10

15

20

25

WO 2005/ 103083 PCT/ | B2005/ 002476 Anti - CD38 Human

Anti bodi es and Uses Therefor 5 This application clains
wW@eri0sndIog3to U. S. provisional application nunbR€BHI1B2005/002476

60/ 541,911 filed February 6, 2004, 60/547,584 filed

February 26, 2004, 60/553,948 filed March 18, 2004,

and 60/599,014 filed August 6, 2004, the contents of

whi ch are incorporated herein in their entirety.

BACKGROUND OF THE | NVENTION 10 CD38 is a type-I|

menbr ane gl ycoprotein and belongs to the famly of

ectoenzynes, due to its enzymatic activity as ADP

ri bosyl -cycl ase and cADP-hydr ol ase. Durin% ont ogeny,

CD38 appdnti-GR38Jdnman Antibedies andddsessThgpefor

Iigeage[cognitted progeni tors of |ynphoid, erythroid

' | I.s.. Lt. i {

o BESha LR B iy HO B PGBl R s
AT e £ ebratre BB GUISRY o R Kot 2 A4 0/553.948 filed

mar ker for |ynphocyte activation-in particular B-cell

Madichfl8r 2004;, and @M5H, Okfiled Aushsidnaea. dhalcopiantiefyvhich are
(Co-)receptor functions of CD38 |eading to

intdtporandlletdimin theigeatitetyg or intercel | ul ar conmmuni cati on
viaits ligand, CD3 1, are postulated, as well as its
role as an int 4 r nd 20
messenger, cycll Cﬁ& r@ynbeng@.ﬁel%‘y%?@‘.sgﬁm i ng
cascades. However, its physiological inportance )
r er@D3fs i 0abtypelllicindabeas  glyneprofeiio cando belopes t e the family of
muri ne anal ogue or anti- CD38 auto-antibodies in

eckoenByifies] dud) @ itagpeaiatit actbtydat ADRaitioay]-cybase tnd ¢ ADP-hydrolase.
observing its expression in the hematopoetic system

HEREMIEREHS CAYGppaR 68 (DM +WRnielied dlehPielRfan@HE8 R tommitted
Dvarlglfjs cefl-lingg derived from B1 -, andan25 gftommitte

=
l.oi d/ t.| ' ' - . T=
YRG0 EIREL pATRIE s PGS, 8 Tifflod? it coss
el TR S T S LB S ST b g et
(M. In W for exanple, strong CD38 expression is
dexelopmesled in the

The up-regulation of CD38 serves as a marker for lymphocyte activation—in
particular B-cell differentiation along the plasmacytoid pathway. (Co-)receptor functions
of CD38 leading to intracellular signaling or intercellular communication via its ligand,
CD31, are postulated, as well as its role as an intracellular regulator of a second
messenger, cyclic ADPr, in a variety of signaling cascades. However, its physiological
importance remains to be elucidated, since knock out of the murine analogue or anti-
CD38 auto-antibodies in humans do not appear to be detrimental.

Apart from observing its expression in the hematopoetic system, researchers have
noted the up-regulation of CD38 on various cell-lines derived from B-, T-, and

myeloid/monocytic tumors, including B- or T-cell acute lymphoblastic leukemia (ALL),
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majority of all patient sanples. Hence,

over - expressi on of CD38 on malignant cells provides an
w@rdosacioBye 5 therapeutic target for imunot hB€EB2003002476

special attraction is the fact that the nost

primtive pluripotent stemcells of the hematopoietic

ste 8-n Vv 1 » IPJ;@ e d tipl
ac@%//t%‘tyénk?ﬁ q‘é%%g%% SFA%\)?IE“Z\D%@%Q? 0% corr hg%geas lWei f)i Wt hmul P
the expression- levels of the respective target. . .
myelpmas pi AN Sop eXapple. SEMIS mgﬁaﬁfp&ss{?gnlsb‘gmessed in the
divided in two groups: in vivo 10 and ex vivo
magppy ofiethpatient samplesi vo appr oaches, anti-CD38
anti bodies are adm nistered to a subject in need of .
t hEeaRy overekpiessitm «faCDsst ha andighady celisdipatades an  atiractive
depl eti on of CD38- overexpressing nalignant cells.
§ tQBeCRR RinhiiRihdpiyac iraypedabiitasidboadienfei taedhe most
1h%§§%@anﬂ%gr CSC by ef%gg?or §%||S, or by using the
anti - 8 ant i i t i Lot 8D R ndB8ve and that
pn{l}ltéY]es}gg%POtg?t Séyrg%te @i?@ﬁlse u}%[sr%gotnpg g:gic Sg?[ S& dsr agori nr,légtlao ¢ anc Ha
the target cells,. and bs nt i nternalizatjon .
thq R 955 TBSPOREAD TR g oRE T, Wt gfifl hfdoxpression-
marrow cells, conprising CD38 overexpressing
levietsl afghearespastive targate renoved from an individual in
need of treatnment and are contacted with anti-CD38 L
anCubest ®roathes dHmgeCD38|therapies cai badividedest ey gyupsy n vivo
cyt ot oxi c substances, e.g. saporin, as described for
andl BE vivd df)ipi/dhcﬁékp A ae RivoQipproatites) &1OCEA S ytibmiiéscert adginistered to
the cel I popul ation with inmmobilized anti-CD38
a %gie'cp %dﬁe%ﬁ’of %lgl)er%ég" Sr8E0%! dA8s<HhE En@ 8diR8 d8Bletion of CD38-
i\ gei cell's tr t e

e mxture. Thereafter, th
depl et ed cel.l pul ation i.s rei | . . o
ovgERmEHe R nBRRELE L BB L IORELE b gy et
in different groups, depending.on_  var.i praperties. .
ADERlpraDS dipestarssiibas Dolipthersas-ars enfipdics a5 targeting

(predom nantly as 220-300) can trigger activities
moiktiesi for tthe traspget ofceitdtoxis iuhstancesag apPpeRsto, theytaigry palls, and
25 rel ease, phosphoryl ation events and growth
subddqitttahicanlibatnd Bt e vies ppmbacte calhtpopaldiion, 2. gMDone marrow
2005/ 103083 PCT/ 1 B2005/ 002476 specificity (Konopl eva

cefil c@lé}prisﬂ'lggﬁj%m ké%siﬁ?g nfﬂlignan% QO are Réthot@ Edr@ @k individual in

carrefati etween the binding site of the various

nelég 8%62%‘1%}1’&% ia?g’ cgnr‘egctémitﬁ aﬁt?—%%aagﬁ%ﬁgg. CThe target cells are either

destroyed by cytotoxic substances, e.g. saporin, as described for the in vivo approach, or
are removed by contacting the cell population with immobilized anti-CD38 antibodies,
thus removing CD38 overexpressing target cells from the mixture. Thereafter, the

depleted cell population is reinserted into the patient.

Antibodies specific for CD38 can be divided in different groups, depending on
various properties. Binding of some antibodies to the CD38 molecule (predominantly aa
220-300) can trigger activities within the target cell, such as Ca2+ release, cytokine

release, phosphorylation events and growth stimulation based on the respective antibody
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properties could be seen (Funaro et al., 1990).

Rel atively little is known about the efficacy of
w@obiteieesl anti-CD38 anti bodies. 5 What i s knP@IB2905/002476

that all known anti bodi es seemto exclusively

recogni ze epi topes (amno acid residues 220 to 300)

spelg&%%&ﬁ&%log Vi £ a? e %Qa'ALBi%hB é{f aché”(ﬁ)o NgutaHB ' a&ﬁ“ elatlon

are specitic’for pltopes In
N-term nal part of 8 distant fr t he si t.e
betpigen Hee @mdm yite ot B nvasioys dwewn #ibegiss ‘@eﬁﬁgv%‘on")ag"msm
found that OKT10, which has been in cli n| cal testing,
prdpameacmfldhes&eel(’;?uﬂla)we‘aﬂf,llﬂf?@)y and efficacy when 10
anal yzed as chinmeric construct conprising a human Fc

paﬁ%}ah\%l%tlﬂ% E@kﬁow@ﬁg&g 1',h§ &ﬁcdwrdﬂ&@ftﬁl@ﬁécbﬁﬂy LCD38 antibodies.

t unsuitable f human admi nistration. A

W Toalh B eméma‘%%@%x LS R SEEIREY oo
(arxlg;p ;g@f;'g;'gg%;ﬁ;o t&’jﬁa }eoé%t{e ¥b(eh(2é Q‘é‘ﬁ’i‘iﬁ? Bngi 2{]?3% lgg Ian’ubodles

anti-CD38 antibody therapy, 15 there is a hi need
aref laiowhusoear thatt dre QBB Hicior epitpies in thp Niternigl patt Pﬁ@éfﬂ distpnt from
with high efficacy in nediating killing of CD38
theONBIVBXRE @5 TG Aty PO sapbie. bilowdeE wadkwe fouddghat OKT10,
The present invention satisfies these and ot her needs

wiidh Bﬁ%%%{ B9 dinlcay thaBNhand rehitigblyylosf faffdsi and efficacy when
ant |

ant| bodi es, Which are described bel ow. 20
U
A o U

that can_ effectiyel II4 of

mugimsgbede Ipredis Hgm%‘é’in%i B St ibisABid A buman anti-cD38
PCT/ 1 B2005/ 002476 It i s another _obj

scnwatihddynfragment dwis deceatyi 68| descriiedt (V%S 0749\%@% orHowever, that
human adm nistration. It is also an object of the

anfb&BAB bpdcificefior b selettiveyr euprabecc@DRddBitdPST treating
di sease or and/or conditions associated with CD38

Upa’o%%yﬂo%dm%& By ﬁ@l‘t 3 RO Gr&At pORBa PR RRAEDIE antibody therapy,

there is a high need for human anti-CD38 antibodies with high affinity and with high

efficacy in mediating killing of CD38 overexpressing malignant cells by ADCC and/or

CDC.

The present invention satisfies these and other needs by providing fully human and

highly efficacious anti-CD38 antibodies, which are described below.

SUMMARY OF THE INVENTION

It is an object of the invention to provide human and humanized antibodies that can

effectively mediate the killing of CD38-overexpressing cells.
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5 of the invention. These and ot her objects of the

invention are nore fully described herein. In one
wW@3wseao3o8s he i nvention provides an isol ated anPChtRRPON02476

functional antibody fragnment that contains an

anti gen-binding region that is specific for an epitope

of _ CD38, t ant i n >
t hBis @o@gfl\hlﬂ & fhtﬁe 1) e gﬁjﬁ? ngé %1%8@1%%&1&35 %%'?ﬂé for human
target cell (LP 1 (DSNZ ACC41) and RPM - 8226 (ATCC:
am@@L“ﬁﬁ@P) by anti body- dependent cellular cytotoxicity
("ADCC') with an at least two- to five-fold better
ef it' S ARY antdbydet bhtheCiibddar inyekkOhl @ovidb atthdiavibngeBing disease
D NOS: 23 and 24 (under the sanme or substantially

or Q&Ptsédﬁgltftﬁg qgs%blgpe'ﬁ w1tﬁ"@938 %Qﬁ&lfrﬁ&%ﬁﬁé bnd &t more antibodies

as an ctor and when the ratio of
fecto cel sto et ,cel b
of éﬁg 1%\@8 P15 hbeée i\n L}%ﬁ ob 54 ?f %lge oy H]% uﬁ%t fi?lg%eaﬁglyldescnbed

fragnent thereof nmay contain an ant| gen bi ndi ng

heregiyi on that contains an H CDR3 region depicted i n SEQ

IDNO 5, 6, 7, or 8; the antigen- binding region nay

f ur tlﬁ%he |a§1§e]ctJdl@e ﬁﬂeﬁh&qazvrdegmﬁsmcﬂ aititod or $E@tioal antibody
8; and the antigen-binding region

fra%gseﬁgﬁﬁg &g&lhéw a&f%uch X %:lj%gélf)&afjﬁ%&b%lﬁg foranSipo Fé br CD38,

or 8 specific antibody o

R T i S
I

NGO 13, 14, 15, or and the antigen-binding re
depérslenheeflutio nytatoxicity (LAD©§152 withingh legaigvet tgfiyehiodE %trebefﬁcacy
NO 13, 14, 15, or 16. In another aspect, the
thar e rdhirg& i ORI 1 Oemtibodyi Boliag SHQaI Nl(ﬂSd323candf214n(¢mﬂcrrthb same or
25 antibody fragnent that contains an antigen-binding

u Qﬁt?ﬂ'l th@kanheS cHAREInE), Gvifelra A BPPBIVINECel Kis\éAployed as an effector
005 83083 PCT/ | B2005/ 002476 of CD38, where the

ceﬂg g&kﬁ}r llfaHQ Sk Fﬁ@@tl)rcgg g tal oft Q5 qgf}et'w%eﬁ‘%&ltt% 1 CaDnéi about

|ng 0 sfected CHO cel
wth n at

t t fold . better efficacy t
SCEhi i an GRS SIS TROER SIS G ool gt p o
or substantially the same conditions as in %27 ) .
regioe Vhas gentpias 4y R’éﬁ@mﬁﬁg@ﬁtdﬁ%@&i ig PRSI NRY Ot s @ 8; the antigen-
criteria may contain
binding region may further include an H-CDR2 region depicted in SEQ ID NO:5,6,7, or

8; and the antigen-binding region also may contain an H-CDR1 region depicted in SEQ
ID NO: 5, 6, 7, or 8. Such a CD38-specific antibody of the invention may contain an
antigen-binding region that contains an L-CDR3 region depicted in SEQ ID NO: 13, 14,
15, or 16; the antigen-binding region may further include an L-CDR1 region depicted in
SEQ ID NO: 13, 14, 15, or 16; and the antigen-binding region also may contain an L~

CDR2 region depicted in SEQ ID NO: 13, 14, 15, or 16.

In another aspect, the invention provides an isolated antibody or functional

antibody fragment that contains an antigen-binding region that is specific for an epitope
4
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5 an antigen-binding region that contains an H CDR3

region depicted in SEQID NO 5, 6, or 7; the
wariaosgensdhi ndi ng regi on may further include anP¢&F/GRRE/002476

region depicted in SEQ IDNGO 5, 6, or 7; and the

anti gen-binding region also may contain an H CDR1

y é%g S gzb%rgl é £ tﬁ%g(ihl( gro E(,QIC}H% ﬁ]é%!lnént tRere®is Able Y Gltdfite killing of a

i'c an y O nvention may contain

an anti gen- hi ndi r egi t.hat cqgntains a -CQRB
CDR&gramsiegisg CHll ng%lq%gnga Rty @ 1%?“1‘2?,0'%?‘}?8; ol gificacy than

anti gen-binding region my further include an L-CDR1l
chineegic (DK T tPEQed N%Ss,@@ A Ry undsr thesang on subsiaRfjally, the same

anti gen-binding region also may contain an L-CDR2 )
cofidGbrehs 4 fiegiredouspaSiefaihD ANCntib®dy satjsfying ise criteria may contain

Anti bodi es (and functional fragnments thereof) of the

i LhiRd 6P HaBbdhtARs a2 ALCDRB-BEiBAIdBgiclee gh SEQ ITANO: 5, 6,
anﬁ@y peéif?g%%%r an epitope of CIBS,gmhi?% epi t ope

or zg{fltg%i ﬁé?ngﬁgl(siinége@%n g%%(?gﬁﬁ@égg%ﬁ&éa %’1 glggll)géﬁ%dglg{l/ d@%@lﬁ [i)n SEQ
NO. 22, My ifically. - d |
o S AL IR ) APy e

am no acid residues found in one or_gnre,of tge anin%

depicied in SEQIRNES 5t axar-f Push a GR3PispeciBe auffhody of dignvention may
stretches 44-66, 82-94, 142-154, 148-164, 158- 170,

coath 4D2ntRRA-bifding cmidmibat eortiibedh dsCDRIeregiont dpicterhip SEQ ID
be linear, whereas for others, it 20 may be

NGO qumet il9n@le 4ritigBn-birdige Apidnnpay hrthéninalntie hody-COR1 region
functional fragnent thereof having one or nore of

5]

: | -3 ' i P Halk® eHaf tontai
acpidBAn BERPED NS, GOT8: Bl (B0 e WAL RAIOAILE o bontain

nirePRaTeaih doickd T SERORIO SIS 12T NG 5. 6y
!

, or 8; and the antigen-binding region also may )
contAaitibodies Hex@DRInctiewyl diegtiepiscthettonoSthe inpepnNGaY Sontain an
or 8. Such a CD38-specific anti body of the

6, 7,
an'ti@lf_ﬂi‘fhﬁﬁx% rB%Mn fanisabeci A8 foran\4It3HHO& A3 Sdhich epitope contains one
PCT/ 1 B2005/ 002476 anti gen-bi ndi ng regi on that

or%icﬂ% %.irgﬁo %ﬁdlir' SRR Jregling aSRRLSEED 430SHQ JATNEB, depicted by
: 1o 8718

; the antigen-binding region may further

ST 27 L R SR OB o o
mg)zgctm?gg qagg olfép%iglg %L;%nregiﬁﬁésc%o%gdiirrl] o%eE (gr In?ory(gf tﬂ'esamino acid
stretches taken from the list of amino acid stretches 44-66, 82-94, 142-154, 148-164, 158-
170, and 192-206. For certain antibodies, the epitope may be linear, whereas for others, it
may be conformational (i.e., discontinuous). An antibody or functional fragment thereof
having one or more of these properties may contain an antigen-binding region that
contains an H-CDR3 region depicted in SEQ ID NO: 5, 6, 7, or 8; the antigen-binding
region may further include an H-CDR2 region depicted in SEQ ID NO: 5, 6,7, or 8; and

the antigen-binding region also may contain an H-CDR1 region depicted in SEQ ID

NO: 5, 6, 7, or 8. Such a CD38-specific antibody of the invention may contain an
5
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5 Peptide variants of the sequences disclosed herein
are al so enbraced by the present invention.

wae@snaiosyyl y, the invention includes anti- CD38PCT/IB2005/002476
anti bodi es having a heavy chain am no acid sequence
with: at |east 60 percent sequence identity in the CDR

SR 5, A G T NG

honol o in the CDR regions with the regions. . .
15 dapl G;Att%antige@@di@ Ieging@laisﬁlr%xer ﬂclwq“g&'ﬁgﬁ{héeﬁlon depicted in

included are anti-CD38 antibodies having a |ight chain
SEQMIM @3] 1de fieorcks; wind Hihe antigeasdnding remew elip muhe@de an L-

identity in the COR regions with the CDR regions
cﬂ@feg{o%diebi&teﬁﬁfaslﬂ@ MONOE33, 14,1518 & 16; and/ or at

| east 80 percent sequence honology in the CDR regions
with the CDR regi.ons depicted i.n LD NO
5" Sepiids, Vs SE AR SUUFSE CRUOR BE Nyl iarbdbed by the

lgG (e.g., 1gG@), while an antibody fra t be.a .

présat ioverdiony | Apenrdiaghympheeinvepfignnipehides, éll%ﬁ?ﬁgownl%dws having a
fragnent, accordingly, may be, or may contain, an

he@nt dlp@narhinodicityseqegicenwitthat 1dasthe/percént seqnsnes idepidiydn the CDR
ways as described herein. The invention also is

rediGhEWAE the CDFOtaHiE depieted ia SEQ ADSKQuUEN6,EE, oréhaindfof at least 80
whi ch can 20 encode an antigen-binding region of a

pe&%ﬂp&ﬁlﬁ%{c:p %@ol&ﬁgpi}h%ﬂ& oo @l é%rfse\gﬂﬁ e CDRI' RBfonk Aapictedl Sn SEQ

speci or an tope of 8. Such a nucleic acid

sequence may .encode a vari . [ : .
o35 Sody 7o BBk e RSP s oy o e i
group consisting of S ID NCS: 1, 2 or.4 a. .
o P Sosee Wl Urlets! STAFCRYIGEAUTEE SITAlER tF P rebions with
stringency conditions to the conplenentary strand of
thSEDR Begifis depicted By SBQ I Nfhid 32840l peile; ard/er #ilgst 80 percent
encode a variable Iight chain of an isolated antibod
se@ienté R6MbIRglin e YDR2REMLI 63Mi&Re PUR r&20:651pizetzd SEQ ID NO:
ragnent thereof, and nmay contain a sequence sel ected

r tpergroup consisting of SEQ 1D NOs: 9, 10, 11,
I%HQQE’ or a nucleic acid sequence that hybridizes

under high stringency .conditions.t he | epentary..

St ol ghlicp B euionsBiay . 98 1563ole g R VT g8 dtibody

of the invention are suitable for reconbinant .
fragnoaitiohiyorbe ThEad, or regFv, for example. An inventive antibody fragment,
accordingly, may be, or may contain, an antigen-binding region that behaves in one or

more ways as described herein.

The invention also is related to isolated nucleic acid sequences, each of which can
encode an antigen-binding region of a human antibody or functional fragment thereof that
is specific for an epitope of CD38. Such a nucleic acid sequence may encode a variable
heavy chain of an antibody and include a sequence selected from the group consisting of
SEQ ID NOS: 1, 2, 3, or 4, or a nucleic acid sequence that hybridizes under high
stringency conditions to the complementary strand of SEQ ID NO: 1, 2, 3, or 4. The

nucleic acid might encode a variable light chain of an isolated antibody or functional
6
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5 invention also relates to vectors and host cells

containing a nucleic acid sequence of the invention.
wW@0op0a63083 ons of the invention may be used forPCT/IB2005/002476

t herapeutic or prophylactic applications. The

i nvention, therefore, includes a pharnmaceutica

conpositign containin an inventive.antib -
fraggiegt steat B CR I AgaSe sl Al he e Bhyistpe of sEQ

10 acceptable carrier _or excipient therefor. | %. .
D08t 8 Oad bet 12, eenycisieagid é‘?ﬂuﬁ%?\/ﬁ’ﬂaték‘/b&dlzﬁ%?‘ilfga jdystringency

treating a disorder or condition associated with the
conditiens toahe porpslemertanf stra@b88SBR 100SO: 8xif), dssirnlg- cel | s.

Such met hod contains the steps of adm nistering to a

o Pirefleit DoilERFb R atbn 3R GRGER'bY RoaBMAk Abdidien. Thus, the

conposi tion contalns an |1 nventive

. antibo descri bed qr, con | ated herein. 15 T
iny R BB RIS S B s SR ARy ¢ ShElelPasiiSnce of the
~either in linear or conformational form and their
mygpgloflor the isolation of an anti body or functiona
fragment thereof, which anti body of antibody fragnment
CONMFdigSstitifhs A0 e Brvehtich Mehy’ 881 138d tloatthérapesipest braphylactic
for said epitope. In this regard, a linear epitope my
apcﬁgaﬁl%hp. ?ﬁ% e ﬂ?dng HESbAUER L2 ﬁ%ac%iclaﬁc&}nposit_ion containing
RO O Frat Ional eprtope may Cont ain one or nore am no
aci d residues. 20 selected.fr t.he.group consi st | .
st FBLSE] DS 66T Bocharal 143pey 3G 8udy G807 a8 bhifyBluicall
and 202-224 of CD38. An epitope of é;BS cap he used, X
acpentatdg &ATICE OF fEFEIPIGHE thqr@%r-athl&rfg%’fe #R95h dihe dnysmiion provides a
functional fragnments thereof (each of which antibodies
method dort triasihg 4 disgrdentos coodipion sassociatedamithgiba-usidagiredgpresence of
region that is specific for such epitope), conprising
CHBE o6 (FB3 Sfpréeing aells. nSuaaidtiedi doarensothe GEP8 ofiiatimimstering to a
anti body library and 25 isolating the antibody(ies)

] FSBHEPR 5HRAR, ) o pHEAORAP osiion v

i nventi.on provigdes an . so ' 8, which
oSS B G gL B AR B ERe

selected fromthe group consisting of amno acids

44- GBhe §BeBon blp- fedates taigsal@ad epBgpas7of CI¥3B, xgthenng linear or

202- 224 of CD38. As used herein, such an epitope
confétiftichd 655 Qnt itiedit Wseddt theislaifontdfeniantibetlyadrefiiyctional fragment

thereof, which antibody of antibody fragment comprises an antigen-binding region that is
specific for said epitope. In this regard, a linear epitope may contain amino acid residues
192-206, while a conformational epitope may contain one or more amino acid residues
selected from the group consisting of amino acids 44-66, 82-94, 142-154, 148-164, 158-
170 and 202-224 of CD38. An epitope of CD38 can be used, for example, for the
isolation of antibodies or functional fragments thereof (each of which antibodies or
antibody fragments comprises an antigen-binding region that is specific for such epitope),
comprising the steps of contacting said epitope of CD38 with an antibody library and

isolating the antibody(ies) or functional fragment(s) thereof.
7
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5 preceding am no acid sequences plus additiona
features, provided that the additional features do
wmoedaosiedoes i al |y affect the basic and novel PCT/IB2005/002476
characteristics of the epitope. In yet another
enbodi nent, the invention provides an isol ated epitope
of 8 _that consists of an. amno..acid : n
sel dxt3pathey 8mb9§1éne ?’0%8 IEEALOE, ?rﬁﬁldgéz aﬁﬁ%ﬁ%%gcﬁg’%ope of CD38,
44- 66, 82-94, 142-154, 148-164, 158-170, %92'é06 and . .
whigpeasistsssantigBy of an ¥R #i¢ eqUsRCeTels g U 4BS SpUR; Pnsisting
containing (i) an isolated epitope of CD38 corrgri Si nfg
of aménooacidsoiiecm BRd, #43-854t148t16Re & Kk 92-20fmanh d03-£44 of CD38.
of 44-66, 82-94, 142- 154, 148-164, 158-170, 192-206
AsA0§bd2B8reBR 4suck i dn) epifoprntiédaeidys kisbntielly; ofndné idfi jhe immediately
instructions for using the antibody library to isolate

r f t hadoviedBat the additional
38 PR A MLl oy e e dations

THE ElI GURES FEi.qur a.pr-ovi LG - acl S
feabireq dp FGUBRRGU “1cst IR dud P iy A B REHRARe

Figure I b provides am no acid sequences of varjous

novdh yenhtidsiboentmdimeitethedaventiopPrevdesons isobid endtgpepd CD38

HCDR1, HCDR2 and HCDR3 are designated fromN to C

thdt @b 6f Aharhipb At R qudnicd select@dfrpmatié gemip rundiging afeimno acids
sequences of various novel antibody variable |ight

44" 69 i89-§>§; 18-V 20056403883 0PEH - GRARBIRO2ATS CIB3gur e2b
provi des d

am no aci d sequences of various novel

anti body variable |ight regions.. COR.regi.ons :
L Corheatheentionrelse, pEowgssi &idk Sentiingin (0 afl joidRtef Py, of D38
in boldface. Figure 3 provides am no acid sequences of
coxmprisilg| anehraugrerasgino asidodiretches taken fpng éb%bﬁs‘&s‘l"b% &394, 142-
HuCAL anti body naster gene sequences. CDR regions
15HCORE.164HGBRA 7ond 9PQDR3amr @02e2ign4iiednf amiboly ltpary; and (iii)
C-term nus in bol df ace.
instructions for using the antibody library to isolate one or more members of such library

that binds specifically to such epitope.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1a provides nucleic acid sequences of various novel antibody variable heavy
regions.

Figure 1b provides amino acid sequences of various novel antibody variable heavy
regions. CDR regions HCDR1, HCDR2 and HCDR3 are designated from N- to C-
terminus in boldface.

Figure 2a provides nucleic acid sequences of various novel antibody variable light

regions.
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Figure 4 provides am no acid sequences of variable
Iight regions of various consensus-based HuCAL
wW@raoshaeidg3 mast er gene sequences. CDR regi ons LEBDRIB2005/002476
LCDR2 and LCDR3 are designated fromN to C-term nus
in boI df ace 10 Figure 5 provi des the am no acid
n SWS I S n
Bismrb ImPyIFe 8By 50T GE0 RS Wb be FHEA kRl MR tigh
the heav and l'i ght chains of chi T10, Fi
regionsy oﬁﬂéﬁﬁ(’%"c g&my,%@g%%gﬁgbp{eo%%gr@;ed fidm K- to C-
representative antibodies of 15 the present
terimimesrihibohifadei gure 8 provi des the DNA sequence of
PMORPH(r)h 1gd _1 (bp 601-2100) (SEQID NG 32): The

ve

REETE anb’z%?%mseq%%ﬁe&ﬁ%ﬁé%ﬁ“”ﬁ%%a?%ﬁé%“éi;ﬁ?z@%
i ndi c ted | d ereas the

°°B$en§“r§ hggg&aﬂz e era%e&etsﬁ%uegceﬁst(’gﬁg h%@Ogl on gen’e
are printed in 20 non-bold. Restriction S are

HGAR? ead BEDRRD 46 designated;iemdy: ofriemminusin ° Idfaces of the

sequencing priners are underlined. Figure 9 provides

t he; A PRANRR GRS adid sdgBRRs bf gftiabldiagh repiprsasf various
vector pMORPH(r)h Igx_1 (bp 601-1400) (SEQ I D NO

coﬁ ezn]l\s/us TEed H)ﬁbg'}'he 1b9@§ﬁ1q$t@f]% dna8eqiRAENAT IR ré’g@&ﬂs‘l[@.DRl

trogen am no acl Seq uences of the

LT R Bl ﬁsﬁf%% e e

final reading franes of the VK—I eader sequence and of
t h¥iguref ptavidesrtegiminogeidsequancp of GDE8 (FWIHSHFREDN primary
Restriction sites are indicated above the sequence.

aca'&gloﬁ&mﬁabegpm%e); of the sequencing priners are
underlined. Figure 10 provides the DNA sequence of

H_u C%Bé iov%gy ?%Eﬁtjﬁga%\%ex%%t ?t}ﬁeﬁée%%?ﬂ%&%gilg?of chimeric

sequence of the VX-stuffer sequence is indicated in
OK3l@e, whereas the final reading frames of the V--

| eader sequence and of the constant regi on gene are

Pr ifMRE 7ipfoiedy- daehématiResietview iofrepitbpesof representative antibodies of

the present invention.

Figure 8 provides the DNA sequence of pMORPH® h_IgG1_1 (bp 601-2100)
(SEQ ID NO: 32): The vector is based on the pcDNA3.1+ vectors (Invitrogen). The
amino acid sequence of the VH-stuffer sequence is indicated in bold, whereas the final
reading frames of the VH-leader sequence and the constant region gene are printed in
non-bold. Restriction sites are indicated above the sequence. The priming sites of the

sequencing primers are underlined.

Figure 9 provides the DNA sequence of Ig kappa light chain expression vector
pMORPH® h_Igk 1 (bp 601-1400) (SEQ ID NO: 33): The vector is based on the
pcDNA3.1+ vectors (Invitrogen). The amino acid sequences of the Vk-stuffer sequence is

9
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are indicated above the sequence. The primng sites of

the sequencing priners are underlined. 10 Figure 11
w@e@sila®s3t he results of the proliferation assegT/IR2BIE®2476

from6 different healthy donors (as indicated by

i ndi vi dual dots) were cultured for 3 days in the

SRS L A AL

reference anti body chOKT10, the agonistic (

congmtrrogion Bane asp prified & aembeld i Restuqtion Sﬁéig%tfillﬂfgc%%%w{? the
IgGL (NC) and a murine 1g&a (Iso) as matched 15

sedsedty PRhegeiming kitdsar tHBquehcatggnitasrsl ateatmdbilmgdwi t h Br dU
was used to nmeasure proliferation activity and its

I ncor porati on [\irght j
i $ae et B a2ind et B b MR B ﬁ@*f%ﬂ%“&gf
prow des the results of the |L-6 Release Assa
ONOBRHE B Lt siefoehO1 10 (SR HONG: N ol el a0 d qedigtce of the
I ndi vi dual dots) were cultured for 24 hrs in the
VpsesRhSRuerd i9indiatdlia bpldawheleagtihe Sinkhile#ding £litied 80THE)V A~
Mab#2 (=MOR03079), and Mab#3 (=MOR03080), the
leeg:d%f'g Pﬁﬁ%é%ﬁ%?@%d%n& I n gbitard ﬁﬁieﬁtﬂl fort-B81d) Restriction sites

Irre nt HuCAL negati ve contro

m onl 150
ot BTGP THE TS ‘f%%@quﬁ SIaeEa S fbirebrimes o
supernatants via a chenllunlnescence based ELI SA. 10
ungleslimgds/ 103083 PCT/ | B2005/ 002476 Fi gure 13 provides
data about the cytotoxicity towards CD34+/ CD38+
pr Q@?ﬂb 1 0 pravidds he feRIMssoffilicoprotifsrdtionyaschyn BBY Crafidrn 6i different
aut ol ogous CD34+/ CD38+ progenitor cells were

he ﬂ%g%% Sggt‘é‘”lﬁ leat ié)ig%yuﬂ%pa&s 3\75%%3@{@1?%5 )f%rojg/lﬁi%%#?/ré the presence

AT I Pt F
SNBSS B8 oo s,

2 weeks. Colony formng units (CFU) derived fraq
irmeteyetbiGA b@mseativeraentigl IgMLIAC) Bré2 murpgde(2 BiIS%)r?é matched
granul ocyt e/ eryt hr oi d/ macr ophage/ negakaryocyte stem
is6§pé SorfloFfyrEBMMA spadatidat8)ing with BrdU was used to measure proliferation

activity and its incorporation (as RLU = relative light units) analyzed via a
chemiluminescence-based ELISA.

Figure 12 provides the results of the IL-6 Release Assay: PBMCs from 4-8 different
healthy donors (as indicated by individual dots) were cultured for 24 hrs in the presence
of HuCAL® antibodies Mab#1 (=MOR03077), Mab#2 (=MOR03079), and Mab#3
(=MOR03080), the reference antibody chOKT10, the agonistic (ag.) control IB4, an
irrelevant HuCAL® negative control (NC) and medium only (Medium). IL-6 content in
relative light units (RLU) was analyzed from culture supernatants via a

chemiluminescence based ELISA.

10
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and granul ocyt e/ macrophage stemcells (CFU-GM pane
C) were counted and 10 normal i zed agai nst the nedi um

W@ ousnadosy " none” = medi un). Panel A represent sPCTEB2005/002476
total nunber of CFU (Total CFUc) for all progenitors.
Mean val ues fromat |east 10 different PBMC donors

Bt P Bttt Do e DR S LD VDS {RDo8Y phdfnitor

different cell-lines: a: Single neasure
celiso PBREGA Bormdrealifipedongss Farnring uiglpgous Gi%%zkéé’i?;é*j Pfoggﬂﬁm cells
-ratio: 30:1 b: Nanba et al., 1989 c: g/m used for

weddtnchingd with EuCAdy® dfb# GFMREA30G7 Ma@#z THOR03079), and

addition of retinoic assay for stinulation of

M&PE33=RPOR BP0 thesmﬁﬁiv% icentrdi(PCi=nghQK BN .ank iah firrelgvant HuCAL®
msdlumk|II|ng) (1 - mediumkilling)] = 20 100 PC.

ne%%lls(r'e cblYt Af fx&}rs (rﬁﬁ)té%e}& )AﬁéWardlyUtHe cal ﬁlsghﬁ%ll&f'@aﬁhixed with

ronrc m a ALL Acut e |'ynmphobl astic
2005/,10308 ‘. .
copdilf %@Pﬁ Rloke R ﬁg%gﬁnfn@ﬁ?"n@hmg units
M kr oor gani snen and Zel | kul t ur en ri can
(CEYi Boishme SoBr P B oA ?ﬁganmwfgp é@m Lon of
cell cultures 5 MAI: Mean fluorescence intensities.
grdriuinoyte/d thpyi dmagmphaigel meghkanyocatoeemicels (GHESHENMS panels B)

a: 2-4 individual analyses Figure 16 provides the

an@$RRNITPRIBdcréRagt ismalellsEEFUGMDpaneb Chiwes: @hitied and
treatnment of human nyel oma xenograft w th MOR03080:

noBhARd hgai&thEmBdint QBoP(“ndhIFC3R8EuAS. Panel A represents the total
number of CFU (Total CFUc) for all progenitors. Mean values from at least 10 different

PBMC donors are given. Error bars represent standard error of the mean.
Figure 14 provides data about ADCC with different cell-lines:

a: Single measurements (except for RPMI8226: average from 4 indiv.
Assays); E:T -ratio: 30:1

b: Namba et al., 1989

c: 5 ng/ml used for antibody conc. (except for Raji with 0.1 pg/ml)

d: addition of retinoic assay for stimulation of CD38-expression specific
killing [%] = [(exp. killing - medium killing) / (1 - medium killing)] *
100

PC: Positive control (=chOKT10)

MM: Multiple myeloma

CLL: Chronic B-cell leukemia

ALL: Acute lymphoblastic leukemia
11
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10 higGl | ng/ kg 32-68 days every second day; group 3:

MOR0O3080 as hlgGlL 5 ng/ kg 32 68 days every second day;
wW@e@afno3vs3 MORO3080 as chlg&Ra 5 ng/ kg 32- 68 dapeT/EB2603/002476

second day; group 5: MOR0O3080 as hlgGl 1 ng/kg, 14-36

days every second day; group 6: untreated 15 DETAI LED

DESCRI PTI ON. OF %ng\}l ENTI ON The present invention is

bas édVlbn AHE HYEL %‘ﬁli\?/md? novel antibodies that are

specific to or have a high affinity for CD38 and can

del iDEMZa t heDapesuhé Sarmahefiftir Mokraoxgabjseen und Kellkulturen GmbH

anti bodi es of the invention, which my be human or

hu LZzed, ca . [ texts, which are
no?gs‘n#(éﬁ y des%égﬁcég%ﬁ)grcg}tﬁg%ge%%hunan" ant i body or
functional human anti body fragnment is hereby defined
as Hf%CChat iFaropsen edllasten ef ¢l gulturasot " hunani zed")
and not from (either in whole or in part) a non-hunan

SpeGies- mﬁ%g%%gﬁciek;ﬂgﬂsi%&functi onal anti body

fragment can rived froma human or can be a
synthetic hunman antjbody. A "synthetic human anti body"
i s Figyes 1 hawvidss data ah@ﬂd#@ﬁﬂlﬁtﬂ@ﬁ%%ﬁ@- a sequence
derived, in whole or in part, insilico 12 WO

2005/ 1.03R831d06ITnk 54605/ 002476 from synthetic
sequences that are based on the anal ysis of known

hugan anti bod sequences.. I n.sildc '
antiBayS BRY U O SporpaAE e iap bRy the urt Hment
achieved, for exanple, by analyzing a database of

of e BBy oBraNaH BRSO HRRLHENE 1 MOt ias SMOR03080 as
devi sing a pol ypeptide sequence utili zi n% t he data

higB1 Ainpdcs 3068 ddysaverySedomsdagr stoup ApMORAZ0Z0 ag kgl 5 mg/kg 32-
anti body or functional antibody fragnent, is one that

68 days @V&g@&%nﬁ)ﬂaﬁ gt £ MOROADSD e khlizéa Siogke 32i08rdayyevery
of "anti body sequences of human origin (i.e., such

LR ALY o R gwglﬁ‘é(?ﬁ) Hbpgl 1 26 afd S-Psdati@day; grou
Se%gpdggfggg ?be . A §gﬁﬁgﬁ¥¥gg gﬁ?%body" gr functionalyglr P
6.hugar][i(ied anti body fragnent is defined herein as one

‘HEEA'PS (i) derived froma non-human source (e.g., a
transgeni c nmouse which 10 bears a heterol ogous i mMmune
systenm), which antibody is based on a human gerniine
sequence; or (ii) chinmeric, wherein the variable

domain is deppdedy HP HrRClAPTTIOROF THE INVENTION

The present invention is based on the discovery of novel antibodies that are specific
to or have a high affinity for CD38 and can deliver a therapeutic benefit to a subject. The
antibodies of the invention, which may be human or humanized, can be used in many

contexts, which are more fully described herein.

A “human” antibody or functional human antibody fragment is hereby defined as
one that is not chimeric (e.g., not “humanized”) and not from (either in whole or in part) a
non-human species. A human antibody or functional antibody fragment can be derived
from a human or can be a synthetic human antibody. A “synthetic human antibody” is

defined herein as an antibody having a sequence derived, in whole or in part, in silico
12
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© “spevifidally recognergs’ bmsandigeClizge, SDIH 1§su@mnt1

origin and the constant domain is derived froma human
origin or (iii) CDR-grafted, wherein the CDRs of the

wQo 2005403083 dormai n are from a non-human ori gi n, MII/IBR0G®2476
or nore frameworks of the variable donmain are of
human origin and the constant domain (if 15 any) is

ogL égnutgatgcag%(i}l ces..t'i'}S t gaslgg ro%l 'ﬁ% 3 al?ﬁg 120 % wnP hitlsh antibody

spec Ffi

speC|f|caIIy recog en (here

SeqngBPFSani Wt BF o iidop oty g%‘\lf]@sceb(ért ‘(K%%’ﬁe"i d%?’fec’f can be
anti gen and one or nore reference anti gen( s), sinc

actibvedi, fiy expmplef by ianglyzing ardatabase efifuwnan atibpdy OIaantlbody fragment
relative property. In its nost general form (and when

seqiRnéf dndedev2ing af pulgpepedé Sequente atitizing the deti ébtained therefrom.

inding” is referring to the ability of the antibody )
Adlobher %‘x?ﬂ’ﬁg 24LERRtANEEA Be figldtib&ig infibodyN BreE@Eit, #Nene that is
e

an unr antigen, as determned, for exanple, in

oSSR g 4 P AT eS8 i
S o S R

carried out. The scoring may be carrled out 25 by
st andRigaaddosniitede! opfemnttiofel humaweah datibodgnfragmay is defined
wi th horseradi sh peroxide and 13 WO 2005/ 103083

he géé G082/ 1063 4&8ved! Bdrh aRh HtimAARBEIci(£ 8., Wiilaisgenic mouse which

y drogenperoxide). The reaction in certain wells is

beﬁrﬁ,]a $dt61ibo¥%o‘ilgﬁr&%gl Esﬁ C}ex?;in%hfc}{  antiBbdF XA PRS- ona£ hﬁ%lg.l’l germline

negative reactlon)

0.1 O cal t|v actio

SCHHAAS %@5 &LWEQ"e re“b ?"\’Iateb}% gﬁ%’?)ﬁ'\/lg %egln 0rrrno raenon'human
than 10-fold. Typically, determ nation of bindin

origpeeid itks constant p@mam e demyeduSphg? h9mag iy |8 (1 CbR-grafted,
reference antigen, but a set of about three to five

wheneialtht €@DRnbSf greneriablecdonasn nird kopoaden:huBga, origin, while one or
transferrin or the |like. However, "specific binding"

mEeFP{EN6rk L Bhe Waridtie dabhihiatey oDfiurih @figih badishetoonstant domain (if
di scrimnate between the target antigen and one or

L¥oiel ated antigen(s), which are used as
an&E erfglnlgléﬁpo t s, e.g. between CD38 and CD157.

Addltlonally, SpeCIfIC 10 blndlngf y relate to.t h/f

abiAs ugedythergin,a b | HURPY o biRdsc BRSH }pg{lg et \iBepspecific  to/for”

different parts of its target antigen, e.g. different

g%slsiahlettﬁéhqmmmate

between such antigen and one or more reference antigen(s), since binding specificity is
not an absolute, but a relative property. In its most general form (and when no defined
reference is mentioned), “specific binding” is referring to the ability of the antibody to
discriminate between the antigen of interest and an unrelated antigen, as determined, for
example, in accordance with one of the following methods. Such methods comprise, but
are not limited to Western blots, ELISA-, RIA-, ECL-, IRMA-tests and peptide scans.

For example, a standard ELISA assay can be carried out. The scoring may be carried out

by standard color development (e.g. secondary antibody with horseradish peroxide and
13
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termnal or in the Ctermnal region of CD38, or

bet ween one or nore key am no acid residues or
waroostiedes of am no acid residues of CD38. Al sPCT/HR005/002476

used herein, an "inmunogl obulin® (1g) hereby is

defined as a protein 15 belonging to the class 1gG

| gM. I gE, .1.gA, .or. 1.gD (or a bc t. -
et Beirigite vl pdRreoRar Tk e A 5 Bk by scored by
functional fragments thereof. A "functional fr.agnment”
thexdptisal densitsh Ser/emplm abtSbuni hynieal &8 ?%u“g’gﬁ?@ﬁvggeagu‘m) may
fragnment of an anti body/i nmunogl obulin §l_e. g., a )
bevauli &id;etypégi appsoiveareabiy@® matatber dt lhs Thisemeany s -difference
bi ndi ng regi on. An "antigen-bi nding region” of an
podifivé/ResYive YainC BE | Motes tHamund-fold. orEypicaliR) determination of binding
hypervari abl e regi on(s) of an antibody, i.e., the

sp%%ﬂ}/éi\%@%fqm W using £ sHpFe refliONRVREiged, Bt ¥ 8étioRRbSut three to

regions can also play an inportant role in

anti gen i ndin suc v di . fifal d for
o sty B B AR % B B it of R O
conprises at |east amno acid residues 4 to 103 of the
vatioaleler, |‘ispérifi¢ \Windingiaialo may ®farotolde ebilifhef an antibody to
vari abl e heavy (VH) chain, nore preferably am no acid
didcBigliaiie Betdeb® theSarke ardfgelandonk dr morelddseby reldtbd amigen(s), which
particularly preferred are the conplete VL and VH 14

R83p 5t LB2R0RIRAATR ahl TS 7( amidaRionsllyd “specific
m%%%%f%%%%gg topfog OEZVL and 1 toa113 of VH, nunbeﬁﬁngp

bil?acﬁﬁg {{%I@{) g%%? f:ontzi\le) Pglrzi/t)ggéﬁlf)%nntb@le)p g)eéigcﬁ'fntﬁ%t% hy@Beef (different parts of

resent rnvention Is

. 1gG "Functional  fragnents" of .the | tion include.

sy FRECHBTHECR: ©F- G Tereab O mains 5 Resions of CRat Pl ghreRionsy ip the N-
scFv. The F(ab')2 or Fab may be engineered to mpimze i

temuinadoorphehe [Cytegninghsgion: ofeCDABcpmbAtween aRe o BQrpkepammo acid
i nteractions that occur between the CH and CL

reflOnaion stretdiresafbinbmdacidfesidnes offURB%.i on may be deri ved
froma reconbi nant anti body library that is based on

nd S B R o AR ORNS RS BSLONE; defind] ) Sprotin

ei c acl re sy etlca

created. In silic esi f ti bod equence i s, .
belgngierip dheglass 1g; ggé\znfﬂEg Te, 08D 95 pmy Stbofiss HiEeeD: gd includes

human sequences and_devi sing a _pol ypepti de sequegfg .
allutorviertionglly Hevowat antibedies fad Tupeticopl SREmgps Bergok ofd ~ functional

desi gni ng and
fragment” of an antibody/immunoglobulin hereby is defined as a fragment of an
antibody/immunoglobulin (e.g., a variable region of an IgG) that retains the antigen-
binding region. An “antigen-binding region” of an antibody typically is found in one or
more hypervariable region(s) of an antibody, i.e., the CDR-1, -2, and/or -3 regions;
however, the variable “framework™ regions can also play an important role in antigen
binding, such as by providing a scaffold for the CDRs. Preferably, the “antigen-binding
region” comprises at least amino acid residues 4 to 103 of the variable light (VL) chain

and 5 to 109 of the variable heavy (VH) chain, more preferably amino acid residues 3 to

107 of VL and 4 to 111 of VH, and particularly preferred are the complete VL and VH
14
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obtaining in silico-created sequences are descri bed,

for exanple, in Knappik et al., J. Ml. Biol. (2000)
WQI®sA7308Krebs et al., J. Imunol. Methods. (2POWL)B2005/002476

254:67; and U.S. Patent No. 6,300,064 issued to

Knappik et al., which hereby are incorporated by

Iy LT DR

Thr oughout this docunent, refer s made, t
wwweﬁ%ﬂ% A Ep el BTG RO EBDB B OB S Haht SR Fpfemtion is

"anti body nos." or "LACS" or "MOR' 3077, 3079, 3080
Ig@ntFuiRtiofal fap@eBB7 3f thepnemting snchrdedhe Hersaip of a\F(aly)-afragment, a
vari abl e heavy region corresponding to 5 SEQ 1D NO 1
Fab RYOhERERA sBFNCThSF @B 9bieF ab) mayible engiaderaaitb enihingiae or completely
regron corresponding to SEQID NO 9 (DNA)/SEQ ID NO
( e ot hadhen gy ORg and C
rerf BB leotaC R AR A RAEhS R RPh Qa8 Mg and G
%@ )/SEQ IDNO 6 (protein) and a variable |ight
do H¥¥on corresponding to SEQ ID NO 10 (DNA)/SEQ ID
NGO 14 (protein). LAC 3080 represents an antibody
hainngitiaodaof tisl ievdntiauynayces derived feam paspunbingry apgbetydibrary
ID NG 3 (DNA)/SEQ ID NO 7 (protein) and a variable
thAthQ Based RCinTAo GOrLGIRMOEY et haveIeeh BN it sil{dDONAY BEQled by
NO 15 (protein). LAC 3100 represents an anti body
Y op, §fks asHENEF B ahtdbodeQelpidnce is
nu%%}/ %@‘Bﬁﬁ ﬂf%&%ﬁeh&ql\llgcr%ﬁ%pr ot ei n) an%na vari abl g !
ac{n@gei@é) f{)li %(%rgplg,? @5’ ﬁa)Sn %%glgl g cfa?ab?s%Qof [e\tpse n(:QNﬁad %@Qsmg a

n -one aspec the i nventi on
rovi des anti bodi es havi ng n- bi r .
polypaptideatraBfied Wiketsr e defayP %}H%T h’ﬁ%@"&‘ h&g‘i&h‘%\sffe %fl%’syg“mg and
for one or nore regions of CD38, whose anng acid
obsaujug rie silice- Qﬂ@gﬁ@d:ﬁ@mewSSEQdP@ﬂN@ fop expmplentn Kagppikeet al., J.
said to have a "high affinity" for an antigen if the
Mal. fBisl. (3000296158 Kindbsies qdt Jl hmsunollOMeﬂMde n@A61)a2 X 7; and U.S.
affinity of Fab fragnent). An inventive antibody or
Pa‘%fltt N B 3@? 06 NGuddaSiaRAppIk el B APhi¥h Bereb R Areih¢uipdrate@by@eference
an"affrnity of about | ess than 100 nM nore

efergq y less than about 60 nM and still nore
mgl?eé“rf‘é? %P’y | ess than about 30 nM Further preferred

are

15
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anti bodies that bind to CD38 with an affinity of |ess
than about 10 nM and nore preferably less than 3

w@bwatioyeks For instance, the affinity of an anp¢btabpof02476
the invention against CD38 naybe about 10.0 nMor 2.4
nM (nonoval ent affinity of Fab fragnent). 16 WO

0 .1 | B2005/ 002476 Table 1 d
A‘é&ﬂ%ﬁs g]?a{ﬂ‘ ﬁ??ldes of represeﬁt afl vep;g;/: bga 23 of
i nventign t dh f I .
? %ut( %lé‘a gg?%t?eerg,ﬁ (rgé?ﬁne é%arﬁﬁch as ethéa)l nfgﬁ&?ﬂlé regresentatlve

TabI e 1: Antibody Affinitieg
anhoRcere thFHI PR SRl Fas o oF @?g f LM?’g%p 08'7‘3%)99 3080 and
[nPMa MOR03077 56.0 0.89 MOR03079 2.4 0.60 MOR03080
3100.. BAQ: 3077 iBReSt0M drdibodBhaing a:rvramhw beawmTegon gerresponding to
determ ned 8.28 a nean fromat |east 2 different
B th No:y gmgysmab NS 5 proRAMLER26v Aidbledlight kégien esesponding
for FACS— atchards Wth reference to Table 1, the
v/ 7 a
to %;E?S E‘ZP By sug? /SB0) ﬁ) NS 38R anhS30% ‘f@)‘i’eseﬂrt@ an antibody

. ﬁge pl asnon resonance (Biacore)
i Mo
St R T

cell line. -The Bjacore studles we r
(aiel a2 VaFiF IHEhb EFBinn, SERPYIES SOy IR 0"raysEQ
protein). The Fab format of LACs 3077, 3079, 3080 and
NG100 (prokdin). t L& 3ABhoenaessnts ar antiiody haymgea atiplledeavy region
about 2.4 and 56 nMon i mobilized CD38-Fc fusion 15
copespoatlingot SEQAD BOY S @A)/ BHQt Hie NO:gh éptotead)f ani & wariable light
foll owed by Fabs 3100, 3080 and 3077.
region corresponding to SEQ ID NO: 11 (DNA)/SEQ ID NO: 15 (protein). LAC 3100

represents an antibody having a variable heavy region corresponding to SEQ ID NO: 4
(DNA)/SEQ ID NO: 8 (protein) and a variable light region corresponding to SEQ ID
NO: 12 (DNA)/SEQ ID NO: 16 (protein).

In one aspect, the invention provides antibodies having an antigen-binding region
that can bind specifically to or has a high affinity for one or more regions of CD38, whose
amino acid sequence is depicted by SEQ ID NO: 22. An antibody is said to have a “high
affinity” for an antigen if the affinity measurement is at least 100 nM (monovalent
affinity of Fab fragment). An inventive antibody or antigen-binding region preferably
can bind to CD38 with an affinity of about less than 100 nM, more preferably less than
about 60 nM, and still more preferably less than about 30 nM. Further preferred are
antibodies that bind to CD38 with an affinity of less than about 10 nM, and more
preferably less than 3 about nM. For instance, the affinity of an antibody of the invention

against CD38 may be about 10.0 nM or 2.4 nM (monovalent affinity of Fab fragment).
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17 WO 2005/103083 PCT/ |1 B2005/ 002476 The 1gG format
was used for the cell-based affinity determ nation
w@ BASF0B8Rnt chard) . The right columm of Tabl e 1PCEEBWER002476
the binding strength of the LACS in this format. LAC
3080 showed the strongest binding, which is slightly
{E{ﬂﬂ? r th %}"gfs:% 3a 790fanf:1n%967s7?f r}ﬁé@@nﬁl@ﬁ/e pérﬁfb@ﬁiregdof the

tlboc nvention i s

thelr S eCIfICIt r an area within
invieBlpTb s gieteeee@d h{*/o?urgs@%rﬁl&sglonﬁﬂ%%‘a% ‘a%"ég)L an%sg}égg Scatohard
and 3100 of the invention can bind speC|f|caIIy to the
andlydier m nal regi on of CD38. The type of epitope to
whi ch an anti body of the invention binds may be |inear
(i.e. one consecutive stretch of am no acids) or
conformational (i.e. nmultiple stretches of 10 am no
acidsé. I n order to det ermi ne whet her the epltope of a
palabled: Anthedy pfEipities | i near or confornational, the
skill ed worker can anal yze the bindi ng of anti bodi es

Adtfhod! 8\(1%{;1') aPP%(@D) PEIACORE(PaR) . 13- NEAGEEPt i deScachdrd
an over am no acids) covering different
domai ns of CD38. hgip hi s anal ysi § g g)lnventors
have di scovered t 3077, 3038 ahd 3100
recogni ze di sconti nuous epitopes in|the N-taerm nal
region of 15 CD38, whereas the epit JEfQIBM LAC 3079 can
be described as linear (see Figure ¥). Conbined with

hd 3gFPW edge provi ded hggg n, the skilled wgoker in
e art will know how to use one of nore isol ated
enitopnes of CD38lfor gener atinao

antilhadi ac havi e on
A\~ m ey, |||3 T TC oOoOUOUTrCtco 1 1Ty arl
MORO3§EN- bi ndi ng 1 egi on thaf is specific for “skid

epitopes (e.g. using synthetic peptides of epitopes

L CrossS=-feact LII ||unu.ll Ilu Cll Cast UTI1 lIICI
MORMBIBL, which mdy be a r@o‘gnt speci es or a Srvdn- hunan

or cells|expressiayg epi topes of CD38)47 20 An
ant i body of the invention preferabl i's species

ct | e uu

primate. The non-| human prinate canjbe rhesus, baboon

CRIRTORIMONDI gug. Theaot dientinedpeci ¢s can be.2&ouse,
rat and/ or hanster. An antibody that is cross reactive

\M t h. at |l pnact Aadan

pr OVINEAR f@‘;“@é{ ]é’?s C—‘ﬁ%’;ﬂ ‘i‘ffbff%ﬁ%feﬁ@ﬁ%?ch : xgcg:r ekn;\j\ll:wl
anti REVIB®2618M cell-line used for FACS Scatchards
With reference to Table 1, the affinity of LACs 3077, 3079, 3080 and 3100 was
measured by surface plasmon resonance (Biacore) on immobilized recombinant CD38
and by a flow cytometry procedure utilizing the CD38-expressing human RPM1I8226 cell
line. The Biacore studies were performed on directly immobilized antigen (CD38-Fc
fusion protein). The Fab format of LACs 3077, 3079, 3080 and 3100 exhibit an
monovalent affinity range between about 2.4 and 56 nM on immobilized CD38-Fc fusion
protein with LAC 3079 showing the highest affinity, followed by Fabs 3100, 3080 and

3077.
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WO 2005/ 103083 PCT/ | B2005/ 002476 anti bodi es, for

pur poses of conducting in vivo studies in nultiple
wepesilewswi th the sane antibody. Preferably, BEIT/IB2005/002476

anti body of the invention not only is able to bind to

CDGS but also is able to medi ate killing of a cel

eSSI Nor e i.fica
S The SR frEah HETarE Tt 4 Hals %aefﬁéﬁﬁ @*‘Bﬂﬁn&@ TEACS
l eting sitive (e ant ce
Scaitbarb et e e bRt AP Siorerabe RO RGN PhEIRIACS in tis
ant i body- dependent cellular cytotoxicity (ADCC) and
formerp 1 eX® 608 ehpevedethe styngesokindingy whichdy sf/gtébd sgropger than LACS
provides a summary of the determ nation of EC50 val ues

3oq§aﬁ@pmﬁﬁentat|ve anti bodi es of the invention in both
ADCC and CDC. 10 Table 2: EC50 Val ues of Anti bodies

Antib i
S S R R Mo g

0.94d MOR03079 0.095 0. 04a 0.41c 08]9 338 ,9 (()){-'%
fogapare witBingthe NbuRIHO regigpotCDas: Foy e@@nplfs é%é 77,3079, 3080,

Chineric 5.23a 4.10a 9.30 OKT10 a nean from at | east
and 35 6f the ievrentiomtandrisd specifiialy kethdN-tarminshragim o Cladtn

from2 ECS0 determinations 15 d: nean from 3 ECS0

detgr %aéf Pitdpe fo witket NinfanABod, SRO HRh86AbARE A SDe linear (i.e.
one consecutive stretch of amino acids) or conformational (i.e. multiple stretches of
amino acids). In order to determine whether the epitope of a particular antibody is linear
or conformational, the skilled worker can analyze the binding of antibodies to
overlapping peptides (e.g., 13-mer peptides with an overlap of 11 amino acids) covering
different domains of CD38. Using this analysis, the inventors have discovered that LACS
3077, 3080, and 3100 recognize discontinuous epitopes in the N-terminal region of
CD38, whereas the epitope of LAC 3079 can be described as linear (see Figure 7).
Combined with the knowledge provided herein, the skilled worker in the art will know
how to use one or more isolated epitopes of CD38 for generating antibodies having an
antigen-binding region that is specific for said epitopes (e.g. using synthetic peptides of
epitopes of CD38 or cells expressing epitopes of CD33).

An antibody of the invention preferably is species cross-reactive with humans and at

least one other species, which may be a rodent species or a non-human primate. The non-
human primate can be rhesus, baboon and/or cynomolgus. The rodent species can be

mouse, rat and/or hamster. An antibody that is cross reactive with at least one rodent

species, for example, can provide greater flexibility and benefits over known anti-CD38
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19 WO 2005/103083 PCT/ 1 B2005/ 002476 CD38- expr essi on,

however, is not only found on immune cells within the
wonp@sadWsg e. g. nonocytes, granul ocytes) and | ypghs2do5/002476

i neage (e.g. activated B and T-cells; plasma cells),

but al so on the respective precursor cells. Since it

.S_j.npartan ; : 3 .
il Body itk SR Mg ALt i R mBF S &Hr¥ith the same
antj bodies of the present 5 invention are preferably
anti®adYeyt ot oxi ¢ to precursor cells. In addition to its
catalytic activities as a cyclic ADP-ribose cycl ase
angrdieblg] asatibo@P3Bth@iisyeEntiys nohenlpis dbild tp Hind tor @R38 e also is
signal s of biological relevance (Hoshino et al.

abikAQ Tnedits ikBlih® ofh call expr@RR) cDIROMork UpEdifiQills, @ Bntitddy of the

|nduceé In vivo by, e.g. receptor- ligand interactions
. .b - | inki i.th | St LG i » :
in G R AR R, BB n R )
oo SR b P i e o, RBER 8L R pRiegependen

are non-agonistic antibodies. Peptide Variants
celtwini Gysetowisity (ADRE) iand epmplomeni-éepsadent FriptoxiiydCDEe-
speci fic peptide sequences provided herein. Rather,

t NgqhRvERLIREs 2sSAnRRPOLihe Ackahidfbs 00 EC508&RIes of representative
pol ypeptides. 15 Wth reference to the instant

oo R RS PP G S T b abie to

prepare, test and utilize functional variants of the
anti bodi es di scl osed herein, while appreciating that
variants having the ability to nediate killing of a

CD3Sb1d 2N18E%0 Valdes bAAhtivbdie n the scope of the present

invention. As wused in this context, "ability to

nediate killing of a-CD38+-target—cell——reans—a
Antibndyi Ggfal) PADKIGr act eri stic ascribe®RG an anti- CD38
anti body of| the invention. Ability to nediate killing

of a CD38+ tRrree(n®gl |, thus, inclugdggsofavgbility to
medi ate kil]ing of a CD38+ target cell, e.g. by ADCC

and/lor—CDCH-er—by—toxi-Aeapstiteis—tonugated—to—an
anti body of th i)l“i;wenti omg\%ﬁi ant Wﬁﬁ%ﬁ%"ggﬁsfo
exanpl e, an| anti body that has at |least one altered 25
MORGogment af i t yo@eher nijni ng0ord8gi on ( CDR) 0.8c; 0.94d
(hyper-vari gbl e) and/or| framework (FR)
MORO03079 0.09° 0.04° 0.41°
MORO03080 0.17° 0.05% 3.2%2.93¢
MORO03100 1.00° 0.28° 10.9% 13.61°
Chimeric
5.23% 4.10° 9.30°
OKT10

2. mean from at least 2 EC50 determinations
®. single determination

€. mean from 2 EC50 determinations
4. mean from 3 EC50 determinations

€. mean from 4 EC50 determinations
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20 WD 2005/ 103083 PCT/ 1 B2005/ 002476 (vari abl e)
domai n/ position, vis-a-vis a peptide sequence

wale@shia®esl herein. To better illustrate this PONEP05/002476
a brief description of antibody structure follows. An
antibody IS conposed of two peptide chains, each

Atk S A ﬁﬁm{x“eaﬁéﬁm{l ¢ myeloid

Iatter of mhlch 5is_in each case nade 8%1
(e.gegprRRytesngraHpedes) Ané Peportlitags (- grﬁlétl‘ééﬁ?ﬂf Ben Lcolls:, plasma
binding site is forned by one or nore CDRs, yet the FR
cell§gbutrmsopsrothedespebtivespreciusarrcalls. Sinenié doikpoient thakthopreslls are
and, hence, play an inportant role in antigen binding.

noB){ffecﬁéd 1§ hritibo@iienddiat ODKfirR B MAal i@kt dolls, tHel emibodied ofBie present
or FRregion, the skilled worker routinely can

1nx\9-%‘13‘1ﬂ8é HeSor n%{a% S)ﬁlqot%gto%ﬁ@fosﬁrgélﬁ%r%@ﬁé body sequences,

cree 10 "agai nst the antigen, for new
|nproved properties, for exanple,  Tables 3a (VH)
andn 3ddition Jo Hecatalvtie ect Hideare ardicPRDPagosn §y¢late and hydrolase,
certain antibodies of the invention and conpare am no
Chis disphlys shegahility fpositsilore signasiof bitlégeal aalgvancg (Hoshino ef al.,
correspondi ng consensus or "naster gene" sequences (as
199eS ALkibRsl e BI.\2690).PEE®BtfulN@ions a8 00, ifdi#Rd i2 VivdDy, e.g. receptor-
2005/ 103083 PCT/ | B2005/ 002476 rte; MI11 J ~J J Nin
héﬂd it eraﬁfldns olrrbry\cbrosQ lﬁ':]lﬂﬂk \Qﬁth agénl@lcc%ti-@D@SAantlb@w% lading, e.g.

to Lﬁa@qni %ogl@go'g,_slyfgﬁl&cxtg pﬁoli?ellahon Bnd Fetthdd O c;%kmé’;': PHTerably,

the antibodies of the present invention are non-agonistic antibodies.
Peptide Variants

Antibodies of the invention are not limited to the specific peptide sequences
provided herein. Rather, the invention also embodies variants of these polypeptides.
With reference to the instant disclosure and conventionally available technologies and
references, the skilled worker will be able to prepare, test and utilize functional variants
of the antibodies disclosed herein, while appreciating that variants having the ability to
mediate killing of a CD38+ target cell fall within the scope of the present invention. As
used in this context, “ability to mediate killing of a CD38+ target cell” means a functional
characteristic ascribed to an anti-CD38 antibody of the invention. Ability to mediate
killing of a CD38+ target cell, thus, includes the ability to mediate killing of a CD38+
target cell, e.g. by ADCC and/or CDC, or by toxin constructs conjugated to an antibody

of the invention.

A variant can include, for example, an antibody that has at least one altered

complementarity determining region (CDR) (hyper-variable) and/or framework (FR)
20
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I > A% anBBody is éombbsed offvb pdptldethains, each containing one (light chain) or
three (heavy chain) constant domains and a variable region (VL, VH), the latter of which
is in each case made up of four FR regions and three interspaced CDRs. The antigen-
binding site is formed by one or more CDRs, yet the FR regions provide the structural
framework for the CDRs and, hence, play an important role in antigen binding. By
altering one or more amino acid residues in a CDR or FR region, the skilled worker

routinely can generate mutated or diversified antibody sequences, which can be screened
against the antigen, for new or improved properties, for example.

Tables 3a (VH) and 3b (VL) delineate the CDR and FR regions for certain
antibodies of the invention and compare amino acids at a given position to each other and
to corresponding consensus or “master gene” sequences (as described in U.S. Patent No.

6,300,064):
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Position
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YH
3079
3080
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VH

Table 3a: VH Sequences
VH

SEQIDND
SEQIDNO
SEQ ID NG
SEQIDNO
SEQID NO
SEQID NO
SEQ ID NO
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also have one or more altered framework regions. With reference to a comparison of the
novel antibodies to each other, candidate residues that can be changed include e.g.
residues 4 or 37 of the variable light and e.g. residues 13 or 43 of the variable heavy
chains of LACs 3080 and 3077, since these are positions of variance vis-a-vis each other.
Alterations also may be made in the framework regions. For example, a peptide FR

domain might be altered where there is a deviation in a residue compared to a germline

sequence.

With reference to a comparison of the novel antibodies to the corresponding
consensus or “master gene” sequence, candidate residues that can be changed include e.g.
residues 27, 50 or 90 of the variable light chain of LAC 3080 compared to VLA3 and e.g.
residues 33, 52 and 97 of the variable heavy chain of LAC 3080 compared to VH3. .
Alternatively, the skilled worker could make the same analysis by comparing the amino
acid sequences disclosed herein to known sequences of the same class of such antibodies,
using, for example, the procedure described by Knappik et al., 2000 and U.S. Patent No.

6,300,064 issued to Knappik et al.

Furthermore, variants may be obtained by using one LAC as starting point for
optimization by diversifying one or more amino acid residues in the LAC, preferably
amino acid residues in one or more CDRs, and by screening the resulting collection of
antibody variants for variants with improved properties. Particularly preferred is
diversification of one or more amino acid residues in CDR-3 of VL, CDR-3 of VH, CDR-
1 of VL and/or CDR-2 of VH. Diversification can be done by synthesizing a collection

of DNA molecules using trinucleotide mutagenesis (TRIM) technology (Virnekis, B., Ge,
24
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an antibody peptide sequence described herein. Given the properties of the individual
amino acids, some rational substitutions will be recognized by the skilled worker. Amino
acid substitutions, i.e., "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 residues involved.

For example, (a)nonpolar (hydrophobic) amino acids include alanine, leucine,
isoleucine, valine, proline, phenylalanine, tryptophan, and methionine; (b) polar neutral
amino acids include glycine, serine, threonine, cysteine, tyrosine, asparagine, and
glutamine; (c) positively charged (basic) amino acids include arginine, lysine, and
histidine; and (d) negatively charged (acidic) amino acids include aspartic acid and
glutamic acid. Substitutions typically may be made within groups (a)-(d). In addition,
glycine and proline may be substituted for one another based on their ability to disrupt o-
helices. Similarly, certain amino acids, such as alanine, cysteine, leucine, methionine,
glutamic acid, glutamine, histidine and lysine are more commonly found in o-helices,
while valine, isoleucine, phenylalanine, tyrosine, tryptophan and threonine are more
commonly found in B-pleated sheets. Glycine, serine, aspartic acid, asparagine, and
proline are commonly found in turns. Some preferred substitutions may be made among
the following groups: (i) S and T; (i) P and G; and (iii) A, V, L and I. Given the known
genetic code, and recombinant and synthetic DNA techniques, the skilled scientist readily

can construct DNAs encoding the conservative amino acid variants. In one particular
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al hengey Bél‘éff?v"%qlﬁeﬁc%gﬂd@ﬁ&y" Yédalen &6 pRNgRptide Sequences indicates
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resjdues .13 or 43 of arlable
sinieky S gucalinathsopcensiaroe! G 8. b cifgnaojdBhtical or tha
variance vis-a-vis each other. At t
oGS AR oo BB ProRGTe IR LS sediences of the

peptide FR domain might be altered where there is a
imaanb@havena beyuandeddemiie irc tmpélbﬁdeglonm@@rlmat 06%, n@re preferably,
sequence. Wth reference to a conparison of the novel

at RAL m@bﬁso%oanmofdégreﬁsmﬁdﬂ legst 90UNEENAos poeferahlysdtdeast 95%.
gene" sequence, date resi dues that can be changed

PRS0l Rl 8,00 o D% g ot

I esi 97 o vari abl e heavy chaln of
mcgg\@re% %13’?@@%&%180%9@ lyldéeN ternatively, the

skilled worker coul d nake the sanme anal ysis by
DNAmelecules ofithe imventionaci d sequences di scl osed herein

to known sequences of the sanme class of such
anihb peisast,invention also relates to the DNA molecules that encode an antibody of

the invention. These sequences include, but are not limited to, those DNA molecules set

forth in Figures 1a and 2a.

DNA molecules of the invention are not limited to the sequences disclosed herein,
but also include variants thereof. DNA variants within the invention may be described by
reference to their physical properties in hybridization. The skilled worker will recognize
that DNA can be used to identify its complement and, since DNA is double stranded, its
equivalent or homolog, using nucleic acid hybridization techniques. It also will be
recognized that hybridization can occur with less than 100% complementarity. However,
given appropriate choice of conditions, hybridization techniques can be used to
differentiate among DNA sequences based on their structural relatedness to a particular
probe. For guidance regarding such conditions see, Sambrook et al., 1989 (Sambrook, J.,
Fritsch, B. F. and Maniatis, T. (1989) Molecular Cloning: A laboratory manual, Cold

Spring Harbor Laboratory Press, Cold Spring Harbor, USA) and Ausubel et al., 1995
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(1994) Tri nucl eot i de phosphor§n1d|tes |deal %

wito pn¢ reothemt Westsed derain.xiBe torg} | YERIRICE ot §iEiE sto etent that the
random nut agenesi s. Nucl. Acids Res. 22, 5600

cofiditisrs dafavee hibridizatiboi dStkiagén rosdisomn byqneh duéavor hybridization,
vari ants may be made that conserve the overal

andRnBEME Mosb butirdll e radited Bidldnles ballhybedité theoseapodiee @nder such
descri bed herein. Gven the properties of the

coh&?iio}{% dughyy AL On R hﬁjiﬁﬁerﬁ OE%dEtﬁ)tnb Oﬂt%r 44BEHizhtidd @ Smolecules

e recognlzed by the skilled worker. Amno acid

dl%) bSt | t s%%?c?e’gﬁesetcg‘ s‘truc&?ﬁ%?]ﬁ%%%s © I—@ﬁtﬂ?ﬁia{lgﬁ e ency”?&érefore

nce simlar ty in

polarlty charg sol ubi i dr gphobi c ,

diregty GpwElRtes vyI{h ¢ {hiz,sihiral rgfat W@E tﬁ“é?t Wclel% a¢ifsgaypces. The
the residues involved. For exa nonpol ar

follow theoplatibiskjpszane nsﬁfalcmd@rreh@nggwblaqhaﬁiqmeandi 1glatqdness (where T
i sol euci ne, valine, proline, phenylalanine,

is tHe)pélfipg empedditkerat b miucleicreeid duplexpol ar neutral  ami no
acids include glycine, serine t hr eoni ne, cystei ne,

tyrosi ne, paf agi am ne; (c) positively
char ged fba5|2£ g?%ngglg} |nclude argi ni ne, |lysine,

and 15 histidine; and (d) negatively charged (acidic)
am no acigls i nEleUHeoBsMIEd DNACIddraanes bygl °Qt with everg imtrease of

Substitutions fogph fRldunbePYf BRmFRMKEd BhdeHalis.gr oups
(a)-(d). In addition,

C. (Tm)uZ - (Tm) wl = 18.5 log10u2/p,1
where p1 and p2 are the ionic strengths of two solutions.

Hybridization stringency is a function of many factors, including overall DNA
concentration, ionic strength, temperature, probe size and the presence of agents which
disrupt hydrogen bonding. Factors promoting hybridization include high DNA
concentrations, high ionic strengths, low temperatures, longer probe size and the absence
of agents that disrupt hydrogen bonding. Hybridization typically is performed in two

phases: the “binding” phase and the “washing” phase.

27



10

15

20

25

gl ycine and proline may be substituted for one another
based on their ability to disrupt a- helices.
W®R0051183083, certain am no acids, such as al ani PET/1B2005/002476
cysteine, |eucine, nethionine, glutamc acid,
glutgnine histidine and Iysine are nore conmonly
nd i.n

LS 28 4 JEndiiG Phefndt i B R b e ek e gnitons
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feemenbrig PR STHBERNCY o8 Eha ﬁ%ntroiﬁ (e Tuige B altering the
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(ii) Pand G and (iii) AV, L and I. Gven the known
un®R 8hdi€ (& Q@em%] aligomeotitt paobles ardusdnt Aakpesdiibive hybridization
t echni ques, e skilled scientist readily 25 can

soﬁﬁ’igﬁ Lo ghs%S@j (‘(951%@9)% he BeRse¢abiuYitn 8Md 10 A€ bfnonspecific
vari ant I'n one partic 25 WO 2005/103083

PCT/I}I% 005/, ojgusu 91 o D2l 26T ARG, PP 81934?? 0t dolkrsc, many

) nE. As used herei n, uen e i dent.i t

dlf?%nfpdﬁy@éﬁfqn&gy §%‘&M%‘ﬁ’&te§“§ ofioRdHions aferfgn é@r k@ﬁ%ﬁrﬁéﬁ ° gperee of
am no acids that are identical between the sequences.

relaBduese ris owsr, st Aowerr femyperatirgi way & elnseper k@t HFREBEY binding
ami no acids that either are identical or that

tefpEERSEre doivwen whdbut\Z5°@nindct08Ci dMedibrststringenon . between at least
Preferred pol ypepti de sequences of the invention have

ab@utszﬁﬂ@% G&s HEERbLING5P0. High SRR iPRdeRf atifut 68t
60% nore preferably, at least 70% or 80% still nore

preferably at |east 90% and ef er
D5 pcondy dheopioste AmenSdPReved B HabEEn Bah e PHAX that more
simlarity in the CDR regions of at |east 80%
strimgeat ponshiisonsbispalbogscaapplind s Hepexfib i%@p@"@@%ng%mge that is most
nol ecul es of the invention The present invention also
infpettaiieth tetetrhigingNélatedresu viss hybradizaionod 8V ashingnsdlisiang typically
of the invention. These sequences include, but are

coﬁ%n hdwBrts8l chfcentBOS®. Dite BRINgS M?ﬂﬁecﬁﬁﬁn stifi@fehby Eélution contains

Figures Ia and 2a. 15 DNA nol ecul es of the iInvention
I ILATR, B PR R AR M o
10%11r<]:estrlerr1]gvt nttl less tﬁgl}/about 8 3&0§é@ Wwith X preferred stringent solution containing
about O.1X SSC. The temperatures associated with various stringencies are the same as
discussed above for "binding." The washing solution also typically is replaced a number

of times during washing. For example, typical high stringency washing conditions

comprise washing twice for 30 minutes at 55° C. and three times for 15 minutes at 60° C.

Accordingly, the present invention includes nucleic acid molecules that hybridize to
the molecules of set forth in Figures 1a and 2a under high stringency binding and washing
conditions, where such nucleic molecules encode an antibody or functional fragment
thereof having properties as described herein. Preferred molecules (from an mRNA

perspective) are those that have at least 75% or 80% (preferably at least 85%, more
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reference to their physical properties in

hybri di zation. The skilled worker will recognize that
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DNA i s double stranded, its equival ent or honol og,

usi ng nucl ei c acid hybridization techniques. It also
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sequences based on their structural rel atedness td? a
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conditi ons see, Sanbrook et al., 1989 (Sanbrook, J.
substitute&ictiom B.C fo. a @nthefdhpichariging the c¢d@8RYm A A tuGayA.
C oning: A laboratory manual, Cold 25 Spring Harbor

L P Spri Har bor, USA d Ausubel
rggagaly BRIV YR 05T 103055 PCT | 820051 002476
bel, F.. M t,. R | ' .
b, Veisgir, e ef DGR, vty SgRAGR sl gF o Miggfion'tnay be
despbed BN PP IoBh YY) SRl e PP Pl Bures 1

bet ween two pol ynucl eoti de sequences can_be expressed
andi@bp  Thesa fistctionally equivaler ggenes) areophardrderizsh dint thgnkact that they
under which the two sequences will hybridize wth one
endvdetihesamdpeptise dequenedsnpundin figures 15 tnd Aheine yd theedagenreracy of
to the extent that the conditions disfavor
the? gﬁ{eﬁg i%al.] WEQ $HrNOgeNtan@03Ndhdel AN ExAiis10 gl incophiy @tuivalent
hybri di zation,  and only the nost structurally rel ated
nol. ecul WL hyhraadi 0 2 I N
v b Sl shglel ALl bofichchs NS, BARICHE, YUY pEaRfe tho same
hybr i di zatj ml ecul es 10 displaying a | esser
Polyggpt >hﬁ5§¥£3§¥5£§r rel at edness. Hybridization
stringency, therefore, directly correlates with the
st Itus taeoghizédethat vaiaatsi gfONA melecuiecprevided bewin can be constructed
sequences. The following relationships are useful in
in SQek ladfrdraret WanR! IFdE 2inhs18, thedmag batcegfinsted(astenpldtely synthetic
I's the nelting tenperature of a nucleic acid duplex):

D%Tgieﬁm%%'o% e %cgerﬁ%f( ﬁﬁ%&%@éﬁ)lﬁpﬂa@otiﬁ@% ﬁi; th@ r%g%l 20 to about

ecreases ry rncrease o

150 nucleotides are widely available. See Ausubel et al., section 2.11, Supplement 21
(1993). Overlapping oligonucleotides may be synthesized and assembled in a fashion
first reported by Khorana et al., J. Mol. Biol. 72:209-217 (1971); see also Ausubel et al.,
supra, Section 8.2. Synthetic DNAs preferably are designed with convenient restriction
sites engineered at the 5' and 3' ends of the gene to facilitate cloning into an appropriate

vector.

As indicated, a method of generating variants is to start with one of the DNAs
disclosed herein and then to conduct site-directed mutagenesis. See Ausubel et al., supra,
chapter 8, Supplement 37 (1997). In a typical method, a target DNA is cloned into a

single-stranded DNA bacteriophage vehicle. ~Single-stranded DNA is isolated and
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are .used. A representative hybridization 5 solution
geREng S¥d ieamsC, 0. 5% SDS, 5X Denhardt's sol ution and
100 g of nonspecific carrier DNA. See Ausubel et al.
R&DIHiIRMIDNA Guppherant expresdiond) . O course, many
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COMGictpr&8st idvéntioh Biviher Yrdrdesrbntigme DNA comstluats edmesising one
is lower, a |lower tenperature may be chosen. Low
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um stringency is between at |east 10
out 40C to..less than t - Hi t L C¥iadeS: .
o35 Piesent TaysBip alecho 8 dn SR HE gL Sk, SO Whaleia or vira
removed by washing. It is at this.phase that re .
vegiors Figabivh BAN AP R PR e 4R SR B e RRHHgn I fnsprted.
this "washing" stage that is nost inportant in
detmicndndbdddl s@leaheybepoduced by hedhiqat ideseribedhsiniSagibrook et al.,
solutions typically contain |ower salt

19%9NGENALREDD P o7, ONESE XSIRhATVELTREH N sEduRAERCHMay be chemically
solution contains 15 2X SSC and 0.1% SDS. A hi gh

st.ri.ngenc h sol,ut | ai ' (] .
SRS D SO 2585 15 SIS G e
P N St NNt R0l V14N ST BIN RS Press, Oxford), which is

incorporated by reference herein in its entirety. Recombinant constructs of the invention
are comprised with expression vectors that are capable of expressing the RNA and/or
protein products of the encoded DNA(s). The vector may further comprise regulatory
sequences, including a promoter operably linked to the open reading frame (ORF). The
vector may further comprise a selectable marker sequence. Specific initiation and
bacterial secretory signals also may be required for efficient translation of inserted target

gene coding sequences.

The present invention further provides host cells containing at least one of the

DNAs of the present invention. The host cell can be virtually any cell for which
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Functional | y Equival ent Variants Yet another class of
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described with reference to the product they encode
cérapéset bige pe mitdrd gehehotgpie dseilaatableguradieerd land amndo@in . of TR@HEation to
functionally equival ent genes are characterized by the

etgAbd niafiénahbE ¥ HIRNGRER dndeifSERBaBIE P! Sl vRIB ke ﬁfe‘;ﬁnon within the
found in figures | b and 2b due to the degeneracy of 10
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% nuc

functi onha equ va ent vari ants,

e ces.are djfferent, et th e ode the s
s 61095?2%?56@"’1%””@ YHORES Seebics; Wil o g eped tﬁﬁsﬁmona&
variants of DNA nol ecul es provi ded herein can be
Steniemyerst &y Stpphydespesust di fferent ways. For exanpl e,
they may be constructed as conpletely synthetic 15
DNASactdykill Redtsrs @hayedel iR, BachdriopBA. r}ﬂasmld- or Ophagemld—based

ol i gonucl eotides in the range of 20 to ‘about

THAE V2B (f'?)'h 1% (é@lleé(taﬂi\é %Arﬁaj dnd b%@FenAP(?HQﬁ Iof %pli%gtlon derived

section 2.

from commercially avallable plasmids typically containing elements of the well known
cloning vector pBR322 (ATCC 37017). Following transformation of a suitable host
strain and growth of the host strain to an appropriate cellr density, the selected promoter is
de-repressed/induced by appropriate means (e.g., temperatere shift or chemical induction)
and cells are cultured for an additional period. Cells are typically harvested by
centrifugation, disrupted by physical or chemical means, and the resulting crude extract

retained for further purification.

In bacterial systems, a number of expression vectors may be advantageously

selected depending upon the use intended for the protein being expressed. For example,
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L TARPHR T i TR o v

ed., IRL Press, Oxford), which is
efficacy.

The inventive antibodies can be used as a therapeutic or a diagnostic tool in a
variety of situations where CD38 is undesirably expressed or found. Disorders and
conditions particularly suitable for treatment with an antibody of the inventions are
multiple myeloma (MM) and other haematological diseases, such as chronic lymphocytic
leukemia (CLL), chronic myelogenous leukemia (CML), acute myelogenous leukemia
(AML), and acute lymphocytic leukemia (ALL). An antibody of the invention also might
be used to treat inflammatory disease such as rheumatoid arthritis (RA) or systemic lupus

erythematosus (SLE).
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i ncorporated by reference herein in its entirety.

Reconbi nant constructs of the invention are conprised
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deﬁ;i ?&J 121r Il)ar}trﬁg %\;h%g‘{eF tl{eegc%}liﬂ%gg@&? £ Wiéf thra&hfdHiEt TaBamount to be

e Vector w conprise one or nore
phenot ypi. el ect abl e.mar kers and.an .or iai- .
adh PR Db e Shg utisthal Feamanicy Y i Spmprogsyweight of
if desirable, to provide anplification within.the . )
thépslivideli vhghe gheldrgoiradpsysisrador The %\(ﬁ‘iﬁdo?fﬁﬁﬁlﬁ il recognize

include E. coli, Bacillus subtilis, Salnonella .
thatythé ironte ioff i mivdstvaion owidl we ciependinig b ther figorgen ey gondition to be

Pseudononas, Streptomyces, and Staphyl ococcus. 15
weaggterial vectors may be, for exanple, bacteriophage-,

pl asm d- or phagem d-based. These vectors can contain

?ei}ee:teg%gr?lggg a@%ﬁgceﬁgdet?eacﬁgg Eringllmtoorfj ﬂ% Hoxpefl polypeptide, according

to this invention, largely will depend on particular patient characteristics, route of
administration, and the nature of the disorder being treated. General guidance can be
found, for example, in the publications of the International Conference on Harmonisation
and in REMINGTON'S PHARMACEUTICAL SCIENCES, chapters 27 and 28, pp. 484-528 (18th
ed., Alfonso R. Gennaro, Ed., Easton, Pa.: Mack Pub. Co., 1990). More specifically,
determining a therapeutically effective amount will depend on such factors as toxicity and
efficacy of the medicament. Toxicity may be determined using methods well known in
the art and found in the foregoing references. Efficacy may be determined utilizing the

same guidance in conjunction with the methods described below in the Examples.
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fromcomercially available plasmds typically

containing elenents of the well known cloning vector
WQEBR32@30ATCC 37017). Fol |l owi ng transformati onPOTf/1B2005/002476

suitable host strain and growmh of the host strain to

an appropriate cell density, the selected pronoter is

D&gngalgm{medu nduced by appropriate nmeans (e.g.
tenperature shift or chem cal induction) and cell S

ar s fsuﬁlgﬁllyt/éggré@%da&fjh&hﬁgﬁk BEELIRGn cgﬁhﬁlsmﬁfg%anmgs thus, an

typica centr it ugation, disrupte

hy.sical reans and the resulti

o Pa BBy S B s TF R v b CFe L B ik EPipfdad "R visuatize o
bacterial systens, a_ nupber of_ expression vectors

sitsef@ssible ageBaipijon obmalignant eellsdfeliiicRly BB r@afgdu%anﬂbody
intended for the protein being expressed. For exanple,

ca@ et GbY/ 11bded 3heagi (HRAGE 5f euideiF@opashaffiniy labelye(such as biotin,
quantity of such a protein is to be produced, for the

aviEREELR)) Ifdratera i) Padaghétid SofL] een Me@idutte for accomplishing
libraries, for exanple, vectors which direct the

su%ﬁ @ib%ﬁﬁ% af @glll b &P 1 ﬁ%éeéris @imfcmséggmcmﬂ &8 hiiBb@EY & Siagnostic

at are rea purified irab

mgag‘?mrg’;‘q‘}ggév'rlg ¥ %‘ijossé.BThﬁrﬁp%%f Aﬁeyagﬂmj&veg MB5-474 (1986)),

0 a Su Ject rnnee
t her ap utlcall effec an i body
Ui Bl o B TBYFSt eciah SR EHA00 WoRonenEBbi: Eart gt al. Science
effective" anount hereby is defined as the anmount of

20929%39H38§00-hat is of sufficient quantity to deplete
CD38-positive cells in a treated area of a subject

ei 1Rl detRBoR of fdw be s PSR IRIbACRBEINH REHBRAIR t b@irﬁhcatlve ofa
dose reginmen, alone or in corbination with 10 ot her

sn%%%E\Sxinr meﬁ)glﬂeﬁﬁ {0l hetxg mgaﬂ:e Iﬁlohg g#g%l@%lnp fini@ @f%ﬂl\ﬁg{l@h 1s done by

con unt

retg}%l fp{gﬁs%le&% etlrsgllglp%rfb (fa g%/d mey ]élg ﬁqglhﬁgyp gg I h‘@’]ﬁ Jresence of the
| ower-order primate). An antibody of the invention
degcgpbly lsbeled anidhridinss e p preforedhoRbrslimente Hictepiangus, is dapeyin a non-

in sone instances the antibody mght itself be
invasivef inethnerdliroegiartix aise aof arghdtod ymadibg,c dubwgephy, etc. Such a

conjugated to an inmunotoxin or radioisotope to
diRaloBfid etk In¥ayf bE thfloyel Cineassitortfef theadiieess of treatment of diseases,
where presence or absence of CD38-positive cells is a relevant indicator. The invention
also contemplates the use of an anti-CD38 antibody, as described herein for diagnostics in
an ex vivo setting.
Therapeutic And Diagnostic Compositions

The antibodies of the present invention can be formulated according to known

methods to prepare pharmaceutically useful compositions, wherein an antibody of the
invention (including any functional fragment thereof) is combined in a mixture with a

pharmaceutically acceptable carrier vehicle. Suitable vehicles and their formulation are

described, for example, in REMINGTON'S PHARMACEUTICAL SCIENCES (18th ed., Alfonso
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The inventive anti bodies can be used as a therapeutic
or a diagnostic tool in a variety of situations where
weDB8/10®83Nndesi rably expressed or found. D sorPer/sB2a0id02476
conditions particularly suitable for treatnent with an
anti body of the inventions are 20 nultiple nyel oma
angd ,ot-her e I cal dbse s :
R. (‘g%%?ﬁocﬂgy Eﬁﬁ%%}l}jt%i : C'ﬁll (ij A r%nfa 3 1?%@513 %20}11&%‘ ? z pharmaceutically

eu ron

el ogenous .|.eukemi CML acut | ageno | eukem a :
scq AL CARBOREG SO pHOEFHIRE N o LB ST AL EhaReOsTIhs will
anti body of the invention also mght be used to treat |
contafn ammEeadivg aawhoé oseoh mese of dhgrantdiodicsrafhe preseqtpayention,
or system c |upus erythematosus (SLE). 32 WO
to 2D A 08B aPIE B oBRO 002 4¢hicleTo treat- any of the
foregoi ng di sorders, pharmaceutical conpositions for
use i n_accordance W 0N QA .
F o Faa rono S [ B0 b USRENBE ARG he acive
physi ol ogi cal |y acceptabl e carriers, .or Ci pients.
coORPPNHD o ORITOLeR SR e EHRRSITUE B 56 iy o4 Crafeh g e g otymers
sui tabl e means, which can vary, depending on the 5 i
to cymeleafor dbswb dati-GI3 heptibodst gée cpefsalied) delivery may be exercised by
adm ni stration routes include parenteral (e.g., '
seleBfiiggnappespriate  madromvlenuss, (font exasplerpayssters, polyamino acids,
i ntraperitoneal, or subcutaneous), intrapulnonary and

polRikAN3$@blidoAB  ethifenSBRY LR ale) mdtRABEIulose, carboxymethylcellulose,
I‘mminosuppressive treatnent, intral esiona

ori%g(maﬁinset Elﬁfaiteg %d tt)lga &glg!aﬁt{aﬁﬁn o?ﬁléiéﬁ))g/ﬁd?%l’esodfs wdl€as the methods of

nventron m m ni stere pul se 1 nfusi on,

.Wth, .e.g., declini oses, of. t he anti body. .
inghrpratiGh i ra i coBt ARG TRy dfs Y MR to squtol e guration
preferably intravenous or subcutaneous injections, .. .
ofcrsfien drepniiellghAelctsR IAPRAHIANS (hdo ARSATITEE: 30t GRoF qntibody into

brief or chronic. The anount to be adm nistered wll
patiigiendf on pelymaerice tyaterfal f such oass polyekierss noanyho nceds, hydrogels,
synpt ons, wei ght of the individual, whether other
poly(ketic as@dAdH Bihgleat edinylhb&atzk cbpdgmarst | SAhetvbdively, instead of
recognize that the route of admnistration will vary

in?cﬁ‘ggxiﬂgggﬂﬁgt aéelﬂf‘s oS AREr Oparb ARGt 115 PBsdiSle B ent?ep these materials

etmning a therapeutically effective

._amount of the novel. pol vpept, d [ . ihS, - .

in P RHce PRPRSty I PR chaconBRAROS fihnidhs bP 1, nterfcia
characteristics, route of ) .

polymerization, for example, hydroxymethylcellulose or gelatine-microcapsules and

poly(methylmethacylate) microcapsules, respectively, or in colloidal drug delivery
systems, for example, liposomes, albumin microspheres, microemulsions, nanoparticles,
and nanocapsules or in macroemulsions. Such techniques are disclosed in Remington's

Pharmaceutical Sciences (1980).

The compounds may be formulated for parenteral administration by injection, e.g.,
by bolus injection or continuous infusion. Formulations for injection may be presented in
unit dosage form, e.g, in ampules, or in multi-dose containers, with an added

preservative. The compositions may take such forms as suspensions, solutions or
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adm ni stration, and the nature of the disorder being
treated. General guidance can be found, for exanple,

WO pooshasogaubl i cati ons of the International ConfRCER2003002476
Har noni sati on 20 and in REM NGTON' S PHARVACEUTI CAL
SCl ENCES, chapters 27 and 28, pp. 484-528 (18th ed.

erﬁlg%%l]s ?rf\/t?}lg | Ca%lclega%{d? HT&% &mtal%‘c}ﬁmﬁ%ry ggents such as

therapeutl aII ctlve anmoynt
SuppEalBies A 0 .aEﬁ% lawafﬂn%@s?r&%cfwsww@ﬁﬁﬁa i lgagiediont may
Toxicity may be detern1ned usi ng nmet hods wel | known in
betihgowder farmd foaenetitution withfaguiede Mehieles eg efferls pyrogen-free water,
Effi cacy may be determ ned utilizing the 25 sane
befistedaice in conjunction with the nethods descri bed
beIOM/in t he Exanples 33 WD 2005/ 103083

/
|§§%§g% 8?21527 . oe%?fg%sote ge?%gg{e?%‘f% Q{P& diSpebd¥e¥ice, which

nanci es; thus, ti-CD38. antbody o
P RN e 078 iy OrH GPBP o e RGeS gigtedient. The pack
visualize a site of possible accunul ati on of
mag forgerantple eomgriﬁ;mmatag@méawc fpil, sushsasr & Ghipter pagk. The pack or
anti body 5 can be detectably | abel ed, through the use
disfensaxdieics aiag e accomfiffaniedtby ihsthetiong fouedmanstipkion. n :
avidin, etc.) fluorescent |abels, paranagnetic at ons,

&1 G FERGAGN il RunBGEAIR LY 4R Bcc R diRRANS R9naRe

app catlon 0

e R L R R A

(1986)), Unger, E. C et al., Invest. Radiol.

20: 693-700 (1985)), and Khaw, B. A et al., Science

10 209:295-297 (1980)). The detection of foci of such
detectably | abel ed anti bodi es m ght be indicative of a
site of tunor devel opnment, for exanple. In one

enbodi nent, this exam nation is done by renoving
sanpl es of tissue or blood and i ncubating such sanpl es
in the presence of the detectably |abel ed antibodies.
In a preferred enbodi nent, this technique is done in a
non 15 i nvasive manner through the use of nmagnetic

i magi ng, fluorography, etc. Such a diagnostic test
may be enployed in nonitoring the success of treatnent
of di seases, where presence or absence of
CD38-positive cells is a relevant indicator. The

i nvention
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al so contenpl ates the use of an anti-CD38 anti body, as
descri bed herein for diagnostics in an ex vivo

W@ eaositeays3 20 Ther apeutic And Di agnosti ¢ ConposPCT/tBRe05/002476
The anti bodi es of the present invention can be
formul ated according to knowmn nethods to prepare

phar maceutical |y useful i teons, wherein an
anti body of the invent i%%#ﬁdi ng any functional
fragment thereof) is conmbined in a mxture with a
CobHlimeyaceuti cal |y acceptable carrier vehicle. Suitable
vehicles and their fornulation are 25 described, for
Thexfaltpiing ¢etl-IREM WEF Ot ddHARINDE Furopsan Sl erdms of £&11HCultures
ed., Alfonso 34 WO 2005/103083 PCT/I1B2005/ 002476 R
(ECAUT)! the EermanEasii€dtion RE. Midvbeigatiths (DSMZ)1&9he. Atnarican Type
order to forma pharmaceutically acceptable
Cuﬁ@ﬁ%ég&tﬁﬁ. it @p ! _q%yli)ﬁﬂorﬁﬁ fRAt [i¥e pasHcMeSteatDAB. mouse IgGl

nposi tions w contain an"effective anmount of

R RS PD PN D s BB SO pc . 1
RO S HERTRE PRI R SR BEE 57, cro

Control |l ed-rel ease preparations may be achieved
K (ABUGHCRheb 1) grd Baji b@T&ﬁe@L@@ conpl ex or absorb
anti-CD38 anti body. The controlled delivery nmay be
exerci sed by selecting appropriate nmacronol ecul es
for exanple polyesters, polyam no acids, polyvinyl,
Cé@@élﬁ“&&ﬁ‘é‘?‘"&%‘ﬁ?ﬁ‘%nevi nyl - acet ate, nethyl cel |l ul ose,

car boxymet hyl cel I ul. ose, 10_or_protamn ne fate) .
All rslle oiere netiado pndsr ﬁ%%f%%%%&ﬁp RES a\’fﬂeﬁd a%nd(e r?éf %o, in a
met hods of incorporation in order to control release. .
huniditfieé ingbstor.bTle erdkhend 1Ry 1 cBRMIBL26;, Hurkdtianet Ray wese cultured in

action by controlled rel ease preparations is to
RPNTEI®4P O(Fah ebidttch - GHBE, dPOMBIGEY0) siypleranted ovits 101% aFCS (PAN
polymeric material such as pol yesters, polyam no

biGELPEmbY, P308h82), SOV pasikilkn, a0 §/mP @n@tbm&aﬁqefibcg% #15140-

vinyl acetate copolyners. Alternatively, instead o

. . h ) . . el es o
R PR PSS DAY PELS PAGAE! B8 o,
s e S SIS TP ot SR BT prva

exanpl e, hydoxynet hyl cel | ul ose or
(P biotach Eibig: LR 43193 haehp be added.

CHO-K1 and HEK293 were grown in DMEM (Gibco, #10938-025) supplemented with 2

mM glutamine and 10% FCS. Stable CD38 CHO-K1 transfectants were maintained in the
presence of G418 (PAA GmbH, P11-012) whereas for HEK293 the addition of 1mM
sodium-pyruvate was essential. After transient transfection of HEK293 the 10% FCS was
replaced by Ultra low IgG FCS (Invitrogen, #16250-078). The cell-line OKT10 was
cultured in IDMEM (Gibco, #31980-022), supplemented with 2 mM glutamine and 20 %

FCS.
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pol y(met hyl met hacyl ate) m crocapsul es, respectively,
or in colloidal drug delivery systens, for exanple,
wo 2saaees, al bumi n m crospheres, m croenul Si oPGT/IB2005/002476
nanoparticles, 20 and nanocapsul es or in
macr oemul si ons. Such techni ques are disclosed in

Rem ngt op'. Ph ' '
PreAtlOn aLo ey B8 PO RPht Ren b pEa prba) - The
Al]gli(ﬂg%g %ﬁ%ﬂ%ﬁg@it e&;ailﬂgefntfégr?e’gu “1%51?6“"- Pert ggrgi 15'180& HioﬁSﬁdc?é%r cells

T
_ on i ons I njection may
resented in unit dosa

be [
BV eraieaiolas e HHPATH S0 I DRtah o5kple 28 T miuacturer’
preservative. The conpositions may take such forns as
instustpess frons healtyutdoners. &ed BBodO:eioBEIQIeBigted from these cell
PCT/ 1 B2005/ 002476 emulsions in oily or aqueous

sudpRhdi6hsasy indiishtizn in AWK Aysis Buffen ((at DM Nab€ht B) mive KEHE0;, 0.1 M
suspendi ng, stabilizing and/or dispersing agents.

Elﬁéﬁo? at LMELYRT NG @nirhBial Q&HRENVE TBid¥Bi¥nce) #00-A3PHWIENs were

or constitution wth a suitable vehicle, e.g.,

|l -
R e PRSP B AL e o g (oo

or _di spenser device, which may contain one or nore
belont dosage forns containing the active ingredient.
The pack may for exanple conprise netal or plastic
Fléwicytonsdch(“FAGSDI i st er pack. The pack or di spenser

device may be acconpanied by instructions for )
Albshainivigs twea¢ penfornibran ronnd hottor Jauyvel epltyre plasNelasdingy with 2
reference to the follow ng working 10 exanples, which

x B0°ecdiBtpenaed. Colli IWes incabatedndth Fanoe Jgantibididst attthe indicated
i nvention. 36 WD 2005/ 103083 PCT/ | B2005/ 002476

COE%,%?E\%LE% inGsd |ur Fngsbuihe (PBE! 9% POSCELLY% Waey forre min at 4°C.

fromthe European Collection of Cell Cultures

Sy B5a i RGP Moo B g
aniig{g%ca)n: orhgo%-iagt?-rrrnaou%ee IIéG '(h’li) @"(a%‘j c(!l e{z:gsotnhﬁnmcgngé R%Is)e%?c%), diluted
1:200 in FACS buffer, for 30 min at 4°C. Cells were again washed, resuspended in 0.3 ml
FACS buffer and then analyzed by flow cytometry in a FACSCalibur (Becton Dickinson,
San Diego, CA).

For FACS based Scatchard analyses RPMI8226 cells were stained with at 12 different
dilutions (1:2") starting at 12.5 pg/ml (IgG) final concentration. At least two independent
measurements were used for each concentration and Kp values extrapolated from median

fluorescence intensities according to Chamow et al. (1994).

Surface plasmon resonance

The kinetic constants ko, and ko were determined with serial dilutions of the respective
Fab binding to covalently immobilized CD38-Fc fusion protein using the BIAcore 3000

instrument (Biacore, Uppsala, Sweden). For covalent antigen immobilization standard
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nonocl onal anti body OKT10 (ECACC, #87021903), Jurkat
cells (DSMz, ACC282), LP- 1 (DSMz, ACC41), RPM 8226

W@ 2008@)30€CL- 155), HEK293 (ATCC, CRL-1573), CHCPCHEIB2005/002476
(ATCC, CRL-61) and Raji (ATCC, CCL-86) 10 Cells and
culture-conditions Al cells vvere cuI t ured under

e I AR FoBERRI 50 e Aol g i

Jurkat and Raji were cultured in ]O
prdfeiot @A Caot-; 1#53&131@51)@’)“95 B?ﬁé?deﬁ%tﬁt“gt@ vﬁ%hﬁﬁ?)‘nm/éq:@%’l acetate
(PAN biotech GrbH, #P30-3302), 50 Um penicillin, 50
bufbryipHs # 15e Poothecieferé@e oy c#lalrmeg_&vel@ayurénﬁ HS Ayvi¢human serum
gl utam ne (G bco, #25030-024) and, in case of Jurkat-

anﬁﬁﬁnﬁ hi 068l | Bineti@dHatiranaith Yvetd doid HePBS ((RamNiiNe@ch.7 mM
#P05- 01 100) and 1 mM sodi um pyruvate (Pan

K@E%?g]\/\et edg‘? own 1 n %7% fg bcgp %ggggﬁgzog@d% ihinARShe Fab
Su enent e t
cogggg a%apgge o 215 }.\'9\%?1 nﬁgllleﬁ q‘ eJAQI{ cg X fﬁé&o%b\%gs 1 min,

ali ned |

resence of (418 (PAA GtbH, Pl11-
S it IR e R @hasfn@pgae@mm & BTN was used. Al
essential. After transient transfection of HEK293 the
sedDyaRGSveara sitted EphBy veinp PLAJevalnatiasofiyarets (Biacore).
(I'nvitrogen, #16250-078). The cell-line OKT10 was
cultured in I DVEM (G bco, #31980-022), suppl enented

with 2 mM gl utam ne and 20 % &E«
EXZ@UH?ME)QOABUPQSW Gepexationdpomiu Hégﬁ?“%‘n of single
cell suspensions from peripheral blood Al blood

Fo? ﬂf@ée%&ra‘t’i’@ﬁ 6f {hetepButas drkibodieé agaimet ODB8s sltctioRewith iier MlorphoSys
bl ood nmononuclear cells (PBMC) were isol ated by

it Al E%e &a@?ﬁg (iBt rEELREAHRI HECADGOLD® is a Fab library

nanufac u tructions from healthy donors. Red

C r d, f 5 .
baﬁ}% iy %%@Aﬁé@ ?Ihzgatg(g@ k et angglaﬁilglregﬁ lf, é’ZrOO} Highll\(}lh all six
10 nM_ KHCO3
CRBpets @va]sf@é:( i “{'@@c ¢ hoebiplsg G apagbrog] fidking Fab
wer e
fragments to the phage surface (L&hning, 2001).

A. Phagemid rescue, phage amplification and purification

HuCAL GOLD® phagemid library was amplified in 2 x TY medium containing 34
pg/ml chloramphenicol and 1% glucose (2 x TY-CG). Afier helper phage infection
(VCSM13) at an OD600 of 0.5 (30 min at 37°C without shaking; 30 min at 37°C shaking
at 250 rpm), cells were spun down (4120 g; 5 min; 4°C), resuspended in 2 x TY/
34 pg/ml chloramphenicol / 50 pg/ml kanamycin and grown overnight at 22°C. Phages
were PEG-precipitated from the supernatant, resuspended in PBS/ 20 % glycerol and
stored at -80°C. Phage amplification between two panning rounds was conducted as
follows: mid-log phase TG1 cells were infected with eluted phages and plated onto LB-

agar supplemented with 1 % of glucose and 34 pg/ml of chloramphenicol (LB-CG). After
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washed twice with PBS and then further processed for
flow cytonetry or ADCC (see below). Flow cytonetry

W@ 200808083 10 Al l stainings were perfornmed in rpCRTB2005/002476
bottom 96-wel | culture plates (Nalge Nunc) with 2 x
105 cells per well. Cells were incubated with Fab or

| nt i bodi t kndi td QNBDAY 5 and
ovgap R Bt & s P adPul A GheSIRARIT R4 A BIP0RT 05 an
4C.  Cells were shed twi ce and then incubated with
helRﬁﬂﬂiﬁéﬁéﬁl‘fﬁdﬁrsidﬁsc\é%Eéjal&cbvﬁj ugat ed goat- anti-human or
goat-anti-nouse 1gG (H+L) F(ab')2 (Jackson | nmuno
B. Rafifes With HaCulle@OXDA: 200 in FACS buffer, for 30 nin
at 4C. Cells were again washed, resuspended in 0.3 ni

oA MEATRTEAR! PO G BT e poos

FACS based Scatchard anal yses, RPML el | s, wue .
comespPREBE i fHTesent I grastes jenes (paPliNﬁ%?/éﬁw%l PF VI3 2, pool 3:
starting at 12.5 gg/m (1gQ final concentration. At )
VH2/4/6t M) viBhese deple cien individuallysyhicsted e 3 rainds qfvdipls gell panning

each concentration and KD val ues extrapol ated from
onCEDE ek préds g rEIIOL eellsroHoed by pHeadwutomdindge ost-Ghsmpdion step on

et al. (1994). Surface plasnon resonance The kinetic

@-lﬁé Bbs D RNAcdilk FronRESleflsH F HirslechnahlibsBrptakes. Finally, the
Cﬁl I utglaons of theC respectllgve Fab binding to c%val ently

i b | . - f LSk On: WOT hea B! AGRIFEeation th
TergaiHme %%?%rsﬁ?aégseﬁgre(lé§ﬂ intdc? bg&l l‘f@lr&llg. Wt it r’f@ga ion the

300 I'acor e, sal a, Sweden).

coval ent antigen i bi]i ion. standard 38 .
baglgH S DSBS HOTPPO08 ob 4B LB TN GhRY Rgehiidgeubated
chem stry was used. For direct coupling of CDg%
ovRrught o éé°C-|6Phﬁ selgstedviongswere dhppecringdafEyp dhe pldfes, phages were
coated with -600-700 RUin 10 mM acetate buffer, pH
reftuéd afdamphified. dfherseoorel dridothve dlird reundefreleciions wersnetformed as
of HSA (human serum al bum n) was used. Kinetic
thdR@asHoeeENt s were done in PBS (136 nm Nadl, 2.7 nM5
KC1, 10nmM Na2HPO4, 1.76 nM KH2PO4 pH 7.4) at a flow

rate of 20 gl/m Si F wation I an .
14 e L e AR GARLSEE  T IB ff e
ex%rersr;i(r)]r’l vector pMORPH®x9_Fab__FS (Rauchenberger et al., 2003) to facilitate rapid

expression of soluble Fab. The DNA of the selected clones was digested with Xbal and
EcoRI thereby cutting out the Fab encoding insert (ompA-VLCL and phoA-Fd), and

cloned into the Xbal / EcoRI cut vector pMORPH®x9_Fab_FS. Fab expressed in this
vector carry two C-terminal tags (FLAG™ and Strep-tag® I) for detection and

purification.
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followed by 2 mn dissociation phase. For regeneration

51 10mM HCO was used. Al sensograns were fitted
wo owalib3psuisi ng Bl A eval uati on software 3.1 (Bi BCDIBE2)05/002476

10 EXAMPLE 1: Anti body Generation from HuCAL Libraries

For the generati on of therapeutic antibodi es agai nst

fﬁ |on with the MorphoSys HuCAL GOLD phage

}%I% 1Pgle \%ﬁa@scarrled out. HUCAL GOLD(r) is a

Fab |ibrary based on the HUCAL(r) concept (Knappik et
Aribody 2@eEndéite bsellatar alcytot@Gaty) , (ARCARI cindal dongilsmentigRgendent

are diversified, and which enpl oys the CysDi splayTM

8] RSV rfe@turbd BkioREnEad o AblERAUpRIIcH] basetihe fbwgstometry
y[té,)urfaf:"ue (Lohnlurﬁg, 2001) £ A IJF];Ebagem d rescue, phage

ang ion HUCAL GOLD(r) phagem d
an@?r:gé Q&élﬁla/é}sf%ganlﬁl | Mo? fgu&gﬁt x TY medi um contai ni ng 34
g/ M chl oranpheni col and 1 % gl ucose (2 x TY-CG.
ADECer hel per phage infection (VCSML3) at an (13600 of
0.5 (30 mn at 37C wi thout shaking; 30 mn at 37
Fos AN G gneaguremerOtargshyelisdE) weraxpdiiesteshion?- A %lelmi gpd labeled
5 mn; 4C), resuspended in 2 x TY / 34 gg/m
withh 1 00 @gmﬂe@aleeh AVEMolgtuihr ReobasyCi3099nth §PMIMO640 medium (Pan
overni ght at 22C. Phages were PEG precipitated from

bidth& GHBENTEE 2Hhinules 2t ERAD BpshorftufRBResidedl Hicinywsy fimoved by 3
laﬁgl st ;Hped at 1311818(: Phage arrpllfl cation between two

B RIS, S i e o
LB 2 1
ol Bty <5t T8F AP S T ER g Pl e et e

39 WD 2005/ 103083 PCT/1B2005/ 002476 . overni
cellntupistd ofinak Edortio of| Wni e% lefe rdepending en th % ssay, gprfdtiony- Cells
to an OD600 of 0.5 and hel per phage added as
wete sashddathca bod/the dBll-niaresuspended ith2(uCRPEL @0rmediep containing
the selections HUCAL GOLD(r) anti body-phages were
thél h’é‘sb&ﬂﬂm' AMiBod N keeifRestk Hilufomn Mhe 3Pae diagintubatiid foerdehts under
VH master genes (pool 1: VHl/5Ax, pool 2: VH3 Xx, pool

sta%d d}ééﬁ/ gﬁ 2%&31: 3715?9% 5%({':@2 Weh Guiidtinyd Shiabhtsr. Prior to FACS

ecte roun whol e cell panning on

an%gis é:e %%%%ezbggl.ﬁ% dlurﬁ-l&ﬁdé ?ﬁ‘ﬁ%g %n&'}_"i@d H}tl 'ﬂgal-cytometry

(Becton-Dickinson). Between 50.000 and 150.000 events were counted for each assay.

The following equation gave rise to the killing activity [in %]:

with ED® = events dead cells (calcein + PI stained cells), and

ELA = events living cells (calcein stained cells)

CDC:
For CDC measurements, 5.0E+04 CD38 CHO-K1 transfectants were added to a

microtiter well plate (Nunc) together with a 1:4 dilution of human serum (Sigma, #S-
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CD38-negative CHO Kl -cells for depletion of irrel evant

anti body- phages. Finally, the remaining antibody
wp@bagas3osere used to infect E. coli TA cell s. PE&f/ABA005/002476

centrifugation the 10 bacterial pellet was resuspended

in 2 x TY nmedium plated on agar plates and incubated

overni ght at .30C.. The | ect ed c] ones wek.
7 rap e R HEPAL A TopRaie s v Sufed R 640
anplified. The second and the third r§un€ of . )
mediine Randiotech-ombhl sepmerented with 4874 Fi-e Ahe rraghionripx Wag,
encodi ng inserts of the selected HUCAL GOLD(r) phages,
incobited fotddire nadbristandartiized casligonsrae 83iGOmd/ B (g, in a humidified
PMORPH(r)x9 Fab FS (Rauchenberger et al., 2003) to

incuB&tbt. i&s%gaﬁmoﬁtmﬁmﬁza@ sitlst hokt-inmitivaled chaplenikneoitD38-
of the selected clones was digested with Xbal and

EcoRl Yarfilbdy DitR P 26l fihjdAKBHIFACS-
“ﬁ?éﬁ%%ﬁ%gﬁﬁggﬁﬁﬁgﬁﬁk?%g?gkﬁﬁ' lg?ohed "nto the Xbal 7

EcqQRl cut vector pMORPH(r)x9 Fab FS. Fab expressed in
anglp$is  vector carry two C-terminal tags (FLAGTM and

Strep-tag(r) 11) for detection and 2 urj fication., ..

20 1 (o nSPAQ B LTy 1BIe D8 A8 GrLrtbene geag cellS Bt different
Bi ol ogi cal assays Anti body dependent cel |l ul ar )
antihyddyt coticentrationdDGE) fandhe oleptrmination defpERGentalues. The following
cytotoxicity was nmeasured according to a published
eqRAtRInQR0¢ ribewatle Rillidd anivity [iawskry  anal ysi s (Naundor f

et al., 2002) as follows: 5 ADCC. For ADCC
nmeasurenents, target cells (T) were adjusted to
2. PE+05—celH-si-H—and—tabeted—wth—100—rngfnt——Calcein
AM (MD%cul ar Probes, C3099) in RPM 1640 medi um (Pan
bi ptech-GrbKH)100or 2 m nutes at room tenperature.
Refiplal Ep&@l cein was renoved by 3 washing steps in
RPM 1640 nedium 1np
source for 10 (natural_killer? effector cells (E)
withdEDS texvents dead)eeHy Plstieined sedld). and h t he | abel ed tar get
cells . yi el final \E: T-ratio of 50:1 or |ess,
E%eigwgsﬁb‘x%caﬁgug%%%ﬁ/d)condi tions. Cells were washed
oncechdxiclty eahds- fod bemus pehdz diffareR0 AntibddyMiligions (1:2" in
medi um cont ai ni ng

triplicates were used in ADCC and duplicates in CDC for each antibody in order obtain

EC-50 values with a standard analysis software (PRISM®, Graph Pad Software).
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the respective antibody at different dilutions. The

plate was incubated for 4 hrs under standardized
weonditoioshs at 37C and 5% C2 in a humidified PCT/IB2005/002476

i ncubator. Prior to FACS 15 analysis cells were

| abel ed with propidiumiodide (Pl) and anal yzed by

t r Bect.on- Di cki . Be e . .
G STl APl 50 Ehup PR hn 5% Asion
PY}"S}HS%\A n%Diquati on gave rise to the killing activity

In i EDA c------- --- x 100 20 ELA + ' .
i b 03 et e S b o e s
ELA = events living cells (calcein stained cells) 25
sysBBE had-¢y bepSahbshedr Ehe first, ststegE-ipgudykthegqoetion of CD38-Fe-
transfectants were added to a mcrotiter well plate

fusiol pedteinQ getittewagi putified] frémdstperiamtofafien ensisetr tramsfection of
(Sigma, #S- 41 WD 2005/103083 PCT/ | B2005/ 002476 1764)

Hﬁ@st%ﬁf.fm%sédd\é%a&% iRMed tHY bereRABRDES sABIE COLIST —cell line
were diluted in RPM I540 nedi um (Pan biotech GrbH)

uppl te | 0 . ] ] :
o BRI e St et i G uP A g R R O Bt Bhaees, via whole
37C and 5% C2 in a hum dified incubator. As negative
cell B#YRE- s served either heat-inactivated conpl enent or
CD38 5 transfectants wi thout antibody. Cells were

As o i 00D Bk ol Eb LoD SN THE A e Eeiraliings SDNA
cells at different antibody concentrations used for
(ntvite gt fol lnived by empbific&cBoithd ersise CRAS-dodingcsapRpce using primers
equati-on gave rise to the killing activity [in %: 10
coffpfementary to the first 7 and the last 9 codons of CD38, respectively (primer
MTE001 & MTE002rev; Table 4). Sequence analysis of the CD38-insert confirmed the
published amino acid sequence by Jackson et al. (1990) except for position 49 which
revealed a glutamine instead of a tyrosine as described by Nata et al. (1997). For
introduction of restriction endonuclease sites and cloning into different derivatives of
expression vector pcDNA3.1 (Stratagene), the purified PCR-product served as a template
for the re-amplification of the entire gene (primers MTE006 & MTEQ07rev, Table 4)ora
part (primers MTE004 & MTE009rev, Table 4) of it. In the latter case a fragment
encoding for the extracellular domain (aa 45 to 300) was amplified and cloned in frame
between a human Vkappa leader sequence and a human Fc-gamma 1 sequence. This
vector served as expression vector for the generation of soluble CD38-Fc fusion-protein.
Another pcDNA3.1-derivative without leader-sequence was used for insertion of the
CD38 full-length gene. In this case a stop codon in front of the Fc-coding region and the
missing leader-sequence gave rise to CD38-surface expression. HEK293 cells were

transiently transfected with the Fc-fusion protein vector for generation of soluble CD38
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cells (PI

x 100 ELC + EDC with EDC = events dead
stained cells), and ELC = events living

wa@edosg03oenst ai ned) 15 Cytotoxicity val ues fronPEI/1BWed/002476

of 12 di

fferent antibody-dilutions (1:2") in

triplicates vvere used in ADCC and duplicates in CDC

f or

CD38 Fe-
protein
Tablept:essi

each anti

Fe-Spsiony dratelh £ 5|
Sof t war e) .

tramfpourRl for the geapration phn stalble SIRAR-eXPresseece

Ig%? ? 9@ ’[ﬁ ( @ﬁ%‘ﬁt}?) 50t1¥ 2l éﬁ? WER were

42 WD 2005/ 103083 PCT/ 1 B2005 @£02476
8f-ectants and

fusion proteins In order to generate CD38

for panning and screening two different

on systens had to be established. The first

Peihér £9)
protein

i ncl uded the gener Séquence(5’S8Y- Fc- 5 fusion
which was purified from supernatants after

MTEGNS! et
strat eg)

ATG 808 880 PACTHAEFHROAGR(IEQ [DNO:sx5gond
i nvol ved the generation of a stable CHO KI

MTE®R (%'r? FI@A GAT OTEAGNIGE GG@A@@XWAeA$C$&§E@mNO: 26)

sel ection of antibody-phages via ole cell

AICE At Ne2
R e N GA (i

M E%%Qﬁ’ wed T‘TYGG'TPACC SRt GET %&d *i‘@i(ﬁ@AGr(‘[S ’%’H%N@) gkNg

ence "UsTng "primers ~ conpl ementary first 7

174

T R R LI

VLIRS U0 z\;@kzs“°;@Az¢Csz%w§“§§é[A¢éﬁG (/B 0:30

49 whichy reveal ed a4 _al ut

" laaTapiod BRI} (GER 7L e TeamonEor 15 o

i ntroduction of restriction endonucl ease sites and

cloning into different derivatives of expression

vect or pcDNA3.1 (Stratagene the purifi r oduct
EXAMIIE 45 Cipmirskaresion gndasiticariahgr Hf“ncg‘g'ré?&%ﬁf the

entire gene élrlners MIEOQ6 & NWEOO?rev le 4) a, ..
In padar t¢ sxpross BilINPEEIDASE, N fempainfiagme fg‘?eai"i’ (V) aind light

the latter case a fragnent
chains (VL) were subcloned from Fab

expression vectors into appropriate
pMORPH® hlg vectors (see Figures 8 to 10). Restriction endonuclease pairs Bipl/Mfel
(insert-preparation) and BipVEcoR1 (vector-preparation) were used for subcloning of the
VH domain fragment into pMORPH®_hIgG1. Enzyme-pairs EcoRV/Hpal (lambda-
insert) and EcoRV/BsiWI (kappa-insert) were used for subcloning of the VL domain
fragment into the respective pMORPH®_hIgK_1 or pMORPH®_h_Ig)\__1 vectors.
Resulting IgG constructs were expressed in HEK293 cells (ATCC CRL-1573) by
transient transfection using standard calcium phosphate -DNA coprecipitation technique.
IgGs were purified from cell culture supernatants by affinity chromatography via Protein

A Sepharose column. Further down stream processing included a buffer exchange by gel

filtration and sterile filtration of purified IgG. Quality control revealed a purity of >90 %
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encodi ng for the extracellular domain (aa 45 to 300)

was anplified and cloned in frane 20 between a human
wok@ppesoBrader sequence and a human Fc- gamma 1PCT/IB2005/002476

sequence. This vector served as expression vector for

t he generation of sol uble CD38-Fc fusion-protein.

Anot her pcDNA3. 1-derivative w t.hqut, | eader-sequence .. .
by ecie SDECRAG Rt T4 TofPRECERRE 15 IS TuRgL b dafatioal size

In this case a stop codon in front of the Fc-coding.
exdlegom nhmrrdltqgn@h}’nffg@ iendptpia dentest gf tecmalgdlewry deferyned by a

CD38- surface expression. HEK293 cells were 25 )
kidefia DA ShHskd adsiya (Cefnstorte Busviptdn Eidotdidn TastingrSepyiot, dielgium).

vector for generation of soluble CD38 43 WO

2005/ 103083 PCT/ 1 B2005/ 002476 Fc-fusion protein and,

in case of the full-length derivative, CHO Kl -cells

el SEEIL AR AT SRR Sy n i s o

MIEOO1 ATG GCC AAC TGC GAG TTC AGC (SEQ I D
N Ly Sy L
R by AMERSETT 5 U S oo

TGT GCA AGA TG (SEQ I D NO 29) MIEOO09rev CCG ATA TC
A GADf GTitieAGAaT GledGEAubheiGDeRaarnmINCEt H0)1996; Z}p&lcﬁtr@b, 1994).
to a stop codon (TGA) in the sense orientation. 5
PC@%’XB{&&S dierdhRifagToppx¢logiag (owitagdnmCRH iveetbi)and single colonies
HUCAL(r) Igd: In order to express full length 1gG
sul}gﬁégle%m %@‘i‘}gﬁ@' dhafysRAVARLBvGEe PeRaYY WA re¥Bsled o Uifferent kappa
I'ns

) wer e subcl oned from Fab expression vectors
.hnpto. iat t Ei
igp 55 SR R HER T SR, Rofort K 3Ep afmments
EMpBe pesle BHEpatIea 8. BOCHFORe (SERIOGh Fhgh P o7hane of the

VH domai n fragnent into pMORPH(r)hlgd . Enzyme- E)aiiur,s
kappofddubipzl b¢lbagsbtn the intrinsic repertoire of the tumdr cell fusion partner

X63Ag8.653 and hence does not belong to OKT10 antibody. Therefore, only the new
kappa sequence and the single VH-fragment was used for further cloning. Both fragments
were reamplified for the addition of restriction endonuclease sites followed by cloning
into the respective pMORPH® IgG1-expression vectors. The sequences for the heavy
chain (SEQ ID NO: 23) and light chain (SEQ ID NO: 24) are given in Fig. 6. HEK293
cells were transfected transiently and the supernatant analyzed in FACS for the chimeric

OKT10 antibody binding to the CD38 over-expressing Raji cell line (ATCC).
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subcl oning of the VL domain fragnment into the

w0 e@paciosye pMORPH(r) hl gk 1 or pMORPH(r)h | gX BCT/IB2005/002476
vectors. Resulting 1gG constructs were expressed in
HEK293 cells (ATCC CRL-1573) by 15 transient

fectlion usi standard cal ci um phosphat e - DNA
EW@J?& #B??%%@Bm% que. 1gGs were purified from
cell cult upernatants by affinity chromatography
1-Ma§erli‘?lélagﬁwiet§°§%phar ose colum. Further down stream
processi ng i ncluded a buffer exchange by gel
Antihodiest i on and sterile filtration of purified IgG

Qual ity control revealed a_purity of >90 % 44 WO
Thedolbyiing eets GhER LB 057 527 SPIRRF PEIRS g SDS- PAGE

QL

arra—> &6, TTOTTPTITET 1 C as_pecer oY i@l

si ze fiié(;)(lé usi gn chr orllr‘g)t?ggraahy. %@ﬁfehr%d tox?hpﬂcl: /&?jé}:?l'[m]
—l—was—deterri-hee—by kret-e—J-A—based
ass MJOROINTE ex 2EHIP 06071 b RISkl t r@-“éé Dce,

Bel gl um 5 EXAMPLE 5: Cenetation and p4 oductiopn—of

chi MORO3OKIT102ABMBKT10; SEQhwpan & 23 0a38%60094) For
t he construction of chOKT10|the npuse VH and VI

r egiMORO03E8® a0P0O116i ¢AUEY6 PCRimarsIgiyl ¢ DNA.28/2)9ar ed
fromthe nmuri he OKT10 hybridonma cell 1ine (ECACC

#STOZORDIL00 A03ES1206SPAG el BumasIgGled a®.3s10i shed
(Dattamaj undar et al., 1996] Zhou et al., 1994). 10

PCRDTREHCTS VWBBG03SeAHEDI 1 [ aR@as (g ng | Olg3ysdor ogen;
pCRI | -vector) |and single colonies subjected to

seddKi@8* anal ysis (ML3 reverse priner) which reveal ed

two different {kappa |ight ¢hain sequendes and one

* chigany/OKTiaicomsisidg uEimeen Fohod mpwé vagalioegeaguence al i gnnent s
Cé%\/gb nu%l eotide sequence database) and literature
BEPECEY al, 1997) one of the kappa-sequence
THReIn@RE Scido(ab heequaricei (pssitiorn éperi0d) isbastd phédumanCD3®taken from
fusion partner 15 X63Ag8.653 and hence does not bel ong

thé %393%%@ hiRENWnded FEWEINPROTOBhidhaty Gcdee¥ion kitbibar P28907. At

and the single VH fragment was used for

further. cl oRi N ml.ifi ed for
peeiigh 25 15 BRrepE8l 1) hsHRBF el fol B Bl BRI

followed by cloning into the respective pMORPH(r)
Pep§ppt-a13lysssi on vectors. The sequences for the heavy

Tkg]gt%g(y g%&lciplgpyl\ge ség p%rglglgé %hctellgggel: nme&n%% el 11r31 A\I(s%epv%f's)e manner

resulting in a defined arrangement (peptide array) and are covalently bound to the
cellulose membrane. Binding assays were performed directly on the peptide array.

In general an antigen peptide array is incubated with blocking buffer for several hours to
reduce non-specific binding of the antibodies. The incubation with the primary (antigen
peptide-binding) antibody in blocking buffer occurs followed by the incubation with the
peroxidase (POD)-labelled secondary antibody, which binds selectively the primary
antibody. A short T (Tween)-TBS-buffer washing directly after the incubation of the

antigen peptide array with the secondary antibody followed by the first
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20 cells were transfected transiently and the

supernatant analyzed in FACS for the chinmeric OKT10
wapioshewys bi nding to the CD38 over - expressi ng Rej/iB20ed/d02476

line (ATCC). 45 WD 2005/103083 PCT/1B2005/ 002476

EXAVPLE 6: Epitope Mapping 1. Materials and Met hods:

chéﬁlfhlfr%%gé/c%a%ep%gglﬁ&%w I&g t ggtr_ao% ?vé&(e:‘ﬁl Witk aﬁl?égn JeBﬁdes do
ALV L ASTOSETT 2106 Q30E00 P s

MORO3080 030116 4CUE16 human |gd 28/ 200 MOR03100
to 031064 fal&IRABIveUrTading @@sp@slﬁgﬁmdamlndlne@@é@sceﬂ@m membrane
human 1gd@ 0.83/500 OKT10* 5 * chineric OKT10

its€1ONBifist tHage WhshimgretepsHibe dindl chenseminsscalvk enalggs angerformed. The
CD38- Sequence: The amino acid (aa) sequence (position

daé 3%1% Jséé wRasS & iRy rﬁgﬁe ?fé’?é(% EiloRaN intddity (Boehringer

sequence under primary accessi on

Llﬂﬁﬁt&ﬁﬁﬁggg simfgre e%gﬂrgllngl 80 E&ﬁ gﬁe@tl%(hn&rd@@ﬂ) @Faldate non-
t-A
=T E R .

manner resulting in a defined arrangenent (peptij %
incaibateg Witiritie pertidecyelydn the/alseunspimsingns aniildics) asdhe fust step. If
menbrane. Binding assays were performed directly on

thd frémpepintidedyaddeayot showgaryehiading o hetpegiades pegni healivecniabelled
is incubated with bl ocking buffer for several hours to

wiliPPOPIWRRhNAG5RE el defisibvifdbMible 8fstdrh €asapdrionadd &g MORS077). In
i ncubation with the primary (antigen peptide-binding)

thlg '3£§eba %Vélﬁlog%ﬂgc%?hfglgg gﬂéﬁ‘rflﬁfy 18 FE St Ex%ﬁﬁ?ls@érﬁﬂﬁed.

i ncu ba

The antigen was scanned with 13-mer peptides (11 amino acids overlap). This resulted in
arrays of 123 peptides. Binding assays were performed directly on the array. The peptide-
bound antibodies MOR03077, MOR03079, MOR03080, MORO03100 and chimeric
OKT10 were detected using a peroxidase-labelled secondary antibody (peroxidase
conjugate-goat anti-human IgG, gamma chain specific, affinity isolated antibody; Sigma-
Aldrich, A6029). The mappings were performed with a chemiluminescence substrate in
combination with an imaging system. Additionally, a direct POD-labelling of MOR03077

was performed in order to increase the sensitivity of the system.

2. Summary and Conclusions:

All five antibodies showed different profiles in the PepSpot analysis. A schematic
summary is given in Fig. 7, which illustrates the different aa sequences of CD38 being
recognized. The epitope for MOR03079 and chimeric OKT10 can clearly be considered

as linear. The epitope for MOR03079 can be postulated within aa 192 — 206
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per oxi dase (PQOD)-1| abell ed secondary anti body, which
bi nds selectively the primary antibody. A short T

W@ Twsa03083BS- buf f er washing directly after thePCT/IB2005/002476
i ncubation of the antigen peptide array with the
secondary anti body followed by the first 46 WO

3 B 002476 . chenj '
RIS OERER AT PR3 RURALD AR5 e bt
antigen peptides do bind the primgr nti body.

e a5 B RS s b Bl Bkt e taer st
TBS-buffer) to reduce false positive binding .
cofifins pecpibilisheindatsd futyhoparditagmugne K 1E) (Hesbise ehhbo9db which

itself). After these washing steps the final
poSTRENE ity Bpifepearnocenadaat3s1as. it for & aore grecideecphiopatiefinition and
were anal ysed with an i magi ng system showi ng the

degc%lq%gﬁkioh %‘f%@f lafnind BQgY phﬂa%tigéﬂ-ﬁ{tiboap lihteracBbdlitéd$ a shortening

e nmeasurenents for each peptide. In order to

eval.uat < T L ngdi ¢ S

of GRtdsaa SO ARG S LRSIV S SRS 43l lanine soan of
i ncubated with the peptide array in the absence of

bopfy shoatd eVl es as the first step. If the primary

anti body does not show any bi ndi n%@tjo t he pefti des it
c Zhe bepitvpes ciot yMIQRASIOB darkh MORQ3 Bh, cah ibe hclepdy egppgidered as
the sensitivity of the system (as performed for

diddoRBATONY . sitde sevbriab peptites aogenmge diffeosmd | siteo @ Ithergrotein sites were
chem stry via free am no-groups is perforned. The

re@Stni AANTHRS pepRits @emptisdiaalsy-92 ind&P1 33IER) fof M@RO3EB0 and aa 82-
acids overlap). This resulted in arrays of 123

9{‘3 ﬁ&&ll%gswéq_ﬂ(g' fggbﬁ’é@@%%ﬁ Rz ﬁgg@%g%%%e overlaps

e array- ound anti
MOR03079, MOR0O3080 00 and . chi ic. 1 ; oy
o RER R0 e YREEPATP S80S TR 35T vivin s
anti body (peroxidase conjugate-goat anti-hu )
pcgtinme SE1d: (CCSIUDIA LK CAPHRsPage 0188 Qb0 () Qg GRENTSKINY;
Sigma- Aldrich, A6029). The nmappi ngs were perforned
peptitib #58)cine racb gnitaddscntle entshddsisr at e in conbi nati on

with an inmagi ng system Additionally, a direct

PGz lepfisld fob MIOR0IFRAZADE comeiderpend dearbddifferent dem the latter two
i ncrease the sensitivity of the system 20 2. Sunmary

. N : . :
anglp%arnic%ég(gésﬁﬁt na;S Igtg%lgeétﬁéfﬁe@éli‘igéqqﬁﬁh&fs PHBPEdrid dpipeiicludes aa

pot anal ysis. A schenmatic
44-66, 110-122, 148-164, 186-200 and 202-224.

EXAMPLE 7: IL-6-release/proliferation assay
1. Materials and Methods:

Proliferation- and a IL-6 release assays have been performed according to Ausiello et
al. (2000) with the following modifications: PBMCs from different healthy donors (after
obtaining informed consent) were purified by density gradient centrifugation using the
Histopaque cell separation system according to the instructions of the supplier (Sigma)

and cultured under standard conditions (5% CO2, 37°C) in RPMI1640 medium,
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Met . P -
BIOSE. PSR, S10.0 L 0,00Le55E AP PR

wth the follow ng nodifications: PBMCs fromdifferent
DNéatletajuraidnmo recording éo theoprocal n§ tharpunphied (Reshsk ringorporation of

were purified by density gradient centrifugation using
Btdie was measured via an anti-BrdU peroxidase-coupled antibody i a

chemiluminescence-based setting.

2. Summary and Conclusions:

Proliferation Assay:

In addition to its catalytic activities as a cyclic ADP-ribose cyclase and hydrolase, CD38
displays the ability to transduce signals of biological relevance (Hoshino et al., 1997;
Ausiello et al., 2000). Those functions can be induced in vivo by e.g. receptor-ligand
interactions or by cross-linking with anti-CD38 antibodies. Those signalling events lead
e.g. to calcium mobilization, lymphocyte proliferation and release of cytokines. However,

this signalling is not only dependent on the antigenic epitope but might also vary from
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H st opaque cell separation system according to the

instructions of the supplier (Sigma) 25 and cul tured
war@sno®sandard conditions (5% C02, 37C) in RPMI/EBR005/002476

medi um 48 WO 2005/ 103083 PCT/ | B2005/ 002476

suppl enented with 10% FCS and gl utam ne ("conplete

RPM 1640"). For. bot - the .follown t] i g
donarte G} (AEEIE () a poRObaBe T it HeP Resifiaty) fbf Seonisi

MOR0O3079, and MOR03080, an agqni stic_nurjne Igﬁ% .
antiwddes| etsaprefaiehlp owpr (appaistic paPBQdeS. Brergfpre, H }%,® apu-CD38

irrel evant HuCAL(r) 1gGl anti body, a matched isotype )
antiisydiesaiMdbs (MOROAG7 7; GERR030i7H, IMORDBOID oysne fisther characterized in a

hapt en-speci fic anti body; cat.#: 555571, clone G155-
proiifrati & GsaP ahdl TGN si@thortaht MMIBEHvetifaqny) freleasefagsayt in@omparison

IL-6 rel ease assay, 1.0 E+06 PBMCs in 0.5 m conplete

C i i antibod

to Jit et B, RO TIOHAME habBUS O Spdctofil antibody

nti bodies. Cell culture supernatants were harvested

nd anal ysed for IL-6 rel ease using the Quantikine kit

according to the 10 _panufacturer's protocol (R&
Asglpmongiggted mofigilhang Fag. 12 é‘?ﬁ‘aHP%ﬁLa?élEaéP%f? @Ell’@éleﬁ’gﬂ?éél» 2and3
were incubated for 3 days in a 96-well flat bottom
as pletitas ti{eMafecdnce antibrelywhO&dHdemnd cogespoyding nggative santeels showed
Each assay was carried out in duplicates. After 4 days
noBr @kl afdesion b peticdtatiel indandlc@idlsast ne cdapared focthe
an additional 24 hrs at 37C prior to cell fixation and
. fon according to the protocol of the
ag@?@ﬁﬁjﬁﬁgﬁb g%he). I ncorporation of 15 BrdU was
nmeasured via an anti-BrdU peroxi dase-coupl ed anti body
in a chem | um nescence-based setting. 2. Sunmary and
EXANPIUS 8O Ctonoghiielakdagr at i on Assay: 20 In addition to
its catalytic activities as a cyclic ADP-ri bose
1. MrskASR aaadMbidas) ase, CD38 displays the ability to
transduce signals of biological relevance (Hoshi no et
appMdAPfRdbo hlbldzosd CO34:+/C0Y) pretopse cblinttar®islated from
can be induced in vivo by e.g. receptor-Iligand

BT . DDA B, Bk G
using the Histopaque cell separation system according to the instructions of the supplier
(Sigma) and incubated with different HuCAL® IgGlanti-CD38 antibodies (Mabs
MOR03077, MOR03079, and MOR03080) and the positive control (PC) chOKT10 at 10
pg/ml. Medium and an irrelevant HuCAL® IgG1 served as background control. Each
ADCC-assay consisted of 4.0E+05 PBMCs which were incubated for 4 hrs at 37°C in

RPMI1640 medium supplemented with 10% FCS. For the clonogenic assay 2.50 ml

n“complete” methylcellulose (CellSystems) was inoculated with 2.5 E+05 cells from the

ADCC-assay and incubated for colony-development for at least 14 days in a controlled
enviromment (37°C; 5% CO2). Colonies were analyzed by two independent operators and

grouped into BFU-E + CFU-GEMM (erythroid burst forming units and granulocyte/

50



10

15

20

25

25 e.g. to calciumnobilization, |ynmphocyte

proliferation and rel ease of cytokines. However, this
wae@sabioshg i s not only dependent on the anti geei/tB2005/002476

epi tope but mght also vary from 49 WO 2005/103083

PCT/ 1 B2005/ 002476 donor to donor (Ausiello et al.

2000). In the view of inmunothera non- I St
eryipIh s JPREORRES of SHESEPRESR SHTa GO P SRD 1 G ganutoeyte /
Therefore, HuCAL(r) anti-CD38 antibodies (Mbs
mabfoRbaEATem KEHN3079, MOR03080) were furt her
characterized in a proliferation assay and |L-6-
(inmportant MM growt h-factor) rel ease assay in
conparison 5 to the reference anti body chOKT10 and the
2. Swmmary apd £Lanclusi9ns: nonocl onal anti body 1B4. As
denmonstrated_ i n Fig. nd Fig, 12 th

) i 11 g Hu CAL .

Sigpet ¢ DEORPIEFOL N ONBbiPEnd pojppigne el By the pyeloid (e.g
reference antibody chOKT10 and correspondi ng negative

maongies| gashowytss) and lpmpbeidyingagk (¢ gidegtiveise Brand T-cells; plasma
proliferation and no |IL-6-rel ease as conpared to the

celld) bapAIBd &1 i raspetiadyteduébr ceEX(@WAA/BD3E ) itag empagtant that those
assay 1. Materials and Methods: PBMCs harbouring

ce?é‘gu%l ﬁlgoa?%c%%lﬁ%_gjﬁn%%éﬂ RiMlingt AlblefefyRl @ diGigatie tssay was
r ealthy indiv

om 15 i dual s (after obtaining inforned

apglg’egﬁggg%eagy 1R ke GEBAL SRICTPANICHSI03LEER0rST Ng L he

separation system according to the

instructions, of the suppl.ie Si i nc T
PHATCH s SDhY daneR (e rcibaist MR GAL, ATHEEDTS apbodies
MOR03077, MOR03079, and MOR03080) and the sitive .
(VEbHEsMnbi2ray] Meekd) o saveralronigple (el ISAL. & Antibody, medium

irrel evant HuCAL(r) 1gGl served as background control.
anfaeferade ARG dscIK Tt sé positive CodrdFa0®rdipyte akprdard ADCC-
were incubated for 4 hrs at 37Cin RPM 1640 nedi um

protiBRl RIRRe Aoy fhfihek Oftctiabon Har cottiti@lednagthiyleellalbsayfor colony-
2.50 M "conplete" nethylcellulose (Cell Systens) was

deigglgﬁﬁ{%ﬁt g\g tsgé\w if P§% Flgglgi_;o gigl\}fé?a tRENdHE ofAdrya®adihg units are

incu or C opnment for at |eéast 1

oS3 PP 5 B R b £ BBl gy

and )
the reference antibody.

EXAMPLE 9: ADCC Assays with different cell-lines and primary multiple myeloma
cells

1. Materials and Methods:

Isolation and ADCC of MM-patient samples: Bone marrow aspirates were obtained
from multiple myeloma patients (after obtaining informed consent). Malignant cells were
purified via a standard protocol using anti-CD138 magnetic beads (Milteny Biotec) after
density gradient centrifugation (Sigma). An ADCC-assay was performed as described

before.
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25 grouped into BFU-E + CFU- GEMM (eryt hroi d bur st
formng units and granul ocyte/ 50 WO 2005/103083
wEADsh B85/ 002476 erythroid / macrophage /  PCT/IB2005/002476
megakar yocyte stemcells) and CFU-GM (granul ocyte /
macr ophage stemcells). 2. Summary and Concl usions: 5

i nce CD3 ssion is not only found on i nmune
'é'F‘F’?rW‘Pﬁ (ﬁm{a):hlé "Weloid (e g. m)nocyt es,

T N

precursor cells (fCD84+ CD38+), orta @etﬁ ¢
shavh Seecytaiexir sifgeter Hi HaE AL aHi- 993§ﬁ?‘iﬂkﬂr5r’g‘§f f&? spectrum o
Killing. Therefore, a clonogenic assay was applied_in
celpdides intndmgalifferent droges @i €03% expressivgyley gipaisishown in Figure 14,
progenitors. 10 PBMCs from heal thy donors were

alll RON RAre diddt i NOOAL Gt rorgbint apB&lyacdrichnithitions (§ Mail),and E:T
Mab#2 and Mab#3) or several controls (irrelevant

rat@%?ﬁ%%i.@f% SAGHY vid BB wRANslsd §hekE e sértrdibadiiple myeloma

03|t|ve control) according to a standard
ADCC-. pr ot ocol | -
saiplcs ﬁom@nmﬁ@ﬁe%ﬁﬂ? e Bpb st Uk Al K berform o dose
As shown in Fig. 13 n icant re
depaidemyiHime A MM rTISand %SQ SR Yoo tf‘”?tii?cﬁ?@ gud 0249 M
anti-CD38 anti bodi es as conpared to an irrel evant
(Fantd Body or the reference antibody. EXAMPLE 9: ADCC
Assays with different cell-lines and primary nultiple

myeloma cells 20 1. Materials and Met hOdS' I sol ati on

and ADCC of MM patient sanpl es QW as
EXAMP I H: nEaossreasivi anaives n%ms 214 ddifotftahemistry

(I6Y ai ni ng i nfornmed consent). Malignant cells were
purified via a standard protocol using anti-CD138
1. Mageinlsandedaghodsd | t eny Biotec) after density
gradi ent centrifugation (Sigm). An ADCC-assay. wa
pBIE owitle dorséls:dBerc FHLEG dduC 5®b@mbpp3 8cilabs and an 1rrelevant negative

control antibody were converted into the bivalent dHLX-format (Pliickthun & Pack,
1997). 5 um cryo sections from lymph nodes derived from Cynomolgus monkey, Rhesus
monkey and humans (retrieved from the archives of the Institute of Pathology of the
University of Graz/Austria) were cut with a Leica CM3050 cryostat. Sections were air-
dried for 30 minutes to 1 hour and fixed in ice-cold methanol for 10 minutes and washed
with PBS. For the detection of the dHLX-format a mouse anti-His antibody (Dianova) in
combination with the Envision Kit (DAKO) was used. For the detection of the anti-CD38
mouse antibodies (e.g. reference mouse monoclonal OKT10) the Envison kit was used
only.

FACS-analysis of lymphocytes: EDTA-treated blood samples were obtained from
healthy humans (after obtaining informed consent), from Rhesus and Cynomolgus

monkeys and subjected to density gradient centrifugation using the Histopaque cell
52



10

15

WO 2005/ 103083 PCT/ 1 B2005/ 002476 2. Sunmary and

Concl usions: Several cell-lines derived fromdifferent
wordosgosti es were used in ADCC in order to SPOWMB20€5/002476

cytotoxic effect of the HUCAL(r) anti-CD38 anti bodies

on a broader spectrumof cell-lines including

di fferent origins and, CD38 expression-|evel Sq: S

SepRFRPD GaPlems ASCORIRg 10 dBF RESGEHBha BT 1150 SppiRbasicf PO FaCs-
constant anti body concentrations (5 gg/m) an LT

analysid ogllsafrod0the . icierpiaes iwere ynopbatedc REGIAE &8t (HuCAL®
for several nmultiple nyeloma sanples frompatients.

antAOD38uEALE ItivarbitrIDASbsaus o [e62aver Batafsirmat, thauositiye gpntrol
a dose- dependent killing of MMHcells and the

mu%% QatiR dNRSK Y B Rl RELAEER0SpOBntaIFifolloR4d by icubsiaguwith anti-
. 10 MPLE 10: Cross-reactivity analysis by FACS

VERf STELLTPE BN Aot Cpsos gy o

Mabs and an jrrel evant negati.ve 15 con '
conigge BRbeR RETRTD TARS BIOL oA ARLRIPeL oY B Bnphooyte
(Pliickthun & Pack, 1997). 5 gmcryo sections from
popylatpdn. nodes deri ved from Cynonol gus nonkey, Rhesus
nonkey and humans (retrieved fromthe archives of the
Institute of Pathology of the University of
G az/ Austri &l re cut with a Leica CM3050 cryostat.
2-@?&“!‘?%§‘“ﬁ£ c!l\ﬁfo-nsdri ed for 30 ninutes to 1 hour and

fixed in ice-cold nmethanql,. for 10 mn an y
SGALID BBSCDRg ™ BIERA T BHPraPoPHoC BRSPS g A Whereas
nouse anti-Hi s anti body (Di anova) in _conbinati it h
alltant-GPRE Mabs wita abam@eq%égma% 38 PO A 37 THC,
the anti-CD38 nouse anti bodies (e.g. reference nouse
onDMOOROBEE0 @EELR) whi tEavpedivekcontwdsOBIdl showieg, an additional
FACS- anal ysi s of |ynphocytes: EDTA-treated bl ood
reBURY SRV Roablzal RRd Rifeoid mdbkdieaiD3By(sbeiMabls {:aCtoss-reactivity
obtal ning informed consent), from Rhesus and
Cl\gn | gus nonkeys and subjected to density gradi ent
AnLEHP i fugation using the H stopaque cell

Table 5:
Lymphocytes (FACS) ahd lymph-nodes (IHC‘);yfro‘ﬁi;
o ‘ Cynomolgus Rhesus
i Human
Antibody o Monkey Monkey
Mab#1 ++ - -
Mab#2 ++ - -
Mab#3 ++ ++ ++
PC ++ ++ ++
NC - - -

++: strong positive staining; - : no staining;  NC: negative control; PC: positive control {=reference cMAb)
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52 WD 2005/ 103083 PCT/ | B2005/ 002476 separation system
according to the instructions of the supplier (Sigm).

WO-onsA#0S anal ysis cells fromthe interphase RET/E2005/002476
i ncubated with primary anti bodies (HUCAL(r) anti-CD38
and negative control Mbs as rruri ne 1 g&a or

E)@Eﬁ\%f&%;ﬁgt aT::Fg?@OOSI IV:z%gn%% F@lmfl&&%(?gerla nt'l Bg de (using the
REMER2B61cplb hingl with MOR30FD Fl ag (Sigma; only for

Fab-format) and a phycoerythrin (PE)-I abel ed
anti-nouse conjugate (Jackson Research). FACS
1. Establishimsentad sploutaneond mouse modghit ed | ynphocyt e
popul ation. 2. Summary and Concl usions: 10 HuCAL(r)
aAt subCiiafcons rmoaseamerdeld férothe human sppelpms-depyel tumor cell line
cross-reactivity. Wiereas all anti-CD38 Mabs were
REAPISE24 Gn deh&letC BUITRBCADABice nvdsyenpdbdishddess falloRAdsy Amdigon Life
I HC, only MOR0O3080 together with the positive control
chr%-el%] ‘Q’?ﬁitzﬁl%e@%ﬁhﬁ an% da%ethO' Veh@ W1, Wintitisfayn Gl @uB/clonal

esus non see abl e 5: CI‘OSS react|V|ty

an%% Q@@g}é@%ﬂ) ﬁ,‘lhémléa}’sg’\bﬁ%ﬂ e e{e&ﬁ%g ncﬁé}%ntl}f? cells in the

Human Monkey

SCIp m;.ceq.wepq;appll nke%r,avewsl%f in ord|_e_; to ??agﬂﬁatﬁ Oagxlyt feslkgi# gl specific

staining; .: no staining; NC negative contgol; PG
impome treactivigpin (HB-7=3 CHR Mie: O K}NO)O sither 5x10° or '1x10" RPMI8226

tumor cells in 50 pl PBS were inoculated subcutaneously into the right flank of mice
either treated with ASGM (as described above) or untreated (each group consisting of
five mice). Tumor development was similar in all 4 inoculated groups with no significant
difference being found for treatment with or without anti-asialo GM1 antibodies or by
inoculation of different cell numbers. Tumors appear to be slowly growing with the
tendency of stagnation or oscillation in size for some days. Two tumors osci}lated in size
during the whole period of investigation, and one tumor even regarded and disappeared
totally from a peak volume of 321 mm?>. A treatment study with this tumor model should

include a high number of tumor-inoculated animals per group.

2. Treatment with MORO03080:
2.1 Study objective

This study was performed by Aurigon Life Science GmbH (Tutzing, Germany) to
compare the anti-tumor efficacy of intraperitoneally applied antibodies (HuCAL® anti-
CD38) as compared to the vehicle treatment (PBS). The human antibody hMORO03080

(isotype IgG1) was tested in different amounts and treatment schedules. In addition the
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WD 2005/ 103083 PCT/ | B2005/ 002476 EXAMPLE 11:
Treat nent of human nyel oma xenografts in mce (using
W0 b@5/163088.8226 cell |ine) with MORO3080 1. PCT/IB2005/002476
Est abl i shment of subcut aneous nouse nodel: 5 A
subcut aneous nouse nodel for the human nyel oma-deri ved

tunor cell 1] PML8226 i nal e - 17-.¢ L Ce:

oo E by LAt By St P s v
GrbH (Tut zi R}gﬁmeermany): on day -1, 0, and 1, 4 il

varzghlg reginng oh O%O)p@fiéwg]me cORplANJGRIeLs E%@@Wte in a similar way
(WAKO- Chemi cal s), which deplete the xenoreactive

as NKsceibkd $n Exatpke 5 $61 Chiniecie QKTE0 dpywrine dvVEMLy avd hymsen constant
in order to deactivate any residual specific 10 i mrune

redi@RDIW AL thdted. The RPMIB22C b ihcat €l likdrhaddeed) chasiet hea nfndgDid was
or Ix107 RPMLB8226 tunor cells in 50 | PBS were

i | , 0t it _ 6@ in th
oI AR AR i M st

ntreate eag r consi st i S m ce). Tunor
st ¥\W§F%ﬁ)‘?fg'n‘%elgggb%f'ﬁl¥llﬁg rYoﬁmgi% f’ﬂ(gd?}{ﬁ%aé 31%1? ed groups
with no significant difference being found for
treatment with or without anti-asialo GVL antibodies
2.20r Wntibddies@adivghickn of different cell numbers. Tunors
appear to be slowy growing with the tendency. of
SsThaamibp dies wpreag@wﬂecgteiaéﬁ to pedp AaTIERR alsconeerERfiens i 13 mg/ml
tunors oscillated in size during the whole period of )
(MORG3980 ¢dgGnandabd3 ang/mlu@OREIGD chdg@Raethdastared at -80°C until
di sappeared totally froma peak volune of 321 mB. A

appli@RbAEThe Shtshaisy whret thafed LD diislielvithhPBS do thaatspdetive end
a high nunber of tunor-inocul ated ani mal s per group.

20 Al \ ' ' id%€ored at 4°C
coffgnfaig, 35 TERbICR b aEP Ry R o By A

g.Tut %.i ng, CGermany) to conpare the anti-tunor
untipgng lﬁ%tg‘ip' of intraperitoneally applied antibodies
(HUCAL(r) anti- 25 CD38) as conpared to the vehicle
treatnment (PBS). The human anti body hMOR0O3080 (i sotype

g3 ) was tested in different amounts and treat ment
2.3 chethimad spacificagi@nt i on the 54

Species: mouse

Strain:  Fox chase C.B-17-scid (C.B-Igh-1b/IcrTac)
Number and sex: 75 females

Supplier: Taconic M&B, Bomholtvej 10, DK-8680 Ry
Health status: SPF

Weight ordered: appr. 18 g

Acclimatization: 9 days

2.4 Tumor cell line

The tumor cells (RPMI8226 cell line) were grown and transported to Aurigon Life
Science GmbH, where the cells were splitted and grown for another cycle. Aurigon

prepared the cells for injection on the day of inoculation. The culture medium used for
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chMOR03080 (isotype IgQ&a: a chineric antibody
w@opno®Bng the variable regi ons of MORO3080 BEMIB2005/002476

murine constant regions constructed in a simlar way

as described in Exanple 5 for chinmeric OKT10 (nurine

VH VL and huma opstant _regjqgns,) este T .
celpIATE 23 Hi B Ml 10, RIS oRt OFRICH. 2o fpdfamin and
and was 5 inocul ated subcutaneously in femal e SC D
PenStoep. The ddlschpwedinapesxpectathgrosml pd¢ ft Rehakiothe st udy
were body weight (b.w. ), tunor volune and clinical
SF@nsmocRlaBontuniediells are: setpeatial ThePBt isbdilpstedetoe a final
provi ded ready to use to Aurigon at concentrations of

cofeentiatiil BF 1x16 £RR03080 Rl peE) TaBduhor SelBusdension was mixed
MORO3080 chl g&a, and stored at -80C unti l

appl.icatd on. . The. i bodi es were thawed and dil uted

th‘(ﬂﬁ‘%?ﬁ}bggo{egbef]}geﬁ}eg%géctive end concentration. The
vehicle (PBS) was provided ready to use to Aurigon and
stored at 4C until application. 15 2.3 Ani nal

2.5 pedixperiment pregsdiires: nouse Strain: Fox chase
C.B-17-scid,(C.B-1gh-1b/lcrTac) . Nunbe nd sex:. 75 .
f @mdpi, su&(;kPMISzg%wmr@emWresamt%@ﬁw&f@?e%ﬁlyse@dhe right
Ry 20 Health status: SPF Weight ordered: appr. 18 g |

dobsatflankaof ZaSCHM mide. dafisst ZBoup, WasTouilwithel § randgalyrpleosen animals
tunor cells (RPM 8226 cell line) were grown and

(g‘r‘bﬁ?rﬁ it afier Adtilgtioh. [THie grotpi vesceedBibiWithviherggkg bav. higGl-
cells were splitted and grown for another cycle.

MQ#()B @Eﬂﬁevegf ?e@éﬁ@&i_a hewEsl das 1140mdizal Bfoht AN ofer 60 1enifhalks 4 groups

I nocul &t i on. e culturé mediumused for 55 WO
we%e(:) gljltlvc\)fﬁfﬁgn apanm/aisBl%Oe%% %po%f)?o% day 31 (tumor volume of about 92 mm’).

Groups 1-4 were built with comparable means tumor sizes and standard deviations. An
additional group of 5 animals (group 6) was chosen showing relatively small tumor
volumes (tumor volume of about 50 mm’) for comparison with pre-treated group 5 (all
but three mice showing tumor volumes of less than 10 mm?, one with about 22 mm?, one
with about 44 mm’® and one with about 119 mm?). Groups 1 to 4 were treated every
second day from day 32 to day 68 with either PBS (Vehicle; group 1), 1 mg/kg b.w.
hlgG1-MORO03080 (group 2) or 5 mg/kg b.w.higG1-MORO03080 (group 3), or with 5
mg/kg b.w. chIgG2a-MORO03080 (group 4). Group 6 did not receive any treatment (see
Table 6). Tumor volumes, body weight and clinical signs were measured two times a

week until end of study.
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cell propagati on was RPM 1640 suppl enmented with 5%

FCS, 2 MM L-Qutamn and PenStrep. The cells showed
wooooanedpect ed growm h rate or behavi our. For PCT/IB2005/002476

i nocul ation, tunmor cells were suspended in PBS and

adj usted to a final concentration of 1x107 cells / 50

| in PBS. The tunor cell suspension was mxed 5
Tableof:oughl y before being injected. 2.5 Experinental

procedure On day Q, 1x107 RPMI8226 tumor cells were

i nocn).af edrysebcUt aneous| y int o the| rirghent 3¢ $adppl. baidée
Gygpp z,lg,i,%% d“%ag‘; Spbstanges gﬁﬁ‘ﬁ?ﬂ“ms bui hig/keli t h |15 [ul/ke]
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Hi gd R030B0 dvePPSiseron y between day 14 and 36.
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about 92 mTB% 1-4 wwwee built with conparable
means tufor si Zdg, go awarj/andndjhyi ations. An
Fu an

addi t ional gp.oup hetwednday(Grolip 6) Wwas choseni
showi ng rel ative tuﬁm@l% ol unes (tunor

vol ume of about |HORGHEP| Pyswy sed son W th
gr e1 t i&at ed@r oup °15m 21 betWEFg}aylgg b i ce showi ng t t thor

vol imes of | ess th@ﬁa" Ry --R—about—22—AmS:
: ry it
one Egt " about |4bRUBEO A eenFa§
ips™ 1
U

a.

r about 119 Imm). 0
Go to'® wehenaniggd| e @’l\ﬁaaﬁdecondlt day firom day
32 y—68—witih—erthe HBSjvenl tte;, group 1), 1
ngy/ kg sb. w.  -hl gd - I\/EROS D80 (gr oup ;’) or 5 rrg/ kg -

b.w, h'”@ MORO3086 / H 3}, w-t+h—5—26 ||gl r\g b—w:

chIgG2a MOR03080 (group 4) Group 6 did not receive
2.6ny Resuls nent (see Table 6). Tunor vol unes, body
5 wei ght and clinical signs were neasured two tines a
Clitedt observdtioamandiogtlitsty. 56 WO 2005/ 103083
PCT/ 1 B2005/ 002476 Table 6: G oup No. of Type of

SR shaAHE tupadras dlisstaice adlaed tlisios dindlixs or wairtality were observed. In
animal s application [ng/kgl [I/kg] vehicle every

gr&?pc 8 'algige‘quS mg/kg) four animals died during blood sampling (one on day 3, one on

P

10  day 34; two on day 52). In group 4 (mulgG2a 1 mg/kg) a single animal died during blood
sampling (day 34). All other animals, that died during the study have been euthanized

because of the tumor size.

Body weight development

® No drug related interference with weight development was observed in comparison to
group 1 (vehicle). Body weight was markedly influenced by blood sampling in groups 3
(hIgG1 5 mg/kg) and 4 (mulgG2a 5 mg/kg). Despite such interruptions the mean weight
gain of all groups was continuous.

20

Tumor development (see Figure 16)

57



10

15

20

110 i.p. (PBS) between day 32 and -- 10 day 68
MOR0O3080 every second day 2 10 |.P. human I g3 between
walayws3e0ahd 1 10 day 68 MORO3080 every secondPdEyB28051@2476

i.p. human 1 gd between day 32 and 5 10 day 68
MOR0O3080 every second day 4 10 i.p. chinmeric between

Ra d P/(R8308
éﬁ’yg@uﬁS Rﬁiﬁ%}%&ﬁu”?ﬁ © v%aésn Ay 11 4tg ané‘%i%i%%tgr\gltgba slow
- - 6 Results 5 C I b
pregesiogr Aal(e el ding B RSB S BRIAG BEOSHITE FLF B ape lareest
clinical findings or nortality were observed. In
andgrsmales (inogGiave bragh keycluded riremi fivther stasticdlienalysip| Bogl tumor

sanpling (one on day 3, one on 10 day 34; two on day

growth- of aBingd19Peréur Mktag Cldpdrab/tk Ge tamdi Boiveh din proab 6duetleated),
during bl ood sanpling (day 34). Al other animals,

altg&%x tﬂiseﬁ?%éﬁ&i WiR 2 S W BAYEmBLFSuRE bh Ry 2€d Treatment might

e tunor size. Body wei ght devel opnment 15
S AT S LR
eu@qa@@g(i bg\,\t%?e (rlgayr é(Begécausengtl tlﬂg rtllfrggr sg e, dfurtﬁlgp oneqa%fore day 87, so
that the mean value of tumor volume is no longer representative after day 80. In group 6,
one mouse had to be euthanized before day 80 because of the tumor size, two mice before
day 83, and a further one before day 87, so that the mean value of tumor volume is no
longer representative after day 76.

In group 2, treated with 1 mg/kg b.w. of higG1, one animal has been excluded from
further analysis, because the tumor grew into the muscular tissue and this usually
enhances the speed of tumor growth. Compared with the control group 1 (vehicle) the
mean tumor size started to differ significantly starting with day 45 until the end of the
study. No enhanced tumor growth was observed after end of treatment (day 68).

Animals of group 3 (5 mg/kg b.w. higGl) revealed a marked decrease in tumor
growth in comparison to group 1 (vehicle), getting statistically significant with day 38
until day 83. The mean tumor volume started to strongly regrow about two weeks after
the end of treatment. One out of ten tumors disappeared at day 45 and did not regrow up
to 19 days after end of treatment.

The best performance of all treatment groups starting with 92 mm’ tumor volume was
found in group 4 (5 mg/kg b.w. mulgG2a), where the mean tumor volume showed clear

regression and tumors even disappeared in 4 animals until the end of the observation
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efficiency: higG1 1 mg/kg, 14-36 days every second day (group 5) > mulgG2a 5 mg/kg
32-68 days every second day (group 4) > hIgGl 5 mg/kg 32-68 days every second day

(group 3) > hIgG1 1mg/kg 32-68 days every second day (group 2). In groups 2 to 4, mean

tumor volumes were again increased after end of treatment to varying extents.
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CDR3 region depicted in SEQ ID NO: 5, 6, 7, or 8.

4. An isolated antigen-binding region according to claim 3, further comprising an H-
CDR2 region depicted in SEQ ID NO: 5, 6, 7, or 8.

5. An isolated antigen-binding region according to claim 4, further comprising an H-
CDR1 region depicted in SEQ ID NO: 5, 6, 7, or 8.

6. An isolated antigen-binding region according to claim 5, which comprises a
variable heavy chain depicted in SEQ ID NO: 5, 6, 7, or 8.

7. An isolated antigen-binding region according to claim 2, which comprises an L~
CDR3 region depicted in SEQ ID NO: 13, 14, 15, or 16.

8. An isolated antigen-binding region according to claim 7, further comprising an L-
CDRI1 region depicted in SEQ ID NO: 13, 14, 15, or 16.
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16.
13.  Anisolated antibody to according to claim 1, which is an IgG.
14.  Anisolated antibody to according to claim 13, which is an IgG1.

15.  An isolated human or humanized antibody or functional fragment thereof,
comprising an antigen-binding region that is specific for an epitope of CD38 (SEQ
ID NO: 22), wherein said antibody or functional fragment thereof is able to
mediate killing of a CD38-transfected CHO cell by CDC with an at least two-fold
better efficacy than chimeric OKT10 (SEQ ID NOS: 23 and 24) under the same or

substantially the same conditions.

16.  An isolated antigen-binding region of an antibody or functional fragment thereof

according to claim 15.
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An isol ated antigen-binding region according to claim
212, VN Bblacsdratigsebindingirgbion actadingaoichimds) dhhoquempcises an L-
sel ected fromthe group consisting of (i) SEQ ID NO
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22t16 Angisoleted aniieghbEding 198t ACC dg&@rﬂﬁlﬁw Highe ¢qupprising an
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fegion t i's specif or an epitope of
L-CDR2 region depicted in SEQ ID NO: 13, 14, or 15.

24.  An isolated antigen-binding region according to claim 23, which comprises a

" variable light chain depicted in SEQ ID NO: 13, 14, or 15

25.  An isolated antigen-binding region according to claim 16, which comprises a
heavy chain amino acid sequence selected from the group consisting of (i) SEQ
ID NO: 5, 6, or 7; and (ii) a sequence having at least 60 percent sequence identity

in the CDR regions with the CDR regions depicted in SEQ ID NO: 5, 6, or 7.

26.  An isolated antigen-binding region according to claim 16, which comprises a light
chain amino acid sequence selected from the group consisting of (i) SEQ ID NO:
13, 14, or 15; and (ii) a sequence having at least 60 percent sequence identity in

the CDR regions with the CDR regions depicted in SEQ ID NO: 13, 14, or 15.
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regi on according to claim 23, which conprises a

3pvari li%rl]zllt%:go ti6O@} B d8REFInGH FaBmeRQttdrd¥CacchRiind 40 d4im 29,

15 ated antigen-binding region according to

claim 16 i ch conprises eavy chain amno acid

Seng}ﬁ%%ﬁgé'ﬁg&t%%eg?é%e%rhegﬂag%up consisting of (i) SEQ

IDNO 5, 6, or 7; and (ii) a sequence having at |east.
3260 per dsoisted emptibode or d@nctiangl fragment thereof according to claim 31,

wherein said antigen-binding region comprises an H-CDR3 region depicted in
SEQ ID NO: 6.

33,  An isolated antibody or functional fragment thereof according to claim 32,
wherein said antigen-binding region further comprises an H-CDR2 region
depicted in SEQ ID NO: 6.

34.  An isolated antibody or functional fragment thereof according to claim 33,
wherein said antigen-binding region further comprises an H-CDR1 region
depicted in SEQ ID NO: 6.

35.  An isolated antibody or functional fragment thereof according to claim 31, which

comprises a variable heavy chain depicted in SEQ ID NO: 6.
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in the COR regions wth the CDR regions depicted in
SEQID NG 5, 6, or 7. 26. An isolated antigen-binding
‘WO e@soesoatcording to claim16, which conpri sesPEr/IB2ybR/002476
chain am no aci d sequence selected fromthe group
consisting of (i) SEQID NO 13, 14, or 15; and (ii)

uen havi n at | ea 0 . .
s o o e Hd ARG o i 31
deplcted in SEQ I ) 13 14, or. 5% %g# on devicted i
200Bhe0BEd PCREVEDOGRE0TBIPPG T ISCadn; G b gegion depicted in

anti body to according to clains 15, which is an 1gG
28. SBQ IDsNDai4d anti body to according to claim 27,
whi ch is an IgG 29. An isolated human or humani zed

sant | A?Pijs}s opalsfiBHAERhehBRr 8Rfeof GREMMINE RY chiim 36,

antlgen |nd| ng rggl on that is specific for an epltope

.n the e |to e [ :
o et &W@g figksOgamg osgon, diher, Somplias fh GRY rogion
of CD38 D NO. 22). 30 An I sol ated antlbody or
f undepieta |m$ QIR lhereof of claim 29, wherein the

epltope corrprl ses one or nore am no acid residues

33CONMPR $Rhtdd 2B ofGkctidhal Fgmenti thereadi abcstding thetaim 37,
taken fromthe list of am no acid stretches 44-66,

82- gﬁlmfiril'élsindl%ﬁ én4§1 4bd rdoaéh 1iRneraREmpHdes2@f DICDR2 region

at e anti body or functional fragnent
t her.eaf o.glaim?29, wherein said epitape
i's QIPF g@@‘?@ﬂ@ 1%2 An isol ated anti body or
functional fragnent thereof according to claim3
39whertai isolatildntibed ygenfubétimiahfagraerit dhrereqfrasEordg tg ﬁlalm 31, which

H CDR3 region depicted in SEQID NO 6. 33. An

i s0lcafnBlsaantvapasly light hancddpined inf SEQ iR NO Her eof
according to claim32, wherein said antigen-binding

f h i
e R A B o

fragment thereof according to clai m 33, ﬁh |n sa i
ant icg@riBgsheRyY CBYPIPY F‘?lﬂéFq‘teBﬁ?J & %%%d AL &@ﬁ&lp Sonsisting

regi on _
of (i) SEQ ID NO: 6; and (ii) a sequence having at least 60 percent sequence

identity in the CDR regions with the CDR regions depicted in SEQ ID NO: 6.

41.  An isolated antibody or functional fragment thereof according to claim 31, which
comprises a light chain amino acid sequence selected from the group consisting of
(i) SEQ ID NO: 14; and (ii) a sequence having at least 60 percent sequence

identity in the CDR regions with the CDR regions depicted in SEQ ID NO: 14.

42.  An isolated functional fragment according to claim 31, which is a Fab or scFv
antibody fragment.

43.  Anisolated antibody according to claim 31, which is an IgG.

44.  Anisolated antibody according to claim 43, which is an [gG1.
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depicted in SEQID NO 6. 35. An isolated antibody or
functional fragnent thereof according to claim 31,
waiosho3osdnpri ses a vari abl e heavy chai n depi ce€IB2005/002476
SEQ ID NO 6. 65 WD 2005/103083 PCT/ | B2005/ 002476 36.
An isolated antibody or functional fragment thereof
accqrding.to claim 31, whergi ' [ = biindi :
B egfPnse prRody 01 g eg?@érgegll%%:eltog?gfﬁhﬂ%ééglc%lm 9,
NO 14. 37, An isolate anLiqu .or functiona
f r atyierein $aHbPRIPDPE AT SIHPHTCB? 8145?%'36, wherein said
anti gen-bi nding region further conprises an L-CDR1
467 €9iA@Nisofhedl ahEsbdynoSERdnMNOfradrent3therei dcsoidatgetb claim 45,
anti body or functional fragnent thereof according to
cl aj whekeL Nyl IS nRidesl I OH ISR © Redibh tdeBicted in
corrpk"{ﬂleg%ns San El%%‘ggﬁlrﬂgg %%idndg(g?% ed in SEQ ID NG 12.
39. i solated anti body or functional fragnment
the§§£¥h5@tb$dﬂﬁﬁgto claim 31, which conprises a
variable light chain depicted in SEQ 1D NO 14. 40. An
47j solsat édlaet iahtdehdyoor flumsionan &lagmentqthsraoft seepudiig to claim 46,
according to claim 31, which conprises a heavy chain
am Rhertbh ChafE P pELbmaInRC kepdor rforthérheomprsys ennHiGDRAgregion
of (i) SEQID NO 6; and (ii) a sequence having at
| eagt.,.: q _identity in the CDR regions
V\Atﬁg?lg{egd%gﬁﬁreg%)i%ﬁéy’gg%?gt ed in SEQID NO 6. 41. An

i sol ated anti bqody or functional fragment thereof i
48ac cwiiselted apiibpdn 91, fpgHionpl %@Sﬁlﬁ?‘i teof qlchﬁeng; figyi Gaim 47,

am no acid sequence sel ected fromthe group consisting .
of wleyeiSE@id Dmk@en-bindingn degion ) fugthere gomntiecshani Ho-RR ! region
| east 60 percent sequence identity in the CDR regions

Wi t RlepidRd GPREQEW NOs 5depirét ed in SEQ ID NO 14, 42. An
i sol ated functional fragnent according to claim 31,

which i s Fab. or sckFv ..anti f . hich
49} 0o AR sl iy SEMbeudtRl ERSH AR otk tofdflim 45, whic
| gG .
J comprises a variable heavy chain depicted in SEQ ID NO: 5, 7, or 8.

50. An isolated antibody or functional fragment thereof according to claim 45,
wherein said antigen-binding region comprises an L-CDR3 region depicted in
SEQ ID NO: 13, 15, or 16.

51.  An isolated antibody or functional fragment thereof according to claim 50,
wherein said antigen-binding region further comprises an L-CDR1 region

depicted in SEQ ID NO: 13, 15, or 16.

52.  An isolated antibody or functional fragment thereof according to claim 51,
wherein said antigen-binding region further comprises an L-CDR2 region
depicted in SEQ ID NO: 13, 15, or 16.

53.  An isolated antibody or functional fragment thereof according to claim 45, which
comprises a variable light chain depicted in SEQ ID NO: 13, 15, or 16.
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44. An isol ated anti body according to claim43, which

is an Igd. 66 W 2005/103083 PCT/|1B2005/ 002476 45.
w@\oosaad08s ed anti body or functional fragnent tPer/E005/002476

according to claim?29, wherein said epitope is a

conformati onal epitope. 46. An isolated antibody or

fungti.onal ,fr t r eqf ' al : :
S4uh oIR8 8 REY gL ARG f;EAER! BLRDLHEFURLR faim 45, which

H CDR3 regign depicted.in .SEQ ID v ol r 8. 47, . .

A FSBTRA RO By G ETUREE s Hieasiopf Consistng

according to claim46, wherein said antigen-hindin

r egoDi) SEQ FRNQoapr/i 98S$; And HIITPREAREGE dRVINged; ]8?%06% percent

SEQID NGO 5, 7, or 8. 48. An isolated antibody or

f ungdquene!idéntagirette ChRrregibnavithritic GPR cegiomidepieied in SEQ ID

wherein said antigen-binding region further conprises

an 8 dr&gion depicted in SEQID NO 5, 7, or 8.

49. solated antibody or functional fragnent

t hereof according to claim45, which _conprises a. .
55.var AaFalRg UYOR fuRrigel EETGR! diersqf BORIng 10 5fding 45, which

8. 50. An isolated antibody or functional fragment . .

t hecenprises edight elpin @nmoam'crg seguenceselpetpd figms e group consisting of

anti gen-bi nding regi on conprises an L-CDR3 region

dep'(igt%d) D NOEQ3] DSN& 16:3andl 6j) aosequbnceShaving ai kestad@ gercent

anti body or functional fragnent thereof according to

cl a'séqu%ch id4EY 8h hes@DR @Bfong nthbthe DR régigisadeploted MeSEQ ID

conprises an L-CDR1l region depicted in SEQ I D NO 13,

15, .16 1¢An isolated anti body or functional
fra&ﬁ%r%tls’ﬁie%r%égf according to claimb51, wherein said

anti gen-bi ndi ng region further _conprises an, |-

56r egiAanisoldtedi fncipa ﬁsegemttﬁmdlr@&p qlgim 4p, Y@%Chgsp%&%? or sckv
i sol ated anti body or functional fragnment thereof
accaptibody fragnehai m 45, which conprises a variable
light chain depicted in SEQ 1D NO 13, 15, or 16.

57.  Anisolated antibody according to claim 45, which is an IgG.
58.  Anisolated antibody according to claim 57, which is an IgGl.

59. A variable heavy chain of an isolated antibody or functional fragment thereof that
is encoded by (i) a nucleic acid sequence comprising SEQ ID NO: 1, 2, 3, or 4, or
(ii) a nucleic acid sequences that hybridizes under high stringency conditions to
the complementary strand of SEQ ID NO: 1, 2, 3, or 4, wherein said antibody or
functional fragment thereof is specific for an epitope of CD38.

60. A variable light chain of an isolated antibody or functional fragment thereof that is
encoded by (i) a nucleic acid sequence comprising SEQ ID NO: 9, 10, 11, or 12,
or (ii) a nucleic acid sequences that hybridizes under high stringency conditions to
the complementary strand of SEQ ID NO: 9, 10, 11, or 12, wherein said antibody

or functional fragment thereof is specific for an epitope of CD38.
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67 WD 2005/103083 PCT/1B2005/ 002476 54. An isol ated

anti body or functional fragnment thereof according to
wW@L@sm383 whi ch conprises a heavy chai n am noP@UiBR005/002476

sequence selected fromthe group consisting of (i)

SEQID NGO 5, 7, or 8; and (ii) a sequence having at

| east 60 percent. sequence identi j C egi
Gl £t RBIERR PO ORe Sapr el petts fipoifs andie'gon of a
8. 55. An isolated antibaody or functional fr nFnt . ¢
t hehaokn 2e8bedy Pigiunstienah; nt theseeh that &Tﬂﬁ‘?ﬁ@s Of an epitope o
light chain am no acid sequence selected fromthe
gro@dipnsisting of (i) SEQ ID NO 13, 15, or 16; and
(ii) a sequence having at |east 60 percent sequence
i dent ity i regd bt VIR t &&olated antibod
62depi1% 8 elf%cgé%q%ﬁeﬁ%&@a%%l&é‘% B%S. 5(%.&?%1 i sol at ed Y
functional fragnent .accqording to claimi4 [ .chid
Fab eyl S e ag e otesd ) f dqitsgiidofdiom the
anti body according to claim45, which s an 1.gG.. 58.
An igoiatdisipg p%%'é? RGP dl e 31284 &1 9%i(H %17‘301%3 i spquence that
an lgd. 59. A variable heavy chain of an isol ated
ant iHybelyizes ufiden bighostahgehrp gomstitionste tho gomplgmentasy strand of SEQ
encoded by (i) a nucleic acid sequence conprising SEQ
I D NG ND: 12.2, 3 0P1, 4vhefdin shidi Intibody o functimiall fragment thereof is
sequences that. hybridi zes under high stringency

condj t.i: t hﬁ&ugquggnentary strand of SEQ I D NO
1, %?ggﬁggﬁéiep erein said anti body or functiona

fragnent thereof is specjfic for_ an _epitope of I

6360. Anyeleicasidsenense cBEdng oranabls Lt gheig OEHPi“&g’g?/?%‘}“bOdy or
functional fragnment thereof that is encoded by %L? a
nucl fehcicnel Gagmauiethereofowhich stomprises)(i) p seapenge “sglgcted ffrom the
or 12, or (ii) a nucleic acid sequences that
hyb r%&dﬁﬁ Esnsisiee bf SEGNIs NGSn 91 1cmddRtdrdiiba nucleie haeid sequence
conpl ementary strand of SEQ ID NO 9, 10, 11, or 12,
wher gi ' ' nebdtCdon@n@hs fié agn@mipléhentasfstrand of

bt gngeé%ﬂmgh sRingbityCidnaitihs p By

i s specl or an epitope o
SEQ ID NO: 9, 10, 11 or 12, wherein said antibody or functional fragment thereof

is specific for an epitope of CD33.

64. A vector comprising a nucleic acid sequence according to any one of claims 61-
63.

65.  Anisolated cell comprising a vector according to claim 64.

66.  Anisolated cell according to claim 65, wherein said cell is bacterial.

67.  Anisolated cell according to claim 65, wherein said cell is mammalian.

68. A pharmaceutical composition comprising an antibody or functional fragment
according to any one of claims 1, 15 and 29 and a pharmaceutically acceptable

carrier or excipient therefor.
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WO 2005/ 103083 PCT/ | B2005/ 002476 61. An isol ated
nucl ei ¢ aci d sequence that encodes an anti gen-bi ndi ng
wo e@samoes a human anti body or functional fragP@€nB2005/002476
thereof that is specific for an epitope of CD38. 62.
A nucl eic acid sequence encodi ng a vari abl e heavy

chain of ap . sol ated anti hod or ..f.unctian .agpen .
69 helﬁéd??th%ﬂ i %E%W@r s §°f5?f) erl cgré‘a{l%rh &% éq%éedc%% {‘Lr%o{rlﬁldesued
the group consisting of SEQID.NOS:. 1, 2, 3 and 4 OL
(i1 )presentecdfdiIR3Scealls seginaiving admupIsteR ¢ gsyRiect i geqd thereof an
hi gh stringency conditions to the conplenentary strand
of SHertiveRni@mt &f the phammceuticalwrenmisiionaiccordingitp ckaym 68
functional fragment thereof is specific for an
epi top . clegi I: e j ;
03P o o jRogcicn o TR FURRIE SREMERG D0 ohdon s o
functional fragment thereof, which conprises (i) a
seq W@émg§¥%@g@ﬁmFron1the group consisting of SEQ ID
NCS: 9, 10, 11 and 12 or (ii) a nucleic acid sequence
71t hatA metidddicz@dingndedaiini htakdr froamahe listodmoliltiplensydlemna, chronic
the conplenentary strand of SEQ ID NGO 9, 10, 11 or
12, ly}fﬂ?ﬁ&jyﬁcsfﬂuﬂerﬁﬁ! | iR6Yic Omyblégedduenddukbmag midite myelogenous
t hereo I's specific for an epitope of CD38. 64. A

vect IS ' id sequence according to
anylg%gﬁgggépgpﬁgtgaﬁﬂ%ggég . A%'isolated cel
conprising a vector according to claimg4. 66. An _ . .

72 sol Atmetho@| dcceidi 6 Hipimo6| hasers saidhdiseidar ©Fj ¢pndidiop 1s an
is bacterial. 67. An isolated cell according to claim
65, inflenmiatorgdisehseel | is mamual i an. 68. A
phar maceuti cal conposition conprising an anti body or

74 unck Id‘lgggtgd L(gcf%gcﬂg% to cRRH OdeﬂaE% {“/rgmaﬁlé pli%@ %F gﬁeu%a%i&%ﬂil}ritis and

15 an an armaceuti ca accept a carrier
or excig}i@.ﬁgﬁltB therefor. 69 WO 2005/ 103083
PCT/VES BOATBTEYSUA net hod for treating a

di sorder or condition associated with the undesired
74. A method for targeting CD38+ cells in a subject or a cell sample, comprising the

step of allowing said CD38+ cells to be contacted with an antibody or functional

fragment thereof according to any one of claims 1, 15 and 29.

75. A method of using an epitope of CD38 for isolating a human or humanized
antibody or functional fragment thereof, wherein said antibody or functional
fragment thereof comprises an antigen-binding region that is specific for said

epitope, and wherein said method comprises the steps of:
a) contacting said epitope of CD38 with an antibody library; and
b) isolating said antibody or functional fragment thereof,
wherein said epitope is a linear epitope.
76. A method according to claim 75, wherein said linear epitope comprises amino

acid residues 192-206.
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presence of CD38+ cells, conprising adm nistering to a
subject in need thereof an effective anount of the

w@b@sesoeit i cal conposition according to cl ai nPGBIB2BE/002476

77.

78.

79.

0.

81.

82.

&3.

A nmet hod according to claim®69, wherein said disorder
or condition is a haematol ogical disease. 71. A

met hod according to claimy7 ken.fraomt .St :
A PG, AR O S DB e upe oo humanized
chroni c nyel ogenous | eukem a, acute nyel.ogenou )
| eakeinidy, omfiehcsionalefrhgmert obgierb Wbﬂﬁl@nﬁ%& &?EBO‘iY S5 fpgfional

according to claim#69, wherein said disorder. or | )
C O FeligheN tHieBeodrtonipnista amraintpsn-bindwgseeins. that Fesnrstic for said
according to claim72 taken fromthe list of

rh ' | dai Bmaihed coyiplieRitke dtetpust:
er%#ﬁgérfcg?@sﬁg&@{#faiimnet hgd or tar gg?i ng CD38+ cells

in a subject or a cell s l.e, .conpri.si - X ep of
al 12w ngostaringaiherIiopp Pg%ég %ﬁb%ﬁi“%%’?‘g)gh{\hﬁﬁh aryrlu

anti body or functional fragnment thereof according to
anyp)one jgflatédglaftbantibodporfudctshal fisgmentietrenfd of usi ng
an épitope of CD38 for isolating a human or humani zed

anti body or, funct.ional -fr . reof, wherein said
antVisgel sgif epﬁ%etﬂsgﬁgflfon?l?tggﬁg%qﬁogﬁér eof conprises an
antigen-binding region that is specific for said .
epi A apghodadonlieg & claisai’d WearbiodKOrRHPEREOnY SPUPRG,EOMPTISes
of : a) contacting said epitope of CD38 with an

ant g Rogymbicbimaing ; acRnskquinces selbettd figns tiedgran ichrsdsjingrof amino
functional fragnment thereof, wherein said epitope is

2 | L0834 £PisbaRC1 47§54 AdRBGNOTERET LA 202224 of GDES.75,
wherei'n sai’d |'i hear epitope conprises amno acid

resi dues 192-206. 70 WD 2005/.103083 . PCT/ } B20 7
77. A isaleted epBerqef & nC@ﬁ%S{lB%&S%P“%%%% ra%ﬁ{sl%f%f&i% Henee

a human or humani zed anti body or functional frag
t hesebated fitvar e rgro donstating odyimjo bocliond IAITEEY 54, 148-
164, 158-170, 192-206 and 202-224 of CD38..

An isolated epitope of CD38 consisting of an amino acid sequence selected from

the group consisting of amino acids 44-66, 82-94, 142-154, 148-164, 158-170,
192-206 and 202-224 of CD38.

A kit comprising an isolated epitope of CD38 comprising one or more amino acid
stretches taken from the list of 44-66, 82-94, 142-154, 148-164, 158-170, 192-206
and 202-224 and an antibody library and instructions for use.

A human antibody according to any one of claims 1, 15 and 29, wherein the
human antibody is a synthetic human antibody.

An isolated antigen-binding region according to any one of claims 11, 12, 25 and

26, wherein said sequence identity is at least 80%.
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fragnment thereof conprises an antigen-binding region

that is specific for said epitope, and wherein said
woredokoBosdnpri ses the steps of: a) contacti ng BEI/tB2005/002476

epi tope of CD38 with an antibody library; and b)

i solating said anti body or functional fragnent

t her eof erein said epit i S conf i

epi tBpE01ars HRRY Hod BERBrD Ty Ll SR B RL L gy one of
sai d conformational epitope conprises one 05 nvég
am abime Y deohantel vderedr sad ssqUSHT IRty i) least 80%.
consisting of amno acids 44-66, 82-94, 142-154,
148- 164, 158-170, and 202-224 of CD38. 79. An isol ated
epi tope of CD38 consisting essentially of an am no
aci d sequence selected fromthe group consisting of
am no aci ds 44-66, 82-94, 142-154, 148- 164, 158-170,
192- 206 and 202-224 of CD38.. 80. An isol ated epitope
of CD38 consisting of an am no acid sequence sel ected
from the group consisting of am no aci ds 44- 66,
82-94, 142-154, 148-164, 158-170, 192-206 and 202-224
of CD38. 81. A kit conprising an isol ated epitope of
CD38 conprising one or nore anmno acid stretches
taken fromthe |ist of 44-66, 82-94, 142-154, 148-164,
158-170, 192-206 and 202-224 and an antibody library
and instructions for use. 82. A human anti body
according to any one of clainms 1, 15 and 29, wherein
the human antibody is a synthetic human anti body. 83.
An isol ated anti gen-binding region according to any
one of clains 11, 12, 25 and 26, wherein said
sequence identity is at |least 80% 71 WO 2005/103083
PCT/ 1 B2005/ 002476 84. An isolated anti body or
functional fragnent thereof according to any one of
clainms 40, 41, 54 and 55, wherein said sequence
identity is at least 80% 72
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