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Generation and Profiling of Fully Human HuCAL
GOLD-Derived Therapeutic Antibodies 5 Specific for
Human. CD38 SUMMARY OF THE | NVENTI ON 10 The present
invention relates to an isol ated anti gen-bi ndi ng
region that is specific for CD38, which conprises (i)
an H-CDR3 region depicted in SEQ ID NO 16, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 92,
93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104,
105 or 106 or (ii) an H CDR3 region that has at | east
a sixty percent identity to an H CDR3 region depicted
in SEQID NO 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,

Genera%%& a%:?(ﬁl’zo%’ii&g%f ﬁgy %21? i—ldz,?%lr %ﬁﬁ@eﬂﬁﬁ?ﬂﬁcggnﬁbodies

invention furthernpre relates to an_ isolated anti body
or functional fraghBsfificfordlwman I8 i s specific for
CD38, which conprises (i) a variable heavy chain
depicted in SEQID NO 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 92, 93, 94, 95, 96,
97, 98, 99, 100, 101, 102, 103, 104, 105 or 106 or
(ii) a variable heavy chain that has at |east a sixty
percent 20 identity to a variable heavy chain depicted
in SEQ I D NO 16SUMMARY OB THE INYENPION23, 24, 25,
26, 27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101, 102, 103, 104, 105 or 106. Additionally,

t he present .invention relates,to.an,.sal ated '. .
Th ek, JYGIOR JoIRtsy A foaleved altget;binding gFeiep,hat is specific for
whi ch cor[priseasndéia an L-CDR3 region %ggct ed in_ SEQ
CD38, wiichcpmpgises(}) angd-CDR3 zegiomdepigied i SEQsH) NEy 16547, By 19, 20, 21,
57, 58, 59, 60, 109 or 110 or (ii) an L-CDR3 region

22, 23, 2425, 2627228, 2%301 923 93| 94,\95p06,.95, 08, 951004 101t 302103, 104, 105 or
L-CDR3 region depicted in SEQ ID NO 46, 47, 48, 49,

106 or ?9 an %UDI@? regién tid haat 16alt a 3jkty percemideftity t4 8 RICDR3 region

so, the present invention relates to an
e d s 1] f [ t f
deieed ST T8 MO BIH1§119 3, 99k AR 28,8010, oF, 9. 9455,
I , JA8,. .49 , 51, 52, 53, 54, 55, ,
96, 97, @g%sﬁol’\?%l’d@é’ ﬁ’éo“"ﬁdQéaF l‘igo or (ii) a variable

light chain that has at |east a sixty percent
The present invention furthermore relates to an isolated antibody or functional fragment

thereof that is specific for CD38, which comprises (i) a variable heavy chain depicted in SEQ ID
NO: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99, 100,
101, 102, 103, 104, 105 or 106 or (ii) a variable heavy chain that has at least a sixty percent
identity to a variable heavy chain depicted in SEQ ID NO: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105 or 106.
Additionally, the present invention relates to an isolated antigen-binding region that is

specific for CD38, which comprises (i) an L-CDR3 region depicted in SEQ ID NO: 46, 47, 48,
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identity to a variable light chain depicted in SEQ ID
NO 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 109 or 110. The present invention further
relates to a vari abl e heavy chain of an isolated

49, 50, 3i; 528, 54055 560iSAYS 8,659, 60, 108hor 1 ) en@ii) dad.-CIPR3i fegian that has at
nucl ei ¢ acid sequence conprising SEQID NO 1, 2, 3,

i ity ’ : 9’ Z ’ ’ ]
least a %bcc)ty I%rce@t 1d73nt1§’ togizx Il-g}%)ﬂ%léegkgw7debg>§edlﬂw S IDNO 1@ 47 98, 49, 50

i ckei [ es that h brldlzes under
°1,52, é]j 52‘1‘ Whg‘gr??yg%gﬁﬂl [ ons%t o the czrrpl ement ary
Strand of SEQIDNO 1, 2, 3, 4, 5, 6, 7, 8 9, 10,
Algg, the present mymtxoga'elam to28 1sqlgpd astj)bocblqr fggth@gl, fr&ment thereof,
85, 86, 87, 88, 89, 90 or 91, wherein said
which canipriges (i)l viitiable ligho tledin depictpd i SEQ IDANO: 44 47088 49T5f§; 51, 52, 53,

present invention also reI ates to a variable light

54, 55, 5637058159280, 1509' 196 o? ég%able'l%h Shaifl 83t R4S dt ke 4 ﬁ)éty percent

encoded by (i) a nuclerd acid sequence conprising S

sl e N R A5 0

se nce hybri di zes wunder high stringency
56, 57’%%§ 69, dﬁ?ﬁf Qhe conplenentary strand of SEQ I D NO
31, 32, 33, 34, 35, 20 36, 37, 38, 39, 40, 41, 42, 43,

ThtApredént idvtation fifler 1fubdsCiona Satigble Hea P diaifd rof an 1solated antigen-
funct| onal fragment thereof is specific for

binding E%fﬂtﬂﬂ{at sldhCod¥d égtaélﬁrge(gfeh@é ﬁ&néj&gr?%%%@%qgé ,2,3,4,

acl seq ce that encodes a

567 BRI B S50 A g o s T 1,90 o1 o

inventign relates to a nucleic acid, sequence encodj ng
(i) a nyclgig, jagid) ECANERCRH that c hyhridiggs  ypdars bight styingency condmons to the
anti gen-bi ndi ng regi on, which conprises (i) a sequence
complemeaitanytsirand oHEEQHD NG dudy 3 dnsj 6t7, 899010, IEQ 2, D3INDK: 151 77, 78, 79,
2, 3, 4, 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 77,

80, 81, @6 83,78, 28 (86, 8%, ]88 89,.90%% .91 %hergﬁh, sa%nh%@n-bﬁﬁmg&ggloﬂ@s specific for

and 91 or (| i) a nucl ei ¢ aci d sequence that hybridi zes
cp38. under high stringency conditions to the conpl enmentary
strand of SEQID NCG 1, 2, 3, 4, 5 6, 7, 8, 9,

The present invention also relates to a variable light chain of an isolated antigen-binding
region that is encoded by (i) a nucleic acid sequence comprising SEQ ID NO: 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 107 or 108 or (ii) a nucleic acid sequences that hybridizes
under high stringency conditions to the complementary strand of SEQ ID NO: 31, 32, 33, 34, 35,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 107 or 108, wherein said antibody or functional fragment

thereof is specific for CD38.



10

15

20

10, 11, 12, 13, 14, 15, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90 or 91, wherein said 10
antigen-binding region is specific for CD38. The
present invention also relates to a nucleic acid

Fatherehe presomtddvdition refates ab ke idolgbd nadiéic aciddeqaence that encodes an
i sol ated antigen-binding region, which conprises (i) a

antigen@ﬁﬁ% i@gugtg b gt}ﬁﬂ}?&r&ggmbgggﬁﬁiéﬁonﬁ Faghneht Heredf kR Ypecific for
cp3g. 37 38, 39, 40, 41, 42, 43, 44, 45, 107 and 108 15 or (ii) a
*nucl ei c acid sequence that hybridi zes under high
stringency conditions to the conplenentary.strand of
AdditfondllyNthe invventitih rebiles 043 nddleicHeid Squeie, ensbding @, vatihble heavy
42, 43, 44, 45, 107 or 108 wherein said
chain oft3h li§t18te® lahifdhObindiak FBgibA, \%Hi{%ﬁ'cﬁhﬁnﬁé%r (if&3&quen&iselected from the

present invention fdrther relates to a nethod of

o AR SATTUOSHL 1500, 26, AT JEAL o EI4 R, 7, 0,
o, 2, 002 0, GO 5 05 524 S tes ucer

an isol ated human or humani zed anti-CD38 anti body or a
high stringaney eanditions do seomplementary shand of SEQADINGUtnd, 4rd, 5, 6, 7, 8, 9,
humani zed anti -CD38 anti body conprises (i) a nucleic
10, 11, 42} 1B, 940 U877 78TRE0NG1,282) 8384, 85286, 87 8B] 89,80 or91SkRerein said
IDNO 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,
antigen-bihdifdrogit s fbciffiOlor 8b3882, 83, 3 84, 85, 86, 87, 8B,
89, or 91 or (i1) a nucleic acid sequences that
hybri di zes under high stringency conditions to the
conpl ementary strand of SEQID NO 1, 2, 3, 4, 5, 6,
7, 8, 9, 10, 11, 12, 13, 14, 15, 77, 78, 79, 80, 81,
THepresedt inSéntichalsoH@lated to aBlicleR’ hcidMeqincd éncolify £V4#abR! 1fbht chain

anti body or a functional fragnent 'thereof is specific

of an s Tl T L o AR R8T sch BP0 rom he group
consini FPSrQTEN s Ao %5 B A et 4 w105

... step of incubating said cells in the presence of a
or (i) aururleis aaid samience dhata hybridizes: andery stringeneyaaenditions to the
anti-CD38 anti body or a functional fragnent thereof,

complemérganyi strasdiofl SEQMENNE: 31132ye33| 34,85036] 370B333910, Bd42, 43, 44, 45,

conprises (i) a nucleic acid sequence encoding a Iight
107 or 10BavHerein said antigen-binding region is specific for CD38.

The present invention further relates to a method of inducing specific killing of tumor cells
that express CD38, wherein said specific killing occurs by CD38 cross-linking, comprising the
step of incubating said cells in the presence of a sufficient amount of an isolated human or
humanized anti-CD38 antibody or a functional fragment thereof, wherein said human or
humanized anti-CD38 antibody comprises (i) a nucleic acid sequence encoding a heavy chain

depicted in SEQIDNO: 1, 2,3, 4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 77, 78, 79, 80, 81, 82, 83,
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10 depicted in SEQID NO 31, 32, 33, 34, 35, 36, 37,
38, 39, 40, 41, 42, 43, 44, 45, 107 or 108 or (ii) a
nucl ei ¢ acid sequences that hybridi zes under high
stringency conditions to the conplenentary strand of
84, 85,38 87D 88089390 o8 D1 &3(ii)Mnuddéic a8isl segiences tha hybsdidizest inder high
42, 43, 44, 45, 107 or 108, wherein said antibody or
stringerity fcoditibfy'@Ithé éqapementallestRnd of SEQUECNOL ¢, 3,31 43337, 8,9, 10, 11,
so, the present invention relates to a net hod of
iy pOUC I-R g Chd i b | dal UgAD oo C&S | .. .
12,13, 1% 15 707808, 89,4, 2.4, 24, 8, 86 4788, §. 90 or o o RiGein $2id antibody
CD38,cross-|jnking, co I S the step of incubating
or a fungtional g’é@?’@“"i"h“??égﬂ’e@g%‘é&wga sufficient anmount of
an isol ated human or humani zed anti -CD38 anti body or

Additiomatly| thegresentrigv@tiontréiates A mettdeifinduding spedifie killing of tumor
humani zed anti-CD38 anti body or said functional

cells thit eRGRES LDSRRAGEin AP Spefife Kiihg Boqlafty CONB! oss i, comprising
the sterdgp ingnBf seif o€ @Rt A4 5BcichPatSin 3 gy Yoy human or

or. 106 or. (ii vari abl e .heav chai n that has, at |
hmmz%%ﬂ-&ﬁi&@@wc%@ g@sﬂm? y%%neaﬂ ihereal| wherein, jaid human or
chain depicted in SEQID NGO 16, 17, 18, 19, 20, 21,
humanizd argt3CD38  antibpdy eomprises (), a pocleizdqcid sequetse entoding, a light chain
96, 97, 98, 99, 100, 101, 102, 103,104, 105 or 106. 4
depictedMnSSEQUDENOI 3K 32f 33,84¢ 85, 36) 37£38139540,011a42843) 44, 45, 107 or 108 or
i nduci ng specific killing of tunor cells that express
(i)a nblIBR apfacisehuensddl Qha'ipﬁ?lr)]rg .t sKiuhddr idhe CSIEEI%EE%S{ (C3iitions to the

cross-linkihg, conpris e step of in ing sard
compleriiaey egod SF SRR N A o 2 P> Bl B My 4Bz 3. 44,5,

functiopal  frag nt thereof, wherein saj,d humman, or_5
107 or 198 ?rf@osass{ﬁqug@egr clinnal fragment go?esr spegiie/far CR38.
l'ight chain am no acid sequence depicted in SEQID

AIBE,) thé resént. invihtiod Yelafed to & Inethed obindubifig spdrifidRillify/of tumor cells
58, 59, 60, 109 or 1.10 or (ii) a variable light

R .
46, 47.48, 49, 0 1, 52. 53, 54...55 . 56 7.0 58
step of fRufidiniey id 5ot iy the prifenee’ OF A sufficlgnt Shount of, 4 splafed human or

.relates to a pethod of detecting specjific_killing of
humanized ,anti-CD38 antibody or a functional fragment thereof, wherein said human or

humanized anti-CD38 antibody or said functional fragment thereof comprises (i) a heavy chain
amino acid sequence depicted in SEQ ID NO: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105 or 106 or (ii) a variable heavy
chain that has at least a sixty percent identity to a variable heavy chain depicted in SEQ ID NO:
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,

102, 103, 104, 105 or 106.
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10 cells that express CD38, by CD38 cross-|inking,
conprising the steps of: (i) admnistering to a
subject in need thereof an effective anmount of a human
or humani zed anti-CD38 anti body or a functional

Afsbateginésehtipiestion rRates(toia) methbe of iititﬁlcidgesp‘éﬁﬁeikﬁlﬂiﬁ%gg tumor cells
killing activity of said human or humani zed anti - 8

that ex;%?isg@% o R ofcflﬁtg ggréDﬁ‘ @fo@&ﬁglgﬂgT comprising the

e present rrnvention-rela to a net

det ect.i ng .t.he..pr.esence of 8 Ia atissue r a I
step of dpcxﬁlaﬁxil% ga'c;l oqepgilﬂ %gffgchg% Pﬁ%‘”ﬁ‘é ﬁgxosﬁat: o{) Ay 1so‘iaete(5 human or
.allowing a human or humanized anti-CD38 anti body or, a
humanizedh anti-638 pptibpdyner ah&mstional  fagmaent thereof,cwhergin soid: human or
said CD38, and 20 (ii) detecting the specific binding
humanizdd ami-CDB8 mmtibady domprises @Ylamiior a ligld Thaint ankino acidrsequence depicted
functional fragnent thereof to said CD38 minipig

in SEQU® N©: 461$7,948) 49250 ANBRLRY50155 56InsA 158189, €0, ADIRIH 110 or (i) a
thereof 1s al$o abl'e to specifically bind to CD38 of

vra R o, o K54 S BRI Lo i i
seQBL 5 A0 S B P B A Byl

functional fragnent thereof to cone into contact with
Furthédntbré;BE ?ﬁ%aitdﬁﬁéﬂﬁgn eélytes toa YiethodasRetecting spétifie killinglof tumor
the specitic binding of said human or humani zed
bre$d B [ s HAMAE tel ; Wt t hereof to
cells th&s%g%%reCDBS?%% r(gg?i(%l‘g%%r yt n‘F’tgg%ggl,n E erel nOf's aid
.. antibody ,or functional] fragnment thereof is also able
(@) t o adpanstering to \a isubject; 18 ReRdn thergof cary eHfgstivec ampuntopf a human or
tissue other than human erythrocytes. 10 The present
i n\nemianized antt-CD38|antibedyt ar adfunctionhbfraginent theenfyansy
functional fragnent thereof according to the present
(i) | N\deretiimtthe $pecific KUY dcti¢Ry 6f Jaidhurthr 6 Rinifiiedanti-CD38 antibody
depicted in SEQ ID

or said functional fragment thereof.

Also, the present invention relates to a method of detecting the presence of CD38 in a tissue
or a cell of minipig origin, comprising the steps of:
@) allowing a human or humanized anti-CD38 antibody or a functional fragment thereof
to come into contact with said CD38, and
(ii)  detecting the specific binding of said human or humanized anti-CD38 antibody or
functional fragment thereof to said CD38 minipig cells, wherein said antibody or

functional fragment thereof is also able to specifically bind to CD38 of human origin.
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NO 21 or 22 or (ii) an HHCDR3 region at |east a sixty
percent identity thereto, and that is specific for

human CD38 and marnoset CD38. 15 BRI EF DESCRI PTI ON OF

THE FI GURES Figure |a provides nucleic acid sequences
Plrtiverimots) thé piesém divention aélhtes e Avnettedi afindetdoting ADB38 inna CD38-
the present invention. 20 Figure I'b provides am no

expressﬁgée?%tﬁj;& NESH ﬁ){in%ﬁ[als&iﬁoﬁntl body variabl e heavy

the present invention. CDR regi ons

HCDRI HCDR2 and HCDR3 ar.e_desi gnated from
() dlevapgiahuman-primmenized an 1%&%&09 8v ﬂcfagctwe@ fiagénent thereof to

aci d sequences of various antibody variable |ight
conredptioaontatbwithi said OD3 8-¢xpressing erythroexterandon. 6 Fi gure 2b
provides am no acid sequences of various antibody

(ii) d@edt ﬁw' sgfkﬁiﬁcr Bﬁﬁﬁi@sof 94id Usiftnan Br tlﬁﬁla&fz'éé e4iti-CD38 antibody or
i nventli o CDR regions LCDRL, LCDR2 and LCDR3 are

S Al B S s s
SR B A 0 SRR o R BB o o

HCDR3 are designated fromN to Ctermnus in
profisgpeetber thag hpmamenyhsoeyiRss ani no aci d sequences of
vari able |light regions of various consensus- based
HuCAL anti body naster gene sequences. CDR regi ons
LCDR1, LCDR2 and LCDR3 are designated fromN to

Thd presert igventioR aist frele®s tol8h FSobitddearibbdy vt AGfktibhe fddgent thereof
aci d sequence of CD38 (SW SS-PROT primnmary accession

g
et AR e ER AR Sl NS S et i sEQ D
NO: 21 or 22 or (ii) an H-CDR3 region at least a sixty percent identity thereto, and that is

specific for human CD38 and marmoset CD38.

BRIEF DESCRIPTION OF THE FIGURES

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

use in the present invention.

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

Figure 2a provides nucleic acid sequences of various antibody variable light regions for use

in the present invention.
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OKT10. Figure 7 provides the DNA sequence of
pMORPHOh 1 gGd _1 (bp 601-2100) (SEQ ID 15 NGO 74): The
vector is based on the pcDNA3. 1+ vectors (lnvitrogen).
The ami no acid sequence of the VHstuffer sequence is
Figorti 2haprevdides alnilodicidbeguences bfiearious ahtiboelydiarigble lightregivhs for use
the VH | eader sequence and the constant region gene
in the p}i‘és‘%npﬁwéﬂtﬁﬁ. ICDRQ8gibA ECDRAS LODR2 &3 ECORS afd 8esignated from N- to
i ndi cat ed above the sequence. The primng sites of the
y | prinmers are underlined. Figure 8 provides
Ctem%ﬁ%“%&ia@%juence of 1g kappa light chain expression
vector 20 pMORPH(r)h Igx 1 (bp 601-1400) (SEQ ID NO
Figaie:3 providesamino acisl ssquentesof vaniablodeayyaregions ofvarious consensus-
(I'nvitrogen). The am no acid sequences of the
based HECATL witftedy aestee porte sequénted. CODRGegiondHCDR 1, HODRP4nd HEDR3 are

final reading franes of the Vx-leader sequence and of
designalddFrdiR RE UG CLtehiLOh ElidBcAT e 7 printed in non-bol d.
estriction sites are I ndicated above the sequence.
The primng sjites, of the sequencing priners are
Figwig<h provides aming aeid ssqyanses efcaripble lishregions ehvasioys consensus-
HUCAL 1 g | anbda |ight chain vector pMORPH(r)h IgX _i
based HUGA I aritibbdp BasteSgenel seqidnices’ (T DR Tegions L CDRACLADB2gnd GDR3 are
of the VX 5 stuffier sequence is indicated in bold,

designatdd¥ R N-td €-teimiiabs inldfee. f rames of the V7l -1 eader
sequence and of the constant regi on gene are printed

Jn n-bql d, Restriction sit e Jndi above the,
g ageddes e Spend aoid seibeie ST SIERSPRER g adcgssion
are underlined. Figure 10 provides different

numberd@889Pat i ons of heavy and |ight chains in the Fab/lgG
format for use in the present invention 10 Figure 11

R L BB oo RRtAe fedly and IR B Eeric
OKTI0V " € i sol ated from whol e bl ood of cynonol gus, rhesus
and marnoset by density gradient centrifugation
foll owed by FACS-anal ysis using anti-CD38 Fab
Figure i ippavides ORI sdtquence of pMORRHSt bdeg6is] (Hp @HE2100) (SBQ ID
and MOR03088 (B, right histograns;
NO: 74): The vector is based on the pcDNA3.1+ vectors (Invitrogen). The amino acid sequence

of the VH-stuffer sequence is indicated in bold, whereas the final reading frames of the VH-
leader sequence and the constant region gene are printed in non-bold. Restriction sites are
indicated above the sequence. The priming sites of the sequencing primers are underlined.
Figure 8 provides the DNA sequence of Ig kappa light chain expression vector
pMORPH® _h Igx_1 (bp 601-1400) (SEQ ID NO: 75): The vector is based on the pcDNA3.1+
vectors (Invitrogen). The amino acid sequences of the Vx-stuffer sequence is indicated in bold,

whereas the final reading frames of the Vk-leader sequence and of the constant region gene are
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light arrow). An irrelevant Fab-antibody (A & B, |eft
hi st ogranms; black arrow) was used as a 15 negative
control. Figure 12 provides CD38 expression analysis
of Lynphocytes and Erythrocytes obtained by FACS.

printed pEnamsbald.Rastrjction sitea are indicated; aboverthe gequenes. e panbngsites of the
of human, cynonol gus and nmarnpbset by density gradi ent

sequencimprﬁmersgmﬁn&ﬂmlﬂ owed by FACS-anal ysis using
anti-CD38 Ig@ 20 MOR03087 (right histograns; white

Figlne BridPee TRA $Gilkpne oL T lerB B cham Yot o

control. Figure 13 provides a conparative overview of
PMORTH @t Tt (op 60l 1410) (SFQ SPOVO: Togt Themino acidseaumubect the V-
Figures 14(a) and 14(b) delineate the CDR and FR

stuffer JeQEine8 ﬁ&%aﬁé& i BA18, Whirtd3QR¢ fifal r@dingSRarhéd of thE€V)-leader sequence
i nvention and conmpare anino aci ds at agi ven position

o A5 A b BB SR o

ent Jnventi i s based ¢gn the discovery of novel
sequency; ﬂ%&?’@g sﬁ?ﬁtﬁg? FRIYSNCINS Primers arepiderligdes that are
specific to or have a high affinity for CD38 and can

Figit 10 piovidésiiffereft dontbindtionebf Kealpamd Bghiichaihs infthe Fab/IgG format
anti bodi es, which may be human or humani zed, can be

foruseﬁ Ilegbn ¥ntigPnt exts, which are nore fuIIy descri bed
ere ul tabl e antlbodles for use in the present

sclosed in. . US 6 614 4
gl 1] PR ?Qﬁhbegfprremfe Bl 9 mmy}dgm“'ﬁm%ﬁes Obiained
f uncti onal n anti body fragnment i s herebhy defin
by FAC§PBMCs; *H‘QtE OGYRS Vare iolated 3emg}vholﬁ blood 9 ﬁmﬂ@@aue, thesus and
and not from (either in whole or in part) a non-human
marmosgipby density gradientrceatrifugation followed by IFAGS-analysisusipg anti-CD38 Fab
fragnent can be derived froma human or can be a

antibodisy MOR03087 (A Righehistogaas, lifht aydw)haid MIOR0I088 @B} fifitdiistograms;
is defined herein as an anti body

light arrow). An irrelevant Fab-antibody (A & B, left histograms; black arrow) was used as a
negative control.

Figure 12 provides CD38 expression analysis of Lymphocytes and Erythrocytes obtained
by FACS.
PBMCs and Erythrocytes were isolated from whole blood of human, cynomolgus and marmoset
by density gradient centrifugation followed by FACS-analysis using anti-CD38 IgGl
MORO03087 (right histograms; white arrow). An irrelevant IgG1 control antibody (A & B, left
histograms; black arrow) was used as a negative control. |

Figure 13 provides a comparative overview of Cross-Reactivity of different anti-CD38

antibodies.
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15 havi ng a sequence derived, in whole or in part, in
silfco fromsynthetic sequences that are based on the
anal ysi s of known human anti body sequences. In silfco
desi gn of a human anti body sequence or fragnent

Fighres d 4(a) and) 14(b) delinicatedbe CDBrand:fyeigions figr cartainyantibadies for use in
dat abase of human antibody or antibody fragnent

the mvéiﬁﬁﬁ QhE BSmpdtd a0 didiat agiveh pesiiidd t@%aél?&ﬂi@f‘ﬁﬂl to corresponding
utilizing the data obtained therefrom Another

f a human antibody or functional antibody
mnmmm@é@&ﬁ% ?8 is 20 one that is encoded by a nucleic acid
|solated froma library of antibody sequences of human
origin (i.e., such library being based on anti bodies
taken from a human natural source). A "humani zed
anti body" ODETWILEDDESCRIFTIONOFIHEINVENTEONENt i S

defined herein as one that is (i) derlved froma

hunan s :Jur c e dra
T B St e e, o s 5 RSB M Q}P)Pl@ﬂf‘ﬁeﬁéﬁ@“}eﬁ‘ S of using
based on a hurmn gernline sequence; (ii) chinmeric
antibodigs dhat; a3e specilie to ah hevede.mlh wity for G&§8f angdnéan deliver a therapeutic
non- human origin and the constant domain is derived
benefit o asubje¢turithe antibodies, ovhi¢h inay bElbRnpnairthehanizedy enrbet used in many
CDRs of the variable domain are froma non-human

context) WHich, aréfihbre Rill§ d¥scribddehdréia®oftitle atibédies Yér useOire the present
omain are 5 of human origin and the constant domain

mvenm{n'%r Eﬂgﬂ) écﬁmndss spedi ﬂ 8’&11 {lhlyhet%%oyUi§ %mg’r%%%‘? PY ?&f‘mﬁ oI

speC|f|caIIy recogni zes" an_ antigen (here,
Aj % umar’hargibody o8 functional | agtibedy fragmant l&abqrabedcfiméws one that
antigen and one or nore reference antigen(s), since
is not chinmeticn@. gs,nsot i“humaniyed” and notfromb@ithertia, winlé on in part) a non-human
relative property. In its nost general form (and when

species. ng tﬂﬁ&dn‘"ﬁﬁbbd’} 6¢ RifiétforlaPariibolly Gagsint chfl be ALReed fém a human or can
binding" is referring to the abrlity-of the antibody

bea syﬁtﬂetﬂ:’ Eég{%erg bﬁt V@ﬁfﬂeﬁ@ w@r 1< ng:gdy f ord&fn@& ﬁ?ltema& antibody

an unre | gen; exanpl e
accor dance, w,t h of, t he t hods.

having 4, SRQH6REE QeSFER B vhol o *arr@rtnmﬂ}f%ﬁ"?@ow o{j S5epEes that ae based
blots, ELISA-, RIA-, ECL-, IRVMA-tests, FACS, |HC and

on the gralysisief koowm humsn assibedy sequanaes.arfnasilicadesign af 8 dymsanantibody
be carried out. The scoring may be carried out by

sequencs toz fchgneént tHersof dew bt apinevedd, fer. example; bydiaalyzing a database of human

antibody or antibody fragment sequences and devising a polypeptide sequence utilizing the data
obtained therefrom. Another example of a human antibody or functional antibody fragment, is
one that is encoded by a nucleic acid isolated from a library of antibody sequences of human

origin (i.e., such library being based on antibodies taken from a human natural source).

A “humanized antibody” or functional humanized antibody fragment is defined herein as

one that is (i) derived from a non-human source (e.g., a transgenic mouse which bears a
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15 anti body with horseradi sh peroxi de and tetranethyl
benzi dine with hydrogenperoxide). The reaction in
certain wells is scored by the optical density, for
exanpl e, at 450 nm Typical background (=negative
heterologoas timpmyne nsygtehnd, hichCintitodypiis dasedoen tai Memare getmline semypence; or
be 1 OD. This neans the difference positivel negative

(ii) chithéit, RéhefEdh thel iafablkGohiflis deviRed glog\Va néRhehA Bﬁgih%dqlﬁe constant

bi nding specificity i s perforne y using not a single
. r.efer fi t . i .
comin ERGOE Ao} b oMt f O CR- gBA NG R f E variale
.trapnsferrin,or the like, It is possible for.an . .
domain_gre g)(ﬂ,n%hwgan Qrigin; While pRe orjpore vgqr{:s ?%tﬁe vgmable domain are

antigen of 2 or nore cells/tissues and/or 2 or nore
of humamparigin end thewonsiant domain @fanyhistafthuoran prgins bi ndi ng
criteria for each of such cells/tissues and species, -
ke | (1) 7 -7 1) 3 .f' au
A Bhe BRI, in AEEREDRUY el B ST Bfor or Jepecifically
.cel,l types d/ or1JoSsSHeS,, e.a. Lrythrocytes,. .
recognifisyan 4lidn sy AR if Shoh, Bl B! Hfimipate hetypeen such
. lynph-nodes. In additjon, an antibody nmay be specific
antigen apd (98¢ |or oo referepgroantiggn(s), sice bindingaipegificisy it petran absolute, but a
speci es. "Specific binding" also may refer to the .
relativeairopértyy dh itsnmastt gdnerh) foon damd mhen mat defined \wefemenicheis 1Bentioned),
target antigen and one or nore closely rel ated

“specifie bindis{is refeittigtb thé abilifest e ankbodlyad diciiMimits betvegn the antigen
bet ween CD38 and CD157. Additionally, "specific

of interd¥t 364 Bﬂfhnme%% 8, £sod4%t er'en' Iedr! Shafifpledth adddtdaReS With%one of the

I'scrim nat e betweeh di f parts of Its target

.antige .. different. d i ns ok _.reqgiwns of . \
followifop 5. i methodsFofiplisd, B A BpCimisf 8 Wi biot Frisa-, Ria.,
C-tenninal regiogn of CD38, or _ between one or nore key
ECL-, IRMAvdesss FAGS, 20 wod peptidessoanse ios examples 4-gandard ELISA assay can be

resi dues of CD38. 10 Al so, as used herein, an
carried ‘oitmiThe gicatting may Hel crried ovbdy istandadi codat deyelopment 4.2 secondary
bel onging to the class 1gG IgM IgE, I1gA or IgD (or
antibod{c’:ﬂwitlﬁ Hbikadish tfeededd hnd dtehniels/] ddasidink | witlo hydidgempeadtiye). The

nown anti bodies and functional fragnents thereof. A

.o i fi t . i ' | abake ]
reactxo%{edrjgé‘;du??@%lg flfsﬁ%gf%gsb)g @&n@ﬁbﬁ@?gﬁéﬁ%ﬁ& #P480 Bm. Typical

r agnment

ant i.body/l.i mmunoghaobul i N,Ge~. «w.:8,Vvari.abl e region ,of .
backgroffd (GRSEAYETRRRRTRY b0 C0B; bymichh BREITR ePefiFdimal A8 1 OD. This
means thg1 rc]ig %gﬂéebﬁory&v@%eéfu%oc% be more than 10-fold. Typically, determination of

binding specificity is performed by using not a single reference antigen, but a set of about three
to five unrelated antigens, such as milk powder, BSA, transferrin or the like. It is possible for an
antibody to be “specific to” or “specific for” an antigen of 2 or more cells/tissues and/or 2 or
more species, provided that the antibody meets binding criteria for each of such cells/tissues and

species, for example. Accordingly, an antibody may bind specifically to the target antigen CD38

10
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15 of an antibody typically is found in one or nore
hypervari abl e regi on(s) of an antibody, i.e., the

CIF%l, -2, and/or -3 regions; however, the variable
"framewor k" regions can also play an inportant role

bﬁk 341l kHRE A/ tiRSuesS @D eAghio¥ytss, dyinphodtés ReRtddofrém peripheral
on var for thgﬁ%DRs Pref er ab% t he ytegantyilngeﬂ@tgl ndi ng perip

oo, G yRERIEEEE T in FRTEDTE SIEHCE Gy Cpss of o

bl e heav VH) chain, nore preferably am no
SPecmSé'&‘fGﬁ%&? STEPRICT 0 107 of WL and 4 to 111 of VH
and particularly preferred are the conplete VL and VH
“Sfbd'ﬁe $indig?i dlso may defpotoi the abilityloftam ditiody to/diseriminatetbetween the
3 of VH nunbering according to WO 97/08320). A

target aﬂtﬁ{eﬁm%& Sfle 6t Aore ﬁssélﬁm%&ﬂgﬁfﬁ(g? %vlfl&{ al’é%@ed 8 felfence points, e.g.

ent 1nvention Is i onal ragrrent s" of

e RS, A i Sl s s ot

may, be engi neered to mnim ze or conpl et el ﬁr
antibody e disay i BORIPER JHTcset FRIEE 1A (ARG BRG 4 feALTIBERL fomains or

between the CH and CL donmains. The term "parental
regions wif (€238, sach as epitopes do e Ntteminal orhint the Grterminal region of CD38, or
i nventi on denotes any binder which has not undergone

betweed b dtiére k8y @mimicidiediduest strétchésufansin®cid pésiduez of CDOS.
IS descrlbed el sewhere in the present

eC|f| tl.on he ter conn
1o v R Bcom myStalorp iR o P H3Rfpedas ZBRTER bllnging to
igﬁ(im us manner as the term"inmuno IobuI in"
the class éb&ylgE e\, 5tIBBo@y any subglass ther apﬁMwhsr@llrﬁ&yvennonaﬂy
be derived froma reconbi nant antibody library 10

known tdntibodiss bagle dunctioaal rfragaents sherenfnced t‘ifanctionale ftagment” of an
designed in silica and encoded by nucleic acids that

antibod iRmaH 6310 linCidrdby i8'defih@las d fraghérit ©F aﬂ%ﬁtlﬂdﬂyﬁhﬂihoglobuhn (eg.,

anti bo y sequence |s achi eved, for exanple,

a vanab?enll%%% e e sequence u? H#@I r@ﬁﬁ%&gat a t%‘l Ebﬂﬁm@ region”
fro for desi ota| n . .

of an argajgpflxw s “nﬂ dncer 8"e§‘°519€71’88’§8f‘ GatEioNs) OEgLfibady, ie. the
i n Knappi k et . Bi oI 2000) 296:57; Krebs

CDR-1,e2, padgr -3 xyglonﬁmhnmver,l\xbﬁ riggigble ( Wozbh Tegjonsean also play an
U.S. Patent No. 6, 300, 064 issued to Knappik et al.

important role in antigen binding, such as by providing a scaffold for the CDRs. Preferably, the

“antigen-binding region” comprises at least amino acid residues 4 to 103 of the variable light

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

to 107 of VL and 4 to 111 of VH, and particularly preferred are the complete VL and VH chains

(amino acid positions 1 to 109 of VL and 1 to 113 of VH; numbering according to WO

97/08320). A preferred class of immunoglobulins for use in the present invention is IgG.

“Functional fragments” of the invention include the domain of a F(ab’), fragment, a Fab

11
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whi ch hereby are incorporated by reference in their
entirety. Antibodies for Use in the Invention
Throughout this docunment, reference is made to the
followi ng representative antibodies for 20 use in the

fragmentRANNCFON Theﬂ"(&tb’ YFabOhay b@ lengihééred tPminididd or36d letély remove
03076, 3078 or 03078, 30 or 03081, 3085 or 030

e e e Ty O S055

3128 or 03128, 3129 or 03129, 3130 or 03130, 3131 or
Thstesn, “pereatal bindes’ &3used is gomnection gvith the Present ipgargi®n denotes any
6186 or 06186, 6187 or 06187, 6188 or 12 06188, 6189

binder @hidh6h&O notbhidergoneOhié Procesd 92 aptintizdtidvn, A poscesy of @ptimization is
6197 or 06197, 6200 or 06200, 6201 or 06201, 6204 or

descnb%ﬁ%%éh;ggﬁﬁhg reDG decifftafion.0r 06278, 6279 or 06279.

rep esents an anti body haV|ng a vari abl e

heavy region correspondi ng ID ( DNA) / SEQ
Theptexiy, “binder 28 tuspdhyn 5Weﬁﬁ%wfgbgé nrpsgn% mvsgﬁlfah may be’used in a
corresponding to SEQID NO 31 5 (DNA)/SEQ ID NGO 46
synonymipusimenney as the@erd0 itimmoglobelin’sordlantibadyBody havi ng a
vari abl e heavy region corresponding to SEQID NGO 2
(DNA)/SEQ ID NO 17 (protein) and a variable |ight
region corresponding to SEQ ID NO 32 (DNA)/ SEQ I D NG
47 (protein). LAC 3081 represents an antibody having
An aytibadyrfor usesimthe invgniion mey be slerined frgnm aaresggbmmmtlbgdy library
(DNA)/SEQ ID NO 18 (protein) and a variable |ight
that is basgl omaminor &&bseqdenvgs that BA@ been esighal iplilA) d@ntailddby nucleic
48 10 (protein). LAC 3085 represents an antibody

acids ﬁﬁ?ﬁfen@nﬁ)e’ti Dﬁﬁe@e% )&zlfc@%e@i?n(‘d}'rdneéﬁibﬁ Réuefice 13Fdehieved, for

protein) and a vari abl e

R
exmpl%ﬁ%@*% At %a@%epi%%@jﬁ%‘é’m%‘% REVERAE dequence
.. . Naving a var| hea cqrr.espo

uilizing Fhexdgta SO1aG4, ereBorn Kféthoz*g% B ERiRg gl Pl n%rmaﬁ icp-orcated
l'ight region corresFondlngto SEQ I D NG 352(99 5 ?

sequenceparqGiessabedy fort example, imEnappikggal. rbpM@ls &iels ( 96:57; Krebs et
anti body having a variabl e heavy region correspondi ng

al., J. InhussiMetholE) (2601) DNAY / a Q. B Patent Nl 6(300¢06d iisspeditodKmappik et al.,
variable |light region corresponding to SEQ ID NO 36

which hereby are incorporated by reference in their entirety.

Antibodies for Use in the Invention

Throughout this document, reference is made to the following representative antibodies for
use in the invention: “antibody nos.” or “LACS” or “MOR” 3076 or 03076, 3078 or 03078, 3081
or 03081, 3085 or 03085, 3086 or 03086, 3087 or 03087, 3088 or 03088, 3089 or 03089, 3101 or
03101, 3102 or 03102, 3127 or 03127, 3128 or 03128, 3129 or 03129, 3130 or 03130, 3131 or

03131, 6183 or 06183, 6184 or 06184, 6185 or 06185, 6186 or 06186, 6187 or 06187, 6188 or

12
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(DNA)/ SEQ I D NO 51 (protein). LAC 3088 represents an
anti body having a variable heavy region corresponding
to SEQID NO 7 (DNA)/SEQ ID NO 22 (protein) and a
variable light region corresponding to SEQ ID NO 37
06188, 6D89"\pY GEIQR9] 61 20Chr (61 906 19200r)6192,/61 930k D611 2R EHTrur 06197, 6200 or
an anti body having a variabl e heavy region

06200, GEUIV&SGGZW'GZOMOPOW lsm\&l 0&111 L8318 /0p0627806269 or 6’6&79 LAC 3076

protein) and a variabl e regi on corrfespondi ng t

revreserﬁg%n B 5’5%4%3?% Ry i “@‘%ﬁé% NO: 1

orr espondi (DNA) / SEQ | D NG
(DNA)lggﬂﬁl%&g: lﬁame%an swen;ﬁs Hight EgIoR CUTEPNSing 9 %5%19 NO:31

13 SEQ ID NO 39 (DNA)/SEQ ID NO 54 (protein). LAC
(DNA)/SEQ2ID fi):ette(retemm). LAC 3639 réepresents an antibody bheing@avariable heavy

region corresponding to SEQ ID NO 10 (DNA)/SEQ I D NO

region ctrrespondigd ) SBQADANOY 2r (DNA WSEQAI NIO8 di70@protein) and a variable light
gl cor rfétgpondl ngB?o SEQ I D NOF4O (DNA)/SESbI D Nz) &

o SRR 80 7L PN PO O
o RER P B S e 1344, Lalhyssomo:

(p rotel n). LAC 3128 represents an_ anti 3/

18 (protm) m@;a aa%bh hﬂmtéem%wnesv@@dw%%m é@%ﬁeﬁ%@lﬂé /S8EQ ID NO: 43
ID NO 12 (DNA)/SEQ ID NO 27 (protein) and a variable
(protein)).i GAC 3085giepresents ae siptibatiynbaving S5@riklle Nitavy! 2egi@Noprr&ipQnding to

ID NG 57 (protein). LAC 3129 represents an antibody

SE nmw AYDNAFSEQUIDENR a9y (piiéind And arvatiableibihe gedion Sbfeedpending t
Q NO 13 ( )/%EQIDlO Zg(proteln) ggrlwid agvarlabp‘eanlngo

SEQ D W%(Bg’é’e bIt ei E oﬁ%@ ﬁ@bﬁie@ #@sdg@ rsé?}h ant’i g having a
v o gt PSR SRR e mi-
ight region corresponding to SEQ ID NO 44 &n
variable ighKeegio oqmesppading 1o SRO 11 MD:23 B0 4B NGk 0Pl arsjein). LAC
havi ng a vari abl e heavy regi on corresponding to SEQ ID

3087 repiesents af BhhddyEHaving al@aridble 3Rayypregian corrasponding 4o iSHEQ D NO: 6
l'ight region corresponding to SEQ I D NO 45 (DNA)/ SEQ

(DNA)/SE)N@ N6 21((prodif) And a Waridbie light RgiofRjokres dﬁﬁdmgl 0rBEQ ID NO: 36
were derived fromthe parental bin
(DNA)/SEQ ID NO: 51 (protein). LAC 3088 represents an antibody having a variable heavy
region corresponding to SEQ ID NO: 7 (DNA)/SEQ ID NO: 22 (protein) and a variable light
region corresponding to SEQ ID NO: 37 (DNA)/SEQ ID NO: 52 (protein). LAC 3089 represents
an antibody having a variable heavy region corresponding to SEQ ID NO: 8 (DNA)/SEQ ID NO:
23 (protein) and a variable light region corresponding to SEQ ID NO: 38 (DNA)/SEQ ID NO: 53
(protein). LAC 3101 represents an antibody having a variable heavy region corresponding to

SEQ ID NO: 9 (DNA)/SEQ ID NO: 24 (protein) and a variable light region corresponding to

13
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MOR03087 and MOR03088, conprise the foll ow ng:
MOR06183 represents an antibody having a variable
heavy regi on corresponding to SEQ ID NO 77 (DNA)/ SEQ
ID NO 92 (protein). MOR06184 represents an anti bo(i/
SEQ IhA0:39 @NA)/SB@ 1D N5 (prageion LA 348D mepuiésants tan a8tibpdythaving a
20 NO 78 (DNA)/SEQ ID NO 93 (protein). MOR06185

variablé Beav® 3641615 corfespoidihg &y SRFQUDNO02 10 DNAY/SEQ I A 255@kdtein) and a
corresggoindlngstpgslg%lD%O 79(D$)?2 ?DNO 952@ )

vanablé H B)l cotte: rﬁeg o i r es pon msgggb g@KBBQg%tem) LAC
S i Ho R S T S0

correspondi ng to SEQIDNO 81(DNA)/SEQIDNO

(DNA)/SEROIR &9 gnd pgigriable Aight regiongarrespan mmrngQ ID NO: 41
vari abl e heavy region corresponding to SEQ ID NO 82

(DNA)/SERQAID BEW) 56>(pibreird)7 LACORIERL RProsents an eantibodyn having laodyiable heavy
having a variabl e heavy region corresponding to SEQ

region ddaebfidndig tb@hﬁ%ﬁﬁﬁ@‘ P2 ONAY/SEYy 1 Aoy 27 f&ﬁﬁﬁé 9fd a variable light

represents a anti body having a variab eavy

region %)Slg% Bt g%w 2 ! epS E@] g%{;}w&g @3% represents
o A O B R o TN s

antlbody haV|n vari abl e heavy regi on correspondi n
NO: 28{grotzan) 413  lighlpEoRQorEIing 02 SEQ B2 80043 (DNAY/SEQ ID
MOR06197 repr esents an anti body having a variable
NO: 58e@wteinpgLlAC ci30e sgpresdntsg an carffibqdy Chak@ng\@ ariable heavy region
(DNAYSEQ I D NG 102 (protein). MOR06200 represents an
correspétidiri dDiNO:; 84 JBEQ 1D NYY29 @Gabteih) GAd aS%PABIR! 1iht region
pt EQI[%DNO 88 (glAA?SEC?IDNO glgﬂ pr)otel n). fEht reg

T ey R —
o b PSS Pl 50505 RSN 1 A o v

ID NO 90, %DNA)/SEQ ID NO 105 (protei % MOR06214 15
30 (proteiapandse variablelight regienicorrespondingtoBEQ HD NO:HSLPNANIEQAD NO: 60
corresponding to SEQID NO 91 (DNA)/SEQ ID NO 106

(protein). pFatlermpre, MpRiDGi26B clanes,c svhiths were aletived dyorhathenparantal binders

vari abl e |ight
MORO03087 and MOR03088, comprise the following: MOR06183 represents an antibody having

a variable heavy region corresponding to SEQ ID NO: 77 (DNA)/SEQ ID NO: 92 (protein).
MORO06184 represents an antibody having a variable heavy region corresponding to SEQ ID
NO: 78 (DNA)/SEQ ID NO: 93 (protein). MORO06185 represents an antibody having a variable
heavy region corresponding to SEQ ID NO: 79 (DNA)/SEQ ID NO: 94 (protein). MOR06186
represents an antibody having a variable heavy region corresponding to SEQ ID NO: 80

(DNA)/SEQ ID NO: 95 (protein). MORO06187 represents an antibody having a variable heavy

14
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region corresponding to SEQ 1D NO 107 (DNA)/SEQ ID
NO 109 (protein). MOR 06279 represents an anti body
having a variable |ight region corresponding to SEQ ID
NO 108 (DNA)/SEQ ID NO 110 (protein). 20 Antibodies
region obrrésponding etot BBQ ¥R rNOc [81r ONA)ISEY IDn Ntkb 96 n(gtaiein). )MOR06188
format and conprise various conbinations of the |ight

represef2 ganh s&vabdghﬁwﬁfg of vaifableThéRy AR rPeéﬁéggaﬁdibg RYSEQ ID NO: 82

Igure 10 Shows ~ several non-limting conbinations

C caonn i 00 WM. . .
ONAVEROETD Y: 97 MORYg1B0 JEpEER B it BRARE N alapte heavy region
mef hods _for_usi anti bodi es_havi ng an ti -
corespacing 1%y SEOLTS NS (1oNATBERCITS DaPF (Brters). MIOBP6I9Acregresens an
high affinity for one or nore regions of CD38, whose
antibody haviog aciariabledwavicregion cvepspondingtty SECID Q@4 (DINAYSEQ ID NO:
antibody is said to have a 5 "high affinity" for an
99 (prof@it). MORO06192 képréxehts ah hlitibolg haviagRariabledeavyeRgion toftesPdnding to

(monoval ent affinity of Fab fragnent). An antibody or
SEQ NG, 35 ORAAAPID K30 oyt MORMI R Al i suibody avin
s o g6, S80S N BARERE It Wi oot

resent invention can bind tqQ CD38 with_ an affinity of
M0R0§88 Jepresents am aptibesly havingng varighle heavabregionogosraspending to SEQ ID
about 60 nM and still nore preferably |ess 10 than
NO: 87 {DMA)/SHQ EMNGu2(protgink MORE620fr represends arf antiboidy balving a variable
that bind. to CD38 with an affinity of |ess than
heavy région tork&spbAding i¢! SEQN I NO2 B8 /(BN A)/SEQ IDINON 163 ghedin) MOR06201

or instance, the affinity of an antibody for use in

epesrf S, SRR e i) iephill 1Y 0 2 s

ONAYEEREE§R: 307 5B, IR bR it b SPEES Habhla S varible heavy
. resonance (Biacore) and FACS Scatchard_anal ysis: 16

region qogrgspondingyite i $QAVIDANQ:nPQ i(PNA)Y/SEQ ID NO: 105 (protein). MOR06214

represents an antibody having a variable heavy region corresponding to SEQ ID NO: 91

(DNA)/SEQ ID NO: 106 (protein). MOR06278 represents an antibody having a variable light
region corresponding to SEQ ID NO: 107 (DNA)/SEQ ID NO: 109 (protein). MOR 06279
represents an antibody having a variable light region corresponding to SEQ ID NO: 108

(DNA)/SEQID NO: 110 (protein).

Antibodies of the invention were characterized in Fab and/or IgG format and comprise various
combinations of the light and heavy chains of optimized and parental binders. Figure 10 shows

several non-limiting combinations which can be used in connection with the present invention.
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Anti body (Fab or 1gG) BI ACORE (Fab) FACS Scatchard

Kn [nrMa (lgd)b Ko [nM MOR03076 440/596 n.d.

MOR0O3078 n.d. n.d. MOR03081 416/450 2.5 MOR03085 122

10 MOR03086 30 n.d. MOR03087 17/38 5 MOR03088 95

n.d. MOR0O3089 340 n.d. MOR03101 314 n.d. MOR03102

64 5 MOR03127 168 (54) n.d. MOR03128 117/84 n.d.

MOR03129 43 n.d. ., MOR0O3130 n.d. n.d., MORQ3131 451

Innong aspept, e inveukion prayides raetthSafor Pusings @mb&fhes Jxingsans antigen-

on human CD38 Fc-fusion as 45-300 17 b: 1gd@ format;
bindingaregionsthat caint bindkapécifically to or:has tachigh affinityy foatone mr(mo(é)regions of

d: standard deviation (n=4)
CD38, whose amino acid sequence is depicted by SEQ ID NO: 71. 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 antibody or antigen-binding region for use in the present invention
preferably can bind to CD38 with an affinity of about less than 600 nM. Preferably, the antibody
or antigen-binding region for use in the present invention can bind to CD38 with an affinity of
about less than 100 nM, more preferably less than about 60 nM, and still more preferably less
than about 30 nM. Further preferred are uses of antibodies that bind to CD38 with an affinity of
less than about 10 nM, and more preferably less than 3 about nM. For instance, the affinity of an
antibody for use in the invention against CD38 may be about 10.0 nM or 2.4 nM (monovalent

affinity of Fab fragment).

Table 1 provides a summary of affinities of representative antibodies, as determined by

surface plasmon resonance (Biacore) and FACS Scatchard analysis:
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5 Wth refere
nmeasured by s

nce to Table 1,
urface plasnon

the affinity of LACs was
resonance (Biacore) on

human CD38 Fc-fusion and by a flow cytonetry procedure

utilizing the
T AP

fornat _of 1A

CD38- expressi ng human Raji cell

| were performed on directly
I'z e@ §W§‘%§

I'ine.

eén (CD38-Fc fusion protein). The Fab

s exhibit an mnoval ent affinity ran

Antibody (Fabecor kgéil)t

fusion protei
cel |l -based af
The right col
strength of t
feature of pr
i nvention is

BIAGORE @M on i [WAES! i zed Stabchard
n. 10 The 1g@ format was used for thg

Fichirhypeet er mi nat i gnIgGEHES Scat char d) .
uﬁ Hc‘)yl]Tabl e 1 dendtes the binding

he LACS in this forlnat ot her prefer
ef erred anti bodi es ?@Pl‘l@i in the
t heir specificity [for an area within

ge

MOROMT6er m nal re
invention can

Tabl es 2 and

MOR0$®gent ion wer e.

gi on of4403%. For exanple, hACs of thg

bind specifically to the N-term nal
Iy Ooteteiod—aael 0L 1 P H ot + 1o
Lo YL T4 ZTU aAlitjlh Juutr ©o - Ul L 11T IJI T3

furt heP%haract erli zed as &fown in
3. Sunmaries are grovided of affiniti

MORO03081det er m ned
and FA_CS _Scat

MORO%O” es to CO

deternined. T

by sur4l@450pl asnmon resonan@g ( Bi acor
chard anal ysis. Additionally,

[‘O"‘h‘ﬂ'ﬁ‘ﬁﬁ‘? ytrocyties—and—E&R-SA b
88 Fc- Fud

n proteijn have al'so been
he

MORO3086i m zed bin
eryt hrocytes

ers shovdla reduced
nd a hi gher ELISA

characterizatidns show that sever 3

si gnal as conpared

bi ndi ngntdlo human 2

MOR“%@OPGI ent=d

3088 have
Scat chards_an

derivat islc:: of
ty as shown by FACH
nations. 18 Table 3

Horme—1 cHtTom
an i nprfg\//%ga af fini
affinity determ

D -

MORO03D88r vi ew char
- Affinities Sc

finity-mtdured clof
ICS anal Efficacy El

cteri zat9%ns of af
tchards [ EC66s] FA

es:
USA

MORO% e gngISHIFé Fusi on acore)' |(Bl ovensr’ (nM (nl\/]llgto
human pr ot el WIl (pall Frythriocytaas (% Reactivilty

MORO03101 314 n.d.

MORO03102 64 5

MORO03127 168 (54)° nd.

MORO03128 117/84° n.d.

MORO03129 43 nd.

MORO03130 nd. nd.

MORO03131 451 nd.

Chimeric OKT10 nd. 8.28

3. Fab format; analysis on human CD38 Fc-fusion aa 45-300
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(Conpared to MORO3087) 03087 Parental 5.64 4677 6.37
17.675.7 o MORD3087 + 100 6183 It-COR2 13.47 25.98
26.06 8.91 < MOR0O3087 + 108 6184 H CDR2 9.68 68. 22
401 10.54 - MOR03087 ad. 160 6185 H COR2 4.39 13.69

42 6186 H CDR2 4.62 6.09 641
I%@Q%?E%@zs%@%%l ‘%11;6187 H COR2 12.46 46.38 16. 66
c:gtandard dgpipbleE30\H. 145 6188 H-CDR2 3.96 69.32 22.71
d:20indGrddeMaREBABA) NA. 140 6189 H CDR2 4.95 2.699 941
n.e. - MORO3087 n.A 126 6190 H CDR2 15, 65 4685 11.66
Me. < MORO3087 nA. 125 6192 H-CDR2 6.01 74.73 7.07
n.e. - MORO3087 n.A 111 6195 H CDR2 4.52 55.73 6. 60
Wiith, referrisrDg0 gable. 14\ the caffisity of H.ACROWaS mepsured. tyo sunface plasmon
< MORD3087 Mi. 138 6200 H-CDR2 7.92 59.91 5.02 7.16 >

resonanbBId08E) ddftlhurhdr CDB 8 F2Ofhisibn GhiRBy @Hlovl Ganidtr§ Grocedure-utilizing the
MORD3087 Md. 137 03088 Parental 41.40 2149.92 24.8" IL

- ) 5
CD38 e’)\ch @%uﬁxghshf%glgh%é%héﬁdc%ééggﬁ%eg w@%z%lﬁgméd on directly

1mmob1k}%|eﬂJ axglgﬁlé ?@Dé%% f\ams(?%xd' ﬁrotemgsgﬁx %b #Rv;gnat W k% exMHnt Mimonovalent

Fab-format | gGfor man Effec .
affinity rgnge bgbwesn hoyS0 aeg%Pé nMEon Wﬁ@liléedééés'% ﬁmc?n Rotein.ng
of RPM 8226 cells In ADCC n.d.: not determ' ned
The IgGl format was used for the cell-based affinity determination (FACS Scatchard).

The right column of Table 1 denotes the binding strength of the LACS in this format.

Another preferred feature of preferred antibodies for use in the invention is their specificity
for an area within the N-terminal region of CD38. For example, LACs of the invention can bind

specifically to the N-terminal region of CD38.

Optimized antibodies of the present invention were further characterized as shown in Tables 2
and 3. Summaries are provided of affinities as determined by surface plasmon resonance
(Biacore) and FACS Scatchard analysis. Additionally, FACS-binding to human erythrocytes and
ELISA binding studies to CD38 Fc-Fusion protein have also been determined. The
characterizations show that several optimized binders show a reduced binding to human
erythrocytes and a higher ELISA signal as compared to the parental clone. In addition

derivatives of MOR03088 have an improved affinity as shown by FACS Scatchards and affinity

determinations.
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":different experinent 5 Table 3: ECsO in

FACS- Scat chard, ADCC and CDC racterizations

FACS- Scat chard ADCC CDC RPML8226 CCRF- CEM dEC
RPML8226 CHO Ant[-CD38 MAbs. ECrg [nM"' EC50 [nM"

Table 2xOa@riiewlchaldutérigativhs ol‘m’i@aﬁaﬁlr& thonés:0. 14 3.4

MOR03088 24.6 25.5 n.e. MO R03080 1.8 2.6 0.13

Efficacy ELISA
) RPWIS2 D : < CD38 Fc-Fusion
IS mmyert uﬁm i ntdsurmmy be | i rjear protein®

dUﬂseculPer stretdh of n‘iwcm gs) or || (% Reactivity of
it | (G o 45 no MOR03087)

TLOPE JOT_a 10
ifonaA the 10
UK 7arfl’$q‘\nll P 150
6185 n- > - ”’Uu%u. L
6186 Y UYI*tbRZdF P' 489 FUPNSU LS U 17
6187a0) || OWEDR Oes | e 148
61884 ~ilp HICBR2~ I (T8 Q inihl 1 or 140
N 4.95 ol T 128
, S | : TCoR0" 128
g W (¥ e ¥now ea FONdTZf d -Immoaeqrn e 1M
CPR rER | . 5.60 7 185
D 4 ., 12.74 .92 e < R0308 ) -US-%:: o4 o 138
PR 2 UCx2 THT lWMCD 5.0 X Y nd. 144
N@ORaC Y NGV 1g_@w_aNt sepen-| DT axdl 1] -Mpreew OT)| TRt |15 17
03088 nmm flor419€ qil d 2vas2 tlhmﬂ“é (g g5y udi nepbledomt Hot [ 18
6204 72 . 58,51 “n. <MO 7 ~ o nd. . 58
6214 S : 1 % n.o- MO 7 P o0y 109
6347 1 8dJOQ) . na. n.d. n.d. nd, n.d. nd.
6348 || L-CDR3 n.d. nd. n.d. n.d. n.d. n.d. n.d.
®: Fab-format
®: 19G-format
“:Human Effector cells & RPMI8226 Target cells (E:T ratio = 30:1)
+2 Killing of RPMI8226 cells In ADCC
n.d.: not determined
*:different experiment
Table 3: ECsp in FACS-Scatchard, ADCC and CDC
FACS-Scatchard ADCC CDC
Licoss ok RPMIS226 CCRF-CEM oP2 RPMI226 ggg
Se
n ECs [PM] ECso [nM] ["Ms]‘b ECs [nM] [nM]'
MORO03087 6.3 14.7 17.54 0.14 3.4
MOR03088 24.6 25.5 2.6 n.e. n.e.
MOR03080 1.8 2.6 19 013 1.9

*: single measurement

®. mean from 2
measurements
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An antibody for use in the invention preferably is
speci es cross-reactive with humans and at | east one
ot her non-human speci es. The non-human speci es can be
non- human prinmate, e.g. rhesus, baboon and/or
'I’lfeytzg%f &bifope @ MWhich@inaribody fapre ircthedavention ibinds mhay, be linear (i.e.
ra

nmouse, rat and/or hamster. An antibody that

one co%séc a@ ﬁret&taﬁf can e 836 dhﬁﬁ'ﬁﬁnﬂﬁﬁaloftlée F‘%lﬂ gl s%%tches of amino

e greater f ty and

enefits o er kno nt i ant| odi e for 0se

acids). ors‘smi% ey Vvvt)te@tf ¢ SBECHORE (of perpruas a1 Sinear or
with the sane ant . An antibody that is cross

confomra@aml» the skjlled Wﬁrh«trmag aaﬂuz%ﬂw .bwést& of angpodigs:taverlappipg peptides
be a candi date for toxicology and safety st udi es.

(e.g., 13Pmef peptidey withraneowerlap df 11 amins acids) coweringndi€fietent domains of CD38.
only is able to bind to CD38, but also is 20 able to

LACS fiRgli Rbérlizd HisBéhtRiuods of!linegX Bpitopes N6 th&IF-terMinfl region of CD38.
specifically, an antibody for use in the invention

Combmg%%gﬁggxgl %etd% 'pp&ﬁmé}%ﬁ aﬁltg )sﬁgltgfl Worﬂ@r% ¢hé 94 will know how to
g{ g ﬁgq{’es ax oy gﬂtgen-bmdmg

ant i body- %
use oneamtnp%d
Ienent dependent cytotOX|C|ty
region thmgsmmcefggti% epifppRe(feg: using swshetmaytldtﬁnf@pgﬁpqsmmfi or cells
cells within the nyeloid (e.g. nonocytes,
expressing @pitdpes pf €D38xnd | ynphoi d |ineage (e.g. activated B
and T-cells; plasma cells), but also on the

s | re 5 . , : .
o RO MG AP S e B PR b o
I'1ing of malignapt t he anti.bodi he .
at least BP%B@‘F: nonJURER SPFCle wét"&taamm%? an-g Sonshitan grimate, e.z.
cursor cells. In addition to its catalytic
rhesus, gabppn and/escynomelgisc | Othermm-humasspeeips Fansle mindpig, rabbit, mouse, rat
hydrol ase, CD38 displays the ability to transduce
and/or lairgtea) An ahtibidy! that is @koss e¢aetios ovdth (atideubi ome ethermspecied 88side human
Ausiello et at, 2000). Those functions can be induced

can provide ‘g&%?ertﬂ’exﬂﬁh@ arldCBERHR ovet 4AGKN alli TPSY hitibods, Rt purposes of
cross-linking with agonistic anti-CD38 antibodies,

conductlngalﬁ ‘#\%r Ilgsnmgxﬁ%l‘ﬁ?iﬁé gggmﬁh ﬁkrll ﬁ%’é b&& W&%ﬁ is cross

reactive wEh %Hrtnlppgogxlx or ra bltt,hf%r xat gle, can be a candidate for toxicology and safety

studies.

Preferably, an antibody for use in the invention not only is able to bind to CD38, but also is
able to mediate killing of a cell expressing CD38. More specifically, an antibody for use in the
invention can mediate its therapeutic effect by depleting CD38-positive (e.g., malignant) cells
via antibody-effector functions. These functions incltxde antibody-dependent cellular cytotoxicity

(ADCC) and complement-dependent cytotoxicity (CDC).
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i nvention are non-agonistic antibodi es. Peptide
Variants Antibodies for use in the invention are not
limted to the specific peptide sequences provided
herein. Rather, the invention also enbodi es the use of

B RhsSa AMBER, 2PN 55 gﬂﬁﬁ%%%"i Bt ieloid ez

t echnol d the skil
monocysE, gTRICeyIeR) SRS TPHDECHRaR (6 oetied B ohls Plastna cel) but

variants of the anti bodi es di sclosed herein, while
also onahe respectivierprecunsor ogHs.i Sineesit isiimpaertanh ¢hat thdse toplls are not affected by
nmediate killing of a CD38+ target cell fall wthin

antibodyifedifted Eklnﬁ)gt 6 nidliphaitt célRY ahé i tibodies WEetiei presdt Snvention are
cont ext, ility to medi at e killing of a CD38+

nctional characteristic
preferaﬁlgrng?%yégtﬁ#ictg%?&ﬁﬁgﬁfélfécms anti body for use |n the
invention. Ability to nediate killing of a
Int addifion tocity eatalytic) gctivitigs| ascreeycligeABRBiri Wféﬂ*@aﬂatwérolase CD38
killing of a CD38+ target cell, e.g. by ADCC and/ or
display<iBe,ability by tramsduce <igwaty dsﬁhiblsgicah:jelegamm}loshi&o ebanlt,i196@yAusiello et
for use in the invention. 21 A variant can include,

al., 2odo9rrﬁa%ermh&m@reaﬁmel agedt Havivd 89, é\%. fe@é‘ﬁbr-ﬁﬁé)daihfe@é&i@ns or by

conpl errent arity det erm ni ng regi on

cross-lnglgﬁg ?&’Jﬁ@) a@?s AL VI S%b ¢ I%ﬁ% art6 a&!l&&m mobilization,

di scl o d here To b |II nge
Iymphogyts praeeRdE, F5| FRSB1olssenesy HoeibthLDor ﬁff Pog the present
An antibody is conposed of tvvo pepti de chal ns, each
inventioroare aprragepigticcantibpdies. chain) or three (heavy chain)
constant domains and a variable region (VL, VH, the
htsOf Which is in each case nmade up of four FR
Pephdéggil;lgntss and three interspaced CDRs. The

Agglgdcﬁﬁ R BOUR! fnedtfon be! ARCliited 16 B spRéific PoRide sequences

R regions provide t structura

SR e A —

reS|dues in a CDR of FR region, the skjlled rker
With refgrance eloy theringfamte disclosyrg: an Cgventiopally available technologies and

anti body sequences, which can be screened against the
referenceny thg akilled ovorkervwill bé able do prepprey pest and utilize functional variants of the

antibodies disclosed herein, while appreciating that variants having the ability to mediate killing
of a CD38+ target cell fall within the scope of the present invention. As used in this context,
“ability to mediate killing of a CD38+ target cell” means a functional characteristic ascribed to
an anti-CD38 antibody for use in the invention. Ability to mediate killing of a CD38+ target
cell, thus, includes the ability to mediate killing of a CD38+ target cell, e.g. by ADCC and/or

CDC, or by toxin constructs conjugated to an antibody for use in the invention.
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for exanple. Figures 14 a (VH) and 14 b (VL) delineate
the CDR and FR regions for certain antibodies for use
in the invention and conpare am no acids at a given
position to each other and to 15 corresponding

ACQASANS UM Ghcludg st eg@niple, saduatibaly (thaet dascati beast ione altered
U S. Patent No. 6,300,064). The skilled worker w ||

compleﬁgnlﬁﬂbﬁdét&ffgﬁﬁh gg% i oPﬁ? Aﬂﬁ{d‘ Jfishle) atiﬁ/dfsﬁaxﬁ’éwd‘iﬂ' (F R) (variable)

€ pr esent I nventi on.

referred,that ant s ar ructe ch
domainfBaSiHgh. EAES $pYiids SEHens SsEPRCIHEiP e JokuE! @1”“3%%1? St concep,
. .Mmght also have one or_ nore altered framework 20
a brief deseription of aptikadystrueturedfolewsmmy be made in the framework
regions. For exanple, a peptide FR domain m ght be

A&hﬁﬁmg ¥ gosfea ?F Bwd Eelﬁldé%hﬁ%' &ioh icOntBinirSériéU@ight chain) or three

conpar germin sequence. 22 Furthernore,

(heavy ﬁ%ﬁl:l?ta nqngtpn rgﬁng Qr}d"‘b %Sﬁ%ﬁx aé@iét? gY? VE Alte %éto?f&mag is in each

1 on one or

e 0B O ah&mx@%m%@%pa eé@ Gy bus el eln?mngms ite s

resulting collection of antibody vari ants for variants
formed by ohe prmore/CBRs: ¥sp thetFReregiana provids the istrugspral frpmewrorksfor the CDRs
diversification of one or nore am no acid 5 residues

and, hehdib @I 3n GinpditantGOR- th aitigehl, bifliRg) Befalteting otk ar KO- 8mino acid
of VH. Diversification can be done by synthesizing a

residueild €DR d}_'Fl@fegT A kitfed vistketStonely bdiﬁg“éneﬁfté ﬂﬁtated or diversified

mut agenesi s technol ogy (Virnekas,

SR NI e o R I —

dleal reagents for the synthesis of mxed
for exargp Fgonucl eoti des for random nutagenesis. Nucl. Acids
Res. 22, 5600). 10 Conservative Am no Acid Variants

Figigey P4 At(VED avd 14 (VL)nde}ineate RACDR it RROfegione dort deetain antibodies
overal |l nolecular structure of an antibody peptide

for use Islﬁglﬂw g\ﬁea &2 Ghél Rth gagf fintho £3id€9t hNAveY POidH & edh biher and to

am no a

corresponding consensus or “master gene” sequences (as described in U.S. Patent No.
6,300,064).

The skilled worker will be able to design peptide variants, the use of which is within the
scope of the present invention. It is preferred that variants are constructed by changing amino
acids within one or more CDR regions; a variant might also have one or more altered framework
regions. Alterations also may be made in the framework regions. For example, a peptide FR
domain might be altered where there is a deviation in a residue compared to a germline

sequence.
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sonme rational substitutions will be recognized by the
skilled worker. Am no acid substitutions, i.e.,
"conservative substitutions,” may be nade, for

i nstance, on the basi s of simlarity in polarity, 15

%ﬂ'ﬁ{iﬂ&f’ﬂfﬁgh%?ﬁé’ %A@’Qrs% ésbtﬁhf $or optimization

Furfh uh
an or t e a |pat I C nature e resi

oy ek e S GO it g 57 G FAG: PRESSRIY ARE acid residues in

val i ne rol i ne, phenyl al ani_ne, t ophan, and

one or merer DRsnad bbfcrs%lae Yhecxsowiting spHeron o @aUbedd! Yasiants for variants
gl yci ne, serine, threonine, cysteine, tyrosine,

with impmvadmpwiesaﬁdrt@ulaﬂamm&neﬂ d§ divessificatioh yofooner eremof0amino acid
(basic) am no acids include arginine, Iysine, and

reslduesfihscmﬁmsf V¢ DB Jdfewr) COR-Y of lw,r sieflorl 6DRA2 6f VHMiversification
aci ds i ncl ude aspartic acid and gl utam c aci d.

can be ?6’1&% %%%%tb%g%%péo‘iﬁkﬁy ggbr?gﬁ 6{5@ %% S e@ cgééﬂﬁe mutagenesis
rrivD genploey  Viae e B g e Biipshas Tgﬁrl%ffﬂfn’é@gi“@fnmg G., and

such as al anine, cysteine, |leucine, 23 nethionine,
Moroney|ScE. a(nW%)éB’llmldthld@ ah@apéorann@tqsmdn@ rgagents for fthe gymghesis of mixed
nmore comonly found in a- helices, while valine,
oligonu¢lemides formandophmatdgehesis. Nacl. Agids SRies.eZZ, 56§@t ophan and
threonine are nore commonly found in a-pl eated

Conse"%ﬁeﬁ%ﬂgﬁgi&%ﬁ" ine, aspartic acid, asparagine,

nly found in turns. Some

Po yr&%tg red. S%)St \ t nﬁr&f t@a?ﬂ%%e'wng ff)%gon %f;ulghatructure of an

i) A V Land G ven,.t he known

t
mubodxm%ﬁmceamcgm hessine the PFoRe tﬁmﬁﬁw agino acids,
scientist readily can construct DNAs encodl ng the
some rationad substitutions avillrhe recoghizedrbiyathe skilled workerp #mpine @cid substitutions,
exanpl e, amno acid position 3 in SEQID NOCS: 5, 6,

ie., "costervaﬁdé Substitutions, biag ba ngde, for MRlancdJoh thebasts of Aimildritd in polarity,
herei n, "sequence |dent|ty bet ween two pol ypepti de

harge, FAGHRGE S50t AL SyBARAILAR PEUIE T By i BRI s
I q?I mlarity" indicates the percentage of am no acids

involve hat either are identical or that represent

conservative amno acid substitutions. Preferred

Fop examplp; (a) porpedardhydrophdbic)remine aeids innludesalanine, dewpins, doleucine,

valine, proline, phenylalanine, tryptophan, and methionine; (b) polar neutral amino acids include
glycine, serine, threonine, cysteine, tyrosine, asparagine, and glutamine; (c) positively charged
(basic) amino acids include arginine, lysine, and histidine; and (d) negatively charged (acidic)
amino acids include aspartic acid and glutamic acid. Substitutions typically may be made within
groups (a)-(d). In addition, glycine and proline may be substituted for one another based on their

ability to disrupt a-helices. Similarly, certain amino acids, such as alanine, cysteine, leucine,
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identity in the CDR regions of at |east 60% nore
preferably, at |east 70% or 80% still nore
preferably at | east 90% and nost preferably at |east
95% Preferred anti bodi es al so have a 15 sequence

f I :
o480 5 TR SR e B v
R i e Tt (e

nmore preferably, at |east 70%or 80% still nore
commonly é‘omdaim grpbatedlsbm Glyxinen gerings aspgrtis asida 95Raraging, apd proline are
95% Preferred anti bodi es al so have a sequence

commonly NfolAd i Yurns.n Sonse preférredl subskitgiioms may bet mhdenamo the following
nore preferably 90% and nost preferably 95% 20 DNA

groups: '(’2 lead €5 89 P L€ G; %Dl\&ﬁ?mgf] v ﬁ ahd §S Gived é9RbWAeRb®Ocode, and

lates to ‘uses of es that encode an

recombﬁﬂrtg' %@d ¥yr%llﬁtxca]§§(la\nte{:h$ﬂfﬁs gbee%h&{] ﬁmg\{e}ﬁgﬁf&ﬁﬁg llégng% ﬁstruct DNAs

set forth,in Figurgs 1 a apd 2a. 24 DNA rmkecu es J
encoding fthe ¢onservalivAmINg agidrvariants. Mjoneparieularsxampleeamino acid position 3
di scl osed herein, but also include variants thereof.
in SEQ IBNQS115, én’l',anvllorﬁicnnbhdlangeéﬁ‘ommynﬁe descri bed by
reference to their physical properties in

AL S S St e O g s o
e 40 0 3 o o BBl S s

be recogni zed that hybri di zatjon occur with
indicates %p@rﬁwaeogﬁ@@wcmeth@ githey arermewf or ghay, gepresent conservative
appropriate choice of conditions, hybr| di zati on
amino acil bubistjitntions arPréferred pdlypeptitlef Segnences af ¢heainyenftiab\have a sequence
sequences based on their structural relatedness to a

identity P tid CDIRBfegidTRIUT . at feakt &D%Qﬂié?@?few i £tdestT0% or 80%, still more
conditions see, Sanbrook et a 1989 (Sanbr ook, J.,

preferabg laf 50 9% %ﬂq ﬁx@ é\‘%or y St l%st 639:89pr, e&’@’l’eﬁcéﬂtﬁ%gles also have a

oni ng Col d” Spring Harbo

sequencg\?éaxﬁagqtit% i emgogélgﬁ? gleaHsﬁ éﬁ% ngSA?qfe?er ly 90% and most
Mpor e, Se drm

Ki ngst on
preferably 9%/0 Pr&feae.dmlypemldeewguemegfs?le inygRhon avewame Krentlty in the

Mol ecul ar Bi ol ogy. New York: John ]
variable regions of at least 60%, more preferably, at least 70% or 80%, still more preferably at

least 90% and most preferably at least 95%. Preferred antibodies also have a sequence similarity
in the variable regions of at least 80%, more preferably 90% and most preferably 95%.
DNA molecules of the invention

The present invention also relates to uses of DNA molecules that encode an antibody for
use in the invention. These sequences include, but are not limited to, those DNA molecules set

forth in Figures 1a and 2a.
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Wley and Sons). Structural simlarity between two
pol ynucl eoti de sequences can be expressed as a
function 15 of "stringency" of the conditions under
whi ch the two sequences will hybridize with one

Dazoinbldcules A thedgvenkion atamot linditedas the' kjuénegedisylosedterdis, but also
to the extent that the conditions disfavor

) i . .y o L | ..
inlude WP BRI DN AR B theled 18 QB o
.. 1ol ecul es wil| bridi ze .40 anot her .under .such

their pHJSioat BroBGet i herlaaoh” 1, SROfea GLAT VIl P EriZf Tt DNA can be
favor hybridization of ol ecul es displaying a |esser

used toddentif its fcomplemant, pad, sinee [ANA:is dauble i 15 gauivgant or homolog,
stringency, therefore, directly correlates with the

using nsatleiccacid hlybridiedtioni tectaliques. dt alsaowitlubsd secogrizedithat hybridization can
sequences. The follow ng relationships are useful in

oc;:ur vl Te§d thih N100% BoRipléthearitp Hawkvee lgiicadippropriatd @ofce lof conditions,

Is the nelting ténperature of a nucleic acCid duplex):

- - 4 . T .
hybridiiph sediofies chy heleelf ) dtctnohie shithg DN ofyfeBleased on their
structu;'gféJ ?@Strpggsg gfz;m LSS 2&3&.2%&2@&@ Trf?gyfzdéqg%uzh I\cllonaitions see,

strengths of two sol utions. Eb/bri di zatjon stringency .
Sambropk et ak.uk8Pi(Sambrookahy Fritseh, & &, andiManiatiagl.dJ 88 Molgalar Cloning:
concentration, ionic strength, tenperature, probe size
A labomtudy triupl, €Geld Spring Harbot Eabdratoty Bress,ufold SpriigoBlarbor, USA) and
bondi ng. Factors pronoting hybridization include high

AusubePB¥a1S 1995 (AGAIbED FS M. Bodht,IR., KefigsfonS R, B AMGEre, DO'D., Sedman, J. G.,
tenperatures, |onger probe size and the absence of

. n t . r . r.' . t * .

smith, P9ERSHBRIKU 1) CUHEACERA L Vel B 0B0 YoreJo
. se.and the "washing" phase. First, in the binding

Wﬂeyagagee?)-the probe is bound to the target under

conditions favoring hybridization. Stringency is
Strisctughl simélarityrtebwest talo polyruckbtidesdyverdel ein be expressed as a function

tenperature. For high
of "stringency"” of the conditions under which the two sequences will hybridize with one another.
As used herein, the term "stringency" refers to the extent that the conditions disfavor
hybridization.  Stringent conditions strongly disfavor hybridization, and only the most
structurally related molecules will hybridize to one another under such conditions. Conversely,
non-stringent conditions favor hybridization of molecules displaying a lesser degree of structural
relatedness.  Hybridization stringency, therefore, directly correlates with the structural

relationships of two nucleic acid sequences. The following relationships are useful in correlating

hybridization and relatedness (where T, is the melting temperature of a nucleic acid duplex):

a.  Tn=69.3+041(G+C)%
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15 stringency, the tenperature is usually between 65C

and 70C, unless short (< 20 nt) oligonucl eoti de probes

are used. A representative hybridization solution

conprises 6X SSC, 0.5% SDS, 5X Denhardts sol ution and

100 gpy. of mMheTpetaldupler DNA decrbidés bpetC Aithewerly indreask of 1% in
secti g rhntber SFPRNRAEHRH bdse fak894) . O course, many
different, yet functionally equival ent,- buffer

conditions are known. Were the degree of rel atedness

is |over, &lhmmdln)emkddlogros2imdy be 20 chosen. Low

st ri ngency whefdi1Nghd"2rie thlisie StrégthsuTiwe soluieut  25C

and 40C. Medium stringency is between at | east about

40C to | ess than about 65C. High stringency is at
Hybridizationb stringesey. iSes ofimictiorh eofe manys factoise includingoowverall DNA
by washing. It is at this phase that nore stringent

concenl%tiwlL idnix) Stra gl ténipetatare] probeasilze dridn®e prdstndeSoftdgents which disrupt
"washi ng" stage that is nost inportant in 25

> o2 L i vat i, Shi . .

riopdE PG TaccR AR IR b DA, hish

. . _One _ex | .ar di um stringency sol.ution contains .

fonic. siE@UY 10 Ginpeiiires, loskgr ke S G dHE OGN RGP opet disrupt
contains the equivalent (in ionic strength) of less

hydrogen-kandinge Jyhridization typicallytis perfosmef dp feey pgﬁsr—wg% “pinding” phase and
sol uti on containing about O 1X SSC. The tenperatures

the “waslingitphased wi t h vari ous stringencies are the sanme as
di scussed above for "binding." The washing solution

Fi\%ti,zﬁ;l %%ﬁgﬁ!rnggpﬂge [ lp?%.dis W?gﬁ rtgsg%rgw@rﬁxeﬁ \‘bhdiflons favoring

Xanpl e, ica I ngency

.,.washi gg. condi ti ons, conpr.i se shing tw ce for. 30 .
hybridigiii Seingenas Sy Fompied s S Saeey Alleig i dPerafure, For high
. C. Accordingly, the present invention includes the use
stringensy, fthec[tempera®ire isrdisually dstwaear 6hbrandi Z2&°C, ¢ wnlesseshort (< 20 nt)
nol ecul es of set forth in Figures |la and 2a under high
oligonueleotidegprobys brenukedg Arrepresentstivg hybrididation salptiorh eoreprises 66X SSC,
nucl ei ¢ nol ecul es encode an anti body or functional

0.5% SDB 2SI Ninhardes S6lhtidrPandl TOOUSESE AsnsPésfic tdifier DNART See Ausubel ef al.,
Preferred nol ecules (froman nmRNA perspective) are

ston 235 pol il 9149 01t UTAEH, LQTELBRBAelvaln, e
conditids %I‘eefa?g\inx Where the degree of relatedness is lower, a lower temperature may be
chosen. Low stringency binding temperatures are between about 25°C and 40°C. Medium
stringency is between at least about 40°C to less than about 65°C. High stringency is at least
about 65°C.

Second, the excess probe is removed by washing. It is at this phase that more stringent
conditions usually are applied. Hence, it is this "washing" stage that is most important in
determining relatedness via hybridization. Washing solutions typically contain lower salt

concentrations. One exemplary medium stringency solution contains 2X SSC and 0.1% SDS. A
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at | east 95% honol ogy or sequence identity with one
of the DNA nol ecul es descri bed herein. Functionally
Equi val ent Variants Yet another class of DNA variants
the use of which is within the scope of the invention

igh s e i SR A D chLRESHo g OIS ol hous 02
5SC, "3, BE AL AR G WP S 8, g trmpernes

. peptide sequences found in figures Ib and 2bh due to )
associated withoypsious steipgesrcies gee the same as disepssed aboye forcbingingz e dhe washing
that variants of DNA nol ecul es provi ded herein can be
solutiorcalses typicaile ds feplaceda anmberof timessdringayashingo iFoe xamyple, typical high
they may be constructed as conpletely synthetic DNAs.
su'ingen%? WRhing ¢onditiofs édnpreiwashimg HWRYo£ B0 ehinutes at 55° C. and three times
ol i gonucl eotides in the range of 20 to about 150
' are widely avail able. See Ausubel et al.,
forlSn@éﬁ{e?%{lé(gﬁl’ Suppl-ement 21 (1993). Overl appi ng
ol i gonucl eoti des may be synthesized and assenbled ina
Am;;d%nglu, the peasentdpyantion inpjudek theause of nucd¢ic acid moleaules that hybridize
Biol. 72:209-217 (1971); see al so Ausubel et al.,
to the molpdules &eset iferth th Pigufasnianaid 2a Whdds high/stringdney diddingiand washing
desi gned with convenient restriction sites engi neered

conditid(?:ilﬁs, Whére SuctPivtlelc molduilelfentdiR and@iBodyPorl jﬁﬁét'i&rfaﬂfrﬁdgmgnt thereof for

oning Into an appropriate vector. "As i ndi cated;

e s LR B S5 SAEIA BD B0505e o v
at least ih%gqr%yg fﬁrﬁé&% nglggsi %%‘% wso(?g gé%gsrgb slﬁt gag%% gﬁ& Brost preferably

met hod, a target DNA is cloned into a single-stranded
at least 93%4) heroology opseqyenceddintity witBiong bfthe HNA arnleavies described herein.
i sol ated and hybridized with an ol igonucl eoti de
. i s Lred nucleotide alteration(s). The
F““”@%ﬁ%ﬁe‘ﬁ‘e&r}?g{}ﬁ ra%d is synthesized and the double
t P S i ' . i, f . .
Vet BT BT BEBNS vishfif "5 o VR i 8hin GO TR of A invention
ich can, be,confirped usi DNA sequengci ng...d n.. .
may be deperibed WAt JEfef<ae to e mavitich heg enccils ey Betidef isted in figures 1b
i ncrease the probability that the pr ogeny phage wi ||
and 2b)p dheprefumetionally equivalent genes arechagactrsized by dheyact thah s encode the
to those in the field and kits are comercially
same peptide Semabmces found in figures 1b and 2b due to the degeneracy of the genetic code.

It is recognized that variants of DNA molecules provided herein can be constructed in
several different ways. For example, they may be constructed as completely synthetic DNAs.
Methods of efficiently synthesizing oligonucleotides in the range of 20 to about 150 nucleotides
are widely available. See Ausubel et al., section 2.11, Suﬁplement 21 (1993). Overlapping
oligonucleotides may be synthesized and assembled in a fashion first reported by Khorana et al.,

J. Mol. Biol. 72:209-217 (1971); see also Ausubel et al., supra, Section 8.2. Synthetic DNAs
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generating such nutants. Reconbi nant DNA constructs
and expression The present invention further provides
for the use of reconbinant DNA constructs 15
conprising one or nore of the nucl eoti de sequences of

preferablp Qre aesigietl with/ Edtiveflient rebRicti6® Sitd3i cRginkered Q0 e §'@hd 38es of the
used in connection with a vector, such as a plasm d or

| vector. . ' dNA nol ecul e encodi ng an
geneto‘é’%«{xl?%tgﬁ&#%m&%éeﬁ %&%@?ﬁ?ﬁgnti on is inserted. T%e
encoded gene may be produced by techni ques described
As indizatesk agnethed af genesgling vaignts/is & sfart vath gne of thgddNAs disclosed
Al ternatively, the DNA sequences may be chenmically
herein andhtheastozeotiducti sitg-dire22df mutageresis) eSeesAunsubek e al;,ssupfig echapter 8,
for exanple, the techni ques described in

Supplex%gt m%gﬁh Reyprodl iR atABE DNAAS tlonéd into ARingl-ffhded DNA

ich 1°s 1 ncorporated by reference herein in

st O S5 ASBRL PR STBLANE) By YA BB

. capabl e, of expressing . th and/ or protein, products
containigg ﬂmesgﬂi swﬁgoqsmktgsa.tm@b RB@&O&?N%WQ@&M {sispthesized and the
conpri se regul atory sequences, including a pronoter
double gtramded phageiis kndrpduced: into ahest. Sewmdiofi the fesulting proReny wilh gontain the
vector may further conprise a sel ectable narker
desired afmam)which Sae e fconfiimed ushig DINA seyeivisg. eln additier; vations/methods
signals also may be required for efficient translation

are avafldblé HER "ihGEask 3hé ?fobaﬂﬁﬁﬁ iR Ghe’ Fx(‘j gﬁvf“ SwilPbd & desired mutant.

present 1 nvention further prov r uses of host

. o ' . od .
These ipdh, S804 R 3 chSEh BRSNS e o
Mhi%gkex ression vectors are available. It may be,
generating such guaNis. 5 hi gher eukaryotic host cell, such as a
manmal i an cell, a |ower eukaryotic host cell, such as
RecomBin¥REDNAC@strubtstandrexpeéssiony i s a prokaryotic cell,
such as a bacterial cell. Introduction of the
mee?wa&itnméntﬁmnwtprbﬁﬁes tthe theoabe ©F! decSbina®t DNA constructs
effected by 10 cal ci um phosphate transfection, DEAF,

comprisﬂ*.?&{ea& :H@%io%&ﬁ@nﬁélmk%eadea&s RURE preSAR ifNenflBn.O The recombinant
pfrage 1 nfection

constructs are used in connection with a vector, such as a plasmid or viral vector, into which a

DNA molecule encoding an antibody for use in the invention is inserted.

The encoded gene may be produced by techniques described in Sambrook et al., 1989, and
Ausubel et al., 1989. Alternatively, the DNA sequences may be chemically synthesized using,
for example, synthesizers. See, for example, the techniques described in OLIGONUCLEOTIDE
SYNTHESIS (1984, Gait, ed., IRL Press, Oxford), which is incorporated by reference herein in its
entirety. Recombinant constructs of the invention are comprised with expression vectors that are

capable of expressing the RNA and/or protein products of the encoded DNA(s). The vector may
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Bacteri al Expression Useful expression vectors for
bacterial use are constructed by inserting a
structural DNA sequence encoding a desired protein
together with suitable translation initiation and
further tamnpriseaegulatoryl Sequenpes) iacluding pegradabter oparably dinkéditoctheiopén reading
a functional pronoter. The vector wll conprise one or

frame ({ PhE DE&t¥inby ARIBFEHRIrRse ARElcBlablean4tkér seqhidndé. NSPcific initiation
rep ication to ensure maintenance of the vector and,

AL 540 RO H B e e

pclude E. coil, Bacillus subtilis, Salnonella
genecof’ﬂﬁlﬂeﬂ\!ﬁ“i"?ﬁn and various species wthin the genera
Pseudononas, Streptonyces, and Staphyl ococcus. 20

'l‘lE’@ﬁk@édt Mverash mrﬂxefr@wi&s fo10tise8 $E HpsteellP 6ritaining M A€t one of the
pl asm d- or phagem d-based. These vectors can contain

DNAs (ﬁsﬁ?&! Q{B?é‘i’ﬁ eTHEhES ge? agh BaGirRall ?m angf(ﬂ vﬁ{x %)fpressmn vectors are

1 on |ve rom COHTTE y aval

s, Sl R R i o i .5

transfornatlon of a suitable host strain and grow h of
lower eulkaryotio hpgnells suchi a3 & peagheall bub praferablyde e pramwycell such as a
the selected pronoter is de-repressed/induced by
bacteriahgpll.o dntroduetion axf th¢ secombpinasthpenstructriatos thiefliosbeelk bambe: affected by
induction) and cells are cultured for an additiona
calciumPstdspkhte frahdfectivne DEWE, @ektrah madidRa!tR@sfeytion, electroporation or phage
centrifugation, dlsrupted by physical or chem ca
ans, and the resulting crude extract retained for
ur t her purification. 5 In bacterial systems, a nunber
of expression vectors may be advantageously sel ect ed
BacterigbBxprtissign upon t he use intended for the protein being
expressed. For exanple, when a | arge uantity of such
Usefyh oxpeéssionsvertors o acitrialeuse areronstucigd byrinserting o structural DNA
anti bodies or to screen peptide libraries, for

sequenc®>endpdifig a\desired provdin dgether ith stifisble manﬂamnqmmﬁoin lafydh termination
| evel s of fusion protein products that are readily

signals ﬁiﬁééérbﬁg réddin a‘%@ %ﬂﬂphﬁve Kl Fohatee U‘i’b@vé@&ﬂ"'@ﬁ‘ﬁcompnse one or

apeut| C et hods 1 nvo nistering to a subject
more pfleno{]yplc se ectéblg WK afld an origin of replication to ensure maintenance of the

infectio

vector and, if desirable, to provide amplification within the host. Suitable prokaryotic hosts for
transformation include E. coli, Bacillus subtilis, Salmonella typhimurium and various species
within the genera Pseudomonas, Streptomyces, $nd Staphylococcus.

Bacterial vectors may be, for example, bacteriophage-, plasmid- or phagemid-based. These
vectors can contain a selectable marker and bacterial origin of replication derived from

commercially available plasmids typically containing elements of the well known cloning vector

pBR322 (ATCC 37017). Following transformation of a suitable host strain and growth of the
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therapeutically effective anmount of an anti body
contenplated by the invention. A "therapeutically

ef fective" anount hereby is defined as the amount of
an antibody that is of sufficient quantity to deplete

" host streli3¥ RASdpptopeiaetdlE denbity, thecsdlesled proma¥ér & de-repressed/induced by

subject-either as a single 15 dose or according to a

oproreih S (AR Bl A B LA, g llred o n
w1553, GO B PR B2 AR 58 i o
i B it WS T B S

i nvention m ght be co-adm nistered with known

In"Bsbt &R items, £hudiber iof expresibR VedtBRCay e adﬁahfggséusly selected

mght itSelf be nodified. For exanple, an antib
_ N . | oiabt
cepent g PG 08 ROCHTRCLALE! FPCLAIELORG o e
ot e e S o BN o6 P oSBT g pic

haenatological di seases, such as chronic, |ynphocyti.c, )
libraries, cfiok exrmple3 ¥egtorsL Which rdiraet ¢haypapressianoak highy lexels 0f fusion protein
(CM), acute nyel ogenous | eukem a (AM.), and acute
productb yhap hreavadily pueified mag bedesijableAn ant i body al so mi ght be
used to treat inflamuatory di sease such as rheunmatoid
art.heptis, (RA) or system c |upus erythematosus (SLE).
Therapfghf&egbo%y ZJf theyfor egoi ngpdi soréer S, ( )

har maceut j,.cal conpositions for use [R.accor e
ot s oas EVRE ot Bierid 18 °F MBiE G BB o Yroament
conventional manner using one or nore i ol pgi cal |
therapevticallyt sHpeiveaamoppt of, apy@p t§9ntmp!§?ﬂlz%y d}g? ofiVgRtien. A
in the invention can be admnistered by any suitable .
"therapemizally effbétive” ammuntherebyl ép defiadgasothe tamouny o apfantibody that is of
di sorder being treated. Possible adm nistration

sufﬁciefxﬂ?ﬁaﬁﬁtyi t6 depldr CR3SPostival cell§ irfa tredted areavbs subject—either as a single
intravenous, intraarterial, intraperitoneal, or

dose or EP&'H&%'}? %ﬁﬁ%&pie%ﬁ?%ﬁ@xﬂ%dﬁe%% cOhbRaAGRWith DMbr akénts, which

esir ocal I'nmunosuppressive treatnent,

cads 1 5 4553 R SR BIAT art OB S GP AT ot
The sulgigclztsn?a)l' gcfs %Sl{u?xrl]én (\# rtxor}x’-huexhgi ’anigng I(elgn 1 pa%bg,o 1§a ,Smgtfmet, rx}xeonkey or other

lower-order primate).

An antibody for use in the invention might be co-administered with known medicaments,
and in some instances the antibody might itself be modified. For example, an antibody could be
conjugated to an immunotoxin or radioisotope to potentially further increase efficacy.

Disorders and conditions particularly suitable for treatment with an antibody are multiple

myeloma (MM) and other haematological diseases, such as chronic lymphocytic leukemia

30



10

15

20

anti body. Preferably, the dosing is given by

i njections, nost preferably intravenous or:

subcut aneous injections, depending in part on whether
the adnministration is brief or chronic. The anount to

(L0 S5 SARASEE o (D) 0 o B AL e
ok A AL S350, 5 P O B iy s

adm nistration wll vary_ depending on the disorder or
such aschewmatoid arthatip@RA) ersysteaic Inpesarythemaigsys (SLE).
therapeutically effective amount of the novel

Tt\b;?vI B'Hf&gg%gﬁga fordgoRioisiidérS, phRfracelifies® BotPobitio 84S in accordance

on particul ar "patient characteristics,
rout e

. f adm ni strati.on ... 20 u
with th bR o BRtion m 6% BB A o ShuRBht s oloff, gue or more
. .far example, in the publications of the |Inteynational,

physiolegjeallyr ascertable cAEGRHAT XGiPigHSarftn ARtibedytRk3a\nghe invention can be
PHARMACEUTI CAL SCI ENCES, chapters 27 and 28, pp.

administédd b any 58itable sneans)l whiols carRvarge depending didthe tiaes ofHdisorder being
Pa.: Mack Pub. Co., 1990). More specifically,

treated, d ERPakible) adv@indstiafion aioate | ifclude parthtepdll @0d ) itfrahiacular, intravenous,
w || depend on such factors as toxicity and efficacy

intraart&al tiﬂggﬁg\l\ﬁg@g‘ﬁ’ Eubcumﬁtfs'),tii{trmrggﬁagg %g& iikkanGhl, Ui F desired for

net’ho nown I n the”art an in the

. foregoing .references. ELficacy. may.. et gkl n .
tocal imerpGamREsivh FeBlameat g aeior RtiolRiRE  PRin A puibody for use
. met hods descri bed bel ow in the Exanples. 5 Diagpostic
in the wwentigasmight e administared gymuis;s , H’é‘ﬂht"o&o&f-" yung doses of the
cell's in certain malignancies; thus, an anti- CD38
antibodgn Préferdblyf cthe udasingy is heivém\byn injestions,y must aqurgfetaply intravenous or
order to image or visualize a site of possible _
subcutafédild 'ﬁgb@ﬂdﬂ@,f‘de?ﬁn inopaedn Whéthér thé'adinidédtration is Urief bPtkronic. The
regard, an antibody can be detectably I|abeled,
thn . . oY iy ;
amnnt{ BN REAE 3P il O S94585 31 FHbl s B vl sy,
. 4. Paranmegnetj c, at eLc. Procedures. for acc | i shi,ng.. .
weight §F e 51 4uA, “sPehor, Pioee ity et e R sk "thisan wit
i cati ¢ ti bodi i di tic :
recognigé é\%g g(lng;; o(t)' adr%{]rﬁsltra(t)ioh %vslll Ivg.xy clle%gr?cﬁﬁg Iog tlllen&%rrc}gr (%rc%ndition to be

treated.

Determining a therapeutically effective amount of the novel polypeptide, according to this
invention, largely will depend on particular patient characteristics, route of administration, and
the nature of the disorder being treated. General guidance can be found, for example, in the
publications of the International Conference on Harmonisation and in REMINGTON'S
PHARMACEUTICAL SCIENCES, chapters 27 and 28, pp. 484-528 (18th ed., Alfonso R. Gennaro,

Ed., Easton, Pa.: Mack Pub. Co., 1990). More specifically, determining a therapeutically
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G ossman, H B., Wol. din. North Amer. 13:465-474
(1986)), Unger, E. C. et at., Invest. Radiol.
20: 693- 700 (1985)), and Khaw, B. A et al., Science
209: 295-297 (1980)). Preferred antibodies or

effectivg NArh&@R - WilNdépad’ G isadds fitors 8 oRiCRP L drdNeffiRicyU 88 tlfbrs] niédicament.

i agnostic conpound 15 conprise a variable heavy chain
Toxiciti&gtﬂvige? ﬁe@&x’hiﬁ% ﬁgfé rn?éﬁxédg Wl Rt A BeShrt B8 FundFEe th foregoing

20, 2 2,23, 24,25,626,27, 28, 29, 30, 92, 93,94, 95, 96, 97, .
referengyg., ,ca%g{ayihh,etmpecf yl gz,%ngl - sapmes gul cfgg cgmlpg,zonathh the
variabl e |ight chain sequence selected fromthe group
methods dessribed bejowdn thef3amplesO. 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 109 and 110. The

. ' of foci of such detectably | abel ed _
Dlagnogﬁ%%%%s m ght be indicative of a site of 20 tunor

CHSY 3§ BRI Exprked S WM afolodi8alCls S RIALISALIigrhliSs; thus, an anti-
exam nat1’on i1 s done by renvving sanples 0 I'ssué or
bl.oo nd incpybating such, sa es,Ln the presence of. .
CD38 apiBoyOE ee B e RRfurriasn i PEBISY B4 I ROt BRE pr Bioalize a site of
enbodi ment, this technique is done in a non-invasive
possibleraeeumulationo of imalighant eslls g arpgtienti cIn thigiregprd, an antibody can be
fluorography, etc. Such a diagnostic test may be
detectatsiyidbeledd through3the nse iof cadicigptopes, affiaity $abelsf (stcheast biotin, avidin, etc.)
di seases, where presence or absence of CD38-positive

fluorescefit laBels, pafaniApneiiAatbms, ¥i¢. CPloBédures ¥or adtviplisiing lchdabeling are well
contenplates the use of an anti-CD38 anti body, as

s ST WS P PRGSO o = i
Croseng S, R S 55 SRRl (P I, et . vt

. pharmaceutical | y useful conpositions, wherein an
Radiol. 2t6BothP €1985))sand KhaweB. iAn\atrali Seiepen209%aPhd9%£1980)). Preferred
functional fragnment thereof) is conbined in a mxture
antibodiss tdr antigeh<himding wegiond lof the daydnsibh efoc ausei & avdihgnoiséic compound
Sui tabl e vehicles and their formulation are

comprise@vakiable theavyodhafvféRe sélBctBENbMEhER onp RoAMNERFBEQAD NO: 16,
SCI ENCES (18th ed., Alfonso R 10 Gennaro, Ed.,

i o K298) o2l d
17, 18, FF)%%OEI a3 3¥?’2‘$‘, U8y tzgg%%]s%tgiﬁgggﬁ,?gh?@ ﬁ?g%l‘bgffm, 101, 102,

arhaceutrcalty’actep
103, 10@2{@%"@9?@%@ éfvtia{r}glglé %Qm chatt hse(c:;ge 22 Séieltei:t%crl1 %'ovﬁ{ {hle group consisting
of SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 109 and 110.

The detection of foci of such detectably labeled antibodies might be indicative of a site of
tumor development, for example. In one embodiment, this ;:xamination is done by removing
samples of tissue or blood and incubating such samples in the presence of the detectably labeled
antibodies. In a preferred embodiment, this technique is done in a non-invasive manner through

the use of magnetic imaging, fluorography, etc. Such a diagnostic test may be employed in
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amount of one or nore of the antibodies for use in the
present invention, together wwth a suitable anount of
carrier vehicle. Preferred anti bodi es or

anti gen-binding regions of the invention for use as a

Tk ! v o e
ot ATy TR SRS, e st Dyl i ot
i gy i Py e ot
102, 103, 104, 105 and 106 and/or a variable |ight
as descriyedi herein foraliagnostics iwan exivivoseitinge gr oup consi sting of
SEQ ID NO 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,

i : : 110. P ti b
Thempgzu?‘t: g&lﬁyni?g?‘#u@?&ﬁoé%ﬁ?%sv e co ntr :rsglalr Zdl- ?2? eggg 01‘cs t he
. s O e - 1
TREUBIEITEBin 1R pSRAl 8V h SESLRNERR @R 1o known

he use ot polyners t

methodS g, oA, Sy BB S Aose SR bl 5 oo in e

.. macronol ecul es_(for exanple pol yesters, polyam no | .

inventionc i(imeluding guy rfynctionpl feagmesh dhereed) Hy| eqraRined, in o2 anixtere with a
nmet hyl cel | ul ose, carboxynet hyl cel | ul ose, or protam ne,

pharmacaukitallye )aceeptatiiecar®d® wehiclentSuitablen veliicles candmthedr (foraulation are
as well as the nethods of incorporation in order to

describ&d0'TbF @kample! BRREMNHIN PHRRMACEUECAIE BBRSCES (PStAtd)] Alfonso R.
the duration of action by controlled rel ease

Genna TR B ik P TCIO90 15 Ak SRR ABABOINA et
composb FER P MBSt L3550 Bfyein n v

instead of incorporating these agents into polyneric .
amount of pn¢ or mere ofithe antihedieis forause dn thepresgpt inMenfionniegetherwith a suitable
in mcrocapsul es prepared, for exanple, by
amount @f danier alchicle. Pecfared) mstibodiestyyr antip¢rebihdingatkgions of the invention for
pol yneri zation, for exanple, hydroxynethylcellul ose or

use as a @bgﬁ@cdq\]ﬁlﬁﬁ MPLiSSa FathbldReavy B%H!édiﬁﬁé@&lféc&g@'om the group

m I(:!rocapsu es, res]E)ect ively, I or in colloidal I dr ug
conssiff ot SERUEPNE U 0. 8, 2SI, 2, 5, BERIRR 17 0, 0
0.j i Such. hni
95, 96, 37,1580 05 J0T; 102U OS2 K0 bers Haiisb s g dbain sequence

1980) .
selected(ﬁ:om tge group consisting of SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,

58, 59, 60, 109 and 110.

Preparations may be suitably formulated to give controlled-release of the active compound.
Controlled-release preparations may be achieved through the use of polymers to complex or
absorb anti-CD38 antibody. The controlled delivery may be exercised by selecting appropriate
macromolecules (for example polyesters, polyamino acids, polyvinyl, pyrrolidone,

cthylenevinyl-acetate, methylcellulose, carboxymethylcellulose, or protamine, sulfate) and the
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The conpounds may be fornul ated for parenteral
adm nistration by injection, e.g., by bolus injection
or continuous infusion. Formulations for injection may

be presented in unit dosage form e.g., in ampules,
concent?arnohrbﬂ‘i‘ﬂhérbm@fé%ﬁleE QB WAINS the MbthBdsABf Rd8PRration m order to control
preservative. The 15 conpositions may take such forns

e S B B L RHAB o R B s

such as, suspending, stabili and/ or di spersing
preparaagw 40 ingprroFate Apt-UR38 m@mi)e %q%%amﬁlgf efip eRlymegls Tagterig) such as
powder formfor constitution with a suitable vehicle,
polyesters,gpolyantino idcidsphydrggels,f poky(lactic @cid) loe fethydene siinyladetate copolymers.
conpositions may, if desired, be presented in a pack

Alternativelyl inpeatd of islRypoisting/MHesd agenys int® peBietic papticles)lit B péssible to
unit dosage fornms containing the active ingredient.

entrap &‘3 nﬂ‘a?ﬁji‘al mfc% Sul xamplE b co{t}f r\‘%,ltl@ﬁttéc‘ﬁmques or by
BeopRl R eart ThE bl b

Suc I spenser

N1 Y S a°°°”R%rhvﬁv&xhehwf’qeﬂvﬁﬁé&”?glam@ecgmgaules and

reference to the foll ow ng, working exa whi c
poly(mﬁ%émieﬁ@@xia@h IHFOFAPSHIES: TEIRECtiVEY. %é%@gﬂmﬁ@{&z delivery, éystems, for
invention. 5 EXAMPLES Cell-lines The foll ow ng
example; dipbsdmese slbumine midrospheres, hicorentulsiorns, nanppanticles) dndatanocapsules or
of Cell Cultures (ECACC), the German Collection of
in macrdbBtRNS.ANShbtethiMies At diftfosédDi IReniindtuiys Fhatrhabetitical Sciences
collection (ATCO: hybridoma cell |ine producing the
(1980)°CD38 nouse |1 gd@ nonocl onal antibody OKTI O 10 ( ECACC,
#87021903), Jurkat cells (DSMz, ACC282), LP-1 (DsSwm,
ACCA1), RPM 8226 _ (ATCC CCL 155) HEK293 ( ATCC,
Thereompopgys nesicbformpdates) forrparentyral pdminigtyation by injection, e.g., by
CCL-86), and OPM2 ( DSMz, ACCBO) "Cells and
bolus injedtion roz-contidudriscinfusidn. AFbrnmdétions fer énjeationunayl be rptesented in unit
‘ standardi zed conditions at 37C and 5% CQ2 in a
dosage fo, @id,i @dampules, or in multi-dose containers, with an added preservative. The

compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain formulatory agents such as suspending, stabilizing and/or dispersing
agents. Alternatively, the active ingredient may be in powder form for constitution with a
suitable vehicle, e.g., sterile pyrogen-free water, before use.

The compositions may, if desired, be presented in a pack or dispenser device, which may
contain one or more unit dosage forms containing the active ingredient. The pack may for
example comprise metal or plastic foil, such as a blister pack. The pack or dispenser device may

be accompanied by instructions for administration.
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i ncubator. The cell-lines LP-1, RPM 8226, Jurkat and
Raji were cultured in RPM 1640 (Pan biotech GrbH,
#P04- 16500) suppl enmented with 10 % FCS ( PAN bi ot ech
GrbH, #P30- 3302) 50 Um penicillin, 50 pg/m

THe nQeitimfaihe feréré o ﬁfé%ﬁowﬁ{g%ﬂmghmnples, which
(G bco, #25030 024) an in case of Jurkat- and

. J 4l o= epes (Pan bi otech 20

are mte]ﬁdodl—tl? QM@C@ %%{nk an gk kﬁn‘éﬁ s%ﬁlﬁh&by ruvate (Pan

bi otech GrbH, # P04-43100) had to be added. CHO K1l

and HEK293 were grown in DVEM (G bco, #10938-025)

suppl enented with 2 mM gl utam ne and 10% FCS. Stabl e

CD38 CHO Kl transfectants were nmaintained in the

presence of 0418 (PAA GrbH, PI1-012) whereas for

HEK293 the addition of 1nM sodi um pyruvate was 25

essential . After transi BXAMPEESfection of HEK293 the

10% FCS was replaced by Utra low IgG FCS
Cell-lines NVi trogen, #16250-078). The cell-1ine OKTI O was

cultured in I DVEM (G bco, #31980- .022), suppl enent ed

I

The folttadl SIEMA AR B el Honplhe Kurcpean ERIEHRARITHI s (BCACO)
the GerhlanoOolicatiph ©f Miereorgamisers ISME) ionftise Antkricam Jype Culture collection

(ATCC): 331%@5” 2 el R o ”°”“ﬁ3ee§§§§?%§}%54§5?£@“ﬁqﬁlﬁlgaq®ody OKTI10
(ECAcéh%sg@o d@fUﬁH@a“t c%ns'(D‘-stlC crr‘m%z y, 1os0) hgsd ?’A‘&ﬂﬂ‘)SRPMISZZG

cell's were dep 'ete omthese cel
(ATCCs G6€hehsS)p HEKR293 5(A’Ir'GE4b6RLdr57B); CUR-Ki {ATC8l fGRE-61)) . R4ji (ATCC,

NI 0.1 MEDTA) for 5 min at RT or
CCL"‘@%@@W&%%%’W (Bi osci ence, #00-4333). Cells
were washed twice with PBS and then further processed

for flow cytonetry or ADCC (see below). Flow cytonetry

Cells and eplageyconditigms st ai ni ngs were perforned in round
‘bottom 96-wel | culture plates (Nalge Nunc) with 2 x

Al celli O%ere caltiredpendenstahdardized sonditiens atc3T&t end W4 K€0zab humidified

I TAMTEE 57 b GRS i o Bopls oo

biotech €mbIECHP(Y-Y6300) ¥@spesenked wih 10 % FCS (PAN biotech GmbH, #P30-3302),
50 U/ml penicillin, 50 pg/ml streptomycin (Gibco, #15140-122) and 2 mM glutamine (Gibco,
#25030-024) and, in case of Jurkat- and Raji-cells, additionally 10 mM Hepes (Pan biotech
GmbH, #P05-01100) and 1 mM sodium 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
glutamine and 10% FCS. Stable CD38 CHO-K1 transfectants were maintained in the presence of
G418 (PAA GmbH, P11-012) whereas for HEK293 the addition of 1mM sodium-pyruvate was
essential. After transient transfection of HEK293 the 10% FCS was replaced by Ultra low IgG
FCS (Invitrogen, #16250-078). The cell-line OKT10 was cultured in IDMEM (Gibco, #31980-
022), supplemented with 2 mM glutamine and 20 % FCS.
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30

and then incubated wth R-Phycoerythrin (PE)

conj ugat ed goat-anti-human or goat-anti-nouse |9gG
(H+L) F(ab'")2 (Jackson I muno Research), diluted 1:200
in FACS buffer, for 30 mn at 4C. 15 Cells were again

P m&flsﬂs- 18 3L RRpeRdond ¥rimpeHpheriidlond fer and then
lll.elmrana yzelgléby “chs& cgltor!r.etr ipnea FACSCal i bur (Becton

SO 2D X
A IS e SR, 48y e inC RS Syt ol
(PBMC?HI WE? ?s_rdlateﬂ | byt i Histopaque®21077s t(|SigtriaD gacordify Rogthenimanufacturer’s
. n concentr . A t ot i nd d .

mstructmgﬁmha%bg dons SR blood 57 1% et depisted frord these o uggnsions by
. . X f ' | .

b AL BB 1 A0 1905 DREED) S minat KT
or a corpinarial derieative {Bivscidine, ¥00+4333). Celisswerstveashed tavick with PBS and then

were deferm ned with serjal dilutions of the
further P@E??é‘é‘le O&S‘Owaﬂyw%‘?%%@@ (S5 PIO ) ly i mobi | i zed
CD38- Fc fusion protein using the Bl Acore 3000
instrunment 25 (Biacore, Uppsala, Sweden). For
Flow cytometrg(*FAQSP’yen i nmobi | i zati on standard EDC- NHS ami ne
coupling chem stry was used. For direct coupling of
All staiSRBSwER ferformed jir mund botRih 9Semelt cultirgplates BNalgeo Nunchwith 2 x 10°

cells pepwall (e et IcBPUFLHh Fab 05 1B BHo0dics ab e dbiipaed gpprations in
50 pl FRCS Hifird PR N3 HEE SN ROBH Wﬂ%&‘f@t&ﬂlﬁﬁﬁ at £9CN]%dlS were washed twice
e S(136 mvi NaQl . 2.7 M

asurenents’ were done in
and theiK@hcubadiwittaRH@doergthria (BE) kbiingated poat-anti-amadorgont-anti-mouse

1 oAl ok et S eRBE 0 BERES BB fin 4.

Cells WeRS agaifll Washé®! leSU¥BELdRY A 03 NmIIFSRE ibaffe© Bnd HRGE andlpied by flow
rege pl 10mM HC

eration’s pl \ was used. All sensograns
cytometryemea FACS€alibuw (Bedtgn Didkingoml Sanddiggaui£A)on sof t war e

For PGl RSBl S ar APt P S R b0 13 rent citions
(1:2" sﬁﬂlcd;&tiﬁdliﬁ g (10) fifdd Lonceatr@Gdn. Aideatt tWo inRpéfdeRiMENsurements
Hu GCLDt‘r) phage display library were carried, out.

were usedCfr ehDeoncentzationFas (Ko valups exdiepolatsd from paedian  flyorescence
imensiﬁ\%g?%ﬁp@?ééWt%'m994)gooo; Krebs et al., 2001), in

Surface plasmon resonance

The kinetic constants kon and ko were determined with serial dilutions of the respective Fab
binding to covalently immobilized CD38-Fc fusion protein using the BIAcore 3000 instrument
(Biacore, Uppsala, Sweden). For covalent antigen immobilization standard EDC-NHS amine
coupling chemistry was used. For direct coupling of CD38 Fc-fusion protein CM5 senor chips
(Biacore) were coated with ~600-700 RU in 10 mM acetate buffer, pH 4.5. For the reference
flow cell a respective amount of HSA (human serum albumin) was used. Kinetic measurements
were done in PBS (136 mM NaCl, 2.7 mM KCl, 10mM Na,;HPO,, 1.76 mM KH,PO4 pH 7.4) at

a flow rate of 20 ul/min using Fab concentration range from 1.5-500 nM. Injection time for each
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di versified, and which enploys the CysD spl ay

technol ogy for |inking Fab fragnents to the phage
surface (Lohning, 2001). 10 A Phagem d rescue, phage
anplification and purification HUCAL GOLD(r) phagem d

conenB i, RipSRRLRA 5,2 i s O Ao i tom

HClI waé\fxéeﬁr AlskPREratagére ifitfed tddally uﬁﬁ(@Bm 3yalaitichnsofiaEOR 1 @Biacore).
.5 (30 mn at 37C wthout shaking; 30 mn at 37C

shakl ng at 250 rpm, cells were spun down (4120 g; 5

1 a4 r ' Y, g/m

EXAMBLE 1 Aibad GRRFAGH ol ﬁr?%%éméérn and gr own
overni ght at 22C. Phages were PEG preci E@t ated from

For thet pmesationr ofatherapeutic entibqsliesdaghinsh ,/ seleotionsy Wjthe thg| MorphoSys
and stored at -80C. Phage anplification between two

HuCAU@onD%pHaga aidplaydibrazp Wre t@Hed6ut! HiCATS GOLDI® isgFathlilvary based

|s were Infected with eluted phages and pl ated

o 3 AR Do o con o
e Y5 RS ™ LI e o

descrl bed above B. Pannings with HuCAL GOLD(r) For
phage sunfacedbolning.209HuCAL GOLD(r) anti body- phages wer e

di vided into three pools corresponding to different
A. Phagémidassone, pleagesainfplifidation antiipusificatiopool 2: VH3 ), x,

pool 3 VH2/ 4/6 ?.K). These pools were individually

% expr e g %@%ﬁ\%?}Q% ?%Egyﬁpcontaining 34 pg/ml
chlorampesifdl a0 %”&afos% Py 2H66RY ,légegggque%%aas FOLENAL3) at an

anti body- phages. Finally, the remaining antibod

OD600 pfi 8§30 wminat 42 without; shaking; 30 minoati 371 shakdng at ZSVQf 1pgy), cells were
centrifugation the bacterial pellet was resuspended in

spun do@mx(4T20 gni dint¥°C)) rebiesgermied dy 2rx ‘BY 484 ggfmbichilorantphericol / 50 pg/ml

overni ght at 30C. The selected clones were then 5

anamyéin’ #ICEoWh WVeklighttt 200G, PRIpRY Vere'PEG-prédipitfted &ofh the supernatant,
k y‘Z’mpl [ f?gd The second andm%ﬁe third r%ung of P

resuspended fil PBST H%%ClfEibPai® doféd b B0°0! Phige AMBlification between two

panning rounds was conducted as follows: mid-log phase TG1 cells were infected with eluted

phages and plated onto LB-agar supplemented with 1% of glucose and 34 pg/ml of
chloramphenicol (LB-CG). After overnight incubation at 30°C, colonies were scraped off,
adjusted to an OD600 of 0.5 and helper phage added as described above.

B. Pannings with HuCAL GOLD®

For the selections HiCAL GOLD® antibody-phages were divided into three pools corresponding
to different VH master genes (pool 1: VH1/5Ak, pool 2: VH3 Ax, pool 3: VH2/4/6 Ax). These

pools were individually subjected to 3 rounds of whole cell panning on CD38-expressing CHO-
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The Fab encoding inserts of the selected HuUCAL GOLD(r)
phages were subcloned into the expression vector
PMORPH(r)x9 Fab_FS (Rauchenberger et al., 2003) to
facilitate rapid expressi on of soluble Fab. The DNA

K1 cell fol{gg@w%f ofi R oyi@eﬁs&'bﬁ eitgﬁjg encogﬂgﬁnmo-Kl-cells for

ere y cutt ng out "t g insert

vdepleﬂ%cgﬁwlf b i Sibeies il ol ity g8 e vocd o

his vector carry two C _termnal tags (FLAGT'" and
infect %tQOélpTﬁagqeﬂy Aﬁ;r eestrifygation ﬂisrbaamabmll |V\‘?§tfP$3\§P°nded in2xTY
EXAMPLE 2: Bi ol ogi cal assays 15 Anti body dependent

mediung gildted an agsrt platex iand incubABCGyeraight ato3f5Ce Thaiseldetpd nldaes were then
cytotoxicity was neasured according to a published

scrapedpﬁ'&h QH@Bla&@Sﬂﬂag@Q weteOnscuitd Q@ afplified | Thel secdrideanddRé thift round of
as foll ows: ADCC: or ADCC neasurenents,

justed to 2.0E+05 cells/m and
selecnofmgggfeepue%%ﬁd Qsz%)) ﬁgan% m Cal cein AM (Mol ecul ar
Probes, C-3099) in RPM 1640 nmedi um (Pan bi otech Grbl)

The Faboancoding rinsests off theossiactednHuCALuBOLIRe phegea| wera| sub¢laned into the
was renoved by 3 washing steps in RPM 1640 nedium In
expressjoar akdtet PREORPH®x FabeRSir @huelenbeargex et fal;, 2003) utoalfacilitate rapid

killer) effector cells (E), adjusted to 1.0E+07 and

expresstnX&ﬂsoMHle‘ FiR) eI'Heal’Qﬁhe& thé k&l8dted Elohss was digedtell ¥ith! XBHI and EcoRI

T-ratio of 50: or | ess, dependi ng on the assay

cuu:gp@&;tﬁa g5 U YL S0 et o
o1 e S SRR L 48 e R S o

condltlons at 37C and 5% CO2 in a hum dified
terminal tagsI (BLLAG™ andi Sdrepttag r detactioni and patifications e | abel ed

with propidiumiodide (PlI) and anal yzed by

fl ow cytonetry (Bect on-Di cki nson). Between 50.000 and

s vwere counted for each 5 assay. The
Exmgﬁg%]ﬂ@g a525h gave rise to the killing activity
[in %

Antibody dependent cellular cytotoxicity (ADCC) and complement-dependent cytotoxicity was

measured according to a published protocol based on flow-cytometry analysis (Naundorf et al.,
2002) as follows:

ADCC:

For ADCC measurements, target cells (T) were adjusted to 2.0E+05 cells/ml and labeled with
100 ng/ml Calcein AM (Molecular Probes, C-3099) in RPMI1640 medium (Pan biotech GmbH)
for 2 minutes at room temperature. Residual calcein was removed by 3 washing steps in
RPMI1640 medium. In parallel PBMC were prepared as source for (natural killer) effector cells
(E), adjusted to 1.0E+07 and mixed with the labeled target cells to yield a final E:T-ratio of 50:1

or less, depending on the assay conditions. Cells were washed once and the cell-mix resuspended
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EDA x 100 10 ELA + EDA with EDA = events dead cells
(calcein + PT stained cells), and ELA = events |iving
cells (calcein stained cells) 15 CDC. For CDC

nmeasur enents, 5.0E+04 CD38 CHO Kl transfectants were

in 200 pﬁqqﬁ\ﬁllgg? fﬁ%e!&hﬁﬁ A 'ﬁ ‘r’]’tﬁé les Bwtﬁg%nﬁl%@% d?%%thﬁfug%{] Frhe plate

1 on O ser

v T e R S AR IEETATT AT A —

suppl enent ed W|th 10%FCS The reactign-m x, was
incubatqr atpé’ews)anab'sm@lla weee labelgd wathpropidiupiodisded Pl apd analyzed by
at 37C and 5% COQ2 in a hum dified incubator. As
flow-cytoagalyi (BectonDickihsond.Betwdere50.060 and E5(t000revehiswedre dounted for each
conpl ement or CD38-transfectants w thout anti body.
assay. Cells were labeled with Pl and subjected to
FACS-anal ysis. In total 5000 events were counted and
t he nunber of dead eIl at different antibody
The follgWingaaRRtan Vs riss tafhe ilingactiviy S¥ehat f on of ECS0
val ues. The foll ow ng equatl on gave rise to 25 the
dmlllng activity [tn%: M --- x 100 Ef wth E
eventslﬁﬁad cells (Pl stained cells), and 39 ELC
oaevent ving cells (unstained) Cytotoxicity val ue
EL" a total of 12 different ant i body di lutions (1:}2)
apricates in

with EDQD-C%Jeﬂ{s GRAE LR A0RAY PI @mﬁ{eﬂ%ellsbm' n EC 50 val ues

ELA = events living cells (calcein stained cells)

CDC:

For CDC measurements, 5.0E+04 CD38 CHO-K1 transfectants were added to a microtiter well
plate (Nunc) together with a 1:4 dilution of human serum (Sigma, #S-1764) and the respective
antibody. All reagents and cells were diluted in RPMI1640 medium (Pan biotech GmbH)
supplemented with 10% FCS. The reaction-mix was incubated for 2 hrs under standardized
conditions at 37°C and 5% CQ; in a humidified incubator. As negative controls served either
heat-inactivated complement or CD38-transfectants without antibody. Cells were labeled with PI

and subjected to FACS-analysis.
In total 5000 events were counted and the number of dead cells at different antibody

concentrations used for the determination of EC50 values. The following equation gave rise to

the killing activity [in %]:

with ED® = events dead cells (PI stained cells), and
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a standard analysis software (PRISMr), G aph Pad
Software). 5 EXAMPLE 3: Ceneration of stable
CD38-transfectants and CD38 Fc-fusion proteins In
order to generate CD38 protein for panning and

C_ | MJF%M ent expression systens had to be
EL %§§§§ !ngﬁ:gg 1{:&1 st strategy included the
itityovalods fE6MmSa Fatall ofs | D differertamtibodyrtdilutionse(d:2") in triplicates
purified fromsupernatants after transient

were used #NADTY it dHlichiekAP8DETbo} 8ach BAbddY nRFAtbbHiA B0 values with

i nvol ved the generation of a staole CHO KI -cell Iline

o be used for

asmm%@?‘%%i’ﬁg%&@? %m%%s Via bl e cell panning.

As an initial step Jurkat cells (DSMZz ACC282) were

used for the generation of cDNA (Invitrogen) foll owed

by anmplification of the entire CD38-codin 8g sequence
EXAMPLER; Genenation ofsdable SR38-traysfectants antliGB38 Fedusion proteins

| ast 9 codons of CD38, respectively (prinmer MIEOO1 &

Irb o EGD Bereevate 'Qﬂtﬂ8epnb)em Serpaaning andasoyesningofwa Hifferent expression

CD38-insert confirnmed the published am no acid

systemsSBﬁJﬁﬂﬁ@ ebtablished SThe Eirstastrategy QQ&v)ddﬂXﬂﬁp%enEfutloﬂQﬁ‘l CD38-Fc-fusion
49 which reveal ed a gl utam ne instead tyrosine

protein, "j\?hl a5 phEf e@&oﬁlgélﬁ x%%x s-afterl fislent gﬁﬁsff:m(fnmm cells. The

restr ctlon en ease sites an oning Into

er ent vat i ves of. expne v
second e@etfef FBET the BpetiRnt AR THI R S ipd 1 Migh £38 surface
npl ate for the re-anplification of the enti.re gene
expresswﬁv he psedijprseiestion ofanitbodyrphages vinaghole gl panning, o ¢
(prinmers MIEOO4 & MIEOO9rev, Table 4) of it. In the
Asafandnitielstep Jurkatr @@ﬁéﬁﬁ%é@dﬁﬂ@) Wwere used fox theegeatiatipniof cDNA
domain (aa 45 to 300) was anplified and cloned in

(Invitrofér) "Il GEAERN amplific@ion V6 HikA eht&d 0ED3 8-2gdinBCseqaditeausing primers
uman Fc-gamma 1 sequence. This vector served as

oS58 L) SISl i o
MTEons il b S NG e LB eﬁhs 8“@'6%‘8& i acid

in front of the Fe- codlng reglonadth ssm
sequence by Jasksar gt alnd@90) gxrrept fpE position 43 wbish re wé@s%wstead ofa

HEK293 cells were transiently transfected w th t he Fc-
tyrosine as described by Nata et al. (1997). For introduction of restriction endonuclease sites and

cloning into different derivatives of expression vector pcDNA3.1 (Stratagene), the purified PCR-
product served as a template for the re-amplification of the entire gene (primers MTE006 &
MTEO007rev, Table 4) or a part (primers MTE004 & MTE009rev, Table 4) of it. In the latter case
a fragment encoding for the extracellular domain (aa 45 to 300) was amplified and cloned in
frame between a human Vkappa leader sequence and a human Fc-gamma 1 sequence. This
vector served as expression vector for the generation of soluble CD38-Fc fusion-protein. Another

pcDNA3.1-derivative without leader-sequence was used for insertion of the CD38 full-length
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fusion protein vector for generation of sol uble CD38

Fc-fusion protein and,
derivati ve,
generation of a stable CD38-expressing 5 cell

. {4 o LS Kb o R0 AR s

in case of the full- length
CHO Kl-cells were transfected for the
line.

GAT AGA TGl GCA Al ATC (SEQ | D. NOx 124 .
gave rifirie, SRIY Pockise SEEeen <fl yer i A Tploeied with the Fo-
125) MIEOO6 TT GGI' ACC ATG GCC AAC TGC GAG (SEQ I D

fusion piotein yegtonfor@enerationcofsoluble €38 Keafusionprotein ady isease of the full-
AGA TG (SEQ I D NO 127)
length dériAvatice] CHOKIGEel 5 GrerStrahsfédd fot B2)genératiomdf agtable CD38-expressing

st op
cell linﬁ} G.G_
donai
wer e

MIEOO9rev CCG ATA TC GAT CTC

codon (TGA) in the sense orientation. 10 EXAMPLE
oni ng, expression and purification of HuCAL(r)

In order to express full length 1gG variable

n fragments of heavy (VH) and |light chains (VL)
subcl oned from Fab expression vectors into

appropriate pMORPH(r)hlg 15 vectors (see Figures 7 to

Table 4;)

estriction endonuclease pairs Blnl/Mel

Prim¢r #s ¢
(vec

Lrt - preparation) and Seapen@dsiRF 3°)

or-preparation)

MTEOMH d(
EcoR)

T 7

were used for subeloning of the |
) AIGh GOGAAEHTGCr(EAG TIVORRI, (SBQ JENO:HA3Y ne- pai r s
// Hpal (| anbda-insert) and EcoRVBs1W (kappa-

MTE002nse

f r agfrent

TCABAT OFTENAGATGLGAAAGATGA ATE (SEQIDMNON124)
into the respective pMORPH(r) hlgic 1 or

MTEO0@MOR

wer e

PHITGGTIACC AGE TG €GEREAG CAGTGYSEQIDNOLL2SH
expressed 41 in HEK293 cells (ATCC CRL-1573) by

MTEO06 2N
phos

s TITGGTIACS AT GOT AACTDGEGAGISEQI® NOY/126)
phate - DNA coprecipitation technique.

MTEQ07rev

CCG ATA TCA* GAT CTC AGA TGT GCA AGA TG (SEQ ID NO: 127)

MTEO0%rev | CCGATATC GAT CTC AGA TGT GCA AGA TG (SEQ ID NO: 128)

* leading to a stop codon (TGA) in the sense orientation.

EXAMPLE 4: Cloning, expression and purification of HuCAL® IgG1:

In order to express full lenéth IgG, variable domain fragments of heavy (VH) and light
chains (VL) were subcloned from Fab expression vectors into appropriate pMORPH®_hlg
vectors (see Figures 7 to 9). Restriction endonuclease pairs Blpl/Mfel (insert-preparation) and
Blpl/EcoRI (vector-preparation) were used for subcloning of the VH domain fragment into
pMORPH® higGl. Enzyme-pairs EcoRV/Hpal (lambda-inserty and EcoRV/BsiWI (kappa-
insert) were used for subcloning of the VL domain fragment into the respective

pMORPH® higk_1 or pMORPH®_h_Igh 1 vectors. Resulting IgG constructs were expressed
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|gGs were purified fromcell culture supernatants by
affinity chromatography via Protein A Sepharose
col um. Further down stream processing included a
buffer exchange by gel 5 filtration and sterile
filtration of purified 1gG Quality control revealed a

in HEKP93 cells (ATCOCRY-1573) byl dmansignt ItBsfeetehd using st@glaed calcium phosphate
nononeric 1gG as deterni ned by anal ytical size

—DNA &prdcisitafion teehiiga@t ogr aphy. The endot oxi n content of
the material was determ ned by a kinetic LAL based

Bk PO SRS T SRy vi P
A S T BTt P Aol B g by ol

regions were anplified by PCR using cDNA prepared

filtration apdnstemide filtration afrpntified JBG: Qyalitycesmntrol raysaledaapurity of >90 % by
#87021903). A set of primers was used as published

reducing SDS-PAGEuaRtEP9@ 1% ahononi@iR6lgGZ s detetmiaéd by kmalyyicalPdEe exclusion
products 15 were used for Topo-cloning (Invitrogen,;

chromafdgRphy VEfel @idbtoRHcontdhd bf tHeTh&BriA SwasdeiepmirRd by kinetic LAL based
seéquence analysis (ML3 reverse prinmer) which reveal ed

' t ] ' ces and one
assay ( %@’\Fg’t gﬁ@?ﬁ&s%%gog&éeﬂ%%gos%%%@% sequence al i gnnents
(EMBL- nucl eoti de sequence database) and literature
(Krebber et al, 1997) one of the kappa-sequence
XAM? L i abd ol ihiekit OKT10 {(BFOKTTO! SEC) ID NOS:
52 and Egio%géggéﬁ?ﬁgl?a%&rggﬁ%tgoéfgﬂgﬁﬁgﬂce doest(not bel bng 0
10 anti body. 20 Therefore, only the new kappa
i | R =) . .
For the BRAFRAG Bénd i1 Bl VH shF HTCHIohE ek Biplitg by PCR using
the additiqn of .re I.ctiqgn. endonycl ea j
cDNA PEpHERSHTh {HecRUFiFs DX T dome el AL e p1903). A set of
| g3 - expression vectors. The sequences for the heav
primerscwasi used 8Egublishpb(Dzttamaiwmdan ¢, 492 Lhosmbal. pIARS)- B@;i products
are given in Fig. 6. HEK293 42 cells were transfected
were uséd forJlopoiclonirgy(@nvittegeny pERIlaveator) andasingtecblomes-subjectask to sequence
the chinmeric OKT10 anti body binding to the CD38
sgpﬁ nBY Wit revedled tvdiffershfka tEHatn Sequences and one
analysi £ 3 RYESEPrinEd I ey Mggao %\/ER

ss reactivity anal ysis by 087 and
heavy AR %gauence. According to sequence alignments (EMBL-nucleotide sequence database)

and literature (Krebber et al, 1997) one of the kappa-sequence belongs to the intrinsic repertoire
of the tumor cell fusion partner X63Ag8.653 and hence does not belong to OKT10 antibody.
Therefore, only the new kappa sequence and the single VH-fragment was used for further
cloning. Both fragments were reamplified for the addition of restriction endonuclease sites
followed by cloning into the respective pMORPH® IgG1-expression vectors. The sequences for

the heavy chain (SEQ ID NO: 72) and light chain (SEQ ID NO: 73) are given in Fig. 6. HEK293
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5 1. Materials and Methods: Figures 11 and 12 show
FACS anal yses of |ynphocytes and erythrocytes:
EDTA-treated bl ood sanples were obtained from healthy
humans (after obtaining infornmed consent) and from non
human primates (Rhesus, Cynonol gus and Marnmpset) and
cells wergtransfeebgddeansiently and theisupernatant aaplyzadindiAe forfhe elumsric OKT10
usi ng the Hi stopaque cell separation system accordi ng
antibody Bintling to ki CDBS besreexpfessifgRajs oglpline(ATECym) . For
FACS- anal ysis, cells fromthe interphase
(PBMC-fraction) and pellet (Erythrocyte-fraction)
were i ncubated with anti-CD38 HUCAL(r) anti bodies in
Exampli6t iCrossxeattivitpamalysinby FACS @IOR 03087 andMOR 03088)
profiles of different anti CD38 antibodies is shown in
Figure 13 15 2. Summary and concl usion: The results
show t hat anmong all CD38 anti bodi es only MOR0O3087 and

1 Mate%@glﬁpﬁl% wed cross-reactivity to marnobset PBMCs.
) ur prisingly, CD38-expression on nmarnoset erythrocytes

. i,s al.mpst n t ect abl e.,as _conpared taq,the st

Figures 4], 53043, UAGIACS ONRTUS HETBRGHNES JOd SISy ES du Areated blood
Thus, the CD38 expression on marnpset erythrocyt esﬁg%

samplespgmepbtainedofrem heaithy bumans (afler Rbitaiming infofmedogpnsenil om non
CD38 expression is low on erythrocytes and noderate to .

human prightes (RRBMESCyridmotgseand Mattheset) andewersnsubjested dotdensity gradient

suited as a nodel to study toxicity of nolecules

trifulAtiol Wkthg Qmﬁ,ﬁ GHtsRparation sstah aveordingdy thé instvactions of the
oen eci ded oefurt ae‘drllﬁopt issr??ze thgﬁbi nders I\/gR 03087 and

supplierg@é%rln?? %?IF&(?S%%&,S@&IS%V@@ riﬁté&shgtk%‘ SléBltVIoC-fraction) and pellet

on, see“e.g. paragraph r

"Ant ] bodies far .u .Q the.] | G erson.
(Brythraghferrasbons werrancyhpieg it png DAY FCAT athddft 37 different formars
derivative anti bodies of the parentals would show a

conparabl e cross reactivity profile. 5

An overview of cross reactivity profiles of different anti CD38 antibodies is shown in Figure 13

2. Summary and conclusion:

The results show that among all CD38 antibodies only MOR03087 and MOR03088 showed
cross-reactivity to marmoset PBMCs. Surprisingly, CD38-expression on marmoset erythrocytes
is almost not detectable as compared to the strong expression on cynomolgus and rhesus
erythrocytes. Thus, the CD38 expression on marmoset erythrocytes and PBMCs is more
reflecting the human situation, where CD38 expression is low on erythrocytes and moderate to
high on PBMCs. Marmoset is therefore considered to be suited as a model to study toxicity of

molecules binding to CD38.
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45 46 Shinkawa, T., Nakanura, K., Yanane, N.,

Shoj i - Hosaka, E., Kanda, Y., Sakurada, M, Uchida,

K., Anazawa, H., Satoh, M, Yamasaki, M, Hanai, N,
Shitara, K]; (2|003). The absence of fucose but Not the
presence of gal actose or _bisectin N Acteyl gl ucosam ne
of human 1gGd conpl ex-t yGBAIMS goscaccha¥i ges shows
the critical role of enhancing anti body-dependent

cel | ul ar
Sa66- 345 YR Snfigebinding tegic @it i e DR, wbich comprises

AP N T SRBINGRI 07, IR Nl 220 g1 252
S.
ymzsgaw . 9. ?@995@§6t 598 99 i@%ﬂﬁl ?%afoéaéﬁ‘* 105 or 106 or

whi ch conprises (i) an H CDR3 region depicted in SE%
@iDaiNEI-CDR3 fiegion] that has avleastz sixgyoperoant identity o apdi-CDR3 region
27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99, 100,
&Qi’cted]iﬂ%EQm,NO% 110158 a9, 20001022, 26} 24, 25026127028, 29, 30, 92, 93,

regi on that has at | east a si Xty percent identity to

%9%[)9? 3T, L1050 IR S 0> 50, 02,

94, 95 96, 97, 98, 99, 100, 101, 10 3 : . .
105 or Apsisolatedmatipenybinding r&a@n@sﬁpré rfémmeg fb‘ﬁﬁel’ comprising
according to claim1, further conprisin

(i) mDRCDR2 re:gnordé:ppmitédl SEQ SBYIODI A7, 18, 191§Q 2118 22,12}, 24, 25, 26,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 92, 93,

?;428959 %92953 98,9599, 9008, 99,11001001, 023,101,044, 105 or 106 or
106 ‘or an H CDR2 region that has at |least a

YA B o Sy S 63y 5 e
depistedin QB NGO, 1?0@,%%%0, 329, 925726, P28, 30,92, 93,

94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105 or 106.

An isolated antigen-binding region according to claim 2, further comprising
(i) an H-CDR1 region depicted in SEQ ID NO: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105 or 106 or
(ii) an H-CDR1 region that has at least a sixty percent identity to an H-CDRI1 region
depicted in SEQ ID NO: 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 92, 93,
94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105 or 106.

An isolated antibody or functional fragment thereof that is specific for CD38,
which comprises (i) a variable heavy chain depicted in SEQ ID NO: 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103,

104, 105 or 106 or (ii) a variable heavy chain that has at least a sixty percent identity to a
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3. "An isolated antigen-binding region according to
claim?2, further conprising (i) an H CDRl region
depicted in SEQ ID NO 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 92, 93, 94, 95, 96, 97,
98, 99, 100, 101, 102, 103, 104, 105 or 106 or é}i i.'2
identity to an HCDRI region depicted in SEQ ID NO
628190, 38592, 99, 94295, 951 97,38, 98.31002401,162, 108, 104 1028r 106.

29, 30,792, 93,7 94, 95, 96, 97, 98, 99, 100, 101,

102, 103, .1Q04, 6 .105 or,.1Q6. 4. | Sol ated.antihody.qr .
Funct | oA iSAAGH ARRERYRABs retioh hal & SpgRiRy Ry i comprises
whi ch conprises (i) a variable hea\% chai n_depicted in

(He0 L6DRI repin depictadkin SEQ IDANO: 46, 47248, 49350., 5253, 54, 55, 56,
26, 27, 28, 29, 30, 92, 93, 94, 95, 96, 97, 98, 99,

5038, 59,160,1009 ofl 0B0 or {iiylan LAOCDRB région chat(has)atdeast a sixty percent
vari abl e heavy chain that has at |east a sixty percent

i ' iR i L B depiug L4y SONSSER, 53, 54,
R ol aqurs fpugagesmopg, todgm g 015 .

T35 3% 5050 18P U5 o 100 5. an isolated

antigen-binding region that is specific for CD38, .
whi ch cdmpisoleted anfigyn-hindingoRERnrasgordingdioptlained, fusthercpmprising
ID NO 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56,

@7an BEDRDreghdh depitfedin SBQ IDINQi 46, 47043,-49D50, 516 G258, 54, 55, 56,

hat has at |least a sixty percent identity to an

4, 8 IOV, QAP fon o s iy e

.110.. 6. j at ed ant.i.gen- bi-Ad [ egi CAP M

ifgiey & 5-CPR2 Fedion BEHPF D SQTDNOL 36 AR 56 8 52. 3. 54,
depicted in SEC% | D NO. 46, 47, 48, 49, 50, 51, 52, 53,

545655, 58659, 68710908 1189 60, 109 or 110 or (ii) an

L-CDR2 region that has at | east a sixty percent

i dent i t Wrf RoRtedlanfiBéR2bin@kH gﬁﬁﬂicﬁéﬁtﬁgi 1o &R bPfuNRer comprising
46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58,

i Bl i 90O R b s, 5,555
57, 58, 59, 60, 109 or 110 or (ii) an L-CDRI1 region that has at least a sixty percent
identity to an L-CDR1 region depicted in SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54,
55, 56, 57, 58, 59, 60, 109 or 110.

An isolated antibody or functional fragment thereof, which comprises (i) a
variable light chain depicted in SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
58, 59, 60, 109 or 110 or (ii) a variable light chain that has at least a sixty percent identity
to a variable light chain depicted in SEQ ID NO: 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 109 or 110.

An isolated immunoglobulin according to claim 4 or 8, which is an IgG.

49



10.

11.

12.

13.

14.

(i) an L-CDRI region depicted in SEQ ID NO 46, 47,

48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60,
109 or 110 or (ii) an L-CDRI region that: has at |east
a sixty percent identity to an L-CDRI region depicted
in SEQ ID NO 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, Afisolatd uﬁﬁmndgl@buim acterdirg to Ataimn S whidkds an IgGl.
anti body or functional fragnent thereof, which

COMRYL S B virghlehest ARl anlifblheef Qﬁg@knqggaﬁggéglg@ ﬂ%@ encoded
by 2 Rilelgcidasatense eompging SEQTD ROLEH R, 4. ?,Lg:f 23,30, 11,12

variable light chain depicted in SEQSIDI\IO 46
183 14415, 73078,59, 8% 31, 8% 83584, 85536, 87588,:89, 98 9r 95 or @Oamlclelc acid
109 or 110. 9. An isolated i munogl obulin according to

seqaértesithat h %&md&iﬁsatmdeﬁlngh stringency4@ndftions\to theadoaipdementary strand

|mTunogI obul in according to claim9, which is an 1gQd.

%ﬂg maoap! £ 3hQaS'y6 eihG'@ @ 18M2, S19' 19461@ 71, 7)8 79, 80, 81, 82, 83,

en-br ndi'Ag’redi én’that i s enéoded

é}y %lg eé% 8?,7§ éj §§ egj‘]orr%e wﬁ%ﬁéﬁd %@@E‘%ﬁdﬂ%ﬁg@ is %éecﬁifgfor CD38.
80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90 or 91 or

(ii) a ducdrmble light dhais efjar isolated ansigemrhinding region thatds encoded by
hi gh stringency conditions to the conplenentary strand

a miRié R:lﬁl@e%uknc@co ristng SEQGD NO: 31, 39, 33,34, 15,,36127, 38, 39, 40,
3, 14, 15 9, 80, 81, 82, 83, 84, 85, 86,

B 28§3 245 91%70(?1' %? %gﬁtﬁeig akid gﬁrlén@%‘thﬁt Hﬂirﬁﬁ}zes under high

régl bn’i s’ speci f I abl e Iight

Sl affoi oo S O 057, 3 536

I D NO 31, 7, 38, .39,.40,
3 399, 40, 4545185 #h %goaror(f' 08, wihcisig id: aipigagy’ or functional

sequences that hybridizes under high stringency
fragmiért thenaofiospebificdfon@Da8ent ary strand of SEQ I D NO
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,

et o B Rl 10 LAy g o of
human antibody or functional fragment thereof that is specific for CD38.

A nucleic acid sequence encoding a variable heavy chain of an isolated
antigen-binding region, which comprises (i)a sequence selected from the group
consisting of SEQ IDNOS: 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90 and 91 or (ii) a nucleic acid sequence that hybridizes
under high stringency conditions to the complementary strand of SEQ ID NO: 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, 15, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90 or

91, wherein said antigen-binding region is specific for CD38.
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15.

16.

17.
18.
19.

20.

21.

22,

23.

13. An isolated nucleic acid sequence that encodes an
antigen-binding region of a human anti body or

functional fragnent thereof that is specific for CD38.

14. A nucl eic acid sequence encoding a vari abl e heavy

chain of an isolated antigen-binding region, which

conpri se% nélkicackisggwence enolding avhriablerlighb ehain ofian isolated antigen-
consisting of SEQID NCSs: 1, 2, 3, 4, 5, 6, 7, 8, 9,

ot s foife @ iogt Sl o8 s o

] 2Ree t 2 RYAY g d i 4N
SR RN R, avoh ae il 30 ] 32 BN BN end 108 o
1, 2, 3,.4,..5 6, 7,.8,.9,,10, 11, . 13, 14, 15, .
(i a nucleipoacigsequence dbat lgga’ndg;@’s \gé’er ia%gh gingency gg;:’dltg@s to the
or 91, wherein said antigen-binding region is
encoding a variable light chain of an isol ated
A4145) €07 ol (IWB@eih%ﬁid%ﬁﬁmbﬁhir@Qeﬁbh $espeific for CD38.
sequence selected fromthe group consisting of SEQ ID
NOs: 31,, 32, 33, 34. 35, 36, 37, 38, 39 40. 41, .
23, aa, AyeteDsomAFsing 3 nyfieic 44 setignek decrling 'y any one of claims
sgguence t hat hybridi zes under high stringency
¢ddditions to the conplementary strand of SEQ | D NO
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, APFoRtedl@fl cohprising aSRE@r actordifg tdélaied 1g r egi on
is specific for CD38. "16. A vector conprising a

nucl ei ¢ ac| d, sequence cordj n o any. ong, of..cl ai ns
13715, © 4o splsleai A ABE p clabiys PGPS DaERL
according to claim16. 18. An isolated cell according

t o cl ai rad olavddedetliadccrding t6 elaim 13, whertinrsail cell i Mamfwalian.
i solated cell according to claim 17, wherein said cell
is manmmglian. 20..A pharmaceutical. .co o4 | .

corpr | s hgtAmacaih BoRBIRGGH borhetistfy ABABHHS or fupgsion fragment
according to claim4 or 8and a pharpaceuti caIbE

thereobagenrding dp claim 4 pr 8and pipbagmaceytisally gecepta

therefor.

3/ carrier or excipient

A method for treating a disorder or condition associated with the undesired
presence of CD38+ cells, comprising administering to a subject in need thereof an
effective amount of the pharmaceutical composition according to claim 20.

A method according to claim 21, wherein said disorder or condition is a
haematological disease.

A method according to claim 22, wherein said haematological disease is taken
from the list of multiple myeloma, chronic lymphocytic leukemia, chronic myelogenous

leukemia, acute myelogenous leukemia and acute lymphocytic leukemia.

51




21. A nethod for treating a disorder or condition

associated wth the undesired presence of CD38+

cells, conprising adm nistering to a subject in need

thereof an effective anmount of the pharmaceuti cal

conposi tion according to claim20. 22. A nethod e
24.  accor di dymethad adcarding tovelaimi 21, yehegeinisaidy disgrdey; or condition is an

condition is a haematol ogi cal disease. 23. A nethod

aggmm&mdiseagel aim 22, wherein said haenat ol ogi cal

di sease 1s taken fromthe list of multiple nmyel oma,

chronic J] hqcvti g. | ] | G.: Qge . .
25 [ ouicert 4 PRACOAnet A4 leRt S RARRBH discase is taken
| ymphocytic | eukem a. 51 24. A pethod according to
fromithe bist of hreamataid arhrifisAnd Sy slemICOPUSETIEMBNSYSs an
i nflammatory di sease. 25. A nmethod according to claim
26. 24, wheng| Bokfiddntifdil-BibRgGeyion as@adiflg k¢ atybditsof dlaim® 1-3 and 5-
the list of rheumatoid arthritis and system c | upus
I . 6. .Sl nti gen-bi ndi ng region
‘ge%%e?egg%lat%%@aeﬁgelgﬁ@ﬂgfé%lg%sﬁgo -3 and 5- 7, wherein
sai d sequence identity is at_least 80% 27. A method
27.  of induds methaseof induciig spestficokillingrof twraen gellsnthat express CD38,
express CD38, wherein said specific killing occurs by .
wherein@aad sgactficskillingkocegrs by @D38s¢ross-littking; tcomprifing rthes btep iofgncubating
said cells in the presence of a sufficient anmount of

said cellaylP 'utIrili’ Pﬁ:‘s&ﬁe K¢ AB ki et Ut 6 £l ar ¥blatedR #nancét hudeahizedranti-CD38

Ional fragnment thereof, wherein said human or
. hunmani zed. i ' i i oY :
antibody §Fc BFCiGHAL el (iibot, QiR Bld 35k dr FubigR rani-CD38
I D NO 2, 3, 4,.5, 6, 7, .9, .1 1 2. .1
antibody gomprjses %@ a nyngjgelcgqgld mug%rf’ eng%c}m% g’heg@’ 31@81 &egﬁtecggx’ §€Q ID NO:
89, 90 or 91 or (ii) a nucleic acid sequences that
1,2, 3, 4yDHi6i 8 &5 10rided2,hi3g hdst ThgEa d9> 80 84 82, 8384, 85 3t 87, 88, 89,90
- conplenmentary strand of SEQID NGO 1, 2, 3, 4, 5, 6,
or 91 of (iijfa nflcleitrcidl dequdiaces tBat Hybridizes urder high stfigendOcor@itions to the
82, 83, 84, 85, 86, 87, 88, 89, 90 or 91, wherein said

compleBithyqMn@ of SEQUESNON2D, 4,r88718M, 8, 9, 10, 11, 12, 13, 14, 15, 77, 78, 79,

80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90 or 91, wherein said antibody or a functional fragment

thereof is specific for CD38.

28. A method of inducing specific killing of tumor cells that express CD38,
wherein said specific killing occurs by CD38 cross-linking, comprising the step of incubating
said cells in the presence of a sufficient amount of an isolated human or humanized anti-CD38
antibody or a functional fragment thereof, wherein said human or humanized anti-CD38
antibody comprises (i) a nucleic acid sequence encoding a light chain depicted in SEQ ID
NO: 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 107 or 108 or (ii) a nucleic acid

sequences that hybridizes under high stringency conditions to the complementary strand of SEQ
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thereof is specific for CD38. 28. A nethod of inducing
specific killing of tunor cells that express CD38,
wherein said specific killing occurs by CD38
cross-linking, conprising the step of incubating sai d
cells in the presence of a sufficient anount

ID NO:i 31132 83, B3y 36, 3TuABN3%AD, At A2,CERH, 4t |l%@y 188, wherein said
functional fragnent thereof, wherein said human or

antibody b #fliné§6hat fagmehtiBereof s is fopOD38ses (i) a nucleic
aci d sequence encoding a light chain depicted in SEQ

ID NO 31, 3,,34, 35 .36
2. 1205 ey of oo, S oF yodE e bores 038
sequences that hybridizes under high stringen y
whereincsaidispecifieskilling pecuso by ICI¥ASnerassylinking, remprising ihe step) qf incubating
NO 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, )
said celtk3n thel predénceldfa suffidied, amduat of an isalated humarboulyumanized anti-CD38
functional fragment thereof is specific for CD38. 29.

antibody{® dFth NRflctitinal eaf tﬁm foiKerdsh! $did dn@fant B Hunf@ized anti-CD38
hat express wherei n said specific killing

e L T i
s A5 N 160, 48, B, a@%ﬂ#ﬂaﬂiﬁgﬁ%a@% 5,995

said human or humani zed anti-CD38 anti body or_ said
96, 97, 98,199; 10015 102 HEAt 104 e 106miH) & ¥arighly heavyychaip that has at least

chain am no acid sequence depicted in SEQ ID NO 16,

a sixty ﬂe?cenl fdenfif): toZDvariable hiedvy élhin @epictedin SEQ IDNO286, 17918, 19, 20, 21,
0, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102,

22,23, %ﬂ?}s %@427 5852930108, 93; 94,95, 98, YR982HY,A00£ 801, 1002103, 104, 105 or

as af ledst “a sixty percent |dent|ty to a
106 vari abl e heavy chain depicted in SEQ ID NO 16, 17,
© 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 10
30. 104, 10% onethad®f isducivg spacifisd kisking of fumey cgﬂseéhqtuqz‘press CD38,
killing of tunor cells that express CD38, wherein

whereirS@iid! spdeefid killing obdurs by @RS erobylifliRg conymising thieistap, of incubating
conprising the step of incubating said cells in the

said celyf lﬁstﬁﬂgﬁes%cgaoﬁ‘%\{fﬁab%&ﬁ? @ hn Holed hafkebe HulbiiBed anti-CD38
antibody or a functional fragment thereof, wherein said human or humanized anti-CD38
antibody comprises (i) and/or a light chain amino acid sequence depicted in SEQ ID NO: 46, 47,
48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 109 or 110 or (ii) a variable light chain that has
at least a sixty percent identity to a variable light chain depicted in SEQ ID NO: 46, 47, 48, 49,
50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 109 or 110.

31. A method of detecting specific killing of tumor cells that express CD38, by

CD38 cross-linking, comprising the steps of:
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anti body or a functional fragnment thereof, wherein
sai d human or humani zed anti-Cl)38 anti body conpri ses
(i) and/or a light chain am no acid sequence depi cted
in SEQ ID NO 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
56, 57, 58, 59, 60, 109 or 110 or (it) a varlable
(i) hdmiistering to a swbjechisneed théreefsan effestive gmpntof athuman or humanized
identity to a variable light chain depicted in SEQ ID

antiNSD3 & Gntibbdy of 8 furttional FAgmeit thédof, 8dd 54, 55, 56, 57,
58, 59, 60 109 or 110. 31. A nethod of detecting

(ii) %%g@ir{grtﬁ %&ﬁ(ﬂﬁllﬁfg @ of §lid ﬁ hAfbr eﬁﬁ%ﬁl’ﬁg’ﬁmbody or

I'sing t 1e steps of 53
0%9 [ to SUPJ ect in need thereof an
ﬁj?g{]‘ﬁ T8 human or humani zed anti - CD38
anti body or a functional fragnent_ thereg and
32.  detectindy mﬂbods gerording 1Riq ?’Vhélsa\l’b?r? Séli%%ﬁ‘ind human,
or humani zed anti-CD38 anti body or sai d funct| onal
minipigforagbbiteriginer eof . 32. A nethod according to claim 31,
wherein said tunor cells are of human, mnipig or

33, rabbit OA' gﬂdd gf‘)’detétﬂﬁttﬂé’gfe?énc? %&'%38@& 4 HSuB ot SEMCOf minipig

of CD38 in | Ssue or pig origin,

.. (i si the steps of (i) aIIovvlngahuman or
OHgms?ﬂﬂg?ﬁ ‘g‘géﬁf’?‘-’éDGS antibody or a functional fragnent
thereof to conme into contact with said CD38, and (ii)

(i) dRineg angniaher hpaanized ahti-(D3I8gamibodydria fumctionalr fragment thereof to
humani zed anti-CD38 antibody or functional fragnent

con{efiﬁ{ g&gtakpwﬁﬁggd@m mdipig cells, wherein said

ant | y or functional fragnent thereof is also able

(i) R1eRHRE e Sesil, Bicbing B sl SEWhRIniZ3 o€ antibody or
functiopel Sagreet rmf?}mseﬁ%#%ﬁgmﬁ“@% 1, higeBreefl iRy or fonctional
bl ood nonocyte, erythrocyte, |ynphoc te t hynocyt e,

fragmesnt thereof is a,lsmahl‘ewapbﬂﬁﬁai bind 38 gbhysaan origin.

34. A method according to claim 33, wherein said CD38 of minipig origin is
comprised within an isolated cell type selected from the group consisting of peripheral blood
monocyte, erythrocyte, lymphocyte, thymocyte, muscle cell, cerebellum cell, pancreas cell,
lymph-node cell, tonsil cell, spleen cell, prostate cell, skin cell and a cell of the retina.

35. A method according to claim 34, wherein said human or humanized anti-
CD38 antibody or functional fragment thereof comprises (i) a nucleic acid sequence encoding a
heavy chain depicted in SEQIDNO: 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90 or 91 and/or a nucleic acid sequence encoding a light chain
depicted in SEQ ID NO: 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 107 or 108 or

(ii) a sequence having at least 60 percent identity in the heavy chain regions depicted in SEQ ID
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| ynph-node cell, tonsil cell, spleen cell, prostate
cell, skincell and a cell of the retina. 35. A nethod
according to claim 34, wherein said human or humani zed
anti- CD38 antibody or functional fragnment thereof
conprises (i) a nucleic acid sequence encoding a

NO: 1, Deqvy 5c6,41,18, 810, citled2; 18, S8 3, J7NIS, 79, 8Q,, 813 82483, 84, 83, 86, 87, 88,
78910111213141577787980 81,

89, 90 31291 @hd/oP4; sefence thavihg atSeast 9. pe%én@ idéAtityp RO light chain regions

nucl er c aci d 'sequence encodi ng ght chain depicted

deplcte(illf, sﬁ?ﬁ%ﬁgg 34, 3336 §?U3883§9 4“0641 %é4§§t4 49, 107%r 108.

having at | east 60 percent |dent|t3/ |n t he heavy cha| n

36. regi ons Adepthodeef detectifig CD38 bua IGD38texpressimg erythgycyts, comprising
7, 8, 9, 10, 11, 12, 13, 14, 15, 77, 78, 79, 80, 81,

the step$éf: 83, 84, 85, 86, 87, 88, 89, 90 or 91 and/or a
sequence having at |east 60 percent identity in the

) ain reqions. de S | D.NO.31 2.3

) alpiing 5 Wman o istiadiost) aRy-CI3SS, apayiar © fRpptgpal figmep thereof to
A net hod of detectl ng CD38 in a CD38-expressing

comerigtoicpntagiiwith saidoD38rexgressing entlapeyteand ) al | owi ng a
human or humani zed anti-CD38 anti body or a functi onal

(ii) detewgimgnthe t specifiof bindingc ofrsaid nbwmaont dmmanized adi-@D38 antibody or
CD38- expressing erythrocyte, and (ii) detecting the

£REGoal fraBhbst thetedf toSsaidICHI8RRpressinp erfhirasytespwherefahid antibody
anti body or functional fragment thereof to said

é%%ﬁu n&’?{ on%' é@%@% Qf?%é@gg mﬁﬂ%?ﬂé ﬁ%g% ﬂﬁltnhﬁ’ 2938 from a cell

%éJeCIfI pind to huggn CD38 froma cell or tissue

tisspe other thin Aupan ey thyip es. 37. A nethod according
to claim 36, wherein said antibody or, function .

37.  fragment methed aerordingde slgim Qﬁewh%e@ﬁé’él aF‘F‘g%iX c}railgpq@n@bfragment
human CD38 froma cell that is a human | ynphocyte.

thereof B&Iso/bletolspecifically tinditp human GD38 £6m avedl thatris s huhah lyraphocyte.
or humani zed anti- CD38 anti body or functional

s (oo SRR 1 Tl LS iy it

CD38 ap@bocb'(pr fundtional gagment]igéregll éomprfses 1) a fticleit Hcid sequensde encoding a

heavy chain depicted in SEQ IDNO: 1, 2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 77, 78, 79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90 or 91 and/or a nucleic acid sequence encoding a light chain
depicted in SEQ ID NO: 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 or 45, 107 or 108 or
(ii) a sequence having at least 60 percent identity in the heavy chain regions depicted in SEQ ID
NO1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90 or 91 and a sequence having at least 60 percent identity in the light chain regions depicted in

SEQ ID NO: 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 107 or 108.
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81, 82, 83, 84, 85, 86, 87, 88, 89, 90 or 91 and/or a
nucl ei ¢ acid sequence encoding a |light chain depicted
in SEQID NGO 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,
41, 42, 43, 44 or 45, 107 or 108 or (ii) a sequence

having at | eas 60 er cen . tifty.in t heav .
39. egi ons% ?ﬁ‘f‘{s E? %Jm 1wh%emssa1 ¥h:71magxzed anti-
, 12 13 14, 15, 77, 78, .79 80 81 82, 83,

CD38 agubodggpr fg@ctlogal fr%nexg ghereog‘@ompnge_p‘ (b),ﬁh%vg@a@gﬁ@gno acid sequence
having at |east 60 percent identity in the light chain
depicted mBSEQIDNQ; b4,d4d, 18) 195E0) 21D22Q3, 24,,25326, 29328&9, 38592, 93, 94, 95,
36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 107 or 108. 55

96, 97, 98; 99\ 100! hor Fo2¢ 203l 104, 105 of 206Nas@or WIRhE thai® ahﬁhdwm@equence
or’ humani zed anfi- 'CD38 ant| body or functi onal

deplctec{ ﬁxa%@z%lﬁqgiéa QZIIEpl g? ?r—_'é?'af)&] %\,’5{[ é’)afg @'ngao (59 or 110; or
(ii) a se@pnc@éavu%égt l%%y 66 ggrc%gtgdézrggb Q%%ga%émr&?’%@o%% ngxctfgsn SEQ ID

or 106 and/or a lESht chain am no acid seguence
NO 16, 4&p1 & 118420, 21582) 23D2KA5, 26, 274 28, 2B,30492, B 94595, 96297,98, 99, 100,
54, 55, 56, 57, 58, 59, 60, 109 or 110; or (ii) a
101 102,e103e104, 1HvompO6aand #3equenict avimpatt leasi &0t pergent identity in the light
heavy chain regions depicted in SEQID NO 16, 17, 18,
chain reél%ns agpict%é in %%Q BPNO46, £R 48249, 507 51,28D, 53954,38, 5857, 58, 59, 60,
. 96,°97, 98,” 99, 100, 101, "102, '103; 104
109or1}g5 or 106 and a sequence haV|ng at | east 60 percent
entity in the light chain regions depicted in SEQ
I D NO 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57,
40.  AgdiagmstieOgompaBitionr camprising . ana antibaglyo or | fnetionsb Sragment thereof
conprising an anti body or functional fragnment thereof

accordin@6 @laith Adort8) afid & socéptableBarrienor exeiplentept abl e carri er
or exci pient. 41 An isol ated anti body or functional

. AR arP%fﬁ LSRRI A e e 1. i

21 or 22 or ast..a s
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43. A variable heavy chain of an isolated antigen-binding region according to claim 11, that
is encoded by (i) a nucleic acid sequence comprising SEQ ID NO: 6 or 7 or (ii) a nucleic acid
sequences that hybridizes under high stringency conditions to a complementary strand thereof,

which antigen-binding region is specific for human CD38 and marmoset CD38.
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