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Anti - CD38 Human Anti bodi es and Uses Therefor 5 This
application clains priority to U S. provisiona
application nunbers 601541,911 filed February 6,
2004, 60/547,584 filed February 26, 2004, 60/553, 948
filed March 18, 2004, and 60/599,014 fil ed August 6,
2004, the contents of which are incorporated herein
in their entirety. BACKGROUND CF THE | NVENTI ON 10
CD38 is a type-11 nenbrane gl ycoprotei n and bel ongs
to the famly of ectoenzynes, due to its enzymatic
activity as ADP ribosyl -cycl ase and cADP- hydrol ase.
Duri ng ontogeny, CD38 appears on CD34+ comm tted stem
cells and |ineage-comm tted progenitors of |ynphoid,
erythroid and nyeloid cells. It is understood that
CD38 exprAasti-CD3HEans A ndiblogidsramdhesdsyRipdrefa

| i neage, through the early stages of T- and B-cel

15 depﬁlrsaggi%mon TEs HR H*sa]&x‘o%gioﬁﬁ %@ﬁ&oﬁ fif as a

mar ke ocyte activatton-in ticu

86(9%1 o1AkL4 P %oé% Abbf s@5 L4 H0A F%r@é% yhod 60/553 948 filed

géptorf functions | éading to

' ﬂtafcﬁl%e '2b641' Ma 68598814 ﬁlgd ﬁzﬁgukm 808 6hd snfhts of which are

conmuni'cation via iIts |1 gand CD31, are postul at ed,

AR MritePrrdd A (e Rti@. an i ntracel | ul ar regul at or of
a second 20 nessenger, cyclic ADPr, in a variety of

?h%gflgﬂgeC?:ﬁgggé cﬁ&ﬁgﬁg :%Epﬁg? S|ncglﬁﬁgck out

"1 hGRER® ob O LepREEe ¢ ”éér'atslearm%“lgﬁgsa%' { Bt

%cgw% . é%aéx%%%ﬁé%%‘ O 5, DGR o 2
e ey @éﬁ“%%?%sﬁ%n? g o s

?}%ﬁegﬂ#%n?hobl a eﬁ@m% & %C ?rstnydejth?z{ n3g
m‘” t I emg%% 'Qm@@%@mh'iﬁ%& ﬂﬁr?l%h%aegﬁ% r§t|a§6:§5f frlig? P-cell

reSSIO nesse

pc?e'irézg&liené anpl es.

The up-regulation of CD38 serves as a marker for lymphocyte activation—in

particular B-cell differentiation along the plasmacytoid pathway. (Co-)receptor fumctions
of CD38 leading to intracellular signaling or intercellular communication via its ligand,
CD31, are postulated, as well as 1ts role as an infracellular regnlaior 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 analogne or anti-
CD38 auto-antibodies in humans do not appear to be detrimental.

Apart from observing its expression in the hematopoetic system, rescarchers 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 Jenkemia (ALL),
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Hence, over-expression of CD38 on malignant cells
provides an attractive 5 therapeutic target for ,
i mmunot herapy. O special attraction is the fact that
the nost primtive pluripotent stemcells of the
hemat opoi eti ¢ system are CD38-negative and that the
extent of cytotoxic effects by ADCC or CDC correl ates
well with the expression- |evels of the respective
target. Current approaches of anti-CD38 therapies can
D& 'r‘é'gﬁc%&’ feleeL:}iP (ARAYP Non HIaMENS TyrkShoaAd QEXL)V ia® multiple
approathes. In 1 n vivo approaches, anti-CD38

hRQdh). 2 M} hBpI8 bl CB3S eljreBion (18 wieEekdOh the
?ﬁ%?gﬁb |n'oF§er 0 caﬁ%% theﬂ%ntibogg-nediated

' enftdRilesOVer expressing nalignant cells.
ggg%e P%%H%%ﬁ'either be achi eved by anti body-nedi ated .
ADCCraRd/ Ger YonCbff €0130r ot @hdlignan® leelty ptigideg ahhetiractive
anti-CD38 antibodies as targeting noieties for the
UHhARRRRY fargl ff Ya@huBdth&apytDOL BRcifiSatirtioh isStp Gick that the most
the target cells, and 15 subsequent internalization
| BirdiBR (Bafip¥ieMQsichi TR E the hermitbpofep steti e CDSS-gegalivread that
marrow cells, conprising CD38 overexpressing
N8 LEBRRE cABbLYS cfbas BYAEL & ODC anmélaiel weltiwith thenexpression-
need of treatnment and are contacted with anti-CD38
et B icespechitiatatedt get cells are either destroyed by
cytotoxi c substances, .e.g. saporin, as described for
t he icomant wprapips odehti-CDBS taragies emmbeativifigd wdWo Sroups e vivo
the cell population with i mobilized anti-CD38
adilich i Eyproaliibst s viverappromlesORBIE 1A Bentiqsiies g% adginistered to
target cells fromthe m xture. Thereafter, the
dequbjettein nelof thpomy limeiderto cgise i peibedemedipied dgpigon of CD38-
patient. Antibodies specific for CD38 can be divided
| ovettkfréssing mtaligaotigdls. Bepletivgicaysither beaghicvgcdy antibody-mediated
properties. Binding of sone antibodies to the CD38
NBDEC whdor PG d eiffacten dells, 45 by psing Boanti-cRPS fpibgdes as targeting
activities within the target cell, such as Ca2+
rmbietiss dor 1B tressberé of Gyietetie SEBIANGSh §E RAIOYT-CIC] thh Ees b orlle and
and growm h stinulation based on the_respective
aswbiehesglyintepnalizasiens f fhe e (VRIGABPIORPacel POgationy ggghone matrow
Ausiello et al., 2000),. but,_no clear correl.ation

besloveermprising CBI38 @V AGFRIFSHES Blisnpd S g EbYEH G o8 vl in
ggafgqll gfotglét%;g%gg (nfsn:gl%t;gé n‘?&;‘ ?1: | é%b?)dieg r'ﬂ%%tgeizt &&lis 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 immoﬁlized anti-CD38 antibodies,
thus relﬁoving CD38 overexpressing target cells from the mixture. Thereafler, 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 az

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
2
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Rel atively little is known about the efficacy of
publ i shed anti-CD38 anti bodies. 5 What is known is
that all known anti bodi es seemto exclusively
recogni ze epitopes (amno acid residues 220 to 300)

| ocated in the Ctermnal part of CD38. No anti bodies
are known so far that are specific for epitopes in
the Nnterm nal part of CD38 distant from the active
site in the primary protein sequence. However, we

r&ggct?flics]tg L{'ﬁﬁnoi)ﬂ:g& KT 10908 VRLERD Bag, beer, bk £ |cH:hICé’d1:re}atmn

relatively |OM/affInIty and efficacy

@1 CRAMNZ S 38 1 ARE nd@NEkibsEds SAMREE FhdAGagdnistic
hunan c part. Furthernore, OKT10 is a nurine

Z;E& JeRRON [ BRAGR (Bhaidet MNG0005.abI e for human

n1n|strat|on- A human anti-CD38 scFv anti body

f raggent {;,a‘ﬁ?g gcﬁ[b&%yagg&etﬂe d8Rsky d? ?q bl Q4 865 fibodies.

Fbmeve y is specific tor a selectively
1§ 1R84S arfiBb & SRAN b R Rsively rebd i
eﬁﬁ“d?%ﬁ potent@gF8$§1 anf?-CDBS antlbggfn{hé?%%;%1w$
Yo 84 rdsfu 25 U 9@3 £ ARG AR Jart GP8B38. No antibodies

|es W t |n|ty and wi th high efficacy

CaQT 1{%‘8@%@& £P@athd 4 sc fe,t- NS NEXRARS S PRk iIdBAM Fom

y ADCC an The present 1nvention

Stﬂé hald 88 %ﬁ%ﬁﬁd?ﬁeﬁlﬂeqﬁbﬁé’éﬂ SHEWevE] 9¥ heveBuikdihktyOKT10,

human and hi ghly ‘erfi caci ous anti - CD38 ant i bodi es,

'%&hhér&eﬁi%%ﬁm@ﬁ%@ag% 2 Q1SARY aBnitfHRd efficacy when

INVENTION It is an object of the invention to provide

daP ehiRiPaInEeRt ssthirhBgia@fmb B paaNFurtitheed 0K is a
nmediate the killing of CD38-overexpressing cells. 3

| hurin® 2AKHRE BIhd@REEC tnstitablelfer invaanfinfisritionp Adwintie anti-CD38
anti bodies that are safe for human adm ni stration.

| eFy ntBb&O frgiineab h@Ciccoitly thher usaibed (WONG0H3HON However, that
provi de methods for treating disease or and/or

cAnklidy isepsimIsacichtddlyixplss&D3B38ppitoegul at i on by

using one or nore antibodies 5 of the invention.
ThesgqalshnRinbQ! inORER Gl Shedbredt iR tehitl G5 dnBrCIEBREantBEdY thorapy,

fully describéed
there is a high need for human anti-CD38 antibodies with high affimty and with high
efficacy in mediating killing of CD38 overexpressingr 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
Tt 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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herein. In one aspect, the invention provides an

i sol ated anti body or functional antibody fragnent
that contains an antigen-binding region that is
specific for an epitope of CD38, where the anti body
or functional fragnent thereof is able to nediate
killing of a CD38+ 10 target cell (LP-1 (DSMZ: AC41) .
and RPM -8226 (ATCC. CCL-155)) by antibody- dependent
cellular cytotoxicity ("ADCC ) wth an at |east two-

to five-fold petter, efficac t han t-he. chi [

it | B PG S R o5 ARt SHE B ol T e
or_substantially the same conditions), when a human

P opn g enpl oyed as an effector cell, and when
the ratio of effector cells to target ceJls.i N
bt wdh 45 G50 oA ha AT IR0 s RS 4 resting discase
anti body or functional fragnment thereof. nay contai .
2 s Gerites A REed Pl DY BIEREMIERR Y OIS B s bodies
region depicted in SEQID NO 5 6, 7, or 8;.t ,

L Ingdpremsn e ML SHY ot Benfe A gBorg Y. dspet
region depicted in SEQID NGO 5, 6, 7, or 8; and the
ah¥#Ben- bi ndi ng regi on al so may contain an H CDR
region depicted in SEQ IDNOG 5, 6, 7, or 8. Such
CD38- dperd dspest, At npratign. Bovidercan; isplabsd aibodigy ‘8“86?{’% ayiibody
an 20 anti gen-bi ndi ng region that contains an |-

r Eegresmt detsoeieinyan FtgmCYPRavegion §iat if gpecitig or ag epiigpe o 23S,
Shra o SR g g e
Chree Pfign i a0 Raah R W Gy o
N L R e
rPpeailE e oot TerE LR TG o iRt o gitctr
el e S s R SR el G % e TR i s
o P et BREonal BEk A0Sy Babitin U g

region depicte

TR PSSR AR 1 A6 e

20

25

binding region may further include an H-CDR2 region depicted i SEQ ID NO: 5, 6, 7, or
8; and the antigen-binding region also may contaiil 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 inclnde 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 functiomal

antibody fragment that contains an antigen-binding region that is specific for an epitope
4
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or 7; the antigen-binding region may further include
an H-CDR2 region depicted in SEQ ID NGO 5, 6, or 7,
and the antigen-binding region also nay contain an

H CDR1 region depicted in SEQID NGO 5, 6, or 7.
Such a CD38-specific antibody of the invention may
contain an antigen-binding region that contains an

L- CDR3 region depicted in SEQ ID 10 NO 13, 14, or

15 the anti gen- binding region nay further include an

a?fd:q3ﬁ 1&%% tﬁa %lﬁlggi? nal an'l\‘ggf zsja§}e ’EOI 1418(118’& k]}]ﬁlg ofa

egl SO my contaln

Aﬁlpc?%%wé%%d? G PE b e T agnsﬁ% TREtEn s pi, o
| Qyent| Qo FeGOB AbY. 2R 'ug%gg&% 6L esmfn@t%n%ﬁytﬂa%m

an epl ope 0 whi ch epitope

B fIE esvrm?ga%%ﬁ R o R
I D NO.
amng%%%ém(g rﬁéoé@a%o ol M.CTAT 18Rb Ok o 940 SINORS, 6,

fegi on may contain one or nore
aC' DRe Bfiod icRAENSE
{]%e ﬁl tal%zen rometglﬁﬂll&i3 g{Hof anI?én% %?Tcd <
ﬁ? g, : agﬁ 'theszgﬂug rls aﬂl&gra} Bohtaid @8-GO0 region
and 9 ain

or -cer anti bodi es, the epitope may
b(?e #clceﬁ%ﬁ]i 356, P, Qﬁdﬂear@)SSstecZﬂ AxEb6dP Of the invention may
or mat'i (Le.”, discontinuous). An antibody or

ﬁ)‘a&}&d anak flﬁgﬂi?glfegbﬂ @28 BfntaiRaii INDRA fopidn depitted of SEQ ID

ese propertles may contain an anti gen-bi ndi ng

fﬁ% £ mh@ftls %%ﬁg&ﬁ%ﬂhﬁ%aﬁf&@mﬂuﬂﬁm aii ORI region
7, or 8; the antigen binding region

”Eébl&édflﬁ bﬁg ]Dl}ﬁb L!@ £146r b, GhiRthera6ienbindag irgioncilso magkahtain
7, 8; and the anti gen- bi ndi ng regi on

ahnslgcmr@gmtdapl&eamﬁ@morsgmmrﬁepu cted in SEQ I D
25 NO 5, 6, 7, or 8. Such a CD38-specific antibody

of th (R BN GIOR pRehts AbreoD) G¥thd BOEibh Rdy Rgntain an
reglogu?ﬁéggcgﬁ?alns an EQEDRS rgglon depicted in SEQ

ifid &r ah B8, i fcOfhifione
%@ l&%%rélélg%?hﬁggsﬁ L- Cr:Dngiﬁtrogég]? on depi f:tfggg@len SEQ]Jl

I o Ith athio abfl,resicies Bf ardifio adlid bsldi® 431tb RUF6F QD3RI mndppicied by

reglon al so may contain an |I. CDR2 region depicted
| BRGENOP2NQMorkRpecitbaliyl Bu efitopd b. wichRinti gher- bimiirigaegien binds

of the sequences disclosed herein are al so enbraced

biﬁa} B&htzin one or more amino acid residues found in one or more of the amino 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
baving one or more of these properties may contain an antigen-binding region that
contains an H-CDR3 region dépicted 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 §; and
the antigen-binding region also may confain an H-CDRI region depicted in SEQ ID

NO:5, 6, 7, or 8. Such a CD38-specific antibody of the mvention may contain an
5
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present invention. Accordingly, the invention

i ncl udes anti-CD38 anti bodi es having a heavy chain
am no acid sequence with: at |east 60 percent
sequence identity in the COR regions with the CDR
regions depicted in SEQID NO 5, 6, 7, or 8; and/or
at |l east 80 percent sequence honology in the CDR
regions with the CDR regions depicted in SEQ 10 ID
NO 5, 6, 7, or 8. Further i ncluded are anti-CD88

e B8 ok i LCoRaned 1 aenin SR RRes s
NG oxllgﬁg Itb%?glsm%-tbg]ldmg geegl%y e?gll}scléxgggn ]g%ﬁﬂlelrrc%éﬁgp 1Rd in
h |
SNy b B R i B iy 1

tib f .t I 9G :
ol el SR NE A B o 195, (0 o

scFv for exanple An inventjve ti bod fra
accor depiige yvariaps ohlie SISy dtsﬁlﬁf%nli‘? ﬁ’y

e s Rt e g 05 4 Al -
\E]\;ﬁa%};]shﬂ; Fomblwl > %@?T%ef 1 ux%tb: :ﬁ{: héj Eﬁnﬁgﬁ %glgegge’ 1den%gy )P%Ie CDR
.éggg%e%?é e & r%éaﬁn%%m%a RSP s uh %ﬁé%d?c% feast 80
R e ke g AR s&@é’%%a Ryl in snQ
e 878eh 52%0%%%@ e Sy B 5 G ehodios Ryl B B
St ngq%xlucengatﬁ' gast%gp;rtg%t g@g&k@ﬁ@ﬁ&%&é@ﬂ ik with

nucl ei'c acid m ght

epcode, a varlabl | l [ | en
PR Reishl Rt b SEORPRG, [ Ok, Alr OLRGR A Rl oD Dbt

S %ﬂuencg S‘ii%% %% éﬂl@ﬂé‘%% R TRORSSS depBited fin SEQID NO:

or a nuclerc acid sequence
tﬁ@t h%p 1glzes under high stringency conditions to
enentary strand of SEQ ID NO 9, 10, 11, or

T | f th {
12, M| 6 BeLh S, RV SOULOLIEE, Sl
n leg%t%qei ngléll Vect {)Sora&gvh?o texﬁﬁi)lL:S EANLALRY GhifBody fragment,

dquence of
accordingly, may be, or may contain, an antigen-binding region that behaves in one or

aceﬂ by the

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 nuclsic 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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i nvention. Conpositions of the invention may be used
for therapeutic or prophylactic applications. The

i nvention, therefore, includes a pharmaceutica
conposition containing an inventive antibody (or
functional antibody fragnent) and a pharmaceutically
10 acceptable carrier or excipient therefor. In a

rel ated aspect, the invention provides a nethod for .
treating a disorder or condition associated with the

undesi red presence of. CD38 or expressi ng .cel |
Shiegmenttherer), w8 FRY AR ﬁéeqéif‘@ﬁé‘ﬂ%f%%%@fﬁxtﬁ? S fgRg o5sER
subject in need thereof an effective anount .of .the.
DRGSR U018 | LR PALTES B huEoe el Ry (e Upde nigh Miingancy
i nventive antibody as descy. . t l,at ed
heqmarians i B pHEPFAGASRY P 3{%%fﬁ)eﬁét§ég&tlgp¥slg1 at ed

epi topes of CD38, either in |inear or ,confqgﬁgtiggalm
f or m NaWictabids pf the Bivensien ergeuitabls fof ORI WRIRL J 4y the
or functional fragnment thereof, mhichlgftggﬁdg of th
ainvettsionl glsg relapsim vecisn#Ad hogcell conRImg SVGe AP FEPERE Sh e
that is specific for said epitope. In this regard, a

| pedipr-epi t ope may contain amino acid residues

192-206, while a conformational epitope may contain .
one orCompositicusiafothe direenticas dyids wed Jer| bempeatip (op prophgactic
group consisting of am no aci ds 44-66, 82-94, . ..
14RlidAidns. T8 invention.thgefoeyelfing 2 pbymporntics] cqumgghon geuiaming
epi tope of CD38 can be used, for exanple, for the .

i golimkchiove eftibadst | (o dimstionst tibpdy| Eagmeny r Hna nRhermaceutically
t hereof (each of which antibodiesﬁﬁr aq%ibo%x. i

f pereptablit carties rAp ek GiisatAReraiRE- | &b A TR PRECLy g BRI AEOYS @
specific for such epitope), conprisi t he st eps of

c owsthed f9r fepaling & dsprdetoRyeron ﬁ‘eﬂae%c’%"?dh“"@ﬁﬂ]ﬁrﬂﬂfi‘f? presence of
library and 25 isolating th ntibody(ies).or ... .-

f GR38 PbRRBE erEEHRHFTS) meled c %%n%@ﬁ@?aémmﬂng toa
enbodi ment, the jnveptjon proyides an isolat.ed "

o BicSh i BHE B! N BHERL £D QB Sy ppagiion ta
am no acid sequence se)Jected fromthe .aroeup

R R i e e P L S NPT

148- 164, 158-170, 192-206 and 202-224 q%géiBS .

used ' HEeainyentien alio Jplzienite dydrtedc eriigpes P lﬁilhnem' or
of' one of the immediately 5 precedi ng.apinq acid

o cepfemieasakipu Ttk e fan the Bl an RO Ao pment

addi ti onal . e i . .
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 restdues
192206, 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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features do not materially affect the basic and novel
characteristics of the epitope. In yet another

enbodi ment, the invention provides an isol ated

epi tope of CD38 that consists of an am no acid
sequence selected fromthe group consisting of am no
acids 44-66, 82-94, 142-154, 148-164,158-170, -
192- 206 and 202-224 of CD38.. 10 The invention also
provides a kit containing (i) an isolated epitope of

D05 oL SLARC0S, B JPERaP 00,751 oL 8% covs

148- 164, 158-17 92- 206 nd 20
aw]p %@&?Stf; e5pugplly o aaﬁldi}:ﬂ(lll IELC) sequen I‘%I(Z?%bons ;th oug consmtlng

o et B 34»59 B 158 H?pi%???%cf%z?@%%d apRsFcos
°RI LoRChete B B DR bl Senchi It GHbP fl Gt Siately

TLD
o7 f@ @' d sequences of various novel

ant | gy var | u&%& ns ﬁcﬁﬂiogﬁsfeaﬁﬁés? lﬂfo%lde@ tlﬁ;'f ¥ LeBional

éi 8 S% ces various novel "antib

vari able he%t\éx:gl &%9:' ane&i@%l E%&Hﬁzckmﬁé @pltbgéDRZ

a are S|gnate romlw to G termnus in
bol df ace. Fi gure 2 i des .nucl ej.

of var® 8eanofas &by Wgwontﬂmwf %%tl S i e%?%g of g8

i ﬁ%@%@%?%ﬁ%c?" 8 SRR YopelfRy Moo acids
L C
%%émﬁﬁﬁ?g?%%l gﬁl’rigE %%}%??%%%J%gﬂég fagl d

sequences of vari abl e hea re i ons..of v
cons erf&e guvsBiB LI RERY 4t | g (3,an %%te‘gg%fmg%gfeg)%

-CDR HCDR1,
OB 0 o R R B

AN 4RT64! ARG IR w5020 O P BBl ma i

\Y

. instructons for vsing the antibody library to isolate one or more members of sich Iibrary

that binds specifically to such epitope.

BRIEF PESCRIPTION OF THE FIGURES

Figure 1a provides nucleic acid sequences of Vaﬁous 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 i boldface.

Figure 2a provides mucleic acid sequences of various novel ailtibody variable light

regions.
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consensus-based HUCAL anti body nmaster gene sequences.
CDR regions LCDRL, LCDR2 and LCDR3 are designated
fromN to Ctermnus in boldface. 10 Figure 5

provi des the am no acid sequence of CD38 (SW SS- PROT
primary accession nunber P28907). Figure 6 provides
t he nucl eoti de sequences of the heavy and |ight
chains of chimeric OKT10. Figure 7 provides a
schemati c overvi ew of epitopes of representative

oL kb SREr B! S, EHALES e
pr ovFEEEZR B 119G P
601- 2100 ( SEQ i T tor .is ba 0
t K&ioRe DBR. 1e8io%% @EBQ? Eﬁ?ﬁ%% ﬁ?‘so] E‘%‘f‘s i, doTnded S%%?cﬂa to €

sequence qQf the VH stuffer sequence is indicated in
bETRIUSHRRIYEE t he final reading frames of the

VH- | eader sequence and the constant region gepne.are
pri nifigeireiprodden aming arid scaranses ot ¢ivaBlg hedvy peglogy g various

i ndi cat ed above the sequence. The primqi Sit
| maseng e Bt LY Big goin UM St BCBRL,

provi des the DNA sequence of |g kappa Light chain
USRS SRAICOE LS AR N 17 ST B Bpeea  1400)

(SEQ ID NO 33): The vector is based on the pcDNAS.
1+ vEeriprévidey pnino geid pequanses of iyigledightdesians QEYFERS of

~the Vx-stuffer sequence is 9 indicated in bold

vbreseasms-baded HCAR aniibedy magjerraens reguepges. HRR trefons LCHRY,
sequence and of the constant region gene are printed
i RCPRhaddI@R3Rea dosigaatpdlipma Nt - igprainys gy P@‘zf?@d above
the sequence. The primng sites of the sequencing
pri mtgares peovided érelaimedcidBeqpemce of CDPF GWISSEROR @rippX

sequence of HuCAL Ig | anbda |ight chain vector 5

PACEREY nyribet BZBS07). i (bp 601-1400) (SEQ ID NO 34):

The amino acid sequence of the fl-stuffier sequence

i s i Wilueat @evides thahclsotith ssqeasestdi¢hefhbavyland lightlithaips of chimeric
frames of the V7L- | eader sequence and of the

CORSi@mNt region gene are printed in non-bol d.
Restriction sites are indicated above the sequence..

The R{dufl oW § SctRhnatid WeSRAUSpit6IEs P represstative @ntibodies of
the present invgntion.

Figure 8 provides the bNA sequence of pMORPH® h TgG1_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 nnderlined.

Figure 9 provides the DNA sequence of Ig kappa light chain expression vector
pPMORPH® h Igk 1 (bp 601-1400) (SEQ ID NO: 33): The vector is based on the
pcDNA3. 1+ vectors (nvitrogen). The amino acid sequences of the Vi-stuffer sequence 1s

9
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underlined. 10 Figure 11 provides the results of the
proliferation assay: PBMCs from6 different healthy
donors (as indicated by individual dots) were
cultured for 3 days in the presence of HUCAL(r)

anti bodi es Mab#1 (=MOR03077), Mab#2 (=MOR03079), and
Mab#3 (=MOR03080), the reference anti body chOKT10,
the agonistic (ag.) control I1B4, an irrel evant
HuCAL(r) negative control 1gGl (NC) and a nurine

lg&a (l1so) as matched 15 isotype contro] for 1134,

s %dwetaé i bp?éb‘éhqrfﬁ’g hyifipp rese) g Q? 3363"%183‘%%%?%%?%‘3 ind of the
proliferation activity and its_incqrgoraaﬁon &gs ELU
= conetartregian deRapiNe PIHed IR Ponsbpld- Fodrtign sftes are indicated above the
chem | um nescence-based ELLSA. Figure mg ovi des the
r ecgptoes The primpiag sifes gf %feé‘éf‘él@n&%%‘%??g ar E‘?\?éé om 4-8
different healthy donors (as indicated by individua
dot s )Figuer 1@ pravides the @N/oseqacdaf STuCA L lambfplgy; ehain vpefor

of HUCAL(r) anti bodi es Mab#l (=MOR03077), Mab#2

( PMORDEG7R )igh an@pkBb#490} SRORDITBGY): Thanipe st wawace of the
anti body chOKT10, the agonistic (ag.) control 1B4, an
i Mp.eheraseiucitiGAndicyedrdpald] wierasth fiod rqaligy fameb ofégiVidm
only (Medium). IL-6 content in relative light units

( Redd) seqaccaid|oy tedodstannegion gane arc pupet inabebeld. Restgictipn sites
chem | um nescence based ELI SA. 10 Figure 13 provides
dafeandriaedl Ebovéithe sytuedcoXihe ptining it ofithc €QBeInEPAB4s are
progenitor cells: PBMCs from heal thy donors

hatidefiinedag aut ol ogous CD34+/ CD38+ progenitor cells

were incubated with HuCAL(r) Mab#l (=MOR03077), NMab#2
(= 79)provadtd theMkof (tEMRRAIARA pssay: RBMEs ot 6/different
control (PC = chOKT10) and an irrelevant HuCAL(r) 5
N QgAY J6R0:6 Q3 idatdd O inltiidual dots) wes peltotddviedt 3/days in the presence
Afterwards, the cell suspension was m xed with

C et AT adibodits kbt ¢HVOR030F 7 bbi2 (FHOR 0B 07Ok lbad Mab#B or

2 weeks. Colony formng units (CFU) derived from

e (3NIOR TB0R0) il Bferéror mitibgdyuahiDKY 1 ¢, Brelgg@istio a0 comyol Higlan
granul ocyt e/ eryt hr oi d/ macr ophage/ negakarzocyte stem

C etelevart BRUAGE My ative peiirel IBF1 (M4E)cdnd 2 murine IgG2a (Iso) as matched
gr anul ocyt ehnacrophage stemcells (CFU-G\ panel Q) .
Wisbiype@uinl dot [BAJA standard labeling 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® antibodics Mab#1 (=MOR03077), Mabit2 (=MOR03079), and Mab#3
(EMOR03080), the reference antibody chOKT10, the agonistic (ag.) conirol IB4, an
irrelevant HnCAL® negative control (NC) and medivm onty (Medium). IL-6 content in
relative light units (RLU) was analyzed from culture supernatants via a

chemiluminescence based ELISA.
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10 nornalized agai nst the medium control ("none" =
medi um . Panel A represents the total nunber of CFU
(Total CFUc) for all progenitors. Mean val ues from at
| east 10 different PBMC donors are given. Error bars
represent standard error of the nean. Figure 14

provi des data about ADCC with different cell-Iines:

a: Single neasurenents (except for RPML8226: average
from4 indiv. 15 Assays); ET -ratio: 30:1 b: Nanba

B i
E Fﬁgfl i efi]lt}'gqo%r % i P ol‘ggc]uf 4+‘?&‘19§8‘j%§$rﬁ9£}tor cells
cHReisH ?ﬁaﬁ%ﬁ% WI Pﬂg%dmﬁlé&l) #ESSM@NE@: I?%dnvg
L TN T S
Sy R AR
E%g&g rél Rl 20 %g —ce {0 %&Hﬁt&&%ﬁwe&s Molony Medihe units

enS| gure 15 prOV|des dat a

T sESEn i B

gur prOV| es t e experlnen al results
of

LA S e Gt
ev%nsec%(%gg Q%&p&i&%tﬁ EB{ as hIgGI 5 rrg/ kg

3§0rmahzed against the medium control (“none” = medium). Panel A represents the total

number of CFU (Total CFU c) 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:
s Single measurements (except for RPMI3226: average from 4 indiv.
Assays); E:T -ratio: 30:1
b: Namba et al., 1989
c 5 pg/ml used for antibody conc. (except for Raji with 0.1 pg/ml)
d: addition of tetinoic 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 lenkemia

ALL: Acute lymphoblastic lenkemia
11
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68 days every second day; group 4: MOR03080 as

chl g&a 5 ng/ kg 32-68 days every second day; group
5: MOR03080 as hlgGl 1 ng/kg, 14-36 days every second
day; group 6: untreated 15 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention is based on the
di scovery of novel antibodies that are specific to
or have a high affinity for CD38 and can deliver a

t herapeutic benefit to a subject. The antibodies of
the invention, which may be human or humani zed, can
be useWMENAPERIYVCIRSIEESEEE, which are nore fully
descri bed herein. 20 A "human" anti body or _functiona
hunman BMZ:body DertagSammiung §is Milsporgersoia god elligifgen GmbH
that is not chineric (e.g., not "humani zed') and not
from (rgdier i nnvwdiay@scnitire paltetjona  non- human

speci es. A human anti body or functional antibody

fragmgpiagan beydpkintsllectibd SPeRaliBN Or can be a
syntheti ¢ human anti body. A "synthetic hunman

antib I'-' Msmfgug IS%‘%\,OE%#%EQ as an anti body having a
In 0

sequence” derived, e or in part, insilico 12

from_synt heti ¢, sequence at b d on the

anal Y&z 5P ﬁ%ﬁﬁ%hégééﬁﬂ%géﬁﬁgégﬁﬁnces. I'n

silico design of a human antibody sequence or

f r agnent-4 indidedfanglsiss be  achi eved, for exanple, by

anal yzi ng a dat abase of human anti body or anti body

f r agriimie 16gewyidenthe sxmritentelvisylinef meapBmph e @fier treatment
sequence utilizing the data obtained therefrom 5
Anfiiviren myslampkasogrbft with MRRO3AF: StouRl}: VERICE: RUD; 26 VIR 03080 a5
anti body fragnent, is one that is encoded hy a

niblgiGe il mgde P63 days avenyiserongifay &qup BelPREPOBE 38 mé%; mg/kg 32-
sequences of human origin i.e., such Ii rar% Efin
b &8 days everseaseand da; eup 4k MOROSBRA 2 ety MEkar4ps davse
source). A "hunmani zed antibody" or functional )
heovan deiscerean ) MOBPOPI0AG ISR 1iee/kfal 4 HO4PS AEFCTRmA desp i
that is (i) derived froma non-human source (e.g., a

t badepdesdi ¢ nouse which 10 bears a heterol ogous

- immune systen), which antibody is based on a human

15

20

germ i ne sequence; or (ii) chineric, wherein the
variable domain is derived froma non-human origin
and t he constBRTASOERIDESCRIEEION OF THR I EENTHN
origin or (iii) CDR-grafted,

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-buman specics. A human antibody or functional antibody fragment can be derived

from a human or can be a synthetic buman 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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wherein the CDRs of the variable domain are froma
non- human origin, while one or nore franmeworks of
the variable domain are of human origin and the
constant domain (if 15 any) is of human origin. As
used herein, an antibody "binds specifically to," is
"specific to/for" or "specifically recognizes" an
antigen (here, CD38) if such antibody is able to

di scrim nate between such antigen and one or nore

ref erence anti di.r ) [
nBe™ éﬁn%%oﬁeﬂ’t cesé%%[ a at i vt{e; pr erﬁ%ﬁ h:i’%l%ﬂ rg?%hsbo‘iy

general for
nigﬂlfepnaqsl.e&} I ao eé%ﬁ“ﬂ C Indl i @es qffene %?1{1?{ Etethérénfcanbe

abi tyfggxﬁtqg a0 LiaRed étdgtabagé SFhkiTh a@&bs@b&taﬂ@&ﬁyhgﬁn

an unre antigen,

t t efrom.
t%g%%%%sF%&dﬁm%?ﬁ%%E%@ en’%? ois c%ﬁpd?‘ﬁs"é*“&%ﬁ%ﬁ e

a ne? téajsczfmqug E)fe 9 h&rg IV%EI nal Eﬁﬂbg&r ﬁaﬁeﬁf is &Q-thai is

and pept ans.  For exanpl e,

St an ea'i;g Bl A3 el BOmNEIEAY bf FRbQY e u&'ih@s SfQfank Grigin

arried”ou y standard color developnent

@ hafinSRuRe syl e
(ﬁ'a’ gsuf}zﬁ%}%? n%]tj%s(li &%%ﬁg?%%s?fge%mﬁ?% hydr ogteuf]%er oxyljde)

oo A RS T O B iy - o

k mouse whic!
A et 707 8 Bph SR04 gn S0 (08 gl mouse phich

eaction m Thi s "neans t he
If er 11 uune t &ﬂi‘g{) WG@ Bnﬂﬂzm 1'!331 .
dlﬁf"?s ge grly%(’%g eé&et e?n‘#ﬂﬁ‘gltlon (%?Sbl nding 5o
ecifi r BOtis dered Gb@ -h
re é?gﬁce%énniggﬁ &gﬁgggkgﬁfﬁ%%qg%oufsthree togi??bémmn

ag%J £ e WA DSmai YE HeriSa Hokka REWHLriB&Aii) CDR-grafied,

errln or the I'i ke. However, "specific binding"

%ﬁ&eﬂ% ESRELS O virMB1eAinlald M Qifomadﬂ néiBuddB @t gibh Owhile onc or

discrimnate between the target antigen and one or

FI% SR 6y off B -Fdriasle Asthdif 812 03 humatldingii an@ithe caisiael damain (if
erence p0|nts e.g. between CD38 and CD157.

{ {sloPRdhdn¥rigmspeci fic 1.0 binding” may relate to
theé ability o?nan anti body to discrimnate between

diffar [ Af anttbody t‘%ﬁ@t?&m{:ﬂgﬁ@o” 8s $specific to/for” or

dlffere nalns or regions such as

' ; %Béc%ﬁlgf e %”% aﬁ@é{eﬂlﬂ@é CPB3) ifsuch tfbodyaE BB discriminate

I on ween one or nore key am no acid
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 antibedy to
discriminate between the antigen of interest and an unrelateci 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 FLISA 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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resi dues or stretches of am no acid residues of CD38.
Al so, as used herein, an 'inmmunoglobulin' (1g) hereby
is defined as a protein 15 belonging to the class
1gG I1gM I1gE, 1gA or 1gD (or any subclass thereof),
and includes all conventionally known anti bodi es and
functional fragnents thereof. A "functiona

fragnent” of an anti body/i nmunogl obulin hereby is
defined as a fragnment of an antibody/i nmunogl obulin

et AT e AN s e A R A
bbbl o A St i o
"o QﬁeQ@F W‘?ﬂggﬂ%‘ﬂ‘és rei%éog%y eggm@réelrnpogt%ant e?ence
:c;ﬂs%?%{%egg%%ﬁsgahnd' e, gﬁ‘ 1 %I(Pya’ﬁ{p c‘éﬁeﬂ c%ﬁngmétfoﬁf &%ﬂdmg
| SR iR S B by pg AxbeR R0 c@%&eﬁ%e F&aﬁo&ﬁmeto

chai n to 109 of
L Eeqm Pl iz P 5 %%#ﬁﬁ%%ﬁzﬁ{ gih%%%p'ofy i
d | arl d L
T cRamsr. acif Herns pat crgnF g So8va oy = Aipd o
bt 87 L s T
f%é%e%&éh%‘%%ﬂéel 1%21*:%%@ bfkesn, GHP '@?Eﬁﬁﬁzﬁ TGS, e
o gpaiatin i e i B8 ST nftAt RS Gt o8t s prts of
{ ﬁ%f?r“g% el GER o el LSRGt 9‘*“%%% i the -
RESTR %éﬁn{h Bt ARt G596, BdtRbch R of AOEIRY aming acid
ARk 28 Pﬁe%%%@gaaaye ch&8PcHesi gned in silico and

nuc acl s that are synthetically

created In i co design o | Sotein
10 aéf e sotiet et oo AR 9] RO 1 SRS o g

BP0 ﬁssﬁg@&%ﬁ?ﬁ? Sy PR

Rl A S e s

20

25

fragment” of an antibody/immunoglobulin hereby is defined as a fragment of an
antibody/immunoglobulin (e.g., a variable region of an 1gG) that retains the antigen-
binding region. An “antigen-binding region” of an antibody typically is found m one or
more hypervariable region(s) of an antibody, ie., 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. Preferabiy, the “antigen-binding
region” comprises at least amino acid residue; 4 to 103 of the lvariable light (VL) chain
and 5 to 109 of the variable heavy (VID) ch;iin, more preférably amino acid residues 3 to

107 of VL and 4 to 111 of VE, and particularly preferred are the corplete VL and VH
14 :
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Mol . Biol. (2000) 296:57; Krebs et at, J. Immunol.
Met hods. (2001) 254:67; and U. S. Patent No.

6, 300, 064 issued to Knappik et at, which hereby are

incorporated by reference 15 in their entirety. 15
Anti bodi es of the Invention Throughout this docunent,
reference is made to the follow ng representative
anti bodi es of the invention: "antibody nos." or
"LACS" or "MOR' 3077, 3079, 3080 and 3100. LAC 3077

represents an antibody havin var i e_heavy regi.on

chrinispindrAgouns | SERPbYRER | 1 sy HepyTE g caats o
(protein) and a varjable light_ region corresponding. .
[ GOSEHOSF10) NOPrdereRRay S ERPERE I Gy B Ll P (o ion is

3079 t ti.body .havj ar i

SR LT R e T (o

Cosb PR EIIE T TS ELD LD TR R SRR g oy
tein). LAC 308 t ti '

VPP PE HEROHBGPPALD O Rp SRS [ SR BB O

3 (DNA)/SEQ ID NO 7 (protein) and a variable Iight

rO§¥H corresponding to SEQ ID NO 11 (DNA)/SEQ I D

NO 15 tein). LAC 3100 t .ant | .
s il ey RSB el
. roteln) .and..a varl
b S A

i , in). . , :
i wgleistacidh tht B¢ isﬂggehﬁﬁ&gi %%‘E&’fl-eé" ﬂé‘fﬂ Ar?a‘g% §Fa SRSy scdoldfee s

Vliish Ut 7 P G o A1 e
CbRES PGP 1Y MADRE s ot i PEEhs) L it «

il o " o el
T S R
HBP BT e oty b P ko it O, OS8R U
AP RO A Rp R PR BBkt
han, about 30 W Further preferred are

| ess. t
aﬂﬁ%ﬁbcwgg'that bind to CD38 with an affinity of |ess
t han about 10 nM and nore

i5



i0

15

20

preferably |l ess than 3 about nM For instance, the
affinity of an anti body of the invention against
CD38 nay be about 10.0 nMor 2.4 nM (nonoval ent
affinity of Fab fragnent). 16 Table 1 provides a
summary of affinities of representative antibodi es of
the invention, as determ ned by surface plasnon
resonance (Biacore) and FACS Scatchard analysis: 5
Table 1. Antibody Affinities Antibody (Fab or 1gGl)

Bl ACORE (Fab) FACS Scatchard 1{a [nhda.(lgci))bb Kl D
[ ARtbodieyof e dovent®® 0 0. 89 MOR03079 2. 4

R A
g'f hSh& aff'gﬁk# tnyua’%i@&g%&%'% S”%W’?@OWI’»OSO and

|n£ use at char th reference to

T?ﬁi&e Ll&C 3%%1-6%%%%:% tg{/ AL rg?Jg %QrzgablethZ\%' reg’icgg&n@@gndmg fo

ace plasnon resonance

( EE@I%%;\?) ngl?Ny?/ﬂgﬁg E&?@ (Et féﬁlmcf% RS 130 chiYesfonding

I'1izing the

(]I_gﬂA 458 I it 18286te88! LAC 30‘7‘9 tepreddhts an antibody
S

Blacéfe st udi re perforned on directly

i (dol8Bordeng th $B0AD PO ENAY/SEDD NO: 6
H:%oajr‘??%?ﬁ%fﬁ&&%?b?ow %658 3080 00 )ex-r?]blt

Aot Y 8! wiRbna ibhintdidn s WESHD AbXT: 18 (BNAYSEQ D
SK%wm&ﬁﬁ%m|§gj%%8F?%ﬁ?onlSpmnan\Mth

LAG: 3@?% t%ﬁgWLBQ: 5080 1BhradRftS tan abfibony hitvind @ lviadabcbdayy region
Fabs 31 080 and 3077. 17

corresponding to SEQ [D NO: 3 (DNA)/SEQ ID NO: 7 (protein) and a variable light

region comesponding to SEQ ID NO: 11 (DNA)Y/SEQ ID NO: 15 (protein). LAC 3100
represenfs an antibody having a variable heavy region corresponding to SEQ ID NO: 4
(DNA)/SEQ ID NO: 8 (proteiﬁ) and a variable Tight region corresponding to SEQ ID
NO: 12 (DNAYSEQ ID NO: 16 (protein).

In one aspect, the invention provides anﬁbodies having an antigen-binding region
that can bind specifically to ér 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 siill more preferably less than about 30 nM. Further preferred are
antibodies that bind to CD38 with an affinity of less than about 10 1M, and more
preferably less than 3 about nM. For instance, the affinity of an antibody of the nvention

against CD38 may be about 10.0 1M or 2.4 nM (monovalent affinity of Fab fragment).

16
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“¢an be nouse, raf and/ or hanster An anti body that

The 1g@ format was used for the cell-based affinity
determ nation (FACS Scatchard). The right colum of
Tabl e 1 denotes the binding strength of the LACS in
this format. LAC 3080 showed the strongest binding,
which is slightly stronger than LACS 3079 and 3077.

5 Another preferred feature of preferred anti bodies

of the invention is their specificity for an area
within the N-term nal region of CD38. For exanple,
LACs_3077, 3079, 3080 3100

bi nd %ﬁ‘e]c W‘F’@ﬁ? 2y S h e I\i%?m&es' Ofof R St %‘?r{he

ermnal “region o

Tlﬂ\e%‘%%/rf 6?1 g]g(s %gyu%ace ""(‘mﬁ& %Ebn@tﬂ:g '(ﬁﬁg%e Qafnd tFﬁ%S Scatchard

one ‘consecutive
stret.ch of am no acids) or confornatlonal (i.e
nPP™Pl e stretches of 1o amino acids). In order to
det ermi ne whether the epitope of a particular

anti body is linear or conformational, the skilled
wor ker can anal yze the binding of antibodies to

over [Fappilnntibegy Affinitigse. 9., 13-ner peptides with an
overlap of 11 amino acids) covering different
IRA#I0As (Kb oEidsl) |BIACPRE (abanal ysiBACS he i rfcatehands
nave discovered that LACS 3077, 3080, and 3100
recogni ze di scont | Rypisg*epi t opes |rﬂaqﬂé N-t erm nal
Fegion of 15 CD38, ereas the epiitope of LAC 3079
can be described ps linear (see FijgkgmM]f. Conbi ngd
M th the knomﬂedge provided herein, the skilled

\ F—-the—artw how 1|0 USE€ opggor nor &
ﬁ@%ﬁﬁ?eg epi t opes; of CIBg@p%r generatlng anti bodi es
| Q”f'”‘:‘. bi-retrg |cgi on—that—1s eci T
1%0@39?? epi topes| (e.g. ustng synthetic pgg?'. des of
epitopes of CD38 pr cells expressing epitgpes—of
CRHIER030880 An ant i body of %fe i nvention prgﬁZrably [
species cross-reagptive with humans| and at. | east one
bMOR03s@ec! es, whj ch nay 188 a rodent specbéd or a
hon- human primate} The non- hunman primte can be
FeetiSic 0I¥390N anfl/ or neikefwhgus. [The rodéns specie

(%)

n

ook

=S uaGng’%n gtﬂlafl v?zmﬂ}ei. ﬁs()dent Specl es,

for gxa ibility and
benef 1%k @@Qﬁgﬁﬁ&hn W?&ﬁ%%gg&%%@dmﬁglbodles f or
purposes of conducting in vivo studies in nultiple

species with the sane
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 CD3 8-expressing human RPMI8226 cell
line. The Biacore studies were performed on directly immobilized antigen (CD38-Fc
fusion protein). The Féb 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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anti body. Preferably, an antibody of the invention
not only is able to bind to CD38, but also is able
to mediate killing of a cell expressing CD38. Mre
specifically, an antibody of the 5 invention can
medi ate its therapeutic effect by depleting
CD38-positive (e.g., malignant) cells via

anti body-effector functions. These functions include
ant i body- dependent cellular cytotoxicity (ADCC) and

conpl enent - dependent cyt ot oxi ci.t .. Lable 2

pr g\?ﬂ@@%@ sfalieﬁ?hr"jﬁso?se HEr % 8?1%35%1?%#%1’1 %%&151%011 (EACS
val ues of representatjv nti bodj.es of t ' ' .
! eebsou AbooRi saveper e b obiEee b o BYERES Allus
Ant i bodi es Anti bo | gd ). Al . E

e, BAC B iean e PR R SR iR s b B LACs
0.08a 0.8c; 0.94d MRO03079 0.09a 0.04a 0.41 :
MRE3BBY 3. 17 0. 052 3.2; 2.93 MOR03100 1.00 O.286
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and 3100 of the invention can bind specifically to the N-ierminal region of CD38.

The type of epitope to which an antibody of the invention binds may be linear (i.e.
one consecutive sirelch of amino acids) or conformational (i.e. multiple stretches of
amino acids). In order to determine whether the epitope of é particular anﬁbody is linear
or conformational, the skilled WOI‘I:'.GI can analyze the binding of antibodies fo
overlapping peptides (e. g., 13-mer peptides with an overlap of 11 amino écids) covering
different domains of CD38. Using this analysis, the inveniors have discovered that LACS
3077, 3080, and 3100 recognize discontiﬁﬁous 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 kno.wledge provided herein, the skilied worker in the art will know
fiow fo use one or more isolated epitopes of CD38 for generating antibodies having an
antigen-binding region tﬂat is specific for said epitopes (e.g. using synthetic peptides of
epitopes of CD38 or cells expressing epitopes of CD38).

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 ﬁon—
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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20 (variable) domain/position, vis-a-vis a peptide
sequence disclosed herein. To better illustrate this
concept, a brief description of antibody structure
follows. An antibody is conposed of two peptide

chai ns, each containing one (light chain) or three
(heavy chain) constant domains and a variabl e region
(VL, VH, the latter of which 5 is in each case nade
up of four FR regions and three interspaced CDRs. The
antigen binding site is forned by one or nore CDRs, .
yet CRSSERpssigh.ieeYsT-dy peteonbyfaund: qrpipatells il dagpyeloid
for the CDRs and, hence, play an inportant_ role in

afets mewpcifen dispgocyisy) and rhpid Gnerse e athied %?ﬁdﬁgc@w&mﬁ
residues in a CDR or FR regiaqn,_ the skilled m?hyer "

r elie) Prdlalpo o the gesRestixe BoRITPAPRE JReed| 1§ EPRorET 05¢ cells are

ant i body sequences, which can be screened .| o against
Bt PR s e B e oS e Bibent
exanpl e. Tables 3a (M) and 3b g L) delineate the
ChreniippiarE RefeEg s CRYPXIE BAEFHRT 51t | bodi es of t he
i nvention and conpare amino acids at_ a given positio
to edwhiddiondo itarrllyticorciGliesas popidicfyPRBee mcipse Fid hydrolase,
"master gene" sequences (as described in U S. Patent
NED38 Gisplas, theabjility 1e tepsduceTsignals pf biglogical zeleyauge (HoshiRp et al.,
tvns'ia.'~. 3;:.z2'.mn M nLn1n1n1g_I KN.V: 6 kll .n ..
>5997;' Agsigllo_ ajyai 30P0)- Ehppe functippsycan be induced i Vikg R, &€ BFOFR™
. - | - -
" ligand iﬁte%ac\t/i\t/n?ssor %3 ebssdinking with g’g%niegt?csa%ﬁ%% Anfhodics 14¥ding, e
to calcium mobilization, lymphocyte proliferation and release of cytokines. Preferably,

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.

e ,
With reference to the instant disclosure and conventionally available rtec_hﬂologies and

references, the skitled workei- will be able to prepare, test an(i utilize finctional va;‘iants
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
charactéristicuascxibed to an anti-CD38 antibody of the inventio;l. 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 imcinde, for example, an antibody that has at least ome altered

complementarity determining region (CDR) (hyper-variable) and/or framework (FR)
20
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illustrate this concept, a brief description of antibody structure follows.

An zntibody is composed of two peptide chains, 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 strachural
framework for thé CDRs and, hence, piay 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 fo each other and
to corresponding consensus or “master gene” sequences (as described in U.S. Patent No.

6,300,064):
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The skilled worker can use the data in Tables 3a and
3b to design peptide variants that are within the
scope of the present invention. It is preferred that
variants are construct ed by changi ng am no aci ds

thin one or nore ht I
have Tl VRBFECRI b Re dof 1 Stk “Ht) 511 S‘g%e?%dea"aﬁ%’fs
reference to a conparison of the 5 nove f d| T
t that e WithinHBS scops i ofa PEssb IV eR8Y tﬂ}ftprg 1) e chan e

ncl ude e. resi dues, . 4 gr. 37 of th
Lmasﬂg‘?tad by @%fegflﬂlf% agifis Whip Pog M TR \é‘gﬁre%‘g% g"!’ﬁag%gh"

hai f LACs d 3077,
cRSiHEYe e oo AP @%Qwog hors DEERHORRCY F mpnsto
Al teratjons als \/gggn}é o
r]g)g? Ozﬁlglo toeeﬂg:h,gﬁér dé;ga% reﬁ@u&&%l gorml i mc uge e.g

al t er. d o hea

cotifr g ob tiearris Bt 2 He il 18, 45 521 er“az%éeh vy
C%F‘P%%tg[(nj;ho% 388(? n Cg{)?'} Iﬂs‘%c@ﬁ%%'arp %{1&9 Qf %aﬁ& vﬁsrhews each other.

nsénsus or ster gene sequence,

di dat eS| ues de FR
TGRS ge mad%%?ﬁxf%ﬁle vari abI e I%%a&%fe
@ %m%oxgl%htcb %@@ QVhErQ m\é.lreﬂs% d@ﬁgmi i) a residue compared to a germline

sequence.
With reference to a compaﬁson of the novel antibodies to the corresponding

consensus or “master genc” 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 vériable heavy chain of LAC 3080 compared to VH3. .
Altetnatively, the skilled worker could make the same analysis by comparing the aming
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 .

Furthermore, varianis may be obtained by using one LAC as staring point for
optimization by diversifying one or more amino acid residues in the LAC, preferably
amino acid residues in one or more €DRs, and by screening the resulting collection of
antibody variants ‘for variants with improved propertiss. 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 VEL Diversification can be done by synthesizing a collection

of DNA molecules using trimucleotide mutagenesis (TRIM) technology (Vimekss, B., Ge,
24
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resi dues 33, 52 and 97 of the variable heavy chain of
LAC 3080 conpared to VH3. 15 Alternatively, the
skill ed worker could nake the sane anal ysis by
conparing the am no acid sequences disclosed herein
to known sequences of the sane class of such

anti bodi es, using, for exanple, the procedure

descri bed by Knappik et at, 2000 and U. S. Patent No.
6, 300, 064 issued to Knappi k et at Furthernore,

variants may be obtai ned, by usj e LAC.as starfi
p&i: nElagkgam, Fo SHREKEL o i%n%ﬂf&r}%er i ‘frchﬂo%ﬂeé’ glﬁ D
nore anmino acid resjdues.in the Aﬁ% piefer b

anfirsleadded PePhefaRLlies, i of*2%rEie i e%% of mixed

SRR AP HRR, (i SOBED PRgRP LT o5

Particularly preferred is diversification of one or
méioaseavatroAmiiodd i ¥prigds in CDR-3 of VL, CDR-3 of

o oo S e T e SRR o
ok g o S TSR A e i
SRS 5 s e B R  APLR Soc i
SRS ST ol i AU 5
CHRHAIRSS b PR e
OB S BApAFL b eBhgRa body Pt O seauence

Y T Sl S
L  CLAS
R By S B SHl bipe, goae, wa
TR R0 ol R oy i, s
S5 AL Bl h ey e s B el i

( DR &! NEMLiRons WGQ.@y A&} 88 nlaBCHER cBCHEPR). In addition,

Serilne, reoni ne, cystelne, tyrosine, aspar agl ne,
agf}cine and proline may be substituted for one another based on their ability to disrupt o

n._)

helices. Similarly, certain amino acids, such as alanine, cysteine, leucine, methionine,
glutamic acid, glutamine, histidine and lysine are more commonly found n c-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 CO@OﬂY found in turns. Some preferred substitutions may be made among
the following groups: (i) S and T; (ii) P and G; and (iii) A, V, L and . 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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glutam ne; (c) positively charged (basic) am no acids
i nclude arginine, lysine, and 15 histidine; and (d)
negatively charged (acidic) am no acids include
aspartic acid and glutamc acid. Substitutions
typically may be nade within groups (a)-(d). In
addition, glycine and praline nmay be substituted for
one anot her based on their ability to disrupt a-

hel i ces. Sinilarly, certain am no acids, such as

I 1
S R LB 17l S G e

%g Egy found in a-helices, 20 while valine,
i SB1%Bidci ne, phenyl al ani ne, tyrosine tryptophan and
threonine are nore common y f ou
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Eﬁ?ﬂagigﬁnl%%gé% ’gﬁ d’ei(cmzt@ev%n ﬂf%n omhhafelglggég (l:(f%%% or that
e
gg%?l&@fﬁ%g% o598 ol oG BBKNAE P Y Bk] AR Soord FeflBr.

am no a pOS lon 3 1n
d Y (5 0.
aaltl legs % oa é@ a, sé_g golrxle rgferagl %ﬂ%%sg g? /3 gﬁ{‘r?ﬁ lf Ee&ﬁlv}\gaé %e%t 99"/

gﬁffgzge s Ry B G @ragae%arraﬁtyme GRS FRh @G Rt 80%,

acl are | ntical bBetween the sequences.
Se S ard-denanil Bsb, cat es the percentage of
IQ %ga?%’g%(%ﬁ el tﬂﬁer a#’ i'dentical or that

re§$esent cgn ervative anm no aci'd substitutions.
Spolecpies, #1982 sequences of the invention

h . t o ody o
et pgﬁs{a&a&%ﬁ&% 1564 (ool 8Gh 808 ardhtibody of

Ieas era | east 70% or 80%

th {ol gﬁgxﬁ e’]?}fégee{egﬁfﬁpéﬂnc%de et ngﬁuﬁn%@ th, BRSd DNA molecules set

pre eF y at ast 95% = Preferred anti bodi es al so
§%€ YyeRgeSsimlarity in the CDR regions of at

Ieast 10 nore preferably 90% and nost

pref c % 51 1!10% é &5 1itited E)q:hé %&%&Eés%aﬂ% herem

pres VRS |on o) re ates to nol ecul es

gt i Cloéjeev tsalﬂe&rgo ?)NA%anaﬁtpﬁltﬁlﬁ‘ ﬁﬁ ﬂvbﬁﬁm m-EE ®e §escnbed by
gnces i nc ude are not limted to, ose

rml“ere%& 5 %he%r%‘ﬁymcal 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 vﬁll be
recognized that hybridization can occur with less than 100% complementarity. However,
given approﬁria’ce choice of conditions, hybridization techmiques can be used to
differentiate among DN A sequences based on their stroctural relatedness to a particular
probe. For guidance regarding such conditions see, VSambrook et al., 1989 (Sambrook, J.,

Fritsch, E. 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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forth in Figures |a and 2a. 15 DNA nol ecul es of the
invention are not limted to the sequences discl osed
herein, but also include variants thereof. DNA
variants within the invention naybe descri bed by
reference to their physical properties in
hybri di zation. The skilled worker will recognize
that DNA can be used to identify its conpl enment and,
since DNA is double stranded, its equivalent or
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dPF9PBnt i at e anong DNA sequences based on their
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r I]%Fselt %@“ﬁwg qggc}nﬁé Hﬁﬁ}&é@?ﬁ Igtﬁng% C);Elexefore,

s to.the .extent th
héﬁ? FOEAE ?ﬁﬁbe 'rd&ﬂ%? aﬁgﬁé?@%ﬁth§%%§Q%$bﬁﬂm

h)éq rg}lmgllg%ﬂ% Oo&ﬁLﬁses W fﬁphﬁcogrl 4 LS bl Blefcss (vt T

t o one anot her under

cgﬁ%%‘ﬁ%‘ vor Bﬁ% %&dﬁupl@:@n stri ngent

|zat|on of nol ecul es 10
di splaying a | gg structural rel atedness-
Hybri di zat Fon S‘ng? Egf}ﬁfﬁ?ﬁ%refore directly
correlates with the structural relationships of two
nucl ei ¢ antl. seditefeesa diffies DN Hecynpen §y 1 U] with R Hicpgse of

are useful in cosinghatinbg dyBspathedibasepaiznd
rel atedness (where T. 1is the nelting tenperature of

a nucleic gcid gupl.er)y, =18.5logou/ul

where 11 and p2 are the jonic 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 inclade 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.
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a. Tnr 69.3 + 0.41(GtC)% 15 b. The T. of a dupl ex
DNA decreases by 1C with every increase of 1%in the
nunber of m smatched base pairs. c¢. (Tmv2' (T,,,) ui
=18.5 logroF ttl 20 where Ecl and 2 are the ionic
strengths of two solutions. Hybridization stringency
is a function of many factors, including overall DNA
concentration, ionic strength, tenperature, probe
size and the presence of agents which disrupt

hydr ogen bonding. Factors pronoting hybri

i ncl ﬁg@ B &8 Wgzsha&f‘eﬁ]&f‘eﬁ?f’?"afﬁ% 9 B

S haomheaston SFRRE R SRy SPASTRYaRS sB? By itg ne
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SRR LR A L PRt (P00, 8 o
SRS Ml e AL i B g e 2!
DRERASEL ' foweh Ol S (o foafln Lo O LA sinE} bing

SGhp enent Course, many

dj.ff . | . i i een at leas
C%e%laleer%,tgr%g arex)gt(ve%%{lﬂ Q)BV@ 311&/ 46y 'Mﬁﬁﬁﬂémﬁ%ﬁ@ﬁ €betw t least

I ons are own. ere the degree o

(r: Edoﬁ#&d@ Si8ss ktin MGS“C?%@%&&& R af RiuiRdui@ycbe

osen. Low stringency bindin nperatures are
bet ween abput 25C and. 40C. [ S j
bet we&P™ ttg? &Y P Buou V%% % 0 i%sgtnjtg %gﬁ]ysa %lsjet fhat more
65C. High_stringency, IS t; by, DR R4 iis most
t FEDESY c‘%’%@ﬁff‘r"o"%&eﬁl 2t %"%@‘fedhgeém%%ﬁﬁg W i ggg%t this.

h t hat . ' . kot Qs | Bt o
i g S SRR Y e s
MO Slain ToWBOLH %mc\sgs HORL S50 &E}Bﬁa&%eﬁ}uﬁﬁﬁﬁlﬁéﬂw sBhation contains

hyori dizati on. I'ng solutions typically
2X SSC and 0.1% SDS. A high stringency wash solution contains the equjvalgnt (in

r %a?%ﬁ I%t%&e? rg:onditions

jonic strength) of Jess than about 0.2X SSC, with a preferred stringent solution containiﬁg
about 0.1X SSC. The temperahires associated with various siringencies are the same as
discussed above for "binding." The washing solution also typically is replaced a number
of times during wa;'.hjng. Tor example, typical high stringency washing conditions
comprise washing twice for 30 minutes at 55° C. and three times for 15 mimutes at 60° C.
Accordingly, the present invention includes nucleic acid molecules that hybridize to
the molecules of set forth in Figures 12 and 2a under high stringency binding and washing
conditions, where such nucleic molecules encode an antibody or functional fragment
thereof having propertiés as described herein. Preferred molecules (ﬁbm an mRNA

perspective) are those that have at least 75% or 80% (preferably at least 85%, more
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contain |lower salt concentrations. One exenplary
medi um stringency solution contains 15 2X SSC and
0.1% SDS. A high stringency wash sol ution contains
the equivalent (in ionic strength) of |ess than
about 0.2X SSC, with a preferred stringent sol ution
containing about O 11X SSC. The tenperatures
associated with various stringencies are the sane as
di scussed above for "binding." The washing sol ution

also typically is replaced a nu ' I 0
ST o0ty tog P A AT oo S Sy
conditions_20 c i g€ hi ng tw ] :
ethms of DaRS AT PR Gpots T eRiar bt & fran
Accordingly, the present inveatd LRl THAG

&Eiths Wﬁ?“g@gl”é‘gle’f’h i ?ﬁ?%ro flo?in lzne&%%%t%dg@n%%?ul es gjf&m be
set forth in Figures.1 ' ingency
PSR Tomd §%%H§“b¥8%ﬁ?¥gg%g?ﬁﬂ e%éﬂg%%ﬁﬁ%ﬁcleic

nmol ecul es_encode an_antibody or functional fragnent
tHveclanrln Eerreds Ydparti es as descri bed herein.

Pref erred_ nol ecul from.aq. EMRY o
{ hosERAPTTETE AN EaEr G o Pe L Shy h
| east .85% re | ef t R AN Yo s Y 1o
Srer e liereda b BRG RS tfoocs AR Peotta it Wit
i dentity  With.o - | §5-ed 85 @hd BEChat th
H‘B&gf’)n ¥'Pe © SRE"Pary %ﬂ{ artgékgsnp%e&%;&ta v-ar?ant of
the .igvention. | ' bd 14040 Bb die R dderily of
fnwﬁle S"énﬁ?jﬁ%’}]da%gg%h eﬁﬂgcui%;ﬁ?%ut ed frorr?a C tdgea G
thereb ng C QD 3i LeMICAAmpe BAhctidnally cquivalent
h F%%%?ﬁyqﬁggyigﬁgﬁ?q%a?iants Yet anothgr class of
o ALP B i BpaRaPGrOfintiaa, oy Ry icmataic bane
escrrbed wth reference to the product they encode

%ﬁ§§g£¥§igﬁ§ijﬁﬁﬁo!isted infigures I|b and 2b).

unctional ly equival ent genes are characterized

by the fact. that, Lhev. .f9eRd8IeEd& PR R&Rhicaehe constructed - -
sequﬁﬁ?@?gpgﬁn MP%E?%Hﬁres ﬁbeand 2b due to the

d f | <o! s letdl etic
S5 S50 @kl v .eﬁ%gxgﬁﬁ&%@r%? Rt s Dpletdly aythet

an exa nctionally equi val ent

\C/}?I?_%h% Pﬁellﬁfthocgsbf teﬁi%%}eﬁﬂf‘ kﬁhﬁhﬁn?&h@nmti&@ g&Phe ddn@e of 20 to about

yet they encode the sane pol ypepti de,

Bﬁﬁ'n BRakDbQiacky WallatlS SRCOgRk edalt bation 2l 1, Hupslerndat 21
nol ecul es provided herein can be constructed

(1993). Overlapping oligonucleotides may be synthesized and assembled in a fashion

first reported by Khorana ef 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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in several different ways. For exanple, they may be

~constructed as conpletely synthetic 15 DNAs. Mt hods

of efficiently synthesizing oligonucleotides in the
range of 20 to about 150 nucl eotides are widely
avai | abl e. See Ausubel et al., section 2.11,

Suppl enent 21 (1993). Overl appi ng oli gonucl eoti des
may be synthesized and assenbled in a fashion first
reported by Khorana et at, J. M. Biol. 72:209-217

1971); see al so Ausubel et at supra,, Section.8. 2.
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' contaLnina t he desired nucl eotide alteration(s). The

10

c &PH5TH ‘rand i s synthesized and the double
stranded phage is introduced,into a host. Sone of

t Recombinant PNG corbepethpndiektressifft ai n t he desired
mut ant, which can contiryr [ SEAULRSEBE o
I'n a&g‘f'?ﬁ'e&eﬁ‘t,m ﬁ?no’g‘gtheﬁé’f%vbda%gg%éﬂﬁ%\b%abi & t hat ﬁghﬁgg' e

' th . obabi | i . i ots
b e S K
ta\((:'} %hp g%%% ngetﬁnggn ];Lje%lséijl iﬁ%gndé&&o wih% \%&%cﬁiagwp}ésmid or viral

génerati1ng such nutants. Reconbi nant

| Pg'?%t%,g?ﬂt%taﬁhkjcﬁ?@hﬁi‘ﬁoﬁéﬁn%&%é&ﬂg‘anTahﬁbo% BAE v dnBVER trisfed.
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_ _prOVI éS reconnl nant DNA constructs
Cequate casigr e Y dearor o E BATKEREER, Sambrook .
c e ot et et 7R Sl T DRA, PRSI chepcaly
& ey B oo e B PP aERE” S R R hniges gescrbod
%ﬁbﬁg%iéugﬁogrﬁg dé&%‘%ﬁzs*?é’ (ARENEAUSE, GRE PrbRC ), 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 RINA and/or
protein products of the encoded DNA(s). The vector may further comyprise 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 bost 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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1989, and Ausubel at al., 1989. Alternatively, the
DNA sequences nmay be. chemcally 15 synthesized

usi ng, for exanple, synthesizers. See, for exanple,
the techni ques described in OLI GONUCLEOTI DE SYNTHESI S
(1984, Gait, ed., IRL Press, Oxford), which is

i ncorporated by reference herein inits entirety.
Reconbi nant constructs of the invention are
conprised with expression vectors that are capabl e of

ex | NG B nay BE, G5Bt OO s elarybfithost cell,
en%%%%%h€§ﬁ$§$F The vectofynay fjrt er c%%p?iggg ost o¢

I egl AL VufhaS SAULIIGESoukdr Mt Wkt B, ShoR hOIFRER Eell, but preferabl
operabﬁy Iinkedég% t he open feading frane (ORF). ?ﬁgaa Y

Ve b QFokdB¥id Al ek af DPREdSEA. SfoBEkiSDbehE Pk bBtinant construct
sequénce. Specific initiation and bacteri al

S Eto&th® hst TH008R Be 3HERANBYcdifurk GEipHa rinfkctRhf DEABNEextran
transl ation of inserted target gene coding
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host cells containing at | east one of the 25 DNAs of
tiﬁ%&ﬁf?ﬁ%hﬂ&% ention. The host cell can be virtually
0

any ce r ich 30 expression vectors are
avai | B’E’Afﬁ-ex%r&ssﬁﬂ%e&&s rQhct@lan ] 26 codsthubtgd BY inserting a structural
cukaryoti ost cell, such as a mammalian cell, a

| oveA s&%&ﬁ& vibiiieg b esdreC flbolein 164¢0ior With Mityiasdnslamiinl initidtioh and

preferably 1is a prokaryotic cell, such as a :
b a6inBation siglslin opapdbleqeliroi phie ofith ta iencti@abrbrhstan tThe vector will
construct into the host cell can be effected by

C adofhiptise gl 0% ph@t ephtotypitf ebkiabln makeAFanddex trign of Seplication to
medi ated transfection, electroporation or phage

i et ahtendae be thealecthix prie FalesinbleUs giromidecaopplifsation within the
vectors for bacterial use are constructed by

i rimeir t Srigbla pedkeryotic hedts foDtansemaemcactedec Bdiafig Bacillus subtilis,
desired protein together with suitable translation

i nSafmomelico riyrdeimiarivpre rawil natiovn  spegesalvgthin teyp egendsh ePseudomonas,
readi ng phase with a functional pronoter. The vector

wi Stteptodyesampd Stephytnseccss. nore phenotypi c sel ectabl e
markers and an origin of replication to ensure

mai nt Baadmiakvecibrstolegy be ot exemplachacterfopblesd, pladlid- oripbagemid-based.
provide anplification within the host. Suitable
priiesgrogatbis cahamtagn 4 eslectablmsfior aed baoterial wokio o replication ferived
Baci | lus subtilis, Salnonella typhinmurium and

v drampersnequeidllyeay ailiblenplasntidsetypjeatlar reant@igio g dismonin of the well known

cloning vector pBR322 (ATCC 37017). Following: transformation of a suitable host
sirain and growth of the host sirain to an appropriate ceﬂ density, the selected promoter is
de-repressed/induced by appropriate means (e.g., temperatu're 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,
31



10

15

20

Streptonyces, and Staphyl ococcus. 15 Bacteri al
vectors nmay be, for exanple, bacteriophage-, plasm d-
or phagem d-based. These vectors can contain a '
sel ectabl e marker and bacterial origin of replication
derived fromcommercially avail able plasmds
typically containing elenents of the well known

cl oni ng vector pBR322 (ATCC 37017). Foll ow ng
transformati on of a suitable host strain and grow h

of the host strain to an. a
tﬁ@ﬂeéﬁr&%@é@%?f&‘}ﬁ%%ﬁmﬁe@ 1? Cﬁ%’ggsed engr uceg Jpodies
appropri at e_neans. er at

cHPrisEer Repiflg élP’fa&ﬁﬁ) %’faFﬁEfﬂ%‘%r{E‘ét"fé wihic g‘uqs’%eﬁ‘rt{é% %Befm%“n of high
addi ti gnal peri od | | s a gsted by
clevsta gt fsigaPIoHT Prag sﬁ?‘%g?%o:& e?n cal
nmeans, and the resultl ng crude extract retained for
f'DhelrmnﬁpMethbﬂ&:ati on. In bacterial systems a nunber

of ex reSS| on vecto be advant a equsl y d20 treatment a
sel e YPZ‘Efn }an"f e‘% ﬁ]foeret i

protein be|n Xpr es For.. e 1
q@ﬁﬁ@?ﬁﬂlﬁﬁﬂgﬁﬁﬁ:@zﬁf anhbo‘%( nltegtf)platé e gag n]?lor ht et
eneratj on an 0 Qr I o
glﬂE?F"é’P‘P’é%l Ly gqigptvey {ﬁm"é’ C %etrﬁ%edsmﬂ% tﬁﬁ’]&dl rect t%r’]“é’ dy that is
f  hi f &L Sith
e w@%m. E oy 03 1ROl Lo )

Ther?ﬁgzet (il C Mol hgmé i Hﬂlﬁ:{p?eo&% bepintR! DNQASr iVRbHRtion with

atirfh ubj'ect i n ne&d of treatment a

L AR & 3R, it ﬁlgn Ledeet{zl fth%%hw{smﬁ@mdv@ffse SRHABA, yBOMich amownt is

e i nvent1on. ‘therapeutically

{gf Cl%)#l%aﬁ& to?e?% bgc%y mhysbéjfﬁgdﬂﬁﬁ &r @n-Huben aEReINE. g Ofabbit,

sufficient quantity to

dmg g% &%ﬁlletrio\ﬁgr_gl@yp%ﬁa{é)a treated area of a
jectzel

tr as a S|ngle dose or accordlng to a
mul tipl e dose re Placki SONARIAR ik diments
10 otAI’i‘@P'%{’g f@'q% %I?lggg(}% e al |l eviation of an
ta%;/?]elése co 'c'tas' %i{é@h‘?%ﬁ"@%}h}ﬂﬁ For example, an antibody

e subject maybe a human

cong %]c f‘{y %ﬁg@ggr&qgﬁ&gompe rté‘xnteﬁﬂ%ﬂ§ @arther increase

y or pri mate) ant | body of
Q% gventl on m ght be co-adm nistered with known
nearc nent s,

The inventive amtibodies can be used as a therapeutic or 2 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 invenfions are -
multiple myeloma (MM) and other haematological discases, such as chronic lymphocytic

" jeukemia (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 Jupus

erythematosus (SLE).
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and in sonme instances the antibody m ght itself be
nodi fi ed. For exanple, an antibody 15 could be
conjugated to an i nmmunotoxin or radi oi sotope to
potentially further increase efficacy. The inventive
anti bodi es can be used as a therapeutic or a

di agnostic tool in a variety of situations where

CD38 is undesirably expressed or found. D sorders and
conditions particularly suitable for treatnent with

an anti body of .t he | i oyl b . in
(W) Tl el ARl Gl bty €asm
chroni c | ynmphocvt | : ) Aokl i {ifnal manner usin:
R g e T B y
| eukemia =~ ( AM.) . YA} el ' eukgngnfibody of the
(%fﬁ¥}m%ﬁE%ﬁ%%%%ﬁéyg?&%ﬁ%ﬁi%ventggﬁkgﬁﬁg m ght bg

UB el Ccah of WIM%? bl SRABEWHHE BndEry! Aepuiltginthe
arthritis or syStem c |upus erythenmatosus

(%e'%f 3200 Beihd Bllted APsiB diRBidRERAOhBYiIndluEOpaRSal (eg.,
phar maceut| cal~ conpositions for use in accordance
V\ﬁl{rgm}saﬁar,pr GSERNENduEY € Mt ARriBY ReajeAlohedl, at 6d | sib@tansous),
conventi ohal manner using one or nore

i LR ReH Gah iVraRael Rh@ B Gestad fdrascl RimesQippieivie Sreathmnt,
antibody of the invention can be adm nistered by any
Sili-hiahing HRARSHtARI Ch Gadiiomran, adadndi kg owedtioe bight be
type of disorder being treated. Possible
agiiibestd B full nffedidne &vith, g, Wginp@Ideset of the anfibody, Preferably, the
i ntramuscul ar, intravenous, intraarterial,

| i@ RE EivéOBE Biectiafs, Si0RQuiéfexalily isjayenonsnor subeitameeya igjections,
and Intranasal, and, if desired for | ocal _

| AGpHAREUR PEIE 6 WhethérriBakdmnittration it riaf ersihordd. The amount to be
adm ni stration. In addition, an antibody of the )

| sveRbtkedwill dgdnd e a vadety nf Stters eethisy tho glineal pyminipspyyeight of
with, e.g., declining doses of the antibody. ) ]
Phe fridivedubly whithe ofi@r dogs mrg afminigievadn Thy skiljdetisep el recognize
nost preferably intravenous or subcutaneous N

i hjtehié fontsof adapewdhinngill varpdepeoding apHibe Hisprder s condition to be
adm nistration is brief or chronic. The .anpbunt to be

‘ankatedi sStered will depend on a variety of factors such

as the clinical synptons, weight of the individual,
whet hRtr@tiagt tdfapgsicallyesfiectinernitugoé the ndek pelkieptidegaccordng
artisan will recognize that the route of o '
a@Mminfi Btdndibi, Olargay| Willv deppndd ep eradicnlgr patienthehagictsBstiga rioge of
condition to be ]
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 (18ih
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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15 treated. Determning a therapeutically effective
anount of the novel polypeptide, according to this
invention, largely will depend on particul ar patient
characteristics, route of admnistration, and the
nature of the disorder being treated. Cenera

gui dance can be found, for exanple, in the
publications of the International Conference on

Har noni sati on 20 and in REM NGTON' S PHARVACEUTI CAL

SCl ENCES ters 27 and 28, pp. 484 528 (18th ed.,
ADgppstic Me ﬂ‘éﬁnaro Easton, Pa.: Mack Pub. Co.

1990 MG | mat ﬁrmré%m ancies; thus an

thergmégbl%' ﬂ%fggbiveagng%nt wi | depengﬂbn such

sz% B3R a%&bod? )éf el t]ﬂvem m%f thd &&}ﬁéﬂre@fn 4B& 1 afice 3PPRLalize a

oXIcity. m et erm ned usi ng nethods well known

IE{fﬁpiog E(%f/i@fe acélg:nqlaglgﬂj Bfmiilnidd €eifsGh € 9RO Th &fi€fc@RE Q8 antibody

etermned utilizing the 25 sane

1 f sshaesHdesn e ds bi
%@%‘ﬁ%%f%bﬁf B PR Yl o L (e o bt

hé ¥icS %Ma% BM&@E@Q&@@& e&€ | PrévediResCof hodbrhplishing
gna cies; thus, 'an anti-CD38 antibody of the

' ﬁ)ﬂ?ﬁﬁélﬁl@ afEBvVelltl&o%Hm @¥ e IORnfIdeflickinl oTREbodEs in diagnostic
visualize a site of possible accunul ati on of

B big P AR trevidch By iRoBmRRH. @) tUroll Ul INosth AegRrid;465:A74 (1986)),
antlbody 5 can ge detectably | abel ed, through the use
OfindeR®. @i 510h.0p08st. Takifol. miotep3-rababss)y, st Khavg BDiAotd ad, Science
avidin, etc. ) fluorescent | abels, paramagnetic atons,

eyngﬁagp@dmgps for acconpllshlng such I abeling are
well Known to the art. dinical application of

ant i Qﬁgﬁﬁénbmoﬂbé%@%h'dﬁtedbﬂmﬁbﬂgi @Bodics ki ghoel indi¢ative of a

G ossnan, Ur ol Clin. North Amer. 13:465-474
(428 d&&g}gﬁent Eor &am . Blone ehiP36@Hdnt, iRAEkiaMination is done by ~
20:693- 700 (1985)), and Kbaw, B. A et al., Science

1QmeR8s fpied BF tidsh® 81dod ahl EnciibitAg bich Rargflesfin the pRdserweiofthe.. -

detectably | abel ed anti bodi es m ght be indicative of

adeteatabl§ 10bIed MBS AEL UL b pRAERI cmibodimedk sigibenigheris doe in a non-
enbodi nent, this exam nation is done by renoving

Sﬁﬂ@h@&mﬁﬁmiﬂﬁﬁ@ﬁ‘ﬁélbéaﬁdnamdmnnmmhaiﬂngngu@h-em Such a
sanples in the presence of the. detectably |abeled

adli&gnbﬂidl t&% .malyrbeaerpplafed rin ebniorgdihergmmcsss toff itratmentndi dingeses,
Is done in a non
where presence or absence of CD38~pos1t1ve 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.
Therapeuntic And Diagnostic Compositions
The antibodies of the present invention can be formulated according to kmown
methods to prepare pharmaceutically useful compositions, wherein an antibody of the
invention (including any fimctional fragment thereof) is combined in a mixture with a

pharmaceutically acceptable carrier vehicle. Suitable vehicles and their formulation are

described, for exarnple, in REMINGTON'S PHARMACEUTICAL SCIENCES (18th ed., Alfonso
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15 invasi ve manner through the use of magnetic

i magi ng, fluorography, etc. Such a diagnostic test
may be enpl oyed in nonitoring the success of
treatnment of di seases, where presence or absence of
CD38-positive cells is a relevant indicator. The
invention also contenplates the use of an anti-CD38
anti body, as described herein for diagnostics in an
ex vivo setting. 20 Therapeutic And Di agnostic

Conpositions The_antibodies of th esent inventian
b, G Brane B AP -1 Rn B RoLTb A S gacetibally
prepare pharnmaceutical |y useful  conpasitions | Q-
ageceptpbletserposdiion rfable {ore F#?‘?BYF § ."’%1gs“%;in;‘f"I‘M%r‘“"?4 Y
functional fragnment thereof) is conbined.i.n ]
wiontfinge iieeREESHT o 4RF §F S5t of o el fdhon
Sui t abl e vehicl es and their%éi%nulation are 25
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Crpah e DA 2 RN B mptcaos
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R L e
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I t ' j echniad | ®Cinteefacial
g% %@gggsgﬁg%a@@ 90 oS by RYAHEQERh SechnidGdsydrl @Cintetfaci

_ ne vinyl acetate copol yners. ‘
A&a&l%&ﬁzgﬁo\ﬁ? lfé(r’ eiéﬁﬂﬁa? 6lﬁifdﬁﬂj\:ymei:]:tj,rhc:ellulose 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 n

unit dosage form, e.g., in ampules, or in multi-dose containers, with an added

preservative. The compositions may take such forms as suspensioms, solutions or
35
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15 incorporating these agents into polyneric
particles, it is possible to entrap these materials
in mcrocapsul es prepared, for exanple, by
coacervation techni ques or by interfacial

pol yneri zation, for exanple, hydoxynethylcellul ose or
gel ati ne-m crocapsul es and pol y(net hyhmet hacyl at e)

m crocapsul es, respectively, or in colloidal drug
delivery systems, for exanple, |iposones, albumn

m cr ospheres, mcro enul sions, nanqg@uélcles 20 and

nanveiapsiol dly q;raqu?PUﬁa@Plsle% f 18 rrontaig fopmylalony AR, guch as
are disclosed in Renjngton's may ug¥cal SCI%E %
( Topwine, prbilizas ARl oTdisPrRpS BREn of"‘ﬁﬂ?”é’t el tpgetive Sgrediont may

parenteral adm nistratiQ n

b5t irgor iy Gemi G oBR R A SHEL PR A “EBF Rifp P sRyetr
for_injection maybe presented in unlt dosage form
eP§fore e, appules, or in nulti-dose containers, mﬁth

an added 25 preservative. The conpositions may fak

such he prmeposiGonsumgyeii dpsirad be Bistatier Sraspagk or Bipeust flegp bich
in oily or aqueous vehicles, and pay contajn

f SwerreERiDPRe oI gRaTe 80ik é%*ﬂgea@ms“egfﬁ%'a hipoteg ngheflipnyy The pack

and/ or di spersing agents rnatj vel t he
i FgY & %ngﬁﬁ?mpr%é q%]fﬁalp%mé‘iw f%HT FHck 6? aﬁ%‘ﬁf?‘t PGt ffb‘h pack or

with a suitabl e vehicle, ste ogen-free
wéiisespser deyise g% b a%omsaﬂﬂﬂléwa% a%&? fioh ¢
desired, be presented in pack or dIS enser deV|ce
wh|cﬁﬁemuym@@ﬁﬂaﬂnsEm@mﬁpdhbﬁﬁﬂ@#ﬁ¥> Qlinyang HHtiEe
containing the active_ingredient. The pack nay for
extamples Whisinare igtended feillugiate gpd Sence 0o bIFIPJf%BE’FP“é?

bli ster pack The pack or dispenser device may be
acconpani ed by instructions for adm nistration. The
invention further is understood by reference to the
followi ng working | o exanples, which are intended to
illTustrate and, hence, not limt the invention. 36
EXAMPLES Cell-lines The following cell-lines were
obt ai ned fromthe European Cbllectlon of Cel

Cul tures
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(ECACC), the German Coll ection of M croorgani sns
(DSMz) or the Anerican Type 5 Culture collection
(ATCCO): hybridoma cell line producing the CD39 nouse
I gd@ nonocl onal anti body OKT10 ( ECACC, #87021903),
Jurkat cells (DSMz, ACC282), LP- 1 (DsSMz, ACC41),
RPML8226 ( ATCC, CCL-155), HEK293 (ATCC, CRL-1573),
CHO Kl (ATCC, CRIr61) and Raji (ATCC, CCL-86) 10
Cells and culture-conditions Al cells were cultured
under standardi zed conditj 37C and 5% CQ2 in a
hum di fied i ncubator. T “fines LP-1, RPML8226,
Jurkat and Raji were cultured in RPNHL640 (Pan
bCdklaeh GhbH, #P04- 16500) suppl enmented with 10 % FCS

g S S AR A DL i v
e L
o rapdeaip oA Tt bR astiecat Pl RGRE KIHE mougs 1001
P n e altevieod SRR I A
b Bl BEEnERS oG R LRR AP YR By sneso-
%ﬁ{m&%ﬁ %1%\%%3 t(gg%g’ggéj%:ggﬁ; I eémlvlr ansi ent
transfection of HEK293 the 10% FCS was repl aced by

Utra low 1 gG FCS (I nvitrogen, #16250-078). The
cetils-ahd mdtu@icEdGlitioms cul tured in | DVEM (G bco,

ol s e SR OB PREE PRGNS bl TG el e *
e et SEh e ARG A Bt o
ey TSkl ORI B SR8 s
; {é&ﬁﬁ%@%@%?&fm 151%9 pebnlic g S%G}llgllu% s\é@prto%nﬁﬁto d@gcg,d#lﬂtt(}-
122) and 2 mM glutamine (Gibeo, 425030-024) and, in case of Jurkat- and Raji-cells,
additionally 10 mM Hepes (Pan biotech GmbH, #P05-01100) and 1 M sodipm pyruvate
(Pan biotech GmbH, # P04-43100) had to be added.
CHO-K1 and HEK293 were grown in DMEM (Gibco, #10938-025) supplemented with 2
mM glutanine and 10% FCS. Stable CD38 CHO-K1 transfectants were maintained in the
presence of G418 (PAA GmbH, P11-012) whereas for HEK233 the addition of ImM
sodium-pyruvate was essential. After transient transfection of BEK293 the 10% FCS was
replaced by Ulira low IgG FCS (Invitrogen, #16250-078). The cell-line OKT10 was

cultured in IDMEM (Gibco, #31980-022), supplemented with 2 mM glutamine and 20 %

ECS.
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5 suspensions by incubation in ACK Lysis Buffer (0.15
MNH4C, 10 nM KHCG3, 0.1 M EDTA) for 5 min at RT or
a comercial derivative (Bioscience, #00-4333). Cells
were washed twice with,PBS and then further
processed for flow cytonetry or ADCC (see bel ow).

Fl ow cytonetry ("FACS') 10 Al stainings were
performed in round bottom 96-well culture plates
(Nal ge Nunc) with 2 x 105 cells per well. Cells were

i ncubated with Fab or | ant i bqdi t he indicated
Ryprasttionof pigle c‘?ﬂf“ﬁ?ﬁ“@‘f’g 't%f’?)"b‘fq’r‘%ﬁ'("g@s, 3% FCS,

0..02% Na for, 40 m_n. JNESH8 cells
Al %"da?PfaNl%%%‘%?F %@u@gpg%%éﬁomﬁ%hé%gﬁ?%ri n (1%%&aJr .
copjMgat ed goaf .  antl - <R skl Qnaln ’
(éﬁ%{w lgr(erfblsc?%ect 3%%%%‘%% mng (??%ggar gdr‘l:%hg gﬁ) ﬁt edﬁu%mers
1:200.in FA f sf ' twd Ld Srod fiRse cell
dﬂ%ﬁ“ﬁ‘?"ﬂ%&?’endc:ﬁe"?tg&u‘%%‘é o Mool Qg we- doplaed TSR

t hen ana I : ORE: | sV AERAESOaMBHCO,, 0.1 M
(BEEET H%E'?Dﬁg%%ﬁl%%y% egoe?méks)rl\.{[ For FACS based

r | e 00030 3WNCERS
TR P e B P e ot 1o 5

O dhea( wilhl P o PREE Rlrthat frodkssed\forl S Eyténndry or ADCC (see
|nﬁepen ent 20 neasurenents were used for each

le%fbg"?m ration and Ko val ues extrapol ated from nedi an
fl'uorescence intensities according to Chanow et at

( &g asnon resonance The kinetic
c%ﬁ‘gé%tﬁxtn?i.ﬁgarﬁb kff were determned with seri al .
ditl shihgsw@é pédvemecinpant] buigm Fatclbiuiiemiptas §Nalge Nunc) with 2
coval ently immobilized CD38-Fc fusion protein using.
t 10 Bleths pir @veBOQBIIs @& iimvebatadimeitit F{OBITdeG raatibadisp ghihg idicated
Sweden). For covalent antigen inmmobilization standard
3GnEREatNHSnast peFACS piffen PR St EET.10- QR Nad dor 48gpin at 4°C.
di rect coupling of CD38 Fe-fusion protein CVb seno
cO#R SvefcBiabdrigice wed ter arhatyd with ﬁ{-PhyWWEeUWE%{ goat-

nV acetate buffer, pH 4.5. For the reference fl .
cattithuman es pet witirmoused g (EHHE) Fian): (hekam h?é‘i’“&ﬂﬁesea“’%f dibuted

- albumin) was used. Kinetic neasurenents re doge%hil&ml

PB0(if BECRfEGor 3@min gtgC. Cells were again washed, resuspen
FACS buffer and then analyzed by flow cytometry in a FACSCalibur (Becton Dickinson,
San Diego, CA). | -
For FACS based Scaichard analyses RPMI8226 cells were stained with at 12 different
dilutions (1:2") starting at 12.5 pg/mi (I2G) final concentration. At lgast 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 kog 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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5 KA, | OM Na2HPO4, 1.76 nM KH2PO4 pH 7.4) at a
flowrate of 20 I/mn using Fab concentration range
from1.5-500 DM Injection time for each
concentration was 1 rain, followed by 2 mn

di ssoci ati on phase. For regeneration 51 |OMM HCl was
used. All sensograns were fitted locally using Bl A
eval uation software 3.1 (Biacore). 10 EXAMPLE 1:

Anti body CGeneration from HuCAL Li braries For the

generation of therapeutic antibodies agajnst -
SEIH@ VS grsEne/forpling FEeIVE R ergjped- %Hﬁ gipget E%?i‘lﬁ‘gpﬁéﬁﬁaf’c“ﬁm‘m
display library were carried out. H [
Fageih i pepor hepscPiasprel Here Hat‘%f‘(}ﬂ} @2@8 ﬁ‘ %%%B%f? ﬁ&me
et al., 2000; Krebs et_al., 2001 in whi I '
Cifler, skt HiFortheirptrraere omoeallid ERoEHEIPBYE™ of iR bt serum
CysDi splayy technology for linldng.F

t oot s A SHPFUS RIS gﬁ%ﬂ ggi(ﬂ%h agem P
rescue, phage anpli fi L on urd fj.cati :

R Mg, i1 b S T i ol 58 o 30y Y e
medi um cont ai ni n /nd. chl qr ' 0 :
RS S FBCiey 1A dpiofip St 5] b EleeAfln w1 i,
(VCSML3) at.an OCD600 of ' 1Bh5 Al
skeiRysd Yy 23@1%‘?‘??0‘3?&%'}%“5 h aq%irégg%ggéﬂogt 50 r p!rl'rr)d,i b}éﬂ;flsleg
were spun de 4120 .9: din 2
XSeTsP. S?ﬁﬁ%@%ﬁ%ﬁﬁ%‘%ﬁ%&# %%‘fﬁg}ﬁ%%gggmg&%gn anycin
and grown overnight at 22C. Phages were PEG
precipitated fromthe supernatant, resuspended in PBS

| ERAVILE 1y aatibbdyoBieheration fromh HpCABA@Tappsge
anplification between two panni ng rounds was
CRRMEGRRHaRS of thethpeansantibbdies|agensd KRS sdi@tionsevithshuypderphoSys

infected wwth eluted phages and plated onto LB 25 :
afatAS GoRIDSHagH Eshlay bkl wete ofrrigl oo EuCARGID" i g F e library

of chl oranpheni col (LB-CG. After 39 overnight . .

i pesihat thOFu@EALBaGept (Hroppie st ahe20905Eekyss o 3PRE).d8 Fish allysix

to an OD600 of 0.5 and hel per phage added as .

deDRE il @liientfizd,eandBvhidBcamplayg Sho 3R Liccgplogyi fpr Jrging Fab

the sel ections HUCAL GOLD(r) antibody-phages were

diydntbad td it phaphse@cp@ohung, B0®br r espondi ng to

different VH master genes (pool 1. VH115).x, pool 2:

ViBPisgemisiooécud 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). After 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 mpm), cells were spun down (4120 g; 5 min; 4°C), resuspended in 2 x TY/
34 pgfml chloramphenicol / 50 pg/ml kanamycin and grown ovemnight at 22°C. Phages
were PEG-precipitated from the supernatant, resuspended in PBS / 20 % glycerol and
stored at -80°C. Phage amplification between two pamming rounds was conducted as
follows: mid-log phase TG1 cells were infected with eluted phages and plated onto IB-
agar supplemented with 1 % of glucose and 34 pg/ml of chloramphenicol (LB-CG). Adter
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VH2/ 4/ 6 )vc). These pools were individually subjected
to 3 rounds of whole cell panning on CD38-expressing
CHO Kl cells followed by pHelution and a

post - adsorption step on CD38-negative CHOKl-cells
for depletion of irrelevant antibody-phages. Finally,
the remaining anti body phages were used to infect E
coil TA cells. After centrifugation the 10 bacteri al
pel l et was resuspended in 2 x TY medium plated on
agar plates and incubated overnight. :
S aeonES o D RS ST b AP e GPbiggr 0 md
phages were rescugg and anplified. The second and
thplperphige 83960 eSS 8198t i ons were performed as the
initial one. The Fab encoding inserts of the sel ected
B EAiniGEnDEHu@a & er e subel oned into the 15
expressi on vector pMORPH(r)x9 Fab FS (Rauchenber ger

Glor Mo scle206H8) HEMAL AROLDE attbodnphagdes wxprdigdgdoicyfhree pools
sol ubl e Fab. The DNA of the sel ected clones was .- .
Gb@Rpérabie b ke Hamter EneRpoe!He VEB{Ne Roeli 21 g e Pk
Fab encoding insert (onpA-VLCL and phoA—Fdz, ?nd ' .
OIHIMEE M) Tiesé prelsioat itividellyl sublgeted fe Greynds of whole cell panning
PMORPH(r)x9_Fab FS. Fab expressed in this v ct%f
@ANNBStenmedSing EFIR-K2 kells feflowet bynesFlutienpnd e pafi-2fQgupy jiep on

e s o, 20 BT ol b 4, SAELE Ty, o
Giactesial pelRDE emsPEErd Bk 1% M, p]f_}%& o g phaleE AR batca
BRI GOG Shaieole HasBrEts PO TP IOOhF d CaP RS
B e e e e e

. Residual calcein was renmoved by 3 washing steps in

Rbsoikgheeredi um | n parall el PBMC were prepared as
source for 10 (natural killer) effegtor cells

kb entodios s 01he PG SO FIBBrsTFet S pk? iy o
expression vector pMORPI—I®x9_Fab_FS (Rauchenberger et al., 2003) to facilitz_ite rapid
expression of soluble Fab. The DNA of the selected clones was digested with Xbal and
BcoRI 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 Stre:p—tag® I) for detection and

purification.
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cells to yield a final ET-ratio of 50:1 or |ess,
dependi ng on the assay conditions. Cells were washed
once and the cell-m x resuspended in 200 | RPM.I 640
medi um containing the respective antibody at

different dilutions. The plate was incubated for 4

hrs under standardized conditions at 37C and 5% CO2
in a humdified incubator. Prior to FACS 15 anal ysis
cells were | abeled with propidium-iodide (Pl) and

anal yzed b% flowcytonmetry (Becton-Diclanson).
BEXAMPRER Bobgicah#Fsa50. 000 events were counted for

each assay. The follow ng equation gave rise to the
kiutibbdyy deptrdentt yeelhilar dytotoxisity  (ABCCP Oang| APEpiamE)tdependent
EAA = events dead cells (calcein + Pl stained cells),
adytbtoxfciiA was encasutes! doparding)toce prdished iretaqoh based, pp dgw-cytomelry
cells) 25 CDC. For CDC neasurenents, 5.0E+04 CD38
Cid@y$ikNatmderist de 2007 & folkows: added to a microtiter

wel|l plate (Nunc) together with a 1:4 dilution of
hypea: serum (Si gma, #S- 41 1764) and the respective
anti body. Al reagents and cells were diluted in
RRIVIADEADmeaverdinents, (arzeh c4¥is 6eveame whisiot o 2 0B lagd labeled
with 10% FCS. The reaction-m x was incubgﬁeg%for.z
hwith 1fceg/mb Calerim A Mgl direliesns 3880 3y RPN gucdipp (Pan

ina humdified incubator. As negatjve cantrols by 3

vt CiBPID 2 GRS oh 08T P BB BT g Vel bY

transfectants w thout antibod ﬁ%#@é vwere labeled o

wivashin@istepin i REMTI640 aedivg- fonpashiicl PEre HIFPAER P4

5000 events were counted and t&g? gﬁger f. aq%

gttt Firs AEvg GE g B Oeeo e 0! BHOmEEe BF RGL el

det erm nation of EC50 val ues. The foll qw n '

eV gl aBak KR 76 15 Har AP RgIa Sey B s
were washed once and the cell-mix resuspended in 200 p] RPMI1640 medivm containing
the respoctive antibody at different dilutions. The plate was incubated for 4 hrs under
standardized conditions at 37°C and 5% CO; in a humidified incubator. Prior to FACS
analysis cells were labeled with propidinm-iodide (PI) and analyzed by flow-cytomeiry

(Bectén—Dicldnson). 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
EL* == events living cells (calcein stained cells)

CDC:
For CDC measurements, 5.08+04 CD38 CHO-K1 transfectants were addedtoa

microtiter well plate (Nunc) together with a 1:4 dilution of human serum (Sigma, 75~
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10 EDc  ---- x 100 ELc+EDo with EDc = events dead
cells (Pl stained cells), and ELc = events living
cells (unstained) 15 Cytotoxicity values froma total
of 12 different antibody-dilutions (12") in
triplicates were used in ADCC and duplicates in CDC
for each antibody in order obtain EC- 50 values with
a standard anal ysis software (PRISMr), G aph Pad
Software). 42 EXAMPLE 3: Generation of stable

CD38-transfectants and CD38 Fe- f i on t
P o5mmd e pemot aRe RO B INFEEEs cEe ek e b

screeq&ng t wo dlfferent expﬁ@%jb?ﬁ§§uﬁéde? ohad‘&g be

generation of CDBS Fc- si on
TR R L gt dsﬁ/f’e%iﬁhmﬁ“%ﬁ

bt RO SRERIEFOR e Lﬁeitf%F L g

for gh CD38 surface. ex )

m@mm@uféﬁ?b%}sd?ﬁ%ﬂ%a E%’S‘VCF?“W%F‘?S“%&?‘? {o%%ﬁi ng.

As an initial step Jurkat cells (DSMZ ACC282) were
EE¥IS or t he generatlon of ¢cDNA 10 (Invitrogen)

f ol | oned mpl i f |cat|on f 1 GERB:HP A BBferent
sequeﬁbgmgémﬁ FEEnRTS © g%p ggg%?§%$£$% them%?rst Al

and the Iast cod gn ( Btk sl
Y Ce R SR 1% (o ngis BFECSY sl Pk Tioving

t he CD38-inser f ubl i shed am no acid
§§Hﬁ@ﬂ§@w6VeW§%kson %%ggfhﬁgi998) except for position
49 which revealed a glutam ne instead of a tyrosine
as d ta—et—al—(399F—For—15

i ntrpd@dfi on of restriction endonucl ease sites and

cl onj rg—nt 0 xdiCPf erent derivatives of expression
vectoEL%tBNﬁs.l (Stratagene), the purified

PCR- protuct—served—as a tenpl at e

with EDC = gvents dead cells (PI stained cells), and

EL® = events living cells (unstamed)
Cytotoxicity values from a total of 12 different antibody-dilutions (1: 2") in

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

BC-50 values with a standard analysis software (PRISM®, Graph Pad Software).
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for the re-anplification of the entire gene (priners
MIEOO6 & MIEOO7rev, Table 4) or a part (prinmers
MIEOO4 & MTEOQO9rev, Table 4) of it. In the latter
case a fragnment encoding for the extracellul ar
domain (aa 45 to 300) was anplified and cloned in
frame 20 between a human Vkappa | eader sequence and a
human Fc-ganmma 1 sequence. This vector served as
expression vector for the generation of soluble

CD38- Fc fusion-protein Anot her

BXAMBLE | BaGeroration, of c%a%sc%‘-faﬂ‘g@af'ﬁs %’F‘? f‘%’?]%g ? cfiion
@DoEnful | -1 ength gene. In this case a stop codon in

front of the E od| &8 ion Sitfn ;
T8 QBT tosEeHTTRH @335\‘}%[ %:%Eg Surt %éﬂééexpr gssron
3EK293 ce l- f \Mftjj’_l):;g.]; .

tsu%enr.sehaflagksﬁs Hosd ol ""5’?%%&%2% e SRR ‘

sol . ubl e CD3 43 Fe-fusi apdy thkie R $8ns@hotion. of
ﬁafé‘mfwf% Wﬁgep‘fn\#; |£\$/)°e ‘Kailitscelll,s Wer e e

@%& ﬁ%lls eiglgfsgcgm Q]]%fegf ﬂ@&l@éﬂf tﬂﬂ%&&a@oﬂ%tf abhkle CHOK1 —cell line

I'hg ce I ne. e 4. Prinmer # Sequence

( oS of bnftibbEF pHaGdsQid hole
|\% m%é”gﬁ\lﬁ“ﬁgﬁfg‘gé@%éé%%@g@ TGT GCA AGAgEEfGA
Aﬂﬁ? SEQ | D NO  26) MIE004 TT GOT ACC AGG TGG GC
- TG (SEQ I D NO 27) MIEO06 TT GGI' ACC ATG GCC
AAC TGC GAG (SEQ ID NO 28) MIEOO7rev CCG ATA TCA*
TorGhiGa AR 11k GEAMEME RESEQrDuiiDion8y gerkfBEGOET SNA
ATA TC GAT CTC AGA TOT GCA AGA TG (SEQ I D NO 30)
v@ﬁgkﬂ? GoiloRedbsimlificaidans (¥ Gijre CR33-trelingengrence using primers
orlen lon. 5 EXAVPLE 4: Gl oni ng, expression and
ap 86 firky QAkfd hel gE 9 codons o8 E1D3Bo respashvedys (priver
full Iength I gG variable domain fragnents of heavy
(Mirko@ng MTEb2rev; Clhbler3. Sefispeaverlysis 0b SARBE-Insers IWIlﬁﬁ‘Bed the
expression vectors into appropriate pMORPH(r)hlg '
VABHGES ahfe ecili sgquess 1y Taoksod pt alRESPY)| eeapb T P"Sm"ﬂ 49 which
endonucl ease pairs Blpl/Me
revealed 2 glutamine instead of a tyrosine as described by Nata et al. (1997). For

introduction of restrlction endonuclease sites and cloning into different derivatives of
expression \lrector pcDNA3.1 (Stratagene), the purified PCR-product served as a template
for the re-amplification of the entire gene (pnmers MTE006 & MTE007rev, Table 4) or a
part (primers MTE004 & MTEO09rev, Table 4) of it. In the latter‘ case a fragment
encoding for the exiracellilar domain (aa 45 to 300) wﬁs amplified and cloned in frame
between a human Vkappa leader sequence and a human Fe-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 inseriion 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 Fe-fusion protein vector for generation of soluble CD38
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10 (insert-preparation) and Bl pl | EcoRl
(vector-preparation) were used for sub cloning of the
VH domai n fragnment into pMORPH(r) hlgd . Enzyne-pairs
EcoRV/ Hpal (| anbda- insert) and EcoRV/ BszW
(kappa-insert) were used for subcloning of the VL
domain fragnent into the respective pMORPH(r)hlgc_ 1
or pMORPH(r)h Iga 1 vectors. Resulting 1gG
constructs were expressed in HEK293 cells (ATCC
CRL-1573) by 15 transient transfection using standard
Talfataimppks phat @ cBRlefc tisr B¥pnetha dpsitte (HAP-Fleels were
| gGs were purified fromcell culture supernatants by
afahsfeviedyforaher genettingrodpkigble CRIPPPrenrs eI phar ose
colum. Further down stream processing included a
buf f er exchange by gel filtration and sterile

fliablerdat i on of purified 1gG _
a Byimérty [of >90 % 44 by ré&%ﬁﬁi“ﬁiﬁ(gys%é‘?m@ and >90 %

nonerig In("n de ]
én\ZEEQ%i on gﬁ‘aﬁ“cf@q Eﬁﬁﬁﬁfrﬁg‘* (Sﬂp EQ:B%N(QO%%%& of

Lhe-mter A TGARECISEGD Res
@ﬁffaﬁ%?%éﬁzuropean n of%ﬁ?% Testlng.%;(g:\rwcegg

Belgiam T GaT T §G TEE€60 UALNCAG FGAERJ Ib Nooa)of
JATEEoT &I%@(&chdqlo SEQ ID NOS: 23 and 24) For

SRMSTMECEGEORA.CY ATH ST ANC MEOEASS SECHDENQ: 26).
regions were anplified by PCR using cDNA prepared

TNIoHIdRR INECG AT ACRIAOGAY GITICHAGA TESIGCA ARd THEEREAED NO: 29)
#87021903). A set of primers was used as published

(NBTE00Srm] [CTGATAITG . GAT 656, AGHIGTLCAAGA TIH§ERQ ID ND: 30)

PCR produicts were used for Topo-clening—{t+navitrogen:
ptﬁhmmw@9$®PVMQndﬂ§ﬂﬁﬁﬁés%6?@ﬁ?@@mmsubjected to
sequence anal ysis (M3 reverse priner) which reveal ed
two different kappa |I|ight chain sequences and one

DERANIA: DG Caph SR pRHBG LR RATRGT:
ucr eot te sequence dat abase) and
l fnto%e?tté"é)%résﬁ]ﬁtigfgih Bh, MriabkWibhinGagmertts éfteavy (VH) and light

pa sequence belongs to the intrinsic repertoire of

g@ﬁ ) GRld  §ubSloRid [kt NBib 1EpXERAGEBES dmal iyprpeate
does n belong to OKTI O anti body. Therefore, only

mgﬁoﬁﬁﬂﬁ PR nﬁ@&magﬁa;amﬂlmhkmmmngiammmwkwagnEmBhw%ﬁﬂ
was

used for further cloning. Both fragnents were
krfishnf B4 AIPRERHU(vebtomprofaratien)twere psed for subcloning of the

endonug%ease sites foll owed by cloning
VH domain fragment into pl\/;{ORPH® hlgGl. Enzyme-pairs EcoRV/Hpal (lambda-
msert) and BcoRV/BsiW] (kappa-insert) were used for subcloning of the VL. domain
fragment into the respective pMORPH® hlgr 1 or pMORPH® b Jgh 1 vectors.
Resulting IeG constructs were expressed in HEK293 cells (ATCC CRL-1573) by
transient iransfection using standard calcium phosphate -DNA coprecipitation technique.
IgGs were purified from cell culture supernatants by affinity .chromatq graphy via Protein

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

filiration and sterile filiration of purified IgG. Quality control revealed a purity of >90 %
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into the respective pMORPl e |1 gG - expression vectors.
The sequences for the heavy chain (SEQ ID NGO 23)

and light chain (SEQID NGO 24) are given in Fig. 6.
BEK293 20 cells were transfected transiently and the
supernat ant anal yzed in FACS for the chinmeric OKT10
anti body binding to the CD38 over-expressing Raji

cell line (ATCC). 45 EXAMPLE 6: Epitope Mapping 1.
Material s and Methods: Antibodies: The foll ow ng
anti-CD38 1gGs were sent for epitope . ma

L1t redticng rTESLP ST @nd R0 B Joonrercrig s %ﬁ@% gﬂfg%ﬁf analytical sz
2CHE106_030602 hunanewggﬂ 0. 44/ 1500 079 ﬁ%ﬁn b
hatpiesior g@im@ezBRhE (e mw@%ﬁi@& T8 Y2

lg@ 2.28/200 MR03100 030612 6SBA6 hu
(ki36i¢ 58D beteil psay0Sewbrsx Buppepn EndRivhih r%”‘%‘igf%%m)
OKT10* 5 * chineric OKTI O consi stl ng ofhurran Fc and
nouse vari abl e regions. CD38-Sequence: The am no

acid (aa) sequence osition 44 -
HENAMPOESS Genwation F’%‘EP"(’(dﬁémﬂbﬂg |°P§‘W§'&Q%'§’;‘§f @R&G B30 »
NPSI3pRAPEAr i mar y acceSS| on nunber P28907. At

Fgfg’l RS "%32&@{8?& %gp?aknwys The antglgigﬁesﬁfCR

peptlde wer e nt es @PEI0RIV03
ausgtg SDRAEHeA P é%leﬂoaﬁm%\y l:é?ﬁﬁle@ém@ )

ef i ned arrangenent

e tlde arr 1d 9b6) ZhBiEet al., 1994
cels tL?I BQI@EW %‘sﬁas’p dﬁﬁ%%a?ga%/ngm\%g?g gerformat >

o) S  Glrtd a

r‘Fay 'S 1 nc I'ocki ng buffer for
%cr:tg to se:':&l cetaﬂa]yms (M13 reverse primer) which revealed two different kappa

light chain sequences and one heavy chain sequence. According to sequence alignments
(EMBL-nucleotide sequence database) and hterature (Krebber et al, 1997) one of the
kappa-sequence belongs to the infrinsic repertoire of the tumor cell fusion parmcr
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 reshiéﬁon endonuclease sites followed by cloning
into the respective pMORPH® 1gG1-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 h’énsfected transiently and the supernatant analyzed in FACS for the chimeric

OKT10 antibody binding to the CD'38 over-expressing Raji cell tine (ATCC).
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15 reduce non-speci fi ¢ binding of the anti bodi es. The

ncubation with the primry (antigen

pepti de- bi ndi ng) anti body in bl ocking buffer occurs

f
(

S
(
I

S
C

ol  owed by the incubation with the peroxidase
PCD) - | abel | ed secondary anti body, which binds

el ectively the primary antibody. A short T
Tween) - TBS-buf fer washing directly after the
ncubation of the antigen peptide may with the
econdar antl bg@x followed by the first 46

BEAME B¥eriment is made to get a first

%ﬁ“w e X‘t@" figen peptides do bind the primry
a 3’ evera "buf fer washing steps follow (T-TBS-
a

(

pbuffer) to reduce false positive binding
unspeC|f|c anti body binding to thé cellul ose

MRRIYGAGAng dnki TG dresent foegtomesippings: St eps the

Lnal chem lLiuum neccaonce anal vuc

)

at a weMORdnal ysedv;v;i;q?i#;n@l rrag‘l‘lf?zﬁﬁ‘g mi "lfiﬁlé

$

sianal jntensity ( Li~athttH La
i ngl MMORGITT e (EFHE lqﬁqu")@@fﬂl rﬁ{%e ﬁgégﬂér to

by al-uat S e—bindin

:antl b HEPREOT% ?ﬁﬁ%n 199} h"#’ﬁ’é%gglant iﬂbol iﬁgs wer e
bri na”bawgo‘ St oL SRS e B, PP e i mary

te _non cnacifie ||c - ary

Aaac

.ollll I L4

i y e ' rdes it
can bé)f%}flp%gql U%OGEZ %§ﬁ§61 nvvln't i%}é) I/\%B?/csﬁgip[nlcreZsles

¢

ant | a was scanned with 13t
aéWﬁHFQWWWF‘&WT]%Wﬂé %ﬁr ays of 123

p

VOR3077Y

oot

he acuaht vt 36603 IQEH:FXPF Wmerr Qj‘gﬁof or
M, 1 ?n S case a clonventi onal| coupli ng

hem@KT0*vi a {ree am no-grjoups is perfforned. The

epks-Safuenddt Ndi Nng assays were perforned directly on

ot Loy R A O RO A o

V‘ﬁ,Fe gg#ﬁ%?m%é | e RSO AIASirhi3DRkAE0h BBERAGDENY. At

F’@&é habel

OXI conj ugat é-goat anti-human 1gG

Pos1 on gl%ﬁ;a rga @Kﬁ&h%l gfg[‘g Ak dsdd foshd flpREL-RBLR bOdy;

The mappi ngs were performed
%‘Lb n&ﬂum nescence substrate in conbination
PR gl ng system Additionally, a direct
Baks ferdVERARBEZ:E onvsclipREd MmemiEahe in aotaeise tngmner

ncrease ﬂi)éﬁe sensitivity of the system 20.

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

Tn 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 primacy (antigen
peptide-binding) antibody in blocking buffer oceurs 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 afier the incubation of the

antigen peptide array with the secondary antibody followed by the first
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2. Summary and Conclusions: Al five antibodies
showed different profiles in the PepSpot analysis. A
schematic summary is given in Fig. 7, which _
illustrates the different as sequences of CD38 being
recogni zed. The epitope for MORO3079 and chineric
CKT10 can clearly be considered 25 as linear. The

epi tope for MORO3079 can be postulated within as 192
- 206 47 (VSRRFAEAACDVVHV) of CD38 whereas for
chineric OKT10 a  sequence between as. 2

er i A led Feptides do
(DO EDSSETSRTs S e i, L P B S A PR
v o et Db R B e B S B e
Moy s sl PGB QHBPTHCT U A RICHE s Papiest Pnfian
Selbshns eorebmsiy Or tpl bt iR AR e e
F R T e R R T e
T I o SO oeP R oy ST Y By 50 BiRate on
o otk SEaE Fioudy LERAREEFkumal LS, BER b Bics e
veRB B B Ravd? AU be SRR AR, hOt sp

1 b S ey . .

B R A A Al e I e G

0t . - . 2 rm ' .

T e T
i t i ; 1S VGRS upsSis fir@ainb

E e L e i el e s

ideh SRINEM8 Fifl 19GRP 1 8fihé 8RE. ovddp). Ahistrepiesd in
; Phe Hltigch 9/ Tabitcl %"éiﬂ 110-3??%‘&1{38- 164, 186-200 and

206526423 LBinding hisafd et RerERien dpdclty o i laraly. TbspEptide-
f%%Tg Nhtgﬁﬁggs anggwa%ods: Proliferation- and a

'Aﬁt;u_ﬁd lfalﬁ{ifoaﬁ@ SR 83T 7H MNER(2629) MERDINBOEMGRIS00W jand) chimeric
usiello et

OKT10 were detected using a peroxidase-labelled secondary amtibody (peroxidase

conjugate-goat am;ﬁ-hman 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, adirect POD-labelling of MORO03077

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

2. Summary and Conchusions:

ATl 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
recogmized. 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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al. (2000) with the follow ng nodifications: PBMCs
fromdifferent healthy donors (after obtaining

i nformed consent) were purified by density gradi ent
centrifugation using the Histopaque cell separation
system according to the instructions of the supplier
(Sigm) 25 and cultured under standard conditions (5%
C02, 37C) in RPM 1640 medi um 48 suppl enented with
10% FCS and glutam ne ( conplete RPM 1640"). For both

Z;;ays the¢@follom%£8 anfibogégs merg%#gﬁg%ﬁgygﬁ%&&%naa
MOR03080, an agoni stic nurine’L a noc

25130698 (NREVENRIDIFLTD) @tm%ﬁg?lg%%’ﬁ%%u%aﬁhﬂ]ﬁlgl tafter mpeults
HuCAL(r) 1 g3 antibody, a patch j C r .
(owniri e pelistisd dafp £ oo Iabﬁlf’é’ﬁg‘?@%ﬁfé%@g“ﬁ-eg %%é?%?%wh“h
anti body; cat.#: 55557 I GL55- ; o
Diogtklzted s iepitage bﬁWﬁ@&ﬁﬁ%ﬁ*@%@ RENEET f*’ﬁ%‘gf E‘ﬁgﬁ‘% Bfiition and

assay, 1

.0 E+06 . PBNMCs, in 0.5 ni .. . RPM. in
- Wﬁm@%ﬁﬁ%&% g ?Rg%‘faé‘“‘%ﬁ@f%&r‘f SMC%??%% s

tube (Fal ' i hodl 85 o
by SP A AN R P Do gRt i ahad sin o

anal ysed for. I L-6 rel ease using the Quantikine kit
Wﬁbe?%mﬂﬁg‘lo manuf acturer's protocol (R&D

systens). For, t [ f ' S = Ofh05 RBYiSe
vv)ér &hg 5 &F ?vg?ﬁ@egdayagﬁ ?%bg%%gv\eéa}ﬁl gfI at bottom ¢

E&%%g- gunc iQW£BSF@%S§8R%&mfﬁﬁéﬁm;Qﬁéﬂfﬁﬁqbﬁaﬂdﬁ@Swmn

car out 1 n duplicates. After 4

?%ﬁggﬁ&g g’m"‘s’? fs%p%g?secg%p Q. 586164 Wl 4= 18907 cRE MOROBUSORAL £0B2-

rs at 37C prior to cel

L . {; 3%%8%14, g?fg%w%—gﬁpéﬁ Wzabb® for 3ORGF] DO FHidvvérNsome overlaps

& supplier (Roche). Incorporation of 15

g’ﬁ%y%en\g}%t%%%?%g‘ﬂe%@ﬂhﬂ@ el B TR R it Sesidhn Ipiienl aa

m |'um nescence- based setting. 2.
SUNERL Ve AN CORRGTNAIBOATT, p&iid #10peat i 53R 7AYEWEGEENTSKINY;
aaorcTﬁlEtoln%% tocﬁgs catal yti cp?gt ivities as a cyclic
A@%ﬁ&&@%ﬁm@%ﬁ&&ﬁﬁdﬁﬁﬁﬁ@ﬁﬂb&ﬁ@se, CD38 displays the
abrrl'ity to transduce signals of biological rel evance
(HOSHL BR:ofd foRMOR0BEE /Gan be considered as clearly different from the latter two

and can be described as multisegmented discontinuous epitope. The epitope includes aa

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 JL-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 comditions (5% CO2, 37°C) in RPMI1640 medium,
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Ausiello et at, 2000). Those functions can be induced
in vivo by e.g. receptor-ligand interactions or by
cross-linking with anti-CD38 anti bodi es. Those
signalling events lead 25 e.g. to cal cium
nmobi | i zati on, |ynphocyte proliferation and rel ease of
cytoki nes. However, this signalling is not only
dependent on the antigenic epitope but mght also
vary from 49 donor to donor (Ausiello et al., 2000).

ke g I
RS S SRS SRRy AP hiorsor,
T T
R Pk it AR s e
BRI S bl o g S Sl oy 15
EhHSRGE LAY £ RS A, Y BB, D7 bt

ucti on of

p Iferation an Lk : ;
PERML i Boinal e e BELERN A RgRATREE o i s mi
assa . I : t a1 RNES b i

SRR o B et B0 B N3 UM et
f&%@hﬂ&gﬁé&eﬁhtﬂﬁ% Girvit BRlesse (R B GRL@IAH BPaccording to the
i nfornmed consent y density gradient centrifugation
US LG e H 58 tokdMRerstibh t264%Y 2UBI0SI PBEIC
t%ﬁﬁﬁ% |n§5$ﬂ%§?g%§£%%§{hg gﬁg%?ier (S?gna and Hes

| peubalededMol B @i fel 8 lvelabeAlotbin)pldid G in -tk Ssence of 20
anti bodi es (Mabs®™ MOR03077, MOR03079, and MOR03080)

ﬁ‘/ggmi DELBAS BAKBsEP Vot lriddRE) in @HSMHID Ader 4&hys Bfd was added
diumand an irrelevant HuCAL(r) 1gG served as
bRGLa! RiNehd CaRtHRbateRE bh 2RiHOEXTC4 BSIBY7°C@FisH 16 bellfixafion and
4. OE+05 PBMCs which were incubated for 4 hrs at 37C
| DNARRVAAG46h M0R6kdHa 16 WiRDprowes) tof dhenubplict QROcRESnofiperation of
the cl onogenic assay 2.50-m "conpl ete”
netday | w8 | mbaeed (68l | Sy sinsmniUwasrokiteewbaleld mkibdly2.ib a
E+05 cells fromthe

chemiluminescence-based setting.

2. Smmmary and Conclasions:

Proliferation Assay:

Tn 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. rece;:tprdjgénd
interactions or by cross-linking with anti-CD38 antibo&ies. Those signalling events lead
e.g. to calcium mobilization, lymphocyte proliferation and release of cytokines. However,

this signalling is not cnly dependent on the antigenic epitope but might also vary from
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ADCC- assay and i ncubated for col ony-devel opnent for
at least 14 days in a controlled environnent (37C
5% C02). Col oni es were anal yzed by two i ndependent
operators and 25 grouped into BFU-E + CFU- GEMM -
(erythroid burst formng units and granul ocyte/ 50
erythroid | macrophage / negakaryocyte stem cells)
and CFU-GM (granul ocyte / nacrophage stemcells). 2.
Sunmary and Concl usions: 5 Since CD38-expression is
not only found on inmune cells within the nyel oid

(dongr to dmnoCyusislo o Parii0Be Ja Ehe) vigh @f FRBRESIERPY iR agwistc
(e.g. activated B and T-cells; plasma _cells ut .
adngibodies arh @rofeelie OVETyeEopistisc pFibedies &hF@fO(fe&M-)ﬁ/l%ﬁ%kFP%

it is inportant that those cells are not affected
aantibdstiy(MirbsdMOREFO T MORRZ7OTHORAP L werg f%ffhsm“@@ﬁ‘ﬁ%zeg hna
assay was applied in order to analyse hose effects.

oprolifBation 3w Br-bydnparigntdM; BOPBlor Pl Ay foyfyraparison

donors were incubated with HuCAL(r). anti-CD38
. aletthpedirese agtibaty: $hOR LR apd maggﬁjégéﬂnug(&b?éﬁievgl}oﬁonal antibody

controls (irrelevant HUCAL(r) antibody, nedium and
rBference antibody chOKT10 as positive control)

di t t ADCC- . fal l
o S e bR 3 BT ATt ook g et R e
I - d I t in Fi
T T

shown for all Hu r nti_- [ i

cehperkg" %mg‘ff“f’%(“@zfg% onZR F%@a@"[%?@ %? ﬁ‘géprags?éor %%ce
ant i body . LE 9: ADCC Assays with different
c%ﬁof’l-s‘?ci%’gg" and primary nmultiple nyeloma cells 20 1.
Materi al s and Methods: |sol ati on and ADCC of

MWt pati ent sanpl es: Bone marrow aspirates were
obxaiMIE 8:fClammgenit bisgt e nmyel ona patients (after

obtai ning informed consent). Malignant cells were
plNdtexials gpdsMethedsindar d prot ocol using anti - CD138

tic bead M|t ' ft ' :
or AP TRt SR o gty RO T Y et fom

pﬁga{tt?; gglgnd%zﬁs Pa%“;’rcgblta?nelgg informed consent) by density gradient centrifugation

using the Histopaque cell separation system according to the instructions of the supplier

' (Signla) and incubated with different HuCAL® IgGlanti-CD38 antibodies (Mabs

MOR03077, MOR03079, and MOR03080) and the positive control (PC) chOKT10 at 10
pg/mi. Medivm and an irrelevant HuCAL® IgGi served as background control. Each
ADCC-assay consisted of 4.0E+05 PBMCs which were incubated for 4 hrs at 37°C in
RPMI1640 medivm supplemented with 10% FCS. For the clonogenic assay 2.50 ml”
-“complete” methylcellulose (CellSystems) was inoculated with 2.5 F4+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 gramtlocyte/
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25 before. 51 2. Summary and Concl usi ons: Sever al
cell-lines derived fromdifferent nalignancies were
used in ADCC in order to show the cytotoxic effect
of the HUCAL(r) anti-CD38 anti bodi es on a broader
spectrumof cell-lines including different origins
and CD38 expression-levels. As shown in Figure 14, 5
all cells were killed in ADCC at constant anti body
concentrations (5 gg/m) and E T ratios at

30: 1. Cytotoxicity via ADCC was al so shown for ,several
recyiitiroip] /e nagrepbogrn/ ReRARATOSYIE G (RIS &AL §3FUA{3}‘J (eresfoeyts /
anti-CD38 anti bodies were able to perform a dose-
chepmpliattekicdllsl. ng of Micel |'s and the EC50-val ues

vari ed between 0.006 and 0.249 nM (Figure 15) 10
EXAMPLE 10: Cross-reactivity analysis by FACS and

[ ' - Lisdsty (O 1. Materials and Met hods:
e Pﬁggﬁﬁglﬁ%r | HC HUCAL(r)(r) anti-CD38 Mabs
ke AD IRt RI6ANE nOEGEYifvrmd dibingwme reells within Besdgpydeid de-2-
converted Into the bivalent dHLX-format (Pltickthun &
Radicytes ] Blocyles)nind dmyaphoik tindagm ¢e.¢ rosiveted Pprndnbaells; plasma
derived from Cynonol gus nonkey, Rhesus nonkey and

hud 1183 Bt afsb 64 fhie Gaspcbtifer enutshecells CMEEDE)t his impatapt that groso
of Pat hology of the University of Graz/Austria) were
Coefls wk tobt #ffekted bp a@iMROHMediatyd silme. Tsebre.oh SIONREFHEC ZF5pY. Was
dried for 30 mnutes to 1 hour and fixed in ice-cold
repplidnobrdérar and@sathons HecteandCINGS 8D Bo@IASPBS.  For
the detection of the dHLX-format a_nouse anti-%%s oo
ARNIGo dym( Bialiovayors were ngiatedt With HACARS AE-ERM epiprdies
Kit (DAKO was used. For the detection g%y@he. odi
AMab#ICDBSH?. end MebHa)arisbesel senipls, (greleyant £ Hiihpdy medium
nonocl onal OKT10) the Envison kit was use onl y. :
FebQ Sefanvadeyaniibody chPEAHh st pestiye °EE?PR—%°—F‘E§F%%’ bFighgid ADCC-

sanpl es were obtained from .
prg’gcjncol followed by further incubat?on in conditioned methylcellulose for colony-

development. As shown in Fig. 13 no significant rednction of colony-forming umits are -

shown for.all HuCAL® anti-CD38 antibodies as compared to an irrelevant antibody or

the reference antibody.

EXAN[PLE 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 Biotee) after

density gradient centrifugation (Sigma). An ADCC-assay was performed as described

before.
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25 heal thy humans (after obtaining informed consent),
from Rhesus and Cynonol gus nonkeys and subjected to
density gradi ent centrifugation using the H stopaque
cell 52 separation systemaccording to the
instructions of the supplier (Sigma). For FACS-
analysis cells fromthe interphase were incubated
with primary anti bodies (HUCAL(r) anti-CD38 and
negative control Mabs as nurine Ig&a or Fab-format,
the positive control nurine antibody OKTIO and a
ﬁhﬁ@m@@ﬂﬂgéﬁVB uSE rol ) fol l owed by incubation with

\ \: 2 order
oy B e B RO Bl B 20 8 order
( o g% 8?;'31%% g cg h% e ﬁ%@% &ﬁgfﬁm‘ﬁ@@dﬂg &h b @rdaRs éﬁbﬂmm of

ocy population. 2. Summary an

tﬁ{f éPUSI ?urclilsng éb%g%gi %1& Bk 2 e ﬁoﬂl@:{zé}s ap ahowias Figake 14,

reactivity. \Wiereas al

AR d B:T
H%3§§es |n é%ggpbﬁmﬁﬁEggﬁﬁ9%RCROSO%%I?§g£?%g?

V¥at§or§ & I}ﬁ 1Rk c\{t&/ﬁﬁ) DR wRKTRO sRaWet séBrab aaitplcomgdloma
n

reactivity onol gus and Rhesus nonkey CD38

] LaMITHAE anfddel Fers able Ibpeliabh @ dose-
55&_es§ﬁ£§§§ggc%g§gg?ﬁgﬁd Iynpﬁmnodes (IHCf from --

qv%]ggm SIS BB SMSs end HHAS0GENes vatbl TREwdeh DI06Y ardiIide M
Mab#2 ++ Mab#3 ++ ++ ++ PC ++ ++ ++ NC -

" (Figure 15).

EXAMPLE 10: Cross-reactivity analysis by FACS and immunohisto-chemistry
IHC) ,

1. Materials and Methods:

THC with tonsils: For THC HuCAL® anti-CD38 Mabs and an irrelevant negative
control antibody were converted into the bivalent dHLX-format (Phickthun & Pack,
1997). 5 pm cryo sections from lymph nodes dcrived 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 minues to 1 hour and fixed in ice-cold methanol for 10 minutes and washed
with PBS. For the detection of the dHLX-format a mbuse 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
ounly. |

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

monkeys and subjected to density gradient centtiﬁlgatiqn using the Histopaque cell
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++: strong positive staining; -: no staining; NC
negati ve control; PC positive control (=reference
eMAb) 53 EXAMPLE 11: Treatnment of hunman nyel ona
xenografts in mce (using the RPML8226 cell |ine)

wi th MORO3080 1. Establishnment of subcutaneous nouse
nodel : 5 A subcutaneous nouse nodel for the human
nmyel oma derived tunor cell line RPML8226 in female
C.B-17-SCID m ce was established as foll ows by

Aurigon Life Science GrbH (Tutzjng, rmany) . on )
sdparaGon systhy zecordivg- i the msky b’flo‘ihg ﬂﬁ?m%%a?'i fa s
(ASGM (WAKO Chemical s), which deplet.e the .

xeshostseeslls five tRKIEEPhase WhrerRgEbal ey qiihodics (FlCAL®

S DAY BEOE AT e B PPy FP e B Y e

day 0, either 5x106 107 RPMLB226 | Siniaki.
e e T A L e e
i ght f]ank of ni i t her treated wi R
Qe epiSS AL B oo fe e PEsemy i G TN 3 me

of fivemce). T vel opnen L 'Bmﬁ%
&mﬁWﬁgumﬁF%H}%?%ﬂéi?ﬂﬁq§¥ﬁ#§msﬁﬁ%% |ca%f&§%+?%%éencequa
being. found for treatnent with or without anti-asialo
OURUEH9Ri bodi es or by 15 inocul ation of different cel
nunbers. Tunors appear to be slowy growing with the
tendency of stagnation or oscillation in size for

0 PEmAaycand Donclnsiosz s oscillated in size during the
whol e period of investigation, and tunor even

r e gErCAI® anttiCH3 S upp erlwad for Gricgspsricp ﬁg’ﬁ? Soask Vg'i- Ohgreas

f 321 MmB. A treat t stud ith this t [
SHonl-GD3% isbitee aIRFIAUMBER COF S oB NBPOTHS 0 A Sgid TG
i mal . 20 2. Treat t. W )
STUMIHP6ER Toaaiam P o, agiks CHBPY SRR B Giichl
Li fe Sci GrhH (Tytzi ng, )
ST Sy IR YLD 2L BN (076D B, M

anti bodies (HUuCAL(r) anti- 25 CD38) as conpared to
tamaly§iBhi cl e treatnent (PBS). The human anti body

hMOR03080
Table 5:
1 Lyapbocyees (FACS) aid tiph-hodes (IHC) frof: . .
‘ : . T : 'Cynomolgus' Rhesus
- Antibody - __Hurpan_' " Monkey . . |- Monkey
-Mab#.l . ++ - _ -
Mab#2 ++ - -
Mab#3 ++ ++ E2 3
PC ++ ++ ++
NC - - -

++: strong positive staining; - : no staining;  NC: negative controf,  PC: positive control {=reference cMAR)
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(isotype I1gd) was tested in different anmounts and
treatnment schedules. In addition the 54 chineric
anti body chMOR03080 (isotype Ig&a: ‘a chineric

anti body conprising the variable regions of MORO3080
and murine constant regions constructed in a simlar
way as described in Exanple 5 for chinmeric OKT10
(marine VIWL and human constant regions)) was
tested. The RPML8226 cancer cell |ine had been chosen
as a nodel and was 5 inocul ated subcutapequsly in.
fEXWVIBLBOID Frieataneat of duunanpeyelgna,enosfalls 4p dﬁ%? psing fhe
tRRMISZ2 L} line) matho@ROFREOght (b.w. ), tunor vol une and
clinical signs. 2.2 Antibodies and vehicle The

ant i bodi es were provided readﬂy to use to Aurigon at

dofeablishmentahgrbsptaers Mg *™®To (MOR03080 higd) and
1.73 mo/m (MORO3080 .ch s “80C ool Tine
gl AT Bepp g 7 paE a5 BTl R oot o

unt I es were thawed and
| widh PBS 40 i BCLA¥BHENEs follows by Aurigon Life
%@%r%tft%ﬁ? %%eﬁ\%ﬁﬁc e PBSS) was proovi ded ready
to. use.t F 1 At 045ad Uniatilasialo GM1 polyclonal
a%b&fl?ec%?’?%ﬁ&t%f%g’z. g Aﬁ?n(g{&g’peci fication species:
mo . N oQ’ﬂéﬁ& ',%hi%ﬂ'd dtélthe xenoreactive NK-cells in the
(%&%ﬁ%ﬁéﬁ%gﬁ%m Nuﬁer andagex: 75 femal es

ljer. o8 MEBendBaiiR | drakejio Haactitiife 63 Qesidpal Phcific
%’gﬁt‘hﬁét%%%gﬁsﬁ V\éfré-*htyggdered: appr. 18 g

LOBLLZ A e R-97-96HS miks. Bn 4ayl OEhecS410° bi el 0'TREMIB226
tunor cells” (RPM 8226 cell line) were grown and .
t PP&Q& §E5h LOPHY hefORodulafed subittansy Gblthe tght flenkt ¢fgmice
cells were splitted and grown for another cycle. _
AU L GRed RABREIEE (b &s6:tkd Sbdvey or mjrenttd @achogrotphengsipg of
of inoculation. The culture nmediumused for o
five mice). Tumor development was gimilar 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 oscil'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) io
compare the anti-tumor “efficacy of intraperitoneally applied antibodies (HeCAL® anfi-
CD38) as compared to the vehicle ireatment (PBS). The human antibody RMOR03080

(isotype IgG1) was tested in different amounts and treatment schedules. In addition the
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55 cell propagation was RPM 1640 suppl enented with
S%FCS, 2 MM L-Gutamn and PenStrep. The cells
showed no unexpected growm h rate or behavi our. For
i nocul ation, tunor cells were suspended in PBS and
adjusted to a final concentration of 1x107 cells /
50 | in PBS. The tunor cell suspension was m xed 5
t horoughly before being injected. 2.5 Experinental
procedure On day 0, 1x10 RPM 8226 tunor cells were

i nocul at ed subcutaneously intg the right .dorsal ..
fchiaprkic niitpgy SEYIDRGIEES. Gealips [E2ar, P SHTRALTGR Fohprsne te

Loty RSPRS00l 2R LR it vy
gﬁggiﬂlés%&g‘?i]\rl]v]é} Fg%%ghr%ﬁi%%gf %i&léd%gnclrﬁena s Za&g&?%uﬁ%g Gonstant
ot weoleaite 1o RENRRDS e ey TR ot SR R g e
e S ORI TG DS G5 SR AP AT Ehfgnits i e
e tReREeT o ngmgr sl bR T oo son
with pre-treated group 5 (all but three m ce show ng

tupor val upes of J.ess than 10 B, one with about 22
rﬁ'l;g? éﬂg‘{’ﬂ‘ﬁ%taﬂggﬁhégl 44 mB and one w th about 119

mm) i dVB B fod B AVBYRT  conS@femhs 6ER/13 mg/mi
fro%he%gﬁ@%sgvg&g)ayl.% vvi%h eithergPBSccEVehi cle; group

1 g 86 {HIEGDdPand)st@ed & -RGCkantl
éé‘dv?l%%g—%ﬁ%%%o%&&b (grgougﬂgjggor vl\%h 5 20 ng/ kg b.w.

C%hﬂc%&i MRRORGRRick GreRlihaddd afd QiliiedCwithi BBSOG frecesprative end
any treatnent (see Table 6). Tunor vol unmes, body

Weh Bttt drie hveilble @BSS wgs frovigédtrentyas teael Atmigon bbdgedat 4°C
week until end of study. 56 Table 6: No. of Type of
Suhsipns8omchedul e Treat ment dose Appl. volune G oup
ani mal's application | ng/ kgl 1111/ kgl :

2.3 Animal specification
Spécies: mouse
Strain:  Fox chase C.B-17-scid (C.B-Igh-1b/IciTac)
Number and sex: 75 fer_naies 7
Supplier: Taconic M&B, Bombholtvej 10, DK-863G Ry
Health status: SP¥
Weight ordered: appr. 18 g
Acclimatization: 9 days

2.4 Tuamor cell line

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

prepared the cells for imjection on the day of inoculation. The culture medium used for
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vehi cl e every second day 1 10 ip. (PBS) between day

32 an - 10 day 68 MOR0O3080 every second day 2 10 ip.
human 1g@ between day 32 and 1 10 day 68 MOR03080
every second day 3 10 i.p_ human | g@ between day 32
and 5 10 day 68 MORO3080 every second day 4 10 i.p.
chinmeric between day 32 an 5 10 | Qa day 68

MOR0O3090 every second day 5 15 i.p. human |gd

between day 14 and | 10 day 36 6 5 - - - 2.6 Results
5 Cinical observations and nDrtallt %0%1% d
tashrpropagation et RFME 1649 ypelemetsdnyittyp /"f Cﬁd 7 HPS@ uiamin an
nortality were observed. In ro G 5 ny/kg)
fRynStrepnTtemklls shioveed g Hﬁ?"ﬁﬁ’t@l%@%}l?&eﬁ@ﬁ %Fligf %rone on day

3, one on 10 day 34; two on group .4

( muFq Gracuiatipny/ végl)or gells Wgteess ')P§8 f"ﬁ‘a’%& 8
sanpl i ng (day Al |l oth s, t .
ChamaerEaLon of KRyl 0 YRR TES ﬂé%%oa @é&%ﬁ%ﬂe‘mo s et
tunor size. Body weight devel opnent

thoroughly before being mjecied-

2.5 . Experimental procedure
On day 0, 1x10” RPMI8226 tumor cells were inoculated subcutaneously into the right

dorsal flank of 75 SCID riice. A first group was built with 15 randomly chosen animals
(group 5) directly afier inoculation. This group was treated with 1 mg/kg b.w. hlgGl-
MOR03080 every second day between day 14 and 36. Frém all other 60 animals 4 groups
were built with ten animals in each group on day 31 (tumor.volume of about 92 mmS)
Groups 1-4 were built with comparable means tnmor sizes and standard deviations. An
additional group of 5 animals (group 6) was chosen showing relaﬁveiy gtnall tumor
volumes '(tumor volume of about 50 mm®) for comparison with pre-treated group 5 (all
but three mice showing turmor volumes of less than 10 mm?, one with about 22 mm’, one
with ‘;lbO‘th 44 mm? and one with about 119 mm’). Groups 1 o 4 were freated every
second day from day 32 to day 68 with either PBS (Vehicle; group 1), 1 mg/kg b.w.
hIgG1-MORO03080 (group 2) or 5 mg/kg b.w.hIgGlfMOROBOSO (group 3), or with 5
mg/kg b;w. chleG2a-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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No drug related interference with wei ght devel opnent
was observed in conparison to group 1 (vehicle).
Body wei ght was markedly influenced by bl ood sanpling
in groups 3 (blg&G 5 ng/kg) and 4 (mul g&a 5 ng/ kg).
Despite such interruptions the nean weight gain of
all groups was continuous. 20 Tunor devel opnent (see
Figure 16) 57 In group 1 (vehicle) tunor growth was
found in the expected rate with a slow progression.
As this cell |line has a pronounced standard devi ation
VEdble for the |largest and snallest tunor have been
excluded fromfurther statistical_analysis—Fhe tun
r owt heQds | afipb@l $.1 rou S CcOrpambdybee| Sl rdirme
GFUP 2 d%:fdmn ;P‘%’g‘“‘q (Ssr‘f%e?'\égt ed) , g8l ¢ hough*ehi s
rouprstanted w rwé%dlow&&yﬁeﬂﬂﬁ%bnnr vol ung on day

1.1 Ty emt fentp. mi (1; hpwetokes32hye a slight 10
nfl uencelon the tllnmr ﬂrmﬂﬁwﬁgr ot a—gH-oth—1—+wo

. d day
ice had tlo be immhmnn a§3§§:eg§ day 83 befausg of
he’ t undr |si ¥, &1 £one before day 87, so

-

hat—he nean val wEpsecouddayire 1s no | pnger

epr esent at i ve af 0%0 t@@lﬂﬂi-‘ﬁﬂ@i'roup B, ohe nﬁ’use
ad th be |eut haniz Lor 5y 8h beeatise—pt—the
tlunpr | sj.z4, two rﬁ‘%ﬁﬁf bgﬁ&ﬁ’@ﬁi—w 83,sand h fut her

dane’ beforg dﬁ? 8',k§@a nat &fw@ nean val ue of tunor
of umE"Ts N0~ Tong 3&;3me$®nha@y/e after day 76. In
grosup 215 tir ed.ed Mﬁmbm yHa of higG | on¥

ni mal _hag. been ¢xcludeg{+BRE futther—anatysis;
ecausest He tunmon grew {nto the muscul ar t|>sue-and
tlhhis usual l" e Rces he- Speed of—t-trot s oWt
Conpar ed with the control group 1 (vehicle) the 15
nefn ReE size started to differ significantly

startlng wi th day nt|I the end of the study. No
ek “‘ér%

mas observed after end of

e AL PR

ecr ease | t unor ar owh in

s%’ﬁ 4 @@%@1 -!| ?g%é)oygl’ %Iigﬂ\inﬁe&}étf Uﬁl)!% ahBEnlﬁ {one on day 3 one on
The P30 o YIPE 0TG4 ShlBt' L2135 4 SN Mg blod

sampling (day 34). All other animals, that died during the study have been euthanized

hecause of the tumor size.

Body weight development

No drug related interference with weight development was observed in comparison o

group 1 (vehicle). Body weight was markedly influenced by blood sampling in groups 3

(bIgG1 5 mg/kg) and 4 (mulgG2a 5 mg/kg). Despite such interruptions the mean weight

gain of all groups was continuous.

Tumor development (see Figure 16)
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20 the end of treatnent. One out of ten tunors

di sappeared at day 45 and did not regrow up to 19
days after end of treatnent. The best perfornmance of
all treatment groups starting with 92 mm8 t unor
volume was found in group 4 (5 ng/kg b.w mul g&a),
where the nmean tunor vol unme showed clear regression
and tunors even di sappeared in 4 animals until the
end of the observation 58 period. The difference to

T P B o v
RRERGPP gy 58 e 0 PSSyt Qo el s
b S Pa o s B A i fSeh Rl AR TR o
oy T A S g D S0 e,
atoaf oo Bick SRRRE AR blfhe hORlS1E Tyt it
i e e S R A e
| o%rtb%ﬁ?e}drb%%oreg{ag lég ibéca‘&éetd} ﬂﬁe"’ﬁimgﬁsliéf arfdl :Othep bne YRR HayP® o

€ anl na not show 10 funors at the site of

0]
Il\tlgg %%lrgelta#l Oudds il voiithe A nd 188ees bepfd¥entakve atfeP B! 20 S Qoup 6,

spe iC tunor or substance related clinica

foin? %Joﬂ&%a@ Io ARl YR I8y BPBREME S thd tumdDsif iR afitsSfore
W th gr

oup 1 (control). No drug related interference

‘gsklﬁi,‘é@gg%tﬂéﬁxﬂ RURITE By 1850 BREAE W valie el turti tueds no

tunor cells after treatment was reduced in

t d¥%§g Qfive BEfdaGrgncy: hlgG@ 1 ng/ kg, 14-36 days
el\glggry ec%ndveday (group 5) > mulg&a 5 ng/ kg 32-68

dayf, SMBMY wSR&ORMEh Ok Bva W hG1 ot sgitial BasrbgérkexcBedaBom
-days every-second day 20 (group 3) > hlgd@ | ng/kg

3RS ARV, Wénye FRCEAMEr ¢ry [y tiepmButal fissge ao $hi® usmally

4, nmean tunor vol unes were again increased after end

Qdnhine@ahéTBitbd bPmwdf Yoweh. ©oinpartd with $he control group 1 (vehicle) the
mean tumor size started to differ significantly starting with day 45 until the end of the
study. No enhanced tmmor growth was observed after end of treatment (day 68).

Animals of group 3 7(5 mg/kg b.w. higGl) revealed a marked decrease in tumor
growth in comparison fo 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 d:id not regrow up
to 19 days after end of treatment.

The best performance of all treatment groups starting with 92 mm’ tumor volume was

fonnd 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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(R294) M. CoLdd ZRAoHON | @b gaRfal ABW 3L BOGRS, QY RRUSE,
Sﬁ@i . §§t'§§%ﬁbﬁsh§19&t%¥ﬁ¢éxhﬁﬁwl GRSé Eakd. BIVitrbluell Bine
Aﬁfof,%s:% . 22. 888-889. 30 61 AIMS 1. An isolated
human or humani zed anti body or functional fragnent
t R85 ROTLCQRRIT, StRBaRNT SRtk SANTF DHRBROW!, dghgoA. | Yidtiekirs H.,
SPRGLIL 6. NP € OERRE 0119078 8nfrBEQne éfdodikk CR2) (ADP-
e

\ ADPRGY Hyarofabi)Cdrizaization] Huaomiztsedubmes et
¥t iR shiRingE&&lcaBE2k2dsldzng of a CD38+ target cell by

- ADCC with an at least five-fold better efficacy than

15

20

25

30

CRinfiBSF, §., Pkciiflldr, SSRQybDP NCBpol2 3. .av{, 24 Hanslcey F{ Hetiwarte
ORfers BDREM) tri, Rlidibmilke Gs Buenetlerfdd | Deivs TWES2)alnh lirfincer
PRBWC qaalib. is enployed as an effector cell, wherein
said CD38+ target cell is selected fromthe group
CPIR&T kA gnd Fatk B..(P9T) WESMBteinAGEMdeyingapgpraREvk tog@uldvalent and
( pidfeinic Sbodypmedtn dmneterhmliedyS(2)8310% of ef fector
cells to target cells is between about 30:1 and about
5RauthenBergAR., Borca Ee Thamisiog VolDE-nRImE., AdgifonYastv arMalka
ant,idhaniykos ., Kotz tSi, Restitziy R gleappik i detlrt S.Fewded: gy Ko
cWaldierd D., BaucAR, Ketisetirad TaNeyogeh- Reithedi. ()08 Hrgm
acnhirckonigl Rab liorkuyi welding sphifhand Senstionsbantibgdigsagainst the human
fibroblast growth factor receptor 3. J Biol Chem. 278(40):38194-205.

Zhou, H., Fisher, R.J., Papas, T.S. (1994). Optimization of primer sequences for monse
soFv repertoire display library construction. Nucleic Acids Res. 22: 888-889.
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CDR3 region depicted in SEQID NO 5, 6, 7, or 8. 4.
An isol ated anti gen-binding region according to claim
3, further conprising an H CDR2 region depicted in
SEQIDNO 5, 6, 7, or 8 5. An isolated

anti gen-bi nding region according to claim4, further
conprising an H CDRI region depicted in SEQ I D NO

5, 6, 7, or 8. 6. An isolated antigen-binding region
according to claimb5, which conprises a variable
heavy chain depicted in NO 5, 6, 7, or 8. 7.
An isol ated anti gen- bi ndi ng regi on according to claim

2, which_ conprises an |on cted in S
b NOAR olsigh, s g gangzad g és| o B, %ae%%‘e“f Bireot
bi ndi ng region a

conpr CEPRTFIgH0 pat %%obkg‘lhggﬁ’?’é’ﬁ &&?ﬁ |59:ef’1g8 fog %ef:%)ﬁ PR CEQ
13, 14,15 62

r eg| opéﬁ(%%éﬂ 1;{5“?’6 @aaﬁnﬁ% ¢ ﬁ?%g?ﬁ %ﬁrmf‘ st]?erg’g 17 e to
16 1@“6‘31 E‘Z‘.ﬁ%‘fae@%n tf’réeétnEgbﬁg:ﬂ ns‘JgE regl on accor éo%bettcr

Gep! LR RSP T G, 1 A6 8 “iﬂmdxﬁﬁ@'s%e
| sol a‘g@aﬁg?aﬁlgggn B cgnai&ng SH:0Y ARRPFEYEGA & GhAN 25 an

whi ch eavy chairn amno acid sequ

2¢! S bR AW ,g%%jﬁ 9IS LU ol b Q) Ndting

, a seguence havi ng at east

percen San\&ﬂvstgre the
the Cﬁtzlj ons epl cte %MS%%GI%%é@ﬁ% 7, 3 m. °

e W WHALLOAR1 B0 ool bt BBRT: ﬁ&ﬁ%&lﬁmﬂo

conpr es a light chain amno acid

s que%%ﬁ@sﬁe ed frqx%ggrte%llrgn é)nu&ugp%? ?ﬁgﬁ@g%g&&mmf

haV|n a 6? percent sequence |dent|ty in the
]f”ﬁ“ ‘he CDR regi ons depi ct ed in SEQ I D

I\IO 13 14 15, or t, bod
aecor é‘nﬁg)lqt%l @p&c?nrhuidmwgleﬁ a?cgrrfét}gc%? a ch O, nses an H-
CDR3 region depicted in SEQ ID NO: 5, 6, 7,01 8.

4, An isolated antigen-binding region according to claim 3, further comprising an H-
CDRZ region depicted in SEQ ID NO: 5, 6,; 7,0r8.

. 5. Anisolated antigen-binding region according to claim 4, further comprising an H-
CDRI region depicted in SEQ ID NO: 5, 6, 7, 0r 8.

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

7. An isolated antigen-binding region according fo 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-
CDR1 region depicted in SEQ ID NO: 13, 14,15, or 16.
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14. An isolated antibody to according to claim 13,
which is an 1gd. 15. An isolated human or hunmani zed
anti body or functional fragnent thereof, conprising
an antigen binding region that is specific for an
epitope of CD38 (SEQ ID NO 22), wherein said

anti body or functional fragnment thereof is able to
nedi ate killing of a CD38-transfected CHO cell by CDC
with an at least two-fold better efficacy than

hi i OKT10 . (SEQ | | NCS: 2 d, 24 t he.
SSme Encmm%&(?pib%dw)%@ @%ﬁ%ﬂ@fg (R %bﬁggﬂ? fmtging an L

i sol at ed anti gen- bi ndj regiqn an. anti body or
functﬁgﬁﬁFqFFéGWEW?“gﬁgggﬁﬁg7§c¥gﬁ%fﬁgefo cl ai m 15.

63 17. An isol ated antigen-binding region_accarding.

t t0.cl ainnisdl@ed whilashbinding rPges sgArdmE t@[ﬂ?%mr BgVyep comptises a
depicted in SEQID NGO 5, 6, or 7, 18. i sol at ed

ant i gerrdbledightrhaip depicied B SEQTRAING 16-d4cIaf™k017, furt her
conprising an H-CDR2 region depicted in SEQ ID NO
511.6, Adrisolatedbftigefrbiiding regiecheenndingyieslah Adveh wagTissha heavy
according to claim 18, further conprising an_H CDR1

r egi orhaephiot edd sruSEesdldtefdomghe groupgonsisting 9f (ppEQ ID NO:
I sol ated anti gen-binding region according to claim .
19, Wi &1, edoprd (Epssequenyalhavis rleastel RprceH AR epRe Rty dn the
in SEQIDNO 5, 6, or 7. 21. An isolated

- ant | g&®RoiegidisvgibrtbeTBR regicms fepicieg 1 SEQ LANG: 2.4 Tt fch
conprises an Ir CDR3 region depicted in SEQID NO
182 14n igdlatdBanti@sh-biktting egibmamordmgta ¢jeim- % whiphegmpisgs dhcht
according to claim21, further conprising an_ L-CDRl

r egi orhsephiod edd sauSEQsdl@iciidom e grovp cappisting of GRSEQRD NO:
I sol ated anti gen-binding region according to claim _
22, fustHets,ooh@rand (iNg semende baympat deag 6 rperrepisequerse identity
SEQ ID NO 13, 14, or 15. 24. An isolated

ant i gemthbiCRR mgioreyitthe EPRpaonsdepigedinER BINOF Ly 15, or
conprises a variable light chain depicted in SEQID
NO 136. 14, or 15

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 functiopal fragment thereof is able to
mediate killing of a CD38-transfected CHO cell by CDC with an at least two-fold
better efficacy than chimefic OKT10 (SEQ ID NOS: 23 and 24) under the same or
substantiaily the same conditions.

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

according to claim 15.
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25. An isol ated antigen-binding region according to
cl ai m-16, which conprises a heavy chain am no acid
sequence selected fromthe group consisting of (i)
SEQ IDNO 5, 6, or 7; and (ii) a sequence having at
| east 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 conprises a light chain

] [ sel ect ed f t . .
cBhat < R G B P T Yt comprigr g

a seq e havj t 0: per.gent sequence

i dent i irﬁgmnt%eglgﬁéﬁére ?%IH@ ?/’\ABT{{Gif he CDR regions
depicted in SEQ ID NO 13, 14, or 15 .64, 27.. An isin

i 55| arfadselfied BOESPHITEEPRANGES R F%}ﬂ?rél%%‘,“‘%‘fméﬁﬂ gan

an 1gG _28. An isal at I bQdy to according to

cl ai m%@R%ﬁgPHdFﬁctﬁ‘ﬁ“%g@qﬂ%%’ %r?r 'sol at ed hunan or

humani zed anti body or functi onal, fra]g[rent 11tl%hher eof ..

c &pr iAsi isqjaterhantiesr-jeding Tegan ReFOrERg 1B (1ath 4% TEheE FRRIRIRE 20

for an epitope of CD38, wherein the epitope

conpr it5EBRb Frsion depigpbn SFRTE M&i%d%84i dues of ani no

acid residues 1 to 215 of CD38 (SEQ ID NO 22). 30, '

AP0.i s dlmatselaied attigontindiog régierc adoording te clighdft whise cergprses 2

of claim29, wherein the epitope conprises one or

nor e amtiable leeiydhaie déndeiekn &8 il‘_grléé,ﬁ’ﬁf'bne or nore of

the am no acid stretches taken fromthe list of amno

agi.d Ay iedighemtidebh-1ading3 20" according to claim 16, which comprises an L-

142- 154, 148- 164, 158- 170, and 192-206 of CD38. 31. An

i sol at@iR3asgibhdgictedin SEQ T NOndd, 14 oagent t her eof

according to.claim?29, wherein said epitope is a

| bnearaLRb1keP tigSbindifg tegh at@eiigpioichr 21 Ofirther corprising an

functional fragnent thereof according to claim 31,

wher eifncsal sheRh iegasd RISEG IDQO:a8] WhordSnpr i ses an

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

i 59l aé&disa{gtgd Bdn Bhdihg! Riloh QB diAd BGIHRA D2 #8%2 @bmprising an
Ing to c _

accor aim 32, wherein said antigen-binding

Tegi o, EiRks Relon A6HIRE REBQAD N6:3BRA, 6:9g] 0N

24, An 7isolated antigen-binding region according to claim 23, which comprises a
" yariable light chain depicted in SEQ IDNO: 13, 14,0r 15

25. | An isolated anﬁgen—ﬁinding region according to claim 16, which comprisés a
heavy chain amino acid sequence selecied 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 m SEQ ID NO: 5, 6,0r7.

26.  An isolated antigen-binding region according to claim 16, which comprises 2 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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depicted in SEQID NO 6. 34. An isolated antibody or
functional fragnent thereof according to claim 33,
wherei n said anti gen-binding region further conprises
an HCDR1 region depicted in SEQID NO 6. 35. An

I sol ated anti body or functional fragnment thereof
according to claim 31, which conprises a variable
heavy chain depicted in SEQ ID NO 6. 65 36, An

i sol ated anti body or functional fragnment thereof

according to claim 31, _wherein said.ant] - bi ndi ng
rdgi oAnéBlHsarRtedniy aﬁqofﬁ%"rde |SOI§’ %’%ﬁl}lé%ié%@n SEQ ID
NO 14. 37. An isolated_antibod ork%unc&aﬁgal

fa8agmin isotaed it dgtoreroaiingio R F A MHCEE D & er ei n sai d
anti gen-binding region further conprises an L-CDR1

r@gi OAn Hepke tathah norSE@anPedi@ntitofy @afungpnpls rggealy thereof
anti body or functional fragment thereof according to..
cl ai Mm@dyrisingheraatigensindihganegion drat By Frarifig fregy @ifope of CD38,
further conprises an L-CDR2 region depicted in SEQ
| D NOwhédrdin HBepitApe oynpiriseseqe 08 t43p aYfing o JRRqUFH pgoino acid
fragnent thereof according to claim 31, which

conpr residlgesd a5 d&@&@%%@@a%- depicted in SEQ ID

NG 14. 40. An isolated antibody or functional .

f sag MRt isdlier anfbode oo fbtgalt Gasrieai el ofapitimn29, wherein the
conprises a heavy chain am no acid sequence_ sel ected
fr om bhipe t@nRise0nsios tioregpmind adid yesigREopmpTYes mgpne ghgore of
(i1) a sequence having at |east 60 percent sequence _ _

i dent ifeyaminw dcliesh@DResrtalgh Grom t tigh of sreingppd plesiesfd-60, 82-94,
depicted in SEQID NO 6. 41. An isol ated anti body or
f unct ilanas4, 1 4%ale His-17hand d92-20cBCP3hg to cl ai m 31,
whi ch conprises a |light chain.amno acid sequence

s#. ectagdishiem dutisodgr @Uufmationsli Bigmeg: Gkreof pycogiBE® ipFlaym, 29,
14; and (ii) a sequence having at |east 60 percent

Seque R¢hereinl salidBpitdpy id alincirepiBPR r egi ons with the CDR

regi ons depicted in SEQ ID NGO 14.

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

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

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

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

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

comprises a variable heavy chain depicted in SEQ ID NO: &.
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42. An isol ated functional fragment according to
claim 31, which is a Fab or seFv antibody fragnent.
43. An isol ated anti body according to claim 31, which
is an 1gG 44. An isolated antibody according to
claim43, which is an 1gd@. 66 45. An isolated

anti body or functional fragnment thereof according to
claim?29, wherein said epitope is a conformationa

epi tope. 46. An isolated anti body or f-unctiona
fragnent. there ccor.di ' el LN ca@d di,
éﬁtiggﬂﬂﬁéﬁ_iﬂ§£?§bfﬁﬁm%§%%%?%%%ﬁgﬁkﬁggghS région

ant | DBRb S G QHA e P e R S AR P Bt -

antib8 Ul _ gnent” thereof according to
Furt PO TN Phes "an H ODR2 Fegion depi cted in SEQ
Finct Porielaiy SRER oF AFOUR SRETHERGT o drars: o, glim 36
T e g D25 il G T2l 9261 geson
( her COmaENa A0 141 4i m 45, whi oh- compr] 565 a

55 5O AR A FakbeR SR HBERR e aRTohArFilh i 7
e
depicted in SEQ |D NO 13, 15, or 16. 51. An .
isolaﬂﬁﬁm§%¥$%%§@}%Fl unctional fragnent thereof

according to claimb50, wherein said_ antigen-Rhi.nding,.
r39gi ornfisetated @ntitodsngr fisetiong] {ragmesHRerepEAgrY| g&eﬁ?’@t@éu%m"h

in SEQ 1D NO 13, 15, or 16, 52. I.sol.ated anti body
or f unmunrigmvamrtd@héﬁﬁhﬂm@l@‘sg ma%@gpﬁ(ﬁ-gﬁt o claim 51,
wherei n said antigen-binding region further conprise% )
aip, L - GoRDlatdginirody or functional fragment thereof according to claim 31, which -

cémprises a heavy chain amino acid sequence selected from the group consisting
of {i) SEQ ID NO: 6; and (ji) a sequence having at least 60 percent sequence
identity in the CDR regions with the CDR regions depicted in SEQ ID NO: 6.

41.  Anisolated antibody or functional fragment thercof accérding to claim 31, which
oompﬁses a light chain anino acid sequence selected from the group consisting of
(i) SEQ ID NO: 14; and (i) 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 IgGl.
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depicted in SEQ ID NO 13, 15, or 16. 53. An isolated
anti body or functional fragnment thereof according to
cl ai m 45, which conprises a variable |ight chain
depicted in SEQ ID NO 13, 15, or 16. 67 54. An

I sol ated anti body or functional fragnment thereof
according to claim45, which conprises a heavy chain
am no acid sequence selected fromthe group

consisting of (i) SEQIDNO 5, 7, or 8; and (ii) a
sequence havj ng.at | t. C to claim 29
Haont P e REPEBROF ARFInE! BRERAT LS E ARG =

t
regions w t he CDR regions

depicted.in.SEQ | D : ofd: 95. An isolated
ant i b‘g%mﬁf’m ?P%f:’?ﬁ%%%&fﬁg%%glne?ﬁtlﬁer eof according to
cl aim 45, which. conpr.ises i gh hai }: i
%que&és‘%aé?deé‘%bé’ﬂ&f ggrﬁ“’(’ﬂ%’ ' peng &?%?o gtrlllcﬁog og td"‘%ila?n ,
SEQ ID NO 13, 15, .or,.16; .and (i € . is ;
ot eEe R PO R e Sl B XA o0 o

regions wth regions depicted in SEQ 1D NO
13, 1%?Q8?N%6%?m§8%)§n i sol ated functional fragnment

according to claim45, which _is a Fab aor scEkyv .
At | bauyisdiated etibody 57 fmehonal Fagpe ‘gﬁ?‘%?ba&‘&i?ﬁﬁ% & i o

to claim45, which is an 1gG . An _i.sol at ed .
ant i buhsreinceish antiggo-PEdpe aﬁe%\"%ﬁ’g%ﬁi PRPIE= ?g‘&m g
A vari abl e _heav%%cﬁi{ba_\i n of ;an isol ated anti body or

f unct fiepirdad in PEQ ‘ohePEYf that is encoded by (i) a
nucl ei ¢ acid sequence conprising SEQID NO .1, 2, 3

of8. 4, Aprisolgtpd yntibody oF dimetigeal cﬁ%ﬁlﬁe‘i‘%ﬁf@g qefogfing to ‘claih 47,
hybri di zes under hi g,h stringengy conditions f)[f M]ere on
conpl wherinasd savzeRPINGMESEGOP - gompsisesgan Fi-CI Teg!
wherein said antibody or _functional fragnment thereof

i s spéaidedin FER IBAQ 3 T-:6p% of CD38. 60. A variable
light chain of an isolated antibody or functional X

f 49,9 MARtisolatedraetitiody loa fmptipnaldimemardhesspf ageprdpe e, eipim 40, which
acid sequence conprising SEQID NO 9, 10, 11 _ or 12,
or (i eymmiseRaciagitzie brsyvichsindieainted @ THQID NOh 7-ff Ses

under high stringency conditions to : .

50. An isolated antibody or functional fragment thereof according to claim 45,

;;vherein said éntigen—binding region comprises an L-CDR3 region depicted in
SE.Q]DH NO: 13, 15, or 16.

51. .An isolated antibody or fimctional fragment thereof according to clamm 50,
wherein said antigen-binding region further comprises an L-CDR1 region
-depicted in SEQ ID NO: 13, 15, ot 16. |

57 An isolated amtibody or finctional fragment thereof according to claim 51,
wherein said antigen-binding region flrther comprises an 1-CDR2 region

| (iepictedin SEQ IDNO: 13, 15, or 16.

53.  Anisolated 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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the conplenmentary strand of SEQ ID NO 9, 10, 11, or

12, wherein said anti body or functional fragnent
thereof is specific for an epitope of CD38. 68 61. An

i sol ated nucleic acid sequence that encodes an
antigen-binding region of a human antibody or
functional fragnent thereof that is specific for an

epi tope of CD38. 62. A nucleic acid sequence

encodi ng a vari abl e heavy chain of an isol ated

anti bqd or. functional. fr 3 [ :
Brmpr A8 etap oG e Ul BHERAL g ER o 45, which
consi sting of SEQ |. i [ ot
nucl efoénpélg‘?sd’ heaeVS(QhLJQ ag!??aatc111 * mﬁ% d A0t i ol ROt

sedquence I zes under hig

strin C Y . . W=Tas $ idaangh

SEQ ?’%{h\%&%ﬂ% %nycsﬁr&%,’g{ﬁg?girggasai (rjﬁag% iabody orl%fment
functional f.r r [ HRPEsk fd QLni@& in-SEQ ID
epito%@m%?eff§§PE%%?b%s#%%%gfﬁﬂ%cid %Eﬁ%%%cénenégdiﬁ%
a varhﬁbg%{?ljgght chain of an isolated antibody or
functiondl ’fragnent thereof; which conprises (i) a
sequence sel.ected fromth .Skl . -
"B o iyl ity ot B0 bt BeBB RS Bign 35 Jich
sequence . that. hybri di zes. Iy i ot
condi EIORESE D ebtiden P AR AR QT AR copsistag of
9, 10, . r el Re.Sak $ophtd f Nk @n

rr agnhP B G: TS 8 26 AR LA RREY uing MG Qe
64. A_vector b S| : 6 ' WeH&Ed in SEQ ID
accor afi'qﬁedmff' lgelgl ofrk%é b% %?2#%%6%?&%%%%%& % m 5EQ

i sola l-¢@nprising a vector according to claim
64. 6%&9%§q#§% ated cell according to claim®65,

\j\a%ggrelcﬁﬁ?lr}%ﬁtt% @gﬁopél%%%\%% %Ecl,u%m%éjc k5! \%ﬂllcﬁﬁsegF&eJnj schv

erernsaid cell Is

manmmal i an €8. phar maceuti cal conposition

conpr PEPRY ¥ 8Kt i body or functional fragment

according to any .one of clai.ns, .1 5 anp 29 and a
1561}g

pHar mAgaglated apiipdy accarding iy daim 42, \hi Sxci pi ent
t ShSe r efA?lris-olated antibody according to éiajm 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 écid sequence comprising SEQ IDNO: 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
fimctional fragment thereof is specific for an epitope of CD38.
60. A variable light chain of an isolated antibody or fanctional fragment thereof that is
encoded by (i) a nucleic acid sequence comprising SEQ ID NO: 9, 10, 11, or 12,
or (ii) 2 nucleic acid sequences that hybridizes under high stringency conditions to

the complementary strand of SEQ ID NO: 9,10, 11, or 12, wherem said antibody

or functional fragment thereof is specific for an epitope of CD38.
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69 69. A nmethod for treating a disorder or condition
associated with the undesired presence of CD38+
cells, conprising adm nistering to a subject in need
thereof an effective anmobunt of the pharmaceutica
conposition according to claim68. 70. A nethod
according to claim®69, wherein said disorder or
condition is a haematol ogi cal disease. 71. A nethod
according to claim70 taken fromthe list of nmultiple

nyel oma, chronic | hocyti.c, | eukeni a, ..chrani con of
el oerioted Bttt SHOTHS Y B GE d  Rir rion of o
and acute | ynphocytic | eukem 7 . d & 4 £
accor YHEg %“éb?ﬂya‘?rnﬁ'%%?nﬂgﬁ%?’ée?ﬁmgrae% 48 %i lgg&regl gr oTor Pope ©
condition is an inflamatory disease 73. A nethod
accor&iﬁé-to claim72 taken fromthe Iist of

rheumatoid arthritis and, systenig¢ |upus . .
efly/t hemuclsinpsid spauenge Gigqdingd! Yol g"r’“&-‘é @rang"féBé%’lafeé*eaP?%"dy
in a subject or a cell sanple, canprising the

of al looRimipnsldFEmERhrRtaP N (o J0A s Seipti Hom the
anti body or functj onal aogment t hereof (ol
Ay o Pl SEO TP g g BT G g eliendhat
an epitope of CD38 for isolat.

{ . h |
ant | bR FuE Db AP EPPAGREHE & REP LBRE -Gt PRl 8P gPC

anti body or_ functional .fra t ﬁ%&i ;
ant i gdR-BP1ldimg ?regi%%g?@%%g%gfﬁgé?ﬂgf sal d o SY s
epi tope, .and wherein LA met hod conprises the steps

of a) %ﬁfﬁgﬁﬁ“ﬁﬁl@gic’aég%?tope of CD38 with an

antibody library; and b) isol.atin ai d_ant |

f Ghct i oprsteis m@@%@%%@ﬁmﬁ%@f Yoyl EB?@%%@‘%F‘? or
a linear epitope. 76. A nethod accordin ' .
wher eifhﬂ°§a$aél f‘l"“&ﬁ@ﬁﬁh&éﬁﬂt %&h COMBFPsYS & uér?ge géak%lhag1 tfols the

s U 1 Ao of 980 ID NOS: 9, 10, 11 and 12 or (i) a nucleic acid sequance

that hybridizes ymder high stringency conditions to the complementary strand of
| SBO D NO: 9, 16, 11 or 12, wherein sid antibody or finctional 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.  An isolated cell comprising a vector according to claim 64. B

66.  An isolated cell according to claim 65, wherein said cell 1s 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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77. A nethod of using an epitope of CD38 for

i solating a human or humani zed anti body or
functional fragnent thereof wherein said antibody or
functional fragnment thereof conprises an antigen

bi nding region that is specific for said epitope,
and wherein said nethod conprises the steps of: a)
contacting said epitope of CD38 with an anti body
library; and b) isolating said antibody or

fractional fragnment thereof, wherein saj | t.ope .
a6% onffo Freles Jpralrclpe ?o%%o.r‘%? &r cﬂmrﬁ%cf o] %aée%o‘r%glll %“% %(51 befrod
claim77, wherein i d conformational it

conpr PEEEce gD by SR B 2HE TR tﬁgg{éb %P]gle Pt ipereptan

fromthe group consisting of .am . acids. 44-
82- 94, etigaiiye ymopnt g -P%é‘ﬁ?a%%%?ai?‘ﬂ?&%ﬁ%é%ﬁ%&?gﬁ’ Hin g
79. An isol ated epitope of CD38 conaigﬁin e
e@bents ardthpd recADE P iPBCPY Ehegiie SRE HOE F P HI RS 2
the group consisting of am no acids 44-66, 82-94,
142- 1%aemaojggical §a2358. 170, 192- 206 and 202- 224 of
CD38.. 80. An isolated epitope of CD38 consisting of
aril. animoethol doadigy endamd| teep Egmithelipt of Ttiglf Biypjoma, chronic
consi sting of am no acids 44-66, 82-94, 142-154,
148- 16ynphbasic 1 pokemia 9chrome myYRIPesEps Jovkepte, (A9l myosepous
kit conprising an isolated epitope of CD38 conpri sing
one oreukpnie, afpae lp@pkpeyilpde®ifes t aken fromthe |i st
of 44-66, 82-94, 142-154, 148-164, 158-170, 192-206
amal 20Qn2bd ascbrding amtdldio dsP, [whsredty yeidhdisordas py genditispds an
for use.” 82. A hunman anti body according to any one of
cl ai menflamnizforpdicka®d, wherein the human antibody is a
syntheti c human anti body. 83. An isol ated ‘
ani.i ge0nikinbd kagrdigb @i 72 asleh fgnt the dHstyof ciremafoidcrtiifesand
11, 12, 25 and 26, wherein said sequence identity is
at | eagitenS0 Mpus/tyiBénaidns.i sol ated anti body or
functional fragnent thereof according to any one of .
chai M8y 4Qunodor t2o4ktiAR GDIBF calld & £hubjestatir d o8l S eomprising the
identity Is at least 80%

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

fragment thereof according io any one of cléjms 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 c;omprises 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 comptises amino

acid residues 192-206.
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71.

78.

79.

80.

81.

82.

83.

A method of using an epitope of CD33 for isolating a human or humanized
antibody or fimctional fragment thereof, wherein said antibody or fimctional
frapment thereof comprises an antigen-binding region that is specific for said
epitope, and wherein séid method comprises the steps of:

a) contacting said epitope of CD38 with an antibody library; and

b) isolating said antibody or fimctional fragment thereof,

wherein said epitope is a conformational epitope.

A method aceording to claim 77, wherein said conformaﬁoﬁal epitope comprises
one or more amino acid sequences selected from the_ group consisting of amino
acids 44-66, 82-94, 142;154, 148-164, 158~170;_ and 202-224 of CD38.

An isolated epitope of CD38 consisting essentially 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..

An iéolated epitope of CD38 consisting of an amﬁno‘-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 of more amino acid
stretches taken from the list of 44-66, 82-94, 142-154, 148-1 64, 158-170, 192-206
and 202-224 and an antibody library and instructions for use.

A human antibody according to any Qne of claims 1, 15 and 29, wherein the
human antibody is a synthetic human antibody.
An isolated aﬁﬁgen—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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84.  An isolated amtibody or functional fragment thereof according to any one of

claims 40, 41, 54 and 55, wherein said sequence identity is at least 80%.
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