starting
antibody of category E) may also be generated de novo by using peptides or protein fragments
containing the relevant epitope, or DNA molecules encoding such peptides/fragments, respectively for
immunization to obtain antibodies reactive with the same epitope as 028.1. A starting antibody b) may
also be obtained by immunization with whole cells carrying the relevant epitope; the thus obtained
hybridoma cells are then screened for competitive binding of the secreted antibodies. 5 The term
"anti-CD37 antibGBirRiSRBEfetBRESHPReEEwaTCDST satiudnss exrdcatarcpayoaitibody fragments

as well as conjugalesyitthantibedymalesiies Aniibodiesinclidednihe meaing:abihs present

disclosure, chimeric monoclonal and humanized monoclonal antibodies. The tern "antibody”, which

may interchange&bIy b/ GERTRItA “BRtbdHy MBICEHEnS SR BREEMPRSTLSHipIdte Forkit
immunoglobulins ias-they: anepeadudad by ilmphosytesiaac fosamplepresentindleatt sera),
monoclonal antibodies seg¢reted hy idama cell lines, polypeptides prod by recombinant
expression igg;wos? léﬁ%‘f%%heﬁgl\'fetg%{?gﬁb%% eg%f)ae%ﬁ R’:ﬁ% ﬁwﬁ%gﬁ@%@aﬁ F%ﬁ%eﬁl&&onal
antibodies, and niplesulesinvhigipave beengerdvedi fronostehantiladiest oy piagibcation or further
processing 15Whiéei{,§‘t§)i@&1g their binding specificity. In one aspect, there is provided a chimeric
antibody moleculé that bmds to CD37 and that s defined by 20a) a variable heavy chain comprising
the amino acid sequence shown in SEQ ID NO: 2; b) a variable light chain comprising the amin.o acid
sequence shown jp SEQIRNPi veen shERGIRANASIYY AN ight chains thatate et human origin.
25 The construction and production of chimeric mouse/human antibodies is well known in the art
(Boulianne éPal., 2oBapeihi vaviapldvagibR< ot thel EBtnHantad emisedy asaybically linked to at least
a portion (Fc) of the impunaeiehalincansianiregioniaha-4uman empneaiehulin.isman constant

region DNA 30 sequences can be isolated in accordance with well-known procedures from a variety of

human cells, pref8FABRE FATFMMGRAIZEY Brediie!Eea RabRE&rasiieap aRt N8 87/8%671). The
antibody moleculesryast&osiainallee eiial parippohthe-caRFaniegion aglangms they exhibit
specific binding to the CD37 antigen and the Fc receptors. The choice of the type and length of the
constant region daﬁé%do%ﬁ@ﬁfégﬂé’@%ﬁ%}%ﬂ ti%‘ﬁgt k‘@@bﬁﬁ‘fg?‘h@%%%ﬁw not
antibody-dep&ndenintétmiediated tokicityuaréedeisive thandanih e dtediiettphamnideolagical properties
of the antibody m%eﬁuégallnzﬁﬂgiher aspect, there is provided an antibody that binds to human CD37
and has a heavy chain comprising the amino acid sequence of SEQ ID NO:28 and a light chain
comprising the amino acid sequence of SEQ ID NO:30. In another aspect, there is provided an

antibody that bindglo lvman LR26H3ndRRs AheRWENRID. CRMRSISINg. the AMIDe Agid. sequence of
SEQ ID NO:32 and a light chain comprising the amino acid sequence of SEQ ID NO:34. In another

aspect, there is prfddittéduhSaftibbay ¢t B8 RaRTaR e 37isre Fa s s hRabE#Sy chain

comprising the aminosacid:segiieneashewn MGEQID NQ: Bfusadde aRLmary consiapt heavy chain
comprising the amino acid sequence of SEleD NO:24 and a variable light chain comprising the amino

acid sequence shBRIFPSEB T RIOAFARLE 14 Fiifdconstant light chain comprising the amino
acid sequence of SEQ ID NO:26. In another aspect, there is provided a DNA molecule comprising a
region encoding the variable heavy chain of an antibody as defined above. In certain embodiments,
the antibody moleXt M the disclosure is a chimeric CD37-specific antibody that has the heavy chain
variable region of a non-human antibody defined in a) or b) fused to the human heavy chain constant
region InG1.and the light chain variable region of a non-human antipod e?l &n din a) or h) fused to the
human light € ainqégﬁgs grﬁ’t{:I SN ﬁéﬁ‘g‘é.‘ nmgltét81 ﬁﬁg%ﬁereéerh tSHf&%ﬁt???%le § ﬁ%gﬁ‘ﬁ%ﬂé tesr?fzj éﬂ s a
chimeric CD37-spegificcantibBdy!that!hemthe hadwichaioraeralbbirbgisposidowiéni G&EGoD NO:2
fused to the huma&@%\%@a@ gonstant region IgG1 which is an 1I9gG1 molecule with the sequence
shown in SEQ ID NO:24 (coding DNA sequence: SEQ ID NO: 23) or a mutated IgG1 molecule derived
therefrom and that has the light chain variable region shown in SEQ ID NO:4 fused to the human light
chain constant regign kappa SHQW iSER 1R MR (GRUR PN ASEANERER: SEQIDN QiRRlesQthier

human constant regions for chirnerizing a non-human starting antibody defined in a) or b) are available
to the persor&kill BN TR SO GURFEERS | SR iU I8 TYENBIr g GRS BFTgEH or lambda
(instead of kappa):bhecamstantragionsaay-ateahe chimesied laraxsample apbeavy chain IgGlIigG2
or IgGl/IlgG3 chimera _



In certain embodiments of the disclosure, the anti-CD37 antibody molecule is a humanized antibody
that is defined by CDRs contained within the variable heavy chain as shown in SEQ ID NO:2 and by
CDRs conwithij iable light chain as shown in SEQ ID NO:4, frameworks supporting said
CDRs that aﬁggééﬁ\g/@? ?r%m a human antibody, iv. constant heavy and Iigﬁ%ﬁﬂa{}iﬁosﬂgtlﬁg e from a
human antibody. Humanized forms of non-human (e.g. murine, rat or rabbit antbodies) antibodies 5are
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab52 or other
antigen-binding molecules with subsequences of antibodies) that contain minimal sequences derived
from non-human immunoglobulin. 10 Humanized antibodies include human immunoglobulins (from the
recipient antibodyY irrelisiéls redidmamdedmng bodiplomentantyicetenwilimd 2egidh {CDR) of the recipient
antibody are replagasoby +esiduesfromaigDR:phayenhamansPegies:(donarantibody) such as
mouse, rat or rabbit h wrggf%w% desired specifi%ty_, affinity and capacity. In some instances, Fv

framework residuSdrthe HFaf SRS GIBbEH PG [¥FTaBRd by corresponding non-human
residues. In the humanized antibodies of the disclosure, the sequences encoding CDRs of a
non-human %artiﬂlg antibody defined in a) or b) have been grafted into the respective genes of human
immunoglobdlin he3yy BRA TG F-CAaMES HohReIgrTs Rty Rl FabibPisd  ©DRs) of a
monoclonal antibbdy:ar€ifiterstGettade tidsaamino acid sequences involved in specific antigen
binding according t ef al L0 connection with Chothia and Lesk (1987). From the
sequences of the vagrradb é%}rlgé%ﬁ’g%gs%%ﬁoﬁ% i%gé%ét ff)dﬁ%?g)ﬁfd SEQ ID NO:4, 25 the CDR sequence
can be routinely deterrhined Yayigdafahingdienicabar sequbneentatabdsedorrseguence features.
Techniques for obtaining h izeshantibadies are routinely available to the skilled person, they have
been described, inter alia, in US 5,225,539; 30US 6,548,640; and US 6,982,321. Appropriate
framework residues ofithe EYsRagialidd Qaibenriapbdenseddd srmne Ksituds to improve
binding affinity. As describeg:ghoveofm: methods pertinent to the art, the expert Icaows how to obtain
the CDRs from a given nonhuman antibody, to choose and obtain appropriate human immunoglobulin
genes, to graft the CDRETHRITHELS HHEL e FHBME B fette artante vasidods aidhexpress the
CDR-grafted antibodyamiapgyairiate hosteelso itz inepadiRnIsias exaid GHP:Eg)ls, and to test
the resulting recombinanganﬂbodies_for binding affinity and specificity. To obtain a humanized
antibody, the antigen Bi ipf% S?Pé%)?\&;vhich are formed by the CDRs of the heavy chain and CDRs of the
light chain, &be excisednfronh thebbiVAvofwellsisectetingithe sodenin(purina)psapnoclonal antibody and
grafted into the DNA coding for the framework of the human antibody. Alternatively to CDR grafting,
non-human, in particular marine, anti-CD37 antibodies can be humanized by the so-called
"resurfacing" techinbiogpravnéreinotheandenfdfamagorksmieodftmich Adgeddiiiothe exception of
surace-exposed iesiilieacas descred nio R 04k o auliersmbdment e disclosure

relates to humanized antibodies having a variable heavy chain with a sequence shown in SEQ ID

NO:6 and a variaBfESighE hame Hitrasefubnebsar erddomsthegdpddrmtes.shown in SEQ JD
NO:12, SEQdD NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20 and SEQ ID NO:22 In another
aspect, there is provided an antibody molecule that binds to human CD37 and that is derived from a

‘murine monoclon AREHEEF FAPSaERhebr s P abaRalr keaty dmarchpmsmigthe amino acid
sequence shown SR Ha Bl Ganddite-vaiableilighhchain aempasing the amingiacid sequence

¢
shown in SEQ ID thz 121,tvv erein said an ib%% IS acgéjmanfiz d a,ntibod@defined bg e%gall three CDRs
of the variable he3ly Ehaii 58 SHEWH fﬁ%éeé‘ ROWE ) diF ireaibed B WERBG b & light chain as
shown in SEQ ID NO:12, c) frameworks supporting said CDRs that are derived from a human

antibody, ang d) ??53@9%’1@% %é&{‘do}i%

t chains that are from a human antibody, | other
“embodiment, the osure relates to %?ﬁg |zIBgS gﬁti%)cf)(ﬁéas gé\i%%sg %%Eﬁga I%nhg’ﬁ\ébg?éin with a

sequence shown$peSEQIDUNG:S theidrevartalreallight 124in, the CD37 antigen in the Third
HLDA Workshop; these antibodies wers designated HD28, HH1, BI14, F97-3G6
(Ling and Macl.ennan, 1987). Other CD37-specific antibodies that have been
described mnclude RFB-7, Y29/55, MB-1, M-B371, M-B372 and 1PQ-24.
30  According to Moldenhauer, 2000, and Schwartz-Albiez et al., 1988, all these
antibodies (including G28.1) recognize the same or an overlapping or close CD37

epitope. Schwartz-Albiez et al.,, 1988, indicates that the epitope is situated in the



with a sequence selected from the sequences shown in SEQ ID NO:12, SEQ ID NO:14, SEQ ID NO:]
6, SEQ ID NO:] 8, SEQ ID NO:20 and SEQ ID NO:22. In another embodiment, the disclosure relates

to humanize Eg;r%}])i‘%tl)ﬁqig%sﬁhaving a variable heavy chain with a sequence %(}%%%@f%%g“o;lo and

a variable light'chain with a sequence selected from the sequences shown in” 12, SEQ ID
NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20 and SEQ ID NO:22. 5 The above defined
humanized antibodies are shown in Table 1. In certain embodiments, the humanized antibody has a
human heavy chain constant region 'gel and a human light chain constant region kappa. As described
above for the chimeric antibodies, the constant regions may be selected from other classes 10and

subclasses. In ceitEhRSHBEAMRRS T PRIMAMYBRL MBS B tHERAIeh iR IS 15tian constant
heallvy C|h6::i|n I_ngJaisimleg@é. mc?li@s%ﬁtmmztlj;%m;@nga&@wmﬁs@l%ﬁ@s%ﬂ or ﬁ mutated IgG1
molecule derived, therefrom and the humap i chain constant region as the sequence
shown in SEQ I%&%é.(ﬁﬁtﬁéﬁé@fl%%b%ﬁ E‘% |§%%H%*§6‘F&?é%% 6%&@@05%‘%30 be variants of the
antibodies that are defined by the amino acid sequences shown in the sequence listing. Using
routinely available, tec gies, the person skilled jn,the art wi e to prepare, test and utilize
functional vafiant@ S AL B i SRR at o et AR RO RIS, ot teast one
position in a CDRGEAH0f BiamekbeorkValtdrednaafiintartiogdiess Withssirgtei mmine @éldlsuistitutions in
the framework regéo&mﬁ%&@?rgo;ﬁ t%%’é%@&lﬁé%&??og%@m@% SaOUERGE, antibodies with

HTeC . A

conservative amino substitutions, antibodies that are encodeéd by 25 DNA molecules that hybridize,
under stringent cHREBRENRT DRGSR BY R skabante at it tHE e qudAdelfietiiy Sncoding

antibody variablexgfpains. Given the properties of individual amino acids, rational substitutions can be
performed to obtain antibody variants that conserve the overall molecular structure 300f the starting
antibody. Affino acid substitutions, i.e., "conservative substitutions", may be made, for instance, on the

basis of similaritysq pelasityxehargecsaietility bindiig phabicitsbydnophiisiyE1dad/arsthe amphipathic

nature of the respective ino acid.. The skilled n is. familiar. wi mmonl cticed amino acid
cubstiutions, as BB AT B ST bAoS00, Ao DT S modified
antibodies. Giver(thé géilietic cddecandinedombigarttarthgiasth etistbijArtébhnigumse DNA molecules
encoding variant antibodies. with.¢ \Y i I - S can be routinely
designed and the%%g %%%%/%%n%bgtog(%rgsfbr%gdﬁ%%@igﬁ%lgﬁr% c%ﬁgg’r%s%% %lv?t a aqF]tit_)ody as defined by
its variable ¢Raingmthedrrdartved Segtranschisting inempitoaiinarianfadn om prabetrpybery disclosure

have a sequenc%@iﬁﬁmi%&%mge @Q&ﬁ@@é@@@ﬁ & JeRsL60%nmmate Riefarabiivatigast 70% or 80%,
e

still more preferably at least 90% and most pre ,rabé)t/?at least 95%. Preferred antibodies also have a
sequence similarfSFAEHHE CHRTEGROIRE O RS B H CRfb I BYers By ot 8RATR 8Lt preferably
95%. Preferred agiihoplyivasipaidts BaneansRake peRdule Attt henvatiabiss ragians@f akleast 60%,

more preferably, at least 15 70%.or 80%, still. mqre pr ly at least 90% and mast preferably at
st 550, DretenE B AoE A5 AA08 TSGR S Aty 0 USFETG PEBIBHS o at oaet 803,
more prefer2bly 90%sared mastiirEaradshy 968mpetitive binding can also be determined by

FACS analysis, as described in the Examples.

An antibody defined in b) may be used in an analogous manner as G28.1 asa
starting antibody for the generation of chimeric or humanized antibody molecules.
25
A starting anfibody of category b) may also be generated de nove by using peptides
or protein fragments containing the relevant epitope, or DNA molecules encoding
such peptides/fragments, respectively for immunization to obtain antibodies
reactive with the same epitope as G28.1.
30
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"Sequence identity" between two polypeptide sequences indicates the percentage of 20amino acids
that are identical between the sequences. "Sequence similarity” indicates the percentage of amino
acids that eigl%%r 1%{}gﬂ;(115(:\;351%ical or that represent conservative amino acid substitutions. A variant may
also be obtained by using an antibody with a defined sequence as,shownpﬁrli/ﬁg@%ﬂ@ﬁ@e listing as a
starting point for optimization and diversifying 25 one or more amino acid residues, preferably amino
acid residues in one or more CDRs, and by screening the resulting collection of antibody variants for
variants with improved properties. Diversification of one or more amino acid residues in CDR3 of the
variable light chain, CDR3 of the variable heavy chain, CDR1 of the variable light and/or CDR2 of the
variable heavy chifasarzsashosioenaysasa beoliirstsificationizatipe Wohehylasetisods known in the
art, e.9. the so-called HRIM techinlopyorlaned.io MR AARIAAZS0% IR baLgrbodiment, the
e

anti-CD37 antibody molecule of the disclosure is an "affinity' matured" antibody. An "affinity matured"
anti-CD37 antibodff OBRAHTCS I AP HeHded iRH%CS an antibody with the sequences shown in
the sequence listing, that has one or more alterations in one or more CDRs which result in an
improvemen%in the affinity for gﬁ ntigens, compared to the respective original non-matured antibody.
One of the proceddfe§TBr §8h %ﬁw@’gﬁﬁyﬁﬂ%ﬁgﬁ?ﬁféﬁ%%ﬁ?&%g %Pé&gé“&@fﬂijéi’f @dwkins et al.,
1992; and Lowman:eCal37199bpiBrieflycaeveraldypenttighle tegionsies, H(Ra:&7 sites) are
mutated to generate, all possible amino acid substifutions at each site. The antibody mutants thus
generated are dis%f’atiiggél) h 330?}110%62\1/%&% %nsl?ﬁoor? flrt‘grﬁr?ﬁeanﬁ”l%lﬁ?(%’ﬁ%r%ﬁgﬁléeﬁ%m%’@%i%lfﬁ%%@?&:fﬁ%
gene 1l product ofRFPSiabkagedsyitiinteacimpedicleritienpivage-displayed mutants are then

screened for their. ical-activi 9. bindi ini herein disclosed. 15 Affinity matured

antibodies may ails%%g%%éuggﬁ %@égn%%ﬁod%%géo%gg:%%ce ?fb‘?hggaerrﬁcp 1éﬁl,ptenli’/&'l\%)ar A%”eet al., 1992,

(affinity matifatiomrbyvasiabiitidayihenain pudyeddvariablediget ohbfor Gdargonpaincshuffling), or

Barbas, et al. 199 9tler ohaho R aloN.£1aL% NASkagn. okl 005, And aidns et al.
affi

1992 (random 20 mutagenesis of CDR and/or framework residues). Preferre ity matured
antibodies will haD&&58 MoTaFErEEH Bresitinar afifted fordhethrgetizmtigéing In a further
embodiment, the grtiR3 tantibadsmalpeuls abihe distlosusdsaqdermmunized; antibody. 25 A
"de-immunized" anti-CD37 antibody is an antibody derived from a humanized or chimeric antibody with
a sequence showh i BRERSEETER SO ST, AHARIERS SR BRITGHICR IR REEIRE FFPR&ER%iNO acid sequence
which resultith a reslilictian:oh gniveiy hogemicityofithe antibody, compared to the respective original
non-dehumanized antibody. One of the procedures for generating such antibody 30mutants involves
the identification and remo \ al of T-cell epitopes of the antibody molecule (Baker and Jones, 2007). In
a first step, the inimunagpericityeefithewriitdedymelrcule sanhedetenmingd by seyeral methods, e.g.
by in vitro deterrraig}ﬁ.}ga%}of T-cell epitopes or in silico prediction of such epitopes, as has been
described in the literature (Jones et al., 2004; Jones et al., 2005; Reche et al., 2004; Hertz et al.,
2006). Once the critical residues for T-cell epitope function have been identified, mutations can be
made to rersgve immunggeniityAngd.tetain. antibegy: @{é%ﬁ%&ﬂe%theﬁ&%&ﬁwi etal., 2005).
Methods for introduction of mutations in proteins are well-Imown in the art, e.g. by overlapping PCR
techniques. Since the Fe rengr@rpaf%(ﬁiéhtibody interacts with a number of Fe receptors, which

10results in a number &) impestantfugstignsh capabilitiesHnhich.arg J i daasreffector functions”),
the antibody is, in certain embodiments, a full lentith antibody or an antibody that contains a portion of

the Fe renion, the latter as ﬁﬁ%@sl\ﬁ "antibody exhibits specific binding both to the relevant portion of

the antigen and to Fc recepigtaading shaise piithestypaanddengibeftheiganstant region 15 depends
on whether gffector functions like complement fixation or antibody- dependent cell-mediated

cytotoxicity @re desirable features, and on the desired phaimacological properties of the antibody
protein. The construction and production of chimeric mouse/human antibodies is well

known 1n the art (Boulianne et al., 1984). The variable regions of the non-human
antibody are typically linked to at least 2 portion (F¢) of the immunogiobulin
constant region of a human rmmunoglobulin. Human constant region DNA

30  sequences can be isolated in accordance with weli-known procedures from a
variety of human cells, preferably from immortalized B cells (see Kabat ot al.,

1991; and WO §7/02671). The antibody molecules may contain all or only a



in an embodiment of the disclosure, the anti-CD37 antibody is a chimeric or 20humanized antibody
with an Fe region, or the relevant section thereof, that has been engineered to modulate effector
functions, in parfeHIAR & BRIFHESBIEIRG T ong ahtisoay-hibinewilndradies tedbpor thereby
enhancing the effgcier fupGHOR ARRG.ENOIRRSsIRE O dhe e region mediaies tae aptibody's effector

function in the presence of effector cells more effectively than that of the non-Fe-engineered 25 parent

antibody. In one ERBLHRTEAT, CUERMHISOTY PaliRRToHE diktcomp eresth St i ig@iter than that mediated

by the parent antihggha(Hesheitallowing:dfsiat atherwise stated, the telinepatgst” in the context of an
antibody molecule, or in Ehe,ﬁcpgntext of Ig% r the Fe region , refers to the non-engineered antibody

molecule, Fc regiBAFGPIG S A HIRREVER O HBRTITRH (HE ted (engineered) molecule is 30derived.)

A variety of modifications of the Fe region have been suggested in the art, both in the scientific
literature and in ngrg;ahﬁpg%gx@%r@igpievlfa%’d%%éﬁéa WO, B304%/ RO 3234031, QA 744362,
WO 9805787, WO 9943713, WO 9951642, WO 9958572, WO 02060919, WO 03074679, WO |
2004016750, WO FESABEIED 18RS QoRsAGRS 36 B AN 20602487 4968 \eO- oD A0TSR \fprmmino
2004099249, WQc20050:4£881 SWOT2006892925, WO 2006019447, WO 2006031994, WO
2006047350, WO 2006053301, WO 2006088494 and WO 2007041635. In preferred

embodiments, the antibodies of the disclosure are Fe variants with 10amino acid substitutions at

positions 332 andlGnoBY &M PSB. HPisrefefrera i hisdilie aptddids eprdHedistivsureehave
mutations in the Eg.gemainisclestedkomihe.grop b asingle substitution at:positien 332 pLefarably
1332E; 15a combination of substitutions af positions 239 and 332, pre ably S239D/1332E; a
combination of sﬁﬁlﬁﬁe&%ﬁ’sﬁg g%ﬁ&ﬁgri%ag‘g and 332, preferably 0236A/ 1332E; a
combination of substitutions at positions 236, 239 and, 332, preferably 200236A /S239D/1332E. The
above defined substifutionshave {9t AR DEeRARRSRSIRIAL B8 Ao 2008 WD aribie
2004029207 and WO 2007 41_63_5: 25The Fe variants in the antibodies of the present disclosure are
defined accordinghdEmATS RPN BaI AR ASLRSEEaITH ST th&hs TS, Tt ekamiple E3BaEss an
Fe variant with thexsubstikion 133 2eeiaty ertothapaianchenelypsplide hikewise: S238DER3RE

defines an Fe vag%rjlt \évoith trl?s? sul stitutIilons gzg%g an I332% %%gﬁﬁ%igqargzglozsgA definesi an Fe
variant with the subistitutions 30 3‘3’6, 133 é,qan%‘i; BA rélative to the paré% Eeapéjl%%ﬁﬂlase?n
Numbering is acétigigiocthierEiHLfsaring asehwssieicatidtidd 8P Nt994,), which refers to the
numbering of the Eli antibody (Edelman et al., 1969). The person skilled in the art will appreciate that
these conventions consist of nonse u,ential,numbﬁring in_specific regions of an immunoglobulin
sequence, enablifig XHSHHARIEd é%e‘rse?{(%l%dcao SN OSSR TR R ITOYISBERATA thevaBtRle
defined antibodigs;sthecmibstitutedtipodjtionis286 2B3&.and 332 correspond to positions 119, 122 and
215, respectively, of the IgG1 heavy chain depicted in SEQ ID NO:24. (In the fill-length sequences of
the heavy chains of antibodies A2, A4, B2 and B4 shown in SEQ ID NOs: 28, 32, 36 and 40, the
substituted aminly agidsarebadipositichs 2850 &38@nai8 81 )hénliariotheriaspestctiere is provided an

antibody that bipgs; o human, GR3d.and hase Reaw shain £oupRrising:he Aping.acid sequence of
SEQ ID NO:36 and a light chain comprising the amino acid sequence of SEQ ID NO:38. In another

aspect, there is#tEAdEcARSENTITO ) ThitBhEdhs Himtah e84l Hadatiedoy iain comprising the

amino acid seqygneg abRERIPDMNQHO BRI EhRIFeeMRNSING dbgnaming acish sequence of SEQ
ID NO:42. In certain em%odiment,s, the Fc variants of the disclosure are based on human IgG

sequences, and tShHInAIPIGE 06 AR SN USSP AL tRB> base” sequences against which other
sequences are compared. For the antibodies of the present disclosure, the engineered Fc region is
preferably IgG, in particu ut it 2 rvari&lnt se S frorfrl1 other

immunogiobulinh&%%félgté%gc%g’ é%?%%%%%é%oﬂgféﬁi'reﬁcé}‘ri%l\slearsigﬁ%rb W6 ofmore immunoglobulin
classes antibody that has the heavy chain variable region shown m SEQ ID NO:2 fused to

the human heavy chain constant region 1gG1 which 1s an IgG1 molecule with the

sequence shown in SEQ ID NGO:24 (coding DNA sequence: SEQ ID NO: 23)or

muteated 1gG1 molecule derived therefrom and that has the light chain varjable

region shown m SEQ ID NO:4 fused to the human Iight chain constant region

kappa shown m SEQ ID NO:26 {coding DNA sequence: SEQ ID NO: 25).



(e.g. 1gG2/IgG1) and the like. Although the Fc variants of the present disclosure are engineered in the
context of one parent IgG, the variants may be engineered in or "transferred" to the context of another,
second parent IgG. This is done by determining the "equivalent” or "corresponding” residues and
substitutions between the first and second IgG, typically based on sequence or structural homology
between the sequences of the first and second IgGs. In order to establish homology, the amino acid
sequence of a fifsthig Buowtlinenshietsirgistdifectyconmpegedita thersequetice aftdhsdcond 1gG. After
aligning the seclyenees, Siane. L et of the NamelagyAlgNment progiems kagwn In the ar,

allowing for necessary Insértions and deletions in order to maintain alignmen (f.écig, avoiding the
elimination of cottsehiad résidoids vhidgtiahebitean) delettrafivsinstida)pthelfesidues equivalent to
particular am'n%ﬁ@&{%@%@ﬁéﬁ%@&%@&t the disthbe variant aeidelined, Regardless of how
equivalent or corresponding residues are determined, and regardless of the“identity of the parent IgG
in which the IgG&Q BrateWFEt is meant to be conveyed is that the Fc variants used in the present
invention may be engineered into any second parent 12G that has significant sequence or structural
homology with the Fe variant. Thus for example, if a variant antibody is generated wherein the parent
antibody is humah fFEIE ByLedifyie HstRsels s thibav 4Bkt othemmstiodsafor determining
equivalent residues::Hie:yarahbanfibodyieiaydie; engineered, for example, in a human IgG2 parent 5
antibody, a human IgA parent antibody (see WO 2007041635). The antibodies of the disclosure target
the antigen CD37, which may advantageous over targeting CD20 in diseases in which the level of
CD37 expression is higieR thantthatiof GD20: asreglcinehtanicymphaaytic deukemien L0 where
samples have shown hailgg tI)evels of CD37 mRNA expression compared to low level expression of
CD20 mRNA. It has been shown that antibodies of the disclosure are superior to rituximab, a
registered anti-CD20 ahtilodynitieéespeotte MDEGdativighon Ramos:¢elREQ SIhbinal B cell
depletion in whole blood and Ramos Burkes lymphoma cell depletion. As could be shown in the
experiments of the disclosure, the antibodies of the disclosure (both the non-Fe engineered and the
Fe-engineered ones) have a B cell depleting activity that is superior to that of rituximab. The antibodies
with the mutated Fc region show a ca. 10 fold increase of B cell depletion activity as 20compared to
rituximab (Figure 11B). Representatives of CD37 antibodies of the disclosure show potent
pro-apoptotic activity without cross-linking; in this respect, antibodies with this property are superior to
the anti-CD37 SMIP Trul6.4, which does not show apoptosis without 25cross-linking (Zhao et al.,
2007). Induction of apoptosis without cross-linking, which could be shown for antibodies of the
disclosure both with and without Fe engineering, is advantageous in the absence of a cross-linking
agent in vivo (e.g. effector cells harboring Fey receptors) or at low density of the target antigen CD37
(e.g. tumor cells with low level expression of CD37) An antibody which 30induces apoptosis without
cross-linking may still cause cell death, whereas an antibody dependent on cross-linking does not. In
a further embodiment, an anti-CD37 antibody molecule of the disclosure is an antibody fragment that
is derived from a humanized or chimeric CD37 specific antibody according to the present disclosure.
To obtain antibody fragments, e.g. Fab fragments, digestion can be accomplished by means of routine
techniques, 5 e.g. using papain. Examples of papain digestion are described in WO 94/29348 and US
4,342,566. Papain digestion of antibodies typically produces two identical antigen binding fragments,
so-called Fab fragments, each with a single antigen binding site, and a residual Fc fragment. Pepsin
treatment yields an F(abr)2 fragment that has two antigen combining sites and is still capable of
cross-linking 10the antigen.
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The Fab fragments obtained by digestion of the antibody also contain the constant domains of the light
chain and the first constant domain (CHO of the heavy chain. Fab fragments differ from Fab fragments
in that they %Bt%{;‘g%? 3i}'gizonal residues at 15 the carboxy terminus of the heayv cr}}ain CHI domain
including one or'more Cysteines from the antibody hinge region. FabI-SH]i?%Péﬂeg{%%ﬁ%n herein for
Fab' in which the cysteine residue(s) of the constant domains bear a free thiol group. F(a701)2
antibody fragments originally were produced as pairs of Fab' fragments which have hinge cysteines
between them. Antibody fragments can also be 20 generated by molecular biology methods producing
the respective coding DNA fragments. The antibody molecule will typically be a tetramer consisting of
two light chain/hea¥y cHaR.pERES BupPAERalgsd e MimEnt ateed ebiesisStooh & igheehalbpéavy 25chain
pair, e.g. a Fab or Ry fragment, &L may inea-menrqmerc $ingls shain.antiBesly (scFv; Johnson and
Bird, 1991), a minibody, or a diabody. The anti-CD37 antibody molecule may also be in the form of a
conjugate, i.e. an antibody molecule that is chemically coupled to a cytotoxic agent, particularly a

30cytotoxic agent-thakinduGescysoniciine: 9. APORIASISr NHOlic amestiaf ummssealls. As a result
of normal ph%rmacologic Cl%ﬁ}%ﬂ% mechaniims .an antibody employed in a drug conjugate (an

"immunoconjugaté®) tontad ingS6'e4 a@fl'l%(fﬁ@i%W' AFREY BETEUNEIOR R fSfore, the
cytotoxic agent emyplayed Ridlie cosjhgatemmshibéiighly2ytetoxth suskethatsufficient cell killing
occurs to elicit a therapeutic effect. As described in US 2004/0241174, examples of such cytotoxie
agents include ta%ﬁé%@lg é}ag@“\t%r&%fsqﬁ%%% 0 é?&g??maarfkylating agents (e.g.,
CC-1065 analogsimantitugclydines, tubulysin analogs, duocatinyein analogs, doxorubicin, auristatin E,
ricin A toxin, and cytotoxic agents comprising a reactive polyethylene glycol moiety (see, e.g., Sasse et
al., 2000; Suzawa et al., 2000; Ichimura et al., 1991; Francisco et al., 2003; US 5,475,092; US
6,340,701; (% 6,3z3g:dhemtigies486 198 huyg JoUY0036923:U 6020 04/0801888; US
2003/0199519; apg ¥/ 0349696 4n & prefered embadimen Je-yigioxis, pasabis Amaytansinoid

i.e. a derivative of maytansine (CAS 358465389) maytansinoids being known in the art to include
maytansine, may APERBICE 2 HRRdNaGT FRIgERASTENSIAHES SErBr arhyRadistiITaRIGAESAMd derivatives
(see, e.g., US 5,208:Q2@nanshy Su6iA ko3, AN GBSY minogy inmungrenidgatesmay be

designed and synthesized as_described in WQ 2007/077173 for anti-FAP immunoconjugates. In a
further embodimefif RRAERY-BEY¥PTBTREGRS: & tHAERSEBsTHE IR BT AdiB 4R tively labeled to form an
radioimmuntEonjiigaiecgiviappreachtuggasted-fosgheianthGDR Arantibagdy=MB-1 (Buchsbaum et al.,
1992, see above). Radionuclides with advantageous radiation properties are known in the art,
examples are Phosphorus-32, Strontium-89, Yttrium-90, lodine-131, Samarium-153, Erbium-169,
Ytterbium-175, Rhertiuinsh8874t abtiavié:bebhslisdesstuliyangd:siadlyrecodipleG& MAbS. The anti-CD37

antibody molecules. o i s I it rious_radionuclides using direct labeling or
indirect labeling rﬁé%h%ﬁsﬂ%%%é%%@ g? %@%@é%ﬁ#@l %@%ﬁfﬁﬂ%&%&u}%ﬁg@v on technologies for
generating and appiyiaaaeversad iomisie danasybebnjigetesh aekirebaiseful in the present

disclosure, iscgiven by Goldenberg and Sharkey, 2007. An antibody molecule of the disclosure,

whether Fe-engineered or not, may also be bispecific, i.e. an antibody molecule that binds to two
different targets, oR @ HHETRIBEECETIRE §HEr Sribringsereambm@elsiiface antigens

expressed by T callg:8:chGPBs GRLOARG @@@@qﬁbﬁwwwsﬁlgwﬁﬁﬁgg&ﬁtﬁa@ DNA

molecules that encode the chimeric or humanized anti-CD37 antibody molecules of the disclosure.

The sequences efCOHIRS (AMEBRE Hékvy thalfs L ambebdy b2 cafes sk Hatis&iBEtre are shown
in SEQ ID NO:1, SEQdR:Ne:bf HEQHRNG:FianchSHEQHINSED. IThE GequeriEes Encagling variable

light chains of the an '%{ﬂﬁl}gmolegule of the. di cg%%ure are shown in SEQ JD NO:3, SEQ ID NO:11,
SEQ ID NO™3, S@Qel ' éé)q.‘i%“,cséaés?brﬂ@: y 6“!81%%?1‘“5?@@& |%e|\f1{%)?aéf?ﬂ‘ﬁ%?§ic acid
molecules codingdartibre ligghteghaincaidtthe. heavy chain may be synthesized chemically and
enzymatically (PCR amplification) by standard methods. First, suitable oligonueleotides can be

synthesized with methods known in the art (e.g. Gait, 1984), which can be used to produce a synthetic
gene. Methods to‘gehermgs symhtiunehas o oligbndicleutidestardyknevabin ththart (e.g. Stemmer
etal., 1995; Ye el 992 Hayden.et Mandecki,1988; Frapk gtad s 19874 he DNA molecules of the
disclosure include, but are not limited to, the DNA molecules shown in the sequence listing
Accordingly>the prédeattsiiosiréalsdetadéds to nucleic acid molecules that hybridize to the DNA
molecules set forth in the sequence listing under. high stringency binding and washing conditions, as
defined in WO 2007/042309, where such_nucleic malecules encode an antibody or functional fragment

thereof that has pfOBETHE& 2 JANAIERT STLHssRofD E-grafed antibody may be reverted to



antibody encoded by a sequence shown in the sequence listing. Preferred molecules (from an mRNA
perspective) are:thiasedhialhayénatrieasiiidde aff80%0 (o eistaidytiableastiB@blonma® preferably at least
90% and most E{r\efeﬂrablg at leas 95%% h%nﬁ)olo% or sequence kgﬁﬂ%lt with one of the DNA molecules
described hereitt Pt aR6theF cIAsSSFDNA Varnant AP At ithin OE%:%&%V%? HY& disclosure may
be defined withireferencéidithe gelypepiiietheyppoodetcihess: DiNAumaledules geviate with respect
to their sequence fram.th depicted in the sequence listin: It encode, due to the degeneracy of
the genetic cod%é), An |b%’d?§{vﬁvi ?égeig&dﬁlg%l %?rnz}%%%csle %%%du%]ﬁ%}ggoé% I:/?/S@i'éug?’etg}(ample, in view of
expressing the antitrodiesiPRukaiyotiotosily, thepDNAsEguencessshawihimtkehsergisence listing have
been designed i ic cel i red:! e antibodies in E.
coil, these sequégﬁ?jsggaﬁﬂ%?%hl@r?gggé %%etr%{ig?éééﬁéﬁgc%%%kgégﬁﬁ%%%ﬁ%ﬁﬁ%%ﬁﬂg& molecules of the
disclosure can b&istnsndieredtiniseveral different ways, as described e.g. in WO 2007/042309. In
another aspect, there is provided a DNA molecule comprising a region encoding the variable light
chain of an antibody as defined above. In another aspect, there is provided a DNA molecule
comprising a re§iotP B aERIE HEBIh &R P ERaTOST HREEHEBOUY 8 e it 4B VecFor producing
the recombinantaati-GBa3 hantibad molecutesefhithe; disclosuresthe-RNAxmalscutesencoding

full-length light and heavy chains or fragments thereof are inserted into an expression vector such that
the sequences F&UHEFEFAEE HRRBLFR FAREEA ST oiRd PERehtimh st dheebitiences. For
manufacturing the artibpdies efthediselasuraesdhemskilleskadisan may choose from a great variety of
expression systems well known in the art., e.g. those reviewed by Kipriyanow and Le Gall, 2004.
Expression vectors include plasmids, retroviruses, cosmids, EBV-derived episomes, and the like. The
expression vectahanst expresSIoR goritiol, sequences aresetediechtoibe enrrphtible with the host cell.
The antibody light.chain gene and the antibody hea nain gene can be inserted into separate
vectors. In certgalj}fué?n 0 |r%negﬁt%?%%%hzﬁéx%ee&(lﬁiﬁecr?(l:%csicg’rees‘{f#%‘éﬁéd%%o ﬂ;kégga%né’regg ression vector.
Convenient vectrscaraitfoge tdtsencoefe mthentivhelly SomplensitrunianGetorBisdimmunoglobulin
sequence, with ﬁggﬁggrﬁtgeggﬁgggq%jgtﬁwp_eered so that any VEI or VL sequence can be easily
inserted and expressed, as described above. The constant chain is usually kappa or lambda for the
antibody light chain, for the antibody heavy chain, it can be, without limitation, any 1RG isotype (lgel,
962, 19G3, 9CH) op,aihetimmnagiabulios, including Alelicavianis, anpler ashaglihere is
provided an expression vector comprisin a%ﬁz molecule as defined above an or a DNA molecule

as defined aboVE2BrSIRFROK BreSRMBr COITLE S HrelBNR i sRsta e Eaehitddidove and/or the
DNA molecule asidefingd-aboxg:dranotheiaspeeictheneds: pravidedanosteell carrying one or more

vectors as defingd above, pref t;e g hos Ig rrie £ sion vector comprising the DNA
molecule as deé@%ﬁ@ﬁﬁnﬁéﬁ éc r%i@xéfé@ %wéeié%gmﬁﬁl gz%aﬁ A as defined above. The
recombinant exgiEssipnNgetior may also encode a signal peptide that facilitates secretion of the
antibody chain from a host cell. The DNA encoding the antibody chain may be cloned into the vector

such that the si na%g&%cfg%%&? linked in-fraime.i0.the amino;terpinys 9f e matue apibogyghain

DNA. The signal pepti ay be an immunoglobulin signal peptide or a heterologous peptide from a
nonimmunogloBerivFpriesina AREiRAtREN RDIAbSEY iBfHcE eHEBaGInE dntiBiothFserth Ty
already contain.g.signak peptidesequensaaddiiendsie DNACsesuances ereasingithie antibody
chains, the recombinant expression vectors carry requlatory sequences including promoters, .
enhancers, terMiR&HSH AN SBIYR0ERYISHOR Sighals and Sther expression control eferfients that
10control the ekpressiahaofithéyairtivedychaiistinea G08s gl thE xamaple Sdorypromote slsequenies

(exemplified forgxpressipn, in marpalipf cells)are REQRALerSARIIOK ﬂﬁ?\fé:%%fég%%ﬁ%ﬁg'\/'w
(such as the CMV Simian Virus 40 (SV40) (such as the SV40 promoter/enhancer), adenovirus, f, g.
S

the adenovirus THrJof e GTBEeRARM EB)) h S8 4REP SRERY I AHhAIRART B RHer S uls
native 15immungglehwinersactinpremeiesdyExamples for polyadenylation signals are BGH polyA,
SVA40 late or early polyA; alternatively, 3'UTRs of immunoglobul n genes etc. can be used. The
recombinant expression vectors may also can-y sequences that regulate 20replication of the vector in
host cells (e. g. origins of replication) and selectable marker genes. Nucleic acid molecules encoding
the heavy chain or an antigen-binding portion thereof and/or the light chain or an antigen-binding
portion thereof of an anti-CD37 antibody, and vectors comprising these DNA molecules can be
introduced into host cells, e.g. bacterial cells or higher eulcaryotic cells, e.g. 25mammalian cells,
according to transfection methods well known in the art, including liposome-mediated transfection,
polycation-mediated transfection, protoplast:fusion, microinjections, calcium phosphate precipitation,
electroporat on or transfer by viral vectors.

10



30 Preferably, the DNA molecules encoding the heavy chain and the light chain are present on two
vectors which are co-transfected into the host cell, preferably a mammalian cell. Mammalian cell lines
available as hosts for expression are well known in the art and include, inter alio, Chinese hamster
ovary (CHO, CHO-DG44) cells, NSO, SP2/0 cells, HeLa cells, baby hamster kidney (BHK) cells,

monkey kidneylselis(c:QShobiBanEacinona calede Rin#eR-022:AXMS, fells3R3Calls or the
derivatives/progenies of any such cell line. Other mammalian cells, including but not limited to human,

mice, rat, monk& &b G EEARESSIOMBtTer BUKA S ke irrelelimBasuERER limited to yeast,
inslect a}nd p;aﬁbﬁ(jelﬂ%f;@;eaée@w@g%@@;ﬂzﬁ@%@f@b@m@m@mﬁ H%S@m:mp a(ljnti;CD?)? a;}tibody
molecules of the disclosure are produce ring the t cells for a period of time sufficient to
allow for expregg%ﬁ%}\}fﬁéﬁrﬁé&% Fﬁ%lé@ﬁ%éﬁi E#ééqlgog% tgﬁg) It Afotet™dspect, there is provided a
method for progeQifng s aatibody as defined above, comprising transfecting a mammalian host cell
with one or more vectors as defined above, culturing the host cell and recovering and purifying the
antibody molecule. Antibody molecules are preferably recovered from the culture medium as a
secreted polypeptidéoritisalinhietetoveceddror ash calhlysate arfifotiexample Lxpressed without a
secretory siana) [ s negessary topurly s aniiaedy malesules.ysing siandard prafein purification
methods used for recombinant proteins and host cell proteins in a way that sﬁ%s“tantlally homogenous
preparations of the antibody are obtained. By way of example, state-of-the art purification methods
useful for obtaining the anti-CD37 antibody molecule of the disclosure include, as a first step, removal
of cells and/or particulate cell debris from the culture medium or lysate. The antibody is then purified
from contaminant soluble proteins, polypeptides and nucleic acids, foi ,,xample, by fractionation on
immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase HPLC, Sephadex
chromatography, chromatography on silica or on a cation exchange resin. As a final step in the
process for obtaining an anti-CD37 antibody molecule preparation, the purified antibody molecule may
be dried, e.g. lyophilized, as described below for therapeutic applications. In a further embodiment, the
present disclosure relates to a phaliaceutical composition containing, as the active ingredient, the
anti-CD37 antibody molecule of the disclosure. In another aspect, there is provided a pharmaceutical
composition comprising, as the active ingredient, one or more anti-CD37 antibody molecules as
defined above, and a pharmaceutically acceptable carrier. In another aspect, there is provided a
method of depleting CD37 expressing B cells from a population of cells in vitro, comprising
administering to said population of cells an antibody molecule as defined above or a pharmaceutical
composition containing such antibody molecule. To be used in therapy, the a -CD37 antibody is
included into pharmaceutical compositions appropriate to facilitate administration to animals or
humans. Typical formulations of the anti-CD37 antibody molecule can be prepared by mixing the
anti-CD37 antibody molecule with physiologically acceptable carriers, excipients or stabilizers, in the
form of lyophilized or otherwise dried formulations or aqueous 5solutions or aqueous or non-aqueous
suspensions. Carriers, excipients, modifiers or stabilizers are nontoxic at the dosages and
concentrations employed. They include buffer systems such as phosphate, citrate, acetate and other
anorganic or organic acids and their salts; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium chloride; 10 hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); proteins, such
as serum albumin, gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone or
polyethylene glycol (PEG); amino acids such as glycine, 15glutamine, asparagine, histidine, arginine,
or lysine; monosaccharides, disaccharides, oligosaccharides or polysaccharides and other
carbohydrates including glucose, mannose, sucrose, trehalose, dextrins or dextrans; chelating agents
such as EDTA; sugar alcohols such as, mannitot or sorbitol; salt-forming counter-ions such as sodium;
metal complexes (e.g. Zn-protein complexes); and/or 20 ionic or non-ionic surfactants such as
TWEENTm (polysorbates), PLURONICSTM or fatty acid esters, fatty acid ethers or sugar esters. Also
organic solvents can be contained in the antibody formulation such as ethanol or isopropanol. The
excipients may also have a release-modifying or absorption-modifying function. 25 The anti-CD37
antibody molecules may also be dried (freeze-dried, spray-dried, spray-freeze dried, dried by near or
supercritical gases, vacuum dried, air-dried), precipitated or crystallized or entrapped in microcapsules
that are prepared, for example, by coacervation techniques or by interfacial polymerization using, for
example, hydroxymethylcellulose or gelatin and poly-(methylmethacylate), 30 respectively, in colloidal
drug delivery systems (for example, liposomes, albu@iin microspheres, microemulsions, nano-particles
and nanocapsules), in macroemulsions or precipitated or immobilized onto carriers or surfaces, for
example by pcmc technology (protein coated microcrystals). Such techniques are disclosed in
Remington: The Science and Practice of Pharmacy, 21st edition, Hendrickson R. Ed. 5 Naturally, the

foitnulations to be used for in vivo administration must be sterile; sterilization may be accomplished be
convvantinnal techniaditiee a a hyv filtration throirioh <ctarile filtration memhranac



It may be useful to increase the concentration of the anti-CD37 antibody to come to 10a so-called high
concentration liquid foimulation (HCLF); various ways to generate such HCLFs have been described.
The anti-CD%?Oa#}ﬂ%g\%golecule may also be contained in a sustained-release reparation. Such
preparations include solid, semi-solid or liquid matrices of 15 hydrophobic?glr@) %ﬂﬁ%(ﬁolymers, and
may be in the form of shaped articles, e.g. films, sticks or microcapsules and may be applied via an
application device. Examples of sustained-release matrices include polyesters, hydrogels (for
example, poly(2-hydroxyethyl-methacrylate) or sucrose acetate butyrate), or poly(vinylalcohol)),
polylactides (US 3,773,919), copolymers of L-glutamic acid 20and y ethyl-L-glutamate,
non-degradable etiiiarieaurifeactaee ey fhe apne Jarticberanan el B tbpolymers such as the
LUPRON DEPOTdn ﬁi@jg@@bﬂ,esmgqgspbq@mm of lagtpipcighadycglic acid copolymer and
leuprolide acetate% and poly-D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl
acetate and lactic g&dl-}alyég){ﬁe-acid enable release of molecules for 250ver 100 days, certain
hydrogels release proteins for shorter time periods. When encapsulated antibodies remain in the body
for a long timg, th; ay denature or aggregate as a result of exposure to moisture at 37C, resulting in
a loss of biol8gicz§ %/éeg%kﬁ/ﬁ §ﬁ§“ﬁ%%§fﬁﬁé%gﬁ§%ﬁt§§°f§?ﬁ?ﬁ?ﬂ8§wﬂf}?’]ﬁ&tional strategies can be
devised for stabilization depending on the mechanism involved. For example, if 30 the aggregation
mechanism is dis Ig\c/grrte% %?n(?edi%gn notheecklljill?nr ng o&%f%rpﬂatioq thrpugh thio-disulfide interchange,
stabilization may be Schieve %y moéifylng' s.u"lﬁ’ftﬁyw ry€1 resiques; ﬁ/&%ﬁﬁpza |%Wf&%l?§grﬁéa§léribed in WO
89/011297) from axjdit IgGlutichs hoowtr diing: haoistomet oo ment) Using. dppdepriste atiditivies, and
developing specifi i ositi Jormulati h also be used for the
anti-CD37 antiboé%%%%%%eg%%ﬁ%&géﬁ%@s%%ﬁé%b &%ﬁ%%%%é@?géf “And US 6,991,790. The
CD37 antibd@y meléculeiesithe incorporated also in other application forms, such as dispersions,
suspensions or liposomes, tablets; capsules, powders, sprays, transdermal or intradermal patches or
creams with or without permeation 10 enhancing devices, wafers, nasal, buccal or pulmonary
immolations, or miAyHEBrUNESE By P RTeH &l o gkt PhBR arrretRy Libjematndividual's own

cells. An anti-CDZ4aniH e nalssuleanay.alsaiedasivatized, with & ehemigalgreup such as
_polyethylene glyc%lﬁgzDEG a methyl or ethﬁl group ora carbohg%rlate 15group. These groups may be

useful to improve T BIASGeA FHaratess 1&%%%&?&869? f5mcrehdls BERh Bll-life or to
increase tisdde bicidiftgechherpreferrecipotesof applicationtisvparesalbydnfgsion or injection
(intraveneous, intramuscular, subcutaneous, intraperitoneal, intradermal), but other 20modes of
application such as by inhalation, transdermal, intranasal, buccal, oral, may also be applicable. For the
prevention or treattneRrt DA Uiseiaséy theapiprapriataisosagendantibady.willtdepaad on the type of

disease to be treaa%&ﬁ%ﬁ%?ﬂ@ﬁﬁﬂeﬁ%gfﬁ% g&lﬁ]% Q&%tﬁq:u eggggﬁéher.th% antiboglé/ is administered

for preventive or therapeutic purposes, prévious therapy, patient svfaiﬁ}caf ﬁfgt%ﬁ?y &nd response to
the antibody, and thérdidératgnibingie arsndmgPipdician. tithpeaaibbdiedsis ditattyvalthinistered to the

patient at ongytime,pr RURLARE rigs ol tieatmanis;3oPepending gn Ihe pesand seysriyof the
disease, about 0.01 p.g/lcg to 40 mg/kg (e.g. 0.1 -20 mg/kg) of antibody is an initial candidate dosage

for administration FS¥RBIEATE TR HNARBPOFES it 2P BR B RTo e SEPEr Al S ministrations, or by

framework altered, variant antibodics with single amino acid substitutions in the

framework region where there is a deviation from the germline sequence,

antibodies with conservative amino substitutions, antibodies that are encoded by
25  DNA molecules that hybridize, under stringent conditions, with the DNA

molecules presented in the sequence listing encoding antibody variable chains.

Given the properties of individual amino acids, rational substitutions can be

performed to obtain antibody variants that conserve the overall molecular structure
30 of'the starting antibody. Amino acid substitutions, i.¢., "conservative substitutions",

may be made, for instance, on the basis of similarity in polarity, charge, solubility,

hydrophebicity, hydrophilicity, and/or the amphipathic nature of the respective



continuous infusion. For repeated administrations over several days or longer, depending on the
condition, the treatment is sustained until a desired suppression of disease symptoms occurs.
However, ot% %gﬁ{?gimens may be useful. The progress of this thet@?éﬁ ?ﬁgx4monitored by
conventional techniques and assays, e.g. by deteimining the extent of B cell depletion (e.g. using flow
cytometry). The "therapeutically effective amount” of the antibody to be administered is the minimum
amount necessary to prevent, ameliorate, or treat a disease or disorder, The anti-CD37 antibody
molecule of the disclosure and pharmaceutical compositions containing it are useful to deplete B cells
that express CD37 on their surface and that cause cancerous or autoimmune/inflammatory disease. In

another embodin@ﬁﬁ‘?’tﬁ@‘bﬁé‘ﬁﬁ%’@@lﬁ?@éﬁ%%@%ﬂﬁﬁnwdﬁﬁ@w&%%%%%raﬂ*fé treatment of
canclcle:s, inhparticg{ggt@{ﬁyogp%?%@,@g%%@iﬂfgwQl?m/&gg@%l%gﬁ@ﬁﬁg@ﬁq&%ﬂg;hout Ii(mitati)on, ;
B cell lymphomas (e.g. various forms of Hodgkin's disease, B cell non-Hodgkin's lymphoma (NHL) an
related lymphoma a5 SV ABHREHSH & WA S B AETe 20 LA AT NGB Macytic
lymphoma or imnmecytomakQmientad Bersus.cydtemdyimphonas)kdedkemias: (&g acute
Iymphoblastiﬁ IeukerrliaéALLE? chrgni I1¥rr[11€£1(909@iac I ukerpialgﬁd_L; al%[o t?ir{pked B cell chronic
lymphocytic dukémia B ]Ifff), %]ﬁy%lelf Sukemia and chronic f%llgf%fs i fetkei Scé\ﬁ% rnyelomas
(e.g. multiple myeloiagjicAdditignatitBreall malignancies include small lymphocytic lymphoma, B cell
prolymphocytic leukemia, lymphoplasmacytic lymphoma, splenic marginal zone lymphoma, plasma
cell myeloma, solitary plasmacytoma of bone, extraosseous plasmacytoma, extra-nodal marginal zone
B cell lymphoma bf spiipesspmssdoiatedi vy aF)dsmphbidtissuabiodaimmakginaizdise B cell

ymphoma, folicular vrmphame..RQHe el bwanhama difuselaras sl irpatigma, mediastina |

(thymic) Iarqe B cell lymphoma, intravascular large B cell ymphoma, primary effusion I(}/mphoma,
Burkitt's lymishomémestikeéhifis, GrirsenBsigripHenti BocapralrerabingtdsashdBrath Hdlignant
potential, lymphogaatgier-granematasis: and peshisanseRabiymphkenrstiferativerdisorder. In a further

embodiment, a pharmagceutjca] composition containing anti-CD37 antibodies is useful for the treatment
of autoimmune aARHRRER %ﬁ(lﬁ?' S EALERThPTHEDIV s CehE i e Path &bty ‘Such diseases
include, but are nebliwteldridpotiitiad thesnpedtiassthatis, frafenie shawiataidaatihritis sosteoarthritis,
polychondritis, psoriatic arthritis, riasis, dermatitis, polymyositisidennat sitis, inclusion body
myositis, inflammat lf?f’i?)%ﬁ’%%‘ft@%x%%%deﬁ%igp ﬁé’éﬁ%l%&ﬁigsa%té?ﬁf% grcel%%?géié?rﬁgeﬁﬁtd sclerosis,
CREST syntffomé&Qtespéiite sidissoviatedewithy inflannidtoryndonvst pistadey Erah $Hicease,
ulcerative colitis, gespirglony disiiess Hdiome. adyl (BSRIAION dlstieas SIS ARDS).
meningitis, encephalitis, uveltis, colitis, glomerulonephritis, altergic conditions,”eczema, asthma,
conditions involvikgsintifratier o Fieehsy sdchrdmest Binfrashim Aoy responses, atherosclerosis,
autoimmune myocarditis, leukocyte adhesion deficiency, systemic lupus erythematosus (SLE),
subacute cutaneous lupus erythematosus, discoid lupus, lupus myelitis, lupus cerebritis, juvenile onset
diabetes, multiple SEidf3&isiCANETY I CEHEEp R NS fSesrommyatitisioptisdheristmtecreler,

Sydenham’'gghorgairipundneiesRanseEcassaciaiedwiibyaawie and20delayadypersensitivity
mediated by cytokines and T-lymphocytes, tuberculosis, sarcoidosis, granulomatosis including

Wegener's granufSstESie SR CHARG B FEHES HKEdhy ANRATIEHREEN VARRUREMEiuding
hypersensitivity vaseitiisiangitise AMNCARaAd: fhaumatoid vasculitis), aplastic anemia, Diamond

Blackfan anemia, jmmune hemol ig emi includip autaimmune h lytic anemia (ATKA), 25
pernicious anemia, BaFerEY" %é‘ﬁ%%m%%%ﬁé&%‘ﬁ%c of“{}]lq?f)égﬁgf%%@F?Hg#%ﬁﬂ#ﬁfg%&autoimmune

neutropenia, pgnGympeima;‘demqmpwl'&ﬁdg_eassmmngm feukmgﬁeﬂiapmkbéisméytngl nervous
system (CNsy inflammatofy ng%‘i{Bd%'s’gera}&Hé’d? ?é@e%%blg]%%’ %V%%Or%edu@’i%%hgﬂ%an%r%v's’ .
antigen-antibody complex mediated diseases, 1zgmtl-g omerular basement membrane disease, anti- 30
phospholipid antibdEssyndboraseliagghs netiteg Bé@é?d@%@@,@%@éﬁ!ﬂﬁrf@%ﬂdn@ne,_
Goodpasture’s Sy&ﬂfﬂ%ﬁr&@ﬁ@%ﬁ%ﬁ@é@ﬁib@@iﬁéQﬁ&ﬂ%ﬁ(ﬁk%?Hl&rp'%ﬁb{ﬂé%!g}? SyPgrome, Sjorgen’s

syndrome, Stevens-Johnson syndrome, solid organ transplant rejection, graft versus host disease
(GVHD), pemphidd¥Batidisy semiphighishgiiof RE HeNEHAbCriopaties derdrmdghtive
spondyloarthropathies,iReiters diseaser iffinansyndiere caiant celbarterilisqimmune complex
nephritis, IgA nephropathy, lglvl polyneurgpathies or IgM 5mediated neuropathy, idiopathic
thrombocytopenid PUBHE it ioiBotE RBBOEBPeRidparp ik thf—*ra@)?ﬁ]@ﬁ Mchonlein
purpura, autoimmisienthsembaeiiopeniay auoimommedisease of the testis and ovary including
autoimmune orchitis and oophoritis, primary hypothyroidism; autoimmune endocrine diseases
including autoimmune thyroiditis, chronic thyroiditis 10(Hashimoto's Thyroiditis), subacute thyroiditis,
idiopathic hypothyroidism, Addison's disease, Grave's disease, autoimmune polyglandular syndromes
(or polyglandular endocrinopathy syndromes), Type |,diabetes also referred to as insulin-dependent
diabetes mellitus (IDDM) and Sheehan's syndrome; autoimmune hepatitis, lymphoid interstitial
pneumonitis (HIV), bronchiolitis obliterans (non-



15transplant) vs NSIP, Guillain-Barre Syndrome, large vessel vasculitis (including polymyalgia
rheumatica and giant cell (Takayasu's) arteritis), medium vessel vasculitis (including Kawasaki's

disease andgpglyRegiis,nodosa), polyarteritis nodosa (PAN) ank.ylosingspandylitis. Berger's disease
(IgA nephropathy), rapidly progressive glomerulonephritis, primary biliary cirrhosis, Celiac sprue
(gluten 20enteropathy), cryoglobulinemia, cryoglobulinemia associated with hepatitis, amyotrophic
lateral sclerosis (ALS), coronary artery disease, familial Mediterranean fever, microscopic polyangiitis,
Cogan's syndrome, WhiskottAldrich syndrome and thromboangiitis obliterans (see WO 2007/014278).

25Depending on t%@iﬁﬁ{&%&%ﬁ&%?&%&%ﬁﬁiaﬁ%%ﬁgalgti ody g%#ggyslﬁocs)f the disclosure may be

used on its own or in combination with one or more a na?t%erape icagen se,llsnaﬁarticular selected
from DNA damagufijrartahautindiagingagents or therapeutically active compounds that inhibit
angiogenesis, signal transduction pathways or mitotic checkpoints in cancer cells. 30 The additional
therapeutic agent may be administered simultaneously with, optionally as a component of the same
pharmaceutical ptepafation rernbedd roiCRité pachmihistratienteC Ik antitc B 3Famnttbdy molecule. In

certain embedim : ;19%’51; peWi ay be, without limjtation, one or more
inhibitors secl‘fcte f%%%wm%e gro%Ea ?)éfelizﬂ%%fg% %ﬁgé%{h%%ﬁ f/%l\{}ﬁ]&%#'?gmﬁfy?qﬁ?fﬂ‘ﬁfalnsulin
receptors, AuroraheTaiiret #BYRLK ant PR3RE sl RGFR PDBHRyYRafnKisFhor DK {dEurther

examples of addigional; thprapeHiic ROENIR Are,ikikitars;of GDKS, £ ~Ber-Abl, cKit, cMet/HGE,
c-Myc, FIt3, HSP90, helz%agehog antagonists, %O inhit%%ggéﬁlaﬁ%ﬁ%ﬁﬁé@%%? I%(:{ gppaB, the

proteasorne, Rh@ s dHifbiRs SsP AP gisiral g brdysteresiy mamyeo pheee Bispimndiorkpathway
inhibitor.  Examples, foyoAuera inhibitoss are owithewlimitation; E%AJ&%%% 6lslde2, 15 AT-9283,
CYC-116, R-763, VX-667, MLN-8045, PF-3814735, SNS-314, VX-689, GSK-1070916, TTP-607,
PHA-680626) MLKIEBEI P ERINERSE S ERITa it BIestdia sBLROIAbRISIE YK #619B4. 20
Examples for raf inhibpitetsabe BAYZ314506 alsaB\MEGRBLINBIIKO nBhot:493 2: RAF-265 (also a
VEGFR inhibitor) sor_}{'enib also.a VEGFFfeinhil?liltsor), XCLR%SL an Neé@ﬁ/ar alsaq an inhibitor of the

VEGFR). | ExarrBs 1R DA et S i AT AR 20 B BAUE 7 N1 122607, 25

GSK-246053A, G8#=9238296;MikeD 13|-BB114 3824 -ti¥p2H23 3nGamadrE MB-534885. flxamples for a

src and/or ber-ablinhibitars are q%ﬁt' ib, AZSD-OS -bosutinib, X -2]%8 Iso an IGF-1R inhibitor),
. ne [€]o4 2.0h ) g ; S
nilotinib (also a PB(gél}éa d kIt in bﬁ%&), k! }Ir!r‘%aaf%? ‘%ﬁ%%ﬁ‘é"’é’fﬁt“ﬁiﬁ& ) cs)i?), NS-187, ICX2-391,

AP-24534 (&¥so an inhibitor of EGFR, FGFR, Tie2, F1t3), KM-80 and LS-104 (also an inhibitor of F1t3,

Jak2). An exampledfar A LRI DhbYALisARa1E ADSEANAIE LA Rhanhibier ks BA-210.
example, by Marks et al., 1992, (affinity maturation by variable heavy chain (VH)
and variable light chain (VL) domain shuffling), or Barbas, et al., 1994; Shier et al.,
1993; Yelton et al., 1995; Jackson ¢t al., 1995; and Hawkins et al., 1992 (random

20 mutagenesis of CDR and/or framework residues). Preferred affinity matured
antibodies will have nanomolar or even picomolar affinities for the target antigen.
In a further embodiment, the anti-CD37 antibody molecule of the disclosure is a

“de~-immunized” antibody.

25 A "de-immunized" anti-CD37 antibody is an antibody derived from e humanized or
chimeric antibody with a sequence shown in the sequence listing, that has one or
more alterations in its amino acid sequence which result in a reduction of
immunogenicity of the antibody, compared to the respective original non-
dehumanized antibody. One of the procedures for generating such antibody

30  mutants involves the identification and removal of T-cell epitopes of the antibody
molecule (Baker and Jones, 2007). In a first step, the immunogenicity of the

antibody molecule can be determined by several methods, e.g. by in vitro



Examples for PI3 kinase inhibitors are PX-866, PX-867, BEZ-235 (also an rriTor 5inhibitor), XL-147,
and XL-765 (also an mTor inhibitor), BGT-226, CDC-0941. Examples for inhibitors of cMet or HGF are

XL-184 (aIs%%%ﬁ%igg ) of VEGFR, cKit, F1t3), PF-2341066, MK-2461, %(%;ﬁ%(% Iﬁ}p an inhibitor of
VEGFR), M - gﬁso an inhibitor of VEGFR, Ron, Tie2), SU-11274, £ ’gf’ 10 AMG-102,
AV-299, ARQ-197, MetMAb, CGEN-241, BMS-777607, JNJ-38877605, PF-4217903, SGX-126,
CEP-17940, AMG-458, INCB-028060, and E-7050. An example for a c-Myc inhibitor is CX-3543. 15
Examples for FIt3 inhibitors are AC-220 (also an inhibitor of cKit and PDGFR), KW-2449, LS-104 (also

an inhibitor of ber-abl and Jak2), MC-2002, SB-1317, lestaurtinib (also an inhibitor of VEGFR, PDGFR,
PKC), TG-10134& R8s dirmaioitsr O RMERES, R odoq AEsBHIRbRETCPERRESF SHRE PIGFR and 20

VEGFR), sunitinif.(aispan inbibitorof ARGKR, YEGHR and.cit), anddandufinipalsgean inhibitor of
PDGFR, and cKit). Exam[oles for HSP90 inhibitors are, tanespimycin, alvespimycin, 1PI-504,
STA-9090, MEDFSEE Satyy28%2); ERfie-365515Hd°Esess R J -o3 R UpRBIBE FIPTARISTAT inhibitors are
CYT-997 (also intesadig witha:tbiudisn) bT @10 ISAS(Als raminkibiti ol 33::aneh o 19.

Examples for Mek inhibitors are A -142886, AS- 26, PD-325901, 30 AZD-8330, ARRY-704,
RDEA-119, &nd %E]-%?quogﬁ%rﬁb?é'?‘%%%# &%ﬁ%@ﬁog{%}e &Wﬂ?%l%%d@(? ¥5P8ffbs (which also acts
as a VEGF inhibiton)tieveirofimtsnteeMEGE-inbibitor in: additign)y XkeNabpialsPERPI3 kinase inhibitor),
and BEZ-235 (al§o a PI3 kinase inhibitor). Examples for Alct inhibitors are perifosine, GSK-690693,

RX-0201, and tric?ﬁ%%q&e% Examples for cKit inhibitors are masitinib, OSI-930 (also acts as a VEGFR
inhibitor), AC-220 (also an inhibitor of F1t3 and PDGFR), tandutinib (also an inhibitor of FIt3 and

PDGFR), axitiniboalsq;ansinhi i&ﬁf&%}(@ﬁﬁ&%&ﬁ@%@,a%&mﬁﬂ%iboﬁéqe%%er ubiipr.gf F1t3,

PDGFR, VEGFR), and XL-820 (also acts as a 10 VEGFR- and PDGFR inhibi imatinib (also a
ber-abl inhibRor) reildriba(BIsePan Th TR BT BestasrberP PHGFR Y ERa mpleicrodiedgehog

antagonists are IRIE09, GLR:GI414:ERGHA42, IR:926n anthothrka% 15mxamples for CDK inhibitors
are seliciclib, AT-7519, P-276, ZK-CDK (also inhibiting VEGFR2 and PDGFR), PD-332991, R-547,

SNS-032, PHA-680506Y PHA BHPPIE B qogiein ¢ 1 oDtEsBripriedhpItEad R iFhibitors are
bortezomib, carfilgeaitieancdhiRbiRp2(atspiaminbibites of-NEkappaBionEXxamplesdar proteasome

inhibitors/NFkappa thway inhibjtors are bartezomib, carfilzomip, NPI1-0052, CEP-18770,

VLN 2238, PR Oi RGBT oA ] o8 PR S50 A bRaH TP B B tor o the
ubiquitmatiot pathypayistBiethti 68cdxainplas fdii@niapiogenic agents ambiyibitors of the FGFR,
PDGFR and 30 VEGF(R), and thalidomidcs, such agents being selected from, without limitation,
bevacisumab, mUTBEAD: BT LU DI e A AU AT inhibior o
CDK), ABT-869, BrHS390881%, RAF285, diVIiC 4HDRING1ESF 1,

In an embodiment of the disclosure, the anti-CD37 antibody is a chimeric or

20  humanized antibody with an Fc region, or the relevant section thereof, that has
been engineered to modulate effector functions, in particular to enhance binding of
the antibody to one or more Fe receptors, thereby enhancing the effector function
ADDC. Engmeering of the Fc region mediates the antibody’s effector function in
the presence of effector cells more effectively than that of the non-Fc-engineered

25  parent antibody. In one embodiment, such antibody variant mediates ADCC that is
greater than that mediated by the parent antibody. (In the following, if not
otherwise stated, the term “parent” in the context of an antibody molecule, or in the
context of 1g(G or the Fe region , refers to the non-engineered antibody molecule,
Fc region or Ig@, respectively, from which the mutated (engineered) molecuie 1s

30 derived.)
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IMiDs, thalidomide, CC-4047, lenalidomide, ENMD-0995, IMC-DI 1, Ki-23057, brivanib, cediranib, 1B3,
CP-868596, IMC-3G3, R-1530 (also an inhibitor of F1t3), sunitinib (also an inhibitor of cKit and FIt3),
a,xitinib (alsg,gndpipitas of cKit), lestaurtinib (also an inhibitor of F1t3 ang R, Mata/anib, tandutinib
(also an 5inhibitor of FIt3 and cKit), pazopanib, PF-337210, aflibercept, E-7080, CHIR-258, sorafenib
tosylate (also an inhibitor of Rat), vandetanib, CP-547632, 051-930, AEE-788 (also an inhibitor of
EGFR and Her2), BAY-57-9352 (also an inhibitor of Rat), BAY-73-4506 (also an inhibitor of Rat),
XL-880 (also an inhibitor of cMet), XL-647 (also an inhibitor of EGER and EphB4), XL-820 (also an
inhibitor of 10cKit), nflotinib (also an inhibitor of cKit and brc-abl), CYT-116, PTC-299, BMS-584622,
CEP-11981, dovitinity; Cye 240tk iandoE M- 2978 The additiopgdsthe napeutic, agénirmay also be
selected from EGERRpRhibiomemaytiepsoallaoleculs, E@RRrinhibitorer amani-AGER antibody.
Examples for antiyd% EGER apHPorlies QUL ImIa/an g6 celipan agpiimumab,

b all molecule

nimotuzumab, zalutumumab: examples for sm inhibitors are gefitinib, erlotinib and

vandetanib (also\gﬁi%?ﬁﬁﬁ@’&] d é@ %W&n%ﬂ%?@?a&(&&?@ﬁ%@ﬂ oditet i< the EGF
fusion toxin. 20 FHthEIBGE R and/o2pet? iHhibiteie 28et0B foo2ombinadittpwith.an anti-CD37

antibody moleculgof thes discios ukeareokpatind) wrastyaemaly pestozumals X64647, neratinib,
BIVIS-599626 ARRY AV; 806 7 INJ-264 ,AEE-788 (also an
inhibitor of VEGFI) ATDR651. AR o ARy A5100 Ac TEBLNLR Fhik-265, AzD-4769.
25 The additional drug may also be selected from agents that target the IGF-1R and insulin receptor
pathways. Such dB&rts el gabdinibosits thtbbind 1616 EitRepr CR-751B8%Ly il VIG-479, IMC-AI2,

MK-0646, AYE-1642. RABAsB8A3:03% Sehiohl 1454n i MabGRER-apdpayel chemical entities that
target the kinase 30domain of the IGF1-R (e.g. 051-906 or BMS-554417, XL-228, BMS-754807). Other

agents that may BERYiEfREgE6 FalPedasisinas drdcter apyewithatinas inthdD3namtibody molecule of
the disclosure arg.fpaleciins taegeding€D20, including CD20 specific antibodies like rituximab,
LY-2469298, ocrelizumab, MEDI-552, IMMU-106, GA-101 (= R7 I 59), XmAb-0367, ofaturnumab,
radiolabbeled CD20 antibodies,like, tositumumab and ibritumomab tiuxetan or 5other CD20 directed

proteins, like the SMIP Tru9 5, RR®:1i3102 % bBT-A053 YehuzamabiR2£159. CD37 antibodies may be
combined with inhibitors of other surface antigens expressed on leukocytes, in particular antibodies or
i s el ronab s

QUPLRHOE B PaBITURTAES PR D 2 2 Ao irmuRiabTaRRt-cD 19 (MT-103,

antibody-like molecdiés, 1 €.¢g.an
MDX-1342, SAR-3419, XnbRBBBVELanti-CD22 (epratuzumab), anti-CD23 (lumiliximab), anti-CD30

(iraturnumab), anti-GR323 a(M(ﬁ;D%g%l ., BPE-GD38 HuI}/Iax-j:DSB) nti-GP40 %G 40), anti-CD52
(alemtuzumab), anti-CD80 (8% iximab). An antiboc y%?tﬁgm fglélgo‘é)_ju%nr%%gar%% 1(ﬂa‘ril%llgmbined with
another 15CD37 antagonisBZe&/TRI3116. Other agents to be combined with CD37 antibodies are

immunotoxins like Bl,,22 (%fh&%i&%@dﬁkﬁ?&éﬂﬂl@éﬁ@mig&éﬂﬁ@%%@%}%‘ﬁb%%?&%@m
antibodycalicheamicin conjugate), RETS.%gA (anti-CD25 Ricin. toxin A-chain), SGN-35 (an 20

anti-CD30-&8ristatin E conﬁ—j f(ﬁ)f%’ﬁg%/é tdzumab ozogam.icin (an anti-CD33 calichearnicin
conjugate), MDX-1.411 (and-CD70 conjugate), or radiolabelled antibodies like 90Y-epratuzumab
(anti-CD22 radioimmunoconjugate). In addition, anti-CD37 antibodies may be combined with

immunomodulatot&¢ 38Aete e GUATHHURE Sathiaf h SR ATBPA S5 FITES6H Wb i &fGhal fansduction

2006, in WO 2004029207 and WO 2007041635,

25  The Fc variants in the antibodies of the present disclosure are defined according to
the amino acid modifications that compose them. Thus, for example, 1332E is an
Fe¢ variant with the substitution I332E relative to the parent Fc¢ polypeptide.
Likewise, S239D/1332E defines an Fc variant with the substitutions S239D and
1332E and S239D/I332EAG236A defines an Fe variant with the substitutions

30  S239D, I332E, and G236A relative to the parent Fe polypeptide.

Numbering 1s according to the EU numbering scheme (Kabat et al., 1991), which

refers to the numbering of the EU antibody (Edelman et al., 1969). The person
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pathways like the TRAIL receptor modulators mapatumumab (a TRAIL-1 receptor. agonist),
lexatumumab &R ANLDS FECE5BPEGTRIS }%‘f&ﬁ%’ﬁ gﬁ%%&g{'skﬁé%%ﬁ%cﬁ “AMG-655; an
anti-HLA-DR antibosh {like 09 Gaoan i GR7h@inosteociastiffersmiation factor ligand inhibitor
(like denosumab), a 30 B F anta onist (like AMG-623a) or an. 's%qlfl;ﬁj;oll-like receptor (e.g.
TLR-4 or TLR-@?@@%&@%%EFQE%%&%? 5 u%%‘?%ﬁ“é&?n ma‘%%’ﬁ%vgi%eaahti“ﬁc’m? antibody
molecules of the present disclosure are selected from, but not limited to hormones, ho,mon al
analogues and antihmrnon .. tamoxifen, taremifene, raloxifene ~fidve, stiant, megestrol acetate,
flutamide, niiutm%lﬁégoﬁﬁ:%%%(r{gngélfogﬁ%?%t%?osrg%k agé%d;?g, finasteride, buserelin acetate, |
fludrocortinsoneyrfispayimestaicoes MediaRymbygestemsetitiitroxirégestbrariectaBroate,
diethystlbestral testosterops piopionae, Auoymesieronplagulvaleniacoctieniide, arzoxifene,

adr

{
pasireotide, vap?glc‘)’le e, nocorticosteroids/ antagonists, prednisone, dexamethasone,
ainoglutethimide)jraxbrmadtasé4nBiost $eshoamasttZoll Bfrszote 320485018, Bkemestane,
atamestane, fog@%%g@?&ﬁﬁ@é&%@iﬁ%&ﬁ%ﬁ@ﬁ%@%ﬁtiﬂ@-93 ;gpserelin acetate, quprolide,
abarelbc, cetrorelix, deslorelin, histrelin, triptorelin), antimetabolites (e.g. antifolates Like methotrexate,
trimetrexate, pemetrexed, pyrimidine analogues like 5-fluorouracil, quoro%?gc)Jx ur(iﬁ#ne, a ecigabine,
decitabine, neldfedipfacrsiRsseidine PHN GO MATAERT, PHriRea Y EEKES %—?/aél Hlogies SUER as
mercaptopurine;dhieguaninesazathipsines cladfiBibe AntNperitastatitisby arebimey fiirdas dving)ino
clofarabine); antitumor antibipg@ fﬁ C5’g£1§hrac:yc:lines like doxorubicin, daunorubicin, epirubicin and
idarubicin, mitoﬁ"fﬁ%cfﬁgﬁfinﬁ?e%my in dactinomycin, plicamycin, splicamycin, actimomycin D,
mitoxantrone, mitoxantroneidarubicin, pixantrone, streptozocin, aphidicolin); 20platinum derivatives

(e.g cisplatin, oxaliplatin..carhoplatin, lohaplatin .sataplating adcyaling.Ages {@igaestiamysiuie,

semustine, mechlorethamine, melphalan, chlora Ci ulphan, dacarbazine, cyclophosphamide,
ifosfamide, hydiRIFEAE f@ﬁ\%%‘ﬁfbﬁ‘ﬂﬁé?‘?ﬁﬁ%%q{%bﬁg batéﬁ%é%cg?%ﬁsgtgn% Caﬁlraibv I gﬁlrll%, Sibtepa):

antimitotic agenis:fe@uiinearalkalaidsdike vinblastine, vindesine, 25vinorelbine, vinflunine and
vincristine; and taxanes like paclitaxel, docetaxel and their formulations, larotaxel; simotaxel, and
epothilones likelixeepilonmdsacuiiltsd ZrBROY Rasbrskmeraseadmbretis&pipodophyllotoxins
like etoposide apdgtopophes:tenipasidecanpastine topeteaatsirnotecagubanoxaditrone,
camptothecin) and miscellaneous chemotherapeutics such as retinoic 30acid derivatives, amifostine,
anagrelide, inte aHhOHIBHS RS PRSI HRRAT St EPFRS G RINARA Ol RS METRI. D5 BPe ¢S rbazine,
N-methylhydrazine, mifotanesaagd porfimef.hsdrgie nep aeladaxibiéthylenemingfmesthyl-melamine,
thriethyienemelamine, tricthylene thiophosphorami de, hex amethylmelami ng enzymes
L-asparaginase SargiEEe A aUstfont azgcg1 & %ﬁ%%%i%%%o%‘,nﬁas%éﬁét %?nf%?ﬁl agf;gl’e, pimonidazole,
etanidazo le, nimoazpbe, i SirdeEXFE00RE B045, SR 288 unigdtvdinitesssbromodeozyuridine,

5-iododeoxyurid€'2 g,’ 1eG2/1gG1) and the like. Although the Fc variants of the present disclosure are

engimeered 1n the context of one parent 1gG, the variants may be engineered mm or
ntransferred” to the context of another, second parent IgG. This is done by
determining the "squivalent” or "corresponding” residues and substitations between
¢ first and second IgG, typically based on sequence or structural homology
between the sequences of the first and second 1gGs. In order to establish homology,
the amino acid sequence of & first IgG outlined herein is directly compared to the
sequence of a second IgG. After aligning the sequences, using one or more of the
homology aligrment programs known in the art, aliowing for necessary 1nsertions
and deletions in order to maintain alignment (1e., avoiding the elimination of
conserved residues through arbitrary deletion and insertion}, the residues
equivalent to particular amino acids in the primary sequence of the first Fc varant
are defined. Regardlsss of how equivalent or corresponding residues are
determined, and regardiess of the identity of the parent IgG m which the 1eGs are
made, what is meant to be conveyed is that the Fc variants used m the present
invention may be enginesred into any second parent IgG that has significant
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5 bromodeoxycytidine, crythrohydroxynonyl-adenine, anthracenedione, GRN-163L (a competitive
telomerase template antagonist), SDX-101 (a PPAR agonist), talabostat (a DPP inhibitor), forodesine
(a PNP inhibito(? atacicept (a soluble receptor targeting "'INF family members BLyS and APRIL),
TNF-alpha n&l r%??z"fﬂﬁ’?’a{ ents (Enbrel, Humira, Remicade), XL-844 (a CHIT/Bh#Mit8#410
VNP-40101M (a DNA alkylating agent), SPC-2996 (an antisense bc12 inhibitor), obatoclax bc12
inhibitor), enzastaurin (a PKC beta modulator), vorinistat (an HDAC inhibitor), romidepsin (an HDAC
inhibitor), AT-101 (a Bc1-2/Bcl-xL inhibitor), plitidepsin (a multi-actioned depsipeptide), SL-11047 (a
polyamine metabolism modulators). 15 In certain embodiments, the anti-CD37 antibody molecule is
applied together with:tCel ORtriatesnitsinaiinry ofitydio phosphamites dexeruhidin jinarstne and
prednisone). 20The A GRAZ antibadvmplasyle.of e displosyie, may also be oed in combination
with other therapies including surgery, radiotherapy, endocrine t erapy; bidlogic résponse modifiers,
hyperthermia and e#sgciessy wad yersabateribeds anycdveisoeffacy ey, rasitiemetics), G-CSF,
GM-CSF, phOtOS%ﬁEﬁ%ﬁ%@Hﬁ@hﬁ%?é%@f&(ijﬁf&neg%ﬁﬁ?éj‘lﬁ%)Bﬁ%ﬂfg@ggaré]?tﬂmporphyrm

Y

derivatives, 25Npe6, tin etioporphyrin, pheoboride-a bacteriochlorophyll-a, n alocyanines,

phthalocyanifes, FHEWHtEABEFERFEB2IS BRI SrtiBoaieeREVE Exguisite antigen specificity and

frequently only react with the human target antigen, but not with homologue proteins from animal 30

species. To suppo dev%!f% me(rJLt of he{apeutic antibodies, appropriate animal models for assessment
afin

of in vivo toxicity and phannacodyRariie BEFa0iErAPs HLSFAbK” OREBEEBIlity for an in vivo model is

aco

a transgenic mouseévimwhicks ther endegenODa(arghi anigenisitapirgedpyitsgiyman homologue
("knock-out/ knock-in mouse tic anti-CD37 antjbodies, the

"), In particular veloping therape
murine CD37 gené can be JLr’se% c%p Iﬁlﬁﬂ% %{Jgn]%fmocaf) ?'g%éﬁgr. QEWB@E&I\?&%?@F% constructing a
targeting vettor whichecentamdithe todindgigehordic SBGIenkelaf dherhsiman.GpPa7igene flanked by
non-translated 59%%%9%@%@&}%%?@2\6%&?” be used for homologous recombination using

mouse ES cells. Transgenic animals homozygous for human CD37 expression can be used to assess

the pharmacodynamic effect of antibodies directed against human CD37, e.g. by monitoring the

number of periphargl & calls sletapRlcalinn. of e gnibarics. A0Altematively,jnose mice can be
used to investigate potential toxic effects of human CD37 speci?léjantlbo ies, aftér i.v. application.

Another possibilitfSHRE C s P HEKGPadin It Fesresb iy orsiviin sloRamentibbdies is the
generation afza sarGale® suregatiantibedyiHBUIreaRieARtNadY;AS isApmaRtiaggy which reacts with

the homologous protein of an animal species which is relevant and useful for investigation of
pharmacodynamifRIFHTBxXE ETRCES DG e hictpeareme dyhofimslgeraibnkajbaficasabefopapre (both
monoclonal antibdgies:aFe deiuelopeandtiich csrrspeifieoder masaque CD37 or mouse CD37,

respectively ldeally, h a surrogat tibody should have similar%nding and 20 functional ’
properties as the ec\%]llge r%ﬁﬁt’ é‘#ﬁ%‘g@gﬁ‘r iéX- Ah releiﬁ%/‘lets {GABRIIRP tHE G M 3P 488 %) Ry stems which
utilize macaque otmouseCB37exprbssingeellsfadtangetscells edd. dopibidingi A &S Scatchard

analysis, ADgC aggl ¢ B%Qt@%ﬁﬁﬁ%%g&l@ﬁgly the surrogate antibody can be selected by virtue of

its B cell depleting activity in macaque of mouse blood in vitro. 25 Brief Description of the Figures: Fig.
1:Chimeric Antibody AO specifically recognizes the CD37 antigen, determined by FAGS competition
assay Representatives of CD37 antibodies of the disclosure show potent pro-apoptotic
activity without cross-linking; in this respect, antibodies with this property are
supertor to the anti-CD37 SMIP Trul6 .4, which does not show apoptosis without
25 cross-linking (Zheo et al., 2007). Induction of apoptosis without cross-linking,
which could be shown for antibodies of the disclosure both with and without Fe
engineering, is advantageous in the absence of a cross-linking agent in vive
{e.g. effector cells harboring Fey receptors) or at low density of the target antigen
CD37 {e.g. tumor cells with low level expression of CD37). An antibody which
30  induces apoptosis without cross-linking may still cause cell death, whereas an

antibody dependent on cross-linking doss not.

17



30 Fig. 2:Binding of humanized versions of AO to cellular CD37 antigen, determined by FACS Fig.
3:Binding of humanized versions of AO to cellular CD37 antigen, determined by FACS Fig. 4:Affinity

of humanizegyessighsof AO to cellular CD37 antigen, determined by FAGS sealghatd analysis Fig.
5:ADCC activity of humanized versions of AO on Ramos cells 5 Fig. 6:Pro-apoptotic activity of

humanized versions of AO on Ramos cells Fig. 7:ADCC activity of Fe-engineered versions of mAb AO
on Ramos cells Fig. 8:ADCC activity of Fc-engineered versions of mAb BO on Ramos cells Fig.
9:Pro-apoptotic activity of mAb AO and BO Fig. 10Pro-apoptotic activity of Fc-engineered versions of
mAb AO 10 Fig. 11 A: Depletion of normal human B cells in a whole blood assay by Fc-engineered
antibodies A2 ald B2tharcorpplirison 2o Ritdihbinigdl hEeSigeriby Escdeliwepleting ihedftpapient that

antibodies after;Fe:enginesr NG in-E0RRAUSORIR BitiMabs. HidodLGoAninadiesAZana B2 de et
deplete T cells and monocytes in 15whole hlood assays Fig. 12: Superior ADCC activity after
Fe-engineering CHIFEIRG 4 BEIGHab Fi#P13: Depletion of Ramos Burkitt's lymphoma cells in a

whole blood assapgmentshyi FestangiaebtedcantiiotiédAnand B2rovoonmawisprsto Rituximab Fig 4: In

vivo tumor ggowth inhikiti - - 3 de | -engineered antibodies
A2 and B2 Ffl)g. 1%égﬁgi%%%%&%%%%@%@o%?%%%%@én%é%e%n%% é%ﬁ??@lég %%Wﬁ%gg&g%%a@dof antibodies
A2 and B2 on milfigle faydiorRareslldigig iormopratapaistotio wetlviyaiastibediésnaiand B2 on

patient-derived g%gg@%g%&m% engration ehohimeric and.Auman gqrﬁ[%@hCDN antibodies

a) Generation of chimeric anti od§/ AO 30 Based on the yariable hea_vr and %h't chain amino acid
sequences showrifEEBeEd6 Bsihe S&HEVRG Hertia BsHBRspbRdHDXABEquences are
synthesized applyighendon: isage.optiniz edriommaniratian selis (aeneAt cross-linking

10 the antigen.

The Fab fragments obtained by digestion of the antibody also contain the constant
domains of the hight chain and the first constant domain (CH;) of the heavy chain.
Fab' fragments differ from Fab fragments in that they contain additional residues at

15 the carboxy terminus of the heavy chain CH; domain including one or more
cysiemnes from the antibody hinge region. Fab'-SH is the designation herein for Fab'
in which the cysteine residue(s) of the constant domains bear a free thiol group.
F(ab'), antibody fragments originally were produced as pairs of Fab' fragments
which have himge cysteines between them. Antibody fragments can also be

20  generated by molecular biology methods producing the respective coding DNA

fragments.

~ The antibody molecule will typically be a tetramer consisting of two light
chain/heavy chain pairs, but may alsoc be dimeric, i.e. consist of a light chain/heavy
25  chain pair, e.g. a Fab or Fv fragment, or it may be a monomeric single chain

antibody {scFv; Johnson and Bird, 1991}, a munibody, or a diabody.

The anti-CD37 antibody molecule may also be in the form of & conjugate, 1.¢. an

antibody molecule that is chemically coupled to a cytotoxic agent, particularly a
30 cytotoxic agent that induces cytotoxicity (e.g. apoptesis or mitotic arrest} of tumor

cells. As a result of normal pharmacologic clearance mechanisms, an antibody

employed in a drug conjugate (an “immunoconjugate”) contacts and binds to target
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Regensburg, Germany), adding at the 5' end a Hindlll and at the 3' end a BamH1 cloning site. The
synthesized DNA molecules are digested with Hindlll and BamHI and the resulting DNA fragments
(SEQ ID NO:1 and SEQ ID NO:3 plus restriction sites) are cloned into pcDNA3.1 based expression
vectors codingIPEAtian 19G1 constant region and human kappa light ERAFEIA At Yegion,
respectively (SEQ ID NO:24 and SEQ ID NO:26). EndoFree plasmid preparations (Qiagen) are
prepared and the heavy and light chain plasmids are co-transfected into HEK293 freestyle cells
(Invitrogen) at a concentration of 1 mg/L of each plasmid according to the supplier's protocol. After 72
hours the supernatant is 10harvested and the IgG concentration is determined by ELISA. The resulting
chimeric anti-CD3Z&ntidpdy |{désiymatedtAO)is: purifitd oyicamiodified gpnoteindicshamn (GE
Healthcare), eluted jr ' : ' i e neration of humanized versions of
chimeric antibody%%ﬁ%%%%%ﬁg%o% f%&%ﬁéﬁ? gn{g%?ﬁ i %%ng %é\irﬁﬁe%n%%cﬁfss E)%F#écrlrtnaed using a
CDR grafting appfesiepcias deseribedsgbig UsIs 2068801 B 6848820313808 §82i39¢. To establish

a structural mode} of the A AQML demain ,@@@qgggqgt%m@éﬁge’@%§g}@gm the Protein Data

Bank (PDB) of Brookhaven National Laboratory. The VL domain from the murine monoclonal antibody
entry "11(B5" is cCRESEHIHERERHIA S quEn & ToaRtRgy sTvirsenargy SilyssnAme88hution. For the mAb
AO VH domain, thigsamsmousomonaganalaniibedymsimictere ALKBR with 0% sequence identity

and 91 % similarity is chosen as the main modeling template. 25 The best fit for human consensus

framework is four@ TP B IHEAREE PRINTER VAP EPIRAG AR e ntfarF PRIF(AVHE)As an alternative
design, a graft to fieanest stabli@hushanecoasanIus tomainsda\WKa.anebhVH33g thosen. For grafting,

the mAb AO VL ?R) VH ire b'n@% | G% us domain models hVKI,
hVK3, WHIA andaggllgln ah%%;{r}n%%e ?t}osasgr%%&u?dg té)’ ’%Tmo rgﬁs&@ggésggrgﬂing is peifonned by
embedding the mUSizdod AR ER C DR Tegidns miic thehwitdn d@atibddy frameworks and the DNA
molecules of the humanized chain constructs are synthesized. The respective humanized variable

regions are synthesized and cloned into immunoglobulin expression vectors and transiently expressed
in the HEK 293 fréestpefaxptentiohayrichs (rvinoeatrrasdeseribednnid)i in thiertombinations of 5

heavy and light chaip sequences.as; shaysdn fahle. Lnahd purfiedom QiR Agglumas. Table 1

Sequences of heavy and light variable chains of the chimeric and humanized 10 anti-CD37 antibodies
used in the ExamPI&S2pith 66y PREERRF ChhrtiSEeS INOsHYDNA R ERHERFSEQ ID NO: aa/DNA A
(AO) seq 2/1  analogues and derivatives (see, e.g., US 5,208,020; and US 6,441,163).

Anti-CD37 &ntibody immunoconjugates may be designed and synthesized as

described in WO 2007/077173 for anti-FAP immunoconjugates.

In a further embodiment, the anti-CD37 molecule of the disclosure may be radioactively
labeled to form an radioimmunoconjugate, an approach suggested for

the anti-CD37 antibody MB-1 (Buchsbaum et al., 1992, see above). Radionuclides

with advantageous radiation properties are known in the art, examples are
Phosphorus-32, Strontium-89, Yttrium-90, lodine-131, Samarium-153,

Erbium-169, Ytterbium-175, Rhenium-188, that have been successfully and stably
coupled to MAbs. The anti-CD37 antibody molecules of the disclosure may be labeled
with various radionuclides using direct labeling or indirect labeling

methods known in the art, as described in US 6,241,961, A review on technologies

for generating and applying novel radiolabled antibody conjugates that are useful in

the present disclosure, is given by Goldenberg and Sharkey, 2007.

An antibody molecule of the disclosure, whether Fe-engineered or not, may also be
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seq 4/3 B seq 6/5 seq 12/11 C scq 6/5 seq 14/13 D scq 6/5 seq 16/15 H seq 8/7 seq 18/17 seq 8/7
seq 20/19 J seq 8/7 seq 22/21 K seq 10/9 seq 18/17 L seq 10/9 seq 20/19 scq 10/9 seq 22/21

WO 2009/019312 PCT/EPZQOS/OGO‘:LM

bispecific, i.¢. an antibody molecule that binds to two different targets, one of
them being CD37, the other one being selected from e.g. surface antigens

expressed by T cells, e.g. CD3, CD16 and CD56.

The present disclosure also relates to DNA molecules that encode the chimeric or
humanized anti-CD37 antibody molecules of the disclosure. The sequences encoding
variable hgavy chains of the antibody molecules of the disclosure are shown in

SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:7 and SEQ 1D NO:9. The sequences encoding
variable light chains of the antibody molecules of the disclosure are shown in

SEQ ID NO:3, SEQ ID NO:11, SEQ ID NO:13, SEQ ID NO:15, SEQ ID NO:17,

SEQ ID NO:19, SEQ ID NO: 21.

Nucleic acid molecules coding for the light chair and the heavy chain may be
synthesized chermically and enzymatically (PCR amplification) by standard
methods. First, suitable oligonucieotides can be synthesized with methods known
m the art (e.g. Gatt, 1984), which can be used to produce a synthetic gene. Methods
to generate synthetic genes from oligonucieotides are known in the art

(c.g. Stemmer et al., 1993, Ye et al,, 1992; Hayden et Mandecki, 1948, Frank et al.,
1987).

The DNA molecules of the disclosure include, but are not imited to, the DNA molecules shown

in the sequence listing. Accordingly, the present disclosure also

relates to nucleic acid molecules that hybridize to the DNA molecules set forth in
the sequence hsting under high stringency binding and washing conditions, as
defined in WO 2007/042309, where such nucleic molecules encode an antibody or
functional fragment thereof that has properties equivalent or superior 1o an
antibody encoded by a sequence shown in the sequence listing. Preferred molecules
(from an mRINA perspective) are those that have at least 75% or 80% (preferably at
least 85%, more preferably at ieast 90% and most preferably at least 95%)

homoliogy or sequence identity with one of the DNA molecules described herein.

Yet another class of DNA variants that are within the scope of the disclosure may



c) Generation of Fc-engineered chimeric and humanized a -CD37 antibodies 15 The generation of Pc
mutants is perfoimed as described by Lazar et al., 2006. The resulting Pc-engineered heavy chain
sequence is inhodkfted ntd thiserpréssiomvsptotiga D@ McddeditibéiNn BPI88B438) and

co-transfected I 2 AV] lasmid containi light chain encading sequence into CHO-DG44
cells. The 20arﬁ}§‘§§t§3&i§%§ %g(g{%%&%gﬁ%%éﬁ r%%}g%d%ﬂ%%aﬁ%y%gat uﬁtﬁf}gr%g?gé?ﬁ’én and purified via
protein A chrofistograishfueintbd dstsnsierraétbeterthendialyrethidic® BSh Thweigmoies content of the
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and the respechBE uSHGAEY faHE &odm $U91 111V V VI Ab Fe substitution(s) (Kabat
numbering) SEQ ID NO: v heavy chain aa/DNA SEQ ID NO:

In another aspect, there is provided a DNA molecule comprising a region encoding the variable

light chain of an antibody as defined above.

In another aspect, there is provided 2 DNA molecule comprising a region encoding the variable

heavy chain of an antibody as defined above.

For producing the recombinant anti-CD37 antibody molecules of the disclosure, the
DNA molecules encoding full-length light and heavy chains or fragments thereof
are inserted into an expression vector such that the sequences are operatively linked
{0 transcriptional and translational control seguences.

For manufacturing the antibodies of the disclosure, the skilled artisan may choose
from a great variety of expression systems well known 1o the art, e.g. those

reviewed by Kipriyanow and Le Gall, 2004,

Expression vectors inciude plasmids, refroviruses, cosmids, EBV-derived
episomes, and the like. The expression vector and expression control sequences are
selected to be compatible with the host cell. The antibody Light chain gene and the
antibody heavy chain gene can be inserted into separate vectors. In certain
embodiments, both DNA sequences are inserted into the same expression vector.
Convenient vectors are those that encode a functionally complete human CH or CL
immunoglobulin sequence, with appropriate restriction sites engineered so that any
VH or VL sequence can be casily inserted and expressed, as described above. The
constant chain is usually kappa or lambda for the antibody light chain, for the
antibody heavy chain, it can be, without limitation, any lgG isotype (1gG1, 1gG2,

IgG3, IgG4) or other immunoglobuling, including allelic variants,
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v light chain aa/DNA SEQ ID NO: complete heavy chain aa/DNA SEQ ID NO: complete light chain
aa/DNA AO - seq 2/1 seq 4/3 2/1 fused to 24/23 4/3 fused to 26/25 Al I332E seq 2/1 seq 4/3 2/1 fused

In another aspect, there is provided an expression vector comprising a DNA molecule as defined
above and/or a DNA molecule as defined above, preferably the vector comprises the DNA

molecule as defined above and/or the DNA molecule as defined above,
In another aspect, thete is provided a host cell carrying one or more vectors as defined above,

preferably the host cell carries an expression vector comprising the DNA molecule as defined

above and a'second expression vector comprising a DNA as defined above.

The recombinant expression vector may also encode a signal peptide that facilitates

secretion of the antibody chain from a host cell. The DNA encoding the antibody
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chain may be cloned into the vector such that the signal peptide is linked in-frame
to the amino terminus of the mature antibody chain DNA. The signal peptide may
be an immunoglobulin signal peptide or a heterologous ;ﬁeptide from a non-

immunoglobulin protein. Alternatively, the DNA sequence encoding the antibody

5  chain may already contain a signal peptide sequence.

In addition to the DNA sequences encoding the antibody chains, the recombinant
expression vectors carry regulatory sequences including promoters, enhancers,
termination and polyadenylation signals and other expression control elements that

10 control the expression of the antibody chains in a host cell. Examples for promoter
sequences (exemplified for expression i mammalian cells) are promoters and/or
enhancers derived from (CMV) (such as the CMV Simian Virus 40 (SV40) (such
as the SV40 promoter/enhancer), adenovirus, (e. g., the adenovirus major late
promoter (AdMLP)), polyoma and strong mammalian promoters such as native

19 immunoglobulin and actin promoters. Examples for polyadenylation signals are
BGH polyA, SV40 late or early polyA; alternatively, 3"UTRs of immunoglobulin

genes ete. can be used.

The recombinant expression vectors may also carry sequences that regulate

20  replication of the vector in host cells (e. g. origins of replication) and selectable
marker genes. Nucleic acid molecules encoding the heavy chain or an antigen-
binding portion thereof and/or the light chain or an antigen-binding portion thercof
of an anti-CD37 antibody, and vectors comprising these DNA molecules can be
introduced into host cells, e.g. bacterial cells or higher eukaryotic cells, e.g.

25  mammalian cells, according to transfection methods well known in the art,
mcluding liposome-mediated transfection, polycation-mediated transfection,
protopiast fusion, microinjections, calcium phosphate precipitation, electroporation

or transfer by viral vectors.

30 Preferably, the DNA molecules encoding the heavy chain and the hight chain are
present on two vectors which are co-transfected into the host cell, preferably a

mammalian cell.
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seq 6/5 seq 12/11 6/5 fused to 24/23 12/11 fused to 26/25 B1 1332E seq 6/5 seq 12/11 6/5 fused to

24*123* 12/11 fused to 2
24123 1211 e 10,2012 B2 S23901292 569,012 52012114 3030 8131, 93,13925/6236A seq

and include, inter alia, Chinese hamster ovary (CHO, CHO-DG44) celis, NSO,
SP2/0 cells, Hela cells, baby hamster kidney (BHEK ) cells, monkey kidney cells
(COS), hurnan carcinoma cells (e. g., Hep G2), A549 cells, 373 cells or the
derivatives/progenies of any such cell line. Other mammaelian cells, mcluding but
not limited to human, mice, rat, monkey and rodent cells lines, or other eukaryotic
cells, including but not limited fo yeast, insect and plant cells, or prokaryotic cells
such as bacteria may be used. The anti-CD37 antibody molecules of the disclosure
are produced by culturing the host cells for a period of time sufficient to allow for

expression of the antibody molecule in the host cells.

In another aspect, there is provided a method for producing an antibody as defined above,
comprising transfecting a mammalian host cell with one or more vectors as defined above,

culturing the host cell and recovering and purifying the antibody moiecule.

Antibody molecules are preferably recovered from the culture medium as &

ecreted polypeptide or it can be recovered from host cell lysates if for example
expressed without a secretory signal. Jt 1s necessary to purtfy the antibody
molecules using standard protein purification methods used for recombinant
proteins and host cell protems in a way that substantially homogenous preparations
of the antibody are obtamed. By way of example, state-of-the art purification
methods nseful for obtaining the anti-CD37 antibody molecule of the disciosure
include, as a first step, removal of cells and/or particulate cell debris from the
culture medium or lysate. The antibody 18 then purified from contaminant soluble
proteins, polypeptides and nucleic acids, for example, by fractionation on
immuneaffinity or ion-exchange columns, ethanol precipitation, reverse phase
HPLC, Sephadex chromatography, chromatography on silica or on a cation
exchange resin. As a final step in the process for obtaining an aﬁ’ti—CD.%? antibody
molecule preparation, the purified antibody molecule may be dried, e.g.
lyophilized, as descrived below for therapeutic applications.

In a further embodiment, the present disclosure relates to a pharmaceutical composition

containing, as the active ingredient, the anti-CD37 antibody molecule of the disclosure.



24*123* 12/11 fused to 26/25 11111l IV V VI Ab Fc substitution(s) (Kabat numbering) SEQ ID NO: v
heavy chain aa/DNA SEQ ID NO: v light chain aa/DNA SEQ ID NO: complete heavy

In another aspect, there is provided a pharmaceuntical composition comprising, as the active
ingredient, one or more anti-CD37 antibody molecules as defined above, and a pharmaceutically

acceptable carrier.

In another aspect, there is provided a method of depleting CD37 expressing B cells from a
population of cells in vitro, comprising administering to said population of cells an antibody

molecule as defined above or a pharmaceutical composition containing such antibody molecule.

To be used in therapy, the anti-CD37 antibody is mncluded into pharmacsutical
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compositions appropriate to facilitate administration to animals or humans. Typical
formulations of the anti-CD37 antibody molecule can be prepared by mixing the
anti-CD37 antibody molecule with physiologically acceptable carriers, excipients
or stabilizers, in the form of lyophilized or otherwise dried formulations or aqueous
solutions or aqueous or non-agueous suspensions. Carriers, excipients, modifiers or
stabilizers are nontoxic at the dosages and concentrations employed. They include
buffer systems such as phosphate, citrate, acetate and other anorganic or organic
acids and their salts; antioxidants mcluding ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium chloride,
hexamethonium chioride; benzalkonium chloride, benzethonium chloride; phenol,
butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); proteins, such as serum
albumin, gelatin, or immunoglobulins, hydrophilic polymers such as
polyvinylpyrrolidone or polyethylene glycol (PEG); amino acids such as glycine,
glutamine, asparagine, histidine, arginine, or lysinei monosaccharides,
disaccharides, oligosaccharides or polysaccharides and other carbohydrates
including ghicose, mannose, sucrose, trehalose, dextrims or dextrans; chelating
agents such as EDTA; sugar alcohols such as, mannitol or sorbitol; salt-forming
counter-ions such as sodium; metal complexes {e.g. Zn-protein complexes); and/or
ionic or non-ionic surfactants such as TWEEN™ (polysorbates), PLURONICS™
or fatty acid esters, fatty acid ethers or sugar esters. Also organic solvents can be
contained in the antibody formulation such as ethanol or isopropanol. The

excipients may also have a release-modifying or absorption-modifying function.

The anti-CD37 antibody molecules may also be dried (freeze-dried, spray-dried,
spray-freeze dried, dried by near or supercritical gases, vacuum dried, air-dried),
precipitated or crystallized or entrapped in microcapsules that are prepared, for
example, by coacervation techniques or by interfacial polymerization using, for
example, hydroxymethylcellulose or gelatin and poly-(methylmethacylate),
respectively, in colloidal drug delivery systems (for example, iposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules), in

macroemulsions or precipitated or immobitized onto carriers or surfaces, for
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example by peme technology (protein coated microcrystals). Such techniques are
disclosed in Remington: The Science and Practice of Pharmacy, 21% edition,
Hendrickson R. Ed.

5 Naturally, the formulations to be used for in vivo administration must be sterile;
sterilization may be accomplished be conventional techniques, e.g. by filtration

through steriie filtration membranes,

It may be useful to mcrease the concentration of the anti-CD37 antibody to come to
10 aso-called high concentration Hquid formulation (HCLF); various ways to generate

such HCLFs have been described.

The anti-CD37 antibody molecule may also be contained in a sustained-release
preparation. Such preparations include solid, semi-solid or liquid matrices of
15 hydrophobic or hydrophilic polymers, and may be in the form of shaped articles,
e.g. films, sticks or microcapsules and may be applied via an application device.
Examples of sustained-release matrices include polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate) or sucrose acetate butyrate), or
poly(vinylalcohol)), polylactides (US 3,773,919), copolymers of L-glutamic acid
20  and y ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, degradable lactic
acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide
acetate), and poly-D-(-)-3-hydroxybutyric acid. While polymers such as
ethylene-vinyl acetate and lactic acid-glycolic acid enable release of molecules for
25  over 100 days, certain hydrogels release proteins for shorter time periods. When
encapsulated antibodies remain in the body for a long time, they may denature or
aggregate as a result of exposure to moisture at 37°C, resulting in a loss of
biological activity and possible changes in immunogenicity. Rational strategies can
be devised for stabilization depending on the mechanism involved. For example, if
30  the aggregation mechanism is discovered to be intermolecular S-S bond formation
through thio-disulfide interchange, stabilization may be achieved by modifying
sulfhydry! residues, lyophilization (e.g. as described in WO 89/011297) from acidic
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solutions, controlling moisture content, using appropriate additives, and developing

specific polymer matrix compasitions.

Formulations that may also be used for the anti-CD37 antibody molecule of the

S disclosure are described in US 7,060,268 and US 6,991,790.

The CD37 antibody molecule can be incorporated also in other application forms,
such ag dispersions, éuSpensions or liposomes, tabiets, capsules, powders, sprays,
transdermal or mtradermal patches or creams with or without permeation

10 enhancing devices, wafers, nasal, buccal or pulmonary formulations, or may be

produced by implanted cells or — after gene therapy — by the individual’s own cells.

An anti-CD37 antibody molecule may aiso be derivatized with a chemical group
such as polyethylene glycol (PEG), 2 methyl or ethyl group, or a carbohydrate
15 group. These groups may be useful to improve the biological characteristics of the

antibody, e.g. to increase serum half-life or o increase tissue binding.

The preferred mode of application is parenteral, by mfusion or injection
(intravensous, intramuscular, subcutaneous, intraperitoneal, intradermal), but other
20 modes of application such as by inhalation, transdermal, intranasal, buccal, oral,

may aiso be applicable.

For the prevention or treatment of disease, the appropriate dosage of antibody will
depend on the type of disease o be treated, the severity and course of the disease,
25 whether the antibody is administered for preventive or therapeutic purposes,
previous therapy, the patient's clinical history and response to the antibody, and the
discretion of the aftending physician. The antibody is suitably administered to the

patient at one tiume or over a series of treatments,

30 Depending on the type and severity of the disease, about 0.07 pg/ke to 40 mg/kg
(e.g. 0.1 - 20 mg/kg) of antibody is an initial candidate desage for administration to

the patient, whether, for example, by one or more separate administrations, or by
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continuous infusion. For repeated administrations over several days or longer,
depending on the condition, the treatment is sustained until a desired suppression of
disease symptoms occurs. However, other dosage regimens may be useful. The
progress of this therapy is easily monitored by' conventional techniques and assays,

e.g. by determiming the extent of B cell depletion (e.g. using flow cytomeiry).

The "therapeutically effective amount” of the antibody to be administered is the

minimum amount necessary to prevent, ameliorate, or treat a disease or disorder.

The anti-CD37 antibody molecule of the disclosure and pharmaceutical composifions containing
it are useful to deplete B cells that express CD37 on their surface and that cause cancerous or

autoimmune/inflammatory disease,

In another embodiment, the pharmaceutical composition of the disclosure is useful for the

treatment of cancers, in particular any CD37-positive malignancies.

B cell malignancies include, without limitation, B cell lymphomas (e.g. various
forms of Hodgkin's disease, B cell non-Hodgkin’s tymphoma (NHL) and related
lymphomas (e.g. Waldenstrom’s macroglobulinaemia (also calted
lymphoplasmacytic lymphoma or immunocytoma) or central nervous system
lymphomas), leukemias (e.g. acute lymphoblastic leukemia (ALL), chronic
lymphocytic leukemia (CLL; also termed B cel! chronic lymphocytic leukemia
BCLL}, hairy cell leukemia and chronic myoblastic leukemia) and myelomas

{¢.g. multiple myeloma). Additional B cell malignancies include small lymphocytic
lymphoma, B cell prolymphocytic leukemia, lymphoplasmacytic iymphoma,
splenic marginal zone lymphoma, plasma cell myeloma, solitary plasmacytoma of
bone, extraosseous plasmacytoma, extra-nodal marginal zone B cell fymphoma of
mucosa-associated (MALT) lymphoid tissue, nodal marginal zone B cell
lymphoma, follicuier iymphoma, mantle cell lymphoma, diffuse large B cell
lymphoma, mediastinal (thymic) large B cell ivmphoma, intravascular large B cell
lymphoma, primary effusion lymphoma, Burkitt’s lymphoma/leukemia, grey zone

lymphoma, B cell proliferations of uncertain malignant potential, lymphomatoid
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granulomatosis, and post-transplant lymphoproliferative disorder.

In a further embodiment, a pharmaceutical composition containing anti-CD37 antibodies
is useful for the treatment of autoimmune and inflammatory discases that involve

B cells in their pathology.

Such diseases include, but are not limited to: arthritis, rheurnatoid arthritis, juvenile
rheumatoid arthritis, osteoarthritis, polychondritis, psoriatic arthritis, psoriasis,
dermatitis, polymyositis/dermatomyositis, inclusion body myositis, inflammatory
myositis,toxic epidermal necrolysts, systemic scleroderma and sclerosis, CREST
syndrome, responses assoctated with inflammatory bowel disease, Crohn's disease,
ulcerative colitis, respiratory distress syndrome, adult respiratory distress syndrome
(ARDS), meningitis, encephalitis, uveitis, colitis, glomerulonephritis, allergic
conditions, eczema, asthma, conditions involving infiliration of T cells and chronic
inflammatory responses, atherosclerosis, autoirnmune myocarditis, ieﬁkocyte
adhesion deficiency, systemic lupus erythematosus (SLE), subacute cutaneous
lupus erythematosus, discoid lupus, lupus myehitis, lupus cerebritis, juvenile onset
diabetes, multipie sclerosis, aliergic encephalomyelitis, neuromyelitis optice,
rheumatic fever, Sydenham's chorea, immune responses assoctated with acute and
delayed hypersensitivity mediated by cytokines and T-lymphocytes, tuberculosis,
sarcoidosis, granulomatosts including Wegener's granulomatosis and Churg-Strauss
disease, agranulocytosis, vasculitis (including hypersensitivity vasculitis/angiitis,
ANCA and theumatoid vasculitis), aplastic anemia, Diamond Blackfan anemia,
immune hemolytic anemia inciuding autoimmune hemolytic anemia (ATHA),
pernicious anemia, pure red cell aplasia (PRCA), Factor VIII deficiency,
hemophilia A, autoimmune neutropenia, pancytopenia, leukopenia, discases
mvolving leukocyte diapedesis, central nervous system (CNS) inflammatory
disorders, multiple organ injury syndrome, myasthenia gravis, antigen-antibody
complex mediated diseases, anti-glomerular basement membrane disease, anti-
phospholipid antibody syndrome, allergic neuritis, Beheet disease, Castieman's
syndrome, Goodpasture's syndrome, Lambert-Eaton Myasthenic Syndrome,

Reynaud's syndrome, Sjorgen's syndrome, Stevens-Johnson syndrome, solid organ
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transplant rejection, graft versus host disease (GVHD), pemphigoid bullous,
pemphigus, autoimmune polyendocrinopathies, seronsgative
spondyloarthropathies, Reiter's disease, stiff-man syndrome, giant cell arteritis,
immune complex nephritis, IgA nephropathy, IgM polyneuropathies or IgM
mediated neuropathy, idiopathic thrombocytopenic purpura (ITP), thrombotic
thrombocytopenic purpura (TTP), Henoch-Schonlein purpura, autoimmune
thrombocytopenia, autoimmune disease of the testis and ovary including
autoimmune orchitis and oophoritis, primary hypothyroidism; autoimmune
endocrine diseases including autoimmune thyroiditis, chronic thyroiditis
(Hashimoto's Thyroiditis), subacute thyroiditis, idiopathic hypothyroidism,
Addison's disease, Grave's disease, autoimmune polyglandular syndromes (or
poiyglandular endocrinopathy syndromes), Type I diabetes also referred to as
insulin-dependent diabetes mellitus (IDDM) and Shechan's syndrome; autoimmune
hepatitis, lymphoid interstitial pneumonitis (HIV), bronchiolitis obliterans (non-
transplant) vs NSIP, Guillain-Barre' Syndrome, large vessel vasculitis (including
polymyalgia rheumatica and giant cell (Takayasu's) arteritis), medium vessel
vasculitis (including Kawasaki's disease and polyarteritis nodosa), polyarteritis
nodesa (PAN]) ankyiosh_lg spondylitis, Berger's disease (IgA nephropathy), rapidly
ptrogressi{fe glomerulonephritis, prirﬁary biliary cirrhosis, Celiac sprue (giuten
enteropathy), cryoglobulinemiz, cryoglobulinemia associated with hepatitis,
amyotrophic lateral sclerosis (ALS), coronary artery disease, familial
Mediterrancan fever, microscopic polyangiitis, Cogar's syndrome, Whiskott-

Aldrich syndrome and thromboangiitis obliterans (see WO 2007/014278).

Depending on the disorder to be treated, the anti-CD37 antibody molecule of the
disclosure may be used on its own or in combination with one or more additional
therapeutic agents, in particular selected from DNA damaging or tubulin binding
agents or therapeutically active compounds that inhibit angiogenesis, signal

transduction pathways or mitotic checkpoints in cancer cells.

The additional therapeutic agent may be administered simultaneously with,

optionally as a component of the same pharmaceutical preparation, or before or
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after administration of the anti-CD37 antibody molecule.

In certain embodiments, the additional therapeutic agent may be, without
limitation, one or more inhibitors selected from the group of inhibitors of EGFR

5  family, VEGFR family, IGF-1R, Insulin receptors, AuroraA, AuroraB, PLK and
PI3 kinase, FGFR, PDGFR, Raf, KSP or PDK1.

Further examples of additional therapeutic agents are inhibitors of CDKs, Akt,

Src, Ber-Abl, cKit, cMet/HGF, ¢c-Myc, Flt3, HSP90, hedgehog antagonists,
10 inhibitors of JAK/STAT, Mck, mTor, NFkappaB, the proteasome, Rho, an

inhibitor of Wnt signaling or Notch signaling or an ubiquitination pathway

inhibitor,

Examples for Aurora inhibitors are, without limitation, PHA-739358, AZD-1152,
15 AT-9283, CYC-116, R-763, VX-667, MLN-8045, PF-3814735, SNS-314,
VX-689, GSK-1070916, TTP-607, PHA-680626, MLN-8237 and ENMD-2076.

An example for a PLK mhibitor is GSK-461364.

20  Examples for raf inhibitors are BAY-73-4506 (also a VEGFR inhibitor),
PLX-4032, RAF-265 (also a VEGFR inhibitor), sorafenib (also a VEGFR
inhibitor), X1.-281, and Nevavar (also an inhibitor of the VEGFR).

Examples for KSP inhibitors are ispinesib, ARRY-520, AZD-4877, CK-1122697
25  GSK-246053A, GSK-923295, MK-(731, SB-743921, LY-2523355, and
EMD-534085,

2

Examples for a src and/or ber-abl inhibitors are dasatinib, AZD-0530, bosutinib,

XE-228 (also an IGF-1R inhibitor), nilotinib {also a PDGFR and ¢Kit inhibitor),
30  imatinib (also a cKit inhibitor), NS-187, KX2-391, AP-24534 (also an inhibitor of

EGFR, FGFR, Tie2, Flt3}, KM-80 and 1.S-104 (also an inhibitor of Fit3, Jak2).
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An example for a PDK1 inhibitor is AR-12,
An example for a Rho inhibitor is BA-210.

Examples for PI3 kinase inhibitors are PX-866, PX-867, BEZ-235 (also an mTor
inhibitor), XL-147, and XL-765 (also an mTor inhibitor), BGT-226, CDC-0941.

Examples for inhibitors of cMet or HGF are X1.-184 (also an inhibitor of VEGFR,
cKit, Flt3), PF-2341066, MK-2461, X1.-880 (also an inhibitor of VEGFR),
MGCD-2635 (also an inhibitor of VEGFR, Ron, Tie2), SU-11274, PHA-665752,
AMG-102, AV-299, ARQ-197, MetMAb, CGEN-241, BMS-777667,
JNJ—38877605., PF-4217903, SGX-126, CEP-17940, AMG-458, INCB-028060,
and E-7050.

An example for a c-Myc inhibitor is CX-3543.

Examples for Flt3 inhibitors are AC-220 (also an inhibitor of cKit and PDGFR),
KW-2449, 1.S-104 (also an inhibitor of ber-abl and Jak2), MC-2002, SB-1317,
lestaurtinib (also an inhibitor of VEGFR, PDGFR, PKC), TG-101348 (also an
inhibitor of JAK2), X1.-999 (also an inhibitor of ¢Kit, FGFR, PDGFR and
VEGFR}), sunitinib (also an inhibitor of PDGFR, VEGFR and cKit), and tandutinib
(2lso an inhibitor of PDGFR, and cKit).

Examples for HSP90 mhibitors are, tanespimycin, alvespimycin, IPI-504,

- STA-9090, MEDI-561, AUY-922, CNF-2024, and SNX-5422.

Examples for JAK/STAT inhibitors are CYT-997 (also interacting with tubulin),
T(G-101348 (also an inhibitor of FIt3), and X1L-019.

Examples for Mek mhibitors are ARRY-142886, AS-703026, PD-325901,
AZD-8330, ARRY-704, RDEA-119, and X1.-518.

Examples for mTor inhibitors are temsirolimus, deforolimus (which also acts as &
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VEGF inhibitor), everolimus (a2 VEGF inhibitor m addition). XL-765 (also a PI3
kinase inhibitor), and BEZ-235 (also a P13 kinase inhibitor).

Examples for Akt inhibitors are perifosine, GSK-690693, RX-0201, and triciribine.

Examples for cKit inhibitors are masttinib, OSI1-930 (also acts as a VEGFR
inhibitor), AC-220 (also an inhibitor of Fit3 and PDGFR), tandutinib (also an
inhibitor of Fit3 and PDGFR), axitinib (also an inhibitor of VEGFR and PDGFR),
sunitinib (also an inhibitor of Fit3, PDGFR, VEGFR), and X1.-820 (also acts as a

10  VEGFR- and PDGFR inhibitor), imatinib {also a ber-abl inhibitor), nilotinib (also
an inhibitor of ber-abl and PDGFR).

Examples for hedgeh_og antagonists are IP1-609, CUR-61414, GDC-0449, IP1-926,
and XL-139.

15 |
Examples for CDK inhibitors are seliciclib, AT-7519, P-276, ZK-CDK (also
inhibiting VEGFR2 and PDGFR), PD-332991, R-547, SNS-032, PHA-690509,
PHA-848125, and SCH-727965.

20  Examples for proteasome inhibitors are bortezomib, carfilzomib, and NP1-0052

(also an inhibitor of NFkappaB),

Examples for proteasome inhibitors/NFkappaB pathway inhibitors are bortezomib,
carfilzomib, NPI-0052, CEP-18770, MLLN-2238, PR-047, PR-957, AVE-8680, and
25 SPC-839.

An example for an inhibitor of the ubiquitination pathway is HBX-41108.

Examples for anti-angiogenic agents are inhibitors of the FGFR, PDGFR and

30 VEGF(R), and thalidomides, such agents being selected from, without limitation,
bevacizumab, motesanib, CDP-791, SU-14813, telatinib, KRN-951, ZK-CDK (also
an inhibitor of CDK), ABT-869, BMS-690514, RAF-265, IMC-KDR, IMC-18F1,
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IMiDs, thalidormde, CC-4047, lenalidomide, ENMD-09935, IMC-D11, Ki-23057,
brivanib, cediranib, 1B3, CP-868596, IMC-3G3, R-1530 (also an inhibitor of F1t3),
sunitinib {also an inhibitor of cKit and Flt3), axitinib {also an inhibitor of cKit),
lestaurtinib (also an inhibitor of Fit3 and PKC}, vatalanib, tandutinib (also an
mhibitor of F1t3 and cKit), pazopanib, PF-337210, aflibercept, E-7080, CHIR-258,
sorafenib tosylate (also an inhibitor of Raf), vandetanib, CP-547632, OSI-930,
AEE-788 {also an inhibitor of EGFR and Her2), BAY-57-9352 (also an inhibitor of
Raf), BAY-73-4506 {also an inhibitor of Raf}, X1.-880 (also an inhibitor of cMet),
X1L-647 (also an inhibitor of EGFR and EphB4), XL-820 (also an inhibitor of
cKit), nilotinib (also an inhibitor of ¢Kit and bre-ably, CYT-116, PTC-299,
BMS-584622, CEP-11981, dovitinib, CY-2401401, and ENMD-2976.

The additional therapeutic agent may also be selected from EGFR inhibitors, it may
be a small molecule EGFR inhibitor or an anti-EGFR antibbd.y. Examples for anti-
EGFR antibodies, without limitation, are cetuximab, panitumumab, nimotuzumab,
zalutumumab; examples for small molecule EGFR inhibitors are gefitinib, erlotinib
and vandetanib (also an inhibitor of the VEGFR). Another example for en EGFR
moduiator is the EGF fusion toxin.

Further EGFR and/or Her2 inhibitors useful for combination with an anti-CD37
antibody molecule of the disclosure are lapatinib, trastuzumab, pertuzumab,

X1-647, neratinib, BMS-509626 ARRY-334343, AV-412, mAB-806,
BMS-690514, INJ-26483327, AEE-788 (also an inhibitor of VEGFR), AZD-8931,
ARRY-380 ARRY-333786, IMC-11F¥, Zemab, TAK-283, AZD-4769.

The additional drug may also be selected from agents that target the IGF-1R and
insulin receptor pathways. Such agents include antibodies that bind to IGF-1R
(e.g. CP-751871, AMG-479, IMC-A12, MK-0646, AVE-1642, R-1507, BIIB-022,
SCH-717454, rhu Mab IGFR and novel chemical entities that target the kinase
domain of the IGFI-R (e.g. OSI-906 or BMS-554417, X1.-228, BMS-754807).

Other agents that may be advantageously combined in a therapy with the

(V3
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anti-CD37 antibody molecule of the disclosure are molecules targeting CD20,
including CD20 specific antibodies like rituximab, LY-2469298, ocrelizumab,
MEDI-352, IMMU-106, GA-101 (= R7159), XmAb-0367, ofaturmumab,
radiolabbeled CD20 antibodies,like tositurmumab and ibritumomab tiuxetan or
other CD20 directed proteins, bke the SMIP Tru015, PRO-131921, FBT-A0S,
veltuzumab, R-7159. |

CD37 antibodies may be combined with inhibitors of other surface antigens
expressed on leukocytes, in particular antibodies or antibody-like molecules,
e.g. anfi-CD2 {siplizumab), anti-CD4 (zanolimumab), anti-CD19 (MT-103, .
MDX-1342, SAR-3419, XmAb-5574), anti-CD22 (epratuzumad), anti-CD23
(lumiliximab), anti~-CD30 (ratumumab ), anti-CD32B (MGA-321), anti-CD38
(HuMax-CD28), anti-CD40 (SGN4Q), anti-CD 52 (alemiuzumab), anti-CDR0
(galiximab). An antibody of the disclosure may also be combined with another

CD37 antagonist, e.g. TRU-016.

Other agents to be combined with CD37 antibodies are immunotoxins ke BL-22
(an anti-CD22 immunotoxin), inotuzumab ozogamicin (an anti-CD23 antibody-
calicheamicin conjugate), RFTS.dgA (anti-CD235 Ricin toxin A-chain), SGN-35 (an
anti-CD30-auristatin E conjugate), and gemtuzumad ozogamicin (an anti-CD33
calicheamicin conjugate), MDXN-1411 {ant-CD70 conjugate), or radiolabelied

antibodies like **Y-epratuzumab (anti-CD22 radioimmunoconjugate).

in addition, anti~CD37 antibodies may be combinaed with immunomodulators,
agents, e.g. antibodies, that induce apoptosis or modify signal transduction
pathways like the TRAIL receptor modulators mapatumumab (a TRAIL-1 receptor
agonist), lexatumumab (a TRAIL-2 receptor agonist), tigatuzumab, Apomab,
AMG-951 and AMG-653; an anti-HLLA-DR antibody (like 1D09C3), an
anti-CD74, an osteoclast differentiation factor ligand inhibitor {like denosumab), a
BAFF antagomst (like AMG-623a) or an agonist of a Toli-like receptor

{(e.g. TLR-4 or TLR-9).



KO - seq 10/9 seq 18/17 10/9 fused to 24/23 18/17 fused to 26/25 K1 1332E seq 10/9 seq 18/17 10/9
fused to 24s/23* 18/17 fused to 26/25 S239D/I332E seq 10/9 seq 18/17 10/9 fused to 24*/23* 18/17

fused to 26/8®%; 2009/619312 PCT/EP2008/060464

10

15

20

25

30

Other drugs that may be used m combination with the anti-CD37 antibody
molecules of the present disclosure are selected from, but not limited to hormones,
hormonal analogues and antthormonals (e.g. tamoxifen, toremifene, raloxifene,
fulvestrant, megestrol acetate, flutamide, nﬂutémi.de, bicalutamide, cyproterone
acetate, finasteride, buserelin acetate, fludrocortinsone, fluoxymesterone,
medroxyprogesterone, hydroxyprogesterone caproate, diethylstilbestrol,
testosterone propionate, fluoxymesterone/equivalents, octreotide, arzoxifene,
pasireotide, vapreotide, adrenocorticosteroids/ antagonists, prednisone,
dexamethasone, ainogiutethimide), aromatase inhibitors {e.g. anastrozole, letrozole,
Harozole, exemestane, atamestane, formestane), LHRH agonists and antagonists
{e.g. goserchin acetate, leuprolide, abarelix, cetrorelix, deslorelin, histralin,
triptorelin), antimetabolites {(e.g. antifolates like methotrexate, trimetrexate,
pemetrexed, pyrimidine analogues like 5-fluorouracil, fluorodeoxyuridine,
capecitabine, decitabine, nelarabine, 5-azacytidine, and gemcitabine, purine and
adenosine analogues such as mércapiopurine, thioguanine, azathioprine, cladribine
and pentostatin, cytarabine, fiudarabine, clofarabine); antitumor antibiotics

(e.g. anthracyclmes like doxorubicin, daunorubicin, epirubicin and idarubicin,
mitomycin-C, bleomycin dactmomycin, plicamycin, splicamyein, actimomycin D,
mitoxantrone, mitoxantroneidarubicin, pixantrone, streptozocin, aphidicolin);
platinum derivatives (e.g. cisplatin, oxaliplatin, carboplatin, lobaplatin, satraplatin);
alkylating agents (e.g. estramustine, semustine, mechliorethamine, melphalan,
chlorambucii, busulphan, dacarbazine, cyclophosphamide, ifosfamide,
hydroxyurea, temozolomide, nitrosoureas such as carmustine and lomustine,
thiotepa); antimitotic agents (e.g. vinca alkaloids like vinblastine, vindesine,
vinorelbine, vinflunine and vincristine; and taxanes like paclitaxel, docetaxel and
therr formulations, larotaxel; simotaxel, and epothilones like ixabepiione,
patupilone, ZK-EPO); topoisomerase inhibitors (e.g. epipodophyllotoxing like
etoposide and etopophos, teniposide, amsacrine, fopotecan, irinotecan,
banoxantrone, camptothecin) and miscellancous chemotherapeutics such as retinoic
acid derivatives, amifostine, anagrelide, interferon alpha, interferon bete, interferon
gamma, interleukin-2, procarbazine, N-methylhydrazine, mitotane, and porfimer,

bexarotene, celecoxib, ethylenemine/methyl-melamine, thriethyvienemelamine,
- y
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triethylene thiophosphoramide, hexamethyimelamine, and enzymes

! -asparaginase, L-arginase and metronidazole, misonidazole,
desmethyimisonidazole, pimonidazole, etanidazole, nimorazole, RSU 1049, EO9,
RB 6145, SR4233, nicotinamide, 5-bromodeozyuridine, 5-iododeoxyuridine,

5  bromodeoxycytidine, erythrobydroxynonyl-adenine, anthracenedione, GRN-163L
(2 competitive telomerase template antagonist), SDX-101 (a PPAR agonist),
talabostat (a DPP inhibitor), forodesine (a PNP inhibitor), atacicept (a soluble
receptor targeting TNF family members BLyS and APRIL), TNF-alpha
neutralizing agents (Enbrel, Humira, Remicade), X1-844 (a CHK 1/2 inhibitor),

10 VNP-40161M {a DNA alkylating agent), SPC-2996 (an antisense bel2 inhibitor),
obatociax (a bel? inhibitor), enzastaurin (a PKC beta modulator), vorinistat (an
HDAC inhibitor), romidepsin {an HDAC mhibitor), AT-101 (a Bel-2/Bel-xL
inhibitor), plitidepsin (a multi-actioned depsipeptide), SL-11047 (a polyamine
metabolism modulators).

15 |
.In certain embodiments, the anti-CD37 antibody molecule is applied together with
“CHOP” (2 combination of cyclophosphamide, doxorubicin, vincristing and

prednisone).

20  The anti-CD37 antibody molecule of the disclosure may also be used in
combination with other therapies including surgery, radiotherapy, endocrine
therapy, biologic response modificrs, hyperthermia and cryotherapy and agents to
attenuate any adverse effect (e.g. antiemetics), G-CSF, GM-CSF, photosensitizers
such as hematoporphyrin derivatives, Photofrin®, benzoporphyrin derivatives,

25  Npe6, tin etioporphyrin, pheoboride-a bacteriochiorophyll-z, naphthalocyanines,

phthalocyanines, zinc phthalocyanines.

Monoclonal antibodies show exquisite antigen specificity and frequently only react
with the human target antigen, but not with homologue proteins from animal

30 species. To support development of therapeutic antibodies, appropriate animal
models for assessment of in vivo toxicity and pharmacodynamic behavior are

desirable. One possibility for an in vive model is & transgenic mouse m which the
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endogenous target antigen is replaced by its human homologue (“knock-out/
knock-in mouse™). In particular, for developing therapeutic anti-CD37 antibodies ,
the murine CD37 gene can be replaced by the human CD37 gene, This can be
achieved by constructing a targeting vector which contains the coding genomic
5  sequence of the human CD37 gene flanked by non-translated sequences. This

targeting vector can be used for homologous recombination using mouse ES cells.
Transgenic animals homozygous for human CD37 expression can be used to assess
the pharmacodynamic effect of antibodies directed against human CD37, e.g. by
monitoring the number of peripheral B cells after application of the antibodies.

10 Alternatively, those mice can be used to mvestigate potential toxic effects of

human CD37 specific antibodies, after i.v. application.

Another possibility in the case of lack of animal cross-reactivity of monoclonal
antibodies is the generation of a so-called surrogate antibody. A surrogate antibody
15 1is an antibody which reacts with the homologous protein of an animal species
which is relevant and useful for mvestigation of pharmacodynamic and toxic
effects, ¢.g. the mouse or the cynomolgus monkey. In case of CD37, monoclonal
antibodies are developed which are specific for macaque CD37 or mouse CD37,
respectively Ideally, such a surrogate antibody should have similar binding and
20  functional properties as the development antibody. This can be investigated by the
use of assay systems which utilize macaque or mouse CD37 expressing cells as
target cells, e.g. for binding, FACS Scatchard analysis, ADCC and apoptosis
assays. Ultimately, the surrogate antibody can be selected by virtue of its B cell

depleting activity in macague or mouse blood m vitro.

25
Brief Description of the Figures:

Fig. 1: Chimeric Antibody A0 specifically recognizes the CD37 antigen,
determined by FACS competition assay
30 Fig. 2 Binding of humanized versions of A0 to cellular CD37 antigen,
determined by FACS
Fig. 3: Binding of humantzed versions of A0 to cellular CD37 antigen,
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determined by FACS
Fig. 4. Affinity of humanized versions of AQ to cellular CD37 antigen,

determined by FACS scatchard analysis

Fig. 5: ADCC activity of humanized versions of A0 on Ramos cells

Fig. 6: Pro-apoptotic activity of humanized versions of A0 on Ramos cells
Fig. 7: ADCC activity of Fc-engineered versions of mAb A0 on Ramos cells
Fig. &: ADCC activity of Fc-engineered versions of mAb B0 on Ramos cells
Fig. %; Pro-apoptotic activity of mAb A0 and B0

Fig. 10:  Pro-apoptotic activity of Fc-engmeered versions of mAb A0

Fig. 11 A: Depletion of normal human B cells in a whole blood assay by
Fc-engineered antibodies A2 and B2 in comparison to Rituximab

Fig. 11 B: Superior B cell depleting activity of antibodies after Fe-engineering in

_ comparisen to Rituximab

Fig. 11 C: Antibodies A2 and B2 do not deplete T cells and monocytes in
whole blood assays

Fig. 12:  Superior ADCC activity after Fc-engineering compared to Rituximab

Fig. 13:  Depletion of Ramos Burki#t’s lymphoma cells in a whole blood assay
by Fc—enginf:ered antibodies A2 and B2 in comparison to Rituximab

Fig. 14:  In vivo tumor growth inhibition of Ramos xenograft tumors in nude
mice by Fc-engineered antibodies A2 and B2

Fig. 15:  Expression of CD37 on multiple myeloma celis

Fig. 16: ADCC activity of antibodies A2 and B2 on nuultiple myeioma cells

Fig. 17:  Pro-apoptotic activity of antibodies A2 and B2 on patient-derived
CLL cells

Example 1
Generation of chimeric and humanized anti-CD37 antibodies

a) Generation of chimeric antibody A0
Based on the variable heavy and light chain amino acid sequences shown in
SEQ ID NO:2 and SEQ 1D NO:4, the corresponding DNA sequences are

synthesized applying codon usage optimized for mammalian cells (GeneArt,
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Regensburg, Germany), adding at the 5° end a HindIIl and at the 3’ end 2 BamH 1
cloning site. The synthesized DNA molecules are digested with HindIll and
BamHI and the resulting DNA fragments (SEQ ID NO:1 and SEQ ID NO:3 plus
restriction sites) are cloned into pcDNA3.1 based expression vectors coding for
5  human IgG1 constant region and human kappa light chain constant region,

respectively (SEQ ID NO:24 and SEQ ID NO:26). EndoFree plasmid preparations
(Qiagen) are prepared and the heavy and light chain plasmids are co-transfected
into HEK293 freestyle cells (Invitrogen) at a concentration of 1 mg/L of cach
plasmid according to the supplier’s protocol. After 72 hours the supernatant is

10 harvested and the 1gG concentration is determined by ELISA. The resulting
chimeric anti-CD37 antibody (designated AQ) 1s purified on a modified protein A
column {GE Healthcare), eluted into a citrate buffer then dialyzed in PBS.

b) Generation of humanized versions of chimeric antibody A0
15
Humanization of chimeric mAb A0, as obtained in a), is performed using a CDR

grafting approach, as described e.g. in US 5,225,539; US 6,548,640, US 6,982,321,

To establish a structural model of the mAb A0 VL domain, a structural template 1s

20  chosen from the Protein Data Bank (PDB) of Brookhaven National Laboratory.
The VL domain from the murine monoclonal antibody entry "1KB3" is chosen
with 88% sequence identity / 81% similarity and 2.5 A resolution. For the mAb A0
VH domain, the same mouse monoclonal antibody structure "1KB5" with 90%
sequence identity and 91 % similarity is chosen as the main modeling templat'e.

25  The best fit for human consensus framework is found to be of the type human
Vkappal (hVK1) and human VHI (hVHI1). As an alternative design, a graft to the
most stable human consensus domains hVK3 and hVH3 is chosen. For grafting, the
mAb A0_VL and mAb AG_VH models are combined with human consensus
domain models hVK1, hVK3, hVHIA and hVH3 and combined to produce to

30  Fv-models. Loop grafting is performed by embedding the murine mAb A0 CDR
regions into the human antibody frameworks and the DNA molecules of the

humanized chain constructs are synthesized.
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The respective humanized variable regions are synthesized and cloned into

immunoglobulin expression vectors and transiently expressed in the HEK 293

freestyle expression system (Invitrogen), as described in a), in the combinations of
5  heavy and light chain sequences as shown in Table I, and purified on protein A

columns,

Table 1
Sequences of heavy and light variable chains of the chimeric and humanized

10 anti-CD37 antibodies used in the Examples.

Heavy Chain | Light Chain
Antibody |SEQ ID NO: | SEQ ID NO:
aa/DNA aa/DNA
A (=A0) seq 2/1 seq 4/3
seq 6/5 seq 12/11
seq 6/5 seq 14/13
seq 6/5 seq 16/15
seq 8/7 seq 18/17
seq 8/7 seq 20/19
seq 8/7 seq 22/21
seq 10/9 seq 18/17
seq 10/9 seq 20/19
seq 10/9 seq 22/21

Ell ll - TR P bard o R f@ R o

¢) Generation of Fc-engineered chimeric and humanized anti-CD37 antibodies
15
The generation of Fc mutants is performed as described by Lazar et al., 2006. The
resulting Fe-engineered heavy chain sequence is introduced into the expression
vector pAD-CMV1 {described in EP 393 438) and co-transfected together with a
plasmid containing the light chain encoding sequence into CHO-DG44 cells. The
20  antibody is harvested from cell culture media 5 to 7 days after transfection and
purified via protein A chromatography, cluted into a citrate buffer then dialyzed in
PBS. The protein content of the samples is determined via Protein A HPLC, the
endotoxin content 1s determined via Kinetic-QCL Kinetic Chromogenic Assay
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fused to 26/25 Example 2 Chimeric rnAb AO specifically recognizes the CD37 antigen 5 The
- specificity of MAb AO for cellular CD37 is tested in a FACS competition assay on Ramos Burkitt
lymphoma cells (ATCC #CRL-1596). Cells are grown in tissue culture fla 7 smg
RPMI-1640 +%f§)?9"|{/f3& supplemented with 10% heat-inactivated fetal b%\%@%@?gm‘%)
HEPES, 1 rnM sodium pyruvat, 101% MEM non-essential amino acids as culture medlum. CeIIs are
cultivated with an initial density of 3x105 cells/ml at 37C and 5% CO2 in a humidified atmosphere for
three days. The cultures are maintained at a cell concentration between 3x105 and 1.8x106/m1 by
sub-cultivation in a ratio of 1:6 with fresh culture medium 2-3 times a week. For FACS competition
analysis, the CD3lespecificsrmabotiidlchbiGantale saz)piirdcdyttabeled byithipB¥cheailythrin (PE) is used
at a concentratiog, of 1.ugsimkoT A AR s PLRIRC Y RAIRG it dhelabgHed competitor antibody
AO for 10 min at 4C at the indicated molar ratio. Thereafter, IxX105 Ramos cells are incubated for 30
min with the antibody mixture on ice. Thereafter, cells are washed twice in phosphate buffered saline
(PBS), resuspendédl$re FACS buffer and 20 measured on a BD FACS Canto. Results of such an assay
are shown ireFiggegkendddifibenof andditho MatiabénclgiGd @ntibady! [Sigdnd/lged lkappa) at 20-fold molar

excess dlois lrlloctj ﬁ%&i@?&dﬁ%ﬁféﬁ&@&%&@ﬁﬁ?&%ya&eaﬁmc@éEb)n%&ﬁégos cellls At\)ddltlondof
either unlabelle anti 0 S etely abrogate
binding of the dlré_éi ésf?(% Y et?boé%onﬁgls |n cadtégoﬁ%'a{{ﬁéggﬁzz ﬁ fan?%m ies recognize
identical or similar epitopes on Ramos cells and compete for binding to cellular CD37 antigen. 5
Example 3 Bindinglbdhigrhanizgedoze rdibos oAy i Ohtonseltu [ast&iDB Zodintig@hahtliianized versions of

/QO are teS”t@@' formelaéamé&m&ﬁuﬂlam@ﬂea@gwl:ﬂ MGF(&% f y%; A@y%@dlez areT?]dded ﬁto
amos cells at t e ns and allo ing for < in,at ereafter,
bound antibody E%Q%%%@ % Bcﬁ)i:&? E F&j’ Satant-h %\nggat nb o&y%%lgmek{)/aL &ell§ are washed
twice with PBS, éﬁagfﬁe?éaﬁéF%ﬁ%’aﬁélf’ésteméhﬁ@A@S%H%WﬁﬁW%&WéHl BBEFACS on a BD
FACS Canto. Exaagigd@iashown in Figure 2 and 3 (antibodies A, B, C, D, lor A, H, I, J, K, L and M,
respectively; see Table 1). 15 Several of the humanized versions of AO show similar binding to Ramos
cells as the parefitg gntibody AQ), indicating that i umanlzath{} does notxpeduce bmplng to cellular
CD37 antigen. Examgle-420-FACS-seatcharea-anatysis-ofH-humantzed "g“‘i"“” chi i ric mAb AO
The affinity of humaniged versions of antlbody %Sl ng&_e E) C, § %‘?a 1§ see Table 1) to
cellular CD37 antigenlis ter ﬂ% 1 S S ardl anglysis as g}(ersncrllt%ed eIse ere (Brockhoff et
al., 1994). Briefly, ahtipo @gpi geq{ Arepared.in well plate gl 58 400 ruM in the
first well (80 pi), followed by 11 utlon ps an%%ﬂ + 40 p‘Dh 0 pl of PA d| ut@ﬁghaﬁ added to
FACS tubes, 150 ttl cells (0,8x106/ nil=1, 2x 103 plgAubE) ArpRrdded 1o8reh FAGS\ube. Cells are
gently mixed and-mcupated for 1 ron ice Thereafter 50 pi = 1TC cqrugaled Secopgary antibody -
(conc.15 ng/m1; mouse mADb anti-hu IgG all; 30subclasses, Zymed 054231 4)%is| adgdgd, mixed, and
incubated for 30 mip an ice. 4 mLPBS ph7.2 copiaining P.02%agid are added|thegeafter, cells are
pelleted and resuspended in 300 (tIPBS pH:;7.2 and subjected to FAGH snalysis usmg a BD

10 fused to
Al 1332E seq 2/1 seq 4/3 24%/23% 26/253
A2 S239D/1332E seq 2/1 seq 4/3 28/27 30/29
2/1 fused 4/3
to | fused to
A3 1332E/G236A seq 2/1 seq 4/3 24%/23% 26/25

Ad | S239D/1332E/G236A seq 2/1 seq 4/3 32/31 34/33
6/5 fused 12/11
to 24/23 | fused to

BO - seq 6/5 seq 12/11 26/25
6/5 fused | 12/11

to fused to
B1 1332E seq 6/5 seq 12/11 | 24%/23% | 26/25
B2 S239D/I332E seq 6/5 seq 12/11 36/35 38/37
6/5 fused | 12/11

to fused to

B3 1332E/G236A seq 6/5 seq 12/11 | 24%/723* | 26/25
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FACS Canto. All experimental steps are performed on wet ice, all antibody dilutions are made in PBS/
0,5%BSA + 0.02% acid. FACS calibration is performed using Quantum FITC MESF (Premix) High

Level Beads (Bangs Laboratories). All samples are measured using the same FACS 38454

QU

ersus free IgG is calculated from MFI values at diffdreHFEAtBS

ratio of boun

arameters. The
y concentrations

and displayed as scatchard blot. Figure 4 shows the MFI/ antibody concentration relationship of
several humanized variants of AO. The results show similar binding to Ramos cells of some of the
humanized versions as the starting antibody, with dissociation constants (IQ ranging from 2.15 to 4.90
of the chimeric mAb AO The

nanomoles/liter.
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D3 1332E/G236A seq 6/5 seq 16/15 | 24/%23% 26/25
6/5 fused | 16/13
to fused to
D4 | S239D/332E/G236A seq 6/5 seq 16/15 | 24/*%23* 26/25
' 8/7 fused | 18/17
to 24/23 | fused to
HO - seq 8/7 seq 18/17 26/25
8/7 fused | 18/17
10 fused to
H1 1332E seq 8/7 seq 18/17 | 24%/23% 26/25
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25 50 ul 1% BSA in RPMI. As a control, effector cells are cultivated in assay medium alone (effector
cell control) and target cells are cultivated either in assay medium alone (spontaneous lysis) or in
assay medium Slé]ggnlemented with 1% Triton X-100 (maximal lysis). The co-culture is incubated at 37C

in a humid ]

(IB&1&% for 3 hours. At the end of the incubation cells aré TehBVEAMSHh the culture

medium by 30centrifugation (200 x g, i.e. 1000 rpm; 10 min) at room temperature. Cell free
supernatants (100 nl/well) are transferred into corresponding wells of a 96-well flat-bottom plate. To
detelmine the LDH activity in these supernatants 100 4ul reaction mixture (freshly mixed 250 pl

catalyst with 11.
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bated 30 n
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target cells alond. Maximum releasable LDH activity in the target call&/ 1D#chgtivity!eldased from
effector cells only. T determine the percentage cell megdiated cytotoxiclfy, the Qiﬁéiié@e absorbance of
the triplicates or #ﬁimm#@%ﬁiﬁ?@ﬁéﬂ and Th$%§ﬁ(gm| 58 1S It y’;? r‘rgr@/tqﬁwg to the
manufacturer's instrugtions. In Figure 5, the results from|an ADCC as%’g)f‘%ﬂwg aVE 7T ratio of 25:1
and Ramos target cells are shown. Antibodies are added in a_conce ntraﬂbn*of 3858 Both the
starting mAb and-hliHaReldardiiiilsract SRR sitniSd ABIIC activity adaigliitie lRamos cells. In
conclusion, humanization of anti-CD37 mAb A does not|significantly it f"ui%% )Cé@ inducing
capacity. Exampl? 8 Pro-apoptotic acti y of hur\nary%ed Jersi%§ 8f thg’%ﬁ{ er YAD The
ro-apoptotic activitr-et-mAbB-AO(=A}and aSea /7, L seq O L /
p p p VILy VT 1T/ T\ \ I—\} armuat TTIATITZCT OV TToSTUTTO UI1CT .,\g:/,] fused 20/19
to fused to
1-1 1332E seq 8/7 | seq20/19 | 24%/23% | 26/25
8/7 fused | 20/19
to fused to
1-2 S239D/1332E seq &/7 seq 20/19 + 24*/23+* 26/25
8/7 fused | 20/19
1o fused to
1.3 I332E/G236A seq 8/7 seq 20/19 | 24%/23* 26/25
8/7 fused | 20/19
to fused to
1-4 | S239D/A332E/G236A seq 8/7 seq 20/19 | 24*/23* 26/25
8/7 fused | 22/21
10 24/23 | fused to
J0 - seq 8/7 seq 22/21 26/25
8/7 fused | 22/21
o fused to
J1 1332E seq 8/7 seq 22/21 | 24%/23* 26/25
8/7 fused | 22121
to fused to
J2 S239D/1332E seq &/7 seq 22/21 | 24%/23% 26/25
8/7 fused | 22/21
to fused to
I3 1332E/G236A seq &/7 seq 22/21 | 24%/23%* 26/25
8/7 fused | 22/21
to fused to
J4 | S239D/1332E/G236A seq 8/7 seq 22/21 1 24%/23% 26/25
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5(B, C, D and |; see Table 1) is assessed by measurement of AnnexinV/ Pl positive cells after
incubation of Ramos cells with mAbs. Ramos cells (Burkitt's lymphoma; ATCC #CRL-1596) are

received from ATCC. Cells are grown in tissue culture flasks (175 cm’) usin%
suppIementg%o\ﬁﬁ‘ﬁ)/%{%2heat-inactivated fetal bovine serum, 12.5 mM HEE”

RP(I)\éIsl-ﬂl%ﬁf‘Q + GlutaMA, X
§P2| mf\/Fsoéium pyruvat,

1 01% MEM non-essential amino acids as culture medium Cells are cultivated with an initial density of
3x105 cells/m1 at 37C and 5% CO2 in a humidified atmosphere for three days. The cultures are
maintained at a cell concentration between 3x105 and 1.8x106/m1 by sub-cultivation in a ratio of 1:6
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cells and inclibated for 13 ¢fiduseth

hereafter cells
using a BD

FACS Canto. Theldeicentage of AnnexinV pnfﬁﬂv](:q/?-?l neYFArE 4 positive cells is
determined in twio-dimpensional dot blots using FL!! FL2 channels. A a]téﬂgd'non-binding
antibody (Sigmalhuman IgG1) is used as n}agative- control. 30 In Figure &, the p%‘*—%ptotic effect of
various humanizef-ersions o A on Rantte Hélls dr8Shbiy Calfs 4| vith antibody at
10 ug/m1 for 24 hrs, the total percentage o|f AnnexinV positive cells Wiﬁ%ﬂ %ﬁﬁ? negative) is
displayed. Parental mAb A shaow tent prio-apoptatic activit rpri E hu % d versions show
a significantly regdted nuué%gﬁ ﬁfevm‘ pégq[i@ cel s%?&r'{gi ed ;Af* ?”:’C.T ! BAD A, indicative
for altered pro-apoptatic activity 5 of the humanized antipodies. In cortfé?%glloe ) hfug{ nization of MAb A
leads to a reducti ot its pro- ic activity in this experi | setfirlt Exa Wisfe s ADCC activity
reductiqp,of 1S AIEADPRIAC actviydn [0 SIPSLmEnta SSng; EarRlss’ A
of Fe-engineered-vérstons-6fFentreHE MABIACTO-ADCECactivity of .i—@,-gsﬁ.i% e ersions of mAb
AO (designated Al, A2, A3, A4; see Table 2) is assessef using Ramos ce Is asftuasre%et%cells. ADCC
assay is perform e%gs %@%ﬂ@%&%éﬁxa%%ﬁ@gﬂ es%%sfﬂh%f the @;El%rime'%ﬁssh pwn in Figure
7. Fe-engineered-versiotis o AO-show crearty tmproved potencyand 35 El{GACygerppared to the
parent mAb AO. Certain Fe variants show improvement;in maximal I){g@géyp tg, 0% jlcompared to
the parent mAb angyirpprovement in EC50 of lggqtqoq@-fc I%gggp@red to the pgresymARD. In conclusion,
introduction of sgetific Fe mutants Strongly increases acriy Lhimetgi;Ab AO. 20
Example 8 ADCC activity of Fc-engineered versions of mAb BO to fused to
L1 1332E seq 10/9 seq 20/19 | 24%/23* 26/25
10/9 fused | 20/19
to fused to
12 S239D/1332E seq 10/9 seq 20/19 | 24%*/23* 26/25
10/9 fused | 20/19
to fused to
L3 1332E/G236A seq 10/9 seq 20/19 | 24%/23* 26/25
10/9 fused | 20/19
to fused to
L4 | S239D/I332E/G236A | seq 10/9 | seq20/19 | 24%/23* | 26/25
' 10/9 fused | 22/21
to 24/23 | fused to
MO - seq 10/9 | seq22/21 26/25
10/9 fused | 22/21
to fused to
M1 1332F seq 10/9 seq 22/21 | 24%/23* 26/25
10/9 fused | 22/21
to fused to
M2 S239D/1332E seq 10/9 seq 22/21 1 24%/23% 26/25
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ADCC activity of Fe-engineered versions of mAb BO (designated BI, B2, B3, B4; see Table 2) is
assessed using Ramos cells as target cells. ADCC assay is 25 performed as described above
(Example 5). Fe-engineered versions of BO show clearly improved pote ' compared to
the parent m)“/&%zﬁ‘B Bgﬁain Fe variants show improvement in maximal Ir;/%”(s 0 u"g’%‘@%}é% compared to
the parent mAb and improvement in EC50 of up to 20-fold compared to the parent mAb. In conclusion,
introduction of specific Fe mutants strongly increases the 30 ADCC activity of humanized inAb BO.
The results of the experiments are shown in Figure 8. Example 9 Pro-apoptotic activity of mAbs AO
and BO The pro-apaptatic activity of mAhs AQ and BO on Ramaos cells hefore and after 5cross-linking
with anti-IgG mAb Is displayed if Figure 9. The djibptotic asday is perforYned as déScribed in Example
6, for antibody c oss-unking an anti-human iIgG antibody (y-chain spe8Bii@;IBigntj@siadded to the
antibodies in a ratio of 1:1 and incubated for 15EGniCat 37Gpadbto addWig to the ¥diget|cells. In Figure
9 the CD37-specgj\ mAbEcanésiddechad a concentration; of INBg/m1 withdeid withepitttQOcross-linking.
Chimeric mAb AD is a ptfebttinduderinglapoptosisaeyen withogkicrossdigiking, thisgffect is significantly
enhanced after grossilinking of the mAb. Siirprighagly, withothtastoss-firkifg, the Bl#itanized mAb BO is
completely devoid of pro-apoptotic activity, ho##éhetshawaaiabett praaabibetatidsdeiNity after
cross-linking with anti-igG Ab. In conclusion, this experiment shows 184 Brshpoatc 15activity of a
humanized version off mAb AO can be restared after anfibody cross- linkthg, Ex%ﬁgﬁl@lo Pro-apoptotic
activity of Fc-eng iNBered VERIEAS 0 ANL A0 30 8 pr &ﬁ%{%{%p n«zﬁ\ﬂ?\g’rﬁ\f 28rdineered versions

of chimeric mAb]AO an Ramos cells is asse¢ssed by AnnexinV/ Pl stéﬂﬁg%%é :ig%%/r%gec in Example 6.
Parentl antibody|AO and Fc-engineered variants A2 and A4 are titrat el g ‘ﬁﬁ%ﬁt ation range
from 0.1 to 10.0%%@@%@@#} F58ETD !F%uz\é%]titn%%@ how Sﬁ fitar-pro-apoptotic

CT—XY5 TMTT OO T

activity. In conclusion, this experiment shows that Fe-engineering of mAb AO does not alter its
pro-apoptotic activity. Example Il a)B cell depleting activity of Fe-engineered antibodies A2 and B2 in.
a whole 30blood assa IJ e efficacy and potency of depletion of normal B cells from human blood is
assessed using a whdle Blood assay. In this assay format, the test antibody is added to EDTA-treated
samples of humathbiood fravh héaltbsifinelly deignamd $heldsBguientigemafter 3 to 4 hrs incubation at 37C,
the number %f B cells is quantitatively measured by a 4-color FACS assay. By comparison to buffer or

IgG controls, the degree of B cell depletion by the test agent can be calculated. Due to 5the presence

of human 1gG levEls srgiEfibeiMddisAlnmaribire dttiatiossishiandrn bEiREREITIOD, this assay type
is considered of highrelevanee BorRredistingnihegifeatief thactest modhackias ir: iNavfiguantitative

FACS assay is used to determine the number. of B cells and/ or losgiked Ramos cells in blood
samples derived HSSHS ﬁ%’ﬁ}fﬁﬁlﬁﬁ?\ﬁbﬁa@.’z) using RPMI-1648 + Gluta supplemented with

10% heat-inactivated fetal bovine serum, 12.5 mM HEPES, 1 mM sodium pyruvat,

10 1% MEM non-essential amino acids as culture medium. Cells are cultivated with
an initial density of 3x10° cells/ml at 37°C and 5% CO; in a humidified atmosphere
for three days. The cultures are maintained at a cell concentration between 3x10°
and 1.8x10%ml by sub-cultivation in a ratio of 1:6 with fresh culture medium
2-3 times a week. For FACS competition analysts, the CD37-specific mAb HHI

15 (Santa Cruz) directly labeled with phycoerythrin (PE) is used at a concentration of
1 pg/ml. The antibody is preincubated with the unlabelled competitor antibody A0
for 10 min at 4°C at the indicated molar ratio. Thereafter, 1x10° Ramos cells are
incubated for 30 min with the antibody mixture on ice. Thereafter, cells are washed
twice in phosphate buffered saline (PBS), resuspended in FACS buffer and

20  measured on a BD FACS Canto. Results of such an assay are shown in Figure 1.
Addition of a control human IgG1 antibody (Sigma 1gG1 kappa) at 20-fold molar
excess does not significantly reduce the mean fluorescence intensity (MFI) of

Raros cells. Addition of either unlabelled HH1 antibody or A0 antibody at 20-fold
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Quantification is performed using BD Trucount tubes which contain a known number of fluorescent
beads which serve as internal standard for quantification of the cell population of interest. B cells are
identified by 4-colour analysis using 4 different CD markers (CD3/ CD14/ 019/ CD45) in combination
with FSc/ S8€ ?I?ggﬂglgl]sﬁs 270411 fresh blood per well is incubated in alﬂ(ﬁgﬁﬂ%sfg}teo ‘f%‘bether with

- 300 antibody dilution (in PBS) or PBS (buffer control) in duplicates. Samples are incubated for 4h at
37C and thereafter immediately placed on ice. 330 of CD 20 marker master mix is added to Trucount
tubes and 50121 of the blood-antibody mixture is added. Samples are vortexed and incubated for 15
min at room temperature. Thereafter 450g1 of lysis buffer is added, vortexcd, and incubated for

additional 15 mirPsi#bBFREsHpErEErBEr Sy arephivdaHfite drectilbdrtdiisubjected to FACS
analysis using a BRa#oAe SiantadMblow vipmater .2aFyaluationphd Menispesfaimeast using the BD

FACSDiva software (Version 5.0.2). Fe-engineered chimeric and humanized mAbs A2 and B2 show
excellent potency BIPRS A 808 Pl TRt SRR B B diRe & Sehtith G HOME 280 0.35 aM. The
degree of noimal B cell depletion ranges from 57% to 65%. Rituximab, a registered 30antibody used
for the treatment frB-liHé_, is tested in parallel and yields significantly lower depletion of B-cells in this
assay forma (Fig%re © ). WO 2009/019312PCT/EP2008/060464 b)Fc-engineering introduces
superior B cell ddjiteting cidtivityntfed @-antch 86 wdvbpdreddd  Rrukibiaefigeffect of mAbs on B cell
depletion in human blood derived from healthy individuals is assessed as described in a). The non
Fc-engineered mAbs AO and BO 5show B cell depleting activity in the range from 13% to 26%, similar

to Rituximab. Fc-Bnganeeadrigiesuitelin & aedpiteddomdreadending wetclploidting awthggy for both mADs,

with a mean pergeéage of depleliaR Aty A%, dHals5IRaR% Jemonsiatea;the guperiority of A2 and B2
compared to Rituximab (Figure 11 B). 10 c¢) Antibodies A2 and B2 do not deplete T cells and

monocytes 18 whEtBBRBBHAEH AN HOELHIINE S B B2 4ym gRetsHe- esdpositive) and
naonocytefs (ChD1émwﬁai;piv&&bdﬁ:@%eﬁaeﬂﬁnmmuegbd@smﬁiaéfmzp%@ dﬁﬁﬂ@ﬁ?(qstgﬁ}ab}l@?ignificznt
change of either T cell numbers or mgnacyte numbers is observed, wherea ignificant reduction
of the mumber of 5°CENE SHE (HIGUE S FE3, AR He A AL i SN, deplote B colls
from human blooshdExamplé B RE-EnginddninohDirCdnee Fsuppkiond Bio@astFinedainpared to
Rituximab 20 ADCC activity of the Ee-engineered versi 2 of mAb AQ. is asses using Ramos
cells as target celts” Aé’g&%g%{; 13% ﬁ)e(’e}‘rfjlogr"rin%r dﬁzgé%gagéﬁér?@fg%% g’gf.e aglﬁg '
Fe-engineetéd adtibodiolhshonszanhaxisieldpéis dsiRansositarheroed|oilaiohsisdliferior to Rituximab,

an aniibody specifi for. GR2AWBIENAB 23R ARPIYSHHEAIIER JornRisais S iRiing drom B cel

lymphomas. Surprisingly, Fe-engineering of AO leads to a clearly improved potency and efficacy of A2
over Rituximab. FRis#didaiésipElat similar antigen densities of CD20 and CD37 on Ramos cells the
Fe-engineered anti-CD37 mAb A2 shows clearly improved ADCC activity than Rituximab (Figure 12).

Example 4
20  FACS scatchard analysis of humanized versions of chimeric mAb A0

The affinity of humanized versions of antibody A0 (designated B, C, D, H, 1 and K}
see Table 1) to celiular CD37 antigen is determined by FACS scatchard analysis as
described elsewhere (Brockhoif et al., 1994). Briefly, antibody dilutions are

25  prepared in a 96 well piate starting with 100-400 nM in the first well (80 pl},
followed by 11 dilution steps (1:2, .40 + 40 ul). 50 pul of mADb dilutions are added to
FACS tubes, 150 ul cells (0,8x10% ml=1,2x10° cells/tube) are added to each FACS
tube. Cells are gently mixed and incubated for 1 h on ice. Thereafter 50 ul FITC
conjugated secondary antibody (conc.15 pg/ml; mouse mAb anti-hu 1gG all

30  subclasses, Zymed 05-4211) 1s added, mixed, and incubated for 30 min on ice.
4 mi PBS ph7.2 containing .02% acid are added thereafter, cells are pelleted and
resuspended in 300 ul PBS pH 7.2 and subjected to FACS analysis using a BD
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30 Example 13 Lymphoma cell depleting activity of Pc-engineered antibodies A2 and B2 in a whole
blood assay 5 The efficacy and potency of depletion of Ramos cells, a Burkitt's lymphoma derived cell

line from huwgn &I&gggi%assessed using a whole blood assay as describggli}hléém&lg(}l. In a
modification 0 tfﬁe assay, Ramos tumor cells are spiked in about a tenfold excess compared to

endogenous B cells into the whole blood matrix, and their depletion is also monitored by FACS
analysis. 10 Fe-engineered chimeric and humanized mAbs A2 and B2 show good potency on Ramos
cell depletion with EC50 values ranging from 0.35 to 0.54 TIM. The degree of Ramos cell depletion
ranges from 36% to 55%. Rituximab, a registered antibody used for the treatment of B-NHL, is tested

in parallel and yidld§ SigAMeattly IBFENeRplStien BF REHREEENS Hetirs £saRaHat (Figure 13). 15
Example 14 In vivaefficagy ef-beieraneersdratibogliesAzidnd R Xivdisease tglatRenmedel The in
vivo anti-tumor efficacy of mAbs A2 an is assessed using a Ramos 20 Burkitt's lymphoma model
I e e OO R e R e P e B R AR O Sl amimale amd
iv. treatment of therasimats sisutedduban thmarsclid EStahlishee s ATtwiceiwetbdytddatinent schedule is
chosen (g3/4d), two differept.dose mg/kg. a 5 mag/kg).are tested.in parallel. Both mAbs show
o amt e B b S L G ioremce
between the two @_mb@ﬂpbaebsi aa&b@hmb‘ﬁ%@i@u@mw@@é@ blbstbedd chlmwv@ionhere is a trend
towards better effigaey,h hehiaR pse-Afikerleshagoky, wib HGELA.2% ANd 3Ht0icomplete tumor

regressions. All treatments are well tolerated with no apparent weight loss. In conclusion, rnAbs A2

and B2 showed diyR#mantalitpfumier effbabyritreREmIGL3E BigrRiteEny HpiveAYa Widdel, with
maximum activityjaleasioakisnesiatthe-fhpaiendrse Javel ofhemekvity/igeomparable to that of

rituximab which is tested in parallel. It has to be noted that the in vivo activity observed with the
Fe-enginee?gd antibodies A2 and B2 may be underestimated since these rriAbs are optimized for
interaction with hBraaplaut not murine effector cells. This optimized interaction, which leads to strongly

improved ADCC igﬂ;{ y (i:rgiyiittr% %1\{??1?{1 hjszgrbgvgggggno?ﬂheecg% Iggrl{g éE{})a le 8), is not reflected in the
mouse model uséd: Swever, the data obtamed i this experimen (%ﬁ)own in Figure 14) provide in

vivo proof of concept of CD37 targeting and thus can be used for estimating the therapeutic dose in

humans. Examplg, 15 AaCoralalion aLAIAIRACOKIS ik ANE RlABMAcadnAIRic effgelof A2 and B2 in

mice for estimating t_he.th rapeutic umans A corfe ation between fhe serum concentrations of
A2 and B2 ftheip phrsigiacoidberanderenéet iscl susbipé dyilv ity g Che Rasrssetimor xenograft 1

5 model. The_se siudier fsoepsiralethat a100sR @E@-ﬁ?ﬁﬁh&&?ﬁ%ﬁ%ﬁ?ﬂﬁ%@hﬁ%@&é&ﬂ citrate buffer:
25 mM Na-Citrate, 115 mM NacCl, 0.04% Tween 80, pH 6.0) causes significant retardation of tumor
J -

growth in this agges .%??Qﬁ@ﬁ’i’é{ﬂé%h@%?ﬁ&; MbGES b 2 e PSPt Mibody dosing
schedule in mice Athgs indicadirgeantinuedactiviiydfrakghors thedesiagrprervaklOFurthermore,

pheinaceknet i 12 SSHISReA 0, e A s Lang s D seseoptopyp e ar

antibodies iathuni#tRER, dovesadip20divat, 1% MEM non-essential amino acids as culture
medium. Cells are cultivated with an initial density of 3x10° cells/ml at 37°C and
5% CQ; in a humidified atmosphere for three days. The cultures are maintained at
a cell concentration between 3x10° and 1.8x10%ml by sub-cultivation in a ratio of
1:6 with fresh culture medium 2-3 times a week. An aliquot of the cell culture at a

25  cell density between 1.5x10%ml and 1.8x10%ml and growing in the log-phase is

centrifuged (200 x g, i.e. 1000 rpm) for 10 min. Cells are washed once with
washing medium (RPMI 1640 w/o L-glutamine) and pelleted (200 x g, i.e.
1000 rpm; 10 min). Cell pellet is resuspended in assay medium [1% BSA m RPMI
w/o L-glutamine] and cell count is determined. Cell concentration is adjusted to

30 2x10°/ml.

Approximately 50 - 80 ml whole blood drawn from healthy donors is used for the
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25 Full calculation for A2: Mean AUC(0-00) after single dose of 8 mg/kg = 6099 tig.h/mL. Given
AUC(0-00) in mice = AUC(ss,t) in mice, and AUC(ss,t)/t = C(ave,sSs). C(ave,ss) in mice (for T = 84
hours) = 73 tig/mL, which is presumably 30equivalent to C(ave,ss) in mené{or t = 168h). Since
AUC(ss,t) in‘ﬁ?e"r?":"ﬂféﬁ and using the humanized antibody clearance F TfErlézr?as S hdmans
reported by Lobo et al, 2004.: CL = 7 mL/h/70 kg to 15 mL/h/70 kg. For 7 mL/h/70 kg: 168 hr x 7 =
1176 mL x 73 ug = 86 mg. For 15 mL/h/70 kg: 168 hr x 15 = 2520 mL x 73 ug =184 mg. 5 Therefore,
for A2, the estimated weekly dose for a 70 kg human is in the range of 86 to 184 mg. Using the same

assumptions as described above, the calculated estimated human weekly dose for B2 for a 70 kg

human is 189 to #oktiag of BEMAmsten 6V pele rnd sa difHel B 2 hvith RO cC Rt gHmultiple

myeloma cells The expresaioR Mol 3700 RiRANBIOLBHEIRIn Y elemaiGalidings:is @rsessed by FACS
analysis using antibodigeksﬂ%)ecific for CD37. Cells are either incubated with 1 5 a directly fluorescently

labeled anti-CD3¥ 4§ 5rAF TR AR &8P EB L L5 BmARNLrRIBI¥SP RO WIS ' deed fluorescently
labeled antibody @lseeirctagamstihe Primary Jaotgetytol Be fuoresrcenaeactiviycofithtabeled cells is

measured with a FACS Canto Flow Cytometer (BD.Bjoscie the fluo ence intensity is
recorded as Flﬁggiﬁﬁe %ﬁ%@bﬁ%@g v‘\’/"'aarv’é? 155 ‘6’%&1& %e%s?e@qmﬁ{lﬁpfée‘z{?%%%ma demonstrate
cell surface expragsion)ph&DE&{Higunad &ithGieSeablihe (RRMIZ8R26nis1Subsequéntiiatested in an
ADCC assay as described in Example ing. the GR3frsnesific antipadies. A¢ and B2. Both
antibodies demoﬁvslﬁl;%ie%%p%t xr??Agglé‘aégg\%@gén RP&_] 82%2% ceﬁs v%t EC G values in the range of 25
ng/ml and a maxhstabealiigsis of ao oed0ys/ (R reedsim TS ehentibie derisdismme s that 25

CD37-positive multiplemyplangseelisare _uéaﬁﬁyplgi@ ARG Mmediatedgelblysig using the
CD37-specific mAbs A2 and B2. Figure 15 shows the FACS analysis of six multiple /r%)geloma derived

cell lines fof 0 clstmerpidadisrecitseBiban T veMhdeatenisdichmrdittanir c ecific
30antibody, the fitlg feauniessiencaIERlIDe REgRLITE LORTEO AR o Yyl fmxampland (IBrRERPOptOtic
activity of antibodies A2 apnd B2 on patient-derived CLI cells The pro-apoptotic activity of A2 and B2 is
assessed on patié%%}d%f &Eﬁ%ﬁ‘ﬁg Wﬂﬁﬁ%%ﬁc“’l&igﬁﬁilﬁu&fﬂ egﬁé%ﬁi??p"htéﬂieblood mononuclear
cells (PBMCs) areuptepdret fTonmd)patént with@lagndsed Skt nafterOnfdrerfetioeangelay according to
the declaration of Helsinki.ha n.obtained, The primary CLL cells.are,purifi om, freshly collected
blood according © qlca(r)?l-slbgﬁ%ae? r Vﬂﬁlgl glrlagééﬁﬁeﬂ ?E%grrﬁ&%ﬁﬁ%% %gﬁgérfgggf\/?gﬁéﬁ?%?ﬁbe) and
stored at 40 REM a8d@atedtBRMO arediparaicdritamierd! Hobyis lvaat inamphertsy Budian-AB serum

(Sigma, France) yfiil 1i5e: 3 e Suliire MABH FOLRNMAN (k- Calis.Is REM M 4049 supplemented with
2 rriM L-glutamine ar]pd 10% of heat inactivated human AB serum. For experimental use, primary CLL
cells are countedﬁw%%ﬁﬁéméfﬁ%%fthﬂﬁ W&Ibility Is assessed by 0.25% trypan blue exclusion.

The viability of CLL samples

-

The co-cultivation of effector cells with target cells n presence of specific or

20  unspecific antibody is performed in duplicates or triplicates in 96-well round-
bottom microtiter plates in a final volume of 200 pl assay medium per well
consisting of 10% human AB serum and 1% BSA in RPMI in 1:1 ratio. First
effector cells (freshly isolated PBMC cells in 100 pl 10% human AB serum in
RPMI per well) are plated, followed by target cells and antibody sclution diluted in 'l

25 50 ul 1% BSA in RPMI. As a control, effector cells are cultivated in assay medium
alone (effector cell control) and target cells are cultivated either in assay medium
alone (spontaneous lysis) or in assay medium supplemented with 1% Triton X-100
(maximal Lysis). The co-culture is incubated at 37°C in a humid CO, incubator for
3 hours. At the end of the incubation cells are removed from the culture medium by

30  centrifugation (200 x g, i.e. 1000 rpm; 10 min) at room temperature. Cell free |
supernatants (100 pl/well) are transferred into correspondin.g wells of a 96-well

flat-bottom plaie. To determine the LDH activity in these supernatants 100 ul
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15is more than 90%. Cells are incubated at 37C for 24 hours with the antibodies at 30 jig/m1 and
thereafter the percentage of AnnexinV positive cells is determined as described in Example 6. As
shown in Figure 17, Fe-engineered antibodies A2 and B2 show strong pro-apoptotic activity on the
primary CLL RIRRREHout 90% (A2) and 40% (B2) AnnexinV positive E&rﬁﬁg%“f?%“ﬁ%é are clearly
superior to 20rituximab, a B cell-specific antibody approved for the treatment of B-NHL. Mab A2
demonstrates also clearly superior activity compared to alemtuzumab, an antibody approved for the
treatment of B-CLL. Example 18 25 Generation of a transgenic mouse model in which the endogenous
CD37 gene is replaced by its human homologue A targeting vector is constructed which contains the

coding sequencerefdigniaiceRI TR bet Wl betitbial efifoh eSomelyiDerom 233N 13,
RP11-50111) 30flanked, ky AQn:iransialed 20086 RERS: IS RIGGINGNEH I MMRAChRINEaINS, in

addition, loxP sites flanking exons 3 - 4 and the neo selection marker flanked by It sites) is then used
for homologous reBEIBIsAtDMEEY Afsliserty &sidfand standard technology to replace cxons 1 - 8
of the mouse gcnornic sequence with the human counterpart sequences, To this end, the C57BL/6N

ES cell line ig grown on a mitorically inactivated feeder layer comprised of mouse .emhryonic
foroblasts (Mor I RHENT RO e R Y oA SO B G AN N5 1550 wint
Leukemia Inhibitekydeaatarf @vtidipoket i 5 GaidDah) tix k@ dscalts@andf3MH ahlinsarizadi®NA vector are

erectroporated (Bigrad GRS BUBRILAA0 A0 E, B slerin Eaplmiy.saned on d2

.\ Teleas I )
Counterselection Wltrfl'l ancy(ﬁowr starts on arter e ectroporanon. ones are isolated on

d8 and analyzed wsmmwmﬂﬁg:m@m@w@mam bﬁd@édms@@_.@hbybﬁwpﬁ@ryse_ of radio
labelled DNA propes; specifierionhentalaet grng.Aller 853nsinaiARd feezing Qhclangsdn liquid

nitrogen. Transgenic animals are then ?fzgerated by standard procedures known in the art, e.g. by

blastocyst iRfectioh @HtnsuBseyiiehty shés dsviroflerinarieapmmans cathimedidtedterozygous and
homozygous for buinari& 3 aEenablained Syocanyentignathiaadinapichimeric and heterozygous 15
animals, respectively. The successful knock-out of the murine CD37 gene and the knock-in of the
human CD37 gene is monitored at the protein level using standard procedures, e.g. FACS analysis of
peripheral blood Igmepheaytescat-ianninohistochebiithkanatysisnefiissuetbeatiagsnadhdmxample 19

Generation of surrogate antibodies Monoclonal ant%‘lli:%djes %E)ecifi&: ffor maca %ECI%S@?are generated
ence of

.. . . . . . which 18 subtiacted ttom values .
by genetic immunization of mice and rabbits using the comp eate cod?ng sequ e 25 macaque

CD37 antigéd (ASachpotEN Sl TIOGR00020744DBpetifityantibaid sratbeshitoted1d8ing recombinant
HEK293 or CHO cells expressing the macaque Cdg% AR, SrGk o %ﬁ{}g&%%ﬁ A or FACS
0

techniques. The variable heavy and light chain coding sequences of these antibodies are retrieved by
PCR cloning and used for generation of chimeric @atitidiePthekascrivaes it Example 1) which 30

harbqr the VH anﬁp\!ﬁt&ﬁ@i@i‘L‘iﬁq\f@i@%@(@)ﬁhe MUring QE E%@E‘E@%@%Q@@%ﬁﬁ%%&c portiqn
identical to that of an antibody of the invention, e.g. A2 or B2. The binding and functional properties

can be investigat® By d-BEEeasddy systems\IAEPERiTZE REIIGHE etsHeRdhsssing cells as
“target cells,2@ 9. for binding, FACS, Scatchard analysiscoNRCC and apoptosis assays. Ultimately, the

surrogate antibo selected by virtue of its B cel leting activity in Cynomolgus monpkey blood in
vitro. 5 Example 3@8{)3’?@1@8%‘%’! g nes for pro ut%dfﬁg‘?h"é*%ﬁ ?ﬁ%fg%genggr}gﬁecﬁlgcﬁﬁéﬁg & clones for
producing antibodies of the invention, e.g. antibodies 10 A2, A4, B2 or 84, the DNA molecule encoding

the complete heayy ¢ %}Hﬁ&«Qhe‘"’é@cgﬁ%ﬁgg&?&%@éﬁﬁ@%&é@%@z‘ g?xe'\!l%r fa &%o%gaé?c’_e?’o% respectively,

is inserted into the eukaryotic expression vector , encoding in addition the selection
marker dihydrofotatetiipderses s drovirpigsristenicutated and the background is subtracted

25  according to the manufacturer’s mstructions. In Figure 5, the results from an
ADCC assay using an E:T ratio of 25:1 and Ramos target ceils are shown.
Antibodies are added in a concentration of 30 ng/ml. Both the starting mAb and
humanized versions thereof digplay similar ADCC activity against the Ramos cells.
In conclusion, humanization of anti-CD37 mAb A does not significantly alter its

30  ADCC inducing capacity.
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15 The DNA molecule encoding the complete light chain, depicted in SEQ ID NO: 29, 33,37 and 41,
respectively, is inserted into the eukaryotic expression vector designated 031-49, encoding in addition
the selection marker neomycin phosphotransferase. The DNA sequences of the entire heavy and light

chains are sgéhg‘?g@&g%]&mpletely. 20 The hamster cell line CHO-D044, g?SWﬁli)ﬁogﬂ%ﬁpéﬁ"sion in

chemically defined media, is co-transfected with the ettkaryotic expression vectors for the heavy and
for the light chain of the antibodies, as described above. Transfected cells are selected in medium
without hypoxanthine and thymidine and in the presence of the 25antibiotic 0418. Subsequently, cells
are subjected to stepwise selection and amplification using increasing concentrations of methotrexate
(MTX). From the Boammia M TX amplification step, a single cell clone is selected based on growth

performance andmpiiRegi @l QeGHORIRSRINDEY MRS ANWFIS.CRYRREGRGHVEs A a Safety Cell Bank
(SCB). 30 References 5 American Cancer Society (Cancer Facts & Figures 2005). Baker and Jones,

Curr Opinion in Drug Discovery & Development, 10, 219-227, 2007. Barbas, et al., Proc. Nat. Acad.
Sci, USA 91:3809%83:3 -kpSstofRarseniayaifahAbeukenninahd: La#6:i18&B%:20ab 1eielov et al., Cancer

Research 61, 4483-4489, 2001. lianne G. L., Hozumi N. and Shulman,.M .J,, Praduction of
funetonal chinerErko U8 dri&n AHlfopby SHIS 18V EHACT684 BIBRHBN & ADWtkectr F
Knuechel R., Cytottigtifiet 2@4bdii(d 17 Ba8RsBalth shdumidt ak xGanedls Résddnch 52: 6476-6481, 1992.

15Chothia and Lesk, Mol Fiel.A96: 993917 1987, Cplfer Beet alRUmah Gnikgp20
monoclonal antib ﬁ}%%r the treatment o patients with relapsing or're r'actor)%Taggressi\”/e lymphoma: a

multicenter phaseWwudigkBI0del A998 RIGAT- g2 CoitfisdA JGepr8ne8ed +98: 2005. 20 Edelman
etal. Proc Nat! Acasl,Se,USA 63 78:85t96% EeugianR .akalikong-ter @amlis ghifigR-CHOP

study in the treatment of elderly patients with diffuse large B-cell ymphoma: a study by the Groupc
d'Etude des!BymphoMEYaorasisrEaresiRe ofidsre oulburs agdmig ol grecatiyptedrah European

phase Il study of si{uximabetehimenie AtEGRL0 A3menadonglanibody)fonprtientovitepewly

diagnosed mantle-cell lymphoma and previously treated mantle-cell lymphoma, immunocytoma, and
smal Bcell RO DRDHO AL 5 A SR S66,448 (31 F035 L BGIHEREr 1 Gy al. The

addition of rituxinmali tta16bmbinatibreol fludandhinestzysioph edphieide; mitaxadinene (FCM)

significantly Increases the res r%%(}eﬁfmate gﬁ% %rﬂk&'ﬁ S survweﬁ Ls\ﬂcq:gmg&red with FCM alone in

patients with reIap‘seéirﬂ'l:\er“?cil refrac gﬁf’éuq r-and man gegéﬁ ymphomas: fecults of a prospective

randomized! Study: 6k tH& 1@ end ArB L EIY/ r6 ravdectyminph onize Stechh Seou perBidogs P00 x104: 3064-3071,

EgaSr;CiSCO etal., Bloqdog 00340 d 20 LA AR # okl Ninel Al MeHadR R BRI 154: 221-249,

1640 w/o L-glutaming) and pelleted (200 x g, i.e. 1000 rpm; 10 min). Cell pellet is
resuspended in culture medium and cell count is determined. Cell concentration is
adjusted to 1x10%ml. 100 pi cell suspension per well are plated into 96-well round

20  bottom plates. Antibodies are diluted in cell culture medium containing 10% FBS
and 100 gl antibody solution are added per well. Cells are incubated for 20 to
24 hrs at 37°C in CO, incubator and thereafter stained with Vybrant apoptosis
assay kit #2. Alexa Fluor 488 labelled Annexin V and propidium iodide solution
are added to the cells and incubated for 15 min in the dark. Thereafter cells are

25  resuspended in 400 ul AnnexinV binding buffer and subjected to FACS analysis
using a2 BD FACS Canto. The percentage of AnnexinV positive/ PI negative cells
and AnnexinV/ PI positive cells is determined in two-dimensional dot blots using
FL1/FL2 channels. An isotype matched non-binding antibody (Sigma human
IgG1) is used as negative control,

30
In Figure 6, the pro-apoptotic effect of various humanized versions of mAb A on

Ramos cells are shown. Cells are incubated with antibody at 10 ug/ml for 24 hrs,
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therapy specific Fo mutants strongly increases the ADCC activity of chimeric mAb AQ.

20 Example 8
ADCC activity of Fe-engineered versions of mAb B0

ADCC activity of Fc-engineered versions of mAb BO (designated Bl, B2, B3, B4,
see Table 2) is assessed using Ramos cells as target cells. ADCC assay is

25  performed as described above (Example 5). Fe-engineered versions of BO show
clearly improved potency and efficacy compared to the parent mAb BO. Certain
Fc variants show improvement in maximal lysis of up to 80% compared to the
parent mAb and improvement in ECsq of up to 20-fold compared to the parent
mADb. In conclusion, introduction of specific Fc mutants strongly increases the

30  ADCC activity of humanized mAb B0. The results of the experiments are shown in
Figure 8.
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Surprisingly, without cross-linking, the humanized mAb B0 1s completely devoid

of pro-apoptotic activity, however shows potent pro-apoptotic activity after cross-

linking with anti-IgG Ab. In conclusion, this experiment shows that pro-apoptotic

15 activity of @ humanized version of mAb A0 can be restored after antibody cross-
linking.

Example 10
Pro-apoptotic activity of Fe-engineered versions of mAb AQ
20
The pro-apoptotic activity of Fe-engineered versions of chimeric mAb A0 on
Ramos celis is assessed by AnnexinV/ Pl staining as described in Example 6.
Parentl antibody AQ and Fc-engineered variants A2 and A4 are titrated over a
concentration range from 0.1 to 10.000 ng/ml. As can be seen in Figure 10, all
25 3 antibodies show similar pro-apoptotic activity, In conchusion, this experiment

shows that Fc-engineering of mAb A0 does not alter its pro-apoptotic activity.

Example 11

a) B cell depleting activity of Fc-engineered antibodies A2 and B2 in a whole
30 blood assay

The efficacy and potency of depletion of normal B cells from human blood 1s

- agsessed using a whole blood assay. In this assay format, the test antibody is added
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ight chain is 2 kappa,chain. . 3),The antibody mojegule ol claims 3,200.2, wherein,said anbody
molecule hag one SF More MUtations 1 _ he' £& domain that modulate one or more effector functions,
wherein said onehomandreinpsiations inithesHet goniasmisidecainobingh oclohsubititptigngiag positions 239

and 332, or 236 zapede ‘gi)oqrtgg;@esggh%g&qeg%gvmgmbered according to the Kabat EU 5Snumbering
index, preferably said substitutions are 1332E and S239D or 1332E and 0236A, or S293D, 1332E and

G236A. 4) The antibody molecule of any one of claims 1 to 3 that has a heavy chain comprising the

amino acid sequenge, ofiER MNRiZ8 andialightshain-sampkising-ihe amingiRU18-sequence of SEQ
ED NO:30. 5) The antibody molecule of any one of claims Ito 3 that has a heavy chain comprising the

amino acid YequépksioR BELS 8lne Moot sdapligeaahsmpiding Hbvitntio acid sequence of SEQ
ID NO:34. 56) Thewantibedimnelpswersianmerrnotalains Ho S whiieto:said corstant heavy chain
comprises the aming acid. sequence of SEQ 1D NO:24 and sajd constapt light chain comprises the
amino acid seq ué‘ﬁg@%rf%éi’?ﬁcﬁlﬁ %ﬁg ‘%ﬂ nsgm“fbaédl)}/t%?’ti Sfﬁ%%a%a‘%ﬁ Fﬁ‘?ﬁ@ﬁﬁ’?ﬁﬁ% has a heavy
chain comprisingtteedDpaminoacid seguenBedisSEQdintNEI 28 dnd ladightbsainseamprising the
amino acid sequenge. of ID.NO; | binds an. a§§ichas a heavy
chain compris.ing%tr(%i:le?fgrnefl%nlc:l;%c:rlnofl rskeeasu n%%ﬁgté &%@%%Ngg%l?%ﬁld a '|'§ﬁ?d%?%ﬁ]%?n§§rismg the amino
15 acid seqifencerahySBEQ ID NO:34.

270ul fresh blood per well is incubated in a 48 wel! plate together with
30ul antibody dilution (in PBS) or PBS (buffer control) in duplicates. Samples are
incubated for 4h at 37°C and thereafter immediately placed on ice. 33ul of CD

20  marker master mix is added to Trucount tubes and 50ul of the blood-antibody
mixture is added. Samples are vortexed and incubated for 15 min at room
temperatare, Thereafter 450ul of ysis buffer is added, vortexed, and incubated for
additional 15 mir at room temperature. Samples are placed on ice and immediately
subjected to FACS analysis using a BD FACS Canto™ Flow Cytometer.

25  Evaluation of data is performed using the BD FACSDiva software (Version 5.0.2).

Fe-engineered chimeric and humanized mAbs A2 and B2 show excellent potency
on normal B cell depletion with ECsy values ranging from 0.15 to 0.35 nM. The
degree of normal B cell depletion ranges from 57% to 65%. Rituximab, a registered
30 antibody used for the treatment of B-NHL, is tested in parallel and yields
significantly lower depletion of B-cells in this assay format (Figure 11 A).
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9) An antibody that binds to human CD37 and has a variable heavy chain comprising the amino acid
sequence shown in SEQ ID NO: 2 fused to a human constant heavy chain comprising the amino acid
sequence of SE('h)ﬂI?D NO:24 and a 20 variable light chain comprising the amino acid sequence shown
in SEQ ID N 2388816 a human constant light chain comprising the arﬁ%%ﬁgg?gsggaﬁé‘nce of SEQ
ID NO:26, 10) A DNA molecule comprising a region encoding the variable heavy chain of an
25antibody of any one of claims 1 to 9. 11) The DNA molecule of claim 10, wherein said variable
heavy.chain encoding region is fused to a region encoding a constant heavy chain of human origin,
‘preferably said human constant heavy chain is IgG1 and preferably said human constant heavy chain
has one or more@ubﬁﬁmﬁﬁ#@ﬁ%ﬁéﬁ@%@@%ﬂ@%éetfﬂm]ﬁﬁ'@i&éﬁm efaif andfiferein said IgG1 is
encoded by a sequengg.ghomndkBEGEIB NO: 27 or SEQ ID NO: 31 or SEQ ID NO: 23. 13) A DNA
molecule comprising a region encoding the variable light chain of an antibody of any one of claims Ito
9. 14) The DNAMSEesiIa GrebsAP B3osiartian g %‘é‘ﬂé‘b@-ﬁ@n@%ﬁ%fé%%@%region is fused to
a region encodingaGangiaRtlightehainaethbean Hrighe, ieferabbnsaidioanstantligiit®imain is a
kappa chain._ 15) The DN lecule of claim 14, wherein %ka light chain,is encqded by a
sequence sh wngﬂ%é)d‘i@%%%g SESHON :%gsr%ﬁé% f\(fg%gfbddﬂ% Hsuéii%l%‘ssion vector
comprising a DNAcmnpseiiengfreswtoincaal oladtisid@«¢a d @f #ndib depRdg mmotecy fordfciny one of claims
13 to 15, preferably, the vector compri e maol f-glaim. I [ molecule of
claim 15. 1517) o{)sst ‘évé% gaﬁir%?i% gﬁée% %égrﬁcﬁigegg?%r%%%%ﬂ?g} %ﬁ%&%ﬂﬁ?ﬁ%@?g cell carries an
expression vectosupsmpHsingtAeOIBA eolpeuibtofdtaimmab Gieie déddhd expression vector
comprising a DNA molecule of claim 15. 18) A method for producing an antibody of any one of
claims 1 to 9, comprising 20transfectin%a mammalian host cell with one or more vectors of claim 16,

culturing thdhosteell ArthetsvenighRd fRneity e heabodmereaiss it ¥89!& pharmaceutical

composition comprisinge@saiigyactive ingredient, one or more anti-CD37 antibody molecules of any
one of claims 1 t9 9, and a 25pharmaceutically accept garrier. 20) The pharmaceutical
composition of claft ﬁ%ﬁﬁﬂ%ﬁg&&ﬁ%&h BW@?&DP%%?J GARRSHAIShEIA BEAGENE 1 21) The
pharmaceutical cpsripesitionsedsstdim giraidieselr séfiganebolympliecyaddiionahifiesapeutic agents are

agents that target the Bo%%'zlt qtlpea CD20. 22) The g}?ggﬂa%euncalbcom%mg\on of any one of claims

19 to 21 for use iﬁharé%eietlng cells %ﬁgfn eff)srgggl CB5570n theit strface. 1023) The Brf)harmaceutical

compositiori df asjgoificant cidimieon @fohz hiorbasefiB celting BaelFrgatighdhciEsivndistddhmune or
inflammatory disggses-that @’%\é@iﬁcgﬁﬂﬁé&@@ﬁ pathalogh kefesakly said B cell malignancy is
I

selected from B cell non-Hodgkins lymphoma, B cell chronic lymphocytic leukemia and multiple
myeloma. 15 24) A method of depleting CD37 expressing B cells from a population of cells in vitro,
comprising admirﬁ%%;w to said population of cells an antibody molecule of any one of claims 1 to 9 or

a pharmaceutical composition containing such antibody malecule. 5 o
Fc-engineering introduces superior ADCC activity compared to Rituximab

20
ADCC activity of the Fe-engineered version A2 of mAb A0 is assessed using
Ramos cells as target cells. ADCC assay is performed as described above
{(Example 5). The non Fe-engineered antibody A0 shows a maximal lysis of Ramos
target cells which is inferior to Rituximab, an antibody specific for CD20 which is

25 an approved treatment for patients suffering from B cell lymphomas. Surprisingly,
Fc-engineering of A0 leads to a clearly improved potency and efficacy of A2 over
Rituximab. This indicates, that at similar antigen densities of CD20 and CD37 on
Ramos cells the Fe-engineered anti-CD37 mAb A2 shows clearly improved ADCC
activity than Rituximab (Figure 12).

30
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25) An antibody molecule that binds to human CD37 and that is derived from a murine monoclonal
antibody that is defined by I) a variable heavy chain comprising the amino acid sequence shown in
SEQ ID NO: 6 and:; 10ii) a variable light chain comprising the amino acid sequence shown in SEQ ID
NO: 12, Whe‘?}e(?riz%(g{&wa ﬁbody is a humanized antibody defined by a) all CAPERUEREL4SE the variable
heavy chain as shown in SEQ ID NO:6, b) all three CDRs of the variable light chain as shown in
SEQ ID NO:12, 15c) frameworks supporting said CDRs that are derived from a human antibody, and
d) constant heavy and light chains that are from a human antibody. 26) The antibody of claim 25,
wherein said antibody has one or more mutations in 20the Fc domain that modulate one or more
effector functionsE¥¢H&Y&ilsaid one or more mutations in the Fc domain is a combination of
substitutions at ppgHipRAIRRRCH REA RURRSTedrRcGRIHING to.the dabat ELhawmbesing index, or
wherein said one or mgore mutations in the Fe domain Is a combination of substitutions at positions 236
and 332, number¥8ocLBAGH S the Kabat EU numbering index or wherein said one or more
mutations in the Fc domain is a combination of substitutions at positions or 236, 239 and 332,
numbered agcording to.the Kabat EU numpering index, and wherein said substitutions are preferably
19305, 5208 Al TSR S RRCA SOy T RS P 3 AT RAE heavy ot
comprising the ardinecdcidldeguernuénohSHpid NaB6ahdsafightbhlaibleainpsiging the amino acid
sequence of SE%&%I%%EI?E}Q g A ﬂpi'a%ﬁyﬁ%%%ﬁ'gfaaéga{}gﬂ%%&&%Jnﬁ)@%é?@%% heavy chain

comprising the amino acid sequence of SEQ ID NO:40 an ain comprising the amino acid

sequence of SEQRIN@:4zut 2 ojoid prgassiopateddempisitrpas B gils anedtingtie variable heavy
chain of an 15antipoey.0f20% e af 8laiMHE 419 28maadh e, PRLA-Rglgapg of claim 29, wherein said

variable heavy chain encoding region is fused to a region encodin% a constant heavy chain of human

origin, prefe@bly EardHrash eomeEntreArenai BASS rY BrefdrabBrediBotimaf20 constant
heavy chain has pag&y 0sepethstitutions inhadk cHeginamdelinedonclaimBe. d3dkd he DNA

molecule of claim 30, wherein said.lgG1 is epcod qguence shown in SEQ ID. NOQ: 23, or SEQ
D NG 50 o1 SEGH RN S0 58 4] R BIE N b NG SRS ROR tEvariable oht
chain of an antibedytidbathy oneraéclaiBsNItpiP@steBR)pEhei & MAl yiclécsilentfcataimid¢emherein said

variable light chaip encoding, 30 reqgign, is fused to a regiop.encoding a constant light chain of human
origin, preferablyC%r;ﬁl(ej\t1(§)c1)inogt%{ral1 ?Sh %Ea%%saaﬁaaﬁggné%gﬁlmﬁ)? e DNA molecule of claim 33,
wherein saitikappa light chain is encoded by a sequence shown in SEQ ID NO:25, or SEQ ID NO: 37
or SEQ ID NO: 4%, .33 A expression vector comprising a DNA molecule of any one of claims 29 to
531 and/or a DNA molecule of any one of claims 32 to 34, preferably the vector comprises the DNA
molecule of clainfBY ghefisietieeDRncREnssiig srtaknsad? a6) B ibdissateasitifgend or more

vectors of claim 35, preferably the host cell carries an expression vector comprising the DNA molecule

of claim 31 and a o , . .
The in vivo anti-tumor efficacy of mAbs A2 and B2 is assessed using a Ramos

20  Burkitt’s lymphoma model in nude mice. CD37-positive Ramos cells are injected
subcutaneously into the flank of the animals and i.v. treatment of the animals
started when tumors are established. A twice weekly treatment schedule is chosen
(q3/4d), two different doses (8 mg/kg and 25 mg/kg) are tested in parallel, Both
mAbs show significant anti-tumor efficacy with T/C values ranging from 0.2% to

25  26%. No significant difference between the two dose levels and between the two
antibodies are observed. However, there is a trend towards better efficacy in the
high dose A2 treated animals, with T/C of 0.2% and 5/10 complete tumor
regressions. All treatments are well tolerated with no apparent weight loss. In
conclusion, mAbs A2 and B2 showed significant anti-tumor efficacy in the Ramos

30  Burkitt’s lymphoma model, with maximum activity already obtained at the
8 mg/kg dose level, The activity is comparable'to that of rituximab which is tested

in parallel. It has to be noted that the in vivo activity observed with the
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10second expression vector comprising a DNA molecule of claim 34, and preferably the host cell is a
mammalian cell.  37) A method for producing an antibody of any one of claims 24 to 28, comprising
transfecting a mammalian host cell with one or more vectors of claim 35, culturing 15the host cell and
recovering Pt Bﬁﬁm%ﬂ{he antibody molecule. 38) A pharmaceutical co?ﬁ%@i’ﬁ@w %}ﬁﬂ%rising, as the
active ingredient, one or more anti-CD37 antibody molecules of any one of claims 24 to 28, and a
pharmaceutically acceptable carrier. 20 39) The pharmaceutical composition of claim 38, further
comprising one or more additional therapeutic agents. 40) The pharmaceutical composition of
claim 39, wherein said one or more 25additional therapeutic agents are agents that target the B cell

antigen CD20. 4H§-treEnspiachintbedisal cotnp Ssitivrydieany Reisraife 88ec4048F 6%e in depleting

B c_ells that eprQﬁﬁiﬁiQ_@J f@P_iH?&HcﬁHH th ﬁgﬂ%}_ ﬁﬂ%&hﬁ%@&@ﬁ&'&@} E&@P@%&igﬁt@{i% one of
claims 38 to 40 for use in curing B cell malignancies or autoimmune or inflammatory diseases that

involve B cells inTHERFAhSIBYY iprdtdpaioredidmreaiehaflrant il sk ededsi B non-
Hodgkins lymphamaaB$eitehenic umpbroyicslevkemiaiant multpiemyeiemac43) A method of
depleting CD37 ressing B cells from ulation of cells in vitrq,. comprisin ministering to said
population oPcellE SReARHASEA A SISANIE aF Lihg e B R 5 " EiSH S 4 BV Bet ica
composition contpiowfigSuctecantib O etecute. aSBRIYEMCGE (kSN Gtddiz Beehringer Ingelheim
International Gm <£]§2 g%g%i-iggﬁxa,ﬁgtibodies <130> 12_02782CT <160> 42 <170> PatentIn

> 2>D

version 3.3 <210> 1 €211 NA <213> Mus musculus <220> <221> CDS <222>(1)..(348)

<400> 1
Example 15

10 Correlation of pharmacokinetic and pharmacodynamic effect of A2 and B2 in mice

for estimating the therapeutic dose in humans

A correlation between the serum concentrations of A2 and B2 to their
pharmacodynamic effect is established in mice using the Ramos tumor xenograft

15  model. These studies demonstrate that a dose of 8 mg/kg A2 and B2 (formulated in
a cifrate buffer: 25 mM Na-Citrate, 115 mM NaCl, §.04% Tween 80, pH 6.0)
causes significant retardation of tumor growth in this aggressive s.c.
(subcutaneous) tumor model using a standard 3 or 4d antibody dosing schedule in
mice, thus indicating continued activity throughout the dosing interval.

20  Furthermore, pharmacokinetic data are established for the same dose.,

Using this PK/PD association in mice, an estimated human dose can be calculated
using published data for the clearance (CL) of humanized antibodies in humans
(Lobo et al., 2004).

25
Full calculation for A2:
s Mean AUC(0-w0) after single dose of § mg/kg = 6099 pg-h/mL.
e Given AUC(0-x) in mice = AUC(ss,t) in mice, and AUC(ss, 1)/t = C(ave,ss).
® C(ave,ss) in mice (for T = 84 hours) = 73 ug/ml., which is presumably
30 equivalent to C(ave,ss) in men (for = 168h).

e  Since AUC(ss,7) in men = D/CL, and using the humanized antibody clearance
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gcg gtc cag ctg cag cag tot gga cot gag ctg gaa sag cot ggc got48 Ala Val Gin Leu Gin Gin Ser Giy
Pro Giu Leu Glu Lys Pro Gly Ala 151015 tca gtg aag att too tgc aag got tot ggt tac tca ttc act ggc tac96

Ser Val Lys r ys Ala Ser Sly Tyr Ser Phe Thr Gly Tyr 202530 tg aag cag
ant aat gga é\bg)?%’ég (}:l?s[;gag tgg attl44 Asn Met Asn Trp Val Lys Gin Asn %@%@%&é%ﬁ Leu Glu Trp

lle 354045 gga ant att gat cot tat tat ggt ggt act acc tac aac cgg aag ttc192 Gly Asn lle Asp Pro Tyr Tyr
Giy Gly Thr Thr Tyr Asn Arg Lys Phe 505560 aag ggc aag goo aca ttg act gta gac aaa too too ago aca
goo tac240 Lys Gly Lys Ala Thr Lou Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr 65707580 atg cag ctc .
aag agt ctg aca tot gag gac tot gca gtc tat tac tgt288 Met Gin Leu Lys Ser Leu Thr Ser Giu Asp Ser Ala
Val Tyr Tyr Cys 8590ég§ NS4 BIEsyERoEAy hekoaitgdlddt Edapdhdd 1R &gtR336 Ala Arg
Ser Val Gly Pro Met AgprliymFapigly Gin Gly Thr Ser Val 100105110 acc gtc tot tot348 Thr Val Ser Ser
- 115 <210> 2 <211> 116 <212> PRT <213> Mus musculus <400> 2 Ala Val Gin Leu Gin Gin Ser Gl
Pro Glu Leu Glu ys P GRPARAP54018° hr x 7=1176 mL x 73 ug = 86 mg. ’

e  For I5ml/h/70 kg: 168 hr x 15 =2520 mE x 73 png= 184 mg.

Therefore, for A2, the estimated weekly dose for a 70 kg human is in the range of
&6 to 184 mg. Using the same assumptions as described above, the calculated

estimated human weekly dose for B2 for a 70 kg human is 189 to 404 mg.

10  Example 16
Antibodies A2 and B2 show ADCC activity on multiple myeloma celis

The expression of CD37 on a panel of multiple myeloma cell lines 1s assessed by
FACS analysis using antibodies specific for CDD37. Cells are either incubated with

15  a directly fluorescently labeled anti-CD37 antibody or an unlabeled CD37-specific
antibody followed by a second fluorescently labeled antibody directed against the
primary antibody. The fluorescence activity of the labeled cells 1s measured with 2
FACS Canto Flow Cytometer (BD Biosciences) and the fluorescence intensity 1s
recorded as MFI using the FACS Diva Software. 6 out of 11 tested multiple

20  myeloma demonstrate cell surface expression of CD37 (Figure 15). One cell line
(RPMI 8226) is subsequently tested in an ADCC assay as described in Example 5
using the CD37-specific antibodies A2 and B2. Both antibodies demonstrate potent
ADCC activity on RPMI 8226 cells with ECso values in the range of 25 ng/ml and
a maximal cell lysis of about 20% (Figure 16). This example demonstrates that

25  CD37-positive multiple myeloma cells are susceptible to ADCC mediated cell lysis
using the CD37-specific mAbs A2 and B2.

Figure 15 shows the FACS analysis of six muitiple myeloma derived cell lines for

CD37 expression. The open curves indicate reactivity with the CD37-specific

30  antibody, the filled curves represent the negative control antibody.
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Ser Val Lys lle Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr 202530 Asn Met Asn Trp Val Lys Gin
Asn Asn Gly Lys Ser Leu Glu Trp lle 354045 Gly Asn lle Asp Pro Tyr Tyr Gly Giy Thr Thr Tyr Asn Arg

Lys Phe 505560 Lys Giy Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser T rc@ * % 7580 Met Gin
Leu Lys Ser‘[%ﬁﬂ?%{rng%yrzGlu Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Ar% }e]a“fp;glﬁﬂ ?g 4ro Met Asp

Tyr TIT Gly Gin Giy Thr Ser Val 100105110 Thr Val Ser Ser 115 <210> 3 <211> 324 <212> DNA
<213> Mus musculus <220> <221> CDS <222>(1)..(324) <400> 3 gac etc cag atg act cag tot cca gcc
too cta tot gca tot gtg gga48 Asp lle Gin-Met Thr Gin Ser Pro Ala Ser Leu Ser Ala Ser Val Gly 151015
gag act gtc acc etc ace tgt cga ace agt gee eat gtt tac agt tat96 Glu Thr Val Thr lle Thr Cys Arg Thr
Ser Giu Asn Val EW@@P ﬂ/r 202530 ttg got tgg tat gag cap aaa cap gga aaa tot cot cap ctc ctg gtcl144

Leu Ala Trp Tyr @i5-Gibploff @inGelyokeyarderRiAGHd B bepavidht-derived CLL cells

The pro-apoptotic activity of A2 and B2 15 assessed on patient-derived chronic
5  lymphocytic leukemia {CLL) cells. Peripheral blood mononuclear cells (PBMCs)
are prepared from a patient with diagnosed CIL.L, after informed consent according
1o the declaration of Helsinki has been obtained. The primary CLL cells are
purified from freshly collected blood according to Ficoll-Paque® plus procedure
(StemCell Technologies, Meylan, France) and stored at 4°C in RPMI 1640 culture
10  medium containing 10 % heat inactivated human AB serum (Sigma, France) until
use. The culture medium for primary CLL cells is RPMI 1640 supplemented with
2 mM L-ghitamine and 10% of heat inactivated human AB serum. For
experimental use, primary CLL cells are counted in a hemocytometer and their
viability is assessed by 0.25% trypan blue exclusion. The viability of CLL samples
15  is more than 90%. Cells are incubated at 37°C for 24 hours with the antibodies at
30 ug/ml and thereafter the percentage of AnnexinV positive cells is determined as
described in Example 6. As shown in Figure 17, Fc-engineered antibodies A2 and
B2 show strong pro-apoptotic activity on the primary CLL cells with about 90%
(A2) and 40% (B2) AnnexinV positive cells. Both mAbs are clearly superior to
20 rituximab, a B cell-specific antibody approved for the treatment of B-NHL.
Mab A2 demonstrates also clearly superior activity compared to alemtuzumab, an

antibody approved for the treatment of B-CLL.

Example 18
25  Generation of a transgenic mouse model in which the endogenous CD37 gene is

replaced by its human homologue

A targeting vector is constructed which contains the coding sequence of human

CD37 (BAC (bacterial artificial chromosome) IDs: RP11-433N13, RP11-50111)
30 flanked by non-translated sequences. This targeting vector (which contains, in

addition, loxP sites flanking exons 3 — 4 and the neo selection marker flanked by

fit sites) is then used for homologous recombination, using mouse ES cells and
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354045 tot ttt gca aaa acc tta gca gaa ggt gtg cca tca agg ttc agt ggcl192 Ser Phe Ala Lys Thr Leu Ala
Gin Gly Val Pro Ser Arg Phe Ser Gly 505560 agt gga toe ggc aca cag ttt tot ctg aag atc ago ago ctg
cag cot240 %%g%%%%g%ly Thr Gin Phe Ser Leo Lys lle Ser Ser Leu Gin Pro 65707580 gaa gat tot

gga agt tat ttc tgt caa cat cat too gat eat cog tgg288 Giu Asp Ser Gly Ser%]flﬁ%go ?fsﬁgln His His Ser

Asp Asn Pro Trp 859095 2 acg ttc ggt gga ggc acc gaa ctg gag atc aaa cga324 Thr Phe Gly Gly Gly
Thr Giu Leu Glu lle Lys Arg 100105 <210> 4 <211> 108 <212> PRT <213> Mus musculus <400> 4
Asp lle Gin Met Thr Gin Ser Pro Ala Ser Leu Set Ala Set Val Gly 51015 Glu Thr Val Thr lle Thr Cys
Arg Thr Ser Glu Asn Val Tyr Ser Tyr 202530 Leu Ala Trp Tyr Gin Gin Lys Gin Gly Lys Ser Pro Gin Lcu
Leu Val 354045 SEPHBRS ATANNRET P [Rrmiaets GnS\PAIs8'SEr AFgaPHe sSeraty 568560 Ser Gly

Ser Gly Thr Gin RRehaghhebuhiiyie: 3efuatkt.eth Gk Bi@ GR07a80 4R EAsRISRE GlyrathTyr Phe Cys

Gin His His Set Asp Asn Pro. Tr . . :
OIP a m{t]oticaﬂy glactwated feeder layer comprised of mouse embryonic fibroblasts

(MEF) in DMEM High Glucose medium containing 20% FBS (PAN) and
5 1200 wmL Leukemia Inhibitory Factor (Millipore ESG 1107). 1x107 cells and 30 g

of linearized DNA vector are electroporated (Biorad Gene Pulser) at 240 V and
500 F. G418 selection (200 g/mL) started on d2. Counterselection with “
Gancyclovir (2 M) starts on d5 after electroporation. ES clones are isolated on d8
and analyzed by Southern Blotting according to standard procedures, e.g. by the

10 use of radiolabeiled DNA probes specific for the target gene after expansion and
freezing of clones in liquid nitrogen. Transgenic animals are then generated by
standard procedures known in the art, ¢.g. by blastocyst injection and subsequent
generation of chimeric animals. Animals heterozygous and homozygous for human
CD37 are obtained by conventional breeding of chimeric and heterozygous

15 animals, respectively. The successful knock-out of the murine CD37 gene and the
knock-in of the human CD37 gene is monitored at the protein level using standard
procedures, e.g. FACS analysis of peripheral blood lymphocytes or

immunohistochemical analysis of tissue sections.

20  Example 19

Generation of surrogate antibodies

Monoclonal antibodies specific for macaque CD37 are generated by genetic’
immunization of mice and rabbits using the complete coding sequence of the

25  macaque CD37 antigen (Acc. No. ENSMMUT00000020744). Specific antibodies
are selected using recombinant HEK293 or CHO cells expressing the macaque
CD37 antigen, e.g. by standard ELISA or FACS techniques. The variable heavy
and light chain coding sequences of these antibodies are retrieved by PCR cloning
and used for generation of chimeric antibodies (as described in Example 1) which

30  harbor the VH and VL region derived from the murine or rabbit starting antibody
and an Fc portion identical to that of an antibody of the invention, e.g. A2 or B2.

The binding and functional properties can be investigated by the use of assay
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859095 Thr Phe Giy Gly Gly Thr Glu Leu Glu lle Lys Arg 100105 <210> 5 <211> 348 <212> DNA
<213> Artificial <220> <223> Humanized murine immunoglobulin sequence <220> <221> CDS <222>

(1).1348) <400> g cag ctg gtg cag agc gga gcc gag gtg aag aag Ala Val Gin
Leu Val Gin erzé]lé);/r?ﬁ%q%falu Val Lys Lys Pro Gly Ser 151015 ago gtc aag%%gt%%) gé% é%é‘ gcc ago ggc
tac ago ttc acc ggc tac96 Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr 202530
aac atg aac tgg gtg cgg cag goo con ggc cag gga ctg gaa tgg atgl44 Asn Met Asn Trp Val Arg Gin Ala
Pro Gly Gin Gly Leu Giu Trp Met 354045 aag ggc cgg gtg acc ctg acc gtg gac aag ago ago agc acc
goo tac240 Lys Gly Arg Val Thr Leu Thr Val Asp Lys Set Ser Ser Thr Ala Tyr 65707580 atg gaa ctg
ago ago cty cgg SGEEHHgYGRE BRI RGeS MR et At &esbrabera e Mg Set Glu Asp Thr

Ala Val Tyr Tyr Cys&590960898 RaaiaDgigy88CA0C @lgh8agdpe i80S 6:COU BOE-ALGHY gtc336 Ala

Mg Ser Val Gly Pro Met Asp_ Tyr Trp Gly Gin Gly Ohs Lou Va| . .
g y surrogate an%bo%’y 13%6 egfe% by vl}*/tu.e 0 ths ce?f depleting activity in

Cynomolgus monkey blood in vitro.

Example 20

Preparation of clones for producing the antibodies

In order to prepare clones for producing antibodies of the invention, e.g. antibodies

10 A2, A4, B2 or B4, the DNA molecule encoding the complete heavy chain, e.g. with
the sequence shown in SEQ ID NO: 27, 31, 35 or 39, respectively, is inserted into
the eukaryotic expression vector designated pBI-26, encoding in addition the
selection marker dihydrofolate reductase from hamster.

15  The DNA molecule encoding the complete light chain, depicted in SEQ ID NO: 29,
33, 37 and 41, respectively, is inserted into the eukaryotic expression vector
designated pBI-49, encoding in addition the selection marker neomycin
phosphotransferase. The DNA sequences of the entire heavy and light chains are
sequenced completely.

20
The hamster cell line CHO-DG44, grown in suspension in chemically defined
media, is co-transfected with the eukaryotic expression vectors for the heavy and
for the light chain of the antibodies, as described above. Transfected cells are
selected in medium without hypoxanthine and thymidine and in the presence of the

25  antibiotic G418. Subséquentiy, cells are subjected to stepwise selection and
amplification using increasing concentrations of methotrexate (MTX). From the
800 nM MTX amplification step, a single cell clone is selected based on growth
performance and antibody production in spinner runs, and is cryopreserved in &
Safety Cell Bank (SCB).

30
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100105110 acc gtc tot tca348 Thr Val Set Set 115 <210> 6 <211> 116 <212> PRO <213> Artificial
<220> <223> Synthetic Construct <400> 6 Ala Val Gin Lep Val Gin Ser Gly Ala Glu Val Lys Lys Pro

Gly Ser 151015 | Lys Val 3cr Cys Lys Ala Ser Gly Tyr Ser Phe Thr, IYEaR2p39 Asn Met Aso
Trp Val Arg ng(l%}fg%l ly Gin Gly Leu Glu Trp Met 354045 Gly Mn lle ng%ro T)’/P)r TérgGly Gly Thr

Thr Tyr Asn Mg Lys Phe 505560 Lys Gly Arg Val Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65707580 Met Glu Lou Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Val
Gly Pro Met Asp Tyr Trp Gly Gin Gly Thr Leu Val 100105110 Thr Val Ser Ser 115 <210> 7 <211> 348
<212> DNA <213> Artificial <220>
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348 <210>10 <211>116 <212>PHI <213>Artificial <220> <223>Synthetic Construct

Claims

1) A chimeric antibody molecule that binds to CD37 and that is defined by
a) avariable heavy chain comprising the amino acid sequence shown
5 in SEQ ID NO: 2;
b)  avariable light chain comprising the amino acid sequence shown in
SEQ ID NO4,

¢)  constant heavy and light chains that are of human origin.
10 2) The antibody molecule of claim 1, wherein

a) the constant heavy chain is a IgG1 chain, and

b) the constant light chain is a kappa chain.
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<400>10 Ala Val Gin Leu Val Giu Ser Gly Gly Gly Leu Val Gin Pro Gly Gly 15 10 15 Ser_Leu Arg
Leu Ser Cys Lys Ala Ser Giy Tyr Set Phe Thr Sly Tyr 20 25 30 Asn Met Asn Trp Val Arg Gin Ala

10

3) The antibody molecule of claims 1 and 2, wherein said antibody molecule has one or
more mutations in the Fc domain that modulate one or more effector functions, wherein
said one or more mutations in the Fc domain is a combination of substitutions at positions
239 and 332, or 236 and 332, or 236, 239 and 332, numbered according to the Kabat EU
numbering index, preferably said substitutions are 1332F and S239D or 1332F and G236A,
or S293D, I332E and G236A.

4) The antibody molecule of any one of claims 1 to 3 that has a heavy chain comprising the
amino acid sequence of SEQ ID NO:28 and a light chain comprising the amino acid
sequence of SEQ ID NO:30.
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Pro Gly Lys Sly Leu Glu Trp Val 354045 Ala Asn lle Asp Pro Tyr Tyr Sly Sly Thr Thr Tyr Asn Arg Lys
Val 505560 Lys Sly Arg Phe Thr Ile Ser Val Asp Lys Ser Ser Ser Thr Ala Tyr 65707580 Leu Gin Met
Am n Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Set Val Sly Pro Met Asp Tyr
Trp Sly Gin Sly Thr Leu Val 100105110 Thr Val Ser Ser 115 <210> 11 <211> 324 <212> DNA <213>
Artificial <220> <223> Humanized murine immunoglobulin sequence <220> <221> CDS
<222>(1)..(324) <400> 11 gac atc cag atg acc cag ago ccc ago ago cog ago gcc ago gtg ggc48 Asp
lle Gin Met Thr GIn Ser Pro Ser Ser Leo Ser Ala Ser Val Gly 151015 ctg goo tgg tat cag cag aag ccc
ggc aag goo ccé habeagtidtedytymiacilerpMdaTepeTof dBimG ihthys tRrohGay heps Athdmo Lys Leu Len Val

354045 comprising the amino acid sequence of SEQ ID NO:32 and a light chain

comprising the amino acid sequence of SEQ ID NO:34.

5  6) The antibody molecule of any one of claims 1 to 3 wherein said constant heavy
chain comprises the amino acid sequence of SEQ ID NO:24 and said constant light

chain comprises the amino acid sequence of SEQ 1D NO:26.

7) An antibody that binds to human CD37 and has a heavy chain comprising the
10 amino acid sequence of SEQ ID NO:28 and a light chain comprising the amino
acid sequence of SEQ 1D NO:30.

8) An antibody that binds to human CD37 and has a heavy chain comprising the
amino acid sequence of SEQ ID NO:32 and a light chain comprising the amino

15 acid sequence of SEQ 1D NO:34.

9) An antibody that binds to human CD37 and has a variable heavy chain
comprising the amino acid sequence shown in SEQ ID NO: 2 fused to a human
constant heavy chain comprising the amino acid sequence of SEQ ID NO:24 and a
20  variable light chain comprising the amino acid sequence shown in SEQ ID NO: 4
fused to a human constant light chain comprising the amino acid sequence of SEQ

1D NO:26.

10) A DNA molecule comprising a region encoding the variable heavy chain of an

25  antibody of any one of claims 1 to 9.
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too ttc goo aag acc ctg goo gag ggc gtg ccc ago cgg ttt ago ggcl92 Set Phe Ala Lys Thr Len Ala Glu
Gly Val Pro Set Arg Phe Set Gly 505560 ago ggc too ggc acc gac ttc acc ctg acc atc ago ago ctg cag
ccc290 Set Gly Set Gly Thr Asp Phe Thr Len Thr lle Set Set Leu Gin Pro 65707580 gag gac ttc goo
acc tac ttt tgc cag cac cac ago gac aac ccc tgg288 Gin Asp Phe Ala Thr Tyr Phe Cys Gin His His Set
Asp Ann Pro Trp 859095 acc ttc ggc cag ggc acc aag gtg gag atc aaa cgt324 Thr Phe Giy Gin Giy Thr
Lys Val Gin lle Lys Arg 100105 <210> 12 <211> 108 <212> PRT <213> Avrtificial <220> <223>
Synthetio Construct <400> 12 Asp lle Gin Met Thr Gin Set Pro Set Set Len Set Ala Set Val Gly
151015 Asp ArglVal ThPieATheByslaed dhinSed.Gihaisn ddad Tyri St Rya302630 drenddda Trp Tyr Gin
Gin Lys Pro Gly L y: S - 4045 Set.RPhe Ala Lys Thr Len Ala Gin Gly Val Pro Set
Arg Phe Set- GI§|%%5€51§§ é%%l?/%&%l%%ﬁé% SE’()?%% qlﬁrhl_egﬁy ahr&?!eO er Ser L&h'Gin Pro
65707580 Gin AxptPhblAkait iuhanResGys iGay Hibdiis SeAspAsncRne s 88308%iThr Phe Gly Gin

Gly Thr Lys Val c%%tﬁﬁt%%&%‘; Bhain has one or more substitutions in the Fe region.
5

12) The DNA molecule of claim 11, wherein said IgG1 is encoded by a sequence
shown in SEQ IID NO: 27 or SEQ ID NO: 31 or SEQ ID NO: 23.
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100105 <210> 13 <211> 324 <212> DNA <213> Artificial <220> <223> Humanized murine
immonoglobulin sequence <220> <221> CDS <222>(1)..(324) <400> 13 gac atc gtg atg acc cag ago
CO0 ago ago ctg ago goo ago gtg ggc48 Asp lle Val Met Thr Gin Set Pro Sec Set Leo Ser Ala Set Val
Gly 151015 gac cgg gtg acc atc acc tgc cgg gtc ago gag aac gtg tac ago tac96 Asp Arg Val Thr lle Thr
Cys Arg Val Set Glu Asn Val Tyr Set Tyr 202530 ctg goo tgg tat cag tag aag coo ggc sag gcc coo sag
ctg ctg atc144 Leo Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leo Leo lle 354045 too ttc goo
aag acc ctg goo gag ggc gtg cc ago cgg ttt ago ggcl192 Set Phe Ala Lys Thr Leo Ala Glu Gly Val Pro

Set Arg Phe Sell &Iy\505560 dgobgotopryjicacrgan tradingtthacaribladipghgig «ag ccc240 Set
Gly Set Gly Thr C&e hr Leu Tgr le Set Set Leu Gin Pro 65707580 gag gac ttc goo acc tac ttt tgc
cag cac cac ago%%f():i cogé“é%é’é‘ﬁé} %.Lgfb s}p%’ e Ala Thr Tyr Phe Cys Gin His His Ser Asp Asn Pro

Trp 859095 acc ttc ggc cag ggc acc sag gtg gag atc aaa cgt324

14) The DNA molecule of claim 13, wherein said variable light chain encoding
5  region is fused to a region encoding a constant light chain of human origin,

preferably said constant light chain is a kappa chain.

15) The DNA molecule of claim 14, wherein said kappa light chain is encoded by a

sequence shown in SEQ ID NO:25, SEQ ID NO: 29 or SEQ ID NO: 33.

10 '
16) An expression vector comprising a DNA molecule of any one of claims 10 to 12
and/or a DNA molecule of any one of claims 13 to 15, preferably the vector comprises

the DNA molecule of claim 12 and/or the DNA molecule of claim 15.

15 17) A host cell carrying one or more vectors of claim 16, preferably the host cell
carries an expression vector comprising the DNA molecule of claim 12 and a second

expression vector comprising a DNA molecule of claim 15.

18) A method for producing an antibody of any one of claims 1 to 9, comprising
20  transfecting a mammalian host cell with one or more vectors of claim 16, culturing

the host cell and recovering and purifying the antibody molecule.
19) A pharmaceutical composition comprising, as the active ingredient, one or

more anti-CD37 antibody molecules of any one of claims 1 to 9, and a

25  pharmaceutically acceptable carrier.
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Thr Phe Gly Gin Gly Thr Lys Val Glu lle Lys Arg 100105 <210> 14 <211> 108 <212> PAT <213>
Artifioia <220> <223> Synthetic Construct <400> 14 Asp lle Val Met Thr Gin Ser Pro Set Ser Leo Set
Ala Set Val Gly 151015 Asp Arg Val Thr lle Thr Cys Arg Val Ser Glu Asn Val Tyr Set Tyr 202530 Leo
Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu Leo lle 354045 Set Phe Ala Lys Thr Len Ala Glu
Gly Val Pro Set Arg Phe Set Gly 9 505560 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle Ser Ser Leu
Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Phe Cys Gin His His Ser Asp Asn Pro Trp 859095 Thr
Phe Giy GIn Gly Thr Lys Val Glu lle Lys Arg 100105 <210> 15 <211> 324 <212> DNA <213> Atrtificial
<220> <223> HiMahizedarnoaceaficaneumopicbolin cadeiend8, <2@Ber comprising one or more

additional therapeutic agents.

21) The pharmaceutical composition of claim 20, wherein said one or more

S additional therapeutic agents are agents that target the B cell antigen CD20.

22) The pharmaceutical composition of any one of claims 19 to 21 for use in

depleting B cells that express CD37 on their surface.

10 23) The pharmaceutical composition of any one of claims 19 to 21 for use in curing
B cell malignancies or autoimmune or inflammatory diseases that involve B cells
in their pathology, preferably said B cell mélignancy is selected from B cell non-

Hodgkins lymphoma, B cell chronic lymphocytic leukemia and multiple myeloma.

15
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<221> CDS <222>(1)..(324) <400> 15 gac atc cag atg acc cag agc ccc agc ago ctg agc gcc ago gtg
ggc48 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leo Ser Ala Ser Val Sly 151015 gac ogg gtg acc atc
acc tgc cgg acc agc gag aac gtg tac agc tac96 Asp Arg Val Thr lle Thr Cys Arg Thr Ser Glu Asn Val
Tyr Ser Tyr 202530 ctg gcc tgg tat cag cag aag ccc ggc aag gcc ccc aag ctg ctg gtgl44 Leo Ala Trp
Tyr Gin Gin Lys Pro Gly Lys Ala. Pro Lys Leo Leo Val 354045 tcc ttc gcc aag acc ctg gcc gag ggc gtg
ccc agc cgg ttt agc ggcl92 Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly 505560
agc ggc tcc ggce acc cag ttc acc ctg acc atc agc ago cog cag ccc240 Ser Sly Ser Gly Thr Gin Phe Thr
Leo Thr lle See BerA eeilid Ffd 450560 Yagrgaestio gBecatls faottt igpehgeacbadlage gac aac ccc

tgg288 Glu Asp.Phe A Tyr Phe .5in His. His Ser Asp Asn.Pro Trp.859095 acc,ttc ggc gga
ggc acc gag ctg‘%g(g’ g%l)%l %lsg 1(;:[; tﬁglgf?ﬁg%ﬁg%lys/gg{y ﬁlﬁar@?[%q%(i?leg %’Sﬁ“ﬁle ‘I)_y‘élﬂ?éei‘blﬁ 5<210> 16
<211> 108 <2123RR¥ «218mA ftificthdx2 2Barx 2031+ Sy mitrefio G amstructird A GuchGntibody

molecule.

25) An antibody molecule that binds to human CD37 and that is derived from a
murine monoclonal antibody that is defined by
i) a variable heavy chain comprising the amino acid sequence shown in
SEQ ID NO: 6 and;
10 it) a variable light chain comprising the amino acid sequence shown in SEQ
ID NO: 12, '
wherein said antibody is a humanized antibody defined by
a) all three CDRs of the variable heavy chain as shown in SEQ ID NO:6,
b) all three CDRs of the variable light chain as shown in SEQ ID NO:12,
15 ¢) frameworks supporting said CDRs that are derived from a human antibody, and

d) constant heavy and light chains that are from a human antibody.

26) The antibody of claim 25, wherein said antibody has one or more mutations in

20  the Fe domain that modulate one or more effector functions, wherein said one or
more mutations in the Fc domain is a combination of substitutions at positions 239
and 332, numbered according to the Kabat EU numbering index, or wherein said
one or more mutations in the Fc domain is a combination of substitutions at

positions 236 and 332, numbered according to the
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Asp lle Gin Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 151015 Asp Arg Val Thr lle Thr Cys
Arg Thr Ser Glu Asn Val Tyr Ser Tyr 202530 Leu Ala Trp Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Leu
Leu Val 354045 Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly
Ser Gly Thr Gin Phe Thr Leu Thr lle Ser Ser Leu Gin ro 65707580 Glu Asp Phe Ala Thr Tyr Phe Cys
Gin His His Ser Asp Asn Pro Trp 859095 Thr Phe Gly Gly Gly Thr Giu Leu Glu lle Lys Arg 100105

-+ <210> 17 <211> 324 <212> DNA <213> Artific <220> <223> Humanized murine imrnunoglobulin
sequence <220> <221> CDS <222>(1)..(324) <400> 17 gac ate gtg atg acc cag ago coo gcc acc ctg
ago ctg ago cotl§get ENsputtevta dMed The:Gth<Ben Paal Alee Dhimleed SatatiensSerifero Gly 151015 gag

299 goo acc cloreq|ee A39 AES AR BRC AR AIAFSRAGY L ALT T Ter Cys Arg Thr
Ser Giu Asn Val Tyr Ser Tyr
numbered according to the Kabat EU numbering index, and wherein said

substitutions are preferably 1332E, S293D and G236A.

27) An antibody that binds to human CD37 and has a heavy chain comprising the
amino acid sequence of SEQ ID NO:36 and a light chain comprising the amino

acid sequence of SEQ ID NQO:38.

10 28) An antibody that binds to human CD37 and has a heavy chain comprising the
amino acid sequence of SEQ ID NO:40 and a light chain comprising the amino
acid sequence of SEQ ID NO:42.

29) A DNA molecule comprising a region encoding the variable heavy chain of an

15  antibody of any one of claims 24 to 28.

30) The DNA molecule of daim 29, wherein said variable heavy chain encoding

region is fused to a region encoding a constant heavy chain of human origin,

preferably said human constant heavy chain is IgG1 and preferably said human
20  constant heavy chain has one or more substitutions in the Fc region as defined in

claim 26.

31) The DNA molecule of claim 30, wherein said [gG1 is encoded by a sequence
shown in SEQ ID NO: 23, or SEQ ID NO: 39 or SEQ ID NO: 35.

25
32) A DNA molecule comprising a region encoding the variable light chain of an

antibody of any one of claims 24 to 28.
33) The DNA molecule of claim 32, wherein said variable light chain encoding

30  region is fused to a region encoding a constant light chain of human origin,

preferably said constant light chain is a kappa chain.
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202530 ctg gcce tgg tat cag cag aag ccc ggc cag goo ccc aga ctg ctg gtgl44 Leu Ala Trp Tyr Gin Gin
Lys Pro Gly Gin Ala Pro Arg Leu Leu Val 354045 too ttc gcc aag acc ctg gcc gag ggc gtg coo gcc agg
ttt ago ggc192 Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ala Arg The Ser Gly 505560 ago ggc too
ggc acc gac ttc acc ctg acc atc ago ago ctg gaa ccc240 Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr lle
Ser Ser Leu Glu Pro 65707580 acc ttc ggc cag ggc acc aag gtg gag atc sac cgt324 Thr Phe Gly Gin
Gly Thr Lys Val GIs lle Lys Arg 100105 <210> 18 <211> 108 <212> PP.T <213> Atrtificial <220>
<223> Synthetic Construct <400> 18 Asp lle Val Met Thr Gin Ser Pro Ala Thr Leu Ser Leu Set Pro Gly

151015 Giu ArgsAarFTheN Sl braiThi Senal Arayeldus ST 120253k audla 1o Tyr Gin
Gin Lys Pro Gly Gin Ala Bro Ar | ﬁl ) PS(E _ u Gly Val Pro Ala
Arg Phe Ser G|§%’6§§%%5§%%%} @ep@yﬁf@rﬁﬁr@e&?ﬁr (Sgu ﬁpﬁlg ﬁéﬁ% Glu Pro 65707580
Glu Asp Phe Ala Val Tyr Phe Cys Gin His His Ser Asp Am n Pro Trp
35) An expression vector comprising a DNA molecule of any one of claims 29 to
o 31 and/or a DNA molecule of any one of claims 32 to 34, preferably the vector

comprises the DNA molecule of claim 31 and/or the DNA molecule of claim 34.

36) A host cell carrying one or more vectors of claim 35, preferably the host cell
carries an expression vector comprising the DNA molecule of claim 31 and a
10 second expression vector comprising a DNA molecule of claim 34, and preferably

the host cell is 2 mammalian cell.

37) A method for producing an antibody of any one of claims 24 to 28, comprising
transfecting a mammalian host cell with one or more vectors of claim 35, culturing

15 the host cell and recovering and purifying the antibody molecule.

38) A pharmaceutical composition comprising, as the active ingredient, one or
more anti-CD37 antibody molecules of any one of claims 24 to 28, and a
pharmaceutically acceptable carrier.

20
39) The pharmaceutical composition of claim 38, further comprising one or more

additional therapeutic agents.

40) The pharmaceutical composition of claim 39, wherein said one or more
25  additional therapeutic agents are agents that target the B cell antigen CD20.

41) The pharmaceutical composition of any one of claims 38 to 40 for use in

depleting B cells that express CD37 on their surface.
30  42) The pharmaceutical composition of any one of claims 38 to 40 for use in curing

B cell malignancies or autoimmune or inflammatory diseases that involve B cells

in their pathology, preferably said B cell malignancy is selected from B cell non-
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859095 Thr She dy Gin Gly Thr Lys Val Glu lle Lys Arg 100105 <210> :9 <211> 324 <212> DNA
<213> Artificia <220> <223> Humanized murine immunoglobul'n sequence <220> <221> CDS
<222>(1)..(324) <400> 19 gac etc gtg atg acc cag ago ccc gcc acc ctg ago ctg ago cot ggc48 Asp lle
Val Met Thr Gin Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly 151015 gag cgg goo acc ctg too tgc cgg gtc
ago gag aac gtg tac ago tac96 Glu Arg Ala Thr Leo Per Cys Arg Val Per Glu Am n Val Tyr Per Tyr
202530 ctg gcce tgg tat cag cag aag coo ggc cag goo ccc aga ctg ctg atc144 Leo Ala Trp Tyr Gin Gin
Lys Pro Gly GIn Ala Pro Arg Leo Leo lle 354045 too ttc goo aag acc ctg goo gag ggc gtg ccc gcc agg
ttt ago ggc192 HéedzhmplznigisoTia BeelABuGhicGiynyhd BriccAtakkrgi P hadRPenlGhe50586Hago gge too
ggc acc gac ttc acc ctg acc atc ago ago ctg gaa ccc240 Per Gly Per Gly Thr Asp Phe Thr Leo Thr lle
Ser Per Leu Glu Pro 65707580 gag gac ttc goo gtg tac ttc tgc cag cac cac ago gac aac ccc tgg288 Glu
Asp Phe Ala VaftyAPhehogo (lepiigndiS BaT agpaasndRoctiy 86809population of cells in

vitro, comprising administering to said population of cells an antibody molecule of
5  any one of claims 24 to 28 or a pharmaceutical composition containing such

antibody molecule.

74



acc tto ggc cag ggc acc aag gtg gag atc aaa cgt324 Thr Phe Gly Gin Gly Thr Lys Val Glu lle Lys Arg
100105 <210> 20 <211> 108 <212> PRT <213> Artificial <220> <223> Synthetic Construct <400> 20
Asp lle Val Met Thr Gin Per Pro Ala Thr Leo Per Leo Ser Pro Gly 151015 Glu Arg Ala Thr Leo Per Cys
Arg Val Per Glu Aso Val Tyr Per Tyr 202530 Leo Ala Grp Tyr GIn Gin Lys Pro Gly Gin Ala Pro Arg Leo
Leu lle 354045 Per Phe Ala Lys Thr Leo Ala Giu Gly Val Pro Ala Arg Phe Ser Gly 505560 Per Gly Per
Gly Thr Asp Phe Thr Leo Thr lle P&~8&ites'G1d'Pro 65707580 Glu Asp Phe Ala Val Tyr Phe Cys Gin
His His Per.Asp.Asn Bro, Trp 859095 1hr.Bhe Gly.Gig,Gly Thr Lys Val Giu lle Lys Arg 100105 <210>
21 <211> 324 <212> DNA <213> Atrtificial <220> <223> Humanized murine immunoglobulin
sequerée &22@sti-Cn37 Antibodies

<130> 12 0278 PBCT
<160> 42

<170> PatentIn version 3.3

<210> 1
<211> 348
<212> DNA

<213> Mus musculus

220>
<221> Cps
<Z222>  (1)..(348)

<400> 1

gcg gte cag ctg cag cag tet gga cct gag ctg gaa aag cct gge got 48
Ala Val Gln Leu Gin Gln Ser Gly Pro Glu Leu Glu Lys Pro Gly Ala

1 5 10 15

tca gtg aag att tcc tge aag got tet ggt tac tea tteo act ggeo tac 96
Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

aat atyg aac tyy ¢tg zag cag aat aat gga aag agce c¢it gayg Lgyg att 144

Asn Met Asn Trp Val Lys GIn Asn Asn Gly Lys Ser Leu Glu Trp Ile
35 40 45 -

gga aat att gat cct tat tat ggt ggt act acc tac aac cgyg aag tte 182
Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 55 60

aag ggc aag goc aca tig act gta gac aaa tcc tcec age aca geoc tac 240
Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

atg cag ctc aag agt ctg aca tct gag gac tet geca gte tat tac tgt 288
Met Gin Leu Lys Ser Leu Thr Ser Glu Asp 3Ser Ala Val Tyr Tyr Cys
: 85 90 95

gca aga tcg gte gge oot atg gac tac tgg ggt caa gga acc tca gto 336
Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Ser Val
100 1035 110

acc gtc tct tet 348
Thr Val Ser Ser
115

<210> 2

<211> 1l¢

<212> PRT

<213>» Mus musculus

<400> 2

Ala Vel Gln Leu Gln Gin Ser Gly Pro Glu Leu Glu Lys Pro Gly Ala
1 5 10 15

i



<221> CDS <222>(1)..(324) <400> 21 gac etc gtg atg acc cag agc ccc gcc acc ctg agc ctg agc cct ggc
Asp lle Val Met Thr Gin Ser Pro Ala TM Leu Ser Leu Set Pro Gly 1 5 10.15 gag cgg gcc acc ctg tcc tgc
Cgg acc agc gag aac gtg tac agc tac96 Glu Arg Ala Thr Leu Ser. Cys Arg Thr Ser Glu Asn Val Tyr Ser
Tyr 202530 ctg gcc tgg tat cag cag aag ccc ggc cag gcc coo aga ctg ctg gtgl99 Leu Ala Ira Tyr Gin
Gin Lys Pro Gly Gin Ala Pro Arg Leu Leu Val 354045 tcc ttc gcc aag acc ctg gcc gag ggc gtg ccc gec
agg ttt agc ggcl192 Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ala Arg Phe Ser Gly 505560 agc ggc
fcc g9caccLagiic aae cig.aeG AtG,a0e age.lg:g9aa: ccc240 Ser &ly sef Gly Thr Gin Phe Thr Leu Thr
lle Ser Set Len Giu Pro 65707580 gag gaedtc gcc gtg tac ttc tgezeag cac cac agc gac aac ccc tgg288
"Glu Asp Phe Ala Val Tyr She Cys GIn His His Ser Asp Am n Pro Trp 859095 acc ttc ggc gga ggc acc
gag ctg gagq,atc aaa, cqt hr Phe Gly Gly Gly Thr Glu Leu Gl lle Lys Arg 100105 <210> 22 <211>
08 <P BT Nalno Do 5 St Lottt ST 23 Asp lls val Met Thr Gin
Sex Pro Ala Thr Leu Set Leu Set Pro Gly 5le15 Glu Arg Ala Thr Leu Ser Cys Arg Thr Set Glu Asn Val

Tyr Set Tyr 202530
Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 55 60

Lys Gly Lye Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tvr
65 70 75 80

Met Gln Leu Lys Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
g5 S0 95

2la Arg Ser Val Gly Pro Met Asp Tvr Trp Gly Gln Gly Thr Ser Val
100 185 110

Thr Val Ser Ser

115
<210> 3
<211>» 324
<212> DNA

<213> Mus musculus

<Z220>
<221> (DS
222> (1) .. (324}

<400> 3

gac atc cag atg act cag tct cca gcoe teo cta tet gea tet gto gga 48
&sp Ile Gln Met Thr Gln Ser Pro Ala Ser Leu Ser Ala Ser Val Gly

1 5 10 15

gag act gtc acc atc aca tgt cda aca agt gaa aat gttt tac agt tat 96
Glu Thr Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

ttg gt tgg tat cag cag zaa cad Jgga aaa tct cot cag ctcec cig gte 144
Leu Ala Trp Tyr Gln Gln Lys Gin Gly Lys Ser Pro Gin Leu Leu Val
35 40 45

tct £ttt geoa aaa acc tta gea gaa ggtbt gtg cca tea agg tte agt gge is2
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

agt gga tca ggc aca cag ttt tet ctg aag atc agce age c¢tg cag cct 240
Ser Gly Ser Gly Thr Gln Phe Ser Leu Lys Ile Ser Ser Leu Gln Pro
65 70 75 80

gaa gat tet gga agt tat ttc tgt caa cat cat tcec gat aat cog tgg 288
Glu Asp Ser Gly Ser Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
85 90 g5



Len Ala Trp Tyr Gin Gin Lys Pro Gly Gin Ala Pro Arg Len Leu Val 354045 Ser Phe Ala Lys Thr Leu Ala
Glu Gly Val Pro Ala Arg Phe Ser Gly 14 505560 Ser Gly Ser Gly Thr Gin Phe Thr Leu Thr lle Ser Ser
Leo Glu Pro 65707580 Glu Asp Phe Ala Val Tyr Phe Cys Gin His His Ser Asp Asn Pro Trp 859095 Thr
Phe Gly Gly Gly Thr Glu Leo Glu lle Lys Arg 100105 <210> 23 <211> 990 <212> DNA <213> Homo

sapiens .(990) aag ggc cca Lys Gly Pro 5 ggg ggc aca Gly Gly Thr 20 tog gtc ttc ccc ctg gca coo too
too aa@@eFValgF’ﬁegEog éoa alProSér Ker 1y 10258eg goo ctg gge tgc ctg gté‘dag gac tac Ala Ala

Leu GlyhéyshLeol‘&ai yr Z%Bﬁ tte,ccc gaa cog ggfg acg gtg tog tgg aac tca ggc goo ctg acc
agol44

<210> 4

<211> 108

<Z212> PRT

<213> Mus musculus

<400> 4

Asp Ile Gin Met Thr Gln Ser Pro Ala Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Glu Thr Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

Lew Ala Trp Tvr Gln Gln Lys Gln Gly Lys Ser Pro Gla Leu Leu Val
35 40 45

Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Sey Gly Ser Gly Thr Gln Phe Ser Leu Lys Ile Ber Ser Leu Gln Pro
&5 70 75 80

Glu Asp Ser Gly Ser Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
85 50 95

Thr Phe Gly Gly Gly Thr Glu Leu Glu Ile Lys ARrg
1060 105

<Z10> 5

<211> 348

<212> DNA

<213> Artificial

<220>
<223> Humanized murine immunogleobulin sequence

<2Z0>
<ZZ1» CDS
222> {L1)..(348)

<400> 5

gee gty cag oty gty cag age gga goc gag ghg aag aag coc ggc agce 48
Ala val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser

1 5 10 15

agce gtce aag gtg tcc tgc aag gocc agc ggc tac agce thc ace ¢ggo tac 96
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

aac atg aac tgg gbyg cgyg cag goc cca ggce cag gga ctg gaa tgg atg 144
Asn Met Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45



Phe Pro Giu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leo Thr Ser 354045 ggc gtg cac acc ttc ccg got
gtc cta cag too tca gga ctc tac too192 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leo Tyr
Ser 505560 ctc ago ago gtg gtg acc gtg ccc too ago ago ttg ggc acc cag acc240 Leo Ser Ser Val Val
Thr Val Pro Ser Ser Ser Leo Gly Thr GIn Thr 65707580 tac atc tgc aac gtg aat cac aag coo ago aac
acc aag gtg gac aag288 Tyr lle Cys Asn Val Asn His Lys Pro Set Aso Thr Lys Val Asp Lys 859095 aga
gtt gag cooaagaatog tgtcg%cca%a act cac aca tgcaggaagggttagcca’%g Acrg \égl GtIECPro Lyﬁ Szer Cys Asp Lys
Thr HISThiECYs ProlBloys 100105210 €65 45a datonalcfc g 50§ dus oy tea i€ tie cte tte cec
cca384 ProsAla Pro Glu Leo Leo €5ly Gly Pro Ser Val Phie Leo Phe Pro Pro 115120125 aaa coo aag
gac acc ctc atg atc too cgg acc cct gag gtc aca tgc432 Lys Pro Lys Asp Thr Leo Met lle Ser Arg Thr

Pro Gld¥afTh 130185140 g ¢YtFagD cat YadGalCotfag gtc add ttc sac tgga80
Val m@%&&fﬂ%ﬁ%ﬁ? %ﬁ SE% %?2 gg&l %%g%rp eerA%zg%'ﬁn 1%4561%%55160 tac gtg gac ggc gtg

gag gtg cat aat goo aag aca aag cog cgg gag528 Tyr Val Asp Gly Val Gin Val His Asn Ala Lys Thr Lys
Pro Arg@Givd651304%5 eay tae age a?@ aeg tﬁ@cg@@tgtqtc‘?a@d@‘tcm acc gisétgs576 Gin GIn Tyr
1a Va Cys

Asn SEPTHFTyF Rt VaI3zal Ser U 8A ThY aPLEH T I
goe aga toc gtg ggc coc atg gac tac tgg ggc cag ggce ace ¢ig gtc 336
&la Arg Ser Val Gly Pro Met ARsp Tyr Trp Gly Gln Gly Thr Leu Val
106 105 110

acce gtc tet tca ' 348
Thr Val Ser Ser

115
<210> 6
<211> 116
<212> PRT

<213> Artificial

<220>
<223> Synthetic Construct

<400> o
Ala Val Gln Leu Val Gln Ser Gly Rla Glu Val Lys Lys Pro Gly Ser

1 5 10 i5

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

Esn Met Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met

Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 55 60

Lys Gly Arg Val Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyvr Cys
85 a0 85

2la Rrg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser
115



180 185190 cac cag gac tgg ctg aat ggc aag gag tac aag tgc aag gtc too aac624 His Gin Asp Trp Len
Ago Gly Lys Gin Tyr Lys Cys Lys Val Ser Asn 195200205 aaa goo ctc cca goo ccc atc gag aaa acc atc
too aaa goo aaa ggg672 Lys Ala Len Pro Ala Pro lle Gin Lys Thr lle Ser Lys Ala Lys Gly 210215220
cag ccc cga gaa cca cag gtg tac acc ctg ccc cca too cgg gag gag720 Gin Pro Arg Glu Pro GIn Val Tyr
Thr Len Pro Pro Ser Arg Gin Glu 225230235240 atg acc aag aac cag gtc ago ctg acc tgc ctg gtc aaa
ggc ttci?ic?% Met Thr Lys Asn Gin Val Ser Len Thr Cys Len Val Lys Gly Phe Tyr 245250255 coo ago
gac at(‘(gp[g gtgﬁag tgg gag ago aat ggg cag cog gag aac816 Pro Ser Asp lle Ala Val Gin Trp Glu Ser
Asn Gly:Gin PraGinn Asn 260265270 aac tac aag acc acg cct ccc gtg ctg gac too gac ggc tot ttc ttc864
Ago Tyr Lys Thr Thr Pro Pro Val Len Asp Ser Asp Gly Ser Phe Phe 275280285 ctc tat ago aag ctc acc

gtg gac aqg ag.cag. %gnaagsablg Leu Tyr Ser Lys Len Thr Val Asp Lys Ser Arg Trp Gin

Gin Gly Asn 2 53(%1 gtc fic tca tgc t60 gtg atg C% gag got ctg cac aac cac tac acg960 Val Phe Ser

Cys Ser Val Met HIS Gin Ala Len His Asn His Tyr Thr 305310315320 cag aag ago ctc too ctg too cog
ggt aaé%?i!?Gln Lys Ser Len Ser Len Ser Pro Gly Lys 325330 <210> 24 <211> 330 <212> PRT <213>

Homo§§¢p§§ns .. (348)

<400> 7

gce gtg cag ctg gtce gag telt gyc gdc gga oty gtg cag cct ggc gge 48
Bla Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 ' 15

age ctg aga clg age tge a&ag JoC age ggc Lac age Lio ace gge tac 26
Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

aac atg aac tgg gtg cgg cag goc cct ggo aag ggc ctg gaa tgg gtg 144
AEsn Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

ggce aac atc gac cce tac Lac ggc gyce acc acce tac aac cgg aag ttc 192
Fnd

Gly Asn Ilie Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys TFhe
50 55 60

aag ggc agg goc acc cbg age gtg gac aag agc age agce acc goc tac 240
Lys Gly Arg 2la Thr Leu Ser Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

ctyg cag atg aac age ctg ©gg goc gag gac acc gce gtg tac tac tge 288
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

gee aga tee gty gyge coco atg gac tac tgyg gge cag gge ace ctg gto 336
Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Leu Val

100 165 110

acc gte tet tea 348
Thr Val Ser Ser
115

<210> 8

<211> 116

<212> FPRT

<213>» Artificilal

<220
<223> Synthetic Construct

<400> 8
Ala Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

5



<400> 24 Ala Ser Thr Lys Gly Pro Sec Val Phe Pro Leu Ala Pro Ser Ser Lys 151015 Ser Thr Ser Gly
Gly Thr Ala Ala Len Gly Cys Leu Val Lys Asp Tyr 202530 Phe Pro Glu Pro Val Thr Val Set Trp Asn
Ser Gly Ala Len Thr Ser 354045 Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser Gly Leo Tyr Ser
505560 Leo Ser Ser Val Val Thr Val Pro Ser Ser Ser Leo Gly Thr Gin Thr 65707580 Tyr lle Cys Asn
Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys 859095 Arg Val Glu Pro Lys Ser Cys Asp Lys Thr
His ThAEYS'Prd Ptor€ys' 100105340 Pro AT Brd Gl LEY Lt G GlyFPré'Set Val Phe Leo Phe Pro
Pro 1151201253I5’ys Pro Lys Asp Thr L0 Met lle Ser Arg THF Pro Glu Val Thr Cys 130135140 Val Val
Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp 145150155160 Tyr Val Asp Gly Vol Glu Val
- His AsRAlabysi ThrasysiPro Targ Glu 385 E20175 GlrGine Ty AsaSer T Fyr Arg Val Val Ser Val Leo
Thr Val Lea’180185190 His Gin A3p Trp Leo Asn Gly 1%s Glu Tyr Lys Cys Lys Val Ser Asn 195200205
Lys Ala Leu Pro Ala Pro lle Glu Lys Thr lie Ser Lys Ala Lys Gly

Lys Gly Arg Ala Thr Leu Ser Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 B0

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 25

2la Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser

<210> 9

<211> 348

<212> ODNA

<213> Artificial

<LZ220>
<223> Humanized murine immuncglobulin sequence

220>
<221> CDS
<222> (1) ..(348)

<400> 9

gcc gty cag ctg gtc gag tct gge gge gga ctg gtg cag cct ggce ggo 48
Ala Val Gln Leu Val Giu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

1 5 10 15

agc ctg aga ctg age tgc aag goc age gge tac age ttc acce ggo tac %6
Ser Leu Arg Leu Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

aac atg aac tgg gty cgy cag gee ccet gge aag gge ctg gaa tgg gty 144
Asn Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

geo aac atc gac ccce tac tac ggc ggoc acc acc tac aac cgg aag gte 19z
Ala Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr &Asn Arg Lys Val
50 55 60

aag gge agy tte ace ate age ghtg gac aag age age agce ace goo tac 240
Lys Gly Arg Phe Thr Ile Ser Val Asp Lvs Ser Ser Ser Thr Ala Tyr
65 70 75 80

ctyg cag atg aac agce ctg cgg gcc gag gac acc goc ghg tac tac tge 288
Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tvr Cys
85 80 95

gecc aga tceoc gtg gge coc atg gac tac tgg gge cag gge acc ctg gte 336
Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Glvy Thr Leu Val
100G 105 110



210215220 Gin Pro Arg Glu Pro Gin Val Tyr Thr Leo Pro Pro Ser Arg Giu Glu 225230235240 Met Thr
Lys Asn Gin Val Ser Leo Thr Cys Leo Val Lys Gly Phe Tyr 245250255 Pro Ser Asp lle Ala Val Glu Trp
Glu Ser Asn Gly Gin Pro Glu Asn 260265270 Asn Tyr Lys Thr Thr Pro Pro Val Leo Asp Ser Asp Gly
Ser Phe Phe 275280285 Leo Tyr Ser Lys Leo Thr Val Asp Lys Ser Arg Trp Gin Gin Gly Asn
290295300 Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr 305310315320 Gin Lys
Ser Leg Sertl_ceu Seg Pro Gly Lys 325330 <210> 25 <211> 318 <212> DNA <213> Homo sapiens
<220> ggziglcgﬁ 52?2>(1)..(318) <400> 25 act gtg got gca cca tot gtc ttc atc ttc'cog cca tot gat gag
cag48 Thr Val AlesAla Pro Ser Val The lle Phe Pro Pro Ser Aso Glu Gin 151015 ttg aaa tot gga act gcc
tot gtt gtg tgc cog ctg sat aac ttc tat96 Leo Lys Ser Gly Thr Ala Ser Val Val Cys Leo Leo Asn Asn Phe
Tyr Zoggfg)}co%aga gag gcc aaa gta cag tgg aag gtg gat aac goo ctc caa togl44 Pro Arg Glu Ala Lys
Val GinJrp.Lys,Yal Asp Asn Ala Leo Gin Ser

<212> PRT
<213>» Artificial

<220
<223> Synthetic Construct

<400> 10
Ala Val Gin Leuw Val Glu Ser Gly Gly Gly Leu Val Gln Pro Giy Gly

1 5 . 10 15

Ser Leu Arg Leu Ser Cys Lys &Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

Asn Met Asn Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Val
50 55 &0

Lyvs Gly Arg Phe Thr Ile Ser Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Iyr Tyr Cys
) 85 90 S5

Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gin Gly Thr Leu Val
190 105 110

Thr Val Ser Ser

<210> 11
<211> 324
<212> DNA

<213> Artificial

<220>
<223> Humanlized murine immunoglobulin sequence

<220>
<221> CDs
<222>  (1)..(324)

<400> 11

gac atc cag atg acc cag. agc co¢ age age ¢tg age geo age ghtg ggc 48
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Sexr Val Gly

1 5 10 15

7



354045 ggt aac tcc cag gag agt gtc aca gag cag gac ago aag gac ago accl92 Gly Asn Ser Gin Glu
Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr 505560 tac ago ctc ago ago acc ctg acg ctg ago aaa gca
gac tac gag aaa240 Tyr Ser Leu Ser Ser Thr Leo Thr Leu Ser Lys Ala Asp Tyr Glu Lys 65707580 cac
aaa gtc tac gcc tgc gaa gtc acc cat cag ggc ctg ago tog ccc288 His Lys Val Tyr Ala Cys Glu Val Thr
His Gin Gly Leu Ser Ser Pro 859095 gtc ace aag ago ttc aac agg gga gag tgt318 Val Thr Lys Ser Phe
Asn Arg Gly Glu Cys 100105 é:zj%i %g;%%ya%g%gglaég Pg@T ggﬁl%;CHgggo sapiens <400> 26 Thr
Val AlgAaRro %5 V&l The fie-PhE Pra Pro, Ser Asp.Glu,Gin 1151016:Les,Lys Sex Gly Thr Ala Ser Val
Val Cys Leo Leo AsmwAsn Phe Tyr 202530ro Arg Glu Ala Lys Mal Gin Trp Lys Val Asp Asn Ala Leo
Gin Ser 18 354045 Gly Asn Ser Gin Glu Ser Val Thr Gin Gin Asp Ser Lys Asp Seg;l:th 505560 Tyr Ser
Len Sef"Gef hE LA ThELr SeTyscAl Bsp20yr Bin L95 657075801 1Ys Val TV Ala Cys Gin Val
Thr His Gin Glyd4sen Ser Ser Pro 40 45

tee tte gece aag acce ctg gcooc gag ggce ¢gte ¢cc agcec cgg ttt age ggce 192
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Fhe Ser Gly
50 55 &0

agc gge tee ggce acce gac tte ace ctg acc atc age age ctyg cag ccc 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

gag gac ttc geogo ace tac tif Lge cag cac cac agc gac aac ccc bgyg o 288
Glu Asp Phe Ala Thr Tyr Phe Cys Gin His His Ser Asp Asn Pro Trp
85 90 g5

ace ttc gge cag gge acc aag gty gad atc aaa cgt 324
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 105 '

<210> 12

<211> 108

<212> PRT

<213> Artificial

<220>
<223> S8ynthetic Construct

<400> 12

Asp Ile Ginp Met Thr Gln Ser Pro Ssxr Ser Leu Ser Ala Ser Val Gly
1 5 ig 15

[a

Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
2 25 30

Leu Ala Trp Tyr Gln Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu Val
35 40 45

Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser ARrg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 700 75 80

Glu Asp Phe Ala Thr Tyr Phe Cys Gln His His Ser Asp Asn Pro Irp
85 30 85

Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Arg
160 105

A

<210> 13



859095 Val Thr Lys Ser Phe Am n Arg Gly Gin Cys 100105 <210> 27 <211> 1338 <212> DNA <213>
Artificial <220> <223> Fc-engineered chimeric irnmnnogiobulin sequence <220> <221> CDS
<222>(1)..(1338) <400> 27 gcg gtc cag ctg cag cag tot gga cct gag ctg gaa aag cot ggc got48 Ala Val
Gin Leu Gin Gin Ser Gly Pro Gin Len Gin Lys Pro Giy Ala 151015 tca gtg sag att too tgc aag got tot
ggt tac tca ttc act ggc Lao96 Ser Val Lys lle Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr 202530
aat atgié%i:; tgi@g aag cag aat sat gaa sag ago ctt gag tgg att144 Asn Met Asn Trp Val Lys Gin Asn
Asn Gly-Lys Serdl.en Gig Trp lle 354045 gga aat att gat cot tat tat ggt ggt act acc tac aac cgg aag
ttc192 Gly Asn lle Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe 505560 aag ggc aag goo aca
ttg act 9%& ac aaa too too ago aca goo tac24Q Lys Gly Lys Ala Thr Len Thr Val Asp Lys Ser Ser Ser
Thr Al&TYr 65707880t 68y 6te Bag Mgt &ty Hta 6t 4G gac tot gea gic tat tac tgt288

<220%
<221> CDS
<222> (1) ..(324)

<400> 13

gac atc gty atg acc cag age ccc age agce ctg age gec age gty gge 48
Asp Ile Val Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 ig 15

gac ¢gg gtg acc atc acc tgc cgg gtc age gag aac gtg tac age tac 1
Asp Arg Val Thr Ile Thr Cys Arg Val Ser Glu Asn Val Tyr Ser Tyr
20 25 30

ctg goo tgg tal cag cag aag <oC ggce aag goo coo aag ctg ctg atce 144
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Lo tLo gec aag acc ctg goo gag ggce gtg cce age cgg Lttt age ggce 192
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

agc gge tee gge acce gac thte acc cotg acc atc age age ctg cag ccc 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

gayg gac tte gece acce tac tit tge cag cac cac agcoc gac aac coc tgg 288
Glu Asp Phe Ala Thr Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
: 85 20 95

acc ttc ggo cag gge acc aag Jgtg gag atc aasa cgt 324
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
160 105

<210> 14

<211> 108

<212> PRT

<213> Artificial

<220
<223> Synthetic Construct

<400¢> 14

Asp Ile val Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Val Ser Glu Asn Val Tyr Ser TIyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Rrg Phe Ser Gly



Net Gin Len Lys Ser Len Thr Ser Gin Asp Ser Ala Val Tyr Tyr Cys 859095 gca aga tog gtc ggc cct atg
gac tac tgg ggt caa gga acc tca gtc336 Ala Arg Ser Val Gly Pro Met Asp Tyr Top Gly Gin Gly Thr Ser
Val 100105110 acc gtc tot tca goo too acc aag ggc cca tog gtc ttc ccc ctg gca389 Thr Val Ser Ser Ala
Ser Thr Lys Gly Pro Ser Val Phe Pro Len Ala 115120125 coo too too aag ago acc tot ggg ggc aca gcg
gcc ctg ggc tge ctg432 Pro Ser Set Lys Set Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu 130135140
gtc aag gacr’ fac ttc ccc gaa ccg g%& acg gtg tog tgg aac’tta ggc480 Val Lys Asp Tyr Phe Pro Glu Pro
Val Thr Val Ser Trp Asn Ser Gly 145150155160 goo ctg acc ago ggc gtg cac acc ttc ccg got gtc cta
cag toc4cadbl8 Ma cew Thr Sep GheValHisThmPhel PreeAlasfabbe s GineSer Set 165170175 gga ctc
tac too%tc ago ago gtg gtg att gtg ccc too ago agdttg576 Gly Leu Tyr S& Leu Ser Her Val Val Thr
Val Pro Her Her Ser Leu 180185190 ggc acc cag acc tac atc tgc aac gtg aat cac aag ccc ago aac
acc624 Gly=Thre@in Ahr Tyr lie CysAsnsVal Asn His bys-Pradder-Asna-thr495200205 aag gtg gac aag
aga gtt gag ccc aaa tot tgt gac aaa act cac acd672 Lys Val Asp Lys #&rg Val Glu Pro Lys Set Cys Asp
Lys Thr His Thr 210215220 tgc cca ccg tgc cca gca cct gaa ctc ctg ggg gga ccg gac gtc ttc720 Cys
Pro Prq,CysiRre AlasPro,gluteoleo,GlyGly Aro Asp Mal Phe

100 105

<210> 15

<211> 324

<212> DNA

<213>» Artificial

<220>
<223> Humanized murine immunoglobulin sequence

<220>
<221> CDS
<222> (1) ..(324)

<400> 15

gac atc cag atg acc cag age ¢ce age agce ctg ago goc age gtg gge 48
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser RAla Ser Val Gly

1 5 10 15

gac ¢gg gtg acc atc acc tgc cgg acc age gag aac gbg tac age tac 96
Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

ctg goc tgg tat cag cag aag cCcC ggce aag Jgoc coc aag ctg cotg gtg 144
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Val.
35 40 45

tee titc goc aag acce c¢bg gcc gag ggc gtg ccc age cgg ttt age ggc 192
Ser Phe 2la Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 50

agc ggc tcoc gge acce cag tic ace c¢ctg acc atc agoe agce cig cag cco 240
Ser Gly Ser Gly Thr Gln Phe Thr Leu Thr Ile Ser Ser Leu Gln Fro
63 70 75 80

gag gac ttc goc acc tac tit tge cag cac cac age gac aac ccc Lgg 288
Glu Asp Phe Ala Thr Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
85 90 95

acc ttc gge gga ggc acce gag ctyg gag atc aaa ¢gt 324
Thr Phe Gly Gly Gly Thr Glu Leu Glu Ile Lys Arg
100 105

<210> 16
<211> 108
<212> PRT
<213> BArtificial

<220>
<223> Synthetic Construct

10



225230235240 ctc ttc ccc cca aaa ccc aag gac acc ctc atg atc too cgg acc cct768 Leu Phe Pro Pro
Lys Pro Lys Asp Thr Leu Met lle Ser Arg Thr Pro 245250255 gag gtc aca tgc gtg gtg gtg gac gtg ago
cao gaa gac cot gag gtc816 Glu Val Thr Cys Val Val Val Asp Val Set His Glu Asp Pro Glu Val
260265270 aag ttc aac tgg tac gtg gac ggc gtg gag gtg cat aat goo aag aca864 Lys Phe Asn Trp Tyr
Val Asp Gly Val Glu Val His Asn Ala Lys Thr 275280285 aag ccg cgg gag gag cag tac aac ago acg tac
cgt gtg gic aga gtc912 Lys Pro Arg Giu Glu GIn Tyr Asn Set Thr Tyr Arg Val Val Ser Val 290295300
ctc acc gtc ctg cac cag gac tgg ctg aat ggc aag gag tac aag tgc960 Leu Thr Val Leu His Gin Asp Trp
Leu AsteilyikysiGluskyrhys:Cys805310345320 aay gto-ted ade adalgGactc cca goo ccc gaa gag
aaa act atc t001008 Lys’Val Set Asn Lys Ala £20 Fro Ala Pro Glu Gi#i Lys Thr Ile Her 32533C335 aaa
Qo0 aaa ggg cag ccc cga gas cca cag gtg tac acc ctg ccc ccal056 Lys Ala Lys Gly Gin Pro Arg Glu
Pro Ginadak Jyradihrheu ProrProc:340345359 o cgg: gag: gag atgrage:aag:aac cag gtc ago ctg acc tgc
ctg gtc1104 Set Arg2Glu Glu Met Thr Lys Asn Gin Val Her Leu Fhr Cys Leo Val 355360365 aaa ggc ttc
tat ccc ago gac atc goo gtg gag tgg gag ago aat ggg1152 Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Glu

Trp Gly Set Asn Gly:370375380 £ag 69 9ag 8aC aac tag aag acs, agg;cel £CC gig ctg gac too gac1200
35 40 45

"Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Gin Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe 2la Thr Tyry Phe Cys Gln His His Ser Asp Asn Pro Trp
85 20 a5

Thr Phe Gly Gly Gly Thr Glu Leu Glu Ile Lys Rrg
100 105

<210> 17

<Z11> 324

<212> DNA

<213> BArtificial

<220>
<223» Humanized murine immunoglobulin seguence

<220>
<221>» CDS
<222> {1)..(324)

<400> 17

gac ate gig atg acc cag agc CCC goc ace ¢tg age ¢ty age oct ggo 48
Asp Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

1 5 10 15

gag cgg gcc acc ctg tee tge cgdg acc age gag aac gtg tac age tac 96
Glu Arg Ala Thr Leu 8Ser Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

ctg goo tgyg tat cag cag aag Ccc ggc cag goe coc aga ctyg ctyg gtg 144
Leu &la Trp Tyr Gin Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Val

tee tte goo aag acce ctg goc gag gyc gtg coe goo agg tit age ggco 182
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ala Arg Phe Ser Gly
50 55 60

age ggce tec gge acc gac tte ace oty ace ate age age ctg gaa ccc 240

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu &Glu Pro
65 70 75 80

11



Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp 385390395400 ggc too ttc ttc ctc
tat ago aag ctc acc gtg gac aag ago agg tggl1248 Gly. Ser Phe Phe Leu Tyr Ser Lys Lou Thr Val Asp
Lys Ser Arg Trp 405410415 cag cag ggg aac gtc ttc tca tgc too gtg atg cat gag got ctg cac1296 Gin
Gin Sly Asn Val Phe Ser Cys Ser Vol Met His Glu Ala Leu His 420425430 aac cac tac acg cag aag
ago ctc too ctg too ccg ggt aaal338 Asn His Tyr Thr Gin Lys Ser Leo Ser Leu Ser Pro Sly Lys
435440895°22105 FE<I1I>FA46 L2155 PR 1 33ARfioR<220522383 Synthefit Construct <400>
28 Ala V78l GiR Leo Gin in Ser §f§/ePr5SG<fu L@gSG[uSLys Pro %Iysﬂl@i%lé% Ser Val Lys lle Ser Cys
Lys Ala Ser Sly Tyr Ser Phe Thr Sly Tyr 202530 Asn Met Asn Trp Val Lys Gin Asn Asn Sly Lys Ser
Leo GlecTryiite 884045 Sy Ash IP@%?@@?@WWTW%I;FSW Thr Thr Tyr Asn Arg LysPhe 505560 Lys
Sly Lys Ria™FRr L&uSThr /i R8p L% Ser Sgif Sef THE A8 Tyr 65707580 Met Gin Leu Lys Ser Leo Thr
Ser Glu Asp Ser Ala Vol Tyr Ty 859095 Ala A g Ser Val Sly Pro Met Asp Tyr Trp.Sly Sin Sly Thr Ser

Val
<210> 18
<211> 108
<Z212>» PRT
<213> Artificial

<220>
<223> Synthetic Construct

<400> 18

Asp Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

Glu Arg Ala Thr Leu Ser Cys Arg Thr 8er Glu Asn Val Tyr Ser Tyr
20 25 390

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Val

Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ala Arg Phe Ser Gly

50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
85 9c 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 195

<210> 19

211> 324

<2Z12> DNA

<213>» Artificial

<220>
<223> Humanized murine immunoglobulin seguence

<220>
<221> (DS
<222> (1) ..(324)

<400> 189

gac atc gtg atg acce cag agec ccc gec acc chbg age ctg age cct gge 48
Bsp Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

1 5 10 15

12



100105110 Thr Val Ser Ser Ala Ser Thr Lys Sly Pro Ser Val Phe Pro Leo Ala 115120125 Pro Ser Ser
Lys Ser Thr Ser Sly Sly Thr Ala Ala Leo Sly Cys Leo 130135140 Val Lys Asp Tyr Phe Pro Glu Pro Val
Thr Val Ser Trp Asn Ser Sly 145150155160 Ala Leu Thr Set Gly Val His Thr Phe Pro Ala Val Leu Gin
Set Ser 165170175 Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Set Ser Ser Leu 180185190 Gly
Thr Gin Tht Tyr lle Cys Asn Val Asn His Lys Pro Set Asn Thr 195200205 Lys Val Asp Lys Arg Val Glu
Pro Lys Ser Cys Asp s Thr His Thr 210215220 CXS Pro Pro C ys Pro Ala Pro Glu%eo Leu Gly Gly

Pro Asgal Phe; 22525@35?@ Lo Plieforo Bro 135 Fio By8 )i\§p TBF LG Met lle Ser Arg Thr Pro

245250255 Glu Val Jir Cys Val Val Val Asp Val Set His Glu AsgoPro GIu Val 260265270 Lys Phe Asn
" Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr 275280285 Lys Pro Arg Giu Glu Gin Tyr Asn Set

Thr TyCAF t‘\9’§I §é? yr 2@%’3@ ﬁ.%@‘ﬁ'@?‘i/%tiﬁe@? ﬁl%gélrztﬂsip ﬁ'r@tEeo Asit8ly Lys Glu Tyr Lys
Cys 30%%16 O Lys Val Ser Aén Lys AI4 Léo Pio Ala Pre Gl GIU Lys Thr lle Ser

tce tte gee aag acce ctg goc gag gge gty cco gee agy ttt age ggc 192

Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ala Arg Phe Ser Gly

50 55 60

agce ggc tee gge ace gac tte ace cig acc ate age age ¢tg gaa cco 2490

Ser Gly Ser Gly. Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro

65 70 75 80

gag gac Tic goc gtg tac ttc tgce cag cac cac agc gac aac ccoc tgg 288

Glu Asp Phe Ala Val Tyr Phe Cys Gln His His Ser Asp aAsn Pro Trp

85 90 95
acc ttc ggo cag ggce acc aay gty gag atce aaa cgli 324
Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
100 1035

<210> 20

<211> 108

<212>» PRT

<213>» Artificial

L220>
<223>» Synthetic Construct

<400> 20

Asp Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Leu 3er Pro Gly

Glu Arg Ala Thr Leu Ser Cys Arg Val Ser Glu Asn Val Tyr Ser Tyr
20 25 30

Lew Ala Trp Tyr Gln Giln Lys Pro Gly Gln Ala Pro Arg Leu Leu Ile

Ser Phe Ala Lys Thr Leu Als Glu Gly Val Pro Ala Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Glu Pro
65 70 75 80

Glu Asp Phe Ala Val Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
85 20 95

Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Arg
100 105

<210> 21

13



325330335 LyS Ala Lys Gay Gin Pro Arg Glu Pro Gin Val Tyr Thr Leo Pro Pro 340345350 Ser Arg Glu
Glu Met Thr Lys Asn Gin Val Ser Leo Thr Cys Leo Val 355360365 Lys Gly Phe Tyr Pro Ser Asp lle Ala
Val Glu Trp Glu Ser Asn Gly 370375380 Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leo Asp
Ser Asp 385390395400 Gly Ser Phe Phe Leo Tyr Ser Lys Leo Thr Val Asp Lys Ser Arg Trp :
405410415 Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His 420425430 Asn His
Tyr Thf(%%ﬂy%@et Leu Ser Len Set Pro Gly Lys 435440445 <210> 29 <211> 642 <212> DNA <213>
Artificiqéf 20% <2232 Chimeric immunogiobulin sequence <220> <221> CDS <222>(1)..(642) <400>
29 gac atc cag atg act cag tct cca gcc tcc cta tct gea tet gtg ggad8 Asp lle Gin Met Thr Gin Ser Pro Ala

Ser Lete8er Ala Ser Val Gly 151015 gag act %tc acc atc aca tgt cga aca agt gaa aat gtt tac agt tat96
Glu Thra7al THFTE TRFCTR ARG TAFSER GRl Ash VaF T¥i°ser Tyr 202530

<220>
<221> CDS
<222» (1) ..{324}

<400> 21

gac atc gtg atg acc cag age ©Cc goc ace ctg age ctg age cct gge 48
Asp Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

1 5 10 i5

gag cgg gec ace ctg toc tge gy &ce age gag aac gtg tac age tac 96
Glu Arg Ala Thr Leu Ser Cys Aryg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30
ctg gec tgg tat cag cag aag ccc ggc cag goc cco aga ctg ctg gt 144
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ala Pro Arg Leu Leu Va
35 40 45

P

tece tte geo aag acc ctg goc gag ggc gtg coc geo agyg ttt age ggce 182
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ala Arg Phe Ser Gly
50 55 60

age ggce tec gge acce cag titc acc ctg acc atc agc age cty gaa ccc 240
Ser Gly Ser Gly Thr Gln Phe Thr Leu Thr Ile Ser Ser Leu Giu Pro
&5 70 75 80

gag gac ttc goco gtg tac tic tge cag cac cac agce gac aac ccc tgyg 288
5lu Asp Phe Ala Val Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
85 9é 93

acc ttc ggce gga ggce acc gag ctg gag atc zaa cgt 324
Thr Phe Gly Gly Gly Thr Glu Leu Glu Ile Lys Brg
1990 105

<210> 22

<2i1> 108

<212>» PRT

<213>» Artificial

<220>
<223> Synthetic Construct

<400> 22
Asp Ile Val Met Thr Gln Ser Pro Ala Thr Leu Ser Leu Ser Pro Gly

1 5 0 15

Glu Arg Ala Thr Leu Ser Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lvs Pro Gly Gln BRla Pro Arg Leu Leu Val
35 40 45

Ser Phe Ala Lys Thr Lesu Ala Glu Gly Val Pro Ala Arg Phe Sexr Gly



ttg gct tgg tat cag cag aaa cag gga aaa tct cct cap ctc ctg gtc199 Len Ala Tip Tyr Gin Gin Lys Gin Gly
Lys Set Pro Gin Len Leu Val 354095 tot ttt gca aaa acc tta gca gaa ggt gtg cca tca agg ttc agt ggc192
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Set Gly 505560 apt gga tca ggc aca cag ttt
tct ctg aag atc agc agc ctg cag cct240 Ser Gly Ser Gly Thr Gin Phe Ser Leu Lys lle Ser Ser Len Gin
Pro 65707580 gaa gat tct gga agt tat ttc tgt caa cat cat tcc gat aat ccg tgg288 Glu Asp Ser Gly Ser Tyr
Phe Cys Gitf His His Ser Asp AsiiPro Trp 859095 acg tfc ggt gga ggc acc gaa ctg gag atc aaa cga act
gtg gct gca336 Thr Phe Gly Gly Gly Thr Gin Len Gin lle Lys Arg Thr Val Ala Ala 100105110 cca tct gtc
ttc atc Her-ceg-cca tctgatigagstapsttg aaa tcdggalsd: Pre-SetdfalRhelle Phe Pro Pro Set Asp Gin Gin
Len Ly&3Set Gly 115120125 &ct gcc tet gtt gig tge ¢ty ctg aat aac ttc tat ¢t aga gag gcc932 Thr Ala
Ser Val Val Cys Len Len Asn Asn Phe Tyr Pro Arg Gin Ala 130135140 aaa gta cag tgg aag gtg gat
aac gCg;GIC:Gaa4e0 gat aae teg.capasQ Lys Val:GinTrp Lys. ValAspAsn:Ala Len Gin Set Gly Asn Ser
Gin 195150155160 gag &gt gtc aca gag cag gat agc aag gac agc aee tac agc ctc agc528 Glu Ser Val
Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Set 165170175 ago acc ctg acg ctg ago aaa gca

gac 1aG,gag,paa.cac22a.0C1ACH0 1oy clu 11e Lys arg

100 105

<210> 23

<211> 990

<212> DNa

<213> Homo sapiens

<220>
<221>» CDS
<222>  (1}..{290)

<400> 23

gco Lo acc aag gge cca teg gtc tte cco ctg geca cco tec too aag 48
ARla Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys

1 5 10 15

agce acc tot ggg gge aca gog gcooe ctg gge tge ctg gtc aag gac tac 96
Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

tte coco gaa cog gtg acg gtg tog tgg aac tca ggc goc ctg acc age 144
Phe Pro Giu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

ggce gtg cac acc tte ccyg get gtc cta cag tec tca gga cte tac tcco 192
Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser
50 55 60

cte age age gtg gtg acc gtg cce tec age age ttg ggoc acc cag acc 2490
Teu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr
65 70 75 80

" tac atc tgc aac gtg aat cac aag COC age aac aco aag gty gac aagy 288
Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
85 30 85

aga gtt gag ccce aaa tot tgt gac aaa act cac aca tgc cca ccg tgco 336
Erg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro {ys
100 105 110

cca geca cct gaa ctc cty ggy gga cog tea gte tte cte tte coo cea 384
Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125

aaa C©CC aag gac acc cte atg ate tecec cgg acc cct gag gtc aca tge 432
Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Fro Glu Val Thr Cys
130 135 140

gtg oty gtg gac gtg agc cac gaa gac ccb gag gtc aag ttc aac tgg 480

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
145 150 135 160

15



Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 goo tgc gaa gtc acc cat
cag ggc ctg ago tog ccc gtc aca aag ago624 Ala Cys Glu Val Thr His Gin Giy Leu Ser Ser Pro Val Thr
Lys Ser 195200205 ttc aac agg gga gag tgt642 Phe Asn Arg Gly Glu Cys 210 <210> 30 <211> 214
<212> PAT <213> Artifioiai <220> <223> Synthetic Construct <400> 30 Asp lle Gin Met Thr Gin Ser
Pro Ala 3cr Leo Ser Ala Ser Val Gly 51015 Glu Thr Val Thr lle Thr Cys Arg Thr Ser Glu Asn Val Tyr
Ser Tyr 202530 Leu Ala Trp Tyr Gin Gin Lys Gin Gly Lys Ser Pro Gin Leu Leu Val 354045 Ser Phe Ala

Cys TheE e MatCivBly VBl Sef At 736 S6l GYSIEBaISartigSer Gy Thr G ph Ser Lot

Lys lle Ser Lou Gin Rea 65707580 Glu Asp &er Giy Ser 'Fyr Phe {Gys Gin His His Ser Asp Asn Pro
Trp 859095 Thr Phe Gly Gly Gly Thr Glu Lou Glu lle Lys Arg Thr Val Ala Ala 100105110

gag c¢ag tac aac agc acg tac cgt gtg gtc agc gte cte acc gte ctg 576
Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
180 185 190

cac cag gac tgg ctg aat ggc aag gag tac aag tge aag gtc toe zac 624
His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205

aaa gcc ctc cca geo cec ate gag aaa ace atc tee aaa gec aas ggyg 072
Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Zla Lys Gly
210 215 220

cag cC¢ ¢ga gaa cca cag gtg tac acc ctg ccc cca tec ogy gag gag 720
Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Preo Ser Arg Glu Glu
225 230 235 240

atg acc aag aac cag gtc age ¢ty acc tge ctg gtce aaa gge tte tat 768
Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 : 255

CCC age gac ate geo gty gag tgg gag age aat ggg cag ocg gag aac 816
Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pre Glu Asn
260 265 270

‘aac tac aag acc acg cct cce gtg ctg gac teoc gac gge toc tto tto 864
Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Rsp Gly Ser Phe Phe
275, 280 285

cte tat age aag ctc acc gtg gac aag age agg tgg cag.cag ggy aac 912
Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
290 295 #5300

gte tte teca tge teo gty atg cat gag get ctg cac aac cac tac acg 960
Val Phe Ser Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr
305 310 315 320

cag aag agc ctce tcc ctg tee ceg ggt aaa 990
Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
325 330

<210> 24

<211> 3340

<212> PRT

<213> Homo sapiens

<400> 24
Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Lgit Ala Pro Ser Ser Lys

1 5 10 15

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr
20 25 30

Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser
35 40 45

i6



Pro Ser Val Phe lle Phe Pro Pro Ser Asp Giu Gin Leu Lys Ser Gly 115120125 Thr Ala Ser Val Val Cys
Lou Lou Asn Asn Phe Tyr Pro Arg Giu Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Leo Gin
Ser Gly Asn Ser Gin 145150155160 Gin Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu
Ser 165170175 Ser Thr Len Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala Cys
Gin Val Thr His Gin Sly Len Ser Ser Pro Val Thr Lys Ser 195200205 Phe Aso Arg Sly Gin Cys 210
<210> 31 <2113 .1338 <212> DNA <213> Artificial <: <22§ §§3> Fc- GEerered chimeric
|mmunog§(olgb|||n sequence <220>35221> CDS <223>(1 fl §) <2110 gcg gtc cag cog cag cag tct
gga cct gag ctg gaa aag cot ggc gct48 Ala Val Gin Len Gin Gin Ser Sly Pro Gin Leu Gin Lys Pro Sly
Ala 151015 tca %g aag att too tgc aag | got tct %gt tac tca ttc act ggc tac96 Ser Val Lys lle Ser Cys Lys

Ala Ser Slyfyr Ser Phie Thr Sly Tyr ~  °°F >TF Ser bew Gly BRx Gin

80

Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys
8% 90 95

Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys
100 105 ) 110

Pre Ala Pro Glu Lew Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro
115 120 125

Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys
130 135 140

Val Val Val Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp
148 150 155 160

Tyy Val Asp Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu
165 176 175

Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu
180 185 180

His Gln Asp Trp Lew Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn
195 200 205 w i

Lys Ala Leu Pro Ala Pro Tle Glu Lys Thr Ile Ser Lys Ala Lys Gly
210 215 220

Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu
225 230 235 240

Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr
245 250 255

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn
260 265 270

Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe
275 280 285

Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn
290 295 300
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202530 aat atg aac tgg gtg aag cag aat oat gga aag agc ctt gag tgg attl44 Asn Met Asn Trp Val Lys
Gin Asn Asn Sly Lys Ser Len Giu Tap lie 354045 gga aat att gat cot tat tat ggt ggt act acc tac sac cgg
aag ttc192 Sly Asn lie Asp Pro Tyr Tyr Sly Sly Thr Thr Tyr Asn Arg Lys Phe 505560 aag ggc aag gcc
aca ttg act gta gac aaa too too ago aca goo tac240 Lys Sly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser
Ser Thr Ala Tyr 65707580 atg cag ctc aag agt ctg aca tot gag gac tot gca gtc tat tac tgt288 Met Gin
Len LysS SefterThrSer’&inasp seridia Val Fyr Ty Cyis 859095 géaraghitog gtc gge cot atg gac tac
tgg ggt%%{’a gga acc toe gtc3§éOAIa Arg Ser Val GI)5i Pro Met Asp Tyr Trp I@/ Gin Sly Thr Set Val
100105110 acc gtc tot tca goo too acc aag ggc cca tog gtc ttc occ ctg gca384 Thr Val Ser Ser Ala Ser
Thr Lys:8lyBro Ser Mal Pie Rro Een Ata $151261 25 ccc too too aag ago acc tot ggg ggc aca gcg gcc
ctg ggc tgc ctg432 Pro S&r°Ser Lys Ser Thr Set*8ly Sly Thr Ala Ala Len Sly Cys Len 130135140 gtc
aag gac tac ttc coo gaa cog gtg acg gtg tog tgg aac tca ggc480 Val Lys Asp Tyr Phe Pro Glu Pro Val
Thr VakSer-TrpAsn Ser Gly 145150155160 gcc ctg acc ago ggc gtg oat acc ttc cog got gtc cta cag too

tca528 ;ﬂ;l}h;gerg@r Ser Gly Val His Thr Phe Pro Ala Val Leo Gin Ser Ser 165170175

<213> Homo sapilens

<220>
<221> CDS
<2Z2> (1) ..{318)

<400> 25

act gtg get gca cca tct gte thte ate tte ceg cca tet gat dag cag 48
Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln

1 5 10 - 15

ttg aaa tot gga act geeo tet gtt gtg tge ctg ¢ty aat aac tteo tat 214)
Leu Lys Ber Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr
20 25 30

cece aga gag goc aaa gta cag tgy aag gtg gat aac geo chto caa tog 144
Pro Rrg Glu Aia Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser
35 40 45

ggt aac LcCe cayg gayg agl gic aca gag cag gac agc aag gac age ace 192
Gly Asn 3er Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr
50 55 &0

tac age cte age age acc <tg acg ¢ty agc aaa goa gac tac gag aaa 240
Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys
65 70 75 80

cac aaa gtc tac goo tgce gaa glc acc cat cag ¢goe ctg age teg ccc 288
His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Fro
83 S0 25

[a]

gtc aca aag agc ttc aac agg gga gag tgt 318
Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
100 105
<210> 26
<21i> 106
<212> PRT
<213> Homo sapilens
<400> 26
Thyr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln
1 5 10 15

Leu Lys Ser Gly Thr Ala Ser Val Val Cys Lsu Leu Asn Asn Phe Tyr
20 25 30

Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Zsn Ala Leu Gln Ser
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gga ctc tac too ctc ago ago gtg gtg acc gtg ccc too ago ago ttg576 Gly Leo Tyr Ser Leo Ser Set Val
Val Thr Val Pro Set Set Set Leo 180185190 ggc acc cag acc tac atc tgc aac gtg aat cac aag coo ago
aac acc624 Gly Thr Gin Thr Tyr lle Cys Am n Val Asn His Lys Pro Ser Asn Thr 195200205 aag gtg
gac aag aga gtt gag ccc aaa tot tgt gac aaa act cac aca672 Lys Val Asp Lys Arg Val Gin Pro Lys Ser
Cys Asp Lys Thr His Thr 210215220 tgc cca ccg tgc cca gca cct gaa ctc ctg gcg gga ccg gat gtc ttc720
Cys Pro Pro Cy§5Pro Ala Pro Glu Leo%en Ala Gly Pro Asp Y&l Phe 225230235240 ctc ttc ccc cca aaa
CCC aag gac acc ctc atg atc too cgg acc cct768 Leu Phe Pro Pro Lys Pro Lys Asp Thr Leo Met lle Ser
Arg TheRroe2452502550 gag gie aca tge:Qtg gitgigtg gac gig agocac gaa gac cot gag gtc816 Glu Val
Thr Cys VaPV¥al Val Asp Val Sec HMis Glu Asp Pro Glu &l 260265270 aag ttc aac tgg tac gtg gac ggc
gtg gag gtg cat aat goo aag aca864 Lys Phe Asn Trp Tyr Val Asp Giy Val Giu Val His Asn Ala Lys Thr
275280285:3301660 09 9ag@agcag tac aac age acg tan catotg gte age @ic912 Lys Pro Arg Gin Glu
Gin TyAsn Ser Thr Tyr Arg Yal Val Ser Val 290295300 ctc acc gtc ctg cac cag gac tgg ctg aat ggc
aag gag tac aag tgc960 Leo Thr Val Leo His Gin Asp Top Leo Asn Sly Lys Glu Tyr Lys Cys

305310325320 @ag gic 100, 38£,338,999 C16, £6a 909 £¢5 gag.gag.aaa arg atc too1008 Lys Val Ser Asn
Lys Ala Leu Pro Ala Pro£Glu Gin Lys Thr lle Set - 95

Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
100 105

<21C> 27

<211> 1338

<212> DNA

<213» Artificial

<220>
<223> Fc-engineered chimeric immunoglobulin sequence

<220>

<221> (DS
<222>  {1).,.(1338}

<400> 27

geg gte cag ctg cag cag tet gga oot gag ctg gaz aag oot gge get 48
Ala Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Glu Lys Pro Gly Ala

1 5 i0 15

tca gtg aag att tcc tge aag get te
Ser Val Lys Ile Ser Cys Lys Ala Se
24 25

L ggt tac teca ttc act ggo tac 96
r Gly Tyr Ser Phe Thr Gly Tvyr
30

aat atg aac tgg gtg aag cag aat aat gga aag agc ctt gag tgg att 144
Asn Met Asn Trp Val Lys Gln Asn Asn Gly Lys Ser Leu Glu Trp Ile
35 40 45

gga aat att gat c¢ct tat tat ggt ggt act acc tac aac cgg aag tte 192
Giy Rsh Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 5 60

aag Jdggc aag gcc aca Tty act gta gac aaa tce teo age aca goc tac 240
Lys Gly Lys Rla Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

atg cag ctc aag agt ctg aca tct gag gac tet geca gtoc tat tac tgt 288

Met GlIn Leu Lys Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
85 90 95

gca aga tog gte gge cot atg gac tac tgg ggt caa gga acc tca gte 336
Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Ser Val
160 105 110

ace gte Lot tea goo Lo acc aag ggc cca tog gte tte coo oty gea 384

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125
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325330335 aaa goo aaa ggg cag coo cga gaa cca cag gtg tac acc ctg ccc ccal056 Lys Ala Lys Gly
Gin Pro Arg Glu Pro Gin Val Tyr Thr Leo Pro Pro 340345350 too cgg gag gag atg acc aag aac cag gtc
ago ctg acc tgc ctg gtc1104 Set Arg Glu Glu Met Thr Lys Asn GIn Val Ser Leo Thr Cys Leo Val
355360365 aaa ggc ttc tat ccc ago gac atc goo gtg gag tgg gag ago aat gggl152 Lys Gly Phe Tyr Pro
Ser Asp lle Ala Val Gin Trp Glu Ser Asn Gly 370375380 cag cog gag aac aac tac aag acc acg cot coo
gtg ctg 166 §ae1200Gih Pro Glu A3h Asn Wd%ﬁ The ThoProcProoVatdeo AspBer Asp

38539 5?@@ ggc'tod ﬁ%rttEhEtcj‘sfgt 540 Say cte g@@é‘@%acd%gﬁ ad§tgg1248 Gly Ser Phe Phe
Lou Tyr Ser Lys Lou Thr Vol Asp Lys Ser Arg Trp 405410415 cag rag ggg aac gtc ttc tca tgc too gtg
atg catgaggot ctg cacl296 Gin Gin Gl Ase \lakPhe SerCys SercVialdigiHis Gluéda Lou His
420425230 3&c cac TaE &bg ¢ag &ag age dee tébcigttoseed gotieaalddgAsn His Tyr Thr Gin Lys Ser
Lou Sef Lou Ser Pro Gly Lys 435440445 <210> 37 ¥211> 446 <212> PRT°<213> Artifioial <220>
<223> gynthefic Construg<40P> 32 Ala Val Gin Lpu GinGin5cr Sh:Pro-Giu LousGlu Lys Pro Gly Ala

51015 &la Leu Thr Ser Gly Val His Thr Phe Pro Rla Val Leu Gln Ser Ser

165 170 175
gga ctc tac tec cte age age gtg gtg acce gty coo tce age age ttg 576
Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 185 190
ggc acc cag acc tac ate tge aac gtg aat cac aag ccc age aac acce 024
Gly Thr Gin Thr Pyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
135 200 205
aag gtg gac aag aga gtt gag ccc aaa tot tgt gac aza act cac aca 672
Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220
tge cca cog tge cca gea oot gaa cte oty ggy gga ¢og gac gtc tto 720
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Asp Val Phe
225 230 235 " 240
ctc tte cec cca aaa ccoc aag gac ace cte atg atce tee cgg ace cot 768
Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255
gag gtc aca tge gty gtg gtg gac gtg age cac gaa gac cot gag gte 8lé
Glu Val Thr Cys Val Val Val Asp Val 8Ser His Glu Asp Pro Glu val
260 265 270
aag ttc aac tgyg tac gtg gac ggc gty gag gtg cat aat goe aag aca 864
Lys Phe Rsn Trp Tyr Val Asp Gly Vel Glu Val His Asn Ala Lys Thr
275 280 285
aag ccg cgg gag gag cag tac aac agce acg tac cgt gtg gtc age gte 91z
Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300
cte acc gte ctg cac cag gac tgy ¢ty aat gge aag gag tac aag tge 960
Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320
aag gtc tec aac saa goc ctco cca goco coc gaa ¢gag aaa acc atc too 1008
Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Glu Glu Lys Thr ile Ser
325 330 335
aaa gcc aaa ggg cag ccoco cga gaa cca cag gtg tac ace ctg coo cca 1056
Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350
tee cgyg gag gag atg acc aag aac cag gtc age ctg ace tge ctg gto 1104
Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365
aaa ggc tic tat ccc age gac atc goc gty gag tgg gag age aat ggg 1152
Lys Gly Phe Tyr Pro Ser Asp Ile Rla Val Glu Trp Glu Ser Zsn Gly
370 375 380
cag ccd gag aac aac'tac aag actc acg cct coce gtg ctg gac toc gac 1200
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Ser Val Lys lle Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr 202530 Asn Met Asn Trp Val Lys Gin
Asn Asn Gly Lys Ser Lou Glu Trp lie 354045 Gly Asn lle Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg
Lys Phe 505560 Lys Gly Lys Ala Thr Lou Thr Val Asp Lys Sot Ser Ser Thr Ala Tyr 65703580 Met Gin
Lou Lys Ser Lou Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys 859095 Ala Arg Ser Val Gly Pro Met Asp
Tyr Trp Gly Gin Gly Thr Ser Val 100105110 Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro
Lou A@g’ﬁt?fzofi%% Ter Ber Lys §6‘FT‘T’¥TKS%¥OG§VZBKFTH@AI&%§EGUA@W Cys Lou 130135140 Val
Lys Asp Tyr Phe Pro Giu Pro'Val Thr Val Ser Trp <A Ser Gly 145150155160 Ala Leu Thr Ser Gly val
His ThPhe Rro.AaiVal Lau Gin Sec Ser 27: 165170145 Gl d ey Ty Serdeu Ser-Ser Val Val Thr Val
Pro SefSefSerrke 8085190 Bly The Gav T Tyalllé CysAsAVat AsiTidis Lys Pro Ser Asn Thr
195200205 Lys Val Asp 135 Arg Val Gin Pro LY Ser Cys Asp Lys Tht™His Thr 210215220 Cys Pro Pro
Cys Pr@dgla:fgr%@ualzguglz-@n:&at@e!yngrco éﬁ%pééal I\bﬂ? cat gag geot ctyg cac 1256

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
420 425 430

aac cac tac acg cag aag agc ctc tTogo ctyg tee cecg ggt aaa 1338
Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 : 440 445

<210> 28
<211> 44%
<212> PRT

<213» Artificial

<220
<223> Synthetic Construct

<400> 28
2la Val Gln Leu Gin Gln Ser Gly Pre Glu Leu Glu Lys Pro Gly Ala

1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tvr
20 25 30

Asn Met Asn Trp Val Lys Gln Asn BAsn Gly Lys Ser Leu Glu Trp Ile
35 40 45

Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys FPhe
50 55 60

Lys Gly Lys Ala Thr Lesu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Gln Leu Lys Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tvr Cys
85 90 95

Ala Arg Ser Val Gly Pro Met ARsp Tyr Trp Gly Gln Gly Thr Ser val
100 105 110

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Ser SBer Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

Val Lys Asp Tyr Phe Proc Glu Pro Val Thr Val Ser Trp Asn Ser Gly
145 150 155 160
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225230235240 Len Phe Pro Pro Lys Pro Lys Asp Thr Len Met lle Ser Arg Thr Pro 245250255 Glu Val
Thr Cys Val Val Val Asp Val Ser His Gin Asp Pro Gin Val 260265270 Lys Phe Asn Trp Tyr Val Asp Gly
Val Gin Val His Asn Ala Lys Thr 275280285 Lys Pro Arg Gin Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val
Ser Val 290295300 Len Thr Val Len His Gin Asp Trp Len Aso Gly Lys Gin Tyr Lys Cys 305310315320
Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Gin Gin Lys Thr lle Ser 325330335 Lys Ala Lys Gly Gin Pro
Arg Gin Pro Gin Val Tyr Thr Leu Pro Pro 340345350 Ser Arg Gin Giu Met Thr Lys Asn Gin Val Ser Len
Thr Cys Lew \/a) 355360385 Lys Gly Rhe Tyr Rro Ser Asn lle Ala,Yal Glu Trp Gin Ser Asn Gly
370375380 Gin Pro Gin Asn Asn Tyr Lys Thr Tht Pro Pro Val Len AgpsSer Asp 385390395400 Gly Ser
Phe Phe Len Tyr Ser Lys Len Thr Val Asp Lys Ser Arg Trp 405410415 Gin Gin Gly Asa Val Phe Set

Cys Ser_ Val Met His_Glu Ala Len His 4%042?430 Am n His Tyr Thr Gin Lys Ser Len Ser Len 435440
<210> éy Leu Tyr Ser Leu Ser Ser Val Val Thr vVal Pro Ser Ser Ser Leu

180 185 1580

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
195 ) 200 205

Lys Val Rsp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro'Asp Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Tle Ser Arg Thr Pro
245 250 255

2l

Glu Val Thr Cys Val vVal Val Asp Val Ser His Glu Asp Pro Glu Val
260 T 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thx
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
230 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
3058 3140 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Glu 5lu Lys Thr Tle Ser
325 330 335

Lvs Ala Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly
3760 375 380

Gln Pre Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 385 400

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
405 410 415
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Ser Pro Giy Lys 445 <211>642 <212>DNA <213>Artificial
Imnunogiobuiin sequence <220>

Gln Gln Gly

Asn His Tyr

<210>
<211>
<Z21z2>
<213>

<ZzZ0>
<223

<ZZ20>
<221>
<222>

<400>
gac atc cag aty act
Asp Ile Gln Met Thr

1

gag
Glu

ttg
Leu

tct
Ser

agt
Ser
65

gaa
Glu

acyg
Thr

cca
Pro

act
Thr

aaa
Lys
145

gag
Glu

act
Thr

gct
Rla

gga

gat
Asp

ttc
Phe

tct
Ser

gco
Ala
130

gta

Val

agt
Ser

420

435

29

642

DNA
Artificial

440

425

Chimeric immuncglobulin segquence

CDS _
(1}..(642)

29

5

gtc acc atc
Val Thr Ile
20 '

tgg tat cag
Trp Tyr Gln
35

gca aaa acc
Ala Lys Thr

tca ggce aca
Ser Gly Thr

tct gga agt
Ser Gly Ser
85

ggi dgga ggo
Gly Gly Gly
100

gtc ttec ate
Val Phe Ile
115

tet gttt gty
Ser Val val

cag tgg aag
Gln Trp Lys

gtc aca gag
Val Thr Glu

cag
Gln

aca
Thr

cag
Gln

tta
Leu

cayg
Gln
70

tat
Tvyr

acc
Thx

ttc
Phe

tge
Cvs

gtg
Val
150

cag
Gln

tct
Ser

tgt
Cvs

aaa
Lys

gca
.

Ala
55

Lttt
Fhe

tte
Phe

gaa
Glu

ccyg
Pro

cty
Leu
135

gat
Asp

gac
Asp

coa
Pro

cga &

Arg

cag
Gln
40

gaa
Glu

tct
Ser

tgt
Cvs

ctg
Leu

cca
Pro
120

ctyg
Leu

aac
Asn

age
Ser

ggt
Gly

ctyg
Leu

caa
Gin

gag
Giu
105

tet
Ser

aat
Asn

gee
Ala

aag
Lys

23

tce
Ser
10

agt
Sex

aaa
Lys

Val

aag

Lys I

cat
His
50

atc

Ile I

gat
Asp

aac
Asn

te
Leu

gac
Asp

cta
Leu

gaa
Glu

tct
Sexr

tg cca

Pro

gag
Giu

ttc
Phe

caa
Gin
155

agce
Ser

tct
Sexr

aat
Asn

cct
Pro

tca
Ser
60

age
Ser

tce
Ser

cga
Arg

cag
Gin

tat
Tyx
140

tcg
Ser

ace
Thr

445

gca
Ala

gtt
Val

cag
Gln
45

agg
Ar

age
Ser

gat
Asp

act
Thr

ttyg
Leu
125

cece

Pro

ggt
Gly

tac
Tyr

<220>

430

Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

tct
Ser

tac
Tvr
30

ctc
Leu

ttc
Phe

ctyg
Leu

aat
Asn

gtg

Val A

110
aaa

Lys

aga
Arg

aac
Asn

age
Ser

gty
Val
15

agt

Ser

ctg
Leu

agt
Ser

cag
Gln

gag
Glu

tco
Ser

cte
Leu

Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His

gga
Gly

tat
Tvr

gte
Val

ggc
Gly

cet
Pro
80

tgg
Trp

gca
Ala

gua
Gly

geo
Ala

cag
Gln
160

agc
Ser

<223>Chimeric

48

96

144

192

240

288

33¢

384

432

480

528



<221>CDS <222>(1)..(642) <400>33 gac etc cag atg act cag tct cca got too cta tct gca tot gtg
gga Asp lle Gin Met Thr Gin Ser Pro Ala Ser Len Ser Ala Ser Val Gly 151015 gag act gtc acc atc aca
tgt cga aca agt gaa aat gtt tac agt tat Gin Thr Val Thr lle Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
202530 ttg gct tgg tat cag cag aaa cag gga aaa tct cct cag ctc ctg gtc Len Ala Trp Tyr Gin Gin Lys Gin
Gly Lys Ser Pro Gin Len Len Val 35404.5 tct ttt gca aaa acc tta gca gaa ggt gtg cca tca egg ttc agt
ggcl192 Ser Phe Ala Lys*ffir Leu Ala Gin Gly VaPPro Ser Arg Phe SefGly 505560 agt gga toe ggc aca

cag ttt i clg.aag ate A0C.ag6.610.6agL61240 Ser Gly, Ser.Gay. Thr.Gin Pbe Ser Ley-Lys lle Ser Ser
Leu GigdRranb65787/580 Leu Ser Lys Ala Asp

189

gee tge gea gtc acc cat cag gge
Val Thr His Gln Gly

Ala

ttc

Cys

aac

Glu
185

agg

Phe Asn Axg

210

<210>
<Z2iix
<Z12>
<213>

<220>
223>

<400>

30
214
PRT

gga gag tgt
Gliy Glu Cys

Ariificial

Synthetic Construct

30

Asp Ile Gln

1

Glu

Leu

Ser

Ser

65

Glu

Pro

Lvs
145

Thr

Ala

Phe

50

Gly

Aszp

Phe

Ser

Ala

130

Val

Val
Trp
35

Ala
Ser
Ser
Gly
Val
115

Ser

Gln 7T

Met

Thr

20

Lys

Gly

Gly
100

Phe

Val

Thr

Ile

Gln

Thr

Thr

Ser

85

Gly

Ile

Val

Lys

Gln

Thr

Gln

Leu

Gln

70

Tyr

Thr

Phe

Cys

Val
150

Ser

Cys

Lys

Ala

55

Phe

Phe

Glu

Pro

Leu
135

200

Ser

Cys

Leu

Pro
120

Leu

Asn

185

ctg
Len

Ala

Thr
25

Gly

L Gily

Leu

Gln

Glu

103

Ser

Asn

Ala

24

Tyr Glu Lys His Lys

age teg cco gto
Ser Ser Pro Val

Ser
10

Ser

Lys

Val

Lvs

His

ag

Asp

Asn I

Leu

Glu

Ser

Pro

Ile

5

His

Lys

Glu

Glin
155

1 Ser

Asn

Ser

60

Ser

Ser

Arg

Gln

Tyr

140

Ser

205

Ala

Val

Gln

45

Arg

Ser

Thr

Leu

125

Pro

Gly

190

aca
Thr

Ser

Tyr

30

Leuy

Phe

Leu

Agn

Val

110

Lys

Asn

Val Tyr

aag agc
Lys Ser

vVal Gly
15

Ser Tyr

Leu Val

Ser Gly

Gln Pro

80

Pro Trp

Ria Ala

Ser Gly

Giu Ala

Ser Gln
160

624

642



gaa gat tct gga agt tat ttc tgt caa cat cat tcc gat aat ccg tgg288 Glu Asp Ser Gly Ser Tyr Phe Cys Gin
His His Ser Asp Asn Pro Trp 859095 acg ttc ggt gga ggc acc gaa ctg gag atc aaa cga act gtg gct
gca336 Thr Phe Gly Gly Giy Thr Glu Leu Gin lle Lys Arg Thr Val Ala Ala 100105110 cca tct gtc ttc atc
ttc cog cca tot gat gag tag tte aaa tot gga384 Pro Ser Val Phe lle Phe Pro Pro Ser Asp Giu GIn Leu
Lys Ser Gly 115120125 act goo tot gtt gtg tgc ctg ctg aat aac ttc tat ccc aga gag got432 Thr Ala Ser
Val Val Cys Len Len Asn Asn Phe Tyr Pro Arg Gin Ala 130135140 aaa gta tag tgg aag gtg gat aac gcc
ctc caa’tog ot dAc 10 c%@h%ifésii/aqféiﬁﬁ’r@j.@@Val%%p%%r?%aﬁ%ns@ﬁn Ser Gly Asa Ser Gin
145150155160 gag agt gtc ace gag cag gac ago aag gac ago acc tac ago ctc ago528 Gin Ser Val Thr
Gin Gin Asp Ser Lys Asp Ser Thr Tyr Ser Len Ser 165170175 ago act ctg acg ctg agc aaa gca gac tac
gag aaé%a?%&@fcﬁ‘?gém Ser THF 1'éa THP Lot SerLyeAfa ASpTyrGRVLys His Lys Val Tyr
180185190 gee tgc gaa gtc ace cat cag gé%sctg ago tog ccc gtc ¢a aag ago624 Ala Cys Glu Vval Thr
His Gin Gly Leu Ser Ser Pro Val Thr Lys Set 195200205 ttc aac agg gga gag tgt642 Phe Asn Arg Gly

Glu Cy§1219Y52@.@>W Thr His Gln Gly Leu Ser Ser Pre Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<230> 31

<211i> 1338

<212> DNA

<213> Artificial

<220>
<223> Fc-engineered chimeric immunogleobulin sequence

<220>
<221i> CDS
<222%  {1y..(1338)

<400> 31
gcg gte cag ctg cag cag tet gga coct gag ctg gaa aag cot gge get 48
Ala Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Glu Lys Pro Gly Ala
1 5 10 i5
tca gtg aag att Lo tge aag got tet ggt tac tea thte act gge tac 9¢
Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30
aat atg aac tgg gtg aag cag aat aat gga aag agce ctt gag tgg att 144
Asn Met Asn Trp Val Lys Gln Asn Asn Gly Lys Ser Leu Glu Trp Ile
35 49 45
gga aat att gat cct tat tat ggt ggt act acc tac aac ¢gg aag ttc 182
Gly asn Ile Rsp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Fhe
50 55 60
aag ggc aag gcc aca ttyg act gla gac aaa teo too age aca goo tac 240
Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80
atg cag ctc aag agt ctg aca tct gag gac tet gea gte tat tac tgh 288
Met Gln Leu Lys Ser Leu Thr Ser Glu Asp Ser Rla Val Tyr Tyr Cys
85 90 95
gca aga tcg gtce gge cct atg gac tac tgg ggt caa gga acc tca gte 336
Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gin Gly Thr Ser Val
100 105 110
acc gte tet tca geo tec acc aag ggoe ceca teg gte tte cee ctg gea 384
Thr Vali Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
ER) 120 125
cce tec tec aag age ace tet ggg gge aca gog goo ctg gge tgo otg 432

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr ARla Ala Leu Gly Cys Leu
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<211> 214 <212> PRT <213> Artificial <220> <223> Synthetic Construct <400> 34 Asp lle Gin Met
Thr Gin Ser Pro Ala Ser Leo Ser Ala Ser Val Gly 151015 Glu Thr Val Thr lle Thr Cys Arg Thr Ser Glu
Asn Val Tyr Ser Tyr 202530 Leo Ala Trp Tyr Gin Gin Lys Gin Gly Lys Ser Pro Gin Leu Leo Val 354045
Ser Phe Ala Lys Thr Leo Ala Glu Gly Val Pro Ser Arg Phe Set Gly 505560 Ser Gly Ser Gly Thr GIn
Phe Ser Leu Lys lle Ser Ser Leo Gin Pro 65707580 Giu Asp Ser Gly Ser Tyr Phe Cys Gin His His Ser
Asp Asn Pré*Prp 859095 Thr Phel&ly Gly Gly Thr Glu E&8 Giu lle Lys Arg Thr Val Ala Ala 100105110
Pro Ser. Val_P I rA lu Gin Leg Ser Gly 115120125 Thr Ser Val Val Cys
Lo Lob An st A P Tyt Pro At B Mgt 13T A0:L s Al Coh T s Val ASk o Ala Leu Gin
Ser Gly:&sn Ser Gin 145150155.160 Giu Ser Val The Glu Gin Asp Ser LysAsp Ser Thr Tyr Ser Leu
Ser 16%%303&35

acc agc ggo gtg cac acc tite coeg got gtec cta cag tec tea 528
Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
163 170 175
gga ctc tac tco cte age age gtg gtg acc gtg cecc too age age ttg 576
Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 185 180
ggc acc cag acc tac atc tgce aac gtg aal cac aag coc agc aagc acc 624
Gly Thr Glin Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
185 200 205
aag gtg gac aag aga gtt gag ccc aaa ot tgt gac aaa act cac aca 672
Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thry
210 218 220 '
tge cea cog tgoe cca gea cot gaa cte otg gog gga cog gabt gte tte 720
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Ala Gly Pro Asp Val Phe
225 230 235 240
cte tice ceco ceca aaa cco aag gac acce ¢tc atyg atc toe cgg acc cot 768
Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 . 255
gag gtc aca tgc gtg gty gtg gac gtg age cac gaa gac oot gag gte B1G
Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro 5lu Vval
260 265 270
aag ttc aac tgg tac gty gac ggc gty gag gty cat aat gcc aag aca 864
Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285
aag ccg cgg gayg gag cag tac aac age acg tac cgt gtg gtc age gtc g1z
Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
2%0 295 300
cte ace glte ctyg cac cag gac tgg ctg aat gge aag gag tac azag tgc 260
Leu Thr Val Leu His Gin Asp Trp Leu Zsn Gly Lyvs Glu Tyr Lys Cys
305 310 315 320
aag gtc toce aac aaa goc CLe ¢ca goc CCC gaa gag aaa acc atc teoe 1008
Lys Val Ser Asn Lys Ala Leu Pro Ale Pro &Iu Glu Lys Thr Ile Ser
325 330 335
aaa Jgot aaa ¢gygyg cag ©cc cga gaa cca cag gtg tac acc cotg coc cca 1056
Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350
tee cgg gag gag atg acce aag aac cag gtc age ctg ace tge ctg gte 1164
Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365
aaa ggc ttc tat ccc age gac atce goe gty gag tgg gag age aat ggg 1152
Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly
370 375 380
cag ccg gag aac aac tac aag acc acg cct cce gty ctg gac too gac 1200
Gin Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 395 400

26



Ser Thr Lou Thr Lou Set Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala Cys Glu Val Thr,His
Gin Gly Lou Set Set Pro Val Thr Lys Set 195200205 Phe Asn Arg Gly Glu Cys 210 <210> 35 <211>
1338 <212> DNA <213> Artificia <220> <223> Fo-engineered humanized immunoglobulin sequence
<220> <221> CDS <222>(1)..(1338) <400> 35 gcg gtc cag ctg gig cag ago gga goo gag gtg aag aag
€00 ggc ago48 Ala Val Gin Leu Val Gin Sex Gly Ala Glu Val Lys Lys Pro Gly Sex 151015 ago gtc aag
gtg too tgc aag goo a C tac ago ttc ace gge tac96 Set Val Lys Val Set Cys Lys Ala Ser. Gly Tyr
Set PhdThEGly: h/rﬁz g@ ac alg 4a¢ t§&g§@%ﬁ%i@§qﬁ% ’g €a@ggga ctd da tgg atg149 Asn
Met Asn Trp Val Arg Ginzla Pro GIy in Gly Lay Glu Trp M&t 3540 £JgC aac atc gac coo tac tac ggc
ggc acc acc tac aac cgg aag ttc192 Gly Asn lle Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe

‘g

505560: gé’eg fg%@c ’%‘%g %ge gsagaé@aggaﬂlsa@ﬂa@?agggtﬁgo Ly348fy Arg Val Thr Leu
ThrVaI pLys Setset Ser Thr Aa o 130

aac cac tac acg cag aag agc ctc tce ctg tec coyg ggt aza 1338

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys

435 440 445

<210> 32

<211> 446

<212> PRT

<213> Artificial

<220>
<223> Synthetic Construct

<40C> 32

Ala Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Glu Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

Asn Met Asn Trp Val Lys Gin Asn Asn Gly Lys Ser Leu Giu Trp Ile
35 44 45

Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 55 60

Lys Gly Lys Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
€5 70 75 80

Met Gln Leu Lys Ser Leu Thr Ser Glu Asp'Ser Ala val Tyr Tyr Cys

Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Ser val
100 103 : 110

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Ser Ser Lys BSer Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

Val Lys Asp Tyr Phe Pro Glu Prg Val Thr Val Ser Trp Asn Ser Gly
145 150 155 1e0

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Szr Ser
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65707580 atg gaa ctg ago ago ctg egg ago gag gac acc goo gtg tac tac tgc288 Met Glu Lou Set Set
Lou Arg Ser. Glu Asp Thr Ala Val Tyr Tyr Cys 859095 goo aga too gtg ggc ccc atg gac Lac tgg ggc
cag ggc acc cig gtc336 Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gin Gly Thr Lou Vol 100105110
acc gtc tot too goo too acc aag ggc cca tog gtc ttc coo ctg gca384 Thr Vol Sex Ser Ala Sex Thr Lys
Gly Pro Sex Val Phe Pro Lou Ala 115120125 ccc too too aag ago acc tot ggg ggc aca gcg goo ctg ggc
tgc ctg432 Pro Sex Set LS Set Thr Sex Gly Gly Thr Ala Ala Leu G:&¥s Lou 130135140 gtc aag gac
tac ttc coo gaa cog gtg acg gtg tog tgg aac tca ggc480 Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val
Ser Tr:Asn&en@lys:4516501355160 gec cig aas AgR 046 gtg-cacacedtc €9¢g got gtc cta cag too tca528
Ala Leo Thr Ser GlyA?&l His Thr Phe Pro AEEVal Leo Gin Ser Sépd65170175 gga ctc tac too ctc ago
ago gtg gtg acc gtg coo too ago ago ttg576 Gly Leo Tyr Ser Leu Ser Ser Val Val Thy Val Pro Ser. Ser
Ser Lee18Q1851:90-ggCcAcC £AY AL fae alg tge aac gtg Aatcac.aag,cGe-4go aac acc624 Gly Thr Gin
Thr Tyr lle Cys Ash Val Am n His Lys®ro Ser Asn Thr 195200205 aag gtg gac aag aga gtt gag coo
aaa tot tgt gac aaa act cac aca,672 Lys Val Asp Lys Arg Val Glu Pro Lys Ser Gym Asp Lys Thr His Thr

21021%%%0va1 Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr

210 215 220

Cys Pro Pre Cys Pro Ala Pro Glu Leu Leu Ala Gly Pro Asp Val The
225 230 235 240

Leuw Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Gilu Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly Gln Pro Arg Glu Prc Gln Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365

Lys Gly Phe Tyr Pro Ser Asp Ile Rla Val Glu Trp Glu Ser Asn Gly
370 375 380

Gin Pre Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 395 400

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
405 410 415

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
420 425 430
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tgc cca cog tgc cca gca cot gaa ctc ctg gag gga cog gac gtc ttc720 Cys Pro Pro Cys Pro Ala Pro Glu
Leo Leo Gly Gly Pro Asp Val Phe 225230235240 ctc ttc ccc cca aaa cO0 aag gac acc ctc atg atc too
cgg acc cct768 Leo Phe Pro Pro Lys Pro Lys Asp Thr Leo Met lle Ser Arg Thr Pro 245250255 gag gtc
aca tgc gtg gtg gtg gac gtg ago cac gaa gac cct gag gtc816 Glu Val Thr Gym Val Val Val Asp Val Ser
His Glu Asp Pro Glu Val 260265270 aag ttc aac tgg tac gtg gac ggc gtg gag gtg cat aat goo aag
aca864 Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr 275280285 aag cog cgg

gag gag.Gag;tacaac-ag0;acq fac £ot aig ¢ic.2g0.0%312.1.ys Bra Arg Glu Glu Gin Tyr Asn Ser Thr Tyr
Arg Val Val Serafal 290295300 ctc aea gtc ctg cac cag gac4gg cog aat agc aag gag tac aag tgc960

Leo Thy Val Leo His Gin Asp Trp Leo Asn Gly Lys Glu Tyr Lys Cys 305310315320 aag gtc too aac
aaa gce.Gie ccagoo ccc gaa gag aaa acc atc toe.1008 Lys Val Ser Asn Lys Ala Leo Pro Ala Pro Giu
Glo LysohRrk llesoer 325330335 aaa gecc aaa ggg cag ccc cga gaa cca cag gtg tac acc ctg coo ccal056
Lys Alatys-GlyeGin Pro Arg Glu Pro Gin Val Tyr Thr Leo Pro Pro 340345350 too cgg gag gag atg acc
aag aat“édg gferagioretg-acc tgc ctg gtc1104 Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leo Thr
Cys Leu, Yal 355360365 aaa ggc ttc tat ccc ago gac atc goo gtg gag tgg gag ago aat gggl152 Lys Gly
Phe Ty:Pre SerAsp ile Ala:Vad GhaTip Gg.Se£Aso Gly

<220>
<221> CDS§
<222>  (1)..(642)

<400> 33

gac atc cag atg act cag Lct cca gee tee cta tet gea tet gty gga 48
Asp Ile Gln Met Thr Gln 8Ser Pro Ala Ser Leu Ser ARla Ser Val Gly

1 5 10 15

gayg act gtc acce ate aca tgt ¢cga aca agi gaa aat gtt tac agt tat 96
Glu Thr Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

ttg get tgg tat cag cag aaa cag gga aaa tct cct cag ctc ctg gtc 144
Leu Ala Trp Tyvr Gln Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Val
35 40 45
tct ttt geca aaa acc tta gea gaa ggt gtg cca fL¢a agg tte agt ggo 192
Ser Phe Ala Lys Thr Leu Ales Glu Gly Val Pro Ser Arg Phe Ser Gly
5C 55 . 50

agt gga tca ggce aca cag ttt tct cig aag atc age age ctg cag cct 240
Ser Gly Ser Gly Thr Gln Phe Ser Leu Lys Ile Ser Ser Leu Gln Pro
65 70 75 80

gaa gat tcet gga agt tat tic tgt caa cat cat Lee gat aat ccg tgg 288
Glu Asp Ser Gly Ser Tyr Phe Cys Gln.-His His Ser Asp Asn Pro Trp i
85 80 95,

acg tic ggt gga gge acc gaa ctg gag atc aaa cga act gtg gect gea 336
Thr Phe Gly Gly Gly Thr Glu Leu Glu Ile Lys Arg Thr Val Ala Ala
160 105 110
cca toct gtc tte ate ttc ccg cca teb gat gag cag ttg aasa teh gga 384
Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

act goo tet gtt gtg tgc ¢tg ctg aat aac ttc tat ccc aga gag geco 432
Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140 .

aaa gta cag tgg aag gtg gat aac gcc ctc caa tcg ggt aac tcococ cag 480
Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly &Asn Ser Gln
145 150 155 160

gag aght gtc aca gag cag gac agc aag gac agc ace tac age cte age 528
Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 : 170 175

o
o]
o

age acc ctg acg ctg agc aaa gca gac tac gag cac aaa gtc tac 576
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370375360 cag ccg gag aac aac tac aag acc cog cct ccc gtg ctg gac too gac1200 Gin Pro Glu Asn
Asn Tyr Lys Thy Thr Pro Pro Val Leo Asp Ser Asp 385390395400 ggc too ttc ttc ctc tat ago sag ctc
acc gtg gac aag ago agg tgg1248 Gly Ser Phe Phe Leu Tyr Set Lys Leu Thr Val Asp Lys Set Arg Trp
405410415 cag cag ggg sac gtc ttc tca tgc too gtg atg cat gag got ctg oar1296 Gin GIn. Gly Asn Val
Phe Set Cys Ser Val Met His Glu Ala Leu His 420425430 aac cac tac acg cag aag ago ctc too ctg too
ccg gt BadT338AsiLEiS Tyr Thr &in‘Lys $8r 160 Gét tet 86t BY§ Gy Lys 435440445 <210> 36
<211> 446 <212> PRT <213> Artificial <220> <223> Synthetic Construct <400> 36 Ala Val Gin Leo
Val GirvSettGlyAla Glu Vet lops Lops R GlyeSetd 51015 Setvaktys:Mal:8Set Cys L&gs Ala Set Gly Tyr
Set Ph&'Thr Gy’ rvﬁézg@f)%?s%cl\%’é%%nlﬁi*p Sral Avg &I é(%P%IGWSG?ﬁ’”GIy Leu Glu Trp Met
354045 Gly Asn lle Asp Pro Tyr Tyr Gly Giy Thr Thr Tyr Asn Arg Lys Phe 505560 Lys Gly Arg Val Thr
Leo TheMdakAspdys;Serssetget Thr Ala Tyr 65707580 Met Glu Leu Set Ser Leo Aeg Set Glu Asp Thr
Ala VaIP‘ierlgl?%r By Gly Glu Cys

<210> 34

<211> 214

<212> PRT

<213> Artificial

<220>
<223> Synthetic Construct

<400> 34
Zsp Ile Gin Met Thr Gln Ser Pro 2la Ser Leu Ser Ala Ser Val Gly

1 5 10 _ 15

Giu Thr val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
‘ 20 25 30

Leuw Ala Trp Tyr Gln Gln Lys Gln Gly Lys Ser Pro Gln Leu Leu Val
35 40 45

Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Sser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Gln Phe Ser Leu Lys Ile Ser Ser Leu Gin Pro
65 70 75 80

Gilu Asp Ser Gly Ser Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
. 85 a0 a5

Thr Phe Gly Gly Gly Thr Glu Leu Glu Ile Lys Arg Thr Val ala aAla
100 105 1190

Pro Ser Val Phe Tle Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thyr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser $ly Asn Ssr Gln
145 150 155 _ 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp 3er Thr Tyr Ser Leu Ser
165 170 175
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859095 Ala Arg Set Val Gly Pro Met Asp Tyr Trp Gly Gin Gly Thr Leo Val 100105110 Thr Val Set Set
Ala Set Thr Lys Gly Pro Set Val Phe Pro Leo Ala 115120125 Pro Set Set Lys Set Thr Set Gly Gly Thr
Ala Ala Leo Gly Cys Leo 130135140 Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Set Trp Asn Set Gly
145150155160 Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gin Ser Ser 165170175 Gly Leu
Tyr Ser Lou Ser Ser Val Val Thr Val Pro Ser Ser Ser Lou 180185190 GIy Thr Gin Thr Tyr lle Cys Asn
Val Asn His Lys Pro_Ser Asn rhr 1952 0205 As LX{ u Pro Lys Ser Cys Asp Lys Thr
His Thr ﬁ‘lﬁfgﬁﬁb s Pro Pro a/s ro U'Lel Lou Cil%/@Gly Ny Asp Val Phe 225230235240
Leu Phe Pro Pro Lys Pro Lys Asp Thr Lou Met IIe Ser Arg Thr Pro 245250255 Glu Val Thr Cys Val Val
Val Asp Val Ser His Glu Asp Pro Glu Val 260265270 Lys Phe Am n rp Tyr Val Asp Gly Val Glu Vol His
Asn Aléiay§%F$§§§§O§}8B £ys PTb Arg Gl GRY G Ty AYR.SE ThY TyArg Val Val Set Val
290295300 Leu Thr Val Leu His Gin Asp Trp Leu Ass Gly Lys Glu Tyr Lys Cys

Phe Zsn Arg Gly Glu Cys
210

«210> 35

<211> 1338

<212> DHNA

<2313> Artificial

<220>
<223> Fe-engineered humanized immunoglobulin sequence

<220>
<z221> CDS
<z22>  (1)..(1338}

<400> 35

gcg gtc cag ctg gtg cag agce gga goc gag gty aag aag ccc gygc age 48
Ala Val Gln Leu Val Gln Ser Gly &la Glu Val Lys Lys Pro Gly Ser

1 5 i0 i5

age gtce aag gtg too fLge aag gee age gge tac age tte ace gge tac 36
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 . 25 30

aac atg aac tgg gtg cgg cag gcc cca gge cag gga ctg gaa tgg atg 144
Asn Met Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 40 45

a0

ggc aac atc gac cce tac tac ggc ggc acc acce tac aac cgg aag tte 192
Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 55 60

aag ggc cgy gtg acc ctg acc gtg gac .aag agc agc age acc goc tac S 2490
Lys Gly Arg Val Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 g0

atg gaa ctg agc age ctyg €gg age gag gac acc gee gtg tac tac tgeo 288
Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

gee aga teo gtg gge ccec atg gac tac tgg ggc cag gge acce ¢ty gt 336
Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

acc gtc tct tca geo too acce aag gge cca teg gte tte ccc ctg gea 384
Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

cce tee teo aag age ace tet gygg gde aca geg geo ctyg ggce tyge ctg 432

Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140
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305310315320 Lys Val 3cr Asn Lys Ala Lou Pro Ala Pro Glu Glu Lys Thr lle Ser 325330335 Lys Ala
Lys Gly Gin Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro 340345350 Ser Arg Glu Giu Met Thr Lys Asn
Gin Val Ser Leu Thr Cys Leu Val 355360365 Lys Gly Phe Tyr Pro Ser Asp lle Ala Val Gin Trp Glu Ser
Asn Gly 370375380 Gin Pro Glu Asn Asn Tyr Lys Thr Thx Pro Pro Val Lou Asp Ser Asp
365390395400 Gly Ser Phe Phe Leu Tyr Ser Lys Lou Thr Val Asp Lys Ser Ar_ 405410415 Gin Gin
Gly AsfiVaf Phe’s %a@yg.‘t &ai ‘giﬂls\]cﬁinﬁﬁaiﬁn B %%@%42?)& S His TY{&in Lys Ser Lou
Ser Lowyger Pro (Ejy yS 4 5440445 <210> 37 <21iz 42 <H1 25 DNA <213> Artificial <220> <223>
Humanized imrnunogiobuiin sequence <220> <221> CDS <222>(1)..(642) <400> 37 gac atc cag atg
acc ca%gégé‘féfoécégég&g@gétqﬁ?d@%caa@&g‘fg‘ﬁgc%t gtc cta cag toc tea

a Pro 2la

Leu Thr Ser Gly HIs Thf P Val Leu Gln Ser Ser
165 170 175

ggda ctce tac tee cte age age gtg gtg acce gtg ccc tee age age Lig 576
Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 185 150

gge acc cag acc tac atc tge aac gtg aat cac aag ccc agc aac acc 624
iy Thr Gin Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
185 200 205

[}

[5)%
¥
A3

aag gtg gac aag aga gtt gag ccc saa Lot tgt gac asa act cac aca
Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

tge cca ccg tgc cca goca oct gaa cic ctg ggg gga ©cg gac gtc ttc 720
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Asp Val Phe
225 230 235 240

L

ctec tte coco ceca aaa cce aag gac acce cte atg ate tee cgg ace ceot 768
Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

gag gte aca tge gtg gtg gtg gac gtg agc cac gaa gac cct gag gic 816
Glu Val Thxr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 : 270

aag ttc aac tgg tac gtg gac ggc gty gag gtg cat azat gec aag aca 864
Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

aay ooy Ccgy gag gag cag tac aac agc acg tac cgbt gtg gtc age gte 912
Lys Prc Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

ctc acc gtc ctg cac cag gac tgg ctg aat ggc aag gag tac aag tgc 960
Leu Thr Val Leuw His Gln Asp Trp Leu Asn Gly Lys Gilu Tyr Lys Cys
305 310 315 320

aag gtc tcoc aac aaa gcee cte cca gee occ gaa gag aaa acce atc teg 1608
Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Giu Glu Lys Thr Ile Ser
325 330 335

aaa goc aaa ggg cag Ccc cga gaa cca cag gitg tac acc ctg coc coa 1056

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gin Val Tyr Thr Leu Pro Pro
T340 345 350

tee cgy gag gag atyg acce aag aac cag gte age ctg acce tge cig gte 1104
Ser Arg Glu Glu Mst Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365

aaa ggc ttc tat cocc agc gac atc goc gtg gag tgg gag agce aat ggg 1152
Lys Gly Phe Tyr Pro Ser Asp Ile Rla Val Glu Trp Glu Ser Asn Gly
370 375 380

cag ccg gag aac aac tac aag acc acg cct cocc gtg ctg gac tee gac 1200
Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 380 385 400
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Asp lle Gin Met Thr Gin Sex Pro Set Ser Leu Ser Ala Ser Val Gly 151015 gac cgg gtg acc etc acc tgc
Cgg acc ago gag aac gtg tac ago tac96 Asp Arg Val Thr lle Thr Cys Arg Thr Ser Gin Asn Val Tyr Ser
Tyr 202530 ctg gcc tgg tat cag cag aag ccc ggc aag goo coo aag ctg ctg gtgl49 Len Ala Trp Tyr Gin
Gin Lys Pro Gly Lys Ala Pro Lys Len Len Val 354045 too ttc gcc aag acc ctg goo gag ggc gtg coo ago
cgg ttt ago ggcl92 Ser Phe Ala Lys Thr Let Ala Gin Gly Val Pro Ser Arg Phe Ser Gly 505560 ago ggc
t00 ggc acc gac ttc acc ctg acc atc ago ago ctg cag ccc240 Ser Gly Ser Gly Thr Asp Phe Thy Let Thr
lle Ser 3er Let Gin Pro 6320/58Q gag gac {ic goo ace tae tidgc.cag.cac.cac agogag aac ccc tgg288
Giu AspiPheAlanthrsEyr8he Cys<GinHis HisSerAsprzAsniReo skrp 859095 acc ttc ggc cag ggc acc
aag gtg gag atc aaa cga‘éet gtg got gca336 TAEPhe Gly GIn Gly Th#13ys Val Gin lle Lys Arg Thr Val
Ala Ala 100105%(}90 [elor:] d%%t LOIG Hc.atc fie. cg&cg@gtgjtt% f Eggg%ﬁg;gg aga | qt.gga384 Rro Ser Val Phe lle
Phe Pr@%@w Asp G Gind etLys, oerbiy b1 5120125 gae tgg@ﬁgtg tgc ctg ctg aat aac itc tat
ccc age gag goo432213hr Ala Sex Val Val € Len Len Aso Asn®he Tyr Pro Arg Gin Ala 230135140

aaa gta ca% g aag at aac oo ctc caa t%g E: gagcgo% ch 480 Lys Val Gin HQBLys Val Asp Asn
Ala Le'}laéf'% epﬁlym r!; e&@ns@ﬂ;ﬁﬁ@%l Ser Pro Gly Lys
435 440 445
<Z210> 36
<211> 446
<212> PRT

<213>» Artificial

<220> '
<223> Synthetic Construct

<400> 3¢
iz Val Glin Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser

i 5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr
20 25 30

Asn Met Asn Trp Val Arg Gln Ala Pro Gln Gly Leu Glu Trp Met
35 40 45

s])
v

Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 55 60

Lys Gly Arg Val Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyx
€5 70 _ 75 80

Met Glu Leu Ser Ser Leu Arg Ser Glu Rsp Thr Bla vVal Tyr Tyr Cys

Rla Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 1190

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Sar Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
145 150 ' 155 160
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gag agt gtc aca gag cag gac ago aag gac ago acc tac ago ctc ago528 Gin Ser Val Thr Giu GIn Asp
Ser Lys Asp Ser Thr Tyr Ser Let Ser 165170175 goo tgc gaa gtc acc cat cag ggc ctg ago tog coo gtc
aca aag ago624 Ala Cys Gin Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser 195200205 ttc aac
agg gga gag tgt642 Phe Asn Arg Gly Gin Cys 210 <210> 38 <211> 224 <212> PAT <213> Atrtifioia
<220> <223> Synthetic Construct <400> 38 Asp lle Gin Met Thr Gin Ser Pro Ser Ser Len Her Ala Ser
val GIWfo(?fSTAépSNgG\Z?IWT fiest WPTC%EA@;?W‘S«%{F&;iHeAsWVaff:@/rSSJér Tyr 202530 Len Ala Trp
Tyr Gin Gin Lys Pro Sly ijs Ala Pro Lys Len Len Val 354045 Ser PheAla Lys Thr Len Ala Gin Gly Val
Pro Set Arg Phe Ser Gly 505560 Ser Gly Ser Gly Thr Asp Phe Thr Len Thr lle Ser Ser Len Gin Pro
65707580 Girt ASp I??O% Pda PAF ﬁﬁftﬁ@tgg?ﬁﬂ-lf@Hi§@eﬁWsr§g&osﬁ@r@qt?p 859095

Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn Eis Lys Pre Ser Asn Thr
195 | 200 205

Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Asp Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

Gilu Val Thr Cys Val Val Val Zsp Val Ser His Glu Asp Pro Glu val
260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 : 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 295 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Glu Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365

Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly
370 375 380

Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu ARsp Ser Asp
385 350 385 400

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
405 410 415
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Thr Phe Gly Gin Gly Thr Lys Val Gin lle Lys Arg Thr Val Fla Ala 100105110 Pro Ser Val ?he lle Phe
Pro Pro Ser Asp Gin Gin Len Lys Ser Giy 215120125 Thr Ala Ser Val Val Cys Len Len Ass Asn Phe
Tyr Pro Arg Gin Ala 130135140 Lys Val Gin Trp Lys Val Asp Asn Ala Len Gin Sex Gly Asn Ser Gin
145150155160 Gin Her Val Thr Gin Gin Asp Ser Lys Asp Her Thr Tyr Ser Len Her 36 165170175 Ser
Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 180185190 Ala Cys Glu Val Thr His GIn
Gly Let'Sef SefPro*val"Fhr 15y Ser 195250205 Pt ASH Arl: @@a@rahc%szm <210> 39 <211> 1338
<212> DNA <213> Affificial <220> <223>ﬁ‘—2§-engineered humariized immunoglobulin sequence <220>
<221> CDS <222>(1),.(1338) <400> 39 gcg gtc caa ctg gtg cag ago gga goo gag gtg aag aag coo ggc

ago48 Aa vat Ginr LﬁorVfah@amsseﬁﬁgﬁwae@I@%Bﬁys?tysﬁro@h/ Ser
435 40 5

<210> 37
<211> 642
<212> DHA

<Z13>» &Aartificial

<220>
<223>» Humanized immuncglobulin seguence

220>
<Z2Z1> CDS
<222>  {1)..{642)

<400» 37

gac atc cag atg acc cad agce ¢CC age agce ctg age geo age gtg ggc 48
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 .15

gac cgg ¢ty acc atc acc tgco ©gg acc agc gag aac ¢gtg tac age tac £14)
Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

ctg goco tgg tat cag cag aag CcocC ggc aag gcc cecc aag ctg ctg gtg 144
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Lesu Leu Val
35 40 45

tee Lhe goe aag acc ctg gec gag gge gty cec age cgg tit age ggco 192
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser BRrg Phe Ser Gly
50 55 60

agce ggc oo gge acc gac tic acc ctg acc atc agc agce ctg cag ccc 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

gag gac ttc goe acc tac ttt tgc cag cac cac age gac aac ccc tgg 288
Giu Asp Phe Ala Thr Tyr Phe Cys Glin His His Ser Asp Asn Pro Trp
85 20 o5

ace tte gge cag gge acce aag gty gag atc aaa cga act ¢gtg got gea 336
Thxr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Vel Ala Ala
100 105 110

cca toet gte thte atc ttce cog cca tet gat gag cag ttg aaa tct gga 384
Pro Ser Val Phe Ile Fhe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

act gece tct gitt gtg tgc ctg ctyg aat aac tte tat cco aga ¢gag goo 43z
Thr Ala Ser Val Val Cys Leu Leu Asn Asn FPhe Tvr Pro Arg Glu Ala
130 135 140

aaa gta cayg tyg aayg gty gat aac gcc ctc caa tcg ggt aac tco cag 480
Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

gay agt gtce aca gag cag gac agc aag gac agc acc tac ago ctoc agc 528

Giu Ser Val Thr Glu Gln Asp Ser Lys Rsp Ser Thr Tyr Ser Leu Ser
165 - 170 175
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151015 ago gtc aag gtg too tgc aag goo ago ggc tac ago ttc acc ggc tac96 Ser Val Lys Val Ser Cys
Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tyr 202530 aac atg aac tgg gtg cgg cag goo cca ggc cag gga ctg
gaa tgg atgl44 Asn Met Asn Trp Val Arg Gin Ala Pro Gly Gin Gly Leo Glu Trp Met 354045 ggc aac atc
gac coo tac tac ggc ggc acc acc tac aac cgg aag ttc192 Gly Asn lle Asp Pro Tyr Tyr Gly Gly Thr Thr

- Tyr Asn Arg Lys Phe 505560 aag ggc Cgg gtg acc ctg acc gtg gac aag ago ago ago acc goo tac240
Lys Gly Arg Val Thr Leo Thr Val A s Ser Ser Ser Thr Ala Ty yr 65707580 atg ga5%6ctg ago ago ctg
cgg agi’galfgar-get et gt At @@g@gw@%@jr SEELef Arg Ser GluASp Thr Ala Val Tyr
Tyr Cys 859095 goo aga too gtg ggc Ccc atg gac tac tgg ggc caggggc acc ctg gtc336 Ala Arg Ser Val
Gly Pro Met Asp Tyr Trp Gly GIn Gly Thr Leo Val 100105110 acc gtc tot tca goo too acc sag ggc cca
tog gtc#te c,t&’fc?gp@a%%cﬂﬁa\‘?a?@eﬁ rCA?I’a@érEﬂﬁ?r ES/% @1)? Iﬁgﬁ ié?\/gﬁlcPhe Pré’teu Ala
115126125 ¢8&c 190 {60 aag ago acc tg, @gﬁ%ggraca gcg g%gtg ggc gc ctg432 Pro Ser Ser Lys Ser
Thr Ser Gly Gly Thr Ala Ala Leo Gly Cys Leu 130135140 gtc aag gac tac ttc ccc gas cog gtg acg gtg

tog tggraacaea gee486 \séaELgStAsp Tyr Phe Pro Giu Pro Val Thr Val Ser Trp Asn $&t Sly
145150155)%p 79 €1y Siu Cvs

<210> 38
<211> 214
<212> PRT
<213» Artificial

<220>
<223> Synthetic Construct

<400> 38

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Rla Ser Val Gly
1 5 10 15

Zsp Arg Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Vel Tyr Ser Tyr
20 25 30

Leu Ala Trp Tyr Gin Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Val

Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Phe Cys Gln His His Berx Asp Asn Pro Trp
B85 90 95

Thr Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
1G0 103 11¢

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp &sn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 135 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
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goo0 ctg acc ago ggc gtg cac acc too cog got gto cta cag too tca528 Ala Leu Thr Set Sly Val His Thr
Phe Pro Ala Val Leo Gin Ser Her 165170175 gga ctc tac too ctc ago ago gtg gtg acc gtg ccc too ago
ago ttg576 Sly Leu Tyr Ser Leo Ser Her Val Val Thr Val Pro Sec Sec Set Leo 180185190 ggc acc cag
acc tac atc tgc aac gtg aat cac aag ccc ago aac acc624 Sly Thr Sin Thr Tyr lle Cys Asn Val Asn His
Lys Pro Her Am Thr 195200205 aag gtg gac aag aga gtt gag ccc aaa tot tgt gac aaa act cac aca672
Lys Val Asp Lys Arg Val‘Bfu Pro Lys Set Cys Asp Lys Thr His Thr 210215220 tgc cca ccg tgc cca gca
cct gaa ctc ctg gcg gga ccg gat gtc ttc720 Cys Pro Pro Cys Pro 'Ala Pro Glu Leo Leu Ala Sly Pro Asp
Val Phe 225230235240 ctc ttc ccc cod aaa ccc aag gac acc ctc atg atc too cgg acc cot768 Leo Phe
Pro PretysiProikystAspiéhriseoivetrlie Seb Ang THrPreo245250255ga@gtc aca tgc gtg gtg gtg gac
gtg ago cac gaa gac-€8t gag gtc816 Glu V&l"Thr Cys Val Val Val Zsp Val Sec His Glu Asp Pro Glu Val
260265270 aag ttc aac tgg tac gtg gac ggc gtg gag gtg cat aat gcc aag aca864 Lys Phe Asn Trp Tyr
Val Asp SlycVal &iuYal His Ase Ala Lys T2 $528028b-3ag:009-600@ag-gag cag tac aac ago acg tac
cgt gtg gtc ago @&912 Lys Pro Arg GEPGiu Gin Tyr Asn SeEThr Tyr Arg Val Val Set Val 290295300
ctc acc gtc ctg cac cag gac tgg ctg aat ggc aag gag tac aag tgc960 Leo Thr Val Leo His Gin Asp Trp
Leo Asp.oly. Lys. GlusTyrdays &ys

210

<Z10> 39

<Z11> 1338

<212> DNA

<213> Artificial

<220>
<223> TFe-engineered humanized immuncglobulin segquence

<2zZ0>
<22i> CDS
222> (1)..(1338)

<400> 39

gcg gtc cag ctg gtg cag age dga gcc gag gtg aag aag ccoc gge agco 48
Ala val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser

i 5 10 15

agc gtc aag gty toe tge aag goc age ggc tac age ttce ace gge tac 86
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ser Phe Thr Gly Tvr
29 25 30

aac atg aac togg gty cgg cag gec cca gge cad gga ctg gaa tgg atg 144
Asn Met Asn Trp Val Arg Gln Ala Pro Gly Gln Gily Leu Glu Trp Met
35 40 45

ggce aac atc gac ccc tac tac gge ggc acc acc tac aac cgg aag tte 192
Gly Asn Ile Bsp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Fhe
50 55 60

aayg gdgc cgg gtg acce ¢ty acc gtg gac aag agc age age acce geco tac 240
Lys Gly Arg Val Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

atg gaa ctg age agc ctglbgg agc gag gac acce goo gtg tac tac tge 288
‘Met Glu Leu Ser Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

goee aga toe gtg gge coc atg gac tac tgg ggc cag gge ace oty gte 336
Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

acc gte tct tca goo tocc acce aag gge cca teg gte tte cce ctg gea 384
Thr Val Ser Ser Ala Ser Thr Lys Gly Fro Ser Val Phe Pro Leu Ala
115 : 120 125

cece teo tec aag age acce tet ggg gge aca gog geco ctg gge tge ctg 432
Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu
130 135 140

37



305310315320 aag gtc too aac aaa goo ctc cod goo coo gad gag aaa am atc too1008 Lys Val Sex
Asn Lys Ala Leo Pro Ala Pro Glu Glu Lys Thr lie Ser 325330335 aaa goo aaa ggg cag ccc cga gas cca
cag gtg tac acc ctg coo cod1056 Lys Ala Lys Sly Sin Pro Arg Glu Pro Gin Val Tyr Thr Leo Pro Pro
340345350 too cgg gag gag atg acc aag aac cag gtc ago ctg am tgc ctg gtc1104 Ser Arg Glu Glu Met
Thr Lys Asn Gin Val Set Leo Thr Cys Leo Val 355360365 aaa ggc ttc tat coo age gac ate gcc gtg gag
tgg gag ago aat gggllSZ Lys Sly Phe Tyr Pro Set Asp lle Ala Val Glu Trp Glu Her Asn Sly 370375380
cag cogtqa@aﬁagaﬁaﬁE’t‘éc&ﬁié‘éeﬁﬁgp&&%ﬁ) oig @[ﬁg@‘@t@@@ﬁzgﬁa@@‘mo GIu 2%n Asn Tyr Lys
Thr Th@Egro Val Ceo Asp;Set Asp 385390395404} ggc too ttc ttc ctc t;agcago sag ctc acc gtg gac
sag ago agg tgng48 Gly Set Phe Phe Leu Tyr Sea Lys Leu Thr Val Asp Lys Set Arg Tap 405410415
cag ca%gg tqag Gt e g ‘-’to%f‘ t éatggg Edt @fg’fcﬁ‘ﬁ%@ Giit GRRGly Ast¥Val Phe Set Cys

T 5 Len exr
Set Va His'Glu ﬁfa is 420475430 aagcactacacgca aa§ g5°¢te too ctg tor: ccg ggt
ass1338 Asn His Tyr Thr Gln Lys Set Leu Set Leu Set Pro Gly Lys 435440445 <210> 40 <211> 446
<212> RRTexQ 13= Artificiad <22029<223> BynthstictGomstruct: agc age ttg 576
Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu
180 183 190
ggc ace cag acce tac atc tgc aac gtg aat cac aag ccc agc aac ace 624
Gly Thr Gin Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn Thr
195 200 205
aag gtg gac aag aga gtt gag ccc aaa tel tgb gac azaa act cac aca 672
Lys Val Asp Lys Arg Val Glu Prc Lys Ser Cys Asp Lys Thr His Thr
21¢ 215 220
tge cca ccg tge cca gca cct gaa ctcec ctg gog gga ccg gat gte ttc 720
Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Ala Gly Pro Asp Val Phe
225 230 235 240
cte tte cce ¢ca aaa ccc aag gac acce cte atg ate too cgg acce cot 768
Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255
gag gtc aca tge gty gtg gtg cgac gtg age cac gaa gac cci gag gt 816
Glu Val Thr Cys Val val Val Asp Val Ssr His Glu &sp Pro Glu Val
260 265 270
aag ttc aac tgg tac gty gac gyge gt gag gtg cat aat gocc aag aca 864
Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285
aag ccg cgyg gag gag cag tac aac agce acg tac cgt gtg gtc age gte 912
Lys Pro Arg Glu Glu Gln Tyr 2sn Ser Thr Tyr Arg Val Val Ser Val
290 295 300
ctc acc gtc ctg cac cag gac Tgg ctg aat ggc aag gag tac aag tgc 960
Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr Lys Cys
305 310 315 320
aag gLc tec aag aaa Jgoc ctc cca gog Cc¢e gaa gag zas acc atc oo 1008
Lys Val Ser Asn Lys Ala Leu Pro ARla Pro Glu Glu Lys Thr Ile Ser
325 330 333
adaa gcc aaa ggg cag coc cga gaa cca cag gtg tac acc ctg ccc ceca 1056
Lys Ala Lys Gly Gin Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350
tee cgyg gag gag atg acc aag aac cag gt age ctg ace tge ctg gte 1104
Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Leu Thr Cys Leu Val
355 360 365
aaa ggc ttc tat ccc age gac atc gece gtg gag tgg gag age aat ggg 1152
Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly
370 375 380
cag ccyg gag aac aac tac aag acc acg cct cco gtg ctg gac tec gac 1200
Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 395 400
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<400> 40 Ala Val Gin Leu Val Gin Set Gly Ala Glu Val Lys Lys Pro Gly Sea 151015 Sea Val Lys Val
Sea Cys Lys Ala Sea Gly Tyr Sea Phe Thr Gly Tyr 202530 Asn Met Asn Tap Val Arg Gin Ala Pro Gly
Gin Giy Leo Glu Trp Met 354045 Gly Asn lle Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
505560 Lys Gly Arg Val Thr Leu Thr Val Asp Lys Sea Sea Sea Thr Ala Tyr 65707580 Met Glu Leo Set
Set Leu Aag Sea Glu Asp Thr Ala Val Tyr Tyr Cys 859095 Ala Arg Sea Val Gly Pro Met Asp Tyr Tap
Gly GiGly-ThriteoVal T00 165 12K Tid Vel SeerSes AlarSet ThetysIGIyPro Set Vdl Phe Pro Leo Ala
115120195PFo 88t S8afis Sét THr S¥a iy Gly Tt AFAIA1E6 G EydTeo 130135140 Val Lys Asp
Tyr Phe Pro Glu Pro Val Thr Val Set Tap Asn Sea Gly 145150155160 Ala Leo Thr Set Gly Val His Thr
Phe ProzAladdabtiec@imnSea Seaci65k7017 2 Gly=keucTyrSer teu Ser Ser Val lakThy Val Pro Her
Ser SefteG86185TY0 Gly Tifr &iA THF ?‘IIE%Y?A%W&FASNW%%‘%IF% Ser Asn Thr 195200205
Lys Val Asp Lys Arg‘q%/OaI Glu Pro Lys Ser y55 Asp Lys Thr His The

aac cac tac acg cag aag agc cte teoe ctg tec ¢y ggt aaa 1338
Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys
435 440 445
<210> 40
<211> 44%
<212> PBRT

<213> Artificial

<220>
£223> Synthetic Construct

<400> 40
Ala Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ser
1 5 10 15

Ser Val Lys Val Ser Cys Lys ARla Ser Gly Tvr Ser Phe Thr Gly Tyr
20 25 30

Asn Met Asn Trp Val Arg Gln Ala Pro Gly Gln Gly Leu Glu Trp Met
35 490 45

Gly Asn Ile Asp Pro Tyr Tyr Gly Gly Thr Thr Tyr Asn Arg Lys Phe
50 55 60

Lys Gly Arg Val Thr Leu Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80

Met Glu Leu Sey Ser Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Ser Val Gly Pro Met Asp Tyr Trp Gly Gln Gly Thr Leu Val
100 105 110

Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala
115 120 125

Pro Ser Sey Lys 3er Thr Ser Gly Gly Thr Rla Ala Leu Gly Cys Leu
130 135 140

val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly
1435 150 155 160

Ala Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser
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210215220 Cys Pro Pro Cys Pro Ala Pro Glu Lou Lou Ala Gly Pro Asp Val Phe 225230235240 Lou
Phe Pro Pro Lys Pro Lye Asp ThrLeu Met lle Ser Arg The Pro 245250255 Glu Val Thr Cys Val Val Val
Asp Val Ser His Glu Asp Pro Glu Val 260265270 Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn
Ala Lys Thr 275280285 Lys Pro Arg Glu Glu Gin Tyr Asn Ser Thr Tyr Arg Val Val Ser Val 290295300
Lou Thy Val Lou His Gin Asp Trp Lou Asn Gly Lys Glu Tyr Lys Cys 305310315320 Lys Val See Asn
Lys Ala Lou Pro Ala Pro'Glu Glu Lys Thr lle Séi*825330335 Lys Alalits Gay Gin Pro Arg Glu Pro Gin
Val Tyr Thr Leu Pro Pro 340345350 Ser Arg Glu Glu Met Thr Lys Asn Gin Val Ser Lou Thr Cys Leu
Val 355360365 Lys Gly Phe Tyr R Ser Asp lle Alval GluTrpGluSee Asn Gly 370375380 Gin Pro
Glu Asn Asn Tyr Lys dthe The Pro Pro Valikeu Asp Ser Asp 385380395400 Gly Ser Phe Phe Lou Tyr
Ser Lys Leu Thr Val Asp Lys Ser Arg Trp 405410415 Gin Gin Gly Asn Val Phe Ser Cys Ser Val Met
His Gl flakeuHis 420425430 Asn His Tyr Thr, Ginlys SerLeo SerLey Ser Pro Sly Lys

185 200 205

Lys Val Asp Lys Arg Val Glu Pro Lys Ser Cys Asp Lys Thr His Thr
210 215 220

Cyvs Pro Pro Cys Pro Ala Pro Glu Leu Leu Ala Gly Pro Asp Val Phe
225 230 235 240

Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg Thr Pro
245 250 255

Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro Glu Val
260 265 270

Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala Lys Thr
275 280 285

Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val Ser Val
290 285 ‘ 300

Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Gilu Tyr Lys Cys
305 310 315 320

Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Glu Glu Lys Thr Ile Ser
325 330 335

Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro
340 345 350

Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val
355 360 365

Lys Gly Phe Tyr Pro Ser Asp Ile Rla Val Glu Trp Glu Ser Asn Gly
370 375 ’ 380

Gin Pro Glu Asn Asn Tyvr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp
385 390 385 400

Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp
405 410 415

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His
420 425 430
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435440445 <210> 41 <211> 642 <212> DNA <213> Atrtificial <220> <223> Humanized
immunoglobolin sequence <220> <221> CDS <222>(1)..(642) <400> 41 gac atc cag atg acc cag ago
€00 ago ago ctg ago goo ago gtg ggc48 Asp lle Gin Met Thr Gin Ser Pro Ser Set Leo Set Ala Ser Val
Sly 151015 gac egg gtg acc atc acc tgc cgg acc ago gag aac gtg tac ago tac96 Asp Arg Val Thr lle Thr
Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr 202530 ctg goo tgg tat cag cag aag coo ggc aag goo ccc aag
ctg ctg gtgl44 Leo Ala Trp Tyr. Gin Gin Lys Pro Gil./ Lys Ala Pro Lys Leo Leo Val 354045 too ttc goo

aag acg Ctg goq gag, tg.ccc ago cgg It ago 99cl92 Ser Phe Ala Lys Thr Leu Ala Glu Sly Val Pro
Ser Arésﬁr%é%grg? ly EgéfgoLgao ggc:ztgp g%rc acc ggé ttéoacz_é?é:tgygcc atc ago ago ctg cag ccc240 Ser

Sly Ser Sly Thr Asp Phe Thr Leo Thr lle Ser Ser Leo Gin Pro 65707580 gag gac ttc gcc acc tac ttt tgc
cag cac cac a%? gac aac ccc tgg288 Glu Asp Phe Ala Thr Tyr Phe Cys Sin His His Ser Asp Asn Pro

Trp 859985 ¢,

<212> DNA
<213>» Artificial

220>
<223> Humanized immunoglobulin seguence

<220>
<221> CDS
<222>  (1)..(642)

<400> 41 .

gac atc cag atg acc cag agc coco agc age ctg age goc age gtg gge 48
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly

1 5 10 i

gac cgg gtg acc atc acc tgec cgg acc age gayg aac gtg tac agoe tac 96
Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

ctyg gec tgyg tat cag cag aag cCcC Jgygc aay geo coc aag ctg ctg gtg 144
Leu Ala Trp Tyvr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Val
35 40 45

tco tte geo aag acce ctg goc gag ggce gtg ccc age cgg ttt agce gge 182
Ser Phe Ala Lys Thr Leu Ala Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

age gge toc gge acce gac ttce ace ctg ace atc age age ctg cag cee 240
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gin FPro
65 70 75 80

gag gac ttce gece ace tac ttt tgc cag cac cac agec gac aac coo tgy 288
Glu Asp Phe Ala Thr Tyr Phe Cys Gln His His Ser Asp Asn Prc Trp
85 a0 95

acce tte ggc cag gge acc aag gtg gag'atc aaa cyga act gty gct gea 336
Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
106 105 110

cca tet gte tic atc tte cog cca tet gat gag cag ttg aaa tct gga 384
Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 1290 125

act gcc tet gttt gtg tge ctg ctg aat aac the tat cce aga gag gceo 432
Thr 2la Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 13% 140

aaa gta cag tgg aag gtg gat aac gec cte caa teg ggt zac too cag 480
Lys Val Glrn Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160
gag agt gtc aca gag cag ¢gac age aag gac agc acc tac age ctc agce 528
Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser

165 170 175

agc acc ctg acg ctg ago aaa gca gac tac gag aaa cac aaa gtc tac 576
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acc ttc ggc cag ggc acc aag gtg gag atc aaa cga act gtg got gca336 Thr Phe Sly GIn Sly Thr Lys Val
Giu lle Lys Arg Thr Val Ala Ala 200105110 cca tot gtc ttc atc ttc cog cca tot gat gag cag ttg aaa tot
gga384 Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leo Lys Ser Sly 115120125 act gcc tot gtt
gtg tgc ctg ctg aat aac ttc tat coo aga gag gcc432 The Ala Ser"Val Val Cys Leo Leo Asn Asn Phe Tyr
Pro Arg Glu Ala 130135140 aaa gta cag tgg aag gtg gat aac goo ctc caa tog ggt aac too cag480 Lys
Val GiregrpThysMal Asp ¥sn Ala Leo Bin Set Sly Asn Ser Girs1451 58155160 gag agt gtc aca gag cag
gac ago aag gac ago Hcc tac ago ctc ago528 Glu Ser Val Thr GhiSin Asp Ser Lys Asp Ser Thr Tyr
Ser Let,Ser 165170275 ago ace clg,agg.clg 2gQ aaa gea gag tag.gag.aaa € ¢ aaa gig tac576 Ser Thr
Len ThreilensesLys/Alasplyrd@in dys His lsys \fak Tyrc180185190:.gcedgc gaa gtc acc cat cag ggc
ctg ago tog ccc gté aca aag ago624 A&°Cys Gin Val Thr His@Gin Gly Len Ser Ser Pro Val Thr Lys Ser
195200%05 tic aac %%gg tgt692 Phe Asn Arg Gly Glu Cys 210 <210> 42 <211> 214 <212>
PAT <213>:AHi g@l 22 ft<£b Synthetic Construct <400> 42

2195
<Z10> 42
<211>» 214
<212> PRT

<213> Artificial

<220>
<223> Synthetic Construct

<400> 42

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Thr Ser Glu Asn Val Tyr Ser Tyr
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Val
35 40 45

Ser Phe Ala Lys Thr Leu Ala Giu Gly Val Pro Ser Arg Phe Ser Gly
50 55 50

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Fro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Phe Cys Gln His His Ser Asp Asn Pro Trp
85 EH) 95

Thr Phe Gly Gin Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 1058 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gin
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Rsp Ser Thr Tyr Ser Leu Ser
165 170 175



Asp lle Gin Met Thr Gin Ser Pro Ser Ser Len Ser Ala Her Val Gly 151015 Asp Arg Val Thr lle Thr Cys
Arg Thr Set Gin Asn Val Tyr Ser Tyr 202530 Leu Ala Top Tyr Gin Gin Lys Pro Gly Lys Ala Pro Lys Len
Leu Val 354045 Ser Phe Ala Lys Thr Len Ala Gin Gly Val Pro Ser Arg Phe Ser Gly 505560 Ser Gly
Ser Gly Thr Asp Phe Thr Len Thr lle 3cr Ser Leu Gin Pro 65707580 Glu Asp Phe Ala Thr Tyr Phe Cys
Gin His His Ser Asp Asn Pro Trp 859095 Thr Phe Gly Gin Gly Thr Lys Val Gin lle Lys Arg Thr Val Ala
Ala 100105110 Pro Ser Val Phe lle Phe Pro Pro Ser Asp Gin Gin Len Lys Ser Gly 115120125 Thr Ala

Ser Val Val Cys Len Len Asn Asn Phe Tyr Pro Arg %in Ala 130135190 Lys Val Gin Trp Lys Val Asp
Asn AlaUen t%llr%’ Qéler? yLﬁgnsgzétLé?nAﬁﬁg)fggl% ueﬁﬁss%%i/éﬁj‘rﬁa ir%(yéin Asp Ser Lys Asp Ser

Thr Tyr Ser Leu Ser 165170175 Set Thr Leu Thr Leu Set Lys Ala Asp Tyr Glu Lys His Lys Val Tyr

180185190 Ala Cys Glu Val Thr His Gin Gly Leu Set Set Pro Val Thr Lys Set 195200205 Phe Asn Arg
Gly GM&@g‘QSl@lu Val Thr His Gln Gly Lesu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210
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