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In particular, the present invention relates to
anti-CD37 anti body nolecules for use in such
therapies, e.g. in the treatnent of B cel

mal i gnanci es and 10 autoi nmune conditions.

| mmunot her apy usi ng nonocl onal anti bodi es (mAbs) has
been enmerging as a safe and selective nmethod for the
treatnent of cancer apd otﬂg% %@?3 In particular,
the role of nonocl on G eﬁﬂ Fﬁerap|es t hat
are based on B cell depletion, 15 e.g. in the
treatment of B cell malignancies, has expanded since
the introduction of rituximb (Rituxan(r)), an
anlntbatiictivhat i s directed agai nst the CD20 anti gen on
the B cell surface. Nunmerous studies have confirned
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Therefore, new therapeutlc 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.

CD37, 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



5 observed in aggressive non-Hodgkin's | ynphoma ( NHL)

and chronic |ynphoid |eukema (CLL). High level of
weDR/oespr ession i s also found on mantl e cell PCHRPIvOSIEn0464

(MCL). This expression pattern nakes CD37 an

attractive target for antibody-nedi ated cancer

therapy. 10 CD37 was first described in 1986 and

characterized by the nurine nonocl onal antibody MB-1

(Link et al., 1986). The physiological role of CD37 is
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patients with chronic lymphocytic leukemia (CLL) and different subtypes of
non-Hodgkin's lymphoma (NHL) including mantle cell lymphoma (MCL)

25  (Schwartz-Albicz 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 mADb 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.



(apoptosis). Anti-CD37 mAb MB-1 was evaluated in two
radi o-i munot herapy trials in 10 B-NHL patients
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Kam nski et al., 1992). Therapeutic doses of 1311-MB-1
were admnistered to 6 relapsed NHL patients in one
trial and all 6 patients achieved a clinical conplete
rem ssion (CR) wth a nmedian duration of 7 nonths. O
note, two of the six patients showed clinica
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2007). These data provide first evidence that
CD3zrapair geting is a prom sing approach for targeted
anti-tunor therapy by induction of apoptosis

There is experimental evidence with a CD37 specific antibody-like single chain
molecule (“Small Modular ImmunoPharmaceutical”, SMIP) that treatment with
that molecule induces apoptosis i 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
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



and ADCC. In conclusion, it has been shown that the
CD37 antigen is frequently expressed on 10 tunor
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mat ure normal B | ynphocytes and that anti-CD37-based
therapy may be a prom sing approach for treating B

cell malignancies. The depletion of CD37-positive

normal B cells is not considered critical since

clinical data from nunerous patients show that even
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depletlon Summary of invention 25 It was an obj ect
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erive rroma) a murine nonocl onal antibody that

is defined by i. a variable heavy chain conprising the
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and the potential to target CD37, there is a need for alternate anti-CD37 inhibitors

to improve therapies based on B-cell depletion.
Summary of invention

It was an object of the invention to provide novel CD37 antagonists for the
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 invention to provide anti-CD37 antibodies with
improved effector functions. In particular, the inventors sought to provide anti-

CD37 mABs with antibody-dependent cell-mediated cytotoxicity (ADCC).



b) a non-human anti body recogni zi ng the sane epitope
of human CD37 as the antibody defined in a) or
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with said epitope; 15 wherein said antibody nol ecul e

is a chinmeric or a humani zed anti body. As will be
understood fromthe follow ng, an antibody that is
"derived" from another antibody, i.e. the starting

anti body, neans that said anti body has been generated
by Torselivé ﬂmalrbldnmomdeﬂh}éng therinvangioard mpody nmociemi rREdD37

mor e e D R TS SR SRty p S T Pemapiaed

deﬁﬂtﬂ@@ﬂﬂaﬁﬁb&d"@ tﬁﬁt&fré LRgulanhiReshedglyl ned in a). An
antibody wth a related sequence was designated (8.1

and described in WD 2005/017148. 25 The starti ng
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CD37. A of, .t he above.anti bodj
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( Sant aCrug? and | PO-24 (AbCanm). 5 Other CD37- specific
anwh@r@m seil aptibody BRIqcRleds § shimaxivze huawaived anfybodaind

| CO-66 (Bioprobe). Wether an anti body recogni zes the
sane epitope as &8.1 can be determ ned by

conpetiil bt ieddastocd frigmahs &lwatig, by aatibsd, thixik bddrived” from

r adi 0| nmunoassays, as descri bed by Mol denhauer et al
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In a preferred embodiment, the antibody molecule is a chimeric or humanized
antibody molecule derived from the starting antibody defined in a). An antibody

with a related sequence was designated G28.1 and described in WO 2005/017148.

The starting antibody of category b) may, for example, be selected from the CD37-
specific antibodies that characterized, like G28.1, the CD37 antigen in the Third
HLDA Workshop; these antibodies were designated HD28, HH1, BI14, F97-3G6
(Ling and MacLennan, 1987). Other CD37-specific antibodies that have been
described include RFB-7, Y29/55, MB-1, M-B371, M-B372 and IPO-24.
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



(Cell ELISA) and neasuring binding of biotinylated

anti body in the presence of a conpetitor candi date
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bi oti nylated &8.1 (or another antibody known to
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identify the &8.1 epitope peptide, fragnents or
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include, in the neaning of the present invention,
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An antibody defined in b) may be used in an analogous manner as G28.1 as a

starting antibody for the generation of chimeric or humanized antibody molecules.
25

A starting antibody of category b) 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 G28.1.

30



15 while retaining their binding specificity. In an
enbodi nent of the invention, the anti-CD37 anti body
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vari abl e heavy chain conprising the am no acid

sequence shown in SEQID NGO 2; ii) a variable |ight
chain conprising the am no acid sequence shown in SEQ
IDNO4; iii) constant heavy and |ight chains that are
of human origin. 25 The construction and production

of Achirtieg argibedydeayaba bawbiabeed ysiningunigsition withowole ells
the art (Boulianne et al. 1984). The variable reqgi ons
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regi on of a human i nmunogl obul i n. Human const ant

regi on DNA 30 sequences can be isolated in accordance
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anohtdrelmgpénbtyf b¢ ted catistaatibody egliconc’d espalh ciscoorpavshatniydete

effector functions |like co enment fixation. or .
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anglo8f s¢rie LB LIRS antiPORESRERIQAACRIbrRERARREN 1i8Ss, BblybfRides
anti body nolecule. In certain enbodi nents, the

anptiodoehyl hyotepubisardfexprigesiomindrost entlsj whigh baventbe binding

CD37- ci f.ic anti.body that hgas the.heavy chai )
S aestRES bhifrRfug s b RlnafiSnd ARBERY wtl PRlguies which
Or hk Hebi$ B6tived fEIME sUVATRRRbO@EBY Yy FBAifltaGENSH Rftherd ROERSIng
Ig@ 10 and the light chain variable region of a

nowhHerestiniaathaobipdigeppereldcityn a) or b) fused to the
human |ight chain constant regi on kappa. In yet
anot her enbodi nent, the anti body nolecule is a
¢ hinnar énebddDBdntf e ihiventioanth ot D IVaintibady toéchiedyy chimeric
chain variabl e region shown in SEQID NGO 2 fused to
1521t hedp daidiwavy chain constant region 1gad which is
an 1gd nolecule with the sequence shown in SEQ ID
NO 24 (codi ng DNA sequence: SEQ ID NO 23) or a
1) avariable heavy chain comprising the amino acid sequence shown in

SEQ ID NO: 2;
i) a variable light chain comprising the amino acid sequence shown in
SEQ ID NO:4;

1i1) constant heavy and light chains that are of human origin.

The construction and production of chimeric mouse/human antibodies is well
known in the art (Boulianne et al., 1984). The variable regions of the non-human
antibody are typically linked to at least a portion (F¢) of the immunoglobulin
constant region of a human immunoglobulin. Human constant region DNA
sequences can be isolated in accordance with well-known procedures from a
variety of human cells, preferably from immortalized B cells (see Kabat et al.,

1991; and WO 87/02671). The antibody molecules may contain all or only a



nmut ated 1gA@ nol ecul e derived therefromand that has
the light chain variable region shown in SEQ ID NO 4

wWo e®edi93e2 t he human |ight chain constant regi oPCT/KRI9P&060464
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shown in SEQ ID NO 26 (codi ng DNA sequence: SEQ I D NO
25). 20 O her human constant regions for chinerizing a
non- human starting anti body defined in a) or b) are
avai l able to the person skilled in the art, e.g. 1g&,
1gG3, 1gA, I1gA IgE or IgM(instead of 1gd) or

| apdrtian of thstcendlargfregeam palong Ththey cahibitantcifieinding torthe CD37

al sg. be chi ic, for .exa eav hai I

o1 Sl oSG St o th B os el Wb iR ok HE ot
t hexgiohRPEAdRBN Witehed réffect%ﬁcﬁ@ﬁsl Ihe@BnipRIneGY FiRatich &
humani zed antlbodﬁ that is defined by 30 i. CDRs

comt&Odzrdemmdﬁmrpe trecdjeted tplicityeadspiteaingd caghe aesivndi n

[ 5 d within the
a”@?&qﬁ’écﬂ%‘gﬁ?{eﬁ daféhes%%| Bhaif Mo %II‘—_%%I DNO4, 8 W
2009/ 019312 PCT/ EP2008/ 060464 iii. franmeworks
supporting said CDRs that are derived froma hunman

antt ¢s8@in cmbadimensp dhaptibedyn wpleayls ofithhinventignis achiperic
ar
oG Rl A HTbAR Mt A pETAHAED %aﬁfe?é%gfﬁggﬁ non-humn
ansnttbody dsﬁneﬁ 1angot binfuswigh ol haanym}mxy Icmistdnit region IgGl
ai r fra nent thereo such as Fv, ab'

o Sispt SRR aRIc HGY B A MG RER itiods Caftped i 2 or b
S Uifiié&ﬂtéecﬁ@ B8meh héﬁ%hfﬂ%h%ﬂt b &sh k&ﬁﬁt ain m n' nal

sequences derived from non-hunan i nmunogl obulin. 10
Hunanlzed anti bodi es i ncl ude human i munogl obul i ns

A N e

I e&ito@ tha® Rid A @lya@/r&laﬁlamham@ Gediyn EIRSHHMESE 119 m@z@&%d to
of a non-human species (donor antibody) suc

noths diumag ety charionstaaiicaigntdae] addghris @n dgfak nmdez;euwvlth the
f Jo
LIS 308 ES0BEINO NG DhOEAERS: sEp i O, 2 or

r epluatedigby melkads pamdidnbera®ombndaint hesihd light chaim tdrable
humani zed antlbodles of the invention, the seguences,

ente8Inigowmis SER 1B NQohiusethiarthe humpen tht&hﬁinw@avant region

o B N B e B RN Qi

l'i ght chains.
Other human constant regions for chimerizing a non-human starting antibody
defined in a) or b) are available to the person skilled in the art, e.g. 1gG2, IgG3,
IgG4, IgA, IgE or IgM (instead of IgG1) or lambda (instead of kappa). The
constant regions may also be chimeric, for example, a heavy chain IgG1/1gG2 or

IgG1/1gG3 chimera.

In certain embodiments of the invention, the anti-CD37 antibody molecule is a

humanized antibody that is defined by

1. CDRs contained within the variable heavy chain as shown in SEQ ID NO:2
and by
ii.  CDRs contained within the variable light chain as shown in SEQ ID NO:4,



20 "Conplenentarity determ ning regions" (CDRs) of a
nmonocl onal anti body are understood to be those am no
wa@eiodosstiences i nvol ved in specific antigen bPCEP2P08/060464
according to Kabat et al., 1991, in connection with
Chot hia and Lesk (1987). From the sequences of the
vari able regions as shown in SEQ ID NO 2 and SEQ I D
NO 4, 25 the CDR sequence can be routinely determ ned
by searching the Kabat sequence database for sequence
f eatiur efamTeothn isqmpmtirtgﬁaicbﬁD&s rﬁlilam grdmimiamd #roeh a human antibody,
ant i bodi es ar r out ava he
por Son. cnug fabe b BReraBES sl A ao e 2ilibodSts
5,225,539; 30 US 6, 548, 640; and US 6, 982, 321.
Appropriate framework residues of the CDR-grafted
antupetizedriympef nev-apmee (¢ mgingra 0pobb 9atbpdics) antibodics
PCJ. 4.
) af ¢ 1/e %%thl%é\gg‘gﬁ% lmlgH%dga(g%{l/@ 1%%%{ ﬁ%@ﬂ%ﬁé e ?eo? l(srﬂlg ?FV,

t OinH',l Eabll Flabhh@ @k@eantigdonbinginh o lbailablig gutisétgle&é%f
froma gl ven non- human anti body, .to choose and obt ai n

ap?ﬂftﬁ’ﬁ B ROREAN MARHIRbEIYBRACH ﬁer@@ﬁégom npprhymapt ¢ he
CQ%%H t;utﬁgse genes, to nodify selected franework
resi to 5 express the CDR-grafted antibody in
approprl ate host cells, e.g. Chinese harrster ovary

cel d to test the resul conpi nant.

10 S obibutret o gpdG AR Do lmnelylogf?:’a i "&etrec.lp%t
Obﬁrﬁi‘tﬁdﬁ) 19%&1 ?e@fi{lu@sr‘ﬁbﬁ%mﬂlaﬁerﬁm nglgﬁnlain'ﬁfg ﬂégion (CDR) of
sites, Wwhich are forned by t t he heavy
¢ hthicmecipidnt@DREOd are mepladed oty r@sh@eﬁ ,froar & CORcpisedor-hwman species

eIIs secreting the.rodent, (nurinpe) ... :
roieBP oD o PR b dr tbf bR EE R Resifciy. afinty
f osind hapaditya lﬂeméqn@{an@da EFV ﬂrﬂi&@waﬂi rebiaals. of dhd RIrRat 1 vel y
to CDR grafting, non- human, (Eartlcul ar nurine,

15 antmmupgziobuingie fepligeely é@’rﬁsn@n RErReT-Regapiesidyes.
so-cal l ed "resurfacing" technol ogy, whereby the
rodent franmeworks are |eft unchanged with the
exiefit homanibedattivades eredretntioshe semend@s calerlafyg OBHs of a

in US 5,6639,641. In a further aspect, the invention
r en%%b@n%sth@ﬁaﬁmzwwﬁﬁn%m PPr éb@\ﬁdﬁeﬁn ekfied nta thoo

heayye0al YH Aar i ﬁkﬁﬁ IRIHAML B 6 and a

Va”X%eg Fiéhge £ charn i a sequg ce s% ect%ﬁgfrom

20 t he sequences shown in SEQ ID NO 12, SEQ I D NG 14,
SE‘%oln[l)plléQer}tgnty (Fe(t%r}n%nl}glo re%?onss%a)k% ol}lo rnonoclodnal antibody are

understood to be those amino acid sequences involved in specific antigen binding

according to Kabat et al., 1991, in connection with Chothia and Lesk (1987). From
the sequences of the variable regions as shown in SEQ ID NO:2 and SEQ ID NO:4,
25  the CDR sequence can be routinely determined by searching the Kabat sequence

database for sequence features.
Techniques for obtaining humanized antibodies are routinely available to the
skilled person, they have been described, inter alia, in US 5,225,539;

30 US 6,548,640; and US 6,982,321.

Appropriate framework residues of the CDR-grafted antibody may be reverted to



SEQ ID NO 22. 25 In another aspect, the invention
relates to humani zed anti bodi es having a vari abl e

woheawpishai n with a sequence shown in SEQ | D NSIBER2008/@60464
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variable light chain wth a sequence selected from

t he sequences shown in SEQ ID NO 12, SEQ I D NG 14,

SEQ ID NO 16, SEQ ID NGO 18, SEQ ID NO 20 and SEQ ID
NO 22. 30 In another aspect, the invention relates to
humani zed anti bodi es having a variable heavy chain

wi miuriae segluenmampowrbindinSEONItR. NOdd@ribediakove afrprahethods

| i ght. chai 10 . WD 2009/ 019312, PCT/.EP20 060464 .with
n Batina L e st SiOeT BATH RN o TRE AR GBI e &R P
NChurdah anefsdy, o dkdoké an@@ain@g‘ﬁ@plﬁﬁte efdnl i, ogﬁ)buﬁ‘ﬁ@enes,
ID NO 20 and SEQ I D NG 22. The above defi ne

huteeginfz die GRRp budithese genes shamdifyrsetratsd dramewank eesidugs. o
L Tent Spnt i i .
crELTBAL Rt Dep DL IRRE, SRR AR, TR

Codr @ (CHOG geln akbopast tiSresldtiag rethbahavatibodies fdtdinding
chineric anti bodi es, the constant regi ons may be
setfbaityand prssifsitier cl asses 10 and subcl asses. In

certain enbodi ments, in humani zed anti bodi es of the

i nvention, the human constant heavy chain 1gd is an

| gGb ohirec hikreanizddhant ihedys elgpuemigen binduag sitas, SEEH de NaniA by the

R R T T CRETE ERT

S EGIIQNS Se RO thE Fbc@ggnh_{?inlélgn%ﬁoclloﬂ? ta%t‘i%%_nﬁ 4 rRadio r;che

nol ecul es of the invention nmay al so be variants of the
anPNFocidaag fon ge faarecwiarkioh gt hynantratibadno aci d
sequences shown in the sequence listing. Using
routinely avail abl e technol ogi es, the person skilled

I NAltB@aaVdly ¥ CDRDE g akdrehdBam e paticulat BEEinQ AAL-CD37
utilize functional variants of the above-defi ned

anditihedice san belumgiess tarthe yareallad: “resrfaeing’ wshnglegy, athereby
l e Y ' . Of e

vaF S RAE AR Bl RpchnCtAGPE i e LEEPRUPS b EbGoncd
sufesidutyits dessribed S sfoeadawor k regi on where there is

a deviation fromthe germnmine sequence, antibodies

wi th conservative am no substitutions, antibodies that

arth E?ﬂﬁ‘t‘ﬁgleggp% R it EP lreﬁﬁ%t%shﬁh’\%ﬁfze@ Xﬁﬂo‘aiie%qravﬁﬁg A&fariable
stringent conditions, wt t he
heavy chain with a sequence shown in SEQ ID NO:6 and a variable light chain
with a sequence selected from the sequences shown in SEQ ID NO:12,
SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20 and

SEQ ID NO:22.

In another aspect, the invention relates to humanized antibodies having a variable
heavy chain with a sequence shown in SEQ ID NO:8 and a variable light chain
with a sequence selected from the sequences shown in SEQ ID NO:12,

SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:18, SEQ ID NO:20 and

SEQ ID NO:22.

In another aspect, the invention relates to humanized antibodies having a variable

heavy chain with a sequence shown in SEQ ID NO:10 and a variable light chain

10



nol ecul es presented in the sequence |isting encoding
anti body variable chains. G ven the properties of

WO papigunl am no acids, rational substituti onRCTREP200%060464
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performed to obtain anti body variants that conserve
the overall nolecular structure 30 of the starting
anti body. Am no acid substitutions, i.e.,
"conservative substitutions”, may be nade, for

i nstance, on the basis of simlarity in polarity,
charthe, scgushabsdl¢atsd froyhlr ssgheoisics shopyn inysdr@ PRING:dR1 y,

an r& pat-hj-c re ive 11 WO
200680E530 per FEELObE D SbED i SEERARD R | e
pesgQNDgOf&M | iar with conmonly practiced amino acid
substitutions, as described e.g. in WO 2007/042309,
and nethods for obtaining thus nodified antibodies.

G h ' .eC i ynt hetic
ondfe sl <ERAE A Ao BT ART Bk BV

anti bodies with one or nore 5 conservative am no acid
exchanges can_be routinely desi%ned and the respective

antl edinggnhadiments, thpbumaiged anidedhas Meppndery ghpin constant

anlte'gﬁﬁ’iqéG‘rllscmg &b l%ﬁt ¢ath %Cﬁlr faﬁpllegio‘ﬁ%gﬂé AR deR above for
the™ sequence l'isting, anti ogy vari ant enconpasseg

bythk ltbinhamiceant ibodicd) aveecomstapigagiooe mag Oe iselecttd frgmi atherdrdasses
CDRCGS%ions of at least 60% nore preferably, at |east
709 gl8%icSstil|l rore preferably at |east 90% and

nost preferably at |east 95% Preferred antibodies

al so have a sequence simlarity in the CDR regi ons of

at Inl esatein @edimenss,an pnehezedbintibodis ahthernmentipn.ghehabhy
95% Preferred .antibody variants hav sequence .

" el h ey R Th P BB ROk SV R oS EHERE i

pr sEeraNg:24a3r al easted lgcY%@lwhlé&%veétﬁekéfrdm &R the human light
preferably at |east 90% and nost preferably at |east

950kain Enstagt egpndupphbis the sefusercragwnan SEQUERYE:26.
simlarity in the variable regions of at |east 80%
nore preferably 90% and nost preferably 95% " Sequence
I dantiidy37 asiboee molsstlep off shHedptdntion segdyodesvariaots ofties
the percentage of, 20 am no acids that are identica
betierict Hiet dislrdneely thegayue At sequsngegsheyyn in the sequence

| iy F@§mg '?futﬁl%[fﬁ)ah%l@ tRhinABLRS tACHASont hAedGh Lt will be
are | dentical or "t hat represen conservative am no

acalde sufyspart utstand utibzo/fanctantal nejanssl cfohdabovbidafinetarbipodies.

usg.n n antibody with a defined sequence. as ho in

¢ ner et eenmatnitede utCeUPH gt porn grcDR andor

OPtrh b8k ArNarthny Sftiobiids RAth 210 BB aciPE® @O in the

acid residues, preferably am no acid residues in one

or framewoBDRgioN avigrdtpersds edniiaigor fiemrtbe gémiling sequence,

Coa!u{tl %tdfe(s) nwit%fcoralg]etrliak%%%%m\{gor & rS]{it%tifOI?Sr, atth rold?e%ttﬁat are encoded by
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
of the starting antibody. Amino acid substitutions, i.¢., "conservative substitutions",
may be made, for instance, on the basis of similarity in polarity, charge, solubility,

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

11



with inproved properties. D versification of one or
nore am no acid residues in CDR3 of the variable
wo p@ho1shai n, CDR3 of the variabl e heavy chai nPCTZErRI008/660464
the wvariable light and/or CDR2 of the variabl e heavy
chain has been proven useful. 30 Diversification can
be done by nethods known in the art, e.g. the
so-called TRIM technology referred to in WO
2007/ 042309. 12 WD 2009/019312 PCT/ EP2008/ 060464 In a
f uemineracainidbdslHed persdreisdamiliaCBN cammidnbdyrantad¢edcmino afid

the.invention. is.an "affjni ed" anti hody. . An .

- PR gisBb e i B OB HES S FifpodR e cpfidyine
anthiub i fibaran¥iBeldity. @iventthd Berdici B@E ¥ndMebdmbingnt and synthetic
sequences shown in the sequence |listing, that has one
or Digy technifipesr BNAome lochley pecodingnivgrient@DRSodRs wHh oae ar more
in | mpr ove A fini . : i,0e .
cor By AR Uid BahdiBo Bl (i) deh AL R Sccive
anirtibodies réaddy obtairfd@. procedures for generating such
anti body nutants invol ves phage display (Hawkins et
al ., 1992; and Lowran et al., 1991). Briefly, several

hyﬂleéo\égj’ah%l &ith &l iaRﬂ?b(ﬂytﬁ %eﬁﬁebcf@ o8 vaﬁfaﬁlesd'hg% Sh&Mfin the
nmutated to generate all possi am no ac
s uixgtiertcatlisong aatibedyclariasisteaconipeasalriiyi tho dhywemubradve at degsence

gener at ed ar i splayed in a noval e shi on om_
10 77 1R e @Hgdeﬁﬁ i ﬁeél_ét 5o H eliag_@t Ay Ao,

pr @digbrfre gl RAGKAISH i tnitisPpRachbIPal hgl98%,. PRSerred

phage- di spl ayed nutants are then screened for their

bi sitdgilcaklsadevei segue¢rcegimibirmgimthedf PR megigns it kasteiOo,

di scl osed. .15 finity, matur.ed t Lbbadi e al so

or BtrcEe ey hafhond e FREU QR0 PRISHELalibeR v fnRhave o
MagdgBierle iddntity hA8E variabid teBiony o Bt 1642 b0 BN ndYe MdfdredI, &t least
hea%y chain ( and variable light chain (VL) domain

VH)
15 shifi%lor 88%o, stelf mRag praferaldy ajleast 99Yound rgpyit prefeablyjat least 95%.

BB SR G 08 AR s MR

anitharsots, amewprdferalels i90Ues)d mb¥t pieferably w4 nity matured

anti bodies will have nanonol ar or even piconol ar
affinities for the target antigen. In a further
e“‘%ﬂ tiderkif® FREEnTRR hoBHeh? 1 thdercentage of
i nve h?%% ?%1£f 'de%?nnu P@gﬁb %ﬂ%ﬁggggg g%a%g recntage 0

20 " deminoraaitis 2led Areaidentid@DBtwaat thbedyuchsesatBegnerich salyilarity”
derived froma humani zed or himeric aptj.body wth a
S oHISHIES a6 Oh & it BBy 4t o HEAT of it fpesvent
OF corf¥B &t 4Rindlab@NEbitufidrs. am no acid sequence which
result in a reduction of
A variant may also be obtained by using an antibody with a defined sequence as
shown in the sequence 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 chain has been proven useful.
30 Diversification can be done by methods known in the art, e.g. the so-called TRIM

technology referred to in WO 2007/042309.

12



I mmunogeni city of the antibody, conpared to the
respective original non- dehumani zed anti body. One of

w0 b@prstrdures for generating such anti body 3BCTHP208/660464
i nvol ves the identification and renoval of T-cel
epi topes of the antibody nolecule (Baker and Jones,
2007). In a first step, the immunogenicity of the
anti body nol ecul e can be determ ned by several
nmet hods, e.g. by in vitro 13 WD 2009/ 019312
PAW Eﬁi@@ﬁftt@ﬁ@ﬂl@dnt, thetastir@ DAt ardibody nibleseld ofdhd invpat®ngs an
|n%§ﬁllco F Pq¥ of such epitopes, as has been

THE e H@‘ PPerature (Jones et al., 2004; Jones

et al., 2005; Reche et al., 2004; Fbrtz et a

2006) . Once the critical residues for T-cell gkéope
f uhat ridwithianesuisdemti-CBSAwENtibedy, is pu iRy antihodedarge from

5 ac% T{Iﬁ)\éa{' WHQ 9&}%%1?&6& X@)S?gqgm % eﬁéeé: sgﬁg,?/th%}]&é)oee or more

Medltostionk o oﬁdkbtﬁﬁdﬂé@l])l@mwﬁfch re@uﬂltah iaf) mfﬁplionememtle ithsaffihy for

wel |l -known in the art, e. y .over | appi ng

t et RN, cogimtE torke méperce@‘? BﬂgIBF1 - laﬁtflr%iowbody One of the

 chBFRERS, 1 EchePuMYTREN oty o RRERDD s o8 bispk (Hawking

c a@:aakhl, 1992; esd Lotvinzh canle 1981 e Brieflyt wversl hypeffagieblomregion sites
ctlo t he an body is, enpodi ment s,

10 5 Rei 1 eF%I e amthts a%/gealﬁraé%alhmsﬁed%}meﬂ SOOI gt cach
po§1¥e‘ tT’He Qﬁtlﬂotaz nﬁﬁaﬂt@%@%@n&ﬁ@d Lu%t(flﬁﬂay%§ 1ﬂ Qﬁﬂ)né%leﬁtrf@shlon
anti body exhi bits speci bi ndi ng bdth to
reﬁevdﬁmngmpusEMQG@wmh@saﬂﬁwgemtOQdeneﬂFmegmeﬁﬂdié.

The choice..of the e .and.length of th onst,ant

! o SRR sl bR A B Blefis RS IR prggned for
cofiRlr&mReicdliaxavitpr. O biiig dFediy) Meremdentiosed.

cell -nedi ated cytotoxicity are desirable features, and

15 on the deS|red phar macol ogi cal properties of the
an | |

£ na tRAthmBELISL bod B A ERESCpRRL by Wlfoh K ERN g, or

an&Xahqﬂky wahrkeet #G 198 i(affinito matinatisrebevaiblsieaty ohain (VH)

thereof, that has been engi heered to npdul ate

ef nskyasiable b Pl (Viohdgmeaie shuyfflmne) 1o Barbrangtel bﬂ%‘%ﬁh Rgier et al,,
f 19d16:cR4 DAY 089 J80KHPE ITD69: Gl BRSRIRICE ul, {1395 & dom

en anéing t ector function Engi neering o

20 t hewfagensyi diCDR didbefambeodntsibody. Fefefreeeffmity matured
functiqn in. .the presence of effector.cell re .
of FBROAGS ! PR PREP 0T £V MEHTRE. AgIse pahe Deeet antigen.
Pafe M furtef dRSsmehtDthe %ufmpﬁarﬁ%a nﬁ)ll’éélilleacﬁtth@fh%fntlon isa
vari ant nediates ADCC that is greater t han t hat
me(lcaingdubged’ stipadyent anti body. (In the follow ng, if
not otherwi se stated, the term"parent" in the
context of an anti body nolecule, or in the

25 A "de-immunized" anti-CD37 antibody is an antibody derived from a 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

13



context of 1gGor the Fc region, refers to the
non-engi neered anti body nol ecule, Fc region or 1gG

WO e@petBivel y, from which the nutated (engi neePE&LEP2008/060464
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nol ecule is 30 derived.) 14 WO 2009/019312

PCT/ EP2008/ 060464 A variety of nodifications of the

Fc regi on have been suggested in the art, both in the
scientific literature and in patent docunments, e.g. in

EP 0307434, WO 9304173, WD 9734631, WO 9744362, WO
980sFBUNatiNd FIA4GAI Eitod @96 3840 prodBdt®asB5TCh epitOpes, as has been

o VB 200UBAE 0 g B3 asis - 2G0TI Hipe o 2004
2004898249 QO% BRESMAE ¢ABdal rdMARIBRORALPSitoYfunction have been
2006019447, 2006031994, WD 2006047350, WO

200s0E3E30 Mutahony 0gBRRBAGA OAEOVDPDDFEA1EES and Fefain antibody
pr ogli . - nt,hadi L DV ipn

o GHREO T TR0l TR typ b ATOBOCKERAL Rl NAD) b
posiutatioNSin3aetcAR At OwclRRown i i a36.¢. bynowiapping ®CR

enbodi nents, the anti bodies of the invention have
nutc§Rg¥es- i n the Fc domain sel ected fromthe group of

i) a single substitution at position 332, preferably
1332E; 15 ii) a conbination of substitutions at

poSint¢ trdca88onndaBaRbody afteraats with SR2B80¥r b3 B2 Ecepiory, which

conbi nation qf substitutions a ositions .236 and 332,
pr@fﬂél_rsalawu"%féeﬂm%@z ,W%ﬂ%@&ﬁl@#ﬁ%&%ﬁ* g Telorred 6 a
Su‘kb?fe'c{oﬁ“ﬁ'l&'ﬂﬁn@%ztggiﬁﬁﬂoﬁ $s, 28 BertafPEMmBAHmeR3 2 full length

preferably 20 /' S239DY 1332E. The above def i ned
sugibotly b enantited that gpnteins Apbeiontyd dlre Ieregionbihd liter as long as

zobs0ato ciiaiad Biafiaipl B Rl ARt hoSton ebtrgpnticen

t hgndPtogReBéeptdiy. EMei cABicB bE tHEa TN [8RER bﬂ"[h!%g:ohﬁanttr@%ion
am no acid nodifications that conpose them Thus, for

exéinshéds omwhether offegtor fymetipny lilheonyplerentHixatoiber dntipoiym

13 [ afi Fc...nal id .
R L BB R Yo B D eGP BRI Cind o0 he diired
Supisdrinacglogics pERRoR saxfdhe dndidaly pratki2390/ 1332E/ G236A
defines an Fc variant with the substituti ons 30 S239D,

1332E, and G236A relative to the parent Fc

o BTG b, AESAL(20 e himcr o
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 Fc receptors, thereby enhancing the effector function
ADDC. Engineering 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
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 IgG or the Fc region , refers to the non-engineered antibody molecule,

Fc region or 1gG, respectively, from which the mutated (engineered) molecule is

derived.)
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refers to the nunbering of the EU anti body (Edel man et
al ., 1969). The person 15 WO 2009/019312

WERMPBPBOD8/ 060464 skilled in the art will apPCBEPAD060464

5

10

15

20

25

30

that these conventions consist of nonsequentia
nunbering in specific regions of an i munogl obulin
sequence, enabling a nornalized reference to
conserved positions in imunoglobulin famlies. 5 In
t he above defined antibodi es, the substituted

Egﬁi \Iag_igg'so f%ﬁ’tﬁ%f}_%a%%n@@idthg ?8 re%i&{ ﬁﬁvf%ﬂ{%ﬁﬂj s%é%eﬁ@(ﬁ i th€BS, both in

, 1272 .QaNn , respectively, O e eav

c h'i‘ie ifeiey @ie@aurﬁ ANGHPY et desmenty, e ﬂrhgggépmaeﬁvg@ R304173,
SeWE AT 30f Wihe74388 2 yWCehed 033 81w Oads4i3 h 3] ivee 93164,

CoRISoFo3 i nadhoRFR B (e Ay g 20026153568 W dgif0207.
33W0 20010633 Tle W Qi20040MidAD N 3)040BE7 e WA ZDGHIO9244,
thgsd 26@3@7‘7?@1 G@Z@ PBSRH08 Mgb@ﬁmswggg@%’w%d

t hus” human equences are used as the
se i ARYD4ZHA). O 20QR0BR0bt WEF 2006qb%AMed Y @ 208RHI0E4.

For the antibodies of the present invention, the

engi neered Fc region,is ef.er | . in parti.cul ar
o HEREEH cfrpofBiFnRY s SpBOGLE S i Bifion r PR vhlifih Bl
f r g@finetalRY subsTURG B! 0 BtWitiohsCIZassaor 289 Bndsr 2HAIn p@kerred
lg@&, IgMor chinmerjic versions of two or nore

i neribrAMSHS the aetibosics o f ke igventigadirygmujatignsin the Fr driain
Al Fants of the present invention are
en%&%&%ﬁg%gﬁﬁﬁgﬁégégntext of one parent 1gG the
variants may be engineered in or "transferred" to the
context of another, second parent Ig Thi s i s done by
20 dét er mifriiiege PRStUEEHAVRASEN" Pﬁegéﬁ‘tflié%i ng"

resi qges %%nﬁ;’ﬁ%f‘ohto!ﬁ”s%‘&ﬂﬁnf%% itioh§1839 éﬂcﬁi32‘?§%feralf1y
second 1gG typically based on sequence or structura
honol ogy S28PIadaB2K;he sequences of the first and

second 1gGs. |Ln order. to .establish ho t he

o ndhct @ OBbAREE SEFUBHRTPEY 2| HEGR BN 1 By
directly qopgearessoo the sequence of a second |gG

After aligning the sequences, using one or nore of the

25 havipl ogycoalbinptionef systgtignsatinesians A34,R89 and, 332, preferably

allowng f e jnsertions and deletions in
order to é%?ﬁ?aig§§?ﬁ%%%£nt (i.e., avoiding the

elimnation of conserved residues through arbitrary
del etion and insertion), the residues equivalent to

pafks gpvadetingdiabsidnaensiiyve.fer prampde.peebderenbed b Lazgect al.,
Fi 56 @CWE(*)(%E%(W £d4%0 A4 fRagar dl ess of how

equi val'ent” or correspondi ng residues are 30

determ ned, and regardless of the identity of the

pa’i“l?en 1t30 Lgn%nitsnm t ei gnr‘gibtogiees Io? tﬁse p?ersgnt invention are defined according to
the amino acid modifications that compose them. Thus, for example, 1332E is an
Fc variant with the substitution I1332E relative to the parent Fc polypeptide.
Likewise, S239D/I332E defines an Fc variant with the substitutions S239D and
1332E and S239D/I332E/G236A defines an Fc variant with the substitutions

S239D, I332E, and G236A relative to the parent Fc polypeptide.

Numbering is 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

15



made, what is neant to be conveyed is that the Fc

variants used in the present invention may be
wepgvoesized i nto any second parent |1gG that haBCT/EP2008/060464

significant 16 WD 2009/019312 PCT/ EP2008/ 060464

sequence or structural honology with the Fc variant.

Thus for exanple, if a variant antibody is generated

wherein the parent antibody is human Ig@, by using

the nethods descri bed above or other nethods for

deskeMen inithgare gull eppreciatetieat itthse sonychBonsaniatf nansdqbodial

na |neer d, for man ar ent

5 ety S s ony AT S PERiodith fady Tdes Hey
20@3&&&9&5&&@&& t606nseRdH §osifibnd MEMnM@BIobAMN FARiGe.
the antigen CD37, which may be advantageous over

targeting CD20 in diseases in which the |evel of CD37
expr .

5 ST IR0 ol ol 30 MRt Ly R 3860l
s hesiresporghrolpevieibss 0f9, G;mzndrﬁmr@pmtﬁ&gi @ﬂth@dg@&ilheidvytdham
| ow | .evel expressian of NA. It has heen shown

t hegriged | 4 Nfp:2¢Hdn ﬂmféHtl?Itﬂﬁh BeRigpef fherhepyy chains of
ri M?ﬂoE{E?Aza D&B%ﬁ& BuGHoRR i sﬁ@éBcﬁp% 2%0% Mrldho. th s

respect activity on nornaf
ced;dbstimamdeimmm acids wkak podnﬂ1m&3éan8l%rdn3§lBur kitt's

| ynphoma cel |l depletion. As could be shown in the
experiments of the invention, the antibodies of the

' nM?éHﬂa&%nﬁ%ﬁrﬁeﬁtb Qh@P@Vf&nW tﬂ@ﬁﬁf@ﬁlﬁﬁﬁe biRd on hurnan IgG
Fc- engi neered ones) have a cell depleting activity

t hmquﬁmesuipé rthutsrhumantlg@tseqﬁenpw am iseallas tlew‘éoaafﬁ'tﬂe@wlcessagamst

ated Fc re
1 ish ol P RRER Feditiay R0 FOR M it Spsens ipsation
t OthichinbdrBd FE Mol B prdiBhablyRepy ﬁﬁ@%@\nmg@lotsut%zy also be
anti bodi es of the invention show potent pro-apoptotic
15 actaGA eryvappntrsauenepoemiotha imgrunpglobulinsclpssepaish as IgA, IgE,

an{g@%ﬁg@ﬁgﬁh@#ﬁ%mﬁﬁ@%ﬁ horg%ogg HﬁH{E‘ %1 gé\llﬂé{l pcc%%) gss' IS
W {0 UgG2BeGT)amd-the hilkd. AGthOdtate & vatiants 80hé)present invention are

I nducti on of apoptosis w thout cross- I|nk|n% whi ch
c ot SEAS A BhhCamixt @heraRsrne 486 the Narigty @Y e Angaegied in or

b et&ggmew fo ﬁé‘Em{: Text o?'%lﬁ(:)tﬁgeﬁécﬂﬁd één@%&aﬁhégfg&% tyn

sence o1 a Cross I ng ag VI VO .
20 ef d@etoningehd 'Sqharlsot'iang C(ﬁfcqspomhmgj'tmslél)escamdatlbdtmﬁons between

denS| of, the get. antjgen CD37 (e.g. tunopr ce

(R g st A5 bish D bEE epsyuenis o BT o Rt
3 %ét@/@é&?@l@ s@cﬁ&ﬁ&é@%f ShMidsDHt scBEREIBGs| KIrB& FRYaBltsh!Homology,
cause cell death, whereas an anti body dependent on

cr the aniinanigich geqjlge@ afat first IgG outlined herein is directly compared to the

10

sequence of a second IgG. After aligning the sequences, using one or more of the

25 homology alignment programs known in the art, allowing for necessary insertions
and deletions in order to maintain alignment (i.c., 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 variant
are defined. Regardless of how equivalent or corresponding residues are

30  determined, and regardless of the identity of the parent IgG in which the IgGs are
made, what is meant to be conveyed is that the Fc variants used in the present

invention may be engineered into any second parent IgG that has significant

16



17 WD 2009/ 019312 PCT/ EP2008/ 060464 In a further
aspect, an anti-CD37 anti body nol ecul e of the

WO pooeMt93en i s an anti body fragment that is dePCT/EP2008/060464
froma humani zed or chinmeric CD37 specific antibody
according to the present invention. To obtain antibody
fragnents, e.g. Fab fragnments, digestion can be
acconpl i shed by neans of routine techniques, 5 e.qg.
usi ng papai n. Exanpl es of papain digestion are
desgpériyedr istudnDabiga0l8gB wathdhe BiSvarj@u s Gor Rapalenif a variant

f antj bod typical |. . t .
" RTPELr: SanfRan T R i anhiaes BEGSE LG E desipe the
f r RGIMBBE escABEabMVE Br 8thSt MShed S Id8RAninktuieil hi Ire%ldues the

and a residual Fc fragnment. Pepsin treatnentﬁﬁlel S an
F( yianpantihody mantbetonamesrad, fonexaamls.gen huowbilghparsit es

5 Tnd eSS LA B O

anti body al so contain the constant donalns of t he

liiht chain and the first constant domain (CHl) of the
hgandibarliss of thapnvantigh Hseet shajmteer CORdnvRh eaYalgrent s

fifa E&S%V&oﬂafg%#lﬂ% 2giotih 9&@5 %Hﬁ %%palEvelJo? e
car oxXy tern1nus 0 he heavy a|n
I nelpuckisiog mhghexrthamﬁmt cfySDh20, raes gf rochrone lanphiodopdy lcukemia,

hi nge re SH.is t ignation herein for

10 FapfcreisiiaRy A %%ewe;}gghe feMgls Pg@&g&a@ PITROR SpiEpaRd to
doRR} RScIR&BFesoh HEEDRDIHNGr oup.  F(ab' )2 anti body
fragnments originally were produced as pairs of Fab'

fragnents whi ch have hlnge cyst ei nes between them

e
rolt gt P P81 agy RERiRe o iod “PaTaey@hipyipet. «
c Oﬂ’J ReerEMNhti-CD20 ABAbSIy, Wil rédpeétte HDOD ledHtyeon R dthos cells,
typlcally be a tetramer consisting of two |ight

15 chegrirah By deplation paivhale bined andRagjos Bubkitte lirmphema pelk.
¢ o@e%les[ 0’1_1va]§ %01'11(1 %@ h&\pﬁ hpéhh %_%é{‘bme%% &qﬁé i’hv@ﬁ‘ﬂl&n e ﬁ%tlbgdles of

rmm nmononeri ¢ Si

C httkic finvasntiom G:d)yh (I&GEM-FthQﬁﬁafed aﬁdi tHai H‘odenglt%ﬂe)i onas) have a
m ni body, or a di abody. The ant antib
nmoBeslhidergEne aatiyyy pat 1Sr§UPﬁ1é0rft8 rﬂ?fﬁt ef ﬂglxeraﬁlf Jélﬁtaatlqul%s with

anih 3P EY rérg?(l)@%lwea L 6}b R 1ﬁ&@%‘8 ol é’ellc\tfépféhgﬁi a&tﬂqﬁr as

cyt ot oxi c age parti cul ar cyt ot oxi ¢ agent
20themnmndUEeuumymbﬂﬁxwﬁiIMﬂ(e g. apoptosis or mtotic

arrest) of tunor cells. As a result of nornal

phar macol ogi ¢ cl earance nechani sns, an anti body

e ”RE&%%ta!ﬂ%@omlgm S tﬂ&ﬁveﬂtﬁﬁ‘dﬂ@ﬁ %Bieﬂgﬁ&eapbptotlc
contacts and binds to target
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
25  cross-linking (Zhao et al., 2007). Induction of apoptosis without cross-linking,
which could be shown for antibodies of the invention both with and without Fc
engineering, is advantageous in the absence of a cross-linking agent in vivo
(e.g. effector cells harboring Fcy 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 does not.
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WD 2009/ 019312 PCT/ EP2008/ 060464 cells only in

limted anounts. Therefore, the cytotoxic agent
weppboysw i n the conjugate nust be highly cytPCDEP2908/060464

such that sufficient cell killing occurs to elicit a

therapeutic effect. As described in US 2004/0241174,

exanpl es of such cytotoxic agents include taxanes

(see, e.g. WO 01/38318 and WD 03/097625), DNA 5

al kyl ati ng agents (e.g., CC 1065 anal ogs),

antnh‘cr fucthet dspess, ant anbijCl,7)§7 rantbalyogsicculdabbanmmeotion is an antibody

d hic t.a

BB S SRS g B R R PsTpPet Bar vesib 08
gl ¥yeetdifPioahy pkeS@f inv@nfeon. TOASHEN Qhtidddy, frad@Rédts, e§umwa
et al., 2000; Ichinmura et al., 1991; Franci sco et a

20faements, sligrptomom: be agepmplishod bp Mmeasofrogine eltiqeasd

5 200 Sileeddin ERuflE BiPHaRGHe-tPy s e ARS8 and
eﬁUSGhI JEH66. Pi}ﬁuﬁ&ﬁ@éﬁt@hloﬁ af@lenicsit$pidal WBprbANEE BOH lientical

e..a der|vat|ve 9\ﬁgansme (CAS 35846538),
ma%tsa%. bHingsft ww@s @% d Fpbfrrgmigngs. eeehi widh g giggle antigen

'ﬁ@ﬂ% sﬁg’an%%ér’}@édl I@Q'fraggleﬁ Pepdh ﬁreeﬁgl SP)WEI@Q gh ﬁgib’)z

‘mayt ansi nol 15 ana es an Ivativ
( sﬁregmmt gha,t hbJStvn, mﬁﬁ)ﬁtﬁ)mbmmg diiSs Bpddis ktill @3pable of cross-linking
Anti-CD37 antibody imunoconjugates nmay be designed
10 anthe&yHeiesi zed as described in WO 2007/ 077173 for
anti - FAP i mmunoconj ugates. 20 In a further enbodi nment,
the anti-CD37 nol ecule of the invention may be
r adlhoBd: fragrhents elieined by digesitan cfithe antiboidymalsn @omnjnugat:@nstant

R ARG R SR A R e

W Fib' ﬁdgﬁeﬁt@gﬁw&“mrr@ﬁataﬁag}ﬁex@g PPaA th&S cotAn KAGVIOndl Residues at
the art, exanples are Phosphorus-32, Strontium 89,

15 vt theicarpos termetisiob thegieavcehan Chimdesain pslugingionmor ewre
h '
v éﬁ[g@%&‘# r&ang ﬁiaenagng{;'w&es 18-3'510%T ?%b %g&&ﬁ%lgtlon herein for Fab

a Nini wiGER theaybtc e d@@lwﬁ of kl&ScoﬁﬁtaﬁﬂtR)rﬁafWHaf @ freehyio logoup.
| abel ed with various radi onuclides using direct
| ab@b .)rn@it@rady Hagmes origigally were nredursd @S R Faﬁ frpgments

ar {, 1cﬁ§1ag@ﬁ1‘f1§é Pgs?elh& BdRv&Enaftdm nzgﬂ‘h hfe\ﬁ’ts%fl also be

tec nol ogi es generating a g nove
20 r aginetandil lydmaleculbobip laggnmjg@dsqsoddmatg the ecspsaivalcoding INA
thg_ggesent i nvention, is given by Col denberg and
PHBSAS2007. An antibody mol ecul e of the invention,
whet her Fc-engi neered or not, nmay al so be 19 WO
2009/ 019312 PCT/ EP2008/ 060464 b specific, i.e. an
anThbadiporp mededute willypiskifydbe ¢ tettamer dorfsiseing of twahght s,

ongha%{/heavy chain pairs, but may also be dimeric, i.e. consist of a light chain/heavy
25  chain pair, ¢.g. a Fab or Fv fragment, or it may be a monomeric single chain

antibody (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.c. an

antibody molecule that is chemically coupled to a cytotoxic agent, particularly a
30 cytotoxic agent that induces cytotoxicity (e.g. apoptosis 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

18



t hem bei ng CD37, the other one being selected from

e.g. surface antigens expressed by T cells, e.g. CD3,
wa@Dne/og3t CD56. 5 The present invention al so rBCHER208/060464

DNA nol ecul es that encode the chineric or humani zed

anti-CD37 anti body nol ecul es of the invention. The

sequences encodi ng vari abl e heavy chains of the

anti body nol ecul es of the invention are shown in SEQ

IDNO1, SEQID NG5, SEQID NGO 7 and SEQ I D NO 9. The

s ecplls mobsindmaitadi angpunts: Tabiedore.ithheytetoaicrrgentfemieyed in the

gnt | bOd t%g%@%ﬁbcﬁéogiﬁsl rc]:]\égé’[ R%Q&%rllel%%@g 0601i1rg to elicit a
mhéﬁ: eutﬁ'—:@felcp ANQedotibeSELUISD 08P 0291 lﬁE@(dnE%)lMQ)f sdh cytotox1c

Nuclelc aci d nol ecul es coding for the |I% chain and

t h@geﬁ@avglu@mwwqqﬁgﬁeb@g Whe Hé&i 1§eﬂ@déﬁ@ 7695 )a FANA-

5 SOARTBELE R LR T AL S0 Bt PASLARE s

sydideash sl aﬂuldig’s d@tdﬂ@ﬁslnkmwwtmlm richﬁ‘A&dS)tm (d@ytdtenit agents
1984), .which can be used to produce a synthetic gene,
VeBRIiIng %re@%th\@rp.ﬂhéet@g}?nq%w% MPEHR SOy G Sasse ct al., 2000;

ol t ST~ A f
! seapicheUgigDRuk 10U BOLNENSE) o g orBleoTey
Fr HR16, 310, d11; US AL9B7)38; 20d UReH, 40490 3T U8AN0&49086923h e

10 ot S Aol ES 0Bl 8ol R ALl e Baccor ai no v,

the present invention also relates to nucleic acid
mol ecul es that hybridize to the DNA nol ecul es set o
f oft thpricferretl lpgbodmuradle Eytstoixmgganider nidygnseoid, ng eandﬁylvatlve

n and ditions ef i ned
Sobrgs5es e SRt N i PBReo S SRk R EREp Brcfinctuae
anﬁllamﬂs{n@ rrnayftdﬂlﬁfﬁbl @13lestbrsa@ MR tantingr, @8d othbBAiaiid@ssinol
properties eqU|vaIent or superior to an antibod
15 enesdraichyndadesivgtivgsdsces h@wﬂiP S »H205H82¢& agd difce44]. é@—%ng
Preferred nol ecules (froman nRNA perspective) are
those that have at |east 75% or 80% (preferably at
| eAsti-(@>% anﬁbb&y pﬁﬁﬁﬁdi@lnjugaﬁb nlag dstdefiQRbdoand sypshiksized as
preferably at |eas ﬁé onpl ogy or sequence
i deFreTibss %WQ %998/08? 1¥3h r m‘\iAFﬁtﬂ BUIMOSOYHERFS: bed
herein. Yet another class of DNA variants that are
within the scope of the invention may 20 WO
20 20D ﬂmﬁﬁﬂé}nmmelBZ%&hﬁmfbﬂmo kreuld of itheaid veutioh rnay be

reference t epti.de they encode. The
roraiar by Bt R e Fat o et TR U for
t h@r%%ngfﬂ%ﬁ £fivbBy M1 13B8HHRBSEN let S1t,11992, see above). Radionuclides

with advantageous radiation properties are known in the art, examples are

Phosphorus-32, Strontium-89, Yttrium-90, lodine-131, Samarium-153,

25  Erbium-169, Ytterbium-175, Rhenium-188, that have been successfully and stably
coupled to MADs. The anti-CD37 antibody molecules of the invention 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

30 the present invention, is given by Goldenberg and Sharkey, 2007.

An antibody molecule of the invention, whether Fc-engineered or not, may also be

19



but encode, due to the degeneracy of the genetic code,

anti bodies with the identical amno acid sequences.
w@may3ef exanple, in view of expressing the PCI/EP2008/060464

anti bodies in 5 eukaryotic cells, the DNA sequences

shown in the sequence listing have been designed to

mat ch codon usage in eukaryotic cells. If it is

desired to express the antibodies in E. coli, these

sequences can be changed to match E. coli codon usage.

Vabispariisc, of. ai)l\mtinbodisemuleesleotfhat biadd tovtentdiidercetaargbts, one of

COBRh U b8 e T e R S BB
I e&PIsEBHY TaBM, T)ﬁuﬂ)lféca@m apbgcul es of the
i nvention, the nol ecul es encoding full-Ilength

|'ight and heavy chains or fragments thereof are

5 ' N$Ed #51 gent ﬂl&z%nt%h aq Jr’e(farct?é tgrbﬁgq‘xgoq usiéjs Hatté'ﬁ%det t?g chm}erlc or

sequences are op transcn

anﬁiurhz[rﬁi&ﬂ afmhl-©lDa7 aﬁﬂﬁh&@holé@ﬂ&&ﬁ@lﬁmvélﬁloﬁor[he sequences
manuf acturing the antjbodies of the invention, the
skFnopdime yeripla Aearchams 0§ the antibedamgleswes offhr dpvpnegn are

e S o N D RO SE D05 @ 1009 rhe
v emz]oem:es nn(tjndodﬂg vakiablailight claetsrod vha ansibedy mosrulds of the invention
EBV- d

10 SN s B S Em TSt LE bl B i, SHURISIEDS

t 0sPg 1009Pat7 BES 119 Nb: {98 EROES Nesghh . The anti body
| i ght chain gené and thé antibody heavy chain gene

can be inserted into separate vectors. In certain

nt t.h . ed to th
oaR BT PlCp BRI U BTSN, eBF o CRE RO e Be
t haytntiRRE6d ehetnitMRCAndmal hiti OFTPER kIR Bti e b stdakardd
i mmunogl obul i n sequence, with appropriate restriction

15 sj meto ﬁdﬁmﬁbéwéadples@hgqﬂa@leatr@ﬁs cyHb pynihesized vethdactbeds kown
igﬁllst da {tr(‘é g;@%f’llggﬁé g)gfc{heciﬁ &d me%[sto%?gdrir{)gg%g%tﬁgt?%geneTDﬁthods

antol denchyitd dygihictic haics frofn@bllgdmdeandds bmllyndvaﬁmyh@ hai n,
it can be, without limtatiaon, any 1gG |sot é
| g@zg tqrpyegy; ctiah 39S e 5t hler199%xﬁ£%@§psbmap%c ,ulﬁ $8Fdﬁ%et al.,
'pp variants. 30 The reconbi nant expression vector
al'so encode a signal peptide that facilitates
20 secretion of the antibody chain froma host cell. The

P ERSB0BPAisblEB A BN ) eBe oM AP aHTa e Ve ERYh

sumBldchirt stdveh @i tBOqubsRtstRe | AcdotdiK8Y, thO pfds@TEnvention also
relates to nucleic acid molecules that hybridize to the DNA molecules set forth in
the sequence listing under high stringency binding and washing conditions, as

25  defined in WO 2007/042309, where such nucleic molecules encode an antibody or

functional fragment thereof that has properties equivalent or superior to an
antibody encoded by a sequence shown in the sequence listing. Preferred molecules
(from an mRNA perspective) are those that have at least 75% or 80% (preferably at
least 85%, more preferably at least 90% and most preferably at least 95%)

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

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

20



to the amno termnus of the mature anti body chain
DNA. The signal peptide nmay be an inmunogl obulin

WG @palo3pepti de or a heterol ogous pepti de fr onPEI/ARIV08/060464
i mmunogl obulin protein. Alternatively, the DNA
sequence encodi ng the antibody 5 chain may already
contain a signal peptide sequence. In addition to the
DNA sequences encodi ng the anti body chains, the

reconbi nant expression vectors carry regulatory
sebpidefned Wlﬁmiefﬂm'mg tcpﬂx@rmbelestldeeﬂlhja piceeds., TheS@DMMmOila@nles

an I n.signal s .and

cofPar W ibiseLo AR e SR o EeniTiP EEE btpe ipine:
anbitRaeydes had tB&hé Be@nbasf ok IgeneEfem& esitiblick PR BicGHentical
sequences (exenplified for expression in mammalian

Cc ednEY agidescAvnanTpY: &ygwwe@ﬂmp nHayiewrod cyptessiegithe pabodics in

) égg% Q‘ogvigllsg?lbet ﬂ]ﬁé% qice Cﬁl%)w\é ih gl’zensdéguén%yz}g% eé ﬁé‘{f%hbeen

t hécsgthed @y iateh coBprotisagairecukpryanioicells. (e Mdsred mcﬂxpfe@mhe
and strong mammal i an pronoters such as native

i nﬁﬁ}b@@eém j WI@H@S%W?POEF 6o ethengeddaipates £ %ﬂJl codon usage.
polyadgoyt I@NA 'cﬁl@?& Bthdifve §@?&£l%ey d%'nstl?iy 4 %ru%%@ 2l different
early po YA, ternatlvel % I muno Lﬁ

gewess, et descnbmi be. in3¥0. 20111W@4231190nb| nant expression
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embodiments, both DNA sequences are inserted into the same expression vector.

10

Convenient vectors are those that encode a functionally complete human CH or CL
25 immunoglobulin sequence, with appropriate restriction sites engineered so that any
VH 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 IgG isotype (IgG1, 1gG2,
IgG3, IgG4) or other immunoglobulins, including allelic variants.
30
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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beﬁ@mgémramh&ngaﬁutlc applications. In a further
aspect, the present invention relates to a
pharmaceutical conposition containing, as the active

' n@ﬁ@f@cgﬁhnaﬁﬂgg%glb %er Q&gé/anﬁp C éﬂc@s fﬁfat fegﬁlaéo
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25 mammalian cells, according to transfection methods well known in the art,
including liposome-mediated transfection, polycation-mediated transfection,
protoplast fusion, microinjections, calcium phosphate precipitation, electroporation

or transfer by viral vectors.

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.
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or stabilizers, in the formof |yophilized or

ot herwi se dried fornul ati ons or aqueous 5 solutions or
WQ@uWweous1Ddr non- agueous suspensi ons. Carri ers, PCT/EP2008/060464
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ionic or non-ionic surfactants such as TWEENTM
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edi tion,
molecule preparation, the purified antibody molecule may be dried, e.g.

lyophilized, as described below for therapeutic applications.
In a further aspect, the present invention relates to a pharmaceutical composition
containing, as the active ingredient, the anti-CD37 antibody molecule of the

30 invention.

To be used in therapy, the anti-CD37 antibody is included into pharmaceutical
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Hendrickson R Ed. 5 Naturally, the formulations to be
used for in vivo adm nistration nust be sterile;
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techniques, e.g. by filtration through sterile
filtration nenbranes. It may be useful to increase the
concentration of the anti-CD37 antibody to cone to 10

a so-called high concentration liquid formulation
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as et hyl ene-vi nyl ace{)ate and lactic acid-glycolic
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al so be used for the anti-CD37 anti body nol ecul e of
t hexcipients 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, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules), in

macroemulsions or precipitated or immobilized onto carriers or surfaces, for
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di spersions, suspensions or |iposones, tablets,
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patches or creans with or w thout perneation 10
enhanci ng devi ces, wafers, nasal, buccal or pul nonary
formul ati ons, or nmay be produced by inplanted cells

or exangfl¢ by pgeatechindo gypfproteimconted ninicuistilal Suwhdeghniques are

der PO SRR draeodr it PReSES GRS 26+ ion

poly&dritkk&R. i ycol (PEG, a nethyl or ethyl group, or
a carbohydrate 15 group. These groups nmay be useful to

i nprove the biological characteristics of the
an . . . N . -
oSBT SO 381 M U8 P o i
apgitiiléAtio maybepacanphad be bohvienfisitil @hoiuésnE @Cby Bhration

(i ntravenegus, intramuscul ar, subcutaneous,
i nthrtaw@rsmr%ﬁhmﬂonmqn&a@ﬁ%al ), but other 20 nodes of
appl i cation such as by inhalation, transdernal
i ntranasal, buccal, oral, my also be applicable. For
t hh nmyéaeembfud)m mcrehsostht nmuenmaitiotﬂlj elxsati-CH87 antibody to come to

te dosage of antip MA|| end.on the
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adm ni stered for preventive or therapeutic purposes,
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scretiaon
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" of
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t r @@k 180 dhxLasRi®hydtb8a$ fifdasc 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
the aggregation mechanism is discovered to be intermolecular S-S bond formation
through thio-disulfide interchange, stabilization may be achieved by modifying
sulthydryl residues, lyophilization (e.g. as described in WO 89/011297) from acidic
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10 The anti-CD37 anti body nol ecul e of the invention
and pharmaceutical conpositions containing it are
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surface and that cause cancerous or

aut oi nmune/ i nfl anmatory di sease. In a first aspect,

t he pharnmaceutical conposition of the invention is
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discretion of the attending physician. The antibody is suitably administered to the

patient at one time or over a series of treatments.

Depending on the type and severity of the disease, about 0.01 pg/kg to 40 mg/kg
(e.g. 0.1 — 20 mg/kg) of antibody is an initial candidate dosage for administration to

the patient, whether, for example, by one or more separate administrations, or by
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allergic neuritis, Behcet disease, Castleman's

sytiertment of canupndt DrrEcYasgydeBAEposiahmelisrRasion

Myast heni ¢ Syndrone, Reynaud's syndronme, Sjorgen's
syndrone, Stevens-Johnson syndrone, solid organ 28 WO

20B 20 h:BigRar(Th/iiPRd) 8/iM6 OMiGAitationa Bsjel | aphplicenasqt JgOﬁarlous
graft versus host disease (GVvHD),. penphi goid bul

pelopms QQEIOd&lﬂ{léldP?ﬁ%ﬁ’?e ;96#1 penrdiodiek Wosplampg@a (NRIL) and related
Se;@ﬁa‘ﬂgﬁfﬁk g@% WRABMH AR E 'Elhﬁa?emlﬁ%él&c%au%dd' sease,

st ma drone, gl ant c arterit
c o}ympémplaapmytﬂcllmphcgﬁa melphnmmyﬂoma) bg Mntral nervous systern

BRI I GRBBL E R B BL s VPP (A Wb ABapC

t hEReEMOBRRINGa POLPUAIS efnl&d B bR BRGAICTGRPRb&R lcukemia
purpura,” autoi nmune thronbocytopenia, adtoi mmune

di Bﬁé«% I@irytghlé lctUﬁ(sm_lasa}ndndirwcamyo lﬁsﬂmldlrl]lrﬁgnla)amddnmi@mes
ok e TR oGl B sl RT Ry Rl b hampbocyic

t hiyighdiral B.celt Braiinphd dyyie Rdultenias lymphoplasmacytic lymphoma,

splenic marginal zone lymphoma, plasma cell myeloma, solitary plasmacytoma of

bone, extraosseous plasmacytoma, extra-nodal marginal zone B cell lymphoma of
mucosa-associated (MALT) lymphoid tissue, nodal marginal zone B cell
lymphoma, follicular lymphoma, mantle cell lymphoma, diffuse large B cell
lymphoma, mediastinal (thymic) large B cell lymphoma, 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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10 (Hashinoto's Thyroiditis), subacute thyroiditis,

i di opat hi ¢ hypot hyroi dism Addi son's di sease, G ave's
waele@eass]12 aut oi mune pol ygl andul ar syndrones (RCT/EP2008/060464

pol ygl andul ar endocri nopat hy syndrones), Type |

di abetes also referred to as insulin-dependent

di abetes nellitus (I DDM and Sheehan's syndrone;

aut oi nmune hepatitis, lynphoid interstitial

pneunmonitis (H V), bronchiolitis obliterans (non- 15

t r araswbanatosisysndSisPira@plant GinphBaralderabymdisader. | ar ge

vessel vasculitis (including polynyalgia rheumatica

and giant cell (Takayasu's) arteritis), medium vessel

VagCaturthbSaspbdiCh pﬁdrﬂﬁcéﬁ@wsc@mpo&uah SERAERiA hti-CD37 antibodies
polyarterltls nodosa), polyarteritis nodosa (PAN)

anidyisefy] g t@m@ppﬁttqf gutopamyee anyl @fle@mmagory (dgpaases that involve

ne idly progressive gl omerul onephritis,
5pr$2ﬁryﬁﬁp%%g?%&§ Ffrhosis, Celiac sprue (gluten 20

ent er opat hy), cryoglobulinenia cryogl obul i nem a

associated wth hepatitis, otrophic latera

scwﬁld&wswﬁ@yde :?B? YA alpg/h@rt@% alahréfé%aglteun%aéﬂw pithyitis, juvenile
€ I
Syn P@%@?&‘%\/\h }gL é{&éoagﬁlaﬁﬁ g;%ﬁg% rrg%E p’%?fgh& bitfriti OPSHASR,
t hdﬂniatl‘am golynwsois/detreatamyofise enc\lﬁl(ﬁﬂﬁﬂdyﬁ‘ilﬁé?sﬁ&), infBmmatory
endi.ng on the djsorder. to be.tr nti.-

10 B%H@g%aﬂ@e Al ReCrQESS, iYL amiG S&f?at Banﬂi‘f%@%w%%ﬁéﬂ

OV‘@n‘aforh@ 1&pBRIcBatdoeR M ifth ﬁ@lﬁmﬁ{at(;’f? 'B%W%[j@ihéa's@ M@bhn's discase,
t herapeutic agents, in particular selected from DNA

dawlagietige enlitisutssipiiatoryidudicaysyndugend, edglt raspieatapyedistiasabyndrome
act | co ounds t hat .i.nhi bi.t a i ogenesi.s i gnal }
P IARGSE AR auePhots it R MRSy Ro P brintcallsraic

c e&dxﬂm&n@ &B&n@dﬂth&ﬂao BatlditidiRrimRAvihL énfAGeMdn GFEY cdIB and chronic
adni ni st er ed S|nultaneously with, optionally as a

15 comﬁ@ﬁ@rﬂwr@fre&pﬁ@seéa%erpﬁ%ﬁrﬁ% autoimEIUNp Fyjeserdttisoleukenyte

o e st AR Rl e R g e

cerupas eryehehneso misoid lhﬁusadlﬂ)lué hgehlis, tiyes apettiiis;, jagailé onsect
wWithout I|imtation, one or nore inhibjtors

s ealébqt% DRUtRte ﬁﬁ@rogwdbrgﬁ eﬁlt‘r@ﬁhﬁpmﬁlé%fmz@ﬁ@ehtss optica,
f affle|,dhatie/ Ee%lR Sggénhlaﬁﬁ" éh(cr-:f: 1Rm P13 dﬁséﬁ{é’%%ﬁﬁé%&gh acute and

Auror aA, ~ Aur or
20 Radclayéﬂmypersﬁﬁi(tfltyﬁnedltted be xﬁm‘bines amaf T-dgdphdcytea) tubercu1051s

BT RHOS I P oA e REenpas syl S TGS rauss
aniRARAI 3t shulokPtokR h‘l]ﬁbﬁlﬁ[ﬁ(l&%dﬁféﬁﬁ}%@ﬁ@ﬂ&%k}l v RAtis/angiitis,

NFkappaB, the proteasone,
ANCA and rheumatoid vasculitis), aplastlc anerma Diamond Blackfan anemia,

immune hemolytic anemia including autoimmune hemolytic anemia (AIHA),
25  pernicious anemia, pure red cell aplasia (PRCA), Factor VIII deficiency,
hemophilia A, autoimmune neutropenia, pancytopenia, leukopenia, diseases
involving 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-
30  phospholipid antibody syndrome, allergic neuritis, Behcet disease, Castleman's
syndrome, Goodpasture's syndrome, Lambert-Eaton Myasthenic Syndrome,

Reynaud's syndrome, Sjorgen's syndrome, Stevens-Johnson syndrome, solid organ
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i nhi bitor of Wht signaling or Notch signaling or an
ubi quitination pathway inhibitor. Exanples for Aurora
WO oIz s are, without limtation, PHA-739358CT/EP2008/060464

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, M.N-8237 and ENVD-2076. An

exanple for a PLK inhibitor is GSK-461364. 20 Exanpl es

for raf inhibitors are BAY-73-4506 (al so a VEGFR

i ntrarsiptaot jejectiph.er4fd SQf,SuﬂNSt Qﬁ&sé &6Y6ID), peE@Reoid bullous,

|nh| b|t&g/ sorafemq é{%] EGFR inhj.bitor), XL-28

VR TS OﬁlPﬁl%’a{ 5 B8 INFEGRR) |

%mhgﬁ arftopAtBRs,| RbtcPs HiRESe Mtief-maRkIRFbMe, MR el dferitis,
D- 4877, -1 122697, 25 GSK-246053A, GSK- - 923295,

NKIIOT@1E Conmlpuaarhifis [gAEPbEssthy ale] eI EeHIss of IgM

5 EXBIRLER LT L PR S B 5 fromoo

| Ghhrdrfbd oyt pehicqiupura (TIR)I, Hb&&%&@nalnmﬁamlﬁiﬁmne
|nh|b|tor) 30 imatinib _(also a cKit inhibitor)

rxlsf-hat@il omﬁ@@lautmm@wﬁse@%ﬂ afgha testinpdyp sy m@%HdE@R

o Ty i orlihtiS g SYASHE ey Dbl R bbbl O

Aner&boarim dis¢nes aclRDKE autvimbiuho thyirsid AR; difonidhyexditpl e

o T T eheb B e TR Pl
5 Aﬂaﬂs@rﬁ @1‘5%&56 >@}ra’1‘é]‘3 dls@e@g a?ﬁltmm&&ﬂoﬁ%laﬁﬂuﬁy@}?ndromes (or
i nhibitor), BGT . Exanples

i nmlbgltamdtéarcﬂndowmomﬂlyB@Tdranles)XEypelellaqu¢sgdsoan¢ferred to as

s ads-PeneBent dorts TS gPHyEknd ShSR 5B il romune

anhdpatitiily@phdll ind&SiRl pRemmoniti® ATV Sbioil;cﬂlams obliterans (non-
PHA- 665752, 10 AMG-102, AV-299, ARQ 197, Met MAb

15 cemsphamt) VBNESIP 7Gwitizin-Barg SzademsobraocpmEssed yagohtis (including

P R M G I

Exeayphléss (irludmdd KaWEﬂ?ukbﬂ d@eraSe Mcbpo%@r&ﬁﬁhs (halswn), ap@lyartentls
i nhibitor of cKit, and KW 2449, LS-104 (al
anfqdent AR} aré%yl%%&aendﬁwé, Beneoys disgasodes, nes!sfom@,tw) rapidly

progressive glomerulonephritis, primary biliary cirrhosis, Celiac sprue (gluten

20  enteropathy), cryoglobulinemia, cryoglobulinemia associated with hepatitis,
amyotrophic lateral sclerosis (ALS), coronary artery disease, familial
Mediterranean fever, microscopic polyangiitis, Cogan's syndrome, Whiskott-

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

25  Depending on the disorder to be treated, the anti-CD37 antibody molecule of the
invention 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.

30
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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| estaurtinib (also an inhibitor of VEGFR, PDGFR, PKC),

TG 101348 (also an inhibitor of JAK2), XL-999 (also
wa@eoopskisind t or of cKit, FGFR, PDGFR and 20 VEGHR)T/EP2008/060464

sunitinib (also an inhibitor of PDGFR, VEGFR and

cKit), and tandutinib (also an inhibitor of PDG-R

and cKit). Exanples for HSP90 inhibitors are,

t anespi myci n, al vespinycin, |Pl-504, STA-9090,

MEDI - 561, AUY-922, CNF-2024, and SNX-5422. 25 Exanpl es

f oxfter ARIMBIHTtion loif Bict amtisCRB € a@ybbdgdol¢aillso i nt eracti ng

with tubulin), TG 101348 (also an inhibitor of F1t3),

and XL-019. Exanples for Mek inhibitors are

ARRYceHA 188 8bo dirent ) I &d ditfiiaB e B dutic %n%@y 83 3Rithout

ARRY- 704, RDEA-119, and XL-518. Exanpl es for mror

i nhmptie: enapempenBhibEPisralscted dogt ticigierp gfiphibtiors 0§ §GFR

L I T T e
XLP[B6&n4sa) BOFR, MAGFRKRAQKSP diBIK t.or ), and BEZ- 235

(al so a P13 kinase inhibitor). Exanples for Akt
inhibitors are perifosine, GSK-690693, RX-0201, and

Ur fr g g%ﬁﬁ%gi St %lglﬁ[ml]aﬁﬁlelf Eutfc n‘ﬂs I’é Bhfb%r% dHEDKs, Akt,

masi ti ni asoatsa i nhibitory,
ACS@ZBCl( - Abk oKancMetiHGIE, o-rMyn‘ FR3t HSB&’(U h@cﬂXélE% antagonists,

t b i f F1t3 d PDGE
10 a%n I 1{034 q a‘@{-@iﬁnw ai: ﬁk&%@@%ﬂ%nqﬁm) 0, an
S UHl'lﬁHltBir Bf (et §i%n§i'[hg SHNRER Q'%néﬁfnél:ol‘taﬁ ’ubﬁ%:n%loﬁégﬁﬁ{&y

and XL-820 (also acts as a

i ninhiitoor ), imatinib (also a bcr-abl inhibitor),
nilotinib (also an inhibitor of bcr-abl and PDGFR).
Exanpl es for hedgehog antagonists are | PI-609,

CURk &l ddfor Aeo@44i8bitd B lard %@thoutﬂﬁﬂltégenlﬁﬁA-’ﬂ-@3 EX aambes 52,
for i nhi bitors are seI|C|cI|b AT- 7519 276

15 ZKATERSBaC Y6~ 1 1GR3 | Yg-OFECRIRN-§D., ﬁ@é&i)”ﬁ?[ﬁl‘@séb‘bl

SR oba R B LT TE07 AR SHER a7 g s 076
bortezom b, carfilzom b, and NPI-0052 (also an

[ nh| bitor of NrkappaB) .
An example for a PLK nhibitor 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), XL-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-0731, SB-743921, LY-2523355, and
EMD-534085.

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

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

EGFR, FGFR, Tie2, FlIt3), KM-80 and L.S-104 (also an inhibitor of FIt3, Jak2).
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Exanpl es for proteasone inhibitors/NFkappaB pat hway

inhibitors are bortezom b, carfilzom b, NPI-0052,
WCEBINBBTD, MN- 2238, PR-047, PR-957, AVE- 8680PCHRP2002660464

SPC-839. An exanple for an inhibitor of the

ubi quitination pathway is HBX-41108. Exanples for

anti -angi ogeni c agents are inhibitors of the FGR,

PDG-R and 30 VEG-(R), and thalidom des, such agents

bei ng selected from wthout limtation, bevacizumab,

nmotesamiple f@DPPDE1, inlgbitarig 1R-12.el ati ni b, KRN\-951,

ZK- CDK ito ABT- 869,
BVAIAY Elﬁ%owgﬂ%é@“hbf) %glot MC-18F1, 32 WO
2009/ 019312 PCT/ EP2008/ 060464 | M Ds. thal i domi de,

CC- 4047, |enalidom de, ENVD-0995, |MC-D11, Ki-23057,
br Exaplps fox £d3 kinasepnhibpgrs agpPEe9oBX- S%Bﬁés%%mahsg 3p mTor

e At

inhibitor of cKit), lestaurtinib (aI SO an | nhi bi tor
of F1t3 and PKC), vatalanib, tandutinib (al so
i nRxanRlet foesﬂnlmlfoss aheMetarGF g8 b Kalspp 5@?@9@ of VEGEFR,

LRS- 2B MK, R1Bss0 ARLAARLOATAEGER),

Itor vand ani b,
OSM(EE0D5265 Aldke 7i8Bh({tatos of ¥iEGHRY |Rtnxnt ﬁire2)ng[EGl’—R4aBHA-665752,

Y-57-93 r .o
10 padfh BEoaY Paa Reh T MENAR Lspb ey B 28l so
anmﬁﬁsé@ﬁ%% PF‘ 421"?%3 SG%H2@4@EK>51|7§@0 @(MGU«IBSbHN@B @060,
EGFR and 820 (also an inhi'bitor of 1
c Kand) E- 7ﬁ5® ot| n| b (aI so an inhibitor of cKit and
brc-abl), CYT- 116, PTC- 299, BMs-584622, CEP-11981,
dovi tinib, CY-2401401, and ENVD-2976. The additi onal

t h&hapaupleForHeMydmMibabse (e 3543 ected from EGFR
inhibitors, it may be a snmall nol ecul e EGFR i nhi bitor

15 or an anti -EGFR anti body. Exanples for anti- 15 EGFR

anﬂie?ﬁ]ﬂuse %E ttorL atrg' Aétj2ﬁ E%ls@ L 11%1%1%@1g it an?l PDGFR)

pani uzunab umina exanp
SNEW-2029, elcsul@aﬂr (E(%Bnhﬂlhbbcbﬁdﬂtﬁr albleangdﬁlkl)l M(b2002 SB 1317,
er|otinj b and vandet anij b%q(;al so_an i nhibitor

VEGERyringnhginen iehbien & ¥ FRPRGER. Pﬁﬁa,umtlé)ﬂ%&(a{sa@n
. Cfnh Wik BRIARY] K- g&) @%k@qﬁhlﬁﬁﬁ%f‘% | pERe ia?)GFR Band
in f or

Itors us conbi nation with an anti-CD3
20 anVELd®RY, swnitedh(adsoodn inhibitonafdDGBR, YE&FRapdtaknii)band tandutinib

: BT ggéégg%g}&ﬁp@ %ﬁ%ﬁndﬁﬁ 551247@%%82 " givrs- 690514,

JNJ- 26483327, AEE-788 (also an inhibitor of VEGR),
AZD- 8931, ARRY-380 ARRY-333786, | MC-11F8, Zemab,
TARx@gEes iz BLSPPEInhibitors are, tanespimycin, alvespimycin, IP1-504,

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

25
Examples for JAK/STAT inhibitors are CYT-997 (also interacting with tubulin),
TG-101348 (also an inhibitor of Flt3), and XL-019.

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

Examples for mTor inhibitors are temsirolimus, deforolimus (which also acts as a

31



25 The additional drug may al so be selected from
agents that target the G- 1R and insulin receptor

wW@2a0beps2 Such agents include anti bodi es thatPEGI/RBR200$/060464

10

15

20

25

30

|GF-1R (e.g. CP-751871, AMG 479, | MZ-Al2, MK-0646,

AVE- 1642, R-1507, BIIB-022, SCH 717454, rhu Mab | GFR
and novel chemi cal entities that target the kinase 30
domain of the IGF1-R (e.g. OSI-906 or BMS-554417,

XL-228, BMs-754807). Oher agents that may be
adVEntFagkibust)yevsorimudd VEGR inhilagtoa py addition)t K-8 (Wep a P13

2009/ 019 PCT/ 046 t . ti bod
R BT BB oD A THaAR DAt LM IMEES get i ng
CD20, i ncl udi ng CD20 specific antibodies |ike

rituxi mab, LY-2469298, ocrelizumab, WNEDI -552,

| Mikamiges fogAkt gthifitorraregyifosienE SE3IEP0 98 R tfRdheind triciribine.
r adi ol abbel ed CD20 anti bodi es, |i ke tositunmunmab and

i britunomab tiuxetan or 5 other CD20 directed

pr Bk@hpiss for icke 1h1|ilblt(SMaFé rhadi@hibPOSPRED {aksbiels, askBIEGOR,

vel tuzumab, R-7 CD37. antj bodi es )é be conhi ned

Wi tnhlhltﬁfﬁ &Cr%%%(a%ﬁp aatlﬁleblt%rmff%fé@nér?ﬂ? tandytippip §aggjan
on; n!hﬂ)lftgpg?’f“‘@fand pz a‘%H aaga)t APRHILES: & VEGFR and PDGFR),
y-11Kke nol ecu e.g. anti-

ant |
( s$yplitirebi () gn mhihltoflﬁﬂFlti MHWFR) and IX1CRAM(also acts as a

{ BPL B GHRBP Ol iiess {315 i) i forpgyini® (oso

(1 ERUABNE ALGbPand PI@GFR?CD323 (MGA-321), anti-CD38
(HWlax- CD38), anti-CD40 G\40), anti-CD52

(aI entuzumab), anti-CD80 (galiximb). An antibody of

oo ELlos ARl B Poitis 20P1-A% e(‘r’i"ﬂggégfgtcﬂg&bodé P1-926,

cogﬁuxgd3w th CD37 anti bodi es are i munotoxins |ike
BL-22 (an anti-CD22 i nmmunotoxin), inotuzumab
ozogam' cin (an anti-CD23 anti body cal i cheam cin

%ﬁo’rf’gf h?tg@ﬁé aslejl;“f onJ uQ%??B (rr%dgb

g en&tbzmﬁEo}PRgamimDGfﬁaﬁ PEn332993D3&54¢ ABNS082MIEA 90509,
con ugat el)2 VDX- - 141%%( aa_nti-CDr0 con ugate), or
ra@ perd SGHA786M%s 1 i ke 90Y- epr at uzumab
(anti-CD22 radi oi nmunoconj ugate). In addition,
anti-CD37 anti bodi es may be conbined with

i mhxamopiodfolr @t‘cﬂeesprne 2hibugrers b, boetegoman tarfitrdimels,, antl INRI-0052

patnayanE e Ay FRRIL). r ocoptor modul ators

mapat umumab (a TRAIL-1 receptor
Examples for proteasome inhibitors/NFkappaB pathway inhibitors are bortezomib,
carfilzomib, NPI-0052, CEP-18770, MLN-2238, PR-047, PR-957, AVE-8680, and
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
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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agoni st), |exatunmumab (a TRAIL-2 receptor agonist),
ti gatuzumab, Apomab, AMG 951 and AMG 655; an

W@riooAoH3A DR anti body (like 1D09C3), an anti - BOTEP20831060464
osteocl ast differentiation factor |igand inhibitor
(l'i ke denosumab), a 30 BAFF antagonist (like AMG 623a)
or an agonist of a Toll-like receptor (e.g. TLR-4 or
TLR-9). 34 WO 2009/ 019312 PCT/ EP2008/ 060464 O her
drugs that may be used in conbination with the
aniMﬂlsDBmlidmnidgoﬂ(} -4043] leoalidosnidd, BN Dpd e RYIC AV Bk 23057,

nobi ceimib B ERepoRRo it & AT Eppitvnor Fo,

t OsRNHIB (Bs0 ArtinBwitbLHEsK it hntl VEDL £:a0hib (B ES idhMitor of cKit),
acetate, flutam de, nilutam de, bical utan de,

cyk@ﬁt@v@m&w@lss adehibiter of fili34nd &K Qe vatplasiér enflutinie lsetan
5 @ﬂ{b?t%%ﬁl@f'%gfco%@, B%Z%Eﬁ?%tﬁf 99810 aflibercgnt, E7080, CHIR-S8,

I OXyproges roxyprogestér

di ﬁrm&hﬁtmm@(mm an inh®%bost R Nandstaib, 0@131567632 OSI 930,
fl uoxynest erone/ equi val ents, octreotide, arzoxi

pabFFet; @0 ap aprligriod @GF&%W%P th%%sSt7e?3c§|2d§1ﬁO an inhibitor of
ang 2goBA§t 'ﬁ_’r 4%?@&53?2%&?15%?% E@?Qgtﬁ(a S0 an inhibitor of cMet),

ai nogl ut et ors
anXst6¢40z@lse an lidtibior @if & GFROadd Eph&k)l X[- 8@106{&11\9«3 Hlanfkubltor of

10 (oD ReH 0 SRt of thibrBl P a6 et [ P1L-209,

ceRR-S84602, EBLIQDE, ld6v1tiﬂﬁb3*cf&&bhoj\1401t£ﬂd%ﬁmi boe.
antimetabolites (e.g. antifolates |ike methotrexate,

trimetrexate, perret rexed, pyrim d| ne anal ogues |ike

oL BIRHLEP g AP Y PP RBRRSAR WMbion. it may

gepeh bkl AvlecR ¥ EGER &ilibild? oads ARG IHTFReaR EY S5k ey 86 anti-
mer capt opuri ne, thioguani ne, azathioprine, cladribine

15 anEGB gp@ps, Wlth@y‘t lypEdione arefqeg@gpd:b |p|q@1turnurnab nimotuzumab,
?&{]@t{lﬁl% S) exaﬁ’ﬂ)ﬁ%< tfg%alﬁ%ie%hfgtﬁ(? (nqn‘tgbors are gefitinib, erlotinib

racyc |hes e doxorubicrn aunorubrcin

e paﬂ‘dlxbindbtﬁma ralséd e inhlibitor 0f therWEGHRY. i Ahother bk @opiy ¢diman EGFR
dactinonycin, plicanmycin, splicanmycin, actinmonmycin D,
mi MSWATOF évibe EMF f9%QR{ el dar ubi ci n, pi xant r one,
streptozocin, aphidicolin); 20 platinumderivatives
(e.g. cispl at | n, oxaliplatin, carboplatin, |obaplatin,

20 saFurdph #GHR and/ad HorR émhibﬁg)ragmfulsfo( eorgbinasirtma'nhl st amte CD37
senusti.ne, hl or et ham ne, or anbuci |

oSl gt o KT OS MRyt SarBaBr i otk g

hyﬁLO@W/Uﬁa«atmlb EBRR0SSELE AR Y 1332501 1A0AS 1 5 URABAKG,
carnustine and lonustine, thiotepa); antimtotic

agBMS69®.14, INd- 833D kA IF-A88 [dlsccanvinhibitase§ VEGFR), AZD-8931,

R AR AR eSS PUES LA Rl B R ABE . e

25
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

30  domain of the IGF1-R (e.g. OSI-906 or BMS-554417, XL-228, BMS-754807).

Other agents that may be advantageously combined in a therapy with the
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their formul ations, |arotaxel; sinotaxel, and
epot hil ones |i ke ixabepilone, patupilone, ZK-EPO;

W@ opolssner ase i nhibitors (e.g. epi podophyl | ot BXI/EB2008/060464

10

15

20

25

30

i ke etoposide and etopophos, teniposide, ansacrine,
topotecan, irinotecan, banoxantrone, canptothecin)
and m scel | aneous chenot herapeutics such as retinoic
30 acid derivatives, am fostine, anagrelide,
interferon al pha, interferon beta, interferon ganmns,
i nadr C&}Riantiquypn@lcaﬂb aﬁthnénvenvltiqeawyhcﬂydﬂasztiarwting CD20,

ot W B  RET WBRin PRboden ECSENFIG: hyT SRSk dirsliumas

mﬂ%ﬂl M1 ROE/ ER2QAGEA6046% XrhAbBBHY,| FRE@mumab,

t hi ophosphor am de, hexanet hyl el am ne and enzymnes

L - eeljsdabbgled 4320 antippdicnliketosiempmelh and dargnemab tiuxetan or

o R0 380 SSBIATHLUL RS g HOT 25605
SRéélﬁﬁumﬁb,(IOUlle de, 5-bronodeozyuri dine,

5-i1 ododeoxyuri di ne, 5 bronbdeoxycyti di ne,
erythrohydroxynonyl adeni ne, ant hracenedi one, GRN- 163L

SDg:(-B? gaﬁt?gc;d&) }pﬂ)é)m&é@d &/ﬁﬂ%lﬁﬁforégf ?ﬁ%%ée antigens

AR “agoni st t al abost at
i néripbessat 9n lehbmcgmlﬂs1nr1&1rt@<aﬂd?l‘dﬁt1basthemttannbod3ahlaﬁcmoEpule$ a

| ubl e, et TNF, .f
Zﬁag;\%ﬂ%ﬁﬁ?g (5 Z%Ip%ﬁ aa%ﬂe@sg g9 lwﬁ%ﬁ e @%@M%
HUmD a1 3Re e ceda) o, )2%7%%45457@3‘ a{%!'ll@d?z deg 't&'uhﬁf)) aantl-@:b23
VNP-40101M (a DNA al kyl ati ng agent) PC- 2

an(lumdncsmalb)carzl-Cmmﬂfmnymmekaatldiﬂ)%@B (MGb‘chl) antl-CD38

en atory, ..
vop TP EARRRReY St e i CB53 (BB bk misgRs0
i n@aﬁkﬁﬁlﬂb} At i dy | 6@th%fihve?q/cl§ﬁ It Lalsol BRMoRibi¥d)with another
plitidepsin (a nmulti-actioned depsipeptide), SL-11047

( aCPaV pateerast, east BBEHYOm nodul ators). 15 In certain

enbodi nents, the anti-CD37 anti body nolecule is

applied together with "CHOP" (a conbination of

c yotiep hgsphtarticcbe mbitexiorittbC DB M antibatiddsi a3¢ inm@urstdxins like BL-22

pr edm sone 20 The ant| - CD37_ anti body nol ecul e of the
P HaimmrReio ). iRt uneb ezestmisHy (2B AN PR otibpdy-

t h@aﬁﬁﬁéaﬁﬁqci 'nH&laf%? MU A (an J"’(Fjlb% R?cﬁ Rkin RNGAAH! SEN- 35 (an

t herapy, bi ol ogi'c response lers, ypert herma an
c r yot-6BBapyristatn Egenjugate) andtgbmmzanmb anqgaadmer(stEantl-CD33

©C bt oo T R L T hT BT e Fofiplbellod

Pha{t%me@ (ikd P YREAZRPALRONNICIIES tR)iln¥RBioconjugate).

In addition, anti-CD37 antibodies may be combined with immunomodulators,
agents, ¢.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-655; an anti-HLA-DR antibody (like 1D09C3), an
anti-CD74, an osteoclast differentiation factor ligand inhibitor (like denosumab), a
BAFF antagonist (like AMG-623a) or an agonist of a Toll-like receptor

(e.g. TLR-4 or TLR-9).
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25 Npe6, tin etioporphyrin, pheoboride-a
bact eri ochl or ophyl | -a, napht hal ocyani nes,
w@kibalwseyani nes, zi nc phthal ocyani nes. Monocl BCHEP2008/060464
ant i bodi es show exqui site antigen specificity and
frequently only react wth the human target antigen,
but not wi th honol ogue proteins from animal 30
speci es. To support devel opnent of therapeutic
anti bodi es, appropriate animl nodels for assessnent
of Other diuge thap mayibeyisechish qolrebimrtioo dyithetire enthr&H237i 2ot ibade

C TRALRS or (PR peB e hyintioh e o st b Rt oofimones,

POI4r&RA00Ha 06046 d RNdegRALSc lpata@Rki R ttb@aiHfchS, raloxifene,
repl aced by its human honol ogue ("knock-out/ knock-in
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byme@msppmgwﬁgn@ htydurogyzpmg@tetem Siprosid, @ibtlﬁ:}ﬂmlmsﬁ‘él t he
codi ng genom ¢ 5 sequence of the human CD37. gene
fl t&ﬁq@@arqyy pmmortanteaﬁ]élpéxr@%ﬁt%re%ﬁd%%\@éentsmpgeottdﬁr yeerifrge,

ve Js%%t% %ﬁe&ﬁf‘édacﬁg’ﬁocﬁﬁ%‘ak@ﬂ)‘?&ﬁ laﬁt%%ormz dn% gsing

Transgeni ¢ ani na gous For
h udm;ranﬁﬂﬁ?or&x pineglatetnmeds, dmmwsssdmhdntasss(e%s andstrezole, letrozole,

1o P BGodynam ¢ elfect.of anty bod go diocted palrt
{ %%@gé‘éhrﬁa&%lté SeuptdIREE, %Pélixc adttRR01ed1BRin, histrelin,

odi es Al'ternatively, tfhose m'ce can be used
t otrlpmrelslt)l, gatreetmlmm(ﬁal arttdsatss dikf exthotskate hinmotreSne,7
pecific Anot her

oSSt fyPnding SoaSal it adhogRRaf Ay Rheo Y

Ccr @plcitdatt Hyditapinef ndimasiat, Madacyt@iihd, AAE k@S citsbitd) Burine and
generation of a so-called surrogate ant I body.

A
15 surdesgeineanpgued aych apmqreapsepusing; thisgyaning. epethieadng cladribine

W' Iltﬂi e}{aetﬂ?ospa?lggé?ggfgg%?,m@o%%bﬂl Elo fl‘tﬁﬂ%)n%kuﬁg@&c én%ﬁno%l ch

evan |hves

ph@rgmﬁm@ac@alme@ likadok@xibicin, dﬁlﬁﬁ)@lﬂﬁclneq@rubIdHEaﬂﬂ)ldsmbﬁﬁn
the cy nonolg}s nonkey. I n case of CD37, nonocl ona
antitBBRFBsC oo resiie AssisamRing Aligimy Cép siliqapy g pctimomycin D,

PUEtGHE m P TBYT Cin, plx@ L iY&Ekdzob A i 1
such a surr Onglatxea ant]ag% nhg X| g@ﬁ%\/ @ltl'le0| ar Qé)ﬂl 0 g’
20 anpla@furh dogtdtes(c. g)rccsptaltm; esliphtinherbel«in prbeplktin, satraplatin);
'bod Thi s can be investigated b use
by PGy pe i MG S AR B B HORGged opphalan.
exél{l&%ﬁibﬂgﬂ Ocﬁllsdn%ha%ﬁ daé%%&%ﬁl&&osﬁlaﬁndé Pfostabiigi ng,
FACS Scatchard analysi s, apoptosi s assays.
ul hydmmr@a,, tqrmommdggmr@soamas B@dﬁ;ﬂso‘amltse_ns ehdlonogting
\r/r:){]jliogee &éltn}si}?%v %g!?%s (edge Q,m%ta aﬂcgclloalgs fiRd \til}{bllag][in%,a\%% é’ls?ne?r
25  vinorelbine, vinflunine and vincristine; and taxanes like paclitaxel, docetaxel and
their formulations, larotaxel; simotaxel, and epothilones like ixabepilone,
patupilone, ZK-EPO); topoisomerase inhibitors (e.g. epipodophyllotoxins like
ctoposide and etopophos, teniposide, amsacrine, topotecan, irinotecan,
banoxantrone, camptothecin) and miscellaneous chemotherapeutics such as retinoic
30 acid derivatives, amifostine, anagrelide, interferon alpha, interferon beta, interferon

gamma, interleukin-2, procarbazine, N-methylhydrazine, mitotane, and porfimer,

bexarotene, celecoxib, ethylenemine/methyl-melamine, thriethyienemelamine,
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25 Brief Description of the Figures: Fig. 1: Chineric
Anti body AO specifically recognizes the CD37 anti gen,
waleqoeom3ned by FACS conpetition assay 30 Fig. PCT/EP2008/060464

Bi ndi ng of humani zed versions of AOto cellular CD37

antigen, determned by FACS Fig. 3: Binding of

humani zed versions of AOto cellular CD37 antigen, 37

WO 2009/ 019312 PCT/ EP2008/ 060464 determ ned by FACS

Fig. 4. Affinity of humani zed versions of AOto

C etriethyzlme(’tji)'gﬁhmh@rgmﬁde h@anmthﬁlmehnblye, raCegwzEschar d
Si s .Fi : hunmani d ver si ons
5 Ptk A 2a0 oo USBRRERN ¢ et vity
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RakB1dé) $1%42y3|35 gicotgamipeO-aeniodpeayusfinEcS-gdgiersepadine,

5 E?%f%é%%‘%?& e RS S Beten. Bpiognedigpe. GRN-1631L

Pr @- copgietiotd Rloatdrasél tbmpkafe d?ﬁag@ﬁg't)nSEKeIDIV(arEHm Sgcﬁlﬁst)
etion of normal huma

mb AO 10 Fi
cotalabostaf & Q@%m@lbme foradisiy (bNPHEDBHAD MEGHERT (3 Soluble

T, (et F B PR TS RSN BL G s
af nmtraﬁmng laleme @iribng, Hnmire pRgraichd) nXLeS4FR| (b CHKBED iHiiljitor),
11 C t [ d B2 d lete . T : :

10 ron SR ADL G Al 8 G5t oS DG sz Shpg ingpiton.
A%t@c%x‘ u Hle ﬁﬁfb@tﬁr)l:gnz%ﬂguﬂﬁ?@arplﬂg b%ﬁrfﬁ@dﬁé:{oﬁ) Ovorlmstat (an
Ri tuxi mab Fig. Depl eti on of Ranpbs Burk

| yhpHderimhdators rcpmldapsm tine BAGDighihitorly AThi01 (a Bcl 2/Bcl xL
Fc- [ - tib A2 .and .B2 ' t
S R A T T R TS T

Raﬁeﬁlbaggﬁ@g{@matdrwors in nude 20 mce by
Fc- engi neered anti bodies A2 and B2 Fig. 15: Expression

15of CD37 on nultiple nyeloma cells Fig. 16: ADCC

‘]f | Vlrtta?il e%bo?ﬁ}%é ? ghe:%gg%gt%?%ngg ody %Ml{; ?sl ﬁ)lpn%(? d)%%er with
A2“@H@PBZa comipiahticdnd Fagelophephamide, doxorubicin, vincristine and

prednisone).

20  The anti-CD37 antibody molecule of the invention may also be used in
combination with other therapies including surgery, radiotherapy, endocrine
therapy, biologic response modifiers, 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  Npeb6, tin etioporphyrin, pheoboride-a bacteriochlorophyll-a, 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 vivo model is a transgenic mouse in which the
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CLL cells 25 Exanple 1 Generation of chineric and
humani zed anti-CD37 anti bodies a) Ceneration of

W@ kiopetdse2 ant i body AO 30 Based on the vari abl ePCIEER2008/060464

10| A

15

20

25

30

and |ight chain am no acid sequences shown in SEQ ID
NO 2 and SEQ ID NO 4, the correspondi ng DNA sequences
are synthesized appl yi ng codon usage optim zed for
manmal i an cells (GeneArt, 38 WD 2009/019312

PCT/ EP2008/ 060464 Regensburg, Germany), adding at the
5' ereim@elabulslitargd:tl antigendis aicpladed b3'itsdwmichaa hBeoldgue ¢ kmichg»ut/

F ik S Banp PR T PR oA SReRos Hidghgios.
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pl asm ds are co-transfected into HEK293 freestyle
c el TagsgenipAnimaly étﬁyloarg%\ls Sk P berEessipnpgn Pe gped to assess

e :

o TaphBpRROLh AL Ot Buh IS SURRY bElind LBRGRRTANT. cin. by

| gBooiberosnthe atlmber ofspedphfsalrﬁ nelth dfter BhlSAtionTbiethe antibodies
Itin}g EII’TEFIC& 7. anti bod (dﬁf] nat (il)

BE‘FWF Ay t %eamﬁ%a% CH O YPH 18RI RAsFnY tog eCtS

FE@&IBM@D@)’ s%&llsﬁ’ct zﬁﬁhbbﬂfe@ aRefil. ra@?ﬁca@k%f er then

dialyzed in Generation of humani zed versi ons
of chimeric anti body AO 15 Hurranl zation of chimeric
f.or med

as_.obt ain
o Ao PP Bb AN BE cu @laon 5N HoR eddE 8P o Babiabiuona
USafiibed s &4Be gbfRrfiod®daddloalled SurRsplafttintisbdya AS§urtbhtdratibody
nodel of the rrAb AO VL domain, a structural tenplate

i sis2g astibedyrivhich reactsevify Ge dpmogoss Bakin eﬁ@mm@lﬂl species
B
r&ﬂlﬁﬂ%’ & NRE 4 ANRLS é‘# 1§\I?eb§%%mn Hﬂﬁa&ﬁakg

muri ne rmnocl on | S C osen
VVI éﬂfeo&S%gs&ﬂume ot dﬁn:tyhérylol’guﬁﬂno‘i}fkéy i ke |olfycmr7dn12>n5cléhal
resol ution. mai n, the sanme nou
m%&OQW&PTGWP]BB%WEFP @rEft me@ﬁwfwssaca\ml@ DG gpr mouse by,

S€ Qﬁ&ﬁ@elp‘i&&ﬁliy,teér%ﬁ gggﬁéga{% $htBddshdd hivERRHENbiATinE ARd

mai N nodel i ng
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 macaque or mouse blood in vitro.

Brief Description of the Figures:

Fig. 1: Chimeric Antibody A0 specifically recognizes the CD37 antigen,
determined by FACS competition assay

Fig. 2: Binding of humanized versions of A0 to cellular CD37 antigen,
determined by FACS

Fig. 3: Binding of humanized versions of A0 to cellular CD37 antigen,
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25 The best fit for human consensus framework is found
to be of the type human Vkappal (hVK1l) and human VH1
W@ b0gbI0)931As an alternative design, a graft to PCIHEP200%060464
st abl e human consensus donmai ns hVK3 and hVH3 is
chosen. For grafting, the mAb AO VL and mAb AO VH
nodel s are conbi ned with human consensus donmai n nodel s
hVK1, hVK3, hVHLA and hVH3 and conbi ned to produce to
30 Fv-nodels. Loop grafting is performed by enbeddi ng
the nuri neARIMPLFPRCY egions into the human anti body

”I’i‘&eﬁ\mk%fﬁﬂﬂ bR RurkNy &ﬁb&h A 1o QAP ETRT 06 .
chai'n construc S are synt eS|ze .39 WO 2009/ 0193

PCT/ EP2008lc@60#416d by FAeCS sspdbatd anelysismani zed varlable

regi o r nt hesi zed and ¢l oned
| hiinSgl o PR st P ORE T 94 DR RpERR S
5 exprgeésed pr&abmothﬂ@t&% of hiBES LN ForS N SS80 B RAMDE A
(Invitrogen), as described in a), in the conbinations

of Fg. he aV)AIAGG aciigghyt OHPamgl@@npdefwe@nsazf neiovid dnrRarads eslls

1, ~.an

sohfoficbs R0 BN Rer SRR orfRhBodm Ropos cis

chiigegi ¢ Pslapopreid ety b® noxs Ao GRBBoant i bodi es used
in_the Exanples. Heavy Chain Light Chain Antibody SEQ

| ﬁ 1”01 0:SEBre-reRtetic AVNAT Berensincoed xapipns agmAbiAGeq
10 B 5500 400 gy 1 D000 0
20/ 19 J Feeninéersd@gn@ides AKaseR2 10¢Empeold & Rifuximab
of Pitc] bRy aeiadD el RS ireaty KL G et s or epgncctn i
anti bodi €Romparison to Rituximab
Fig. 11 C: Antibodies A2 and B2 do not deplete T cells and monocytes in
15 whole blood assays
Fig. 12:  Superior ADCC activity after Fc-engineering compared to Rituximab
Fig. 13:  Depletion of Ramos Burkitt’s lymphoma cells in a whole blood assay
by Fc-engineered antibodies A2 and B2 in comparison to Rituximab
Fig. 14:  In vivo tumor growth inhibition of Ramos xenograft tumors in nude
20 mice by Fc-engineered antibodies A2 and B2
Fig. 15:  Expression of CD37 on multiple myeloma cells
Fig. 16:  ADCC activity of antibodies A2 and B2 on multiple myeloma cells
Fig. 17:  Pro-apoptotic activity of antibodies A2 and B2 on patient-derived
CLL cells
25
Example 1
Generation of chimeric and humanized anti-CD37 antibodies

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

synthesized applying codon usage optimized for mammalian cells (GeneArt,
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15 The generation of Fc mutants is perfornmed as

descri bed by Lazar et al., 2006. The resulting
wao-eooemgidnzer ed heavy chai n sequence i s i ntroduRPEHEP20D$/060464

the expression vector pAD-CW1 (described in EP 393

438) and co-transfected together wwth a plasmd

containing the light chain encoding sequence into

CHO D&A4 cells. The 20 antibody is harvested from cel

culture nedia 5 to 7 days after transfection and

P uRisgdneldJrgj @epraoy piadding ehthe riétemga &pidl]1 aedat the 3’ noda BamH 1

t t t PBS. Th i
C otbRE it TR SvABE T BNE R letles e dier 6 pliiafNpand
H n u
K Pl D (e IRGN DNPORL G SEPIDINT, 124 BEQ ID NO:3 plus

20091319 $ifes POT/cEPRd 08P PsDMES. | Passh %gressmﬂevw@ pading for
5 CoRFALIED PR B3l hue) SLTEA A EoRB gl

C Oﬂsﬁﬁeﬂ‘llvéﬁl (SEQI? NDaldl d B EF) HeNEDer En@éFrB@@Mym&nﬁeparatlons
&&% vari abl e chai ns écolunns Il and 1V) and
B SroRreRATehN e feapyeddighhehaierlarmaid am-tzwfected

Iagfélnt %?99 [Pltehgg c%@ ogﬁ@ﬂb%&g dya, @ce&@glolnﬁ@_llgﬁg/% 611‘)56.ach
Fupllasﬂlfelrugtdwdﬂgqu eltmwpbér matopoh adtel 7ghours tiad supermatnt is

d V and VI |
10y fay o e 120 &9@?ﬂtfaa109ﬂ%gfftér@ln BUERR 'e%@% B
N%m%%né‘ Qﬁitl-%:f)ﬁvﬂnltlgo&ﬁ’ RRsiISRANERDER)putifidd ohavo (Qﬁ@d“protem A

nodi fied to have the ™ substitution(s) corresponding to
cobtalumn (GE Heatthedre), elasgdantoi avatrata tbaticothés Jlialyred ePBS.
coding DNA). | 11 11l IVVVI SEQIDSEQID SEQID

SEQ IDNO NO Ab Fc substitution(s) NO NO conplete

C OpPG & efation M@ ank 6P @ErkidEY o cHidaMy aIYtll{dd?mO heavy
l'ight chain chain chain chain aa/ DNA aa/ DNA aa/ DNA

15 aa/DNA 2/1 fused 4/3 to 24/23 fused to AO - seq 2/1
S’eﬁué{at%zgt%nzclﬁF 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 is

20  chosen from the Protein Data Bank (PDB) of Brookhaven National Laboratory.
The VL domain from the murine monoclonal antibody entry "1KB5" 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 template.

25  The best fit for human consensus framework is found to be of the type human
Vkappal (hVK1) and human VH1 (hVH1). 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 AO0_VH models are combined with human consensus
domain models hVK1, hVK3, hVH1A 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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2/1 fused 4/3 to fused to Al 1332E seq 2/1 seq 4/3
24* 1 23* 26/25 A2 52390/ | 332E seq 2/1 seq 4/3 28/ 27

WQ@0929193227 1 fused 4/3 to fused to A3 | 332E GZBEHEB®G8/060464

5

10

15

20

2/'1 seq 4/3 24*/23* 26/ 25 A4 5239D/ | 332E/ R36A 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 Bl 1332E seq 6/5 seq 12/ 11 24*/23* 26/ 25
B2 5239D/ |1 332E seq 6/5 seq 12/11 36/35 38/ 37 6/5 fused
12/11 to fused to B3 |I332E/ &36A seq 6/5 seq 12/11

24* ] 23* 26/ 2 41 2009/ 019312 PCT/ EP2008/,060464 |

1t ?TGSPW%\VF m 6’%@%&% rF%ion%‘*éésY‘Bﬁ%%%ﬁ%laBd ﬁ%ﬂe&@w
AbinfrguSsiisullih Wk hrRENiSH v&kdrs bk trERyiant B teproraligtie HEKRDOB
nunbering) v heavy v |ight heavy k%%ht. chain chain

c hEipastdh axmessinay ONAMAANINAS G/ DNascaiRe OB the combinations of

PS8R S A0 8 AR L RS

26¢3bmne/ 5 fused 14/ 13

Table 1

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

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
B seq 6/5 seq 12/11
C seq 6/5 seq 14/13
D seq 6/5 seq 16/15
H seq 8/7 seq 18/17
1 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
M seq 10/9 seq 22/21

¢) Generation of Fc-engineered chimeric and humanized anti-CD37 antibodies

The generation of Fc mutants is performed as described by Lazar et al., 2006. The
resulting Fc-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
antibody is harvested from cell culture media 5 to 7 days after transfection and
purified via protein A chromatography, eluted into a citrate buffer then dialyzed in
PBS. The protein content of the samples is determined via Protein A HPLC, the

endotoxin content is determined via Kinetic-QCL Kinetic Chromogenic Assay

40



WG m9R1Y31B 24*/23* 26/25 6/5 fused 14/13

5

10

to fused to C
6/5 fused 14/ 13

| 332E seq 6/5 seq 14/13 24*/23* 26/ 25
to fused to C2 52390/ | 332E seq 6/5
t 0 PUBEPR0DY060464
C3 1332E/ Q36A seq 6/5 seq 14/13 24*/23* 26/25 6/5
fused 14/13 to fused to C4 52390/ |1 332E/ Q36A seq 6/5
seq 14/13 24*/23* 26/25 6/5 fused 16/15 to 24/23
fused to DO - seq 6/5 seq 16/15 26/25 6/5 fused 16/ 15
to fused to D 1332E seq 6/5 seq 16/ 15 24*/23* 26/ 25

6/ @Jnsa@e@*héﬁfogémelt ébnftéﬁ% @fﬂthfe@a@glézs’ﬂ&%&&%t%o fPI S%G:‘tag

seq /1558%@8&2 425 6/5 fused 16/ 15
URipng) sstng %/alfgo@ﬂ@f?ﬁme%?f%
fused 16/15 to fused to D4 52390/ 1 332E/ Q36A seq 6/5
bé6?15 24/ *23* 26/ 25 8/7 fused 18/ 17 to 24/23
- seq 8/7 seq 18/17 26/25 8/7 fused 18/17
t oSéqms&czbstotﬁ hedvyla®8 2ighteqgiablechemg (dBvirhias BhanPBF) 426/F25

mutations (coulum II) of the chimeric and humanized anti-CD37 antibodies
(antibody A0, B0, CO etc. is identical with antibody A and B, C etc. in Table 1).

Full-length sequences of heavy and light chains are listed in colums V and VI.
(The sequences in column V marked with * refer to the IgG1 sequence of

SEQ ID NOs 24 and 23 (wild-type sequences) that have been modified to have the
substitution(s) corresponding to column II, and the respective mutation(s) in the
coding DNA).

I 1 I v M V1
SEQID | SEQID
SEQ ID SEQ ID NO: NO:
Ab Fc substitution(s) NO: NO: complete |complete
(Kabat numbering) v heavy v light heavy light
chain chain chain chain
aa/DNA aa/DNA aa/DNA | aa/DNA
2/1 fused 4/3
to 24/23 | fused to
A0 - seq 2/1 seq 4/3 26/25
2/1 fused 4/3
to fused to
Al 1332E seq 2/1 seq 4/3 24%/23% 26/25
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
A4 | S239D/I332E/G236A seq 2/1 seq 4/3 32/31 34/33
6/5 fused | 12/11
to 24/23 | fused to
B0 - seq 6/5 seq 12/11 26/25
6/5 fused | 12/11
to fused to
Bl 1332E seq 6/5 seq 12/11 | 24%*/23* 26/25
B2 S239D/1332E 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%*/23* 26/25
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42 WO 2009/ 019312 PCT/ EP2008/ 060464 |

v

SEQ ID SEQID SEQID SEQ ID N0 NO Ab Fc

WG 9019312 i on( s)
nunbering) v heavy v |ight heavy I|ight

chain chain aa/ DNA aa/ DNA aa/ DNA aa/ DNA 8/ 7 fused

NO

V Vi

NG conpl ete conpl et e ( KaREE/EP2008/060464
chain chain

18/ 17 to fused to H2 5239D/1332E seq 8/7 seq 18/ 17
24*[23* 26/25 8/7 fused 18/17 to fused to H3
| 332E/ RR36A seq 8/ 7 seq 18/17 24*/23* 26/25 8/ 7 fused
18/ 17| to fusad to HA4| 5239y | 332E/ R36A squ8/7 sedv]
1817 724*1 2326125 8/ fused 20/ 19 [04 geg
-0 - seq 8/7 seq 20/ 19 iSD8/ 70§ i%ﬂy %?\%?D
fuysed |t 1 332E.seq seq
8/|7ab Us (§ gb‘?si W) ubed YO g C% plete
sgq 20/ ghayupabering) o Wlﬁ%se tohqa"ié
| -|3 1 332E/ G236A seq 8/ 7 séHaino/ 1j9 23 83+ 2¢ans 8/ Wham
fused [20/19 to fused {oaa/DNA aa/DNA | aa/DNA | aa/DNA
B4 | S239D/1332E/G236A seq 6/5 seq 12/11 40/39 42/41
6/5 fused | 14/13
to 24/23 | fused to
C0 - seq 6/5 seq 14/13 26/25
6/5 fused | 14/13
to fused to
Cl 1332E seq 6/5 seq 14/13 | 24%/23* | 26/25
6/5 fused | 14/13
to fused to
C2 S239D/1332E seq 6/5 | seq 14/13 | 24%/23% | 26/25
6/5 fused | 14/13
to fused to
C3 1332E/G236A seq 6/5 seq 14/13 | 24%/23* | 26/25
6/5 fused | 14/13
to fused to
C4 | S239D/1332E/G236A seq 6/5 seq 14/13 | 24%/23*% | 26/25
6/5 fused | 16/15
to 24/23 | fused to
DO - seq 6/5 seq 16/15 26/25
6/5 fused | 16/15
to fused to
DI 1332E seq 6/5 seq 16/15 | 24%/23* | 26/25
6/5 fused | 16/15
to fused to
D2 S239D/1332E seq 6/5 seq 16/15 | 24%/23* | 26/25
6/5 fused | 16/15
to fused to
D3 1332E/G236A seq 6/5 seq 16/15 | 24/%23* | 26/25
6/5 fused | 16/15
to fused to
D4 | S239D/I332E/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
to fused to
HI 1332E seq 8/7 seq 18/17 | 24%/23* | 26/25
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WQ200901961 25 8/ 7 fused 22/ 21

-4 52390/ |1 332E/ Q236A seq 8/ 7 seq 20/19 24*/23* 26/ 25

8/7 fused 22/21 to 24/23 fused to JO - seq 8/7 seq

to fused to Jl PGBRE08$0p0464
8/ 7 seq 22/ 21 24*/23* 26/25 8/ 7 fused 22/21 to fused

to J2 5239D/1332E seq 8/ 7 seq 22/ 21 24*]23* 26/25 8/7
fused 22/21 to fused to J3 |332E/ R36A seq 8/7 seq

22/ 21 24*/23* 26/25 8/7 fused 22/21 to fused to J4
52390/ | 332E/ Q236A seq 8/ 7 seq 22/ 21 24*/23* 26/25 43
W) 2009/ 01931231 PCT/ EP2008/ @q0464 | IV' I 1YV VI SHQ
| D-SEQ D —SEQ 1D SEQ 1D NO NOT Ab FC
substijtution(s) NO NO St tﬂgt g ? Igt S];%ID
nynber|i ng) v, h ay gﬁi{%. avy %Dé% halnlch in 1
et chdf gubsa@ 0 ] DB T 1P sgmplete
18/ 17 aypanteREgh { o v VY squi@}Eﬂ)NA eqhopEy 17 light
26/ 25 10/ 9 fused 18/ 17| té&hfised t shaig ||33dRiLeq XbPiY
sdq 18/ 17 24*/23* 26/ 2% BeONAusedaiBNA7 | aa/DNA | aa/DNA
8/7 fused | 18/17
to fused to
H2 S239D/1332E seq 8/7 seq 18/17 | 24%/23* 26/25
8/7 fused | 18/17
to fused to
H3 1332E/G236A seq 8/7 seq 18/17 | 24%*/23* 26/25
8/7 fused | 18/17
to fused to
H4 | S239D/1332E/G236A seq 8/7 seq 18/17 | 24%/23* 26/25
8/7 fused | 20/19
to 24/23 | fused to
1-0 - seq 8/7 seq 20/19 26/25
8/7 fused | 20/19
to fused to
I-1 1332E seq 8/7 seq 20/19 | 24%/23* | 26/25
8/7 fused | 20/19
to fused to
1-2 S239D/1332E seq 8/7 seq 20/19 | 24%*/23* 26/25
8/7 fused | 20/19
to fused to
I-3 1332E/G236A seq 8/7 seq 20/19 | 24%*/23* 26/25
8/7 fused | 20/19
to fused to
I-4 | S239D/1332E/G236A seq 8/7 seq 20/19 | 24%*/23* 26/25
8/7 fused | 22/21
to 24/23 | fused to
JO - seq 8/7 seq 22/21 26/25
8/7 fused | 22/21
to fused to
I 1332E seq 8/7 seq 22/21 | 24%/23* 26/25
8/7 fused | 22/21
to fused to
2 S239D/1332E seq 8/7 seq 22/21 | 24%/23* 26/25
8/7 fused | 22/21
to fused to
I3 1332E/G236A seq 8/7 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 | 24%/23* 26/25
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to fused to

26/ 25 10/9 fused 18/ 17

fused to
24* [ 23*

to fused to

to 24/ 23 fused to

to f

K2 5239D/ | 332E seq 10/9 seq 18/17 24*/23*

K3 1 332E/ Q36A

WG WIN0iB3® seq 18/ 17 24*/23* 26/ 25 10/ 9 fused 1BCIWEP2008060464
K4 5239D/ | 332E/ R36A seq 10/9 seq 18/ 17

26/ 25 10/ 9 fused 20/19

seq 10/9 seq 20/ 19 26/25 10/9 fused 20/19

LO
used

to L1 1332E seq 10/9 seq 20/19 24*/23* 26/ 25 10/9
fused 20/19 to fused to L2 52390/ 1332E seq 10/9 seq
20/ 19 |24*/ 23* 126/ 25 10/9 fyged 20/ 19y to fus&d tq WI
| I32EG236A sEq 1079 5S¢ 20/19 4 /45“ p S
fused 20/ 19 tg fused tq E/G§ (P?%ﬁD
1019 geq,20{19, 24" 26 % :
g l t mplet
24/ BB |f 2%;@ “uK¥¥S seq 1019 se 1 46¥§@’i6/§0.pee
f ysed at qunberiagh { o VlRﬂaVYSSZEV t1q/ 9hﬁ‘§¥¥4 22/ eht
24*/23* 26/ 25 10/ 9 fused 2hpip1 chaided |t ochayp | chain
5239D/|I 332E seq 10/ 9 seqa2BPA 24*a/amAze/ 28DNA | aa/DNA
10/9 fused | 18/17
to 24/23 | fused to
KO0 - seq 10/9 seq 18/17 26/25
10/9 fused | 18/17
to fused to
K1 1332E seq 10/9 seq 18/17 | 24%/23* | 26/25
10/9 fused | 18/17
to fused to
K2 S239D/1332E seq 10/9 seq 18/17 | 24%/23* 26/25
10/9 fused | 18/17
to fused to
K3 1332E/G236A seq 10/9 seq 18/17 | 24%*/23* 26/25
10/9 fused | 18/17
to fused to
K4 | S239D/1332E/G236A seq 10/9 seq 18/17 | 24%*/23* 26/25
10/9 fused | 20/19
to 24/23 | fused to
L0 - seq 10/9 seq 20/19 26/25
10/9 fused | 20/19
to fused to
L1 1332E seq 10/9 seq 20/19 | 24%/23* | 26/25
10/9 fused | 20/19
to fused to
L2 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 seq 20/19 | 24%*/23* 26/25
10/9 fused | 22/21
to 24/23 | fused to
MO - seq 10/9 seq 22/21 26/25
10/9 fused | 22/21
to fused to
M1 1332E 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 | 24%/23* 26/25

44




44 WD 2009/ 019312 PCT/ EP2008/ 060464 | I 111 IV V VI
SEQ ID SEQID SEQ ID SEQ ID N0 NO Ab Fc

waawsiwur i on(s) NO NO conplete conpl et e ( KaR@r/EP2008/060464

5

10

15

20

nunbering) v heavy v |light heavy light chain chain
chain chain aa/DNA aa/ DNA aa/ DNA aa/ DNA 10/ 9 fused
22/ 21 to fused to M 1332E/ QR36A seq 10/9 seq 22/21
24*[23* 26/25 10/9 fused 22/21 to fused to M
52390/ 1332E/ QR36A seq 10/9 seq 22/21 24*/23* 26/ 25
Exanplie 2 Chineric mAb|AO speci fli calfhy regcogii zeg thd
CO37 4amtTgem 5 The spgcificity [of VA AQ¢ i
CDS?istestedinaFACS tifti él?sc SE ﬂ:)e SEQ‘&D

Bur ki t|t G%? ) s|( “#CRL- %%I} ‘ﬁa Igwinplete
grjomp |i n ture flasks (17 nR) {
1640 + éﬁ?ﬁ INRIORSEBS) efrent ]éed“’w t|h @g{z heavy light
hedat - i|nacti vat ed fetal |bo¥h#i@ ser urﬁhalllz. 5 nﬁhaIuIEPEZS,Chim
mMl sodi um pyruvat, 10 1%aMENVAon- egdaNAi 4l aebiNAo |26iRSA
ag cullture nedium Cells are culjti vated WO fusm | 22/21
initial density of 3x105 cells/ni at 37C|andtdb% (Q&sddto

a |hupi|di f iIgsbRGIBSRher ¢ st@rophriesezyst |Ther/g3d tluness
arle mgi ntai ned at a cell concentjrat i on befyeaN102/2]

ard 1./18x106 /m by subjcultivatijon in a ratig of |1s 8.4+,
comAl SERP LRt B e’ T8 2P TR Tygoas

(Santa Cruz) directly |abel ed W|th phycoerythrin (PE)
is used at a concentration of 1 gg/m . The anti body
is preincubated with the unl abell ed conpetitor

anEXﬂJ@Id?2AO for 10 mn at 4C at the i ndi cated nol ar

F orh RGN P N RebaP R TGP B

Ther eafter, cells are washed tw ce in phosphate

buf f ered sal i ne (PBS), resuspended in FACS buffer and
The specificity of MAb A0 for cellular CD37 is tested in a FACS competition
assay on Ramos Burkitt lymphoma cells (ATCC #CRL-1596). Cells are grown in
tissue culture flasks (175 cm?) using RPMI-1640 + GlutaMAX supplemented with
10% heat-inactivated fetal bovine serum, 12.5 mM HEPES, 1 mM sodium pyruvat,
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 analysis, the CD37-specific mAb HH1
(Santa Cruz) directly labeled with phycoerythrin (PE) is used at a concentration of
1 pug/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
measured on a BD FACS Canto. Results of such an assay are shown in Figure 1.
Addition of a control human IgG1 antibody (Sigma IgG1 kappa) at 20-fold molar
excess does not significantly reduce the mean fluorescence intensity (MFI) of

Ramos cells. Addition of either unlabelled HH1 antibody or AQ antibody at 20-fold
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20 neasured on a BD FACS Canto. Results of such an

assay are shown in Figure 1. Addition of a contro
wheeva193gG ant i body (Sigma |1gG kappa) at 20-POI/EP2008/060464

nol ar excess does not significantly reduce the nean

fluorescence intensity (MFlI) of Ranobs cells. Addition

of either unlabelled HHL anti body or AO anti body at

20-fold 45 WD 2009/ 019312 PCT/ EP2008/ 060464 nol ar

excess al nost conpletely abrogated binding of the

di mebir Ieycdsablaloedcaﬂhﬂletebfrﬂbirctgmbﬂ biffding of theideactéslablad HAD

and HH tib S I ni tical or s

ettt T RiraES claf AL B b A Bos R p g e o g or simitar

cedpitdlpad o RBrhoaid1is3aa crom\gaé MIﬁdla% B 8diung (2937 antigen.

humani zed ver si ons of AO to cellular CD37 antigen

Humani zed versions of AO are tested for their binding

to Lar CD37 antigen by FACS analysis. Antibodies
5arE%§@%g3 to Ranos cells at the indicated 10

C OBty @fthudiasizad &edloneveth AboA( i euliung (FIB7 a3figen N at
4C. Thereafter, bound antibody is detected with
PE- | abel | ed goat-anti-human 1gG anti body (Sigm),

co ‘ ‘ : .
A gL, SERESE NSRRI RS gt LRl Bl
onFACBRnEACS Aatitiodics Bxanjuleed so Ramos balarat the ikdigated 2 and

3 ant i bodi es

10 esisertariony an@@@%ﬁeégfp%%ﬂljng%fsf%@%%cj hiptor Sound'

hum%{y 4§t HRIEIANEh PE- 1861 A QVASINL h AhanisCUnRBod s??fﬂp)s 1l
cellsoag t he parent al antlgoéyll 0, |%ﬁ§cagﬂn8 fg e

humaniazhd toncadeisk PBSL andetharseftt avtls A resispereled ul BACSD® fer

D BT R ot B E RS R o e R RS Rin iy 2
hu U] ERANYESAOBSCOD. AR 1AQ I deshoRahadiBy: Ge Rible 1)

| and see Tabl e 1) to cel lular CD37 antigen is
15 de§@1€fﬁl & weﬂwnmesd Fetorn af A O0zhapandardindige ok apesgicells as

el r f
ai LS ARARGS S bRt b a! Glehor EhocTitne v
W dilulldd G anitilykh. N the flrst well (80 1), followed by

11 dilution steps (1:2, 40 + 40 1). 50 gl of mAb
dilutions are added to FACS tubes, 150 gl cells
(Opg glyml=1, 2x105 cel I s/tube) are added to each FACS
E . IIs are gently m xed and incubated for 1 h on
20 i cEACShenteladrd enalpds gf hirhahzedommjiagatf etlingecandbiAp
anti body (conc. 15 gg/m; nouse mAb anti-hu 1gG all 30
subcl asses, Zyned 05-4211) is added, m xed, and

i n‘PH@thﬁﬁgy P hud i T d v @ohCEE antibody A0 (designated B, C, D, H, I and K;
see Table 1) to cellular CD37 antigen is determined by FACS scatchard analysis as
described elsewhere (Brockhoff et al., 1994). Briefly, antibody dilutions are

25  prepared in a 96 well plate starting with 100-400 nM in the first well (80 ul),
followed by 11 dilution steps (1:2, 40 + 40 ul). 50 ul of mAb dilutions are added to
FACS tubes, 150 ul cells (0,8x106/ 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 IgG all

30  subclasses, Zymed 05-4211) is added, mixed, and incubated for 30 min on ice.

4 ml PBS ph7.2 containing 0.02% acid are added thereafter, cells are pelleted and
resuspended in 300 pl PBS pH 7.2 and subjected to FACS analysis using a BD
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4 m PBS ph7.2 containing 0.02% acid are added
thereafter, cells are pelleted and resuspended in 300

w@RkooPB®3pH 7. 2 and subjected to FACS anal ysi s BGI/RB2088/060464

10

15

20

25

30

BD 46 WO 2009/ 019312 PCT/ EP2008/ 060464 FACS Cant o.
Al'l experinental steps are perforned on wet ice, all
anti body dilutions are made in PBS/ 0,5%BSA + 0.02%
acid. FACS calibration is perfornmed using Quantum

FI TC MESF (Prem x) Hi gh Level Beads (Bangs
LabaESt@ante s%ll exfetimeg@ahpkpsaraperforszd wnedet usd, al antileody

T Qo By 2 RS W2 far b AL GffpRgpEh T formed
anﬁsubgng arﬁ@mqmtrMEsprapre h@d}@h%@@@&dawﬁfg@mﬁ&ﬁ%m) All

bl ot igure 4 shows the anti body concentration
r eseanlerspnragfcduyeg tic shumiidiGepprymetceni Be srioad bomkleG

r eé%%&ssfﬁeen,gw 1§‘| ﬁlg{ed k%tlolilrgf\/ﬁq Vtaﬁlgs @B‘?ﬁeﬁﬂntl {)8% cc?jl%gt?tratlons

ni ze versions as

W &t dish1swdcis 3tdtetard bIos tFagirs 4(skohys ﬂﬁﬂ@FHgnﬁb(Qi’yl c%n&é&ltﬁaﬁon
4.90 nangonol es/liter. 10 Exanple 5 ADCC activity of
hubek RSP 9B P Enh Sumpnigebvas inveiA0- (g r%@tsrﬁwaﬁml @af Hinding

of

;IR EREol i, 8P Bz R BREL e Sarmy sl ipbly. i
c ellibsaviatiioatcenktays (€0 xdngirteyfr¢rARAGC) t0|4s9(h1meﬁm&d/ht¢rs| ng
Ranos cells as target cells and IL2-stinulated human
PBMCs as effector cells. Ranpbs cells (Burkitt's

I ygpﬁﬁ)lg[@g ATCC #CRL- 1596) were purchased from ATCC.
Cells are grown in tissue culture flasks (175 cn®)
usAPE (RENIvity &4 bumani@divadmds sitpp ckimenicedAnAOh 10%
heat -i nactivated fetal bovine serum 12.5 MM 20 HEPES,
1mM sodi um pyruvat, 1% MEM non-essential am no acids

asTRAAB ki £ B AhTY vGRiohS 0RAE (EdkidnbreatBE @, W, tH) JaR; see Table 1)
initial ens%é of 3x105 cells/m at 37C and 5% co2

i ntoamedipte @nfibasty @pmh@qlbmﬁ@lﬂteﬂw@éom%@ﬁ%) is assessed
ool LR G AR 058 8 2PN RERGTRE BAMGTs sfegor

r atdle. Rimosledbls \@Blutkitt’s d?}&hplmﬂﬂlat, LNIGCGTédRILm %ﬁwbtd’fﬁﬁclﬁtsed from
vveek An al i quot of the cell cul

AdCGy Cslls gisemon Hktﬂ?e? Ryltug ﬂa%éﬂ-‘o@n?)msma %Pl\élré%%
o Ik 0]
n%d?%ﬁ R RREenl v BP 0% nebOReyvaRd RaPlotinGhord 2.5 mM
maHiEBES( RRM saliéizth pywuat, 4 & Wa«mnnle):ssammhlpﬁhhceacédis E(sZtﬁh(IIuve

Sy el aateaSt i pim Byt ST 35T R g and
23}5 %)ngyﬁﬁ: aoﬁtﬁmgﬁie@ athO§Mere @6t thr&QRG S NMEHALIRRS b rnalntamed 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
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.c.
1000 rpm; 10 min). Cell pellet is resuspended in assay medium [1% BSA in RPMI

w/o L-glutamine] and cell count is determined. Cell concentration is adjusted to

2x10°/ml.

Approximately 50 - 80 ml whole blood drawn from healthy donors is used for the
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m whol e blood are diluted 1:3.6 with 26 m HBSS

(Hanks' Bal anced Salt Sol ution w o cal ci um and
magnesium in a 50 mM tube. 18 mM diluted whole blood
is layered on top of 12 m Lynphoprep (Nyconed Phar na)
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a Lynphoprep gradient. The purif -2 stimul ate
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S pegls fakCstBhulatdd wiHhIPEC) eftlaCﬁrﬁD toReslyatioh d7arl/elFeEs Fitther days.
du&_l cates or triplicates in 96-well round- bottom

astimatatqsl BBME qrp separdterhfromaicll debias opabygiphepyspgradient.

o WRARILS: bimERRT PN BRI E R TR
( f meginhyatiasohadnedtieBMCI cl®ind. i n 100 gl 10% human AB

serumin RPM per well) are plated, followed by
target cells and antibody solution diluted in 25 50 gl

10/?"&5&) bAt Bf M- ofA8rctof O 1sAkh ta ?%eft @é\ﬁsq? g?e%leﬁc% A ﬁemﬁc or

ti vate I n assay nedi um a ctor cel
c omtspedific amibddarigpérfaelet sn dudicetsh bt trqﬂleateemt ¥ewell mound-

assa medi um one neou Si s n assa

P B B ier R BRI ees T 200 8 Rleyghedifmtir ikt
| Y&dristind BE 18R Heatah umséraml AMaubaied 1ﬁtRliMf~:m' N1 Batfdu mrsi
CQ2 i ncubator for hours. At the end of the

i nefiitséaricos Gedshly 1arleted v delfsriorh0p e 10U ltlmrrael A deum in
byRPMI per well) are plated, followed by target cells and antibody solution diluted in

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

flat-bottom plate. To determine the LDH activity in these supernatants 100 ul
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roomtenperature. Cell free supernatants (100

wW@kJoneld3)2 are transferred i nto correspondi ng wWedT/BP2H8/@60464

10

15

20

25

30

96-well flat-bottomplate. To deternm ne the LDH
activity in these supernatants 100 gl 48 WO

2009/ 019312 PCT/ EP2008/ 060464 reaction m xture
(freshly m xed 250 gl catalyst with 11.25 nl dye
solution) are added to each well and incubated 30 mn
at readiom medpe (Geshhemixedt236 ud aathlysfm'elm 11 3& mlalys oo lvioic)enre
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cote Gaonism i s BEAoFS PRt a0t ﬁaleggta& et q%)mm%ﬁ 1 s
subibR&icad fve Q%ﬁé@éﬂe%kfoh@&l fn%a@l@é?pe\‘ﬂéﬁ?ﬁ sétf) -

Spont aneous LDH rel ease (3): LDH activity rel eased

fromtarget cell s al one.  Maxi nal LDH reI ease (4)

Maxi mum r el ea LDHactl y

Pt PR BRI Cont r a0 EEr I DR R ey medium,
r el eased fromeffector cel lyghiomlskubtrd@edRbBNAIRS (3)NRd (5).
percentage cell nediated cytotoxicity, the average

abBeeksanid controklh€) ri pl i cdildld aglivibigaintainaddy 1% Triton-X100 in
cal cul at ed and t he backgr 0%@&ylrﬁe£ &zﬁ‘lféh?sds&ﬁlacted from
C

according to the manufacturer tu
Fi gure 5, the results fromrﬁz[klmélm{aﬁ&ase\u&le@@)an ET

ratio of 25:1 and Ranps target cells are sh
AnPPBERACEYS IaPél Talsard I o ddNd@st Yt iAot t#rggtipells alone.

BOM&FM‘Q DR éléaﬁ%\%b and M%ﬂﬁﬁh{%ﬁea&’a&ﬁétﬁﬂﬁac‘tﬂﬁ{éﬁf@e

di spl ay S|m activity agal nst the Ranbs ¢
In concl usi on, humani zat i ortargbt @hls.i - CD37 mAb A does

%gs (ft néefllI c%%prto (yS) alter it sLDIS)ICa?lc‘u'A{Ilty re eageléicflronrg effector cells only.

To determine the percentage cell mediated cytotoxicity, the average absorbance of
the triplicates or duplicates is calculated and the background is subtracted
according to the manufacturer’s instructions. In Figure 5, the results from an
ADCC assay using an E:T ratio of 25:1 and Ramos target cells are shown.
Antibodies are added in a concentration of 30 ng/ml. Both the starting mAb and
humanized versions thereof display similar ADCC activity against the Ramos cells.
In conclusion, humanization of anti-CD37 mAb A does not significantly alter its

ADCC inducing capacity.
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49 WD 2009/ 019312 PCT/ EP2008/ 060464 Exanple 6
Pro-apoptotic activity of humani zed versi ons of the
W@ hioset93e2 mAb AO The pro-apoptotic activity of PCBPAEE/060464
(=A) and humani zed versions thereof 5 (B, C, D and I;
see Table 1) is assessed by neasurenent of AnnexinV/
Pl positive cells after incubation of Ranpbs cells
with mAbs. Ranobs cells (Burkitt's |ynphoma; ATCC
#CRL- 1596) are received fromATCC. Cells are grown in
ti Esarepleéul ture flasks (175 cnR) using RPM - 1640 +
up ed wth 10% he |nact|vat et al
ol RMOBIST AR & TR RS ROL i ST YR G020 10
1% MEM non- essential amno acids as cult ure medi um

Cells are cultivated with an initial density of 3x105
c eTh%plmap&ptogv ectavity oA G (TAd ahd hairpizedvsiapsiigepé

5 {1 3, mrlfg nd Ong%T%ng e)ﬁlé Xs%g.%a bgrngeagﬁjgﬂlfﬁ%&egn%&mﬂf/ %’?lposmve

s uelis Wkttt M@ﬁba@lﬂn loﬁ Rarnbat:d:lﬁ; \@if[h ﬁwﬁ)sv\Rarhos‘ Eetis IQBﬁltlthtt’sl re
medi um 2-3 t guot of the cell

c ulympb@n@t AE{ C@e#@%éé%@t ae 5@@%@ o5 AT CEx £ By e gapyn in tissue
1.
c eﬁpga? uged (ggd%% ‘{M'n@ gujl\@l I 611%0% @%t% p%emented with

Cel 0% haateinuaslated feuableaomet serwasHi. ﬁgMHERE& (li%M/lsodlﬂlﬁ@ruvat

10 11 ?%H%%We%}mﬁ@e iai?é{nﬂf@'wll teaggfg éﬁ%g%%ﬂl H @ﬂfstau? gu H}éﬁ?@mﬂh

an&h maldl d%%?tof RR1 (¢ LRY/Hl @?5’7 CQ?Hdl 596 @5 8R LRARi@Red §trnosphere
adjusted to . 100 gl cell suspension per well

ar ®rphira¢ dajsi ﬁh@agﬁbr@sedré: matmmdectﬂ akx@lltcomq@ltratl@sbetween 3x10°
Ant d d [ t

conteoP R 1 0%, st &R ise gt o5 il TEB) lsmsgiam
ad%dlr@@ra «x@éu AnGalhé& g édncdunaiead afcen demitybeBdedar s

at 37C. i ncybator and thereafter stained with
15 VybrS&HI /Iﬁlp’@lﬁtlo%ﬁl@ /md gadgrowying #pthe eeRkesFiscsntrfgged (200 x g,
i r
A dge: C}'O?@ %‘1{9 \S{nﬁ 15%5%) ekig&‘nw%ﬁgvaﬁ?hg&ﬁé&phm fREMI
datéd0 ﬁhac@aﬁa@mepaid =llatee (2 x gsiles peolie;i 10 A @ll pellet is
Annexi nV_bindi ng buffer and subjected to FACS an
usf%\gspsn@é i gEgirepadgim méciile%@h palgterainednhielk Pwentratlon is

?(?Jﬁgtél(ﬁ{o dle R109&8 aitOg\{ﬁ cEf Ell,l %Wrgg at@lI iR Found

S IS term ne In two ots usi ng
20 FLhdttd%iLﬁlamhaAmelbcshes/ane dﬁmed/peoeﬂltaiuﬁhmdnfmmmommnmgg 10% FBS

ot PO SRS s A S BB Bir
vasd Rt BHRR COinte5ab0M tRreAP sAiRA 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 a 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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Ranpbs cells are shown. Cells are incubated with
anti body at 10 gg/m for 24 hrs, 50 WD 2009/019312

WEQMPBPBOD8/ 060464 the total percentage of ANPEREPM08/060464
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positive cells (Pl positive and Pl negative) is

di spl ayed. Parental mAb A shows potent pro-apoptotic
activity. Surprisingly, humanized versions show a
significantly reduced nunber of AnnexinV positive
cells conpared to the parental mAb A, indicative for

al thertetdl peresngggo ptf dnnexia¥tpovitivy collsofPl phetihaumrant [zedative) is

i bodi es,. | i h i zati f. A.l.ead
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Fc- engi neered versions of chineric mAb AO 10 Al

acedllsicognpated e thermgr g medb Ye ishicapise & aliptsd Ay-apoptotic activity
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usi ng nos cell's as target cel’l's. assay 1's
perddoctirthfas pieapsptotdactibny én (hixadpptitehthl sclthg. r esul t

of the experinent is showmn in Figure 7. Fc-engi neered
versions of AO show clearly inproved potency and 15

ef i y7conpared to the parent mAb AO. Certain Fc
variants show i nprovenent in maximal lysis of up to
108WEOapaitgaf Fo-chpmeqad earsioni\bf anoherioprAdvAfient in
EC50 of up to 10-fold conpared to the parent mAb. In
concl usion, introduction of specific Fc nmutants

st Ryt é(ctivﬂ?ro%@é-%ﬁ 1nBGeARGSI0RS b MbYA@fdegﬁhﬁ‘E@& IAQ, mBbA3, A4;
AO0. 20 Exanple 8 Al activity of Fc-engi neered

vescsi Tl Dfis anbssBOuADCRamos ceolistap toketrellefyPhEess is

f (mAD desj . B2 B4: .
Yot B o Rl UV TS Sy e arit ofdhe EbgapRRcs shown
celnl BgubDOEc aasiaYcrb® vaSioResf R0 KB aRabesapiobetp@bayand

(Exanmpl e 5). Fc-engi neered versions of BO show

c| efficpgy qomassddd thropasedynAbdOeCeiteiandy veoapaslay traprorement in

parep; . [ Fcvar ' .
e e e L ey R S
mMABCanud uprtp 1 0Meldeidinpare dECHR mfent pn Al 12 Qolddhsib s dirpaliueton of
to the parent mAb. In conclusion, introduction, of
s paePificd crputae atipRely incarigesthe ADGER aeyvitind chnaisaeAb AO.
activity of humani zed mAb 130. The results of the
experiments are shown in Figure 8. 51

Example 8§

ADCC activity of Fc-engineered versions of mAb B0

ADCC activity of Fc-engineered versions of mAb B0 (designated B1, B2, B3, B4;
see Table 2) is assessed using Ramos cells as target cells. ADCC assay is
performed as described above (Example 5). Fc-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 ECso of up to 20-fold compared to the parent
mAD. In conclusion, introduction of specific Fc mutants strongly increases the
ADCC activity of humanized mAb B0. The results of the experiments are shown in
Figure 8.
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WO 2009/ 019312 PCT/ EP2008/ 060464 Exanple 9
Pro-apoptotic activity of mAbs AO and BO The

wee@apspt oti c activity of mAbs AO and BO on Re@mDEP2008/060464
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cells before and after 5 cross-linking with anti-I1gG
MAb is displayed in Figure 9. The apoptotic assay is
perfornmed as described in Exanple 6, for anti body
cross-linking an anti-human 1gG anti body (y-chain
specific; Sigm) is added to the antibodies in a ratio
of Edaniple &nd i ncubated for 15 min at 37C prior to

CIg %ﬁ@gﬁtggnhgéggééeghﬁgakg%F;gggﬁcgntrgtion of 1

gg/m with and without 10 cross-linking. Chineric mAb
AO is a potent inducer of apoptosis even w thout
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Fc- engineered versions of mAb AO 20 The pro-apoptotic

ac@rp@s kigking. GimgHgMadefr@ds 3 BetentdAducss omomsw@vwﬂb@ﬂ
crggsgfgfrﬁ?igéghls %fﬂéét 1§‘§1r§ﬁl§' 2@1‘& éﬁh’oﬂ&ﬁ)ﬁ'ﬂ%}/ érogg hﬂi@ Hf 1.219 mAbD.

Par ent | ant | body
FcSmpgsmgl@[ e/uihmrdrmstlmkﬁ@ trhuAhinaré ntAt Bﬂh@@bmmaelyadevmd
con entratian rangp fromO.1 to 10.000
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p r Hnl@ﬁ? RitAtah6-1RGTAY iTh }éonclh[blcﬁp ity E‘)}?A\ﬂeﬁﬂqen’é HowsakRGrd Jﬁﬁ@ﬁtotlc
shows tThat Fc-engineering of does not alter

pr astiapppt ethumasized vérsipn of Exemplean be sgstoBed eftdr antlbody cross—

depletlng activity of Fc-engineered anti bodies A2 and
WH & whole 30 bl ood assay The efficacy and potency

of depl etion of nornal B cells fromhuman blood is

assessed using a whole blood assay. In this assay

f oEmaepledfe test antibody is added 52 WD 2009/ 019312

Pcﬂolifp%%%%c %@tQV ?y of Fc-engineered versions of mAb A0

The pro-apoptotic activity of Fc-engineered versions of chimeric mAb A0 on
Ramos cells is assessed by AnnexinV/ PI staining as described in Example 6.
Parentl antibody A0 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
3 antibodies show similar pro-apoptotic activity. In conclusion, 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
blood assay

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

assessed using a whole blood assay. In this assay format, the test antibody is added
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to EDTA-treated sanpl es of human bl ood from heal t hy
i ndi vi dual s and subsequently, after 3 to 4 hrs

w0 p@abssion at 37C, the nunber of B cells is PCI/EP2008/060464
quantitatively measured by a 4-col or FACS assay. By
conparison to buffer or 1gG controls, the degree of B
cell depletion by the test agent can be cal cul at ed.
Due to 5 the presence of human 1gG | evels and effector
cells simlar to the situation in human beings in
vi mcEDTA'rtseamimmpte} € hiima blesi diewmebicadthy hu‘tcgﬁdueds endince

f d ffect .of t t bodi es i
PR Pt 209§ braeEh G al PG G Ay sF e
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in blood sanples derived from heal thy individuals.

Queattiols, dhetdesrecios Beelldspletian by ithrfcBpeTmisen baralculpied. Duc to
5 milh%ﬁ)res&%e%fqmﬁlahq &ﬁl‘eveﬁuepiﬁ fegt%r Félﬂosqrﬁﬁgretn h@ﬁ@gﬁon in,

erve as 1 nt rnal uant| ica
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matké %C%%rﬂ@qteé@mmmzy/wms) in combination with
FSC/ SSC 15 analysis. 270l fresh blood per well is
incubated in a 48 well plate together with 301
anAi quaniytatvd BACS rass(a'y ns EBS)to detei?B8e (dimﬁfn@her oOBtoet$ dnd/ or

l.ic i ncubat ed f pr 4h .a and
10 ¢ SR ERoy Plng apef sy g Tropuheasty ihvidisTyG
”E‘Q'ﬁﬁ{uﬂ&ﬁﬁ&@fs p@}%rrh&i Wﬂdﬂu&i&ﬁ@ avet whithednaifa E&i‘wn
the bl ood-anti body mxture is added. Sanples are

vomtrelmd)f Andraseantibeads ovhidy set: aviintertal stondard for quantlﬁcatlon of
adde

erat ur Th ft 4501 of ffer is
S A ORGP OEBLME® FO8 e R4Sl i BR SRy,
t emﬁﬁfeaéﬂﬂm) mak @D RIE P/ aged/ Q)ID415E fh @bihatvrdiiet BS@/ SSC
subj ect ed to FACS anal ysis using a BD FACS Cant oTM

15 FI@WWoneter 25 Eval uation of data is perforned
usi ng the BD FACSD va software (Version 5.0.2).
Fc-engi neered chineric and humani zed mAbs A2 and B2

S h:m/(/) ufiest biebd ppowelh Gyincubatedan ael vikligehte t@rﬂeewlmn
th EC50 values ran gl ng fromo0.15 to Q.35 nM

de%QPéé‘nBPOCWd’rll’r‘&an Bnddh) u RSO BRF soagRan Al oRaples are
650 utid 496k TR Y md £ RLELRY én?ﬁﬁleﬁ{éﬁél??ﬁé?djang 'y | BEQD

treatnent of B- I's tested in para
20 si gaiklei omsttt mid Bwddedieplretoumn tubks Brc &0l of the Hlbodaddedy

format (.Fi 11 A 53 09/ 019
d?}%ﬁffd@%‘%éoﬁ%ﬁple%ire I’—"S“E’}/fg aﬁlgé’i“i“%@teg %‘? T odiiey room
SURGMAuB Bikdardent (ﬁll'o@ Oy SRCBUFNEE tyYadabd ARrRRd, BE incubated for
conpared to Rituxinmab
additional 15 min 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).

Fc-engineered chimeric and humanized mAbs A2 and B2 show excellent potency

on normal B cell depletion with ECsg 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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The effect of mAbs on B cell depletion in human bl ood
derived fromhealthy individuals is assessed as

wa@e®enidserl in a). The non Fc-engi neered mAbs ASTHRBROBENG60464
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5 show B cell depleting activity in the range from 13%
to 26% simlar to Rituximab. Fc-engineering results

in a dramatic increase of B cell depleting activity

for both mAbs, with a nmean percentage of depletion of
75% This clearly denonstrates the superiority of A2
anb) BX corgizcadg ﬁmrdéiltwsiup@b)r(&c@m@lelmg Bytivify0ofcA0 and BO
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s gni lon O e nunper of
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specifically deplete B cells from human bl ood. Exanp

12mvéé95e\ﬁ§lil ﬁé‘é‘rﬁp @@rcm@g%%k@?t@a Q&P G Th@e@a&&diempwrates the
f
SRS AP b TR S0 AR BN BT i ng

Rarms cells as target cells. ADCC assay is perforned

o ooRoh R ALl B The R 5 00 DL

cells M@éd:ghshyss inferior to Rituximb, an anti body
specific for 'CD20 which is 25 an approved treat nent
f ofhgeffice nf 62 s0d Beranil [mphocBes €D 3 ppsitinaraad monocytes (CD14-

Sur i Sin i neerin f | eads .t o ¢l ear |
ot e Nt e R TRl Bribe B0 b RSB RP Sty M fant
Thtl&ng@ 6f Gitef T cell Rabats o inBnbayte A0MbELNs siasict] ®Berds a
CD20 and CD37 on Ranpbs cells the Fc-eng i neer ed

antigniBosT redastigpokihe Rymbreetr B gelisip sweiEanoD Cladhisvadigates
pc ot Poatt e £ S ER A door et ng

activity of Fc-engineered antibodies A2 and B2 in a
whol e bI ood assay 5 The efficacy and potency of
depr®®pled2of Ranps cells, a Burkitt's |ynphona

Fc-engineering introduces superior ADCC activity compared to Rituximab

ADCC activity of the Fc-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 Fc-engineered antibody AQ shows a maximal lysis of Ramos
target cells which is inferior to Rituximab, an antibody specific for CD20 which is
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).
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derived cell line fromhuman blood is assessed using a

whol e bl ood assay as described in Exanple 11. In a
wWor@po1wsar i on of the assay, Ranps tunor cel |l s BEBEP2008/060464

spi ked in about a tenfold excess conpared to

endogenous B cells into the whole blood matrix, and

their depletion is also nonitored by FACS anal ysis. 10

Fc- engi neered chineric and humani zed mAbs A2 and B2

show good potency on Ranpbs cell depletion with EC50

vaFxagpleddging from 0.35 to 0.54 nM The degree of

w Pumpfitn: oo Rert R BATCR RGBT pg and B2 i

t r gabRModofssd NHL, i's tested in paraIIeI and vyi el ds
significantly | ower depletion of Ranps cells in this

assay format (Figure 13). 15 Exanple 14 In vivo
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of déried cé2 liag dhoBninsanasls@b B @tketistidiging aRala1s bR assay as

Burkitt's |lynphoma nodel in nude mce. CD37-positive
Ra fieveribed in X&H@lq hi- &2 ¢ g ditigaen oA e dswyyRimpytumes cclls are

{1 Jeh 08 AL 8 RALohuntred GRAITRAYS LG RMIRASIe

&N tunors are establ i shed.” A Tl Ce week
t r elabdrenatrios @ahé duiraelepktioh a)saslsn m()np:ﬁdrédi ))y FAWS ahiafyfsesr ent

d 8 d 2 [ | el
10 BobsengigatLsmens gt hiBansAAPs par %@'fs?lpgaé@?»dﬁ%mcy on
T/ il bBapRABRAGH EOTANRYrirg St 3she odaaiu! T

di fference between the two dose |level s and bet ween the
t wol Rms Ct@didieet;ttlan eangls Eometho Kody eRituximeb.e riegistered antibody

tren rds be n th hi,gh ,dose .

¢ SR ORISRt OB AR S Bk pbedie SRR Pty tover
t uwetldheﬂmwsomm ifMhis dskBaformat Figure 10el | tol erated

with no apparent weight loss. In conclusion, mAbs A2

15 and B2 showed significant anti-tunor efflcacy in the
Ra 5h%§ (Burkitt's |'ymphoma nodel, with naxinmm
activity al ready obtained at the 8 ng/ kg dose | evel.
Thin wed effichyy o Feenpiacabd entitddichat? ofd B2 tnuksaasdraidied hmodel
is tested in parallel. It has to be noted that the in
vVivo activity observed with the 55 WD 2009/ 019312

Egﬂ%%ﬁ?%%&%%% A hAzzgan"a mAjbt% %Qéegs%d'%%m%rhokﬁgos

e under esti mat e Sl nce S are Op 'm ze
20 f oBqumt e hyaophionm mbdd i uudmmb:tet CD@V -positiveiBamb$ edtsare injected

|s. This a terac whi ch to
St BRGe Bl Aokt FURR T iof GPOMGHGN s Pl
hugieme £hh&Clflork |e§tal§l@ﬁ@m B ide Webﬁy%ﬁtrﬁe%ft barti®d id hosen
the nouse nodel used
(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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5 However, the data obtained in this experinment (shown

in Figure 14) provide in vivo proof of concept of
w@ped/o1siyet i ng and thus can be used for esti nBCT/RBRODSIE60464

t herapeutic dose in humans. Exanple 15 10 Correl ation

of pharmacoki netic and pharnmacodynam c effect of A2

and B2 in mce for estimating the therapeutic dose in

humans A correl ati on between the serum concentrations

of A2 and B2 to their pharnmacodynamc effect is

estFabhgisé¢eeet anibpilce AQsindd32 ey Ramoderestinatedeameghest tmAbs are

15 del , .These st udi dempnstrate.th a dgse. of 8. .

o RETAH (o BaeFb Y HE PATER DRl e A oG PRy TR gpfiized

Namgrﬁdt@h,ewhib_ﬂl5edagﬂtd\ﬁgnggﬂi-nﬁﬂ'8@eﬁ%UC&QtiViﬂﬂl"ilﬁviQ_b when using

causes significant retardation of tumor growh in this

agmearseiiestay cells (Bampéudamawt sofleeigdnn thegaeyse nidebused.

st .ant-i Si i i ..
5 SHADVRLC, B2 0 AR RS ARl SERRIH R oS i

dogiobflof dtineépt alf COAT thrigetiteaniohes captaruyed ¢l oinhinght a

are established for the sane dose. Using this PK/ PD

asSEPETHPSE i WTBS. an esti mat ed hunman dose can be

cal cul ated wusing published data for the cl earance

(CL) of humani zed anti bodies in humans (Lobo et al.,

20B4mpl235Ful | cal cul ation for A2: Mean AUC(0-cc)

after si.ngl e dose of 8 ng/kg = 6099 h/ oL, ve L
10 AP ?fph%rfe%w%@&e@gg% Pﬁmaﬁocgﬁne%?é offt w‘dg% 480 By ip mice

= ok @S the tHek YR SSIsc i hlihg® (for i = 84 hours) =

73 gg/ L, ich is presunmably 30 equivalent to

C(ave,ss) in nmen (for i = 168h). Since AUC(ss,i) in

nmen = nd usi ng the humani zed ti | ear ance
CeR st 530518 A e o Bt AE R A MM IS
hupeisaéRRashRe Yt sehabddhedin m2RA4ing thd Ramés Mladt/xéRograft
kg to 15 nmlL/h/70 kg. For 7 nmL/h/70 kg: 168 hr x 7 =

15 11medel These stugips demensigpte theb dass ofi8/mg/rg Algnd BPs(fermulated in
15 = (= r-ab
¢ TR B Y Gt By B LB RTS8 Y0
r acggesdignificant retardation of tumor growth in this aggressive s.c.
(subcutaneous) tumor model using a standard q3 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:
o Mean AUC(0-0) after single dose of 8 mg/kg = 6099 ug-h/mL.
o Given AUC(0-») in mice = AUC(ss,t) in mice, and AUC(ss,t)/t = C(ave,ss).
e  ((ave,ss) in mice (for T = 84 hours) = 73 ug/mL, which is presumably
30 equivalent to C(ave,ss) in men (for T = 168h).

o Since AUC(ss,t) in men = D/CL, and using the humanized antibody clearance
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86 to 184 ny. Using the sanme assunptions as descri bed
above, the calculated estimted human weekly dose for
W®@B200p019332 70 kg human is 189 to 404 ny. 10 Exarqi/eP208/060464

Anti bodi es A2 and B2 show ADCC activity on multiple
nmyel oma cells The expression of CD37 on a panel of
multiple nmyeloma cell lines is assessed by FACS

anal ysi s using antibodies specific for CD37. Cells are

either incubated with 15 a directly fluorescently
| abel e@lamigc@DBUmant ichotiyd by Lelw cinl, 206#.e€GL =7 mL/h/70 kg to

CD37-s f.i nti body foll owed by a second
fluor egserélmh/@oﬁ &bel ed antibody direct ed agai nst the

Pr & Maryorathi SOYke Ibghfkwefﬁmﬁﬁ%@c vigkym@of the
| abel ed cells is rreasure with a Canto Fl ow
Cy¢ onelfaerl 5(BDhBI0dsx iléhbes ) 5 &rﬂjzf)hn@ fil7acuges¢&4qmg
intensity is recorded as MFl using the FACS Diva
Software. 6 out of 11 tested nultiple 20 nyel ona

dem&@fofé\tf& &@'the §§ﬂﬁﬁa@é‘cﬁw€éﬂ<ﬂ2>§ 882if8Na 90 kEBRhatk 8 i Wierange of
% One cel |l 1ine RPM 26) is subsequently tested
in

@t AT, alé@@g/thwame@wmp@dmﬁ # @sml‘gﬂdeabsve dilsei w@culﬁed

eci fic an di Both
SRRl PO a3 B2 o6 s s 184 WAL AR,

vvlth EC50 values in the range of 25 ng/mM and a
maxi mal cell lysis of about 20% (Figure 16). This
10 exbrprrlcdénonst rates that 25 CD37-positive multi pI e

ny e
F A I A e L L S T
15 shows t he FACS anal ysis of SI x multiple nmyel oma

derj ved ce]l Ilnes for eSS|on open
curBessnrengioaaf £ ¢ paneyo tl b %@%@@@ C§‘E§E?Sf1§855§§fed by

anFA@@%&l 519 %sﬁlg L h86h AT PHESHE B @IENICAIRGr 8GR IntGhated with
contr ol . 57 WD 2009/019312 PCT/ EP2008/ 060464

15 Exadptcelylfyuoﬁsoetabdpbdtd amtaei)SVlan‘yb@fy annivnbdicled CAB 7aspdcific

d L - toti .
el B 5 B d Toréondoly bR RAARGER et o
Chp @RS atibydP A6 Yiubfest ek @éﬂ\@ty(o@lt-llﬁ) 1aB&kd SellsReMcRARERith a
bl ood nononucl ear cells (PBMCs) are prepared froma

paFA@ﬁtCm‘tq Rlogh Gyfnmsted ( Bloww%)uand resepragrintensity is
ac Cegcr)rn e@ s ]}41139 utSIIi]lg tlgeelgA?:E eﬁllva? SPﬁ arcy %htnolr(f lflhteg (f rnuﬂlple

20 f r msblbmamhioagﬁrz&el céll ﬁﬁﬂlcaéﬁlﬁéﬁid’i@ﬂ@ﬂ (Iogdre Pay la)hepﬂeu $ine
procedure (StenCell Technol ogie Meyl an, France) and
st GRRMI 822 64@ RSRPRAEAOA St ADECLsRE o daseiasdtiniErpmgle S

ag?s:)(ﬁ\é‘ﬁl@tcﬁi’ﬁ%ekﬁﬂta%ﬂbwg@ﬁz ARy 88" B antifSHes FnRSHEfite potent
ADCC activity on RPMI 8226 cells with ECsg 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 multiple 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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use. The culture mediumfor primary CLL cells is RPM

1640 supplenmented with 2 mM L-gl utam ne and 10% of
wheaw/0193art i vat ed hunman AB serum For exper i nRCE/EP2008/060464

use, primary CLL cells are counted in a henobcytoneter

and their viability is assessed by 0.25%trypan bl ue

exclusion. The viability of CLL sanples 15 is nore

than 90% Cells are incubated at 37C for 24 hours with

the antibodies at 30 gg/m and thereafter the

peExampladé of AnnexinV positive cells is determned as

oD U AR 26 AR ToouPaytha 2B il ErpdngLL cons
pro-apoptotic activity on the pri mary CLL cells with
about 90% (A2) and 40% (B2) AnnexinV positive cells.
Boifhe pichpoatotic artedty of Adipt Bis aseess@l o1 paiieniadsived chronic
fi
5 SRR B0 BUA LR PROR GG Pogh L GALISON: Blovicy

aCiﬂe\plrémdeﬁ’fﬁﬁ agdtién vﬁﬂﬁdﬁﬁ@tﬂa@%@LLﬁﬁfter&ﬂbhﬁ&ﬁ&onmnt according
roved for the treatnment of B-CLL. Exanple 18 25
Ge chadscdiaidm af Helsinkigusibecmebiaiacdokhs) prmﬁrmléhcqﬂﬁ are

AR T, ST ot BRI B R o
co(ﬁtemﬁsll ffhﬂmohxglasgl\@ykqueﬁaecec)fandhﬂwmd at @37 RBMT 1640 culture
(bacterial artificial chranps | Ds: RP11-433N13, :
10 LaTEdEn) Ppjainigg 19 P Riaddris) VHicH A Ehah QFpca %a%ﬁ%%gce) until
Thig. TRE 8akurdthedRET R pﬁﬁ‘lﬁb‘; bLEQ@H@iSQ@MI NefrGiphlcRdnted with
| oxP sites flanking exons - and the neo selection
ma? ke¥l [f-glarkede byd 1¢% of beat elsa)ctuv@ed hemamn d&dscfwn. For

honol ogous, reconbi n usi n se ES cells . an

OO B EaR G LTS PRCRRRL b SR AR B Bp Sl iing 45t

t 0v1ﬁ§1ﬂ1|t§ai@ QsR¥RADYY.25%8 ti9hart Blae Mﬁﬁoﬂﬂﬂ@%%ﬂ&@% €149 Esamples
with the human count erpart seguences To this end

15 { his reBY BN’ ES eRTe IPHBIIds g7 dudpr 2Grhosrsnvitlotheanpgdies at

PSP 8 o ol AR R AT KA

Cc otidsatilddnig EXAlpkBS AFMdjvndn @1g5nél 20 F cténginebed Iﬁﬁﬁb@dles A2 and
I nhi bltor%/ Factor (MIlipore ESG 1107), 1x107 cel .
n B2 showy strepre mrpr?@apﬁogéactm Qpeihe B’flméfyeCELéEltlSrUBBPB‘?lé(?OA’
€ I t
B T T nepg Yol B e peior o
20 vvi tituxinGén a;B:taih«specmz ah/plbesct}eappso\&d folchafregtment of B-NHL
ration. ES c]ones are isolated on  d8
oS 7R s nsGtlon 8 P BY sy OB SieBgrigads sl gmab, an
pr aﬁ%upﬁﬁpme@cgfor%&éaem&{% ovgecpef,. radio labelled DNA
probes specific for the target gene after expansion
and

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

frt sites) is then used for homologous recombination, using mouse ES cells and

58



freezing of clones in liquid nitrogen. Transgenic

animal s are then generated by standard procedures
whpwae193m t he art, e.g. by blastocyst injecti oOPCEREP2008/060464

subsequent generation of chimeric animals. Aninals

het erozygous and honozygous for human CD37 are

obt ai ned by conventional breeding of chineric and

het er ozygous 15 ani mal s, respectively. The successful

knock-out of the murine CD37 gene and the knock-in of

t hefatdanditecl@RBagygteneplaee axons 1 orteef the mohee gamotaé sequesvas|with

ool AR el gy Tass e G AT NGl g s erown
angh ¥ sdifotiedllyl ind&HAtcATBddeP BFer dfinfEadBl Mol N6 ifdRoblasts
ofesurrp ate anti bodi es Monocl onal anti bodi es specific

f otMEHEL ey Edbalzeablucgemmedivedcapipigap 80 Yok BS (PAN) and
5 FRY! B&k@&i@%ﬁ@@g&?ﬁ%@%ﬁ@%ﬁ%212@7)8 ?Qfﬂﬁ‘ggs_ and 30 g

codi ng sequéence en (

Noof IENSIVMITIONA0RR AR déddlectiporitdd @Giaat ideadiPeBer)ar 240 V and
sel ected using reconbi nant HEK293 or CHO cells

exp?EEGhS schstionn L opigrtedan fgdrpuniergleaign stithndar d
EL . .
[ g}%t%ygkvﬁ%ﬁﬁ ﬁ%tﬂ&‘fé&er%@ﬁ%ﬁéﬁﬁm. %Shﬁa‘éeg 3rea11§611ated on d§

ai n codi ng sequences 0 ese ant i les are
r edrrd embdedpy BGRheindloting aacatdingead staodard preecditregr.goby the

chimerjc,anti ' s described in Exanple 1) whi.ch

10 S Qi OB A e PG s et BT esniiphand
O FESRY &f FSRE bk NGuid MitkRRAYTraRRnRMnfiRalP Bclth@Ngenerated by
identical to that of an antibody of the invention,

e. gandagd proc@ures Kiloevnoin leli a1y cagn by folastorcy gnalectpmopdrstbssguent

can_be investigated. by the u f assa D

0P ag S bt Peab gy cHtmeh e BB ERE wrt ey g human
MeCRAYArddRLin&XBy esfeGoaeblcsdiag of higtic a8l hsterdySous

for binding, FACS, Scatchard analysis, ADCC and

15 apopmels spestizgly. Thy suicpessiil knoakhaut of therraeraceC AT Benscpd the
is t Vi r i: - I i A Vi
| iR B il I Bing s oGl i A1 Fl dard
Pr proacdairéso 8.g0F ACS anelysit of pgripidiut bivgdtiephedytdde@di es | n
order to prepare clones for produci ng anti bodi es of
t hEnmpRdvtpigmical gnalyss phiggnesectians. A2, A4, B2 or B4,
t he DNA nol ecul e encodi ng the conpl ete heavy chain,
e.g. with the sequence shown in SEQ ID NO 27, 31, 35

20 or EgBunpled8pectively, is inserted into

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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t he eukaryotic expression vector designated pBI-26,

encoding in addition the selection marker
waelRtwyersinl at e reduct ase from hanster. 15 The BINKEP2008/060464

nol ecul e encoding the conplete |ight chain, depicted

in SEQID NO 29, 33, 37 and 41, respectively, is

inserted into the eukaryotic expression vector

desi gnat ed pBI-49, encoding in addition the selection

mar ker neomyci n phosphotransferase. The DNA sequences

of systeansewmhich atibeavycagnd CDB3G xprehangneclbras targggubn cax for

conpl, et 2 he hanst er || ne DHA4, gro
OB Eer A S Ssal ErCATAR o DRet pbiorite e LRy, e
COsdrforRfBEbEE; Mist1BctbdBy QHIRIF otk IBocBXRpREISE QB iMELhOr S
for the heavy and for the light chain of the
anfyiboaeless maskeyddeed wedrabove. Transfected cells are
selected in nediumw t hout hypoxant hi ne and thym di ne
Sand in the presence of the 25 antibiotic 418.
Supgafpentl y, cells are subjected to stepw se

sel.ectiqn a anplificatign usjng increasing
coJ%’teBWP%\IE Pﬂﬂgn%%%f?%‘{l% taé“‘?%#% . Fromthe 800 nM
MIX anplification step, a single cell clone is
Sein:p%i ero g;?g’p%ge QO &Gy rladucqg ! Iln GRS 5r %dlnxgerrll i'orl-i),gqu. antibodies
producti on 'n spinner Yuns, @and 1's Cryopreserve n-a

10 Safdt 4x4.d32 br Bartke DSEZBMol@0lcsmcyding G@gjoppdad4 Reavy chain, e.g. with

P S ioC e .
ST R ARRAA IR osea R B AR EANIEHy et i

Jothe sukaryiptic GPFepion VEFODHErEBicd g0y crpopdingdn agdiEn the
10sc121i8n 22afker dABQATofo BeY Rasstaifréth hamkepc. Nat. Acad.
Sci, USA 91:3809-3813, 1994. Barrena et al., Leukem a

19: 1376-1383, 2005. 10 Belov et al., Cancer Research
15 61ThABBB: b8 ulc200ddinBthel doarpiege [EzhtlchainHbepieted . SE@AD NO: 29,

ooty Rl fapecLAOUR KBRe s HAEHL AR BNIEOh Spior
G, designeted adRletd, Pcorimgae heditign theegleghien mgrkeggenmycin

17é@sgﬂ(§fa%§feras§uﬂfé@ﬁﬂr§e§ﬁen@€s of th@BRAE hBﬁ%%ﬂ%g?&iains are
6476- 48&, 1992. 15 Chothia and Lesk., J. "Mol. "Biol.
19%quetyed gampleiadyg 7.

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. Subsequently, 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 a
Safety Cell Bank (SCB).

30
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WO 2009/ 019312 PCT/ EP2008/ 060464 Clains 5 1) An
anti body nol ecule that binds to hunman CD37 and that is

waelewwes1from a) a nurine nonocl onal anti bodyP@TTEP2008060464

10
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30

defined by i) a variable heavy chain conprising the
am no acid sequence shown in SEQ ID NO 2; and 10 ii)
a variable light chain conprising the amno acid
sequence shown in SEQ ID NO 4, or fromb) a non-human
anti body recogni zing the sane epitope of human CD37 as
the anti body defined in a) or recognizing an epitope
that is close to or overlaps wth said epitope; 15
wherein said anti body nolecule is a chineric or a
humani zed anti body. 2) An &tinisody nol ecul e of claim
1 that is a chinmeric antibody defined by i) a variable
heavy chain conprising the am no acid sequence shown
in SEQIDNO 2; 20 ii) a variable light chain
conprising the am no acid sequence shown in SEQ ID

NOLM, A pptitpeygeclpeulhdat/hindnie HungintCRRAMkthatiaderyad fodm

human qrigin, 3 ant i ho of . cl ai wherein 25

i) t heagc8%‘%‘Fﬁ‘ﬁﬁmﬁbo%?agar%‘li%ﬂg?@a&s|‘%%“erHc 2in, and i)

t he constyand vdria@htheaatimin %@pﬁﬁ%@&e%ﬂﬁh@aciékeqﬁ@nce shown in
anti body of claim 3, wherein said constant heavy chain

i) conpri sexE@AR NQmd:8daci d sequence shown in SEQ ID

N0 24, <08 TR PR, 38T dovn
NO 26. 65 WEQODMOHUI31ZoMCT/ EP2008/ 060464 5) An

anti body of claim1 that is a. humani zed antkggdy

def i nedl” BylomhupBRantibeydreRediaing the fame epijopeici Br@an LA/ as
chain as i : : [

w thin T opetiicReRil B Qs bnd FTpE AL R e fg.r
NC 4, overlaps with said epitope;

wherein said antibody molecule is a chimeric or a humanized antibody.

2)  An antibody molecule of claim 1 that is a chimeric antibody defined by
1) avariable heavy chain comprising the amino acid sequence shown in
SEQ ID NO: 2;
i) a variable light chain comprising the amino acid sequence shown in
SEQ ID NO:4,

ii1) constant heavy and light chains that are of human origin.

3)  An antibody of claim 2, wherein
1) the constant heavy chain is a IgG1 chain, and

i) the constant light chain is a kappa chain.
4)  An antibody of claim 3, wherein said constant heavy chain 1) comprises the

amino acid sequence shown in SEQ ID NO:24 and wherein said constant

light chain ii) comprises the amino acid sequence shown in SEQ ID NO:26.
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c) frameworks supporting said CDRs that are derived
froma human antibody, d) constant heavy and |i ght

w@b@onssthat are froma human anti body. 10 6) PGI/EP2008/060464

10
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25

30

anti body of claim5 conprising a variable heavy chain
with a sequence shown in SEQID NO 6. 7) An anti body
of claim6 conprising a variable light chain with a
sequence shown in SEQ ID NO 12, 14, 16, 18, 20 or

22. 15 8) An antibody of claim5 conprising a variable
heavy Ahaitibogdytoli chirs d dberis @ humhowed antibsEQd¢finetidys. 9)

An anti.bo f claim 8. conprisi a varj able |light
o DR el i TR it Rt reor th 4.
16, 18, 2Gpy 13%0:20) An antibody of claim5
conprising a variable heavy chain with a sequence

shown Wn SHIR$ prgnadywithip the yarphleglight klewdy apshosynainm 10
conpri sin iakle light chain with a sequence
shown in %@@N@Q 12, 14, 16, 18, 20 or 22. 12) An
anti bagy dfanasworkengippbrtial 3hideCTIRS Mafldre defieddefirdim Sidiuehan

anti body has one or nore nutations in the Fc domain
t hat nodul?8tiBo®he or nore effector 30 functions. 66 WO

2009/ 0393 / / ) i

clai mT2, Charreaany 1t hearolhl hiByRibody.
is an increase in antibody-dependent cell-nedi ated
cytotoxicity., 14). An _anti body of clains 12 and. 13,

ot S A e et R S i T
i's a shB@hsn SEOSID Nt on at position 332, numbered
according to the Kabat EU nunbering index. 15) An

anti body of clains 12 and 13, wherein said one or nore
mutati pns _i.n th Fc domain.is a ¢ i nat.i on

subb | RO 47 bt R asd HraRPl b acgence
accor dihpgntif SEQeIDKRDAL2, B4, mainkero ;. ndex. 16) An

anti body of clains 12 and 13, wherein said one or nore
mutations in the Fc domain is a conbination of

Z g otr Idé% %ﬁt?d(;b%?'%té c%gﬁ 'aSE éo&%ﬁﬁéﬁ%@%ﬂ%‘%@ %%%Qx&léﬂpﬁftﬁ ‘3 sequence

shown in SEQ ID NO:8.

9)  An antibody of claim 8 comprising a variable light chain with a sequence

shown in SEQ ID NO:12, 14, 16, 18, 20 or 22.

10) An antibody of claim 5 comprising a variable heavy chain with a sequence

shown in SEQ ID NO:10.

11) An antibody of claim 10 comprising a variable light chain with a sequence

shown in SEQ ID NO:12, 14, 16, 18, 20 or 22.
12) An antibody of any one of claims 1 to 11, wherein said antibody has one or

more mutations in the Fc domain that modulate one or more effector

functions.
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15 17) An antibody of clains 12 and 13, wherein said
one or nore nutations in the Fc donmin is a

wa@embiorsti on of substitutions at positions 236PCERBP208810b0464

10

15

20

25

30

332, nunbered according to the Kabat EU nunberi ng

i ndex. 20 18) An anti body of any one of clains 14 to

17, wherein said substitutions are 1332E, S239D and
&36A. 19) An antibody that binds to human CD37 and

has a heavy chain conprising the am no acid sequence

of 1 BEQ\M EntN©A®f cREn 20) WlT¢reinasatdi hodiylatafn oflcafentot Gynction is an

Sequorbebr el g REp SRR A sR T et bi nas

to human CD37 and has a heavy chain conprising the 30
am no acid sequence of SEQ ID NO 36. 67 WO 2009/019312
PCIHERR0 081 3ay o6 4laim) 2 qk] B nthickae yaie bne paingrmutatipisch the

1o 2 AL Mo ORI L9, P SRR o

CD37 angbah@yl munkteavy iedval n conprl sing the 5 anino
aci d sequence of SEQ I D NO 32. 24) The anti body of
claim 23 V\,hi ch has a light chain conprising the am no

? ﬁ;ﬁ bi n s to ﬁgfﬁlgﬁﬁg&gnandaﬁgg&g ﬁﬁ)omr%é Hftdbions in the

eavy chain
conpr i I8 dugndime a eominoatami af sseigivns aoposﬁE@s 289 b 382,

26) The ody of cl has i ght chain
comor SR GOt HOL g BHERergR Ty | B N 42.
15 27) A DNA nol ecul e conprising a region encoding the

vari abl e heavy chain of an antibody of any one of
cl &)nmsAn antebo@ly of 2BYmThZamdNk, wdicesubad ofic of wiora 1BFtations in the

wher ei a|d varia h |n en n n
ot e P PR G Dok T B R 230 B3
of hun@inkd Didderdimdth tHOhR BN URLBEH R iRfiexc! ai m 28,
wherei n said hunman constant heavy chain is Igd.

17) An antibody of claims 12 and 13, wherein said one or more mutations in the
Fc domain is a combination of substitutions at positions 236, 239 and 332,

numbered according to the Kabat EU numbering index.

18) An antibody of any one of claims 14 to 17, wherein said substitutions are

I332E, S239D and G236A.

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

20) The antibody of claim 19, which has a light chain comprising the amino acid
sequence of SEQ ID NO:30.

21) An antibody that binds to human CD37 and has a heavy chain comprising the
amino acid sequence of SEQ ID NO:36.
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25 30) The DNA nol ecul e of claim 29, wherein said | gQd

is encoded by a sequence shown in SEQ ID NGO 23. 31)
wab@ooN31l ecul e of any one of clainms 28 to 3BCT/EP2008/060464

wherei n said hunan constant heavy chain has one or

nore substitutions in the Fc region as defined 30 in

any one of clains 14 to 18. 68 WD 2009/ 019312

PCT/ EP2008/ 060464 32) A DNA nol ecul e conprising a

regi on encoding the variable light chain of an

ant?)bdthye atibadyoloriano? |, otta¢higast light 2ain 8@npritieg hAmiIno acid

nol ecul e of cbgtéhigﬁ wherein said variable |ight
chai n SREIEF R 2P0t i s fused to a region encoding
a constant |ight chain of human origin. 34) The DNA

nol ecul e of claim 33, wherein said constant |ight o
ch&bn Aw agfiboglyphat batdaitg human 6937 7hé hpnahersly sbdingogprising the

cl ai m 34 ar ei ' il\ght chain is encoded by
5a seqd%%%%9€§6§$ﬂ?§9§%85§EBﬁﬁ?ﬁgz 36) An expression

vector conprising a DNA nol ecul e of any one of clains

27 to 31 and/or _a DNA nol ecul e of any one of clains

32290 B anfibody79f chaifbat, Whieh hasrlight flpie femBHsiAg e amino acid
VeCt0&%g&£m9%9§ﬂb%ﬁzN§§iLA host cell of claim 37

carrying an expression vector conprising a DNA
nmol ecul e of any one of clains 27 to 31, and a second

expr.essi on.vector .20 c risj a | ecul e of an

10 onlof %P%ﬁlb%iyg%atlbal%ﬁé? glggyn eha’ ﬁagé?y@ael;r?avafcﬂ%lpgpmp@?%’lg the
whi ch %8 1BRERIcha00 £SEG 1DAX):46. met hod for produci ng
an anti body of any one of clains 1 to 26, conprising

25 transfecting a manmmal i an host cell with one or nore

vegtor.s, of  cl ai 6 ul.tyring the host cel.l. apd . .

Fetverry B et af bt S o R be BtnE 5 pie acia

phar maggudnce aF SEQMPONDE420n conprising, as the active

i ngredient, one or nore anti-CD37 antibody nol ecul es
15 of any one of claims 1 to 26, and a 30

B e e A R e o

of cl adnmandibody{ oif dlyemeodohimsi n@2@ne or nore

28) The DNA molecule of claim 27, wherein said variable heavy chain encoding

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

29) The DNA molecule of claim 28, wherein said human constant heavy chain

is IgGl.

25 30) The DNA molecule of claim 29, wherein said IgG1 is encoded by a sequence
shown in SEQ ID NO:23.

31) The DNA molecule of any one of claims 28 to 30, wherein said human

constant heavy chain has one or more substitutions in the Fc region as defined

30 in any one of claims 14 to 18.
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addi ti onal therapeutic agents. 43) The pharnmaceutica
conposition of claim42, wherein said one or nore 5
wa@edbvisnal therapeutic agents are sel ected frBOT/EBONE/660464
that target a B cell antigen other than CD37. 44) The
pharmaceuti cal conposition of claim43, wherein said B
cell antigen is CD20. 10 45) The pharnmaceutica
conposition of claim42, wherein said one or nore
addi ti onal therapeutic agents are selected from agents
thad) i mm nzgdequl oginsprisings) regloe epheding teutariglle light chain of an

conpos cl ai m.4 n said agent is a 15
nDduléF% {fHYQRFB g@%%?g? é47) The phar naceuti cal
conp05|t|on of any one of clains 41 to 46 for

Iet| cells that express CD37 on their surface..
20%ig) THRFRNpHas iaeleof Foan 38 onbsinhigr aRble liahhhem espding
the tr .
5 pnar e b s EElop s RO RPARKES Herihaht homap grign
ceII mal i gnancy |s selected fromB cell non-Hodgkins
qf oma, B cell chragnic |Lynphocyti 25 | eukem a and
mudDi plie YA Bkgculs of chrie 3 éh‘&b%@é@ﬂdl censtatdighbehain i kappa
of clqgg147 for the treatnment of autoimmune or
|nflannatory di seases that involve B cells in their
pat hol ogy. 70 WD 2009/ 019312 PCT/EP2008/060464 51)

Th h f | eti 7 reSS|n B.cells fro
10 S@"efhegﬁNgfme@?wlg of @3%% by gt PaePgll%@LPB iggegded by
popul aéée‘aﬁetféfe sﬁ@dvﬁ’t:n mqntm@%y nol ecul e of any one

of cl ains or a pharmaceutical conposition
contalnlng such antlbody nol ecul e. 5 52) The net hod

' itro. 53 :
et flod? el el SofRfiingd LAV pistecild §0malt o laims 27 0
mal i greingd/crel BRhadolcbulo BT Bryc@ld oft@iimkiad ek nis
| ynphoma, B cell chronic |ynphocytic |eukema 10 and
15 mul tiple myel oma, conprising adn1n|ster|ng to said

PaL41OTK 180 EILEEL G 0PIL. Ok, fraggRgeut i ca

ositron o y-one o

38) A host cell of claim 37 carrying an expression vector comprising a DNA
molecule of any one of claims 27 to 31, and a second expression vector

20 comprising a DNA molecule of any one of claims 32 to 35.
39) The host cell of claim 37, which is a mammalian cell.
40) A method for producing an antibody of any one of claims 1 to 26, comprising
25 transfecting a mammalian host cell with one or more vectors of claim 36,
culturing the host cell and recovering and purifying the antibody molecule.
41) A pharmaceutical composition comprising, as the active ingredient, one or

more anti-CD37 antibody molecules of any one of claims 1 to 26, and a

30 pharmaceutically acceptable carrier.
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42)

43)

44)

45)

46)

47)

48)

49)

50)

The pharmaceutical composition of claim 41, further comprising one or more

additional therapeutic agents.

The pharmaceutical composition of claim 42, wherein said one or more
additional therapeutic agents are selected from agents that target a B cell

antigen other than CD37.

The pharmaceutical composition of claim 43, wherein said B cell antigen

1s CD20.

The pharmaceutical composition of claim 42, wherein said one or more

additional therapeutic agents are selected from agents that induce apoptosis.

The pharmaceutical composition of claim 45, wherein said agent is a

modulator of a TRAIL receptor.

The pharmaceutical composition of any one of claims 41 to 46 for depleting

B cells that express CD37 on their surface.

The pharmaceutical composition of claim 47 for the treatment of B cell

malignancies.
The pharmaceutical composition of claim 48, wherein said B cell malignancy
is selected from B cell non-Hodgkins lymphoma, B cell chronic lymphocytic

leukemia and multiple myeloma.

The pharmaceutical composition of claim 47 for the treatment of autoimmune

or inflammatory diseases that involve B cells in their pathology.

70



WO 2009/019312 PCT/EP2008/060464

10

51)

52)

53)

The method of depleting CD37 expressing B cells from a population of cells,
comprising administering to said population of cells an antibody molecule of
any one of claims 1 to 26 or a pharmaceutical composition containing such

antibody molecule.

The method of claim 51, which is carried out in vitro.

A method for treating a patient suffering from a B cell malignancy selected
from B cell non-Hodgkins lymphoma, B cell chronic lymphocytic leukemia

and multiple myeloma, comprising administering to said patient an effective

amount of a pharmaceutical composition of any one of claims 41 to 46.
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